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·CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912. 

PART If. MINERAL FUELS. 

MARms R. CAMPBELL, Geologist in charge. 

INTRODUCTION. 

This volum·e is the seventh of a series that includes Bulletins 316, 
341, 381, 431, 471, 531, a~d 541, "Contributions to economic geology 
(Part II)" for 1906, 1907, 1908, 1909, 1910, 1911, and 1912, respec­
tively. Previous to 1906 the annual ''Contributions" consisted of 
one part only and papers on mineral fuels were included with the . 
papers on metals and nonmetals except fuels in a single volume. 
These earlier volumes are Bulletins 213, 225, 260, and 285, for 1902, 
1903, 1904, and 1905, respectively. 

As the subtitle indica·tes, the papers included are of two classes··­
(1) · short papers giving comparatively detailed descriptions of 
occurrences that have economic interests but are not of sufficient 
importance to warrant a.more extended description; (2) preliminary 
reports on economic investigations the results of which are to be 
published later in more detailed form. These papers are such only 
as have a direct economic bearing, all topics of purely scientific 
interest being excluded. They have been grouped according to sub­
jects or general regions and each group has been issued as an advance 
chapter as. soon as it was ready. 

Brief abstracts of the Survey's publications of the year are given in 
the annual report of the Director. The complete list of Survey pub­
~ications affords, by means of finding lists of subjects and of authors, 
further aid in ascertaining the extent of the Survey's work in economic 
geology. 
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PETROLEUM AND NATURAL GAS. 

OIL AND GAS IN THE NORTHERN PART OF THE CADIZ 
QUADRANGLE, OHIO. 

By D. DALE CoNDIT. 

INVESTIGATIONS IN THE AREA. 

The Cadiz quadrangle lies in eastern Ohio and includes parts of 
Harrison, Carroll, and Jefferson counties. In 1902 the region was 
examined by W. T~ Griswold, then of the United States Geological 
Survey/ who published a report that included a structural contour 
map of the Berea sand. A few years later the same author, asso­
ciated with M. J. Munn, made a study of the Steubenville quadrangle, 
adjoining the Cadiz on the east, and of the Burgettstown and Clays­
ville quadrangles of Pennsylvania.2 These reports, the first in which 
an attempt was made to show accurately the attitude of deep oil 
sands by 1neans of contours, have led to the. extension of fields already 
known, the discovery of several new oil pools, and, what is equally 
important, have been of great educational value. 

The present author during the later part of 1912 spent several 
months in field work in the Steubenville-Cadiz region, with ~the 
primary object of collecting data f{)r a geologic folio. Considerable 
information concerning oil and gas was obtained with a view to deter­
mining, if possible, favorable areas for future prospecting. Detailed 
discussion of the geology of both the Cadiz and Steubenville quad­
rangles is reserved for a later report, this preliminary paper being 
published to bring immediately to the attention of oil operators and 
drillers the more important results of the work. Only the northern 
two-thirds of the Cadiz quadrangle is shown on the map (Pl. I), as 
only that area receives attention in this paper. 

1 Griswold, W. T., The Berea grit oil sand in the Cadiz quadrangle, Ohio: U.S. Geol. Survey Bull. HIS, 
43 pp., 1902. 

a Griswold, W. T., and Munn, M. J., Geology of oil and gas fieids in Steubenville, Burgettstown, and 
Claysville quadrangles: U.S. Geol. Survey Bull. 318, 196 pp., 1907. 
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GEOLOGY. 

STRATIGRAPHY. 

The stratigraphy of the area has been discussed in detail in previous 
reports and only a brief outline is needed here. The surface rocks 
belong in the Conemaugh and Monongahela. formations of the Car­
boniferous system~ The Pittsburgh coal, which is the basal bed of the . 
Monongahela formation, .appears near the top of the hills at Rich­
mond, East Springfield, and Germano, and is the principal source of 
fuel for the country people. 

Beneath the Pitts burgh coal lies the Conemaugh formation, which 
comprises about 4 70 feet of sandstone, sandy shale, and clay, much 
of which is brick red,· and a few coal and limestone beds of 
little economic import.ance. The most noteworthy stratum is· th~ 
Ames or "Crinoidal" limestone member, which lies 210 to 225 feet . 
below the Pittsburgh coal. It consists of one or more layers, having 
a· total thickness of 2 to 10 feet, and can easily he recognized by the 
abundance of crinoid stems it contains. 

The Allegheny formation, underlying the .Conemaugh, is known 
only from drill records in the Cadiz quadrangle, but its upper part 
may be seen in outcrop along the valley of Yellow Creek a little north 
of the area mapped. It is the great coal-bearing formation of the 
Appalachian coal .basin, and, although only a little more than 250 
feet thick in eastern Ohio, it includes numerous coal and clay beds of 
great economic importance. One of these coal beds is extensively 
mined at Amsterdam by shafting. · 

The knowledge of deeper strata is derived from well records. The 
Allegheny formation is underlain by the Pottsville formation, which 
comprises about 150 feet of sandstone and sandy shale, including a few 
coal and clay beds. The Pottsville is the basal formation of the 
Pennsylvanian series (''Coal Measures") and rests upon Mississippian 
(lower Carboniferous) strata. 

The Mississippian st:r;ata in the region are probably somewhat less 
than 700 feet thick and consist of sandy shale and seve!al porous 
sandstone beds, which constitute reservoirs for petroleum and natural 
gas. Near their top is a thick, coarse sandstone best known among 
drillers as the Big Injun sand, and about 350 feet lower is the Berea 
sand, which is the great oil sand of east·ern Ohio. It is believed. to be 
the same as the famous Berea sandstone quarried at Cleveland. Few 
wells have been drilled deeper than the Berea sand and knowledge of 
lower rocks of the region is slight. . · 

The distance from the 'Berea sand to the Pitts burgh coal varies 
rather widely, ranging from 1,450 to 1,530 feet in the area 
mapped to over 1,600 feet a few miles beyond the southeastern 
border. This irregularity is due, in part, at least, to an unconformity 
at the base of the Pennsylvanian strata. Near the end of . Missis­
sippian time the surface was exposed to erosion for an indefinite 
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period, developing an uneven surface upon which the Pottsville 
formation of the Pennsylvanian was laid down. This ancient land 
surface has 'been recognized at numerous places along the outcrop of 
these beds in central Ohio and northwestern Pennsylvania. 

Two well records are given to illus~rate -the general succession of 
rocks as reported by the driller. 

Well No.' 273, on the L. D. Rhinehart farm, one-half mile from 
East Springfield, starts 71 feet below the Pittsburg coal, which out­
crops along the road a few rods to "the north. 

Log of well No. 273 (No.1 on L. D. Rhinehartjarm at East Springfield). 

'r~~~~- Depth. 

Feet. Feet. 
Soil ... ···········•············· .................................................. ~-..... 10 

~~fo~~;J)iti6·;1iarc1:::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 11~ 
Fireclay................................................................................ 20 1 

~~~~·~?go:f.~ ~~~~·.:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .... ~~~- .... -~~~ 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 350 

~r;~ .. ~~~~: -~:0;;-:::::::::::::::: :·::::: :: : :. :: ::::::::::::::::::::: :: :: :: :::::: :: :::: :: :: : ~~ :~~ 
E;t ~g~_:,:_:_:_: :~~ ~:: :~: :; ::: ~::::::::::::::::;::::::::::::::::::::::::::::::::::::::: ..... r. ..... _l~ 
"EffrS;,1~ack·:::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~g i~i 
Sand, ~ay khard (Second Cow Run).................................................... ·· 30 605 

~~~~~of ~gal'. ~~f~ .' .'. ~. •• ·.:: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .•••• ~~. • •••• ~~~ 

mwg~s;~F!~:~: :::: :~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~ m 

~~:~i~~t~f.!hj·~-:;-:1:::::::::::::::::::::::::::::::::::::;:;:::::: :~-- ti 
Sand, Berea, bluish, hard, slight show of oil and gas..................................... 45 1, 460 
Shale, bluish, soft....................................................................... 37 1, 497 

The record of well No. 690 (No. 7 on the J. Rutledge farm in sec. 
13, Springfield Township) is not complete, but it is given to show 
the pos~tion of the Berea sand with reference to the Salt sand and 
Big Injun sand, both of which are in eastern Ohio locally oil and gas 
bearing, although of far less importance than the Berea. 

\ Log of well No. 690 (No. 7 on the J. Rutledge farm, sec. 13, Springfield Township). 

i 
( 

Conductor .......................................................... : .............. . 
Coal ............................................................................... . 
Coal. ........................ : ..................................................... . 

~,~f~~~<;~t.-:::::::::::::::::::::::::::::-:::::·::::::::::::::::::::::::·::::::::: 
Berea sand: 

Depth Deptb to 
to top. bottom. 

Feet. Feet. 
0 12 

390 ......... . 
415 

~~~ "'~'"976 

Tot~~~W~{:.:D::~::::::::::::::::::j:::::::::ii:.::::::.:.::::::::::::: .... !TH. 
1,368 
1,378 
1,386 
1,392 
1,395 
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OIL AND GAS SANDS. 

The· region included in the Cadiz quadrangle and the adjacent 
area in eastern Ohio- is really a "one-sand" country, for practically 
all of the oil comes from the Berea, sand. Other sands of local im­
portance are the Second Cow Run, the Salt, and the Big Injun. 
Their positions with reference to the Berea sand are shown in the 
two well records given above. The Big Injun sand contains a small 
amount of oil and is productive at Osage in the northwestern part 
of the Steubenville quadrangle. The Salt sand yields gas a few 
miles south of Richmond. The Second Cow Run sand is supposed 
to contain a small oil pool near Unionport and is said to yield consid­
erable gas in the Kilgore field, about 4 miles west of Amsterdam. 

The Berea sand, as shown in the record of well No. 690, consists 
of several parts. At the top is the hard impervious "lime cap" of 
drillers, which has a variable thickness, measuring 5 to 10 feet at 
Richmond and 20 to 30 feet at the Amsterdam, Kilgore, and Jewett 
pools. Beneath the lime ·cap is the First sand-a white, even.:. · r 
grained sandstone 4 to 12 feet thick in producing: wells. In many 
"dry" holes no pay sand is found, the entire Berea, 30 to 60 feet 
thick, consisting of dense, dark, impervious rock similar to the 
lime cap. · 

Throughout a. considerable portion of the western half of the area 
mapped the Berea has two pay sands, which are designated First and 
Second by drillers and are separated by a shale" break" several feet 
thick. The Second sand, which lies about 45 feet below the top of the 
Berea, is much less persistent than the First sand, but has proved to 
be equally or even more productive where present. It is found in 
:p1ost of the wells in the vicinity ·of Amsterdam, is fairly persistent in 
the greater part of Springfield and Loudon townships; and has been 
found as 'far south as the Harrison-Carroll county line. 

The development of the great Scio oil field, situated a few miles west 
of the area mapped, is of interest in this connection. At first oil was 
obtained there solely from the First sand, and the existence of the 
Second sand was unknown. Gradually the flow diminished, and in the 
hope of restoring it a number of the holes were cleaned, drilled a few 
feet deeper, and reshot. To ~he great surprise of the -drillers the pro­
duction was greatly increased, in some wells to an amount greater 
than ever before. Thus the existence of a second pay sand in the 
Berea became lmown. 

It is possible that an undiscovered Second pay sand may exist in 
the Cadiz quadrangle also, even in areas where _considerable drilling 
has been done. Scarcely a single well south of the Harrison-Carroll 
county line penetrates deeply enough into the Berea to prove· the 
prese~ce or absence of the Second sand; and it is significant that the 
Second sand is productive in the Maxwell pool near the town of 
Cadiz, about 12 miles south of the Carroll County line. 

" I; 
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STRUCTURE. 

By geologic structu~e is meant the attitude of the strata or their 
position with reference to a datum plane. The best method of 
showing the structure of coal beds and of oil or gas sands is by a map 
on which are drawn lines representing contours connecting points 
of equal altitude. The structute of the Berea sand is shown in Plate 
I by contours having inter_v'tils of 10 feet, the datum being a surface 
1,000 feet below ·and parallel with sea level. 

At many points in tl;le Cadiz quadrangle the altitude of the Pitts­
burgh coal above se~' level was determined by spirit leveling. In 
areas where this coa1 is not present, as where it has been removed 
by erosion along t¥e structural arch known as the Salem ·anticline, 
its position is cal~ulated from that of the .Ames limestone, which 

. outcrops about 2~0 feet lower. Altogether, its altitude was deter­
mined at hundr~ds of places and its structure or "lay" shown by 
contour lines ch:1awn through points of equal altitude. From this 
~tructural map ·the structure of strata at and near the .surface in this 
region may ?e inferred with considerable accuracy, because all of 
them lie appJioximately parallel to it. The Berea sand, however, lies 
so deep and/its distance below the Pittsburgh coal varies so widely 
from place ~o place that its structure map ·of the coal will not apply 
to thesan~l directly. By taking account, however, of the ever-varying 
interval between the Berea and the Pittsburgh, as shown by well 
records, a{n accurate structural map of the oil sand differing consid­
erably ftbm that of the coal may be deduced. The difference in the 
position/ of the contours on Plate -I and on Griswold's map 1 is due 
largely }o corrections made possible by new· well records. 

The :j.ppalachian coal field is a great canoe-shaped. basin into which 
the rocts slope from all sides. Eastern Ohio lies on the west side of 
this b:~.sin, hence the prevailing dip is southeastward. Numerous 
wrin~es or folds in the strata along the slopes ·of the basin give anti­
cline~ and synclines which cause local flattenings and even reversals 
of tkie dip, but whose effects are very insignificant when ~he basin is. 
co~sidered as a. whole. Their influence, however, in the accumula­
tidin of petroleum and natural gas has long been known and for this 
r~ason their accur~te mapping is important to the oil operator. 

• I In the Cadiz quadrangle the most important structures so far as 
bil is concerned are. the Germano· synclmal basin and the broad Salem 
anticline which occupies much of the central portion of the ~rea 
mapped. These folds trend approximately northeast and south­
west; thus according with the general direction of folds in the Appala­
chian region. The flank of the Salem anticline dips southeastward 
with fair regularity for many miles, being interrupted .only by undu-

1 The Berea grit oil sand tn the Cadiz quadrangle, Ohio: U. S. Geol. Survey Bull. 198, Pl. I, 1902. 
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lations that suggest cross folding. Along the crest rise several minor 
domes, the highest of which is near the village of Salem. A promon­
tory-like area extends eastward beyond Richmond, immediately north 
of which lies a shallow depression, adjacent to a low "saddle" in the 
Salem anticline. 

The Germano basin lies west of the Salem anticline and is a canoe­
shaped depression whose axis lies near ~e village of Germano. Its 
southwestern portion is constricted by a ''Yestward extension of the 
Salem arch, along which lies the Jewett oil pool. Northwestward 
from the basin the rocks rise rapidly to the· crest of another arch 
about 2 ~es beyond Amsterdam. 

I 

SALT-WATER SATURATION. 
( 

It is generally conceded that the structure of the.rocks is an impor-
tan·t factor in the accumulation of oil and gas a:h~ that a contour 
map showing the anticlinal and synclinal folds of '~ region is indis­
pensable for the intelligent selection of favorable territpry for drilling. 
~ut the extent to which the sand is saturated wit~ sal~ wate: is also 
rmportant and should be known to anyone making a\ locatiOn. It 
has been found that there is an upper limit of saturation of the various 
sands and that there has been a widespread accumulati:on of oil at 
this water line. In the Berea sand the water line varies c'Qnsiderably 
in altitude from place to place. Well No. 249 near Richmt~>nd, which 
struck the Berea a little above the 7 40-foot contour (260 ~eet below 
sea level) is reported to be w.a.ter bearing. But well No. 2~~2, which 
found the Berea a little above the 790-foot contour, gives gas. In 
the Hopedale field, 3 miles southeast of Cadiz Junction and) beyond 
the area represented on the map, a strong flow of salt watfr is en­
countered in the wells reaching .the Berea sand at the 730-fli)ot con­
tour and gas appears in wells reaching it at the 775-foot 6ontour. 
In the Jewett pool the water line is somewhat higher, salt watJ'f being 
found at the 780-foot contour and gas at the 800-foot contour.\ Evi­
dently the upper limit of salt water rises northward across the \Ger­
mano basin, for well No. 225 (near Amsterdam), in which the top of 
the Berea sand lies near the 800-foot contour, yielded much s~alt 
water. '\ 

The altitude of the water line in the Berea sand thus varies co~­
siderably from place to place, but becomes progressively higher 
northward. Its rise is gradual along both sides of the Salem anti~ . 
cline, but differs considerably on the two. 

The importance of knowing definitely the extent of saturation of 
the oil sand is demonstrated by the oil pools in the Cadiz and Steu­
benville quadrangles. Many of these, including the Island Creek, 
Pekin, Knoxville, and Osage, follow more or less closely the strike 
of the rocks and maintain a_ definite relation to the water-bearing 
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portion of the Berea sand. Were it not for the impervious areas in 
the oil sand which prevent free circulation, the depth to the water 
line would be an almost unerring guide to the depth at which the 
pools should be sought. Unfortunately, however, the condition of 
the sand governs in part the location of the pools and must be con­
sidered in seeking them. 

Many pools occur both above and below the water table, as is illus­
trated by a"number of producing areas in the Steubenville quadrangle 
and elsewhere. It is noteworthy, however, that even in areas where 

· the oil sand lies below the level of saturation, rri.any ojl pools closely 
follow the strike of the rocks 'for several miles. Such occurrences 
suggest that the water level fluctuated dul'ing former geologic ages, 
and that each hydrostatic condition was accompanied by the accumu~ 
lation of oil. 

From evidence obtained in areas not shown on Plate I the following 
generalizatio!ls can be ·made: (1) In areas where the sand lies well 
above the water line, the oil occurs in very irregular pools, the shapes 
and dimensions of which are controlled by the porosity of the sand 
rather than by the direction of dip. It is well known that the Berea 
sandis for the most p~rt only slightly permeable and that the oil pools 
lie at favored places where it is locally of more open texture. Occur­
rences on anticlinal slopes above the water line represent permeable 
areas in w~ich the oil is retained by an adjoining impermeable sand. 
(2) The greater number of oil pools found at or near water line lie in 
"embayments" along the flanks of anticlines rather than on anti­
clinal "noses" or promontory-like structures. · This fact has an 
important bearing on prospecting and is also of considerable interest 
as suggesting that the water line has in comparatively recent geologic 
time receded from a higher level. (3) In pools below the water line 
the oil as a rule follows more or less closely the strike of the rocks for 
some distance, suggesting that the pools are the result of one or more 
ancient and lower water levels, each of which produced a correspond­
ing accumu~ation of oil~ 

POOLS ·OF THE AREA. 

AMSTERDAM Al':D VICINITY. 

The Amsterdam pools are the most recently discovered in the Cadiz 
quadrangle, and the prospects for important extensions and new 
developments are good. Both the First and Second sands of the 
Berea are productive, some wells producing fro~ bothf The maxi­
mum production of wells in the First sand is about 30 barrels a day, 
but several in the Second sand are reported to yield 150 to 200 barrels. 

The wells along the Yellow Creek valley southwest of Amsterdam 
are in the First sand, but some in the northwest, corner of sec. 24, 
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Springfield Township, draw from both sands. Nearly all of the oil 
produced in sec. 30, London Township, comes from the Second sand~ r. 

The same is true of the gas wells to the northwest in sees. 25, 31, r 
\ 

and 32, and also farther west near the village of Kilgore, which lies ( 
just beyond the edge of the area mapped. About· one-fourth mile 
beyond Kilgore is another oil pool. 

Much of the gas in the Kilgore field comes from the Second Cow 
Run sand. " 

The. Second sand of the Berea has been noted in wells 2 miles south 
of the gas field in sees. 25 and 31, London Township. A slight 
"showing" of gas and oil was found in well No. 362. The Second 
sand was recorded in well No. 361, but was not found in well No. 364. 
Northward from the gas field the occurrence of the Second sand ~ 
uncertain. It is productive in well No. 628, in sec. 2, but is·missing ,J 

in well No. 627. Some gas has been found in wells Nos. 624, 239, ~ 
618, and 717, near the north edge of the quadrangle, .but is said to 
come from the First sand of the Berea in all of them. 

South of the above-mentioned gas field lies an untested area which 
appears structurally favorable for yielding both oil and gas. The 
sand in the Kilgore oil pool lies at about the &70-foot contour.. The 
productive area is located on the west flank of the anticlinal "nose," 
which separates it from the Amsterdam pool. An extension of the 
Amsterdam pool along the same level would lead southwestward 
between the dry holes Nos. 667 and 668; Wells Nos. 643, 653, and: 
666 are said to have a good development of the First sand in the 
Berea; hence there is a possibility of production from it as well as 
from the Second sand. Well No. 636, although lying considerably 
higher on the anticline ·t}lan the oil wells to the east and west, is · 
reported to yield considerable oil along with the gas. The valley of 
Elk Fork in sec. 36 and the northern part of sec. 6 to the west are 
suggested as favorable territory for the search for both oil and gas. 
Gas may also be expected in sec. 25, provided the sand is good. 

AU the wells in the immediate vicinity of Amsterdam, as well as 
those a mile northeastward along the valley of Yellow Creek,. probably , 
draw from the First sand of the Berea. AU are moderate producers, 
and start at 2 to 10 barrels. A good development of the Second 
sand, which is gas bearing~ was found in well No. 690 and in several 
others near by .. In the oil wells to the southeast, near Wolf Run, the 
Second ·sand likewise has gas, but is also oil bearing, and is said to 
furnish much of the yield. Apparently it is only a· matter of time 
until the Wol~ Run area is joined with that to the northwest by a 
continuous line of producing wells. The structure in the territory 
toward the east in sec. 1 appears favorable for prospecting, and may 
yield from both sands. Well No. 282 was drilled only to the First 
sand, and gave a showing of oil. Much· untested territory lies farther 
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east. Well No. 279 found a hard sand. Well No. 266 is dry in the 
Berea, but gave a showing of oil in the Big Injun sand. Well No. 269, 
in sec. 14, Ross Township, gave a showing of oil28 feet below the top 
of the Berea. 

RICHM:OND AND VICINITY. 

The pay sand of the Berea in the gas wells at Richmond is less than 
4 feet thick, and lies 5 to 10 feet below the top of the Berea. The 
structure to the south appears the most favorable for oil, but a poor 
sand is reported in the several dry holes that have been drilled. Well 
No. 302 gave a showing of oil and gas, arid Nos. 305 and 306 a showing 
of gas. Well No. 247, of which no record was obtained, was drilled 
at a location theoretically good, but penetrated a sand reported as 
dense a:o.d impervious, and found no oil. Considerable drilling has 
been done recently on the Kilgore and neighboring farms east of 
.Richmond and just beyond the edge of the area mapped, and both 
oil and gas have been found. On the Kilgore farm a'2-barrel oil well, 
from which 2 barrels of salt water were also pumped daily, found the 
sand at about the 730-foot contour. Oil and gas are associated in a 
well half a mile north and a little higher structurally. The failure 
to obtain oil or gas in holes drilled a little southw~st of this well is 
attributed to the hardness of the sand. These facts give little 
encouragement for the finding of much oil in the vicinity of Richmond. 

Drilling near East Springfield and Salem has given uniformly 
unfavorable results, disclosing at best only a sligp.t showing of oil or 
gas. Well No. 741, recently completed near Salem, is added to the 
long list of dry holes in that region, and the sand is reported as very 
inferior and compact. It seems improbable that either oil or gas 
will be found in the higher portion of the Salem anticline. The east 
and west slopes of the Germano basin are suggested as more likely 
territory for. prospecting, although locations can not be definitely 
specified. There should, however, be. an accumulation of oil at the 
upper limit of salt water, which is at or near the 800-foot contour. A 
showing of oil has been reported in wells Nos. 209, 236, and 320. 

365°-Bull. 541-14-2 
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GAS FROM M:uD LUMPS AT THE MOUTHS OF THE 
MISSISSIPPI. 

By E. w. SHAW. 

MUD LUMPS. 

The development of "mud lumps" at the mouths of the Mississippi 
is generally, if not always, accompanied by the formation of mud 
springs, from which considerable quantities of combustible gas escape, 
suggesting that gas is the primary agent of mud-lump· upheaval and 
that it may exist in large and valuable pools beneath the surface. 
Several companies have considered sinking test wells, and one com­
pany has sunk a well designed as a test to a depth of about 2,000 feet 
at ''The Jump," a few miles above the Head of the Passes. Small 
amounts of gas were found at several different depths in this well, but 
not in ·commercially important quantities. However, the well was 
not located on a recently active lump and perhaps not even on or 
near an old one. 

The present report, which is based on a preliminary examination of 
the mud lumps, made by the writer in November, 1!H2, sets forth the 
principal facts which seem to have a bearing on the possible existence 
in these places of valuable accumulatl.ons of gas. 

The mud lumps of the }.,fississippi are great swellings of soft bluish­
gray clay which rise in the sha~low water near the mouths of the rjver, 
commonly forming islands with a surface extent of an acre or more 
and a height of 5 to 10 feet. The lumps are rounded or elliptical at 
first, but are soon carved into· irregularity and are sometimes cut in 
twain by wave action. Their period of growth ranges from a few 
hours to several years and is commonly irregular. Generally a mud 
lump rjses ill a few weeks or months to a height of 4 or 5 feet above 
the surface of the water. Then it remains quiescent and is beaten 
down by the waves in the course of a few years. Those which rise 
slowly are, of course, considerably worn before they stop growing. 
Those which rise more rapidly and in protected places bear a cap of 
laminated silt having a maxitnum thickness of 10 or 15 feet. 

The structure of the mud lumps appears to be comparable to that 
of bysmaliths. A dark bluish-gray clay· of medium stiffness and 
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great sticlriness forms the central core. Upon. and around this core 
is a ~eries of faulted and folded strata of sand and sHt which have been 
carried up from the sea bottom and deformed in the upheaval. 
'Fissures are numerous and faults are normal, beautiful examples of 
block faults being common. A peculiarity of many of the new mud 
lumps is that the surface resembles a plowed field with irregular 
furrows in every direction. This effect, which has excited much 
wonder, appears to be the result of slight erosion of an extensively 
fissured surface. 

MUD SPRINGS. 

.,_( 

r 

Among the most conspicuous and impressive features of the lumps 
are the mud springs, which are active on many, though not on all, of 
the lumps. The discharge from these springs consists of salt, watery •4. 
mud (sludge) and gas. The amount of sludge discharged is very 
small and the flow of gas is less than 10 cubic feet an hour. The 
mud accumulates around the vents and forms cones ranging from a 
few inches to several feet in height and having a rather striking 
resemblance both in form and explosiveness to miniature volcanoes. 

Careful examination reveals the fact that many and perhaps all of 
the gas-mud springs are closely associated with fissures. Commonly 
the fissures are .so obliterated that it is difficult to make sure of this 
fact, but on the freshest lumps both the association and the absence 
of mud springs between fissures are evident. It seems, therefore, 
that when a lump is pushed up, the upper part, especially the sand 
and silt cap, is somewhat extensively fissured. Water rises ·in the 
fissures at least to the level of the sea, and gas bubbles rise through 
the water, causing erosion of the sides of the fi'ssure. In certain 
favorable locations, along fissures where conditions are just right, the 
rise of gas bubbles through the water causes sufficient erosion to keep 
a vent open long after the remainder. of the fissure closes entirely. 
The delta materials contain a large amount of both marsh gas and 
water, so that wherever. a hole a few feet deep is made it almost im­
mediately fills with water and bubbles with gas. 

COMPOSITION OF THE GAS • 

. Two samples of gas were collected from mud springs and on analysis 
were found to consist principally of marsh gas (CI-I4) with some oxygen; 
nitrogen, and carbon dioxide. 
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Analyses of gas from mud lumps at mouth of Mississippi River. 

[George A. Burrell, Bureau of Mines, analyst.] 

Laboratory No. 3149. 2~ Laboratory No. 3150. 3 
miles southeast of Pass miles west of Burrwood, 

C02 ........................................... . 
02 ............................................ . 
co ............................................. . 
CH~---········································· 
N2 .......................... ~ ................. . 

a Loutre lighthouse. Size La. Size of sample at 
of sample at atmospheric atmospheric pressure 
pressure about 0.1 cubic about0.5cubicfoot. 
foot .. 

As received. Air free. I As received. Air free. 

4.98 
1. 38 
.00 

77.05 
16.59 

100.00 

5.22 
.00 
.oo 

82.50 
12.28 

2.14 
2. 70 
.00 

84.50 
10.66 

100. 00 100. 00 

2.42 
.00 
.00 

97.02 
.56 

Heating value per cubic foot at 0° C. and 760 
mm .................. British thermal units .............. .. 879 ·············· 

100.00 

1,033 

I Assuming that the 0 and part of the N got into the sample in the form of air, either before or after the • 
sample was collected. 

The samples were collected with considerable care by displace­
ment of. water from a large bottle, which was held inverted over the 
vent with the mouth just below the water surface. A 6-inch funnel 
was used to guide the gas into the bottle. 

Sample No. 3149 was taken from a spring about the middle of the 
south half of the eighth lump southeast of Pass a Loutre lighthouse. 
The surface of the sludge in the spring was about 4 feet above mean 
tide. The other sample, No. 3150, was taken on the west side of 
Big Cactus .lump from a vent which is barely covered at low tide. 
No water or mud seemed to be flowing from this vent. 

The results of the analyses are believed to show correctly the gen­
eral composition of the gas at the particular vents where the samples 
were taken. It should be borne in mind, however, that gas from 
other vents may possibly have a very different composition. Even 
in the analyses given it may be that owing to the fact that different 
gases have different degrees of solubility in water the amounts 
stated are not exactly correct. Water under ordinary conditions of 
temperature and pressure dissolves about 2 per cent of nitrogen, 4 
per cent of oxygen, and 179 per cent of carbon dioxide. For this 
reason the bottles were filled with water from the throats of the vents, 
for that was probably nearly saturated with gas, particularly the 
water used in collecting sample No. 3149. If pure water had been 
used, the results, especially for those gases present in relatively small 
amount, would, no doubt, have been very different. 

The analyses seem to indicate that the gas is not of deep-seated 
origin, but has developed within a few feet of the surface, for certain 
hydrocarbons commonly present in gases found deep in the earth ·are 
lacking. The principal constituent, methane (CH4 )., emanates from 
most if not all m~rs4es and generally carries with it minor and variable 
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amounts· of nitrogen, oxygen, and carbon dioxide, all of which are 
produced in the decay of vegetable matter. Natural gas associated 
with petroleum generally contains other hydrocarbons, particularly 
ethane, the amount of which ranges from a trace up· to 15 per cent. 
or more. Some gases found in deep wells are, however, practically 
pure methane. Ethane and ethylene, 9n the other hand, have rarely 
if ever been found in marshes. Hence, it appears probable, though 
not certain, that the gas from the mud lumps is produced in the ordi-. 
nary reduction process, which affects plant material in marshes. 

CONCLUSIONS. 

It seems improbable that the mud lumps are forced up by natural 
gas for the following reasons: 

(1) As Lyell and Hilgard long ago pointed out; the amount of gas 
· given off seems too small to accomplish such results. There is no 

reliable report of a flow more rapid than about 10 cubic feet an hour. 
(2) If the mud lumps were forced up by gas one might expect the 

rate of growth to increase rapidly and explosions to be common~ 
(3) The lumps are composed largely of clay, which seems to be 

present nowhere else in the delta in such thick beds. If their up­
heaval were due to natural gas the more fluid beds, such as clay, 
would probably be thinned instead .of thickened. 

(4) The lumps seem to have a close relation to the mouths of the 
river, being most common to the west and within 2 or 3 miles of the 
end of a pass. They are also more active at and following times of 
high water. · 

Though the mud lumps and gases probably can not be taken as 
indicating valuable pools of gas below, neither they nor any other 
known crrcumstance in the region can be taken as contrary evidence. 
It is very probable that only a part of the marsh gas escapes and that 
some is entrapped in the silt which is contiriually accumulating on 
the delta. The gas which has thus been buried in the thousands of 
years duringwhich the delta has been growing seems to be now in 
part disseminated and in part collected into more or less definite 
pools. Several deep wells have been sunk in the lower end of the 
delta 70 to 125 miles west of the Passes and most of them have found 
c-onsiderable amounts of gas. One well in sec. 51, T. 19 S., R. 19 E., 
became uncontrollable from gas found at a depth of about 1,700 feet. 
Gas escapements of considerable size are numerous, particularly in 
Terrebonne Parish. Prospecting is difficult because of the softness 
of the materials, which make the control of gas under any considerable 
pressure a serious task. Perhaps an economical way will be found 
to collect the marsh g'as from many shallow wells, each yielding only 
a few hundred cubic feet a day. 
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STRUCTVRE OF THE FORT SMITH-POTEAU GAS FIELD, 
.ARKANSAS AND OKLAHOMA. 

By CARL D. SMITH. 

INTRODUCTION. 

The region described herein lies south of Arkansas River in 
Arkansas and Oklahoma and embraces an area about 40 :rp.iles square 
extending across the outcrops of the main coal-bearing formations 
of Oklahoma a~d Arkansas. As shown on the map, the area is 
traversed by several railway systems, all of which pass through or 
have connections with Fort Smith. · 

Natural gas was discovered in Mass:;trd Prai;rie 5 miles south­
east of Fort Smith and also about 2 miles southeast of Mansfield, 
Ark., a number of years ago, and more recently it has been found 
4 miles east of Poteau, Okla. This particular area h'ls been selected 
because it has been more extensively prospected for gas than any 
other part of the Arkansas Valley trough, and because geologic 
structures here are typical of a great deal of untested territory in 
Arkansas and Oklahoma. · Further d·etails of structure in a part 
of this general region are given in other publications.1 

In the construction of the map accompanying this report free use 
has been made of reports on the coal fields of Oklahoma. and Ar­
kansas by J. A. Taff and A. J. Collier, whose formational boundaries 
and descriptions of strata have been copied with but little change. 

As the purpose of this report is to outline in. a general way. the 
region in which geologic structures and formations are similar to 
those in the smaller area shown on the map, little attention has been 
given to the depth and thickness ·of possibly productive sands, well . 
logs, and other detailed information usually contained in such a 
report. 

TOPOGRAPHY. 

The character of the topography in the field is determined largely 
by the attitude and varying degrees ·of hardness of the strata which 
make up the geologic section. The geology and topography are so 

1 Collier, A. J., The Arkansas coal field: U. S. Geol. Survey Bull. 326, 1907. Taff, J. A., 
and Adams, G. I., Geology of the eastern Choctaw coal field, Indian Territory : U. S. Geol. 
Survey Twenty·first Ann. Rept., pt. 2, 1900. 
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closely related that reference from one to the other is necessary to 
an understanding of either. 

The most conspicuous topographic features in the area are Cava­
nal, Sugarloaf, ·and Poteau mountains, which reach altitudes rang­
ing between 2,000 and 2,300 feet and are separated by broad valleys, 
where the general level· of the country ranges between 450 and 750 
feet. Cavanal, the highest of the three mountains, lies wholly in 
Oklahoma, 3 to 4 miles west of the town of Poteau. Sugarloaf is 
crossed by the Arkansas-Oklahoma State line and has its greatest 
length in a northeast-southwest direction. Poteau Mountain lies 
near the southern border of the area shown and extends from the 
vicinity of Heavener, Okla., eastward. for a distance of 25 miles, into 
Arkansas. 

The mountains occupy structural basins in which the alternating 
layers of hard and soft strata lie much like a stack of dishes, gradu­
ally diminishing ~n circumference upward. 

GEOLOGY. 

STRATIGR.APHY. 

The formations which make up the geologic section discussed in 
this report belong to the Pennsylvanian series of the Carboniferous 
system, as proved by both fossil shells and plants. That part of the 
section lying above the top of. the Hartshorne sandstone contains a 
number of coal .beds 1 to 1 feet thick; below the ~artshorne n<J coal 
of economic importance has yet been found. 

The section of rocks exposed in the area shown on the map 
(Pl. II) is about 12,'700 ·feet in thickness and is made up of shale, 
sandstone, and beds of coal. This mass of sedimentary rocks has 
been subdivided and each £ormation given a name. The composi­
tion and character of the formations, named in order from lowest 
to highest, are described below, and the areal distribution of each 
is shown by appropriate symbols on the map. 

Atoka formation.-The thickness of the Atoka formation, meas­
ured across the upturned edges of the formation in an anticline 

. a few miles northwest of Heavener, ranges between 6,000 and '7,000 
feet, and its base is not exposed. So far as shown, the whole thick­
ness is made up of shale and sandstone, the sandstone constituting 
but a small part of the formation and lying in zones about 100 feet 
thick separated by beds of shale 1,000 to 1,200 feet thick. However, 
sandstone in more or less abundance is interbedded with the shale; 
likewise beds of shale occur in the zones prevailingly sandy. 

The sandstone beds· are medium to fine grained in texture and 
brown to light gray in color. The shale beds are rarely exposed 
naturally, but wherever seen they are bluish. in color and contain a 
few ironstone concretions. 
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Study of the Atoka formation for many miles along its outcrop 
indicates that the inclosed sandstone beds are somewhat variable 
in thickness and lateral extent. There are areas irr which the for­
mation consists almost entirely of shale, whereas in other areas the 
beds of sandstone are abnormally thick and massive. The irregu­
larity of the sandstones has an important economic bearing because 
they form the reservoirs in which gas is found in Massard Prairie 
near Fort Smith and in the area southeast of Mansfield. The gas ob­
tained east of Poteau seems to come from the Hartshorne sandstone, 
described below. 

HaTtshorne sandstone.-The Hart.shorne sandstone varies in thick­
ness from 100 to 200 feet and is m.ade up generally of massive beds 
at the top and thinner beds below, with layers of shale between, 
gradually giving place to shale of the Atoka formation at the base. 
The Hartshorne as a rule makes a low ridge and is one o£ the most 
easily recognizable and economically important formations in the 
field, important because of its value .as an index to the position of 
two extensive coal beds, one of which lies just above the sandstone 
and the other from 50 to 100 feet higher. 

McAlester· shale.-In areal extent the McAlester shale far sur:. 
passes any of the other formations .. On account of the relative soft­
ness of its constituent materials the McAlester forms the surface 
rock of most of the lowlands and prairies, which are interrupted here 
and there by locai developments of ridge-making sandstone beds 
occurring in the shale. The thiclmess of the McAlester has been 
estimated at 2,000 to 2,500 feet. 
· In Arkansas the McAlester shale has been subdivided into several 
formations, but in order not to complicate the map these subdivisions 
have been omitted. 

S ava'fi!Jta foTmation.-Three prominent zones of sandstone, each 
ranging in thickness between 100 and 200 feet, separated by masses 
of shale, constitute the Savanna formation. Its total thickness is 
estimated at 1,200 to 1,500 feet. 

Boggy shale.-To the casual observer the term" shale" as applied 
to the Boggy would seem inappropriate, but close investigation re­
veals the fact that out of a total of about 2,300 feet of the formation 
exposed in Cavanal Mountain not more than 400 feet is made up of 
sandstone. The sandstone in relatively thin beds is so interspersed 
throughout the shale that, on weathering, the superior hardness of 
the sandstone leaves it in the form of talus, covering the slopes and 
conce~ling the shale. In areal distribution the Boggy is confined to 
the crests of Cavanal, Sugarloaf, .and Poteau mountains. 

Lack of definite. information as to the position of the contact of 
the Savanna formation and the· Boggy shale in Sugarloaf and Poteau 
mountains has made it undesirable to attempt to represent the Boggy 
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on the map, all strata above the McAlester being shown as Savanna, 
though remnants of the Boggy 500 to 600 feet thick outcrop in narrow 
bands along the crests of these mountains. 

STRUCTURE. 

GEN»RAL CHARACTER. 

The area herein described is a part of a large region occupied by 
. the same or similar formations lying between the intensely folded and 

faulted rocks of the Ouachita Mountains to the south and the slightly 
disturbed rocks of the Ozark uplift to the north, and extending from 
the latitude of Atoka in southern Oklahoma, northeastward and east­
ward to the vicinity of Little Rock, Ark. 

The structure of the region, broadly speaking, is unsymmetrical, 
in that the folding south of the central part of the trough or basin 
has been more intense than to the north. Between the latitudes of 
Atoka and McAlester in Oklahoma the trend of the folds is north .. 
east-southwest; from the vicinity. of McAlester eastward the folds 
trend generally east-west. Some of the anticlinal folds, especially 
near· the south side of the area, have comparatively steep dips on their 
north sides, and are in places overturned in that direction. 

In Oklahoma the area is. bounded sharply on the south by the great 
Choctaw fault, which extends from the vicinity of Atoka north­
eastward and eastward into Arkansas. Toward the northwest, in . 
Oklahoma, Canadian and Arkansas rivers may be taken as marking 
approximately the northern limit· of the Arkansas Valley type of 
structure. Northward t4e folds die out into a monoCline with a gentle 
westward dip. 

In Arkansas the belt of folded rock extends approximately 50 
miles in width to the vicinity of Little Rock, across which Arkansas 
River flows diagonally southeast. 

At places the compressive :force or forces which caused the rum­
pling of thestrata has been more than the strength of the rocks could 
withstand, and as a result they have been broken, espeeially along or 
near the axes of upward folds, thus allowing one limb to override the 
other, producing what is known as a thrust fault. The axes ·of anti­
clines and synclines and the positions of faults are shown by appro­
priate symbols on the· map. 

FOLDS. 

Backbone anticline.-:-One of the best-known structural features in 
the field is Backbone anticline, so· named because of its association 
with a prominent ridge formed by the outcropping edge of an up­
turned stratum of sandstone, known as Backbone Ridge. This up­
ward fold of the strata extends from the .vicinity of Greenwood, Ark., 
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to a point about 1-! miles southeast of Bokoshe, Okla., a distance ~f 
about 30 miles. Along the greater part of this fold is a. fault, south 
of which the southward-dipping beds have been thrust to the north, 
overriding and concealing corresponding beds north of the fault. 
The outcrop of the Hartshorne coal bed surrounds the anticline. 

Biswell Hill anticline.-BisweU Hill, an elliptical domelike emi­
nence northeast of Greenwood, which is mantled over by the Harts­
horne sandstone, is the topographic expression of a broad anticline 
whose axis lies parallel to and a short distance northeast of the east 
end of the faulted Backbone anticline. The fold is slightly unsym­
metrical, the dips to the north being steeper than those to the south. 
Like th~ Backbone anticline, of which it is an irregular continuation, 
the Biswell Hill anticline marks an area without coal surrounded by 
the outcrop of the I-Iartshorne coal bed, which dips away from it to 
the north and to the south. The structure of Biswell Hill, though 
not so pronounced as that from which gas is obtained southeast of 
Mansfield, seems to be as good as if not better than that southeast of 

. Fort Smith for the accumulation of gas. vVhat effect the Backbone 
fault, which ends against the west side of the anticline, may have had 
on the reservoir-forming, deeply buried strata is problematic; it is 
possible that this break may have disturbed the rocks in such a way 
as to form an outlet to the surface, thus allowing an~v gas that may 
have collected to escape. 

t I 

J,f assard Prairie anticline.-The axis of the Massard Prairie anti­
cline trends northeast-southwest through Massard Prairie about 5 
miles southeast of Fort Smith. The surface indications here suggest 
a broad elliptical uplift with low dips both to the north and tq the 
south. Many wells that have been sunk in and near the summit of the 
dome furnish the natural gas used in Fort Smith. 

Poteau anticline.-The a.,~is of the Poteau anticline trends north­
east between ·cavanal and Sugarloaf mountains from the vicinity of 
Howe to the Arkansas-Oklahoma line, thence east for a distance of 
6 or 8 miles, where its identity is lost in a broad upward fold lying 
between Greenwood and Huntington. The productive gas wells east 
of the town of Poteau are located near the a;xis of this fold. The 
part of the anticline which lies in Arkansas has been described by 
Collier in United States Geological Survey Bulletin 326 as the Mon­
treal anticline. It has been considered advisable to change the name 
of the anticline, however, because it is more pronounced near the 
town of Poteau, Okla., than at Montreal, a smalf town in Arkansas 
near the east end of the fold. 
Il art ford anticline.-The axis of the Hartford anticline trends 

east-northeast and west-southwest through the town of Hartford, 
Ark. Th.e lowest rocks brought to the surface by the upward fold 
are exposed in Coops Prairie, a flat area almost completely sur-
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rounded by elongated or elliptical encircling ridges inade by sand­
stones of the Atoka formation. In this prairie are located the pro­
ductive gas wells which furnish fuel for Mansfield and vicinity. 
From the crest of the axis the strttta dip away in all directions. To 
the west the plunge of the axis of the fold continues for a longer 

· distance than toward .the east, hence rocks successively higher in 
the geo1ogic column appear at about the same level. A few miles 
northeast of Howe the axis of this fold seems to join with t~e Poteau 
anticline in rising toward the Heavener anticline. 

Heavener anticline.~The upward fold of the Heavener anticline 
is peculiar both in its form of development and its trend. From a 
point near the big bend of Poteau River in the north-cent:r;al part 
ofT. 5 N., R. 24 E., the axis of the fold rises steeply southeastward 
to a high arch and descends as abruptly within a mile northwest of 
Heavener. Should the beds of sandstone which have been worn 
away and whose edges now crop out in the plain around the elliptical 
border of this domelike fold be restored, they would form a. moun­
tain more than a mile· high, 6 miles long, and 3 miles wide. The . 
trend of the axis of the Heavener anticline is slightly south of east 
and almost directly in line with that of the Poteau syncline, against 
which it a buts. 

Milton anticline.-Only part of the Milton anticline is included in 
the area here described. It is comparatively narrow and bears a 
little east of northeast. The axis rises from the vicinity of the south­
ward bend of Arkansas River north of Spiro to the neighborhood 
of Bokoshe and again descends toward the southwest. The anticline 
is surrounded by the outcrop of the I-Iartshorne coal bed, which, 
however, is concealed by alluvium near the river. It is understood 
that some wells have been sunk on or near the crest o£ the fold north­
west of Spiro, but with what success is·not known. 

Oavanal syncline.:-The axis of the Cavanal syncline trends east-· 
northeast through Cavanal Mountain, just south of Cameron, Hack­
ett, Excelsior, and Greenwood across the area shown on the map. 
The deepest part of the basin lies beneath Cavanal Mountain, where 
the Hartshorne coal bed, a convenient datum plane for comparison 
of elevations, is probably 4,000 feet below sea level or 6,400 feet 
below the highest peak of the mountain. 

Sugarloaf syncline.-The Sugarloaf syncline is a comparatively 
shallow structural basin lying between the Poteau anticline and the 
Hartford anticline. The deepest part of the basin is probably near 
the point where the Arkansas-Oklahoma line crosses the mountain. 
From this point its rising axis trends east-northeast just north of the 
town of Huntington. In the deepest part of the basin the Harts­
horne coal is probably 1,700 feet below sea level, or 3,700 feet below 
the highest peak of the mountain. 
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Poteau syncline.-The Poteau syncline l.s a long synclinal trough, 
which stretches more than 100 miles along the south side of the 
Arkansas coal field and extends into Oklahoma to a point a few 
miles northeast of Heavener, where its axis is deflected and swings 
to the southwest around the south limb of the He~vener anticline. 
This basin is occupied for the most part by Poteau Mountain, beneath 
which the Hartshorne coal bed reaches an unestimated depth, pos­
sibly almost as great as beneath Cavanal Mountain. . 

Bokoshe syncline.-The. position of the axis of the Bokoshe syn­
cline is not well known except between Spiro and Bokoshe. From 
the vicinity of Spiro the axis of the fold may trend northeast through 
Fort' Smith or east and join the basin between Massard Prairie and 
the Backbone anticline. 

FAULTS. 

Choctaw fault.-The Choctaw fault extends from the vicinity of 
Atoka, in southern Oklahoma, northeast ann east along the south side 
of the coal field, passing into Arkansas just south of·Poteau Moun­
tain, and continuing eastward for an undetermined distance. It 
separates the coal-bearing rocks on the· north from the older rocks 
of the Ouachlta Mountains on the south. Prior to the faulting the 
rocks lying south of the Qhocta.w fault were closely folded and in 
many places the· folds were overturned toward the north. Then, as 
the pressure which produced the folding continued, the strata broke 
along lines parallel to the axes of the folds and the rocks on the south 
side of the fracture were pushed upward and over those on the north 
side. The vertical displacement increases fron1 a few hundred feet 
at the Arkansas line to several thousand feet farther west. . 

Backbone fault.-The Backbone fault extends from a point about 2 
miles northwest of Greenwood, in a west-southwest direction, paral­
leling and lying just south of the north outcrop of the Hartshorne. 
coal bed, to a point somewhere between Panama and Bokoshe, where it 
dies out in the westward-plunging end of the Backbone anticline. 
This fault represents an overthrust of the strata from the south and 
sh9ws a displacement 'of about 5,000 feet at the Arkansas-Oklahoma 
line. The rocks brought to the surface by the fault consist mainly 
of sandstone and shale of the Atoka formation, so that the beds of 
sandstone which produce gas in the various parts of this field prob­
ably here come to the surface. 

STRUCTURAL RELATIONS. 

A prominent theory as to the source of oil and gas is the one which 
ascribes its origin to the slow distillation of organic matter buried 
with shale and sandstone at the time of their deposition. If this be 
the origin of these fuels they must have been disseminated in small 
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quantities throughout the containing sediments, and in order to be 
concentrated into '~ pools " ·as they are now found they must have 
been transported and collected by some agent. The agent most likely 
to have accomplished such transportation is water, driven either by 
capillary attraction or by hydraulic . pressure, moving through the 
formations containing the oil or gas in small particles. When once 
a reservoir of sufficient porosity, like a sandstone, is reached, where 
interchange of position is least hindered, the oil, gas, and water 
would separate by difference in weight,- the water occupying the 
lowest point available, overlain successively by oil ap.d gas, if all 
three be present. It thus appears that gas ·would occupy the highest 
available part of a given reservoir, and would be underlain by oil, 
if present; if not, by water. 

It is evident that bodies of gas under great pressure, unless effectu­
ally sealed in by some means, would disseminate throughout the 
containing porous reservoir until no appreciable pressure- would be 
perceptible. We must conclude, then, that the gas is prevented from 
escaping upward by rome impervious medium-for instance, fine­
grained shale-and that it is prevented from spreading laterally along 
the containing bed of sandstone either by impervious material or by 
some other means, if impervious material should not be present. 
Among other means may be mentioned the termination of the porous 
sandstone bed, the· sealing of the porous medium by .asphaltic mate­
ri.al, and by oil, water, or both, occupying different parts of the 
sandstone. 

In order that the oil or water may be effective, certain structures 
in the reservoir stratum are nec·essary. The simplest structure favor­
able for. the accumulation of oil or gas is the anticline or upward 
fold of the porous reservoir and an overlying impervious layer, 
which is in effect a dome or elongated fold under which the gas col­
,lects and is prevented. from escaping or disseminating through the 
reservoir by the presence of bodies of oil or water occupying lower 
levels in the same stratum. There are, of course) a number of fac­
tors that would and do modify these ideal conditions, but a con­
sideration of them can not be undertaken in this paper. 

Anticlinal structures are present in all three of the gas-bearing 
areas shown on the map of the Fort Smith-Poteau gas field. The 
best-defined upward fold or anticline produces gas i~ the region 
southeast of Mansfield. Here the outcropping edges of the upturned 
upper part of the Atoka and higher formations encircle the gas­
producing area in concentric elliptical ridges, which slope or dip 
away from the central point in every direction. 

Although the Massard Prairie anticline southeast of Fort Smith is 
not so pronounced as the one near Mansfield, it is fairly well defined, 
and the gas-producing area there is located at the summit of the dome. 
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The gas obtained from the area east of the town of Poteau, .accord­
ing to the interpretation of the records of two wells, seems to be 
derived from the Hartshorne sandstone, as a bed of co~l, supposedly 
the Hartshorne, is penetrated from 100 to 200 feet above the gas­
producing sand. It will be noted on the map that these wells lie 
on or near .the axis of the Poteau anticline, along or near which 
further prospecting in the vicinity wi1I reach the same sand at the 
sha1lowest possible depth. To the northeast and southwest the Harts­
horne sandstone comes . to the surface, hence. the areal extent over 
which it may be gas bearing is rather small. However, it shouid be 
remembered that a number of sands occur in the Atoka formation at" 
varying -depths below the Hartshorne, and these may contain gas in 
some part of the fold. 

The question as to the probability of striking oil at some point 
down. the dip of the _strata below the gas has been asked. It is not 
known, of course, whether the gas is underlain down the slope o£ 
-the sand by oil or water, nor how far down the slope the contact of 
the water ·and gas or the oil and gas would be found, but toward 
Sugarloaf and Cavanal mountains the strata dip at the rate of 200 
to 300 feet to the mile; hence to reach a given bed it would be neces­
sary to drill deeper and deeper as either of these mountains is ' 
approached. It is estimated that the top of the Hartshorne sand­
stone lies at a depth of 3,000 to 3,500 feet below the town of Poteau. 

The production of the wells east of Poteau is reported to be 
12,000,000 cubic feet per day, with a gas pressure averaging about 
400_pounds to'the square inch. 

Log of gas well, 3! miles east of Poteau, Oldla. 

Conductor ......................................... . 
Hard shell ......................... , ................ . 
Shale .............................................. . 
Shell .............................................. . 
Black slate .....................................•... 
Hardshell ......................................... . 
Black slate ......................................... . 
Shell ............................ : ................ .. 
Black slate ..•...................................... 
Sandy shale ....................................... . 
Black slate ..•....................................... 

f1~~ ~~~~-:::::::::::::::::::::::::::::::::::::::: 
Black shale ........................................ . 

. ~t:g~ :~~~:.~~~~::.·.·.: :::::::: :~::: :::::::::::::::: 
· Coal ............................................... . 

Hardshell. ........................................ . 
Black shale ........................................ . 
Black hard shell ................................... . 
Black sand shell ................................... . 

gr:lks~~i;ay ·sffiid.·.·:::::::::::::::::::::::::::::: 
Gray sand, gas .................................... . 

Thickness. Depth. 

Feet. 
6 

18 
136 
30 
80 
5 

60 
20 

290 
60 

145 
15 

210 
7 

553 
25 
42 
3 

2-
94 

4 
20 
15 
33 
32 

Feet. 
6 

24 
IGO 
190 
270 
275 
335' 
355 
645 
705 
845 
860 

1,070 
1,077 
1,630 
1,655 
1,697 
1, 700 

1, 702 
1, 796 
1,800 
1,820 
1,835 
1,868 
1,900 

Remarks. 

Water at 60 feet. 

Small"showing" of water. 

Small "showing.'' of gas in 
coal. 
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According to well records now in hand, gas wells In Mas~ard 
Prairie, about 5 miles southeast of Fort Smith, range in depth 

· between 1,312 and 2,845 feet. The log of the deepest of these wells 
shows that 17 different sands, ranging in thickness from 9 to 263 
feet, were encountered in drilling to a depth· of 2,845 ·feet. By no 
means all of these sands are productjve. In some of, the wells .as 
many as four sands produce gas, but usually the greatest volume of 
gas is obtained from one· sand in each well. The most productive 
sands are found between 1,000 feet and 2,100 feet below the surface. 
The initial closed pressure of the gas varies· between 145 and 280 
pounds to the square inch, and the daily volume of gas obtained from 
each well varies between 140,000 and 4,250,000 cubic feet. 

All of the wells in Massard Prairie start in or near the Hartshorne 
sandstone, hence all the gas is obtained from sands in the Atoka 
formation. 

Lou of well in Massard Prairie, 5 1nUes southeast of Fort Smith, Ark. 

Thickness. Depth. 

Top and shale .................................................................... . 
Sand ............................................ : ................................ . 
Shalo ............................................................................ . 
Sand ........................................................... , ................. . 
Shale ............................................................................ . 
Sand .•............................................................................ 
Shale ........................................................................ : ... . 
Sand ............................................................................. . 
Shale ............................................................................ . 
Sand ............................................................................. . 
Shale ............................................................................. • 
Sand ... , .......................................................................... . 
Shale ............................................................................ . 
Sand ................................................. .': .......................... . 
Shale ............................................................................ . 
Sand ......................................................................... · .... . 
Shale .................................. : ......................................... . 
Sand ............................................................................. . 
Shale ............................................................................ . 
Sand ............................................ : ................................. . 
Shale ............................................................................ . 
Sand ............................................................................. . 
Shale ............................................................................ . 
Sand ............................................................................. . 
Shale ........................................... : ................................ . 
Sand ............................................................................. . 
Shale ............................................................................ . 
Sand .•..............................................................•............. 
Shale .... ~ ....................................................................... . 
Sand ................ : ............................................................ . 
Shale ............................................................................ . 
Sand ............................................................................. . 
Shale ............................................. , .............................. . 

Feet. 
150 
19 

221 
15 
20 
25 

245 
40 
10 
25 

235 
15 
95 

253 
122 
52 

393 
30 
45 

185 
47 
28 
90 
15 

150 
25 
5 
8 

44 
30 
16 
20 

172 

Feet. 
150 
169 
390 
405 
425 
450 
695 
735 
745 
770 

1,005 
1,020 

• 1,115 
1,378 
1,500 
1,552 
1,945 
1)975 
2,020 
2,205 
2,252 
2,280 
2,370 
2,385 
2,535 
2,550 
2,555 
2,563 
2,607 . 
2,637 
2,653 
2,673 
2,845 

The fault in the Backbone anticline makes prospecting there rather 
precarigus, because the fracturing of the strata may have furnished 
an outlet to the surface,. thus prevf · · · :._ .ny large accumulation 
of gas. 

No detailed information conce~ing the number, thickness, and 
depths of producing sands in the Hartford anticline southeast of 
Mansfield is at hand. It is 7n from geologic evidence, however, 
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SECTION ALONG LINE A-B THROUGH OAVANAL AND SUGARLO,I\F MOUNTAINS SHOWING POSITION OF GAS WELLS ON ·POTEAU AND HMTFOR~· ANTICLINES 

MAP OF FORT SMITH-POTEAU GAS FIELD, ARKANSAS AND OKLAHOMA. 

By Carl D. Smith. 
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that the wells start in the Atoka formation 3,000 feet or more below 
the Hartshorne sandstone. If gas there is obtained at approximately 
the same depth as in the Massard Prairie field, a thickness of nearly 
6,000 feet of the Atoka ·formation· is to be regarded as containing 
good p·rospecti ve gas strata. 

··.c\..s explained under the heading " Stratigraphy," the sandstone 
beds of the Atoka formation as seen in outcrop are variable in thick­
ness, texture, and. lateral extent. This condition undoubtedly holds 
true where the deeply buried sands in the Atoka are penetrated by 
the drill. A study of the records in hand indicates considerable 
variability even in near-by wells. But when the number of sands is 
taken into account it is thought that, in areas of favorable geologic 
structure, deep drilling may be resorted to with good chances of 
successful outcome. 

It seeins that, if other things are equal, the chances of striking gas 
are better in the upward folds or anticlines than in other localities. 
Of course, if a porous medium be not present in the anticline, then 
the chances there are no better than elsewhere; but as the presence 
or absence of the porous medium can not be foretold, that chance 
must be taken as a part of the r:sk of drilling. 

365° -Bull. 541-14-3 



TI-IE GLENN OIL AND GAS POOL AND VICINITY, 
OKLAHOMA. 

' By CARL D. Sl\IITH. 

INTRODUCTION.· 

On account of its phenomenal product~on the Glenn oil pool in 
Oklahoma is well known, but so far as the writer is aware no detailed 
report of the geology-of the pool has ever been published. To deter­
mine, if possible, the reason for the accumulation of this wonderful 
body of oil and gas, one week in December, 1912, was spent by the 
writer in studying the geologic structure of the field as shown by 
outcropping formations. This work was supplemental to the investi­
gations that have been carried on in adjacent re_gions for several 
years. 

The unpublished results of investigations by the writer and others 
in contiguous territory have been drawn· upon fre·ely, as a study of 
the small area shown on the map would throw ·but little light on the 
geology or the conditions governing the accumulation of oil in this 
pool. 

The Glenn pool area as here described is located in Creek and 
Tulsa counties, Okla., near the towns of. Sapulpa and Tulsa,. and 
includes several minor pools known as the Taneha, Red Fork, and 
Perryman. (See map,- Pl. III.) Glenn pool proper was discovered 
in 1906 and since its discovery its boundaries have been gradually 
extended until at present it merges with the other pools and no lines 
can be drawn between them. . 

It is not the purpose of this report to give any opinion as to the 
probable future extension of the Glenn pool, but to point out the 
relation existing between accumulations of oil and gas and the geo­
logic structur~ as shown by the attitude of surface strata, with a 
view to ascertaining some general relations that may be applicable 
to fields yet untouched or only partly developed. 

TOPOGRAPHY. 

The topography of the Glenn pool area is determined by the atti­
tude and varying degrees of hardness of the strata which make up 
the geologic section. The most conspicuous features of relief are 
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roughly parallel zones of comparatively rugged sandstone highlands 
trending northeast-southwe.st, separated by belts of smoother low­
lands developed in softer strata: As a general rule ..the irregular 
escarpments have steep slopes facing east and gentle slopes stretch­
ing westward from the crests to the base of the next belt of highland. 
One of these belts of rugged country, trending slightly west of 
south, lies about 6 miles west of Sapulpa; another passes just west 
of Sapulpa; still another, which first makes its appearance about 2 
miles southwest of Red Fork, passes 2 to 3! miles east of Sapulpa, 
and continues to the southwest, passing just west of IGefer and 
Mounds. Another highland zone of more or less continuity passes 
2 to 3 miles east of the town of Glenpool, and probably should be 
considered the southern continuation of the hilly country east of 
A.rkans~s Rivet~ and southeast o~ Tulsa. The regularity of the areas 
of low relief is interrupted in places by the presence of hard, hill­
making sandstone beds in the soft shale which underlies the low­
lands. Turkey Mountain, northwest of Jenks, and the hilly country 
east of Arkansas River and southeast of Tulsa are examples of the 
local development of sandstone beds in zones which are usually char­
acterized by soft material and marked by comparatively small differ­
ences of altitude. Altitudes in the Glenn pool area range between 
about 600 and 950 feet. 

GEOLOGY. 

STRATIGRAPHY. 

GENERAL RELA'l'IONS OF THE FORMATIONS. 

,, 

In order to understand conditions that probably prevail bent-ath 
the surface in the Glenn pool, it is necessary to consider the character 
and attitude of formations 35 to 40 miles to the erist, where the deeply 
buried strata of the Gleen pool area come to the surface and can be 
studied· in outcrops. (See cross section, Pl. III.) · The seotion of 
rocks exposed in the area represented by the map is about 850 feet 
in thickness and comprises alternating beds of shale, sandstone, lime­
stone, and coal, named in the order of their relative thicknesses. 
These formations are Carboniferous in age and co.nstitute a part of 

·the Pennsylvanian or middle series of the Carboniferous, which out-
crops in northeastern Oklahoma, on the west flank of the Ozark 
uplift, extends as a broad northeast-to-southwest trending belt frotn 
J(ansas into Oklahoma, and dips gently westward beneath the Per­
mian series ("Red Beds"). (See fig. 1, p.. 43.) 

·The contact of the Pennsylvanian series with the Mississippian 
series below, which lies near and roughly pa.rallels Grand River, is 
unconformable, but the angle of unconformity between the two serie; 

, is so slight that the discordance in strike and dip of the strata is 
"'') 
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scarcely· perceptible. It is probable that the Pennsylvanian sediments 
were deposited upon a slightly ·eroded and gradually sink.ing l::nd · 
surface composed of the Mississippian series, and were derived1 in 
part at least, from the Mississippian and older rocks which form the 
core of the Ozark dome. No unconformities of more than local r 
development have been noted in the. Pennsylvanian series above the 
base of the Cherokee formation, which is .described below. 

Section sho·wing relations, character, and thickness of forrnaUons ea:posea in 
r', 

and to .the ec~st of the Glennt pool arec~, Ok.lc~. ,-. 

Carboniferous system : 
Pennsylvanian series: 

Limestone, bluish gray ; locally known as the 
" Lost City limestone" -----------------------

Shale and sandstone _________________ ..: ________ _ 

Limestone, bluish, hard; checkerboard lime of the 

Feet. 

1-40 
350 

drillers ____________________________________ :_ 2i 
Shale, with variable beds of sandstone___________ 215 
Coal, Dawson__________________________________ li-2! 
Shale, .with irregular beds of sandstone __________ 210-350 
Limestone, massive gray; big lime of ci.rillers_____ 0-40 
Shale, with irregular beds of sandstone__________ 200± 
Limestone, Fort Scott, Oswego lime of drillers ; 

bluish-gr'ay limestone with 3 to 5 feet of shale 
near middle------------·---~----------------- 10-30 

Shale, sandstone, limestone, and coal ; Cherokee . 
foriDation ____________________________________ 1,000± 

UnconforiDity. 
Blue to white limestone, with some shale and thin 

sandstone; Morrow formation _________________ 100-120 

Unconformity. 
Mississippian ser.f~s: 

Limestone, blue and brown, locally sandy and 
shaly; Pitkin------------------------~------ 60± 

Black shale with thin beds of liiDestone and sand-
stone; Fayetteville foriDation ----------------- 20-60 

UnconforiDity. 
Limesto.ne, Boone; flinty limestone and flint------ 200± 

On account of their greater hardness the sandstone and limestone 
beds are much more conspicuous in their outcrops than the shale, but 
probably the shale constitutes four-fifths t~ nine-tenths of the geo­
logic column. The ooale is generally soft and friable and disinte­
grates rapidly on exposure, thus giving· rise to valleys or lowlands 
where unprotected by caps of harder material. The s.andstone 
varies greatly in hardness. Many beds are so loosely cemented that 
they weather as easily as shale, thus giving the impression that they 
are extremely variable or lenslike in development, whereas others 
are of sufficient hardness to form bold escarpments many miles in 
length. 
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FORMATIONS NOT BXPOSED IN THE GLENN POOL AREA. 

Information regarding strata that underlie the Glenn pool area 
but are not exposed in it has been obtained from well logs, from 
geologic reports on adjacent areas, and from personal study of 
regions to the northeast, east, and southeast, where the formations 
penetrated by the drill in the Glenn pool area come to the surface. 
The thickness of these formations is about 2,000 feet and is described 
in some detail below. 

PRE-CARBONIFEROUS FORMATIONS. 

The strata below the Boone limestone, the lowest formation of the 
Carboniferous system, belong to the Dev.onian, Silurian, and Ordo­
vician systems, which outcrop in the central part of the Ozark uplift 
to the east. They consist mainly of limestone, and some sandstone 

. and shale, and are so deeply buried in the Glenn pool area that they 
probably have not been reached by the drill. 

CARBONIFEROUS SYSTEM. 

MISSISSIPPIAN SERIES. 

Boone limestone.-The lowest formation considered in detail in 
this report is the Boone limestone, which outcrops mainly east of 
Grand River and is known to drillers as the "Mississippi lime." 
It ranges in thickness from 100 to 350 feet and is niade up ·of lime­
stone, cherty limestone, and layers of chert or flint. The outcrop of 
the Boone forms a flint-covered surface in which the purer beds of 
limestone are in few places exposed. It is usually easy of recognition 
in drilling because of its great hardness, .thickness, and cutting action 
on the drill bit. The Boone is usually regarded as the formation in 
or below which oil and gas do not occur in paying quantities, but 
whether or not this conclusion is correct remains to be proved·. 

After the deposition of the Boone and its consolidation into hard 
rock .there was a period of uplift and erosion. That is, the present 
surface of the Boone shows evidence of having been a land area at 
some time in its former history and of having undergone partial 
destruction prior to the submergence which permitted the deposition 
of later sediments now found upon its irregular surface. 

Fayetteville formation.-Above the Boone is a blue-black shale 20 
to 60 feet thick, which generally contains two thin bluish-white lime­
stone members, one near the base and the other near the top. Lentic­
ular beds of dark ferruginous sandstone are present locally in the 
shale~ The Fayetteville formation as a whole is comparatively soft 
and its base in contact with the Boone below is usually easy to recog­
nize in drilling because of the difference in character and hardness 
of the two formations . 
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It is of course practically impossible to recognize in drill records 
the exact positions of the contacts of formations whose outcrops are 
so far removed from the point where they are penetrated by the drill 
as those are in this area. However, after a. close study of records of 
wells in the Glenn pool area and to the east, it is b~lieved that the 
Fayetteville formation thickens from about 60 feet near Grand River 
to 27.5 feet at Glenn pool and that two comparatively thick sandstone 
beds are present in the formation under cover that do not reach the 
surface in outcrop. 

Pitkin limestone.-Conformably on the Fayetteville formation 
lies· the Pitkin limestone. As described in the :Muskogee folio,t the 
Pitkin varies but little from 50 feet in thickness and consists of 
layers of light-blue to brown granular limestone interbedded with 
fine-textured harder limestone and some thin la,yers of shale. 

The Pitkin is considered the uppermost formation of the Missis­
sippian series and is separated from the overlying Morrow formation 
of the Pennsylvanian series by an unconformity similar to the one 
between the Boone limestone and the Fayetteville formation. But for 
fossil evidence and detailed study of the formations elsewhere the 
existence of these unconformities would scarcely be detected in regions 
contiguous to the ·Glenn pool area. It is only· when large areas are 
studied that the discordance in strike and dip can be ascertained. 
North of the Mus~ogee quadrangle and northeast of the Glenn pool 
area the Pitkin limestone is thin,. and in the southeast corner of 
Kansas it is absent. 

PENNSYLVANIAN SERIES. 

In the general region of northeastern Oklahoma a notable change 
takes place in the character and thickness of the Pennsylvanian 
formations. In Kansas the Pennsylvanian consists mainly of shale 
and limestone, sandstone constituting but a minor part of the sec~ion, 
whereas to the south, in Oklahoma, most of the limestones are thin 
and disappear from the section, very few reaching as far south as 
Arkansas River.· On the other hand, sandstones appear, growing 
thicker and more regular in development toward the south. Not­
withstanding the disappearance of the limestones, the Pennsylvanian 
section as a whole is thicker to the south. 

lJ/ orrow for-rJWtion.-As described in the Muskogee folio, the Mor­
row formation, the basal formation of the Pennsylvanian series, 
consists chiefly of limestone, with a lesser amount of shale, and in 
places thin beds of sandstone. The thickness of the Morrow ranges 
between 100 and 120· feet and at the top of the formation is an 
unconformity similar to the one at the top o£ the Boone. Eastward 
from the Muskogee quadrangle the limestone in the Morrow is 

1 U. S. Gcol. Smvey Geol. Atlas U. S., Muskogee folio (No. 132), 1906. 
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gradually displaced by shale and sandstone. What changes may 
take place in its composition under cover west and northwest of its 
outcrop in the Muskogee quadrangle are of course problematical 
and can be inferred only from the logs of deep wells. North of 
the Muskogee quadrangle and northeast of the Glenn pool area the 
Morrow formation is thin, and in the southeast corner of 1\:ansas 
it has not been recognized ·as a separate formation in the geologie 
section. 

Che?'okee 'fo'1'1nation.-For purposes of discussion in this report the 
upper contact of the Morrow formation is assumed as the base of the 
Cherokee formation, although in southeast I\:ansas the Cherokee as 
described probably includes the Morrow or its representative. The 
base of the Fort Scott limestone forrris the upper boundary of the 
Cherokee. . According to the interpretation of well logs, the Chero­
kee thickens from 850 feet near Tulsa to 1,080 feet near· Mounds. 
In outcrop the lower 500 feet of the Cherokee consists mainly of 
shale, with interbedded thin sandstone, limestone, and coal, whereas 
the upper part contains a greater proportion of sandstone. Accord­
ing to the interpretation of well logs, a number of oil and gas sands, 
which do not appear to reach the surface in outcrop, are penetrated 
between the middle and the ba·se of the Cherokee in the Glenn pool 
area. Several sands are productive below the Cherokee, but as that 
formation contains the sands from which the bulk of the oil and gas 
is obtained a detailed description of the sandstone beds of the 0 

Cherokee, as observed in outcrop, may be of interest. 
Study of the outcropping edges of the beds of sandstone in the 

Cherokee formation east and northeast of the Glenn pool area has 
thrown much light on ·their probable character under cover in the 
oil and gas area. Of course the conclusions are based on the observa­
tion of a narrow strip of outcrop, at some distance from the Glenn 
pool, but without positive evidence to the contrary it may be inferred 
tha.t similar conditions hold true to the westwa.rd, where the sand­
stones are deeply buried. The sandstones have been described as 
lenslike masses completely inclosed in shale, or as irregular bodies 
giving place horizontally to shaly sandstone and finally to shale. 
In the outcrops of the sandsto-nes the correctness of this conclusion is 
borne out to a certain extent, but it· has also been found that a number 
of sandstones have comparatively wide distribution, one particular 
layer having been followed continuously for 50 miles or more along 
its outcrop. This bed is, however, not regular in texture, being thin 
or shaly or indurated at some places, and at others thick and massive. 
Other beds, though not SO' prominent as the one above referred to, 
show evidence of considerable lateral extent. Another factor that 
has probably led to the idea of small lenses and extreme local varia­
bility is the influence of an irregular system of folds of the strata. 
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The result of such folds i~ that the same sand may be found at dif­
ferent levels in near-by wells. It is believed that the sands are not so 
lenticular as they have been represented, and .that their apparent 
lenticularity is due to local variations in texture and to structure. 

Fort Scott limestone.-In its outcrop east and northeast of the 
Glenn pool area the Fort Scott limestone is made up typically of 
two members separated by 3 to 5 feet of shale, the whole ranging in 
thickness between 10 and 30 feet. Just below the lower limestone, and 
separated from it by a foot or so of shale, there is generally a bed of 
coal 12 to 20 inches thick, though between the town of Broken Arrow 
and Arkansas River the coal bed pinches out. In this locality also 
the Fort Scott limestone is thin and inconspicuous in outcrop. 

The Fort Scott limestone is known to drillers as the Oswego lime, 
and is one of the most constant and extensive formations in the 

· developed oil and gas region of northern ·oklahoma: The top of the 
Fort Scott has been used as a datum surface for the construction of a · 
structure contour map of the Glenn pool region, which is shown on 
Pia te III and discussed below. 

Formations above the Fort Scott limestone._:_Between the top of 
the Fort Scott lim~stone and the top of a limestone exposed and 
quarried in the bluff just south of Arkansas River, southeast of Sand 
Springs, there are between 1,030 and 1,130 feet of beds made up of 
shale, sandstone, limestone, and coal. 

Near Tulsa a limestone known to drillers as the Big lime occupies 
a position in the geologic section from about 200 to 240 feet above the 
top of the Fort Scott limestone. To the north and :rwrtheast of the 
Glenn pool area this limestone is extensive and conspicuous, both in 
outcrop and in the logs of wells. About the latitude of Broken Arrow 
the limestone disapp_ears in outcrop and, judging by the logs of ·wells 
in the Glenn pool area, it is believed that the deeply buried edge of 
the limestone extends in a southwest direction· across tl~~ field ·some­
where between Red Fork and Mounds, and that the limestone noted 
in well logs in the southern part of the field as Big lime is really the 
Fort Scott limestone or· Oswego lime. In the vicinity of Tulsa the 
presence of a thin bed of coaJ just below the Fort Scott serve3 to 
distinguish it from the Big lime, but this coal does not seem to extend 
as far south as the southern part of the Glenn pool area. 

FORMATIONS EXPOSED IN THE GLENN POOL AREA. 

From 210 to 350 feet above the Big lime is a coal bed 20 to 30 inches 
thick, whose outcrop passes through Dawson, thence southeast of 
Tulsa, 3 miles northwest of Jenks, just west of the town of Glenpool; 
thence southwestward to a point a mile or so east of Mounds. For 
convenience of discussion it is called in this paper the Dawson coal. 
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structure but is noted in only a few well logs. In the neighborhood 
of Tulsa the coal bed lies about 465 feet above the Fort Scott lime­
stone. Near Mounds it should be found about 550 to 570 feet above 
the Fort Scott limestone. 

About 215 feet above the Dawson coal and 680 to 780 feet above 
the top of the Fort Scott is a thin hard limestone of remarkable per­
sistence and uniformity, which outcrops in a number of places in 
the Glenn pool area. This bed is exposed in Tulsa at the junction 
of the St. Louis & San Franci$Co and Missouri, Kansas & Texas and 
Midland Valley railroads, near the north end of the St. Louis & San 
Francisco Railroad bridge over Arkansas River, at a number of 
places between Red Fork and Jenks, at many places in Glenn pool 
proper, and a short distance northeast of Mounds. It varies little 
from 2 feet 6 inches in thickness and is an ·excellent datum surface 
for working out details o£ structure. It is known to drillers as the 
Checkerboard lime. 

Another recognizable bed in the Glenn pool area is a limestone which 
outcrops at Lost City and is locally known as the "Lost City lime­
stone." It lies stratigraphically about 350 feet above the Checker­
board lime and 1,030 to 1,130 feet above the top of the Fort Scott 
limestone. Its maximum measured thickness is 8,bout 40 feet, where 
it is exposed at the site of a proposed cement plant near the north­
east corner of sec. 18, T. 19 N., R. 12 E. From this point, both 
northeast and southwest, the thickness of the limestone diminishes 
in short distances to a foot or so. It is quarried northeast of Sand 
Springs and at Lost City, in the south bluff of Arkansas River 
southeast of Sand Springs. From this latter point the outcrop of 
the limestone trends south and southwest, passing west of Sapulpa. 
Above this limestone, in the area shown on the map, is an unmeasured 
thickness of shale and sandstone that has not been examined in detail 
and will receiv~ no further considerati_gn in this report. 

DEPTH OF THE BOONE LIMESTONE IN THE GLENN POOL. 

About the latitude of Tulsa the Boone limestone or Mississippi 
lime, which is a widespread and easily recpgnizable formation in 
drill holes to the north, either changes greatly in character or plunges 
steeply to the south, causing more or less confusion in well logs. A 
thickness of about 250 feet of strata variously interpreted by drillers 
as " very hard black lime and black sand," " mixed ground," and 
the like, at a depth of 950 to 1,200 feet below the top of the Fort 
Scott, has been taken by many drillers to be the Boone, but when the 
known divergence of the various recogll.izable beds and the probable 
thickening of the Morrow and Pitkin to the south are taken into. 
account, it is believed that the interpretation is erroneous, and that 
the Boone lies still deeper, say at a depth of about 1,300 feet below 
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the Fort Scott at Tulsa or about 2,000 feet below the Checkerboard 
lime, which .outcrops in Tulsa. It is believed that the formation 
usually interpreted in the Glenn pool area as the Mississippi lime is 
really the combined Morrow and Pitkin. 

As nearly as can be ascertained from- study of the logs of wells 
drilled in the Glenn pool area the thickness of the section between 
the base of the Cherokee and the top of the Boone limestone (Mis­
sissippi lime), in which interval three unconformities exist, is about 
550 feet. This interval includes the Fayetteville formation, the Pit­
kin limestone, and the Morrow formation, and no attempt is here 
made to differentiate them in the columnar section shown on the map. 

STRUCTURE. 

DEFINITIONS. 

By structure is meant the "lay" or attitude of the strata compos­
ing the geologic section with reference to a given level. An upward 
fold or arch is called an anticline and a downward fold a syncline. 
Where strata have been tilted so as to dip in only one direction the 
structure is called a monocline. The axis of a fold is a line passing 
through the highest points along the crest of an anticline or through 
the lowest points along the trough of a syncline. If some particular 
stratum of rock be taken as a datum surface, a line representing this 
surface will rarely be level but will plunge and rise or curve in 
various directions. 

STRUCTURE- OF THE REGION. 

The Glenn pool area lies in the region known as the Prairie Plains 
monocline, which extends as a broad belt £rom Iowa across north­
western Missouri, eastern Kansas, and central Oklahoma. To the 
east of this monocline. in Oklahoma lies the Ozark dome of older 
rocks toward which the strata rise and outcrop in roughly parallel 
zones; to the west strata s~lCcessively" higher in the geologic section · 
nre exposed in northeast-southwest trending- belts. The west~ard 
dip of these formations is variable in amount, increasing from 15 
feet to the mile in southern I{ansas to nearly 50 feet to the mile in 
the Glenn pool area. The westward inclination of the strata is 

: neither constant nor constantly variable, but is interrupted by areas 
in which the formations lie flat or nearly so, whereas in other areas 
the dip is greater than normal. The structure is further complicated 
by a system of disconnected folds whose axes parallel roughly the 
direction of general dip-slightly north of west. These folds are 
not well defined, but seem to be elongated, westward-plunging rum­
ples, which merge both to the east and _west with the prevailing 
westward dip. 
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Investigation of the strata between the top of the ~Iorr·ow and 
the top of the Boone, where they outcrop northward from the ~Ius-

. kogee quadrangle, indicates that the three unconformities embraced 
in that section converge toward the north, finally merging into one 
in the southeast corner of Kansas, thus eliminating the Fayetteville, 
the Pitkin, and possibly the Morrow from the section, and allowing 
the Cherokee to rest on the eroded surface of the Boone. This seems 
to be the case also under cover along the ninety-sixth meridian, where, 
from a study of well logs, nothing that can be interpreted as repre­
senting these three formations can be recognized more than a few 
miles north of the latitude of Tulsa. Southward from Tulsa the 
limestone beds in the Morrow and Pitkin probably become thicker, 
and, as discussed above, are likely to be 'mistaken for the Boone 
limestone. As a number of sandstone beds occur between the top. of 
the Morrow and the top of the Boone it is believed that a great 
many wells that are productive at comparatively shallow depths in 
the Glenn pool area might be deepened with good chances of reaching 
still lower productive sands. 

STRUCTURE CONTOUR MAP. 

On the map (PL III) an attempt has been made to represent by 
contour lines on the top of the Fort Scott limestone (Oswego lime) 
the various structural features involving the oil and gas sands and 
associated strata in the Glenn pool area. The Fort Scott overlies 
the most productive sands of the area, hence its value as a datum 
surface for the construction of a structure contour map depends upon 
its known relation to the formations below and to the formations 
exposed at the surface. The projection of the structure of surface 
fo~mations to underlying strata necessarily presupposes that no un­
conformity or break in the regular sequence of formations exists 
within the geologic section under consideration and that they are all 
parallel or nearly so. A study of the logs of wells that penetrate 
formations above and below the Fort Scott, and investigation of the 
same formations in outcrop, indicate that, although the strata are not 
exactly parallel, there is a· more or less regular convergence toward 
the north and possibly a slight convergence of the formations above 
the Fort Scott toward the west. In other words, the thickness of the 
investigated rock section as a whole is less toward the north, although 
individual members may vary irregularly. 

In the construction of a contour map with the top of the Fort 
Scott as a datum surface all available information, such as the known 
·relation of the limestone to other outcropping formations, the depths 
at which it was penetrated in wells, and the known convergence of 
strata toward the north, has been taken into consideration. The 
accuracy of the map depends, .therefore, on the accuracy with which 
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the structure of the area has been worked out, using the outcrops of 
associated formations as criteria, and on whether or not the logs of 
wells have been correctly interpreted. As stated in the introduc­
tion, the work· in the Glenn pool area was done hurriedly, with a 
view· to ascertaining the general .conditions, and it is expected that 
detailed work in the area would doubtless bring out inaccuracies in 
the map, but it is believed that in the main the features shown are 
correct. 

A contour interval of 25 feet has been taken as best adapted for 
showing the structure, and the elevations on the top of the Fort 
Scott are given with reference to sea level. To arrive at the depth 
of a certain sand at a given place, its distance from the Fort Scott 
must be known, also the aJtitude of the surface of the ground at the 
desired locality. 

Below the top of the Fort Scott for a depth of 800 feet at Tulsa 
to a d~pth of 1,200 feet near Mounds it is believed that the under­
lying formations conform to the Fort Scott in structure, though 
with increasing depth there seems to be an increase in the rate of 
.divergence of the strata toward the south. Below the depths named 
a number of factors of undetermined value may enter and com­
pletely negative any conclusions that might be drawn from a study 
of the surface formations. Among the niost potent of these factors 
are the great thickening and change in the character of the forma­
tions from north to south; the presence of three unconformities or 
breaks in the natural sequence of rocks between the top of the 1\ior­
row and the top of the Boone limestone ("Mississippi lime") ; 
the thinning of the Pitkin and Morrow formations toward the 
north; and the possible. existence of a complex system of faults and 
folds which involved the Mississippian and the lower part of 'the 
Pennsylvanian prior to the deposition of the main mass of the 
Pennsylvanian. 

RELATION OF OI~ AND GAS ACCUMULATIONS TO FOLDS IN 'fHE STRA'l'A. 

Study of the Glenn pool area, as well as numerous other localities 
in the same general region, has served to strengthen the writer's 
belief that in this area geologic structure controls, to a large extent, 
the accumulations of oil and gas. Where gas, ~il, and water, which 
have different specific gravities, occur in a porous medium like a 
sandstone, where interchange of position is but slightly hindered, 
the tendency is that the gas should be :forced to the highest available 
point, whereas the oil would lie below the gas and the water below 
the oil. This relationship would obtain, provided the containing 
medium was uniformly porous, but in fact it is not, hence a number 
of modifying factors, some of undeterminable importance, enter 
into the list of possibilities that must be considered. 
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As the presence or absence of sands and their degree of porosity 
can not be foretold by a study of surface formations, all that remains 
for the geologist is to work out the geologic structure and to say that, 
provided a porous' medium is present at a certain structurally favor­
able point, the chances of obtaining oil and gas at that point are far 
superior to the chances of obtaining oil and gas at some structurally 
unfavorable point. In the oil and gas region of northern Oklahoma 
it is unsafe to say positively that oil or gas will not be found at any 
particular place, but it can be said positively that certain localities 
are much more favorable than others. 

By reference to the map (Pl. III) it will be noted from the defor­
-mation contours on the top of the Fort Scott limestone that the axis 
of a syncline trends approximately east-west through the town of 
Sapulpa, rising and dying out toward the east until finally it merges 
with the general rise of the formations iD: that _direction. To the 
south of this basin the Fort Scott rises to a broad area lying mainly 
between and to the south of the towns of l{iefer and Glenpool. 

From the vicinity of l{iefer the formations dip at comparatively 
steep angles to the west and northwest, whereas to the east and south­
east there is an area which has the appearance of a westward-tilted 
elongated dome. From a point about a mile south of the middle of 
T. 17 N., R. 12 E., the formations dip to the southwest, thus indi­
cating a depression or basin in the vicinity of Mounds. Eastward 
from the line between ranges 12 and 13 the formations seem to dip 
either slightly to the east or lie nearly flat, but this part of the field 
has not been studied in sufficient detail to warrant definite statements 
concerning its structure. 

To the north and northeast of the syncline through Sapulpa there 
is a fairly well defined anticline whose axis trends approximately 
east-west a mile or so south of the line between Tps. 18 and 19 N. 
Along the crest or on the flanks of this anticline are a number of 
producing areas, notably Red Fork, Taneha, Turkey Mountain, and 
the Perryman pool east of Arkansas River. 

The region east and southeast .of Tulsa is anticlinal in a general 
way, the structure resembling an irregular, westward-tilted dome. 

CONCLUSIONS. 

In the northern Oklahoma oil and gas belt it is almost an infallible 
rule that where oil is found in a certain sand, salt water will be found 
down the dip at some place in that particular sand, and gas is likely 
to be found at some point up the rise from the oil. . There are modi­
fying conditions, of course, such as lack of ·continuity of the sand in 
one direction or another, irregular "pay streaks;" and various other 
factors undeterminable from mere study of the surface strata. 
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In wildcatting, a knowledge of geologic structure would be of 
great value. If sands occur beneath a certain chosen area, and if 
those sands contain oil and salt water, then it is almost certain that 
the oil wil~ be found in the upward folds or anticlines and the water 
in the basins or synclines. The presence or absence of the sands can 
be ascertained only by drilling. 

It is probably fortunate for the northerll: Oklahoma oil and gas 
field that the productive sands are either not continuous or not con­
tinuously of sufficient porosity from deeply buried pools to the out­
crops of the sands on the east to permit free passage of oil and gas, 
because infiltering surface water would gradually displace these min­
erals and they would be driven up the slope of containing sands, 
finally to be dissipated in the air or to come to the surf.ace as asphalt 
deposits. But reservoirs are produced as effectively by a combina­
tion o£ monoclinal dip and lack of porosity or absence of a sand as 
by anticlinal structure. The gas and oil, followed by water, will 
travel up the rise until a zone in the containing san·d is reached, 
where the sand either pinches out or becomes impervious or "tight." 
Thus, an accumulation of oil and gas in a, given sand is likely to 
have an irregular or ragged boundary on the east and, provided the 
sand be continl.wus in that direction, a boundary of salt water on the 
west. To the north or south the productivity of a sand may be termi­
nated either by lack of porosity, absence of the sand, or, if the 
structure is favorable, by salt water. 

It appears, therefore, that vagaries in the development of porous 
parts or" pay streaks" in a sand may produce reservoirs where little 
favorable geologic structure is evident. .Very favorable conditions 
exist in the Glenn pool-a combination of a thick porous sand with 
anticlinal structure. 

QUALITY OF THE OIL. 

In the following table partial analyses of several samples of crude 
oil from the Red Fork, Glenn, and Mounds pools are shown. These 
samples were analyzed by D. T. Day, of the United States Geological 
Survey. For a description of the method used and the analyses of 
many other samples from the Mid-Continent field see United States 
Geological Survey 13ulletin 381. 
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Analyses of crude oil from Olclahoma. 

Physical proper-

Num-
ties. 

Sample Depth of Paraf-collected Location of well and pool. ber of well. fin. from- well. Gravity 
at G0° F. ·Color .. 

------

TULSA COUNTY. 

Red Fork pool: Feet. Baume. Per ct. 
Well.. ....... J. I. Yorgee lease; Robt. Gal- · 3 638 37.3 Green ... 2.60 

breath, Tulsa . 
Do ...... •...• do ........................ 5 GOl 38.2 Dark 4.39 

green. 
Leader pipe .. Van Yorgeelease, Robt. Gal- 1-7 1,240 36.4 ..• do .•... 6.37 

):>reath, 'fulsa. 
Well •........ Missouri Lincoln Trust Co. 1 1,200 37.5 Black ... 3.92 

lease, L. E. Mallory & Son, 
Tulsa. 

Pipeline ...•. · Pump station at Red Fork, ......... ............. 32.9 ... do ..... 4. 88 
Prairie Oil & Gas Co., In-
dependence, Kans. 

CREEK COUNTY. 

Glenn pool: 
9-13. Well.. ....... Grace Berryhill lease, Okla- 1,500 35.5 ... do ..... 5. 41 

homa State Oil Co., Kiefer. 
Do ....... Pittman farm, sec. 7, T. 17 11 1,500 35.5 ... do ..... 6.98 

N., R.12, Argue & Comp-
ton, 'l'nlsa. 

Pipeline ..... Pump station, Prairie Oil & ......... ·····-···· 35.4 ... do ..... 5.99 
Gas Co., Kiefer. 

Wel.l.. •...... Thos. Berryhill lease:iJndi- 7 1,518 35.9 ... do ..... 7. 53 
ana Oil & Gas Co., ·erer. 

. .. do ... ~. Do ...... Wm. Berryhill lease, Indi- 15 1,529 38.0 11.46 
ana Oil & Gas Co., Kiefer. 

Do ...... W. B. Selflease, Prairie Oil 23 1,523 37.2 .. .............. 3.12 
& Gas Co., Tulsa. 

1,553 36.2 Black ... Do ...... ......• do ...................... 7 9. 70 
Mounds pool: 

Bright Do ...... Corndoffer lease, sec. 18, T. 1 2,340 32.2 8.44 
16 NF R. 12, Swasey Oil green. 
Co., ort Worth, Tex. 

Asphalt. 

Per cent. 
0.0 

.05 

.05 

.35 

.15 

.11 

.45 

.24 

.90 

.35 

. 21 

. 51 

.62 

·' 
\ 
/ 

/ 

\-
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MAP OF GLENN OIL AND GAS POOL AND VICINITY, OKLAHOMA. 

By Carl D. Smith. 



THE DOUGLAS OIL AND GAS FIELD, CONVERSE COUNTY, 
) . WYOMING. 

By v. H. BARNETT. 

LOCATION AND DEVELOPMENT OF THE FIELD. 

The region discussed in this paper comprises about 180 square 
miles south of North .Platte River and west of Douglas in Converse 
County, Wyo., and includes portions of Tps. 32 and 33 N., Rs. 72 
to 74 W. of the sixth principal meridian. (See fig. 2.) The Chicago 

FIGURE 2.-Index map showing location of Douglas oil and gas field, Wyoming. Arrow indicates location 
of section shown on Plate V {p. 108). 

& Northwestern Railway traverses the area in an east-west direction, 
and surveys have been made through the field for a branch line of 
the Chicago, Burlington & Quincy Railroad, which wiii connect the 
branch line to Orin with the line to Powder River. 

The first discovery of oil in this field was ,probably made in 1894, 
when in the construction of an irrigation tunnel in the NW. l sec. 16, 

365°-Bull. 541-14---4 49 
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T. 32 N., R. 73 W., a sandstone more or less saturated with heavy 
oil was found in the top of the "Cloverly" formation. Since this dis­
covery several companies have put down wells at. different times 
until at present some 50 or 60 borings are scattered over the Bren­
ning Basin. When drilling began the presence of gas in the basin 
was little suspected, but a numberof the wells have proved to con­
tain more gas than oil. . In December, 1904, gas was struck at a 
depth of 435 feet in a well (No. 18, Pl. IV) in sec. 4, T. 32 N., R. 73 W.,. 
in which, according ·to a statement of J. B. Phillips in applying for 
title for mineral claim, a pressure of 50 pounds to the square inch 
was obtained when tested two days-later. The Douglas Oil Fields 
Co. piped the gas to the adjoining claim and used it for several months· 
under a boiler for drilling and for camp purposes. Gas from this well 
in 1912 was still used ·at the nearest house. Oil is reported to have 
been found in 32 wells, gas in 20 wells, and waterin 24 wells in this 
basin. All the 66 wells indicated by numbers on the map (Pl. IV) 
have corresponding numbers in the list of wells on pages 73-74. 

VEGETATION, FUEL, AND WATER SUPPLY. 

Farming is carried on extensively in favorable localities, where 
alfalfa, timothy, and small grain are profitably raised by irrigation. 
The part of the area not under cultivation yields a good growth of 
grass which supplies perennial range for stock; 
Th~ rainfall is not sufficient to support a growth of timber, except 

r cattered cottonwood and boxelder trees along -the· streams and a 
few scrubby pine and cedar on some of the rocky hills. However, 
marketable pine timber grows in isolated areas in the mountains to 
the south, especially along the precipitous walls of Boxelder Creek in 
T. 32 N., R. 75 W. This area was included in one of the wood re­
serves of the old Fort Fetterman Military Reservation. 

The domestic fuel, for' the most part, consists of pi~e . and cedar 
wood, which is hauled from the mountains, and coal, which is mined 
in the northern part of the area near Inez or at Glenrock, just north­
west of the field. Oil and gas have also been utilized to a slight ex­
tent as fuel. In 1912 a number of ranchmen in Brenning Basin were 
using gas for lighting and heating and in one place crude oil was used 
for heating .. 

The several stre~ms which rise in the mountains and flow across 
the field to North Platte River yield a good supply of fresh water for 
domestic use. For a number. of years water from La Prele, Boxelder; 
f\lld ·Little Boxelder creeks has been utilized for irrigating small 
tracts along these streams, but within the last few years irrigation 
on a larger scale has been made practicable by the completion of the 
La Prele dam. This dam is so located that t.he water may be used 
to generate electricity before it is allowed to flow into the irrigation 
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·canals. With this end in view the Platte Valley Development Co. 
has constructed a power plant below the dam and proposes to trans­
mit electricity to a pumping station on the North Platte, where 
water for irrigation is to be taken from that stream. 

Several good springs of water seep from the gravel and sand beds 
of the White River formation, notably from the thick conglomerate 
covering the higher hills in T. 32 N., R. 72 W. A perennial spring 
with a flow of water several inches in diameter, coming from the sand­
stone or limestone of the Casper formation, rises at the foot of the 
mountain in sec. 2, ·T. 32 N., R. 74 W. Other springs of minor·iin­
portance come from the granitic rocks or the Casper formation along 
·the foot of the mountain ridge. 
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In presenting this report the writer wishes to express his thanks 
for courtesies extended during the progress of the field work by the 
people of D9uglas and vicinity, and to Messrs. Consaul & Heitman,· 
attorneys for the Wyoming Oil & Development Co., and Douglas Oil 
Fields (Ltd.). Especial credit is due to Mr. A. W. Phillips, who gave 
well logs and other information, and t<;> l\1r. L. C. Bishop, a local sur­
veyor, who loaned a map of a part of the field. 

The field work was done in September ·and October, 1912, by a 
party consisting of Frank A. Herald, R. Z. Pierce, Frank Ellio.tt, 
Bernard Jackson, and the writer. 

PURPOSE OF THE INVESTIGATION. 

The primary object of the investigation of this field was to ascer­
tain the n;llnernl resources, especially oil, gas, and coal, for the pur­
pose of Classifying the land by legal subdivisions into mineral land 
and noniPinera:.land. A secondary object and one closely connected 
with the first was to determine, so far as possible, the geologic struc­
ture, the various formations involved, and the conditions which have 
resulted in the accumulation of oi~ and gas. 

METHOD OF FIELD WORK. 

The Douglas field w.as mapped on a scale of 2 inches to the mile 
' by means of a plane table and telescopic alidade, the township being 

the unit reprm:ented by each field sheet. A complete system of 
·triangulation was established covering the field, and the stations of 
this system se1·ved. th~ purpose of horizontal and vertical control 
and as a means of tying .the different plane-table ·sheets together. 
In beginning tbe primary control or triangulation a base line 11,200 

· feet in length was measured with a steel tape along a level road 
between two intervisible points. The line extended from the north 
quarter corner of sec. 8, T. 32 N., R. 73 W., eastward to a point a 
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short distance west of the northeast corner of sec. io of the same 
township. The land net of T. 32 N., R. 73 W., having been drawn 
on the plane-table sheet before entering the field, the plane table 1 

was set up at the west end (the north quarter corner of sec. S) of 
the base and approximately oriented by compass. The telescopic 
alidade was then sighted on the station at the opposite end of the 
base, a line was drawn along the edge of the alidarle, and the distance 
as determined by the steel tape scaled off. The exact position of 
the base line having thus been determined on the plane-table sheet, 
lines were drawn in the direction of a great number of prominent 
points, such as houses, trees, derricks, and buttes, and the vertical 
angles read. After sighting at as many points as were desired from 
this end of the base the other end was occupied and the table oriented 
by a back sight on the first station. A second line was then drawn 
in the direction of as many of the points first sighted as. could be 
seen, thus locating these landmarks on th~ plane-table sheet. :Many 
of the newly located points were in turn occupied and other points 
throughout the field were located that were invisible from either end 
of the original base line. This system was continued throughout 
the field by transferring points on the margin of one sheet to an 
adjoining sheet. Wherever a section corner was found it was 
located on the n;1ap with respect to triangulation stations. ·Altitudes 
were determined in a large part of the area by means of vertical 
angles, and in addition a line of levels was carried by the same 
method from Douglas, at an altitude of 4,800 feet, to each well. 
(See p. 73.) Stadia traverses wer~ employed in conjunction with 
triangulation for mapping formation boundaries and locating .wells. 
The map, Plate IV, was assembled .after returning to the office by 
joining the individual plane-table sheets, using the points common to 
two or more of then1. 

LAND SURVEYS. 

The positions of the Government land corners shown on the map 
were determined by triangulation and therefore are correct so far 
as the scale of the map would permit. No attempt was made to 

. find all the section corners, but in the vicinity of the oil and gas wells 
a considerable number were found. The net shown on the- map is 
based on section corners located in the field and from the alignment 
map of the Chicago & Northwestern Railway and the .General Land 
Office plats. The net of R. '72! was drawn from plats in the files of ' 
the General Land Office and· from three corn~rs shown on the map 
(Pl. IV), which were located by triangulation in the field and agree 
with the Land Offic·e record. R. 72! was surveyed in 1907, as well as 

· tA 15 by 15 inch plane table was used for mapping individu~l townships, but for carrying locations the 
larger 24 by 24 inch plane table was employed. 
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,.,. sec. 18, T. 32 N., R. 72 W., the net of which is copied from the Land 
Office data. 

. ., 

TOPOGRAPHY. 

The Douglas oil field n1ay be described in a general way as a 
rolling 'prairie dotted with a few prominent buttes and ridges that 
stand above the general level and inclosed on the south by a low 
range of mountains. Several small streams which emerge from the 
mountains through deep canyons cross the area in flat-bottomed 
valleys and flow into North Platte River. The main part of the oil 
field lies in the so-called Brenning Basin, a basin-like area in the 
northern part of T. 32 N., R. 73 W., which is surrounded on three 
sides by an upland of considerably greater altitude .. 

The elevation along North Platte ·River is about 4,800 feet above 
sea level, b:ut the land rises gradually toward the south until at the 
foot of the mountains it is 5,400 feet above sea. Thence to the 
summit of the range, a horizontal distance of less than a mile, the 
surface rises about 600 feet. 

GEOLOGY • 

STRATIGRAPHY. 

GENERAL SECTION, 

The rocks of the Douglas oil field and vicinity include about 10,000 
feet of Paleozoic and Mesozoic formations, ranging in age from Car­
boniferous to late Cretaceous, and extensive beds of Tertiary (Ceno­
zoic) age, as shown by the following table: 

Ge:n_eralized section of rocks in t~ Douglas oil and gas field and vicinity, Wyoming. 

System. Series. I Group. Formation and member. Character. Thick-
ness. 

Feet. 
Quaternary. Alluvium, gravel, and sand. 25± 

I Unconformity 
Clay, conglomerate, and sand-Oligocene. ~ White River forma- 1,070 

tion. . stone. 
Tertiary. Unconformity 

Eocene. I Fo•t Union ronnation. Friable sandstone and shale (?) with beds of coal. 
................ 
Cretaceous o r 

(?) 1 Lance ronnation. Friable sanW.tone and ""''•I• OOl+ Tertiary. with local bed of coal. ' 

-··············· I 
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Generalized section of rocks in the Douglas oil and gas field, Wyoming-Continued. • 

System. Series. Group. !<'ormation and mem- Character. Thick-
ber. ness. 

Feet. 
Probab:UJ includes Friable sandstone and shale 

Fox ills sand- with local beds of coal near 1660 
stone. top. 

---
~ Parkman (?) sand- Massive buff sandstone. 150 .9 stone member. 

~ 

~ 1=1 

~ ~ Friable sandstone and 'shale. 1,100 
::;1 ~ 

Q) 

~ Shannon(?) sand-
stone lentil. Buff to brown sandstone. 300::1: 

Dark shale with sandstone and 1,900 calcareous concretions. 

Cretaceous. Upper Cre-
taceous. Niobrara shale. Gray calcareous shale. 100 

Dark shale. 300 

---
Wall Creek (?) Gray and buff sandstone. 100 

0 sandstone lentil. 

~ ~ 
0 .;] Dark soft shale. 870 8 1=1 

.£ 
1=1 
Q) 

shale Dark-bluish hard shale; weath-
~ Mowry ers lijiht bluish gray to yel- 175 member. lowis . 

Dark soft shale. 220 

Lower Cre- "Cloverly'' formation. Buff sandstone and dark shale 115 taceous. with black shale near base. 

················ 
Jurassic or Cre- (?) Morrison formation. Green, gray, buff, and maroon 

.. 200+ taceous . shales, and thin sandstone. 
.................. 

Jurassic. Uppe~ Ju- Greenish-gray limestone and 
Sundance formation. sandstone. Largely concealed 300+ rass1c. by White River formation. 

Lar~ely concealed by White· 
Triassic(?). Chugwater formation. River fJrmation, but lower 1500 part where exposed consists 

of red sandy shale. 

Forelle (?) limestone. Gray thin-bedded limestone. 29 

Satanka (?) shale. Red ·shale with thin beds of 60 Pennsylva- limestone. 
nlan. 

Carboniferous. White, ·pink, and blue lime-
stones, and gray, white, and 1, 100:!::: 
buff sandstones. 

Casper formation. 
Coarse sandston!! interbedded 

Mlssissiplan. in upper part th calcareous 80 
shale. . 

--Unconformity 
Archean or A 1- Crystalline rocks cut by dikes. gonklan. 
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The map. (Pl. IV) shows the lhniting boundaries of each formation 
listed in the table, so far as they could be traced. These boundaries 
have been extended across the territory covered by the White River 
,formation and represent the position which the formations would 
probably occupy if the overlapping White River formation was 
removed. In drawing boundaries across the White River formation 
the writer has used the data afforded by well records, which, however, 
if taken alone would be of very little use, but combined with other 
data are of considerable value. . A fair estimate of the thickness of 
the several formations under the overlap is afforded by a measured 
section of the rocks exposed in T. 33 N., R. 74 W. In this township 
the Cretaceous forn1ations strike east and west and pass under the 
White River formation east of Boxelder. Creek. · As shown on the 
map, there is an outcrop of the ".Cloverly" formation in the extreme 
southeast corner of. the area. This, with the other outcrop~ of the 
forn1ation (indicated on the map), gives data for determining the 
general strike of the ''Cloverly" across the entire field. from east to 
west. Other formation boundaries, where concealed by the White· 
River, are drawn approximately parallel to the ''.Cloverly." It 
should be borne in mind, however, that the location of the forma­
tion boundaries under the White River is more or less hypothetical 
and that the possible error may be half a mile. 

CARBONIFEROUS SYSTEM. 

CASPER FORMATION. 

The term Casper forn1ation was proposed by Darton1 for limestone 
and sandstone constituting the greater part of the sedlmeritary rocks 
in the Casper and Laramie Mountains. Darton says that ''these 
rocks represent the southeastward extension of the Amsdsn and Ten­
sleep formations but are so changed in character and indefinite in 
statigraphic limits that correlation is not desirable.'' 

The Casper formation in the Douglas field is a thick mass of linle­
stone · and sandstone interbedded locally with red calcareous or 
gypsiferous shale. It is the oldest sedimentary formation of the· 
region and rests upon the uneven surface of the granite. 

The lowest member of the Casper fo.rmation in this area consists of 
80 to 100 feet of very hard coarse-graip.ed sandstone interbedded in 
the uppar part with calcareous shale. This sandstone resembles the 
Deadwood formation of the Black Hills and it has been so called 
by Jamison/ but j:r{'the present discussion it will be included in the 
Casper formation, as was done in Darton's original description. 
The folloWing detailed section of the rocks was measured in Box-

1 Darton, N. H., Geol. Soc. America Bun:, voi. 19, pp. 418-430, 1908. 
2 Jamison, C. E., The Douglas oil field and the Muddy Creek oil field, Wyoming: Wyoming Oeoi. Sur-

vey Bull. 3, ser. B, 1912. · 
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elder· Canyon, where. the exposures are good. Fossils determined 
by George H. Girty to" be of Mississippian age were colle~ted from the 
base of the top member and include five species given in the table of 
Casper fossils (station No. 70 in list, p. 57). 

Section of lo 1.cer part of Casper formation in Boxelder Canyon, sec. 6, T. 32 N., R. 74 W. 

. Ft. in. 
Sandstone, pink, calcareous, with quartz pebbles and brachiopods. 15 
Conglomerate of quartz pebbles the size of a pea . . . . . . . . . . . . . . . . . . 7 6 
Shale, pif!k, calcareous ........................ ·. . . . . . . . . . . . . . . . . 6 6 
Limestone, thin bedded ...... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Shale, greenish blue, calcareous, with beds ·of impure limestone 

4 inches thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Sandstone, heavy bedded, very hard, locally contains white 

quartz pebbles, generally about as large as a pea but a few 1! 
inches in diameter........ . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Granite. 
98 6 

The Casper formation is the surface rock throughout a large part 
of the Laramie Mountains just south of the Douglas oil field, where 
its thick resistant beds are folded and faulted about the core of 
igneous rocks. It outcrops as a narrow strip along the south side 
of the Douglas oil field,~ where a thickness of over 1,100 feet was 
measured by the writer. This section is given below: . 

Section of Casper formation in sec. 23, T. 32 N':, R. 7/J w.. 
White River formation. Feet. 

Sandstone, ·upper 20 feet very hard, quartzitic and cherty....... 40 
Limestone, hard, compact, impure................. . . . . . . . . . . . . . . 15 
Sandstone, buff, cross-bedded................................... 150 
Sandstone, reddish, readily breaking into slabs in lower partt 

upper half calcareous ......................................... · 310 

Dolomite, hard................................................ 10 
Sandstone, yellowish........................................... 12 
Dolomite, light buff, hard....................................... 211 
Limestone, blue, hard, compact................................. 1,6 
Shale, red, calcareous, sandy ................................. · ... · 97 
Sandstone; white and red, saccharoidal. . . . . . . . . . . . . . . . . . . . . . . . . 81 
Dolomite, pink and gray, impure, hard and cherty......... . . . . . . 150 
Sandstone, conglomeratic, with some very small white quartz 

pebbles..................................................... 81 
Granite. 

1,173 

Fossils collected from the Casper formation are given jn the 
accompanying list. Three of these species are refer-red by Mr. 
Girty .to the Pennsylvanian·; the rest belong to the Mississippian 
series. It might be added that the three species referred to the 
Pennsylvanian were found near the top of the Casper, and the others 
at lower horizons in the formation. · 



DOUGLAS OIL AND GAS FIELD, WYO. 

Fossik! front Casp~r formation in the Douglas oilfield. 

[Determined by George H. G~ty.) 

Station Town- Range Missis- Pennsyl-
No. ship·N. W. sippian. vanian. 

---------------1---------------
Camarotrechia atY. metallica ........................ . 
Camarotoochia sp ................................... . 
Chonetes illinoisensis •....................•......... ; 
Composita subtilita ................................. . 

i~:~l~!!i:~:::::::::::::::::::::::::::::::::::::: 
Schuchertella chemungensis? ..•.........••.......... 
Spirifer centronatus ................................. . 

~~a~~~--~~::::::::::::::::::'::::::::::::::::::: 

70 
67,68 

70 
69 
69 
09 
68 
70 

'67 
70 
68 
70 
68 

SA~ANKA (l) SHALE. 

32 
32 
22 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 

74 X 
73 X 
74 X 
73 .......... X 
73 .......... X 
73 .......... .X 
73 X 

- 74 X 

~~ } X 
73 · X 
74 X 
73 X 

The name Satanka shale was given by Darton and Siebenthal 1 to 
the red sandy shale which lies between the Casper formation and the 
Forelle limestone in the Laramie region. The shale is a red calcare;,. 
ous and gypsiferous rock, closely resembling the shale of the Chug­
water formation, but it is separated from the Chugwater in the Lara­
mie Basin for the reason that Pennsylvanian fossils were obtained 
from the overlying Forelle limestone, and thi.B would nec.essarily mean 
.that the Satanka shale belongs to that series, whereas the Chugwater 
is probably Triassic. No fossils were collected· by the writer in the 
Douglas oil field either from the Satanka 0) shale or from the 
Forelle 0) limestone, but the lithology and stratigrf,tphic position 
of the shale and limestone agree with those of the Satanka shale and 
Forelle limestone of the Laramie region, as described by Darton and 
Siebenthal, ·and for this reason these terms are provisionally applied 
.here rather than the terminology employed in the Black Hills. 

The soft Sa tanka 0) shale lying between the more resistant Casper 
strata below and the Forelle 0) limestone above is usually eroded 
into shallow, narrow valleys. It is not differentiated from the For­
elle 0) limestone on. the accompanying map, however, because the 
scale would not permit. The Satanka 0) shale, on account of its 
softness, is in few places well exposed, but with the Forelle 0) lime­
stone it outcrops in a very narrow strip in the southern part of T. 32 
N., R. 72 W., and a similar strip in T. 32 N.,. Rs. 73 and 74 W. Dar.:. 
ton and Siebenthal state that in the Laramie Basin the Satanka shale 
varies in thickness from a thin film to .24o' feet. There are but one or 
two places in the Douglas oil field where the shale is wholly .exposed,· 
and here a thickness of only 50 feet was observed. The following 

· 1 Darton,N. H.,and Siebenthal,C.E., Geology andmJneralresourcesof the Laramie Basin, Wyo.:. U. 8. 
Geol. Survey Bull. 364, p. 22, 1909. · 
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section, which includes the Satanka <n shale, Forelle <n limestone, 
and a part of the Chugwater formation, was measured on La Pre]e 
Creek: 

Section of Satanka (1) shale, Forelle (?) limestone, and a part of the Chugwater forma· 
tion near natural bridge in sec.16, T. 32 N., R. ·73 W. 

Chugwater formation: Ft. in. 

Shale, red, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Limestone, red, sandy, crushed ............................ 10 
Shale, red, sandy .............. - . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Sandstone, slabby in lower half, upper part locally. saccha-

roidal .................................................. ~ 2 
Shale, red, calcareous, sandy .................. : . . . . . . . . . . . . 12 
Sandstone, calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Forelle ( ?) limestone: 
Limestone, with red shale bands 2 or 3 inches thick near base. . 10 
Limestone, bluish gray on fresh surface, slab by, thin bedded. 19 

Satanka (?)·shale: 
Shale, red, calcareous .... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 
Limestone, gray ...... :.· ........................... ~ . . . . . . . 3 
Shale, red .. : ........... ·_ .......................... -.-.... 10 
Limestone ................ , . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 4 
Shale, red, calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Sandstone, red, massive, top of Casper formation. 

131 5 

FOREL~E (1) LIMESTONE. 

The name Forelle limestone, from a station on the railroad near 
Laramie, was applied by Darton and Siebentha1 1 to a limestone ex­
posed along the west slope of the Laramie Mountains. From their 
description of the formation and its stratigraphic position there 
seems little doubt that the formation described by them as showing 
on the west slope of the Laramie Mountains is the same as the lime.:. 
stone found in this ·field on the north slope of the same range. The 
strata consist of thin-bedded compact bluish-gray limestones with a 
slight pinkish tint and an average thickness of about 25 feet. The 

. individual ·beds are from hal{ an inch to 2 or· 3 inches thick and in 
places are so closely cemented that they present the appearance of a 
single heavy bed of limestone. · 

The exposures of the Forelle ( ~) limestone are not numerous, but 
wherever seen along the south side of Brenning Basin they present 
the same thin-bedded or laminated cha1 acter and are weathered into 
low sharp ridges. 

J Loc. cit. 

·)Ill 
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TRIASSIO ( n SYSTEM. 

CHUGWATER FORMATION. 

The Chugwater formation, according to Darton/ "ranges in thick­
ness from 900 to 1,200 feet and consists of sandy shales or soft mas­
sive sandstones, nearly all of bright-red color. Gypsum deposits occur. 
in most places." · · 

. The Chugwater formation is almost wholly concealed in this field 
by the overlap of the White River formation. The only exposure 
noted is in sec. 16, T. 32 N., R. 73 W., where about 50 feet of the 

· lower part is exposed (shown in the top of the section on p. 58). 
The strata consist ·of red sandy shale, limestone, and sandstone. 
It is probable, however, that some of the Chugwater strata are 
also exposed in sec. 1, T. 32 · N., R. 74 W. The thickness of the 
formation is estimated at about 1,500 feet. This estimate is · 
based' .on a calculation of. the thlckness of the beds concealed along 
La Prele Creek in sec.16, T. 32 N., R. 73 W., and controlled by the 
dip of the '·'Cloverly" formation on the north and the outcrop of the 

-Forelle ( n limestone on the south. As a section of the overlying 
Sundance and Morrison formations was measured near the southeast 
corner of the field, the remaining thickness after subtracting this meas­
urement gives the probable thickness of the Chugwater formation. 

JURASSIO SYSTEM. 

SUNDANCE FORMATION. 

The marine Sundance formation (of Upper Jurassic age) and the. 
overlying fresh-water :Morrison formation (of Jurassic or Cretaceous 
age) are poorly exposed in this area on account of the overlap of the 
White River formation, but in the east bluff o(North Platte River, 
ahout 6 miles ·south of Douglas, the full thickness is exposed and 
about 180 feet of Morrison formation and 250 feet of Sundance were 
measured. The two formations are similar. lithologically, each 
consisting predominantly of shale interbedded with sandstone and 
limestone, but the Sundance is marine and contains more limestone 
than the fresh-water ~1orrison for·mation. 

Section of Mo'T'1'ison and Sundance formatwns in east bluff of North Platte River, in 
sec. 9, T. 91 N., R. 71 W. 

Morrison formation: Feet. 
Shale., blue and red, with a 6-foot carbonaceous shale near top. 180 
Limestone, compact, fossiliferous ..................... _.. . . . . . . . 3 

1 Darton, N.H., Paleozoic and Mesozoic or central Wyoming: Geol. Soc. America Bull., vol.l9,p.432, 
1908. . 
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Sundance formation: Feet. 

Shale, blue and pink, calcareous and sandy, fossiliferous in 
lower part ................................. · ............... . 60 

Sandstone ............................................. , .... . 10 
Shale, bluish gray, sandy, with few bands oi sandstone ........ . 60 
Sandstone ................. ~ ............................... . 12 
Shale, bluish gray, sa.ndy ................................... . 30 
Sandstone, gray, heavy bedded .............................. . 75 

430 

Fossils were collected at two horizons in the forego.ing section, 
about 50 feet apart. In the collection from the upper horizon T. W. 
Stanton determined a single species, Planorbis· veternum M. and H., 
which he refers to the Morrison. He also determined from the col­
lection froi+t the lower horizon two species, Nucula sp. and Tancredia 
warrenana M. and H., which are referred to the Sundance formation. 
The latter collection is from the top member of the Sundance forma­
tion, whereas the other is from the 3-foot bed of limestone at the base 
of the Morrison formation. The formation boundary, therefore, 
between the Morrison and Sundance for1nations is determinecL in the 
section within 50 feet. 

Of the four small areas of outcrop of the Sundance formation shown 
on the map (Pl. IV) two are vmified by fossils~ one in sec. 34, T. 33 N., 
R. 74 W., and the other in sec. I, T. 32 N., R. 74 W. (See table of 
fossils below.) The other two areas, one in T. 32 N., R. 73 W., and· 
the other in sec. 28, T. 33 N., R. 74 W., may be partly or wholly 
Morrison. 

The fossils collected from the Sundance formation are given in the 
following list: 

Fossils from the Sundance formation. 

[Determined by T. W. Stanton.] 

Station Town- Range 
No: ship N. W. 

----------------------------------------1---------------
Belemnites densus M. and H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . · 

~~~~~~:~~~&· nau: :. ::::::::::::::::::::::::::::::::::::::: ·::::::::::: 
Gryphroacalceola var. nebmscensis M. and H ••........................... 
Nuclllasp ............................................................... . 
Ostrea strigilecula White .......•......................................... 

Tancredia? inornata (M. and H.) •••....... : ............................. . 
Tancredia sp ..................................................... : ....... . 
Tancredia warrenana M. and H .......................................... . 
Trlgonia conradt M. and H .............................................. . 

91 
72 
72 
71 
72 
72 
91 
72 
71 
91 
72 
91 
71 

31 
33 
33 
32 

. 33 
33 
31 
33 
32 
31 
33 
31 
32 

71 
74 
74 
74 
74 
74 
71 
74 
74 
71 
74 
71 
74 

'-' 
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JURA8S£C OR. CRETACEOUS SYSTEM. 

MORRISON FORMATION. 

The Morrison formation, which is discussed in connection with the 
Sundance formation, is mapped with the overlying "Cloverly" for­
mation, as it could not be differentiated in the field .. The" Cloverly"­
Morrison contact is so poorly exposed throughout the field that little 
evidence was obtained regarding the true relations of the two forma­
tions. Future fieldwork in surrounding areas may throw some light 
on this subject. The scale ·of the n1ap is so small .that.it would not 
permit much more detail than is already included on it, even if the 
data were at hand. 

CRETACEOUS SYSTEM. 

"CLOVERLY" FORMATION. 

The "Qloverly" formation is partly exposed along Boxelder Creek 
in sees. 27, 28; 29, and 30, T. 33 N., R. 74 W.; sees. 6, 7, 17, and 16, 

~ T. 32 N., R. 73 W.; sec . .36, T. 32 N., R. 71 W. of the sixth principal 
meridian, and at several other localities as shown on Plate IV. The 
excavation for an irrigation ditch has removed the cover in one place 
(sec. 27, T. 33 N., R. 74 .W.), where the full thickness of the forma­
tion appears to be exposed. This secti~n is as follows: 

Section of" Cloverly" formation in SW. t sec. 27, T. 33 N., R. 74- W. 

Ft. in. 
Sandstone. gray to buff ...... · ............................... 25 
Shale, dark, llght, and sandy in upper half ................... 25 
Sandstone, firm, hard ..................... _ ...... _ ...... _ . . . 3 
Shale, blue, sandy, and carbonaceous _ ........... ~ ..... _. . . 1 2 
Sandstone, hard, coarse .. _ .......... : ...... _ . . . . . . . . . . . . . . . . 1 
Sandstone, gray to buff, saccharoida.l (not well exposed) ... _._ 50± 

105 2± 

The sandstones of the "Cloverly" form a low ridge. where they 
outcrop. They are brown, buff, or gray in color and locally con­
glomeraticandripple-marked .. As described by DartonandSiebenthaJt 
the "Cloverly" formation of the Laramie Basin consists of sandstone 
and clay, representing the Dakota sandstone, Fuson formation, and 
Lakota sandstone, and lies unconformably upon the Morrison forma­
tion. As shown in the foregoing section, in. the Douglas field the 
formation consists of two thick sandstones separated by a shaly 
member. At the "Cloverly" type locality, however, it is under­
stood, no Dakota sandstone is present, and the rocks are wholly of 
Lower Cretaceous age. The application of the name, therefore, in 
other regions to include strata of Upper Cretaceous age is n.ot regarded 
as good usage~ and for that reason the name is now quoted. 

'Loc. cit. 
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COLORADO GROUP. 

BFJNTO N SHALE. 

The Benton shale consists of about 1,600 feet of dark an<:! light 
shale with a thick sandstone member near the top. It lies directly 
upon the "Cloverly" formation and _is followed above by about 100 
feet of bard chalky shale qf the Niobrara. The Benton shale com­
prises at the· base about 220 feet of dark soft shale overlain by about 
175 feet of dark-bluish hard shale, the Mowry shale member, which 
weathers light· bluish gray to yellowish and produces low· ridges. 
Above the Mowry member is some 870 feet more of dark soft shale 
which is overlain by 100 feet of gray to· yellowish-brown sandstone 
containing locally abundant Benton fossils. Above the sandstone 
member and below the Niobrara shale there is about 300 feet of dark 
shale _similar to the dark shale in the lower part of the formation. 

SectionoftheBentonshalemeasuredinsec. 29, T. 33 N., R. 74 W. 

Feet. 
Shale, dark .. ·................................................. 300 
Sandstone, forming ridge, fossiliferous....... . . . . . . . . . . . . . . . . . . . . 100 
Shale ................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 867 
Shale, dark, weathering Hght bluish gray; yellowish gray in upper 

half, and locally forming pine-clad ridges (Mowry shale member) 175 
Clay (bentonite?), gray and y:ellow mottled, gummy, interbedded 

in darker clay (one bed of the light clay 8 inches thick)....... 3 
Shale, dark ..................... ,............................. 215 

1,660 

A collection of invertebrate fossils from the sandstone member of 
the Benton yielded nine specios, which T. W. Stanton assigned to the 
Benton shale. These fossils are included in the list on pages 64-65, 
where they are design~ted by station No. 74. The fossiliferous sand­
stone m·ember of- the Benton shale in the foregoing section corre­
sponds with the Wall Creek sandstone lentil of the section_ ~ the 
. Salt Creek field, as described by W egemann.~ The Mowry shale 
member of the Benton, about 175 feet thick, is sb.own in the section, 
but its limits are not defined. on the map, Plate IV, because the scale 
will not permit. The base of the Mowry in sec. 29, T. 33 N., R. 74 
W., is marked by some thin beds of bentonite, a compact clay which 
has the property of absorbing great quantities of water. The Mowry 
contains numerous fish scales, a characteristic feature of the member, 
and locally produces low rounded pine-clad ridges, another feature 
characteristic of the Mowry member in this vicinity; 
' 

I \Vegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U.S. Geol. Survey Bull.452, 1911, 
pp. 37-83. 

·"· 
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NIOBRARA SHALE. 

The Benton shale is overlain in sec. 25, T. 33 N., R. 75 W., by 
about 100 'feet of hard chalky Niobrara shale, which contains a few 
Ostrea congesta (Conrad) and some fragments of an Inoceramus 
characteristic of the Niobrara. The outcrop of the shale was trav­
ersed for a distance of a little over a mile, as indicated on the map 
(Pl. IV) by a solid line at the top of the Benton shale, in T. 33 N., R. 
75 W. East and west of this outcrop the position of the Niobrara 
is inferred, as indicated on the map by the broken line. It is con­
tinued eastward across the White .River formation (indicated by 
dotted line on the map) apprqximately parallel to the line mark­
ing the top of the "Cloverly" formation, which projects through 
the White River in T. 32 N., R. 73 W., and outcrops in the bluff of 
North Platte River in the southeast corner of the field. 

MONTANA GROUP. 

PIERRE FORMATION AND FOX HILLS (?) SANDSTONE. 

The Niobrara shale is succeeded by about 5,000 feet of interbedded 
shale-and sandstone, which is largely marine. There is, however, in 
the upper part a few coal beds abov.e which marine fossils were col­
lected .. Besides Halymenites major Lesquereux, the collectio·n in­
cludes about 10 speCies of invertebrates, which according to Mr. 
Stanton probably belong to the Fox Hills. The species include those 
in the list (pp. 64-65) bearing locality Nos. 85 and 86. In the area dis­
cussed in this report the :Montana group is exposed only in the western 
part of the field, mainly in T. 33 N., Rs. 74 and 75 W., but one little 
exposure was noted in sec. 19, T. 33 N., R. 73 W., as indicated on the 
map. The following section was measured in T. 33 N., R. 74 W., 
and compares favorably (except in the upper part) With the section 
of the Montana group in the Salt Creek oil field described by Wege­
mann.1· 

Section of Montana group in T. 88 N., R. 74 W. 

Sandstone, brown, friable, with Halyrnenites major and other 
marine forms and with a thin bed· of oysters near middle. 

Shale, brown, carbonaceous ....................... · ......... . 
Coal. ................................................. . 
Shale, brown, carbonaceous ............................ . 
Coal. .................................................. . 

Shale, brown, carbonaceous .......... ~ ..................... . 
Sandstone, friable ......................................... . 

Coal, bony .................................... _ ........ . 

,1 Loc. cit. 

Ft. in. 

50 
4 11 
2 2 
1 5 
1' 9 
1 9 
1 6 

8 
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Ft. ln. 

Clay .................................................... . 2 
Shale, brown, carbonaceous ................................ . 10 

Coal ...... ~ ...............................•••.......... 1 9 
·Sandstone, friable, interbedded with shale, carbonaceous and 

sandy ............................................... · .. . 1,600 
Sandstone, buff, massive bedded .......................... . 150 
Sandstone and shale ...................................... . 1,100 
Sandstone, buff and brown ................................. . 300 
Shale, dark, with calcareous concret~ons ................... . 1,900 

5,118 9. 

In the foregoing section the following comparisons :may be made 
with the section of the Montana group in the Salt Creek oil field. 
The lower 1,900 feet of dark shale with inclusions of sandstone and 
calcareous concretions is typical of the Pierre. Overlying this shale 
is a thick sandstone (300'±feet) which seems to occupy the same 
st-ratigraphic position as the Shannon sandstone lentil of the Salt 
Creek field.. At 1,100 feet above this is another sandstone about 150 
feet thick occupying the stratigraphic position of the Parkman sand­
stone member. The Fox Hills sandstone is probably represented in 
the upper 1,600 feet of the se~tion, but it can not be differentiated 
from the lower beds of the Montana group until more detailed field 
work is done. Further detailed work may prove also that the 150-
foot sandstone here referred to the Parkman is a much higher sand­
stone and the 300 ±feet of sandstone referred to· the Shannon sand­
stone lentil is the Parkman member, the Shannon sandstone lentil 
being absent. The following list of fossils includes _all invertebrates 
from the Colorado and :Montana groups collected in the field. 

Fossils from Colorado and Montana groups .. 

[Determined by T. W; Stanton.) 

Mon­
tana 

8 I Town- R Ben- Mon- group 
tat on ship -.ange ton tana proti· 
No. N. W. shale. group. ably 

Fox 
Hills. 

----------------1----------- --

1~~~:~-~~-~::::::::::::::::::::::::::::::::::::::::::: ::: ig 
Avicula linguiformis E. ancJ 8............................ 80 

78,81,83 
Avicula nebrascana E. and S ............................. · 88 

80 
81,83 

Daculites ovatus Say..................................... . 77,80 

Baculites compressus Say ••.•....•..•..•.•••.•.•.......•. 

~:~~~~!e:p~~~:::::::::::::::::::::: ::::::::::::::::::::::: 
Corbulamella gregarla M. and H ......................... . 
f'ardium n. sp ........................................... • 
Cardium speciosum M. and II ........................... . 

Ch.rtetcs? dimissus White •••.••.••.••.•.•.•.•..•.•..•.•. 

%~t~~r~~~ii:::::::::::::::::::::::::::::::::::::::::::: 

78,81 
84 

76,83 
85,86 

77 
74 

78,84 
86 
83 
83 
86 

. 33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

75 ....... X 
74 ....... X 
75 ....... X 
i4 ........ X ..•...• 
75 .................... . 
73 .................... . 
74 .................... . 
75 .... ,... X X 
74 ....... X ...... . 
75 .................... . 
75 ....... ....... X 
75 ....... X ..... .. 
74 ....... ....... X 
74 ....... X ...... . 
74 X ............. . 
75 .................... . 
74 ....... X X 
75 ....... X ...... . 
i5 ....... X ...... . 
i4 •••.•.. ••••.•• X 

\ 
( 

\. 
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Fossils from Colorado and Montana groups-Continued. 

Mon~ 
tana 

Sta- Town- Range Ben- Mon- group; 
tion ship W ton tana pro~ 
No. N. · shale. group. ably 

Fox 
Hills. 

-----------------1----'-----------
Donax?sp.related to D.(?) oblongaStanton ............ . 

l~~:~Ft;~:: ::::::::::::::::::::::::::::::::::::::::: 
Inoceramus barabini Morton ............................ . 

74 
74 
80 
86 
77 
82 

Inoceramus fragilis H. and M. variety .. : ..... ,........... 74 
Inoceramus oblongus Meek............................... 78 
Inoceramus sagensis Owen ? .............. _............... 78,81 

~V.6i~~ ~~-: ~~ ~~~ ::: ~~: ~~~~ :~~: ~~ ~: :~:: ::::::::::::::: 
Mactra gracilis M. and H ................................ . 
Mactra huerfanensis Stanton ........................... .. 
Mactra sp ............................................... . 

80 
83 
78 
78 

74,86 
79 
74 
88 
84 

Mactra warrenana M. and ~- ? •.. .-....................... 78, 81 
80,86 

Micrabaciaamericana M. and H.......................... 83 
Modiola sp............................................... 83 
Modiolagalpiniana E. and S.. .................... .... ... 78,81 
Nuculacancellata M. and H............................. 86 
Nuculasp ... :············································ 84 
Ostrea pellumda M. and H............................... 85 
Ostrea soleniscus Meek ........................ :.......... 74 
Ostrea sp.. ... . . .. .. .. . .. . .. . . . .. . . .. .. . . . . . .. . . . . .. ... .. 80,85 
Protocardia subquadrata E. and S ....................... 78,81,83, 

Protocardia? sp ......................................... . 

~ra:~i~~~ ~~:: ::::::::::::::::::::::::::::::::::::::::::: 
~~~X~ ~Etii:::: ·:::::::::: :·::::::::::::::::::: :·::::::::: 
Syncyclonema rigida H. and M ......................... . 

~n1r~1~ci~~: ~ ·anci. ii::::::::::::::::::::::::::::::::: 
Tell ina sp ............................ -.................. . 
Thetis circularis M. and H. ? ......... : .........•.......... 
Turris minor M. and H ............................... · .. . 
Vanikoro ambigua M. and H ............ -.; ............. .. 

84 
88 
83 
88 
80 
83 
74 
76 
78 
83 
86 

74,80· 
84 

81,78 
80 

33• 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33· 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

74 X ............. . 
74 X ............. . 
74 ....... X 
74 ....... ....... X 
74 ........ X 
75 .................... . 
74 X ............. . 
75 ....... X ...... . 
75 .................... . 
74 ....... X X 
75 ....... X 
75 X 

~: x X '")C. 
74 X 
74 X ............. . 
73 .................... . 
75 ....... ....... X 
75 .................... . 
74 X X 
75 X 
75 X 
75 X 
74 .............. '"X."' 
75 .............. X 
74 .............. X 
74 X ............ .. 
74 .............. X 
75 X X 

73 ....... ....... X 
75 X 
73 ................... .. 
74 75 ....... ·--x.--· "'X."' 
74 X ............. . 
75 X 
75 X 
75 ....... X 
74 ....... ....... X 
74 X X 
75 .............. X 
75 ....... X 
74 ....... X 

Fossils from stations 83 and 84 were identified by F. H. Knowlton 
as· Halymenites major Lesq. and were assigned to the Fox Hills. 

CRETACEOUS OR TERTIARY SYSTEM. 

LANCE AND FORT UNION (1) FORMATIONS. 

The Montana group is overlain within the limits of the area repre­
sented on Plate IV by about 4,000 feet of 'strata which include the 
Lance formation and possibly some of the Fort Union formation, but 
no attempt is made by the writer to differentiate the two formations, 
as the field work was confined mainly to older rocks. The scope of 
this paper does not permit a discussion of these formations in ·detail, 
but as two lots of fossil plants were collected, the fossils are inCluded 
in the list below. All these species are referred by Mr. Knowlton to 
the Fort Union. Station 89 is near the top of the Inez group o·f coal 

365°-Bull. 541-14--5 
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beds, about 3,000 feet stratigraphically above the top of the Montana. 
Station 90 is at a little higher horizon. 

Fossil plants from the Douglas oil and gas field. 

[Determined by F. H. Kno~lton.] 

\ 
f 

Station Town- Range '( 
No. ship N. W. 

Aralia notata Lesq ............................. " .....•..•................ 

r=~~f~~~~:~~~~::::::::::::::::::::::::::::::::: ::::::::::::::: 
Platanus, probabl~ P. baydenii Newb •••...••••••..•••.•...••..•.••••.... 
Platanus raynoldsii Nswb •.•.••••..•.••.••.•.•...•.•...•.•••..•..•.•..... 

Quercus? sp ............................................................. . 
Sap indus SD •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TERTIARY SYSTEM • 

. WHITE RIVER FORMATION (OLIGOCENE) • 

89 
89 
90 
90 
89 
90 
89 
89 
89 

33 
33 
33 
33 
33 
33 
33 
33 
33 

73 
73 
72 
72 
73 
72 
73 
73 
73 

.As stated in a previous paragraph and shown on the map7 a large 
part of the Douglas oil field is covered with a thick mantle of the 
White River formation, which rests unconformably on all the lower 
formations. It is composed largely of clay, with :fine sand, lime­
stone, and conglomerate occurring at various places in the forma­
tion. The total thickness of the formation exposed from the top of 
Table Mountain· to the bed of La Prele Creek,. including the 90-foot 
cap of coD.glomerate, is 580 feet. The exposures are poor, but so far 
as can be seen the 490 feet below the conglomerate is composed 
largely of clay, mostly of drab and gray shades, but some of pink or 
green. The conglomerate is made up larg~ly of quartz or. quartzite 
pebbles, with here and there a bowlder of granite, the whole cemented 
together with calcium carbonate. The pebbles average about half an 
inch in size, though many are much larger. One granite bowlder 
was noted having a diameter of 18 or 20 inches. The most promi­
nent bed of conglomerate noted is on the east side of Brenning Basin 
and is 90 feet thick, capping Table Mountain and extending over a 
large part of T. 32 N~, R. 72 W. 

QUATERNARY SYSTEM • 

. Alluvium along the streams and some local deposits of unconsoli­
dated gravel and sand constitute the only. beds of Quaternary age in 
the Douglas field. An attempt was made to map the alluvium 
alori.g North Pia tte River and Boxelder and La Prele creeks, as 
shown on the map (Pl. IV), but the gravel and sand were not mapped. 
These materials were laid down unconformably upon the White 

. River formation, from which it. is in places difficult to distinguish 
them. The thickest bed of Quaternary material observed in the 
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field is in the east bank of Little Boxelder Creek in the NE. l sec. 25, 
T. 33 N., R. 74 W., where there is a cliff 40 feet high, the upper half 
of which is gravel and sand of Quaternary age, and the lower half 
the White River formation. 

IGNEOUS ROCKS. 

Underlying the Casper formation just south of the Douglas oil 
field and forming. the core of the Laramie Mountains is red granite, 
which is cut by basic dikes of various kinds. Only one little area. 
of the granite is indicated on the map, but it forms the qurface rock 
of a large part ofT. 32 N., Rs. 74 and 75 W., just south of the area 
treated in this report. The granite exposed in sees. 23, 26, and 27, 
T. 32 N., R. 73 W., is cut by several parallel dikes, as indicated on 
the map. The dike rock is a hornblende gneiss, as determined in the 
laboratory of the ·United States Geological Survey by J. Fred Hunter, 
from microscopic slides. The dikes have been prospected for copper 
by local mining companies, one prospect having been extended into · 
the largest of the dikes to a depth of about 75 feet. A little copper 
in ·the form of chalcopyrite was found, but it is hardly probable that 
it will ever be found in payjng quantities. 

STRUCTURE. 

The overlap of the White River (Tertiary) f0rmation renders the 
interpretation of the structure of .the older beds very difficult, yet it 
is apparently monoclinal, with a general dip toward the north. This 
interpretation is based on the observed dips of the older beds north, 
west, and south of the overlap. At all these places the dip is uni­
formly toward the north, northeast, or nort,hwest, with the excep~ 
tion of a narrow belt in T. 33 N., Rs. 74 and 75 w·., where the beds 
are slightly overturned to the· north. If the great fault described by. 
Darton,1 as s.triking eastw.ard in the vicinity of Casper Mountain (20 
or 30 miles west of the Douglas oil field), extends under the mantle 
of the White River formation, it probably has no great throw, as the 

· structure seems to resemble a fold more than a fault. That this 
flexure was produced by compressive forces is evident, however, 
from the fact that there are.numerous small thrust faults and some 
overturned strata at a number of places in the field. The displace­
m(mt in most of the small faults is only a few inches. Such an over­
thrust was observed in sec. 25, T. 33 N., R. 75 W., where a sand­
stone in the Benton shale, dipping at a .high angle, has been broken 
by a· series of parallel faults, as shown in figure 3. There are also 
overturned strata in sees. 31, 32, 33, and 34, T. 33 N·., R. 75 W., · 

1 Darton, N.-H., Preliminary reDort on the geology and underground water resoUrces of the central Great 
Plain&: U. S. Gaol. Survey, Prof. Paper 321 pp. 53-55, 1905. 
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and sees. 28 and 34, T. 33 N., R. 74 W. The fault in T. 32 N., 
R. 73 W., is distinct in the White River formation and is indicated 
on the map by a solid line. No data are at hand bearing upon the 
amount of throw of the fault, but it is believed to be small . 

. T.33 N. R.75 W. 

S~C26 sec 2.5 

SECJS SEC 36 

1 MILE 

FIGURE 3.-Faults cutting sandstone in Benton shale, T. 33 N., R. 75 W., Wyoming. 

OIL AND . GAS. 

OCCURRENCE. 

There are several localities in the Douglas field where oil finds its 
way to the surface in the form of seeps or springs. About 1894, 
while a tunnel was being dug for an irrigation ditch in the NW. l sec. 
16, T. 32 N., R. 73 W., a sandstone in the top of the "Cloverly" 
formation was penetrated and fo~nd to be saturated with oiL At 
another place in sec. 6, T. 32 N., R. 74 W., in the bed of Boxelder 
Creek, oil seeps from the top of the Casper formation, appearing on 
the surface of the water. Still another oil seep is reported by Jamison 1 

in a small ravine near the northwest corner of T. 32 N., R. 73 W. 
Oil is obtained from wells in sees. 8 and 9, T. 32 N., R. 73 W., and a 
small quantity from a well in sec. 31,. T. 33 N., R. 74 W. In the 
last-mentioned well the oil seems to come from the same horizon as 
the oil that appears· on the water in Boxelder Creek about a mile 
south of the well. Oil in the wells in sees·. 8 and 9, T. 32 N., R. 73 W., 
seems to come· either from the top of the "Cloverly" fo~ation or 

l Jamison, C. E., Wyoming Gaol. Survey Bull. 3,.ser. B, 1912. 
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) from the lower part of the .Benton. The wells in sec. 8, however, 
yield a much lighter oil than those in sec. 9. This suggests differ­
ent horizons or at least different conditions of accumulation. It is 
probable that in sec. 8 the oil is held ill a reservoir formed either 
by a small anticline, suggested by the curve in the outcrop of the 
"Cloverly" and the Chugwater formations, or by the White River 
formation, which overlies the older rocks and on account of its water­
saturated condition is impervious to oil. In sec. 9 the wells are near 
the seeps and also near a fault, so that the lighter elements of the 
oil.may have escaped, leaving a heavy oil behind. 
. It is difficult to determine with any degree of certainty the geologic 

1 • structure under the heavy· mantle of the White River formation. 
Jamison 1 has assumed an anticline striking in an east-west direction 
through the northern part of T. 32 N., R .. 73 W., but the writer is 
inclined to the. view that the beds dip rather uniformly toward the 
north and that the accumulation of oil and gas is due to the thick 
impervious mantle of clay of the White River formation. The base 
of the White River seems to contain. conglomerate and other porous 
material in which the oil and gas might accumulate after migrating 
from the underlying older rocks. . Such a reJationship exists in the 
Coalinga district, California, described by Arnold and Anderson 2 as 
follows: · 

.Within the tested territory of the Coalinga district it has been found that the areas 
of Miocene sediments (either Vaqueros, Santa Margarita(?), or Jacalitos) immediately 
underlain by the shales of the Tejon are oil bearing; that the productiveness of these 
beds varies roughly inversely with t.heir distance from the shales of the Tejon; that 
the productiveness is greatest where the Tejon occupies a position of angular uncon­
formity with the Miocene sands or is more or less disturbed, as near the axis of an 
anticline such as the Coalinga anticline. 

The White River formation in the Douglas field rests unconformably 
on the upturned edges of the older rocks, which include nearly all the 
. beds of the Colorado and Montana groups, both of which are known 
t.o· yield oil in the Salt Creek field and near-by areas. It is believed 
by the writer that the oil in migrating upward along bedding planes 
t1nd through· porous sandstone finds a ·barrier when it reaches the 
vVhite River formation, so that oil and gas accumulate near this 
line, penetrating the White River only where they encounter lenses 
of porous material or fault planes. There are at least two parallel 
faults cutting the White River formation in T. · 32 N., R. 73 W. (see 
Pl. IV), and others are believed t9 exist. In sec. 6, T; 32 N., R. 72 W., 
heavy oil is reported in a water well at a depth of 175 feet. The · 
White River formation is almost certainly over 175 feet thick at this 

1 Loc. cit. 
2 Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga district, California: 

U. S. Gaol. Survey Bull. 398, p. 18~, 1910. . 
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place, so that probably the oil is in the White River, having migrated \ 
from older underlying beds. . 

Oil is found in the Salt Creek field, ·according to W egemann, 1 as 
. high. in the section as the Shann~:m sandstone, a lentil in the Pierre 

formation. If the boundaries of that formation where it extends 
under the White River· are as indicated on the map, then the wells 
in the northern part of T. 32 N., R. 73 W., if extended entirely 
through the White River formation, would penetrate shale of the 
Pierre formation below the horizon of the Shannon sandstone lentil. 
The writer holds that less than half of the wells in the Brenning Basin, 
except those near the outcrop of the "Cloverly" formation, have gone 
deep enough to enter the older formations. · If this is granted, another 
hypothesis must be postulated, namely, that the White River for­
mation occupies an o1d valley, the bottom of which is near the same 
elevation as the present bed of North· Platte River above Douglas. 
To illustrate, the elevation of the bed of North Platte River at Douglas 
is about 4,750 feet. The altitude of the surface at well No.2 in sec. 1, 
T. 32 N., R_. 73 W., is 5,140 feet, and the depth to the bottom of the 
White River formation in this well (according to the writer's inter­
pretation of -the well log) is at least 412 feet, making the base of the 
White River formation 4, 728 feet above the sea, or 22 feet lower than 
the bed of the North Platte at Douglas, From other calculations, the 
elevation of the base of the White River varies in different wells from 
about 4,600 to ·5,244 feet; therefore, to account for this variation, it is 
held that pr:ior to the deposition of the White River there was a valley 
extending eastward from the Brenning Basin and passing just· south 
of Douglas. 

CHARACTER OF THE OIL. 

· There are two grades of oil in the Douglas field. One of. these is a 
heavy oil, having a specific gravity ranging from 0.9309 to 0.9743, 
and the other is comparatively light and has a specific graVity' of 
0.8439. The light oil is of good quality, as shown by the analysis 
bel()w. The well from which this oil comes (No. 30, Pl. IV) is re­
ported to have yielded about 40 barrels a day for a long time, the oil 
being used in connection with the construction of the La Prele dam. 

·The heavy oil is said to be a good lubricating oil in the crude state, 
havingheen used on the mac4inery of drilling outfits. 
. The following analyses of oil from the· Douglas field were made in 

the laboratory of the United S~ates Geological Survey under the 
direction of David T. Day: 

Sample No. 1, from well No. 30, is evidently the best oil in the 
field. This sample was unoxidized, having been pumped direct from 

1 Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U.S. Gaol. Survey Bull. 452, pp. 
37-83, 1911. . 



DOUGLAS OIL AND GAS FIELD, WYO. 71 

the well and at once soldered in a can. Mr. Day says that it "would 
be classed as regular Pennsylvania crude and evidently consists 
entirely of paraffin hydrocarbons. It gives an amount of gasoline 
and kerosene sufficient· to constitute a good refining oil, and the 

·residue would be satisfactory for cylinder oils." 
Sample No.2, fr~m well No. 49, was procured from a tank where 

it had stood partly exposed to the weather for two or three months. 
Sample No.3, from well No~ 66, was proclired from oil floating on 

the water, which fills the casing nearly to the surface of the ground. 
This oil is so stiff that the sample was wound about a stick in order 
to lift it from the casing. 

Analyses of oils from Douglas oil field, Wyoming . . 

[Made in the laboratory of the United States Geological Survey, David T. Day in charge.] 

Physical properties. Distillation. 

Wells. 
"t\1 To 150° 15o-300° Re-
:;:::t C. C. siduum . 
.81 Ed -.... -. ;--o-.-l-.... -. -;---o-. ·l-.... -.-:-o-. 

:!3~ ~ ~~ ~ ~~ ~ ~~ 
-~ 0 ~~ 0 ~~ 0 ~~ 

l ~ ~~ ~ ~~ ~ ~~ 

Color. 

Gravity .. 

-------1-----1--------------------
1 30 328 0. 8439 35.9 Olive-green. 80 80 0 0. 7205 38.5 Oo 7928 53.5 0. 9340 20 0 None. 0. 2 None. 
2 49 440 Oo 9309 200 4 Dark green.. 225 ... 0 0 • 0 • • • 6. 0 o. 8605 • • • • • 0 ••• 0 ..•... 0 None. • 3 Con s i d· 

arable. 
3 66 600 0. 974313.7 Dark brown, 225.0. 0 . 0 ... 0 2. 0 0. .. .. . ...•• None. None. . 5 About 4 

greenish p e r 
cast. cent. 

CHARACTE~ OF THE GAS. 

The following analysis of gas from the Douglas field was made by 
.Frederick Salathe, of Casper, Wyo., in 1904: 

Analysis of sample of natural gas from the Douglas oil and gas field, Wyoming} 

[Analyzed by F. Salathe, formerly in charge of the o~ refinery at Casper, Wyo.) 

Specific gra-rity ............................................. . 
Hydrogen .......................................... per cent .. 
Marsh gas (methane) ............ · ....................... do ... . 
Ethane, propane, butane ................................ do ... . 
Illuminating hydrocarbons .................. ~ .......... do ... . 
Carbon dioxide .... · .................................... do ... . 

0.5890 
3.89 

87.75 
7.23 
..92 
• 21 

Carbon monoxide.~ ..... ~..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 
Oxyg(;ln .............. · ...... : ................................ Trace. 
Nitrogen ...... · ............................................... Trace. 

100.00 

The above analysis was made with the improved Hempel-Winkler gas analysis 
apparatus. 

1 Published by permissi~n of Consaul & Heitman, attorneys in 1911 for the Wyoming Oil & Development 
Co. and Douglas Oil Field (Ltd.) ... 
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The calorific value of this natural gas as compared with coal at $5 per ton (Rock 
Springs, Wyo., coal) is as follows: 9.2 cubic feet of natural gas is.equal to 1 pound of 
coal or 18,400 cubic feet of natural gas is equal to 1 ton (2,000 pounds) coal, which will 
give this natural gas a :value of 27.2 cents per 1,000 cubic feet. 

ORIGIN OF THE OIL. 

No definite data bearing on the origin of the oil in the Douglas 
field are available. At present oil appears to be found at the top 
of the Casper formation, in the "Cloverly" formation, in the lower 
part of the Benton shale, and in the White River formation. Whether 
the oil originates from a single source or from several the writer is 
unable to state, but be that as i~ may, it seems certain that the oil 
now occurs in porous rocks into which it has migrated. The condi­
tions in this field are good for the segregation of oil and gas into local 
small bodies by the combination of hydraulic pressure and capillarity, 
a mode of accumulation discussed by Munn.1 The theory of this 
mode of accumulation is founded on the fact that rocks of different 
densities permit the passage of w~ter through them freely if the 
capillaries are large and less fr.eely if they are small. Water entering 
an oil-bearing shale from every side will force the oil into a segregated 
mass or pool. It will also find certain zbnes throug:P, which friction 
is less so that into these zones the oil and water will penetrate faster 
than into others. ·The zones of rapid capillary movement will admit 
the water so much faster than those in which the rock is· denser that 
after a time certain bodies of the rock may become inclosed by rock 
saturated with water, the oil having been driven into the unsaturated 
mass. In the Douglas field conditions are favorable for this sort of 
segregation of oil and gas. The older rocks dip at high angles away 
from the mountains (toward the north) and. their upturned edges, 
where not concealed by the White River overlap, form excellent 
intakes for meteoric water, but the White River formation overlaps 
and conceals these oJder beds north of the intake area. The White 
River formation also affords an excellent reservoir for water and gen­
erally almost all its members are saturated. The· water which 
enters the older beds works upward underneath the White River 
formation, forcing the oil and gas ahead .of it; when the oil encounters 
a dry s~ndy lens in the White. River it doubtless fills the lens and 
remains there on account of the water-saturated rock above. ':£'he 
oil in the bed of Boxelder Creek exudes from the bedding planes and 
'llthough the rock itself is a porous sandstone, the oil does not seem to 
have saturated the rock. At the tilll.e the oil migrated to this place 
the sandstone must have been saturated with water, thus compelling 
the oil to confine itself to the bedding planes and other larger cracks. 

~ Munn, M. J., The anticlinal and hydraulic theories of oil and gas accumulation: Econ. Geology, vol. 4, 
pp. 509-529, 1909. 

\' 
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WELLS IN THE DOUGLAS OIL FIELD .. 

The data contained in the following table are taken largely from 
Jamison's report 1 on the Douglas oil field, but the altitudes of wells 
and some items under "Remarks" are derived from data collected 
by the writer. The locations of all wells 2 marked by an asterisk (*) 
are taken from Jamison's map, these wells not having been visited 
by the writer. 

Wells in Douglas oilfield, Wyoming. 

No. Section. a Owner. 
When Alti-
drilled. Depth. ~~:. RemarkS. 

Feet. Feet. 
1. •• •••• •• .. .. . • . Wyoming Oil & De- ............... . 5,140 Dry. 

velopment Co. 
2 1 ..................... do............... . .. .. .. . 1,575 5,140 

3 2 ..................... do. . . . . . . .. . .. . . . 1906 200 
4 2 ...... , .·........ La Prele Oil Co... .. . .. .. .. .. 542 5,260 
5 2 ..................... do ....................................... . 

~ L:::::::::::::: :::::~~::::::::::::::: :.::::::::::::::: ~;~~g 
8 3 ..................... do............... . .. . . . .. .. .... .. 5,210 
9 3 ............................................................. . 

10 3................ Douglas Oil Fields 1905 436 Q,210 
(Ltd.) 

11 3 ........................................................... .. 
12 3................ Douglas Oil Fields 1904 · 526 

(Ltd.). · 
*13 3 ..................... do ....... :....... 1904 
14 3 ..................... do. . .. . .. • .. . . . .. 1904 
15 4 ..................... do............... 1905 
16 4 ..................... do. . . . .. .. . . .. . . . 1905 
17 4 ..................... do............... 1902 
18 4 ..................... do. . . . .. . . • .. . . . . 1904 
19 4 ..................... do. .. .. . .. .. .. • .. 1907 
20 6 .......... : .......... do. • . . . .. . . . .. . . . 1905 
21 6 ..................... do............... 1905 
22 6 ..................... do. . • . . . .. .. . . . . . 1905 
23 6 ..................... do ............ ·.. . 1905 
24 7 .......... ; .......... do............... 1905 
25 8............ •• • • W:yoming Oil & De- 1905 

velopment Co. 
26 8 ..................... do •• """"······ 1905 

~~ ~:::::::::::::::: :::: :g~::::::: ~ ::::::: ~~&& 
29 8 ..................... do. .. .. . . ... .. .. . 1905 
30 . 8 ..................... do. . . . . . . . . . . . . .. 1906 
31 8 ..................... do. . . . . . . . .. . . . .. 1905 
32 8 ........... ; ......... do .... : ................ .. 
33 8 ..................... do. . . . .. . . .. .. . . . 1905 
34 8 ..................... do ..................... ~. 
35 8 ..................... do ..................... .. 

*36 8 ...... , .............. do ..................... .. 
*37 8 ..................... do............... 1907 
38 8 ..................... do. . . .. .. . .. .. .. . 1907 
39 8 ..................... d'). •• . .... .. ..... 1906 
40 8 ..................... do. .. .. .. . .. . .. .. 1907 
41 8 ..................... do. . . .. .. .. .. .. .. 1906 
42 8 ..................... do ............. :. 1906 
44 9................ Douglas Oil Fields 1902 

(Ltd.). 
45 9................ Wyoming Oil & De- 1907 

velopment Co. 
46 9 ..................... do ................ : ..... . 

47 9 ..................... do .......... .'.... 1907 
48 9 ..................... do .......... :.... 1906 

563 
526 
507 

1, 705 
485 
435 
578 

. 624 
161 
693 
159 
110 
055 

302 

215 
325 
365 
328 
632 
393 
602 
930 
725 
510 
390 
236 
670 
374 
401 
428 
342 

780 

742 

320 
425 

5,240 
5,200 
5,210 
5,210 
5,200 
5,175 

5,380 
5,370 
5,390 
5,440 
5,3GO 

5,400 

5,35() 
5,360 

5,340 
5,330 
5,320 

5,280(?) 
5,290~?) 
5,300 ?) 

--5;32o· 
5,320(?) 

5,320 
5,320 
5,320 
5,300 

5,340 

5,330 

5,300 
5,290 

Casing callapsed and well aban· 
do ned. 

Well unfinished. 
Gas. 
Abandoned. 
Gas. 

Do. 
Abandoned gas well. 
Abandoned. 
Abandoned gas_ well. 

Abandoned. 
Gas reported. 

Abandoned; water. 
Small amount of oil and gas. 
Small amount of oil. 
Small amount of oil and gas. 
Gas at 457 feet; abandoned. 
Producing gas well. 
Crooked hole. 
Small amount of oil reported. 

Do. 
Do. 

.Do. 
Well unfinished; abandoned. 
Small amount of oil; abandoned. · 

Small amount of oil; flowing wa-
ter well. 

Abandoned oil well. 
Do. 

Small amount of oil. 
Producing oil by pumping. 
Small arn.ount of oil; abandoned. 

Do. 
Do. 

Abandoned. 
Light oil to top of casing. 
Small amount of oil; abandoned. 

Do. · 
Do. 
Do. 
Do. 

Producing light oil by pumping. 
Abandoned oil well. 
Abandoned. 

Abandoned; dry. 

Small amount of oil and gas; 
abandoned. 

Abandoned oil well. 
Oil well with pump jack at­

tached. 

a InT. 32N., R. 73 W., unless otherwise stated. 

1 Loc. cit.· 
I The writer found some difficulty in attempting to identify some of the wells mentioned by Jamison, 

as his descriptions do not invariably agree with the locations of the wells on his map. 
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Wells in Douglas oilfield, Wyoming-Continued. 

No. Section. a Owner. 
When Alti-

drilled Depth. tude of Remarks. 
· surface. 

49 9 ................ Douglas Oil Fields 1908 
. (Ltd.). 

50 9 ..................... do............... 1908 
*51 9................ Wyomili.g Oil & De- 1907 

velopment Co. 
52 9 ..................... do............... 1907 

*53 9 ..................... do............... 1907 
54 9 ............. · ........ do ..................... .. 
55 9 ................ Douglas Oil Fields 1902 

· (Ltd.). 
*56 9 ..................... do............... 1904 

Feet. Feet. 
440 5,300 Oil well with pump jack at-

tached. 
475 5,290 Small amount of oil reported. 
767 . . . . . . . . Small amount of oil. 

765 5;25o 
970 ........ 
406 5,250 
466 5,200 

388 ...... :. 

Small amount of gas. 
Small amount of oil and gas. 
Producili.g gas well. 
Small gas well. 

Drilling stopped by order of . 
court. 

57 9 .............. ~ .... :.do............... 1903 470 5,210 Small gas well. 
*58 9 ..................... do................ 1905 600 ........ Water.well. 
59 11............... Wyomili.g Oil & De- 1907 515 51220 Small gas well. 

· velopment Co. 
60 11 ............... Douglas Oil Fields 1904 498 5,230 Producing gas well. 

(Ltd.). 
61 12 .................... do.. .. .. .. .. .. .. . 1908 493 5,220 Small gas well. 
62 12 .................... do............... 1906 520 5,260 Crooked hole. 
63 Lot iii. T. 32 N., Wyoming Oil & De- ...... . • 665 5,316 Small gas well. · 

R. 72\ W. velopment Co. . -
64 Sec.35, .33N., .................. : .... ........................ Abandoned; no data. 

R.74W. · 
65 Sec.29,T.33N., Wyomili.gOil,Gas& (b) 5,150 

R. 74 W. Power Co. 
66 Sec.31,T.33N., ..... do ............... 1912 600 5,350 Alittleheav;voilcollectsonthe 

R. 74 W. water, which rises to top of 
casing. 

a InT. 32 N., R. 73 W., unless otherwise stated. b Unfinished: 

DETAILS OF WELLS AND WELL LOGS. 

INTERPRETATION OF THE LOGS. 

In. the well logs that follow there are five columns. In the first is 
given the name of the geologic formation as interpreted by the writer; 
in the second the driller's description of the rock; in the third in­
formation as to whether gas, oil, or water was fo.und; in the fourth 
the thickness of beds; and in the fifth the ~epth from the surface of 
the ground to the base of each bed. 

It should be borne in mind that the interpretation of well logs is 
difficult at best, but when the logs are. complicated, as many of these 
are by starting in the White River formation and then passing into 
some other formation unconformably underlying 'it, the difficulty is 
greatly increased. Another source ·of possible error is. the lithologic 
similarity between the Benton and Pierre formations. When these 
are encountered under the White River, the· geologist can determine 
which is which only by the assumption that the strike of the older 
rocks continues under the mantle of White River in the same direc­
tion as it is where these rocks have been removed. 

The logs of wells Nos. 2, 4, 16, 17, 18, 30, 35, 41, 44, 48, 49, 50, 55, 
59, 60, and 63 were obtained from A. W. Phillips, of Douglas, Wyo., 
and the remainder are taken from the report of C. E. Jamison (State 
geologist of Wyoming) on the Douglas oil field, published in 1912. 

\ 
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WELL NO.2. 

Well No.2 is located on the south ban~ of La Prele Creek m sec. 1, 
T~ 32 N., R. 73 W. It is 1,575 feet deep, the first 500 feet of which 
seem to be in the White River formation, and the remaining 1,000 
feet are quite certainly in the lower shale of the Pierre formation. 
The well is abandoned but is marked by the casing projectmg a few 
feet above the surface of the ground. The log follows: 

Log ojwell.No. 2, sec. 1, T. 92 N., R. 79 w~ 

(Altitude of surface, 5,140 feet.) 

Probable forma- Driller's descrip-
tion. tion of the rock. Content. Thick- Depth. 

ness. 

. Feet. Feet. 
White River forma- Shale.············ Water at 40 feet.··········................... 412 412 

tion. ;:.~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; '_'_~~~~r ~-r-~~ .~~~-~~ ~~ -~~~ ~~~~~ ~~~~ ~~. } 128 540 

------------------·1----'----l--------------lt--
Pierre formation. Black shale ....... "Showing" of oil at 1,575 feet................. 1,035 1,575 

WELL NO.4. 

Well No.4 is in the SW. i sec. 2, T. 32 N., R. 73 W., and is cased 
and capped. A good flow of gas is reported from a sand at 542 feet 
below the surface, which was used for a time at a driller's camp about 
half a mile away. · 

Probable forma­
tion. 

Log of well No.4, SW. t sec. 2; T. 92 N., R. 79 W. 

[Altitude of surface, 5,260 feet.] 

Driller's description of the rock. Content. 

Feet.. Feet. 
Pale-blue; gray, and greenish shales .......................... ~..... 468 468 
Red shale .................... ~.................................... 37 505 

WhiteRiver fo1- Sand.............................................................. 3 508 
mation. Red shale........................... . .. . .. .. . .. .. .. • • .. .. .. • .. .. .. 5 513 

Sand ............................................................. ; 5 518 
Red shale ............... ·............ Gas at 515 feet............... 17 535 
Sand ......................... .' ...... Strongfiowofgasat538feet.. 7 542 

WELL NO. 14. 

Well No. 14 is about 700 feet northeast of well No. 16. It is 
cased and capped, but apparently 9nly a sma11 amount of oil or gas 
was obtained in it. The lower 10 feet of the well undoubtedly is in 
the Pierre formation, the White River formation being 516 feet thick. 
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Log of well No. 14, SW. t SW. t sec. 9, T. 32 N., R. 73 W. 

Probable forma­
tion. 

White River for­
mation. 

Pierre formation. 

[Altitude of surface, 5,200 feet.] 

Driller's description of the rock. Content. 

White, gray, and bluish shales ................................... . 
Redshale ........................................................ . 
Coarse saud. . . . . . . .. . .. . . . . . . . . . . . . . Gas ....................... .. 
Red shale .................. ; ...................................... · 
Green and white sand ............... Gas and oil ................. . 

Black shale ..................................................... , . 

WELL NO. 16. 

Feet. 
440 

11 
6 

19 
40 

10 

Feet. 
440 
451 
457 
476 
516 

526 

Well No. 16 is one of two deep wells in the Brenning Basin. The 
writer believes that it penetrates the Pierre formation to a depth of 
1,000 feet. In the sand at the base of the White River formation 
small amounts of gas and oil are reported, but none below that level. 

Log of well No. 16, SE. t SE. t sec. 4, T. 32 N., R. 73 W. 

Probable forma­
tion. 

White River for­
mation. 

[Altitude of surface, 5,210 feet.] 

Driller's description of the rock. Content. 

Feet. 
Surface water.. . . . . . . . . . . . . . 57 

White, grayisli shale formation...... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363 
Redrock......................................................... 53 
Coarse and loose sand. . .. . .. . .. . . . .. . .. .. . .. . . . .. . .. .. . .. .. .. .. .. . 11 
Coarse sand. .. . . .. .. . .. . .. .. .. .. . . .. Gas. . .. . . .. . . . . . . . . . . . . . . . .. a 

~
) .................................. First"showing"ofoil...... 1 
).. .. .. .. .... .. . .. . .. .. .. .. .. .. .. .. Good "showing" of oil...... 10 
arse sand ......................... Oil......................... 3 

Finersand ........ ~ ...................... do ............... ~...... a 
Harder and finer sand ................... do. . . . .. .. . . . . . .. .. . .. . . 20 

Feet. 
57 

420 
473 
484 
487 
488 
498 
501 
504 
524 

Pierre formation. sand. feet. 

I 
Black shale, with small streaks of Water at 815, 1,420, and 1,448 896 1,420 

. Streaks of sand and black shale ................................. .. 285 ·1, 705 

WELL NO. 17. 

Well No. 17 is about 800 feet west of No. 16. It is cased and is 
plugged witli wood. It probably does not extend more than a few 
feet, if at all, below the White River formation, as it is less than 500 
feet deep. In well No. 16 the base of the White River was probably 
reached at 524 feet. 
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DOUGLAS OIL AND GAS FIELD, WYO. 

Log of well No. 17, S W. t SE. t sec. 4, T. 32 N., R. 73 W. 
[Altitude of surface, 5,200 feet.] 

Probable forrii.a­
tion. 

White River for­
mation. 

Driller's description of the rock. Content. 

Water at 12 and 38 
feet. 

Blue and gray formations .••...................................... 
Gray sand ••••••...... .'....................... Fair flow of water. 

~~~~~F.:.~~~:::::::::::::::::::::::::::::::::::~::::::::::: 
Blue rotten shale .•....•.......................................... 

~~;1~~;~: ~ ~: ~ ~: ~ ~ ~ ~ ~ ~ ~ ~:: ~~ ~ ~:: ;:·~~~~:; ~~;~~ 
~~i-d.e'i.-gni:V.saitli:: ::::::::::::::::::::::::::: .?.~_'."_i~~-~~~~: ::: 

WELL NO. 18. 

Feet. 
38 

334 
4 

34 
37 
7 
1 
2 
3 

14 
3 
8 

.77 

Feet. 
38 

372 
376 
410 
447 
454 
455 
457 
460 
474 
477 
485 

Gas from well No. 18 is used in the nearest house, about 2,000 
feet away, for fuel and light. The source of the gas, as in the other 
wells, appears to be the sandstones or bands of conglomerate in the 
White River formation. 

Log of well No. 18, NW. t SE. t sec. 4, T. 32 N., R. 73 W. 

[Altitude of surface, 5,175 foot.) 

Probable forma­
tion. 

White River for­
mation. 

Driller's. description of the rock. Content. 

Surface formation ..•................ Water at 25 foot ............ . 
Soft green shale .................................................. .. 
Pink shale •................... " ...............•.....•..•••..•..•.. 
Soft blue-gray shale................. "Showing" of gas ••••••••••• 

~~~ ~k ~Je·. ·.:: :::::::::::::::::: :::::::::::::::::::::::::::::: 
. Hard mixed sand.. . . . . . . . . . . . . . . . . . Lru:ge flow of gas and some 

oil. 

WELLNO. 19. 

Thick- Depth. 
ness. 

Feet. 
345 
45 
37 
1 
2 
3 
2 

Feet. 
345 
390 
427 
428 
430 
433 
435 

Well No. 19 almost certainly reaches the Pierre formation at a 
depth of 525 feet. Above this depth the formation is believed to be 
White River. The well was not visited by th~ writer. · 

Log of well No. 19, SE. t NW. t sec: 4, T. 32 N., R. 73 W. 

Prooable forma­
tion. Driller's description of the rock. Content. rr::.- Depth. 

White River 
formation. 

Pierre formation. 

Feet. 
Surface loam and shale .............. At 105 feet sand streak and 105 

water. 

~~fs~~~-1~~~~~~~:::::::::::::: :::::::::::::::::::::::::::::: ~~ 
Sand.............................................................. 20 
Green-brown shale................................................ 5 
Brown sand........................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Coarse gravel and sand.............. . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . 25 

"Black shale .....................................................•. 
Gray shale •.••....•.. : ........................................... . 

12 
41 

Feet. 
105 

'400 
470 
490 
495 
500 
525 

537 
578 
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WELL NO. 22. 

It is probable that well No. 22 penetrates the "Cloverly" forma­
tion, as the 182 feet of sandstone mentioned in the record resembles 
that formation. The rocks dip 41°-55° E·., so that 182 feet vertical 
depth would penetrate only about 60 feet of strata. 

Log of well No. 22, NW. t SW. t sec. 6, T. 82 _N., R. 78 W. 

Probable forma­
tion. 

WhiteRiver 
formation. 

Benton shale. 

"Cloverly" and 
Morrison forma­
tions. 

(Altitude of surface, 5,370 feet.] 

Driller's description of the rock. Content. 

. -

~~~~J~iay::::::::::::::::::::: :::::::::::::::::::::::::::::: 
Sandy cla:y ....................................................... . 
Red and light-blue sandy clay ••..•....•..•.•••.•.•.•••...•.•.•.•. 

::r~~~1~~~~~~:::::::: ::::: :::::::::::::::::::::::::::::: 
Hard black shale ...... : ....... _ .................................. . 
Black sandy shale with streaks ................................... . 
Blue shale with streaks of sand .............. : .................... . 
Black sandy shale ................... Oil"showing" ............. . 
Sand rock •............ ~ .••••...••...•..•.........•....••.•..•.••.. 
Blackshale ......................... Oil"showing" ..... : ...... .. 

~~-~~~-~Iiaia::::::::::::::::::::: . ~~.':~~~~.':::::::: ::::::: 
Blue shale with streaks of sand .• _ ..... _ ................... ~ .••.... 
Blue sandy shale .........•..•.••... · .•....•....•....... _ •.•..••.••. 
Blue shale with streaks of sand rock .•.•..•••..••..•.•.•.....•••••. 
Black shale ..................................................... .. 
Softsand ......................................................... . 
Brown shale ..................................................... . 
Black sandy shale ................................................ . 

WELL NO. 26. 

Thick- Depth. 
ness. 

Feet. 
11 
8 

35 
42 
9 

14 
12 

49 
·n 
27 
8 
4 

92 

182 
10 
18 
8 
5 
3 
3 

85 
37 

Feet. 
11 
19 
54 
96 

105 
'119 
131 

180 
211 
238 
246 
250 
342 

524 
534 
552 
560 
565 
568 
571 
656 
693 

It seems certain that in well No. 26 the "Cloverly" formation was 
reached at· a depth of 282 feet, although Jamison 1 states that in ·part 
hi~ Dakota was entered at 48 feet. To depth of 282 feet there is too 
much shale to justify referring the beds to the "Cloverly" formation. 

· The two oil sands mentioned in the log are probably sandstone lentils 
in the lower part of the Benton. The well yields a small stream of 
:flowing water which is used for stock. . 

1 Jamison, C. E., The Douglas oilfield and the Muddy Creek oilfield, Wyoming: Wyoming Geol. Survey 
Bull. 3, ser. B, p. 27, 1912. 
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Probable forma­
tion. 

White River for­
.mation. 

Benton shale. 

DOUGLAS OIL AND GAS FIELD, WYO. 

Log of well No. 26, SW. t sec. 8, T. 32 N., R. 73 W. 

[Altitude of surface, 5,400 feet.) 

Driller's description ofthe rock. · Con~nt. 

wash and brown gumbo ...................................••..... ~ 

Oil sand ................... _._....... Dark lubricating oil ........ . 
Brown shale ........................ ·········"··· .....•........... 
Oil sand .•..••.................................................... 
Shale............................... Water at-80 feet ...•......... 

~~~~\g~h~~~:::: ::::::::::::::::::: :::::::::::::::::::::::::::::: 
Black gumbo ....••.••......••..••....................•....••..... 
Coarse rock.......................... Water at 254 feet ........... . 

~::~~~~~~ -~~~~~---·. ·.::::::::::: :': :::::::::::::::::: ~::::::::::: 
White gumbo .................•...•...............•.•............. 
Dark shale: .•.............•...................•.••.........•.•.... 

79 

Thick- Depth. 
ness. 

Feet. 
48 

2 
20 . 
7 

20 
31 

110 
7 

10 
7 

10 
6 
4 

Feet. 
48 

50 
70 
77 
97 

128 
238 
245 
255 
262 
272 
278 
282 

"Cloverly" 
formation. 

W~d cap rock.······.·.············· }water at 294 feet .•......... ~ { Whtte water sand._. ................ . 
284 
302 

WELL NO. 28. 

As stated by Jamison, well No. 28 does not penetrate the "Clo­
verly" formation (in part his Dakota). · This formation is probably 
from 400 to 600 feet below the bottom of the well. The 1-foot sand­
stone band at the bottom of the well is probably a· sandstone lentil 
in the Benton shale. 

Log of well No. 28, SW. t SE. t sec. 8, T. 32 N., R. 73 W. 

Probable forination. 

White River formation and· 
Benton shale. 

[Altitude of surface, 5,360 feet.) 

Driller's description of the rock. 

Gravel and sand ........................... · ............ . 
Green shale ............................................ . 
Gray shale .............. ~ .............................. . 
Green.oilsand ••••.. ~ ................................. .. 
Light-gray shale with a pink tint ...................... . 
Brown clay ........................ ~ •••.•••••.••..•.•.•• 
Black shale ............................................ . 
Blacksand ............................................ . 
Gray shale and sand ................................... . 
Dark-gray shale and sand .............................. . 
Dark clay .............................................. . 
Dakota sand .......................................... .. 

WELL NO. 29. 

Thick- Depth 
ness. 

Feet. 
65 
62 
38 
10 
40 
40 
40 
5 
5 
6 

13 
1 

Feet. 
65 

127 
165 
175 
215 
255 
295 
300 
305 
311 
324 
325 

Well No. 29 was not visited by· the writer, hence its location is 
taken from the map accompanying Jamison's report. The well is. 
near the outcrop of the" Cloverly'' formation and probably penetrates 
that formation to a depth of 60 feet. 
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Probable forma­
tion. 

White River for­
mation and Ben­
ton &hale. 

Log of well No. 29, SE. t sec. 8, T. 82 N., R. '78 W. 

Driller's description of the. rock. Content. 

Wash •....•.....................•..•......•...........••••.•.•••.. 
Gray shale •..•....•...............•. Water at 55 feet .........•... 
Blue and gray shale................. Good oil "showing" ..••.... 
Brown sugary oil sand. . . . • . . . . . . . . . Gas and oil; gas burned over 

· the hole. 
Yellow shale ••...................... Good oil "showing" with 

some gas. 
Greenish sand ....••..•.......•.......••.......... : . ..........•... 
Gray shale .............................•..•....•..•...........•... 
Brown gu)llbo .......•.•.•....•.•...•...................•.....•... 
Brownshale ..•.................•..• "Showing" of oil and some 

. gas. 
Purple and lilac gum1:>o ......................................... .. 

"Cloverly" forma- Sandstone ....................................................... . 
tlOD. 

WELL NO. 30. 

Thick- Depth. 
ness. 

Feet. 
25 
30 
53 
2 

30 

. 5 
15 
5 

135 

5 

60 

Feet. 
25 
55 

108 
110 

140 

145 
160 
165 
300 

305 

365 

Well No. 30 has a pump attached, -which in the fall of 1912 was 
rigged up with a Jong gas-pipe handle for pumping by hand. By this 
m'eans a near-by ranch procured oil for use in a heating stove which 
had been arranged for burning this kind of fuel. :Mr. A. W. Phillips 
states that the oH from this well was pumped steadily by steam power 
for a long time for use as fuel by the contractors who built the La 
Prele' dam, and that it produced over 40 barrels a day. This well 
yie~ds a light oil having a paraffin base; its composition is given in 
the table (p. 25, No. 30). 

Log of well No. 80, SW. t SE. t sec. 8, T. 82 N., R. '73 W. 

Probable forma­
tion. 

[Altitude of surface, 5,340 feet.] 

Driller's description of the rock. Content. 

Feet. Feet. 
Clay.............................................................. 50 50 

White River for- Blue rock........................... Water...................... 30 80 
mation. <'lay ............ :. . . . . .. . .. .. .. . • .. . . . . • • . . • • • • • . . • . . . • • • • • . • . • . . . 105 185 

Green shale . ._....................... •••..••.•••••.• ..•• .••. .•. .•. . 70 255 

-----------1----------------------l----------------·--------
Benton shale. · Black shale .................................................. ; ..•. 

Black shale and paraffin ••••...•.••. Oil at 325 feet ••••...•••.•••• 

WELL NO. 33. 

45 
28 

300 
328 

Well No. 33 does not penetrate the "Cloverly" formation. If the 
dip observed along the outcrop ~continuous to the point where the 
well is located, the "Cloverly" would be about ·1 ,000 feet below the 
surface, or about 400 feet below the bottom of the well. This state­
ment is based on the assumption that the fault in sec. 9 does not 
extend as far west as this well. If, however, the fault is present in 
sec. 8 and the downthrow is on the north, as it appears to be farther 
east, then the "Cloverly" is deeper than is stated above. 
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DOUGLAS OIL AND GAS FIELD, WYO. 

Log of well No. 33, NW. t SE. t sec. 8, T. 32 N., R. 73 W. 

· [Altitude of surface, 5,280 (?) feet.] 

Probable forma-
. tion. 

White River for­
mation and Ben­
ton shale. 

Driller's description of the rock. Content. 

Gravel wash and gray shale .. _ ................................... .. 
Brown shale.~ ...................... Water at 74 feet ............ . 

~~~~~h:~~- gi-a;,; silaie:::: ::::::::::: :: :·:: ::::::::::::::::::::::::: 
Blue and brown shale ............... Water at 220 feet .......... .. 
Brown dope; very slow drilling .................................. . 
Gray rock, shell mixed with yellow ............................ .. 

shale, and a little sand; turned 
into a brown dope which stands 
up well. 

Benton shale; caves badly ..•.......................•............. 
Paraffin .......................................................... . 
Benton shale ..................................................... . 
Gray shale. . . .. . . . . . • . . .. .. .. . . . . . . . Very good oil "showing" ... . 
Gray shalehblack dope, and a little Oil.. ...................... .. 

Benton s ale. 
Benton shale ..... · ................................................ . 
Artesian water sand .............................................. . 
A pinch of Dakota oil sand .......... Water at 601 feet .......... .. 

.WELL NO. 34. 

81 

Thick- Depth. ness. 

Feet. Feet. 
74 74 
50 124 
60 184 
36 220 
50 270, 
26 296 
50 346 

10 356 
7 363 

42 405 
10" 415 
8 423 

. 177 600 
1 601 
1 602 

""' Well No. 34, which has been left with the casing open, stands full 
of water. Apparently there is a small flow of water from the welL 
It is probable that bentonite or some similar clay is meant by the 
driller's term "paraffin" in the well log. · 

Probable forma­
tion. 

White River for­
mation. 

Benton shale. 

Log of well No. 34. · 

[Altitude of surface, 5,290 (?) feet.] 

Driller's description of the rock. Content. 

~~~~&~!::::: :::::::::::::::::::::: :::::::::::::::::::::::::::::: 
Light shale ....................................................... . 
(?) ............................................................... . 
Light clay........................... Water at 60 feet ............ . 
Clay and blue shale .............................................. . 
Redrock ......................................................... . 
Yellowrock ....................................................... . 

Black shale ............. :. . . . . . . . . . . Water at 665 feet ........... . 
Black sand.......................... Water at 675 feet. .......... . 

~i:g~ ~~:t:.~~~-~~~~::::::::::::: :::::::::::::::::::::::::::::: 
Blacksand ....................................................... . 

l~~r~~:(~:::::_:::::: :-~-~~~:~::~~:::::::::_::--~-: 
Paraffin ............................. Water at 930 feet ........... . 

WELL NO. 35. 

T~:.- Depth. 

Feet. 
10 
5 

45 
60 
33 

142 
15 
35 

330 
27 
3 
9 
6 

11 
141 

19 
9 

10 
15 
5 

Feet. 
10 
15 
60 

120 
153 
295 
310 
345 

675 
702 
705 
714. 
720 
731 
872 
891 
900 
910 
925 
930 

Light oil fills the casing in well No. 35 to the level of the surface 
of the ground. The well also yields some water which flows up 
around the inner casing. 

365°-:-Bull. 541--:-14-6 
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Log of well No. 35, NE. t SE. t sec. 8, T. 32 N., R. 73 W.a 

[Altitude of.,surface, 5,300 (?) feet.] 

Probable forma­
tion. 

White River for­
mation. 

Benton shale. 

Driller's description of the rock. Content. 

'Vater formation ....••••............ · .................•.•......•.•. 
Brown lime formation .•...••........ Water at 36 feet •.•.•....••.. 

gr~! :::~~---::::::::::::::::::::::::: ::::::::: ~: ::::::::::::::::::: 
Bluegumbo ...................•................................... 
Brown and green gumbo............ Water at 21-7 feet ........... . 
Crystal formation .......................................•...•..... 
Bluegumbo ...................................................... . 
Pink and brown formation ................•.••..............••.... 
Mixed shales ..................................................... . 
Shale ...•..............................................••.......... 

Water sand. . . . . . . . . . . . . . . . . . . . . . . . . Water flowed over top of 
hole. 

Hard shell rock •........•......•.... Strong flow of gas ..•..•..... 
Blacksand ..........••..••..•...•.............................•... 
Shale ................................ Water. at 550 feet .........•.. 
Paraffin .............••.....•...................................... 
(?)..... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . Water cased off at 667 feet; 

struck oil at 718 feet. 

Thick- Depth. 
ness. 

Feet. 
10 
70 
40 
70 
22 
50 
13 
10 
25 
22 

188 

8 

1 
13 

104 
5 

74 

Feet. 
10 
80 

120 
190 
212 
262 
275 
285 
310 
332 
520 

528 

529 
542 
646 
651 
725 

G This well log is identical with Jamison's No. 13, so far as it goes, but his log shows a maximum depth of 
810 feet1 where(\8 the log given above, which was procured from A. W. Phillips, states that the depth of 
this well is 725 feet. 

WELL NO. 41. 

Well No. 41 is about 1,000 feet south of No. 35 and contains oil of 
a similar character. It has tubing and jack attached for pumping. 
The oil comes from a sandstone in the bottom_ of the well, apparently 
in the Benton shale. 

Probable forma­
tion. 

White River for­
mation. 

Benton shale. 

Log of well No. 41, SE. t sec. 8, T. 32 N., R. 73 W. 

[Altitude of surface, 5,320 feet.] 

Driller's description of the rock. Content. 

Surface formation .............. ~ ................................. . 
Gray shale.......................... Water at 85 feet ...........•. 
Gumbo .......................................................... . 
Gray shale .......................... Water at 145 feet ........... . 

~f~~~h~e~~-0.".".::::: -::::::::::::::: :::::::::::::::::::::::::::::: 

~f;lts~h~e:::: :::::: :·::: ::::::::::: :::::::::::::::::::::::::::::: 
Sand ..•..•..•.................................................... 
Gumbo .......................................................... . 
Yellow shale. . . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

Black shale. . . . . . . . . . . . . . . . . . . . . . . . . Gas at 312 feet ............. . 
(?).................................. Oil at 399 feet .............. . 

WELL NO. 44, 

Thick-
ness. Depth. 

Feet. 
10 
80 
50 
10 
15 
10 
15 
50 
5 

21 
29 

104 
2 

Feet. 
10 
90 

140 
150 
165 
175 
190 
240 
245 
266 
295 

399 
401 

Well No. 44 was drilled near the outcrop of the oil-saturated sand­
stone which was uncovered in digging the tunnel for an _irrigation 
ditch, but only a small amount of oil was found. The casing was 
pulled and the well abandoned. 

( 



Probable forma­
tion. 

White River for­
. mation. 

Benton shale. 

"Cloverly" forma­
tion. 

DOUGLAS OIL AND GAS ,FIELD, WYO. 

·Log of well No. 44, SW. t sec. 9, T. 92 N., R. 79 W. 

[Altitude of surface, 5,300 feet.] 

Driller's description of the rock. Content. 

Feet. 
Surface formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . 118 
Red shale; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Light shale......................... . . . . . ........ .. .. . . ..... .. ... . 20 

Black shale......................... . .. .. .. . . .. .. .. .. .. . . .. .. .. .. . 40 
Light shale......................... . .. .. .. .. .. .. .. . . .. .. .. .. .. . . . 20 

Sand............................... Good "showing" of oil ..... . 
..... do .•............................ Oil ........................ . 

. ~~~·-~~ ~~-~~:::::::::::::::::::: ·water·:::::::::::::::::::::: 
~ft,s~gfta[r~~ns~nd:::::::::::::::: ::::::::::::: ~:::::::::::::::: 
Light and red shale •••...............................•.•.......... 
Darker shale ....................................................•. 
Black shale. . . . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

~~w~\~ ~:~r.:~~~~~~::::::::::: :::::::::::::::::::::::::::::: 
~~~~ ~~~ _c_o_~r~~: ~~~~::::::::::::: :::::::::::::::::::::::::::::: 

WELL NO. 47. 

~~ 
5 
6 
4 
7 
5 

10 
18 
4 

26 
15 
12 

83 

Feet. 
118 
140 
160 

200 
220 

222~ 
230 
235 
241 
245 
252 
257 
267 
285 
289 
315 
330 
342 

Well No. 4 7, like most of the other wells in sec. 9, was drilled 
near the outcrop of the oil-saturated sandstone and ·found only a 
small amount of oil. The casing was pul~ed and the well abandoned. 

Probable forma­
tion. 

White River for­
mation. 

Log of well No. 47, SE. t sec. 9, T. 92 N., R. 79 W. 

[Altitude of surface, 5,300 feet.] 

Driller's description of the rock. Content. 

Made land and sedimentary forma- ......................•.••.... 
tion. 

Red rock ........................................................ . 

~~i ~~~: ~ ~ ~ ~::::::::::::::::::::: . ::::::::::::::::::::::::::::: 
~~~:~~~~~:_:_::::::::::::::::::: :~·:~~~~~~~~:f:~~:-:-:-::::::::: 
~{t~l.~~i~~::~: ~~~ ~~~~ :~~ ~: : J~:;:·:·:·:~~ ~·~ ~: :~: ~~~ ~ ~~~ ~~: 
Black shale ...... : ............•.................... · .............. . 
Sand, with coarse pebbles ..................................... , . . . · 
Fine white sand .. · .................. Water •••••................. 
Coarse white sand .••.............•.......•.•..................... 

WELL NO. 48. 

Feet. 
118 

22 
20 
40 
20 
10 
11 
4 
7 
5 

10 
18 
4 

16 
15 

Feet. 
118 

140 
160 
200 
220 
230 
241 
245 
252 
257 
267 
285 
289 
305 
320 

Well No. 48 has tubing and pumping jack attached. Heavy oil 
like that from well No. 49 has been pumped from it. This well is 
about 200 feet south of No. 49 and its log is almost identical. 
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Probable forma­
tion. 

Log of well No. 48, SW. t sec. 9, T. 32 N., R.. 73 W. 
I 

[Altitude of surface, 5,290 feet.] 

Driller's description of the rock. Content. 

. whu~~f::~ for- g}~~:~zi~::::::::::~::::::::::::: :~~t~~:-:-:-:::::::::::::::::::: 
Mixed sand and gumbo ........................................... . 

Black shale ...................................••..•.•...... · ...... . 
Benton shale. (?) ••.•.....•...•..........••......•• Oil "showing" ............. . 

131ack shale and paraffin .....................•..................... 
Oilsand ............................ Heavy oil .....•............. 

WELL NO. 49. 

T~~~- Depth. 

Feet. 
65 
10 

248 
17 

25 
5 

50 
5 

Feet . 
65· 
75 

323. 
340 

365 
370 
420 
425 

Well No. 49 has a pump with a gasoline engine attached. The oil 
is heavy and is the one from which sample No.2 was collected. (See 
analysis, p. 71.) When drilling stopped the oil rose within 20 feet of 
the surface. 

Probable forma­
tion. 

Log of well No. 49, SW. t sec. 9, T. 32 N., R. 73 W. 

[Altitude of surface; 5,300 feet.) 

Driller's description of the rock. Content. 

Clay. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 'Vater at 60 feet ............ . 
White River for- Green shale ...................................................... . 

mation. Red rock and green shale ......................................... . 

Benton shale. 

Yellow rock ...................................................... . 
Gas sand .................. ~---······ ............................. . 

Yellow rock ...................................................... . 
Black shale ...................................................... . 
Black shale and paraffin ..•....................................... 
Oil sand............................ Good supply of heavy oil~ ... 

WELL NO. 50. 

Feet. 
60 

267 
8 
5 
5 

5 
45 
40 
5 

Feet. 
60 

327 
335 
340 
345 

350 
395 
435 
440 

Well No. 50, like Nos. 49, 48, 44, and 47, is near the outcrop of the 
oil-saturated sandstone. The well is cased and capped. 

Log of well No. 50, Nw.· t SE. t sec. 9, T. 32 N., R. 73 W. 

'Brobable forma­
tion. 

[Altitude of surface, 5,290 feet.] 

Driller's description of the rock. Content. 

Whitem!\\~~~ ror- ~r~~~Jjf.i_~ ~~:~~~~:::::::::::::::: : ~~~t;;:·:·:·: ·:: ::::::::::::::::: 
Gas sand ........................................................ .. 
Yellow rock and light shale .. · ..........................•.......... 

Black shale ...................................................... . 

Benton shale. ~h~~~~~~ ~~~ -~~~~~-·.::::::::::: ~::::::::::::::::::::::::::::: 
Gray shale .......................... ···················-------~---
Black shale ...................................................... .. 

Thick- Depth. 
ness. 

Feet. 
55 

263 
8 
8 

29 

42 
45 
5 

13 
7 

Feet. 
55 

318 
326 
334 
363 

405 
450 
455 
468 
475 
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WELL NO. 54. 

Well No. 54 produces gas that has been piped to the nearest ranch. 
It 1s asserted by the ranchmen that there is sufficient to supply the 
ranch if the well were kept cleaned out, but at the time of the writer's 
visit the flow ha? nearly stopped. 

Log of well No. 54, SW. t NE. t sec. 9,. T. 82 N., R. 78 W. 

Probable forma-
- tion. 

White River for~ 
mation. 

[Altitude of surface, 5,250 feet.] 

Driller's description of the rock. Content. 

Dark-gray shale .....•.•.......•...........................•.•.•.•. 
Light-green shale ..••.•...•......... Water at 55 feet ............ . 
Blueshale ....................................................... . 
Light-brown shale ................................................ . 
Light-blue shale ..••................................•••.••....... -~ 
Brown and slate-colored shale ......................•.............• 
Light-brown shale ............................................... . 

. ~:;~~~~:_a_~ -s~~~e-·.::::::::::::::::: . Gas::::-~:::::·::::::::::::::: I 
WELL NO. 55 . 

Feet. 
55 
75 
30 
30 
60 
87 
33 
35 
1 

Feet. 
55 

130 
160 
190 
250 
337 
370 
405 
406 

. Well No. 55 is said to contain sufficient gas for ranch use, but it is 
not being utiliZed at the present time. The well was drilled in 1902, 
and since that time it hasremained cased and capped . 

. Log of well No. 55, NW. t NE. t sec. 9, T. 82 N., R. 78 W. 

Probable forma­
tion. 

White River for­
mation. 

[Altitude of surface, 5,200 feet.] 

Driller's description of the rock. Content. 

Blue, green, and light-colored shale.. Waterat8 48,and375feet ... 

~~~~~~: ~~~~-~l~~ ~~~~~ ·: ~ ~:::::: : : ~:~t:e:r: ~~:~ ~~~ .: ::::::::::: :: 
Green shale ................................. , .................... . 
Sand, with green shale mixed ....... Gas ....................... .. 

~gZ1Fali::<i illiie<i::::::::::::::: :::::::::::::::::::::::::::::: 
Fine white sand •...................................... · ............ . 
Sand ................................ Strongfiowofgas ........... . 

WELL NO. 57. 

Thick- Depth 
ness. · 

Feet. 
375 

5 
32 
3!) 
3 
1 
2 
3 
3 
3 

Feet. 
375 
380 
412 
451 
454 
4o5 
457 
460 
463 
466 

Well No. 57, according to Jamison's report, had so strong a gas 
pressure when tlie drill reached the depth of 468 feet that it threw 
sand and pebbles 70 feet into the air. The well is now cased and· 
capped, but the gas is not being used. 
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Log ojwell No. 57, NE. t NE. tsec. 9, T. 32 N., R. 73·W. 

Probable forma­
tion. 

White River for­
mation. 

{Altitude of surface, 5,210 feet.] 

Driller's description of the rock, Content. 

Shale............................... Water at 12 and 22 feet.. ... . 
Coarse white sand ................................................ . 
Shale.· ............... : .......................................... .. 

~~~ rh~~;s~~\~·c·a~eci::::::::::::::: :::::::::::::::::::::::::::::: 
Green shale and gray sand ........................................ . 
(?) .................................. Gas ........................ . 

WELL.NO. 59. 

Thick- Depth. 
ness. 

Feet. 
308 

2 
98 
24 
26 
10 
2 

Feet. 
308 
310 
408 
432 
458 
468 
470 

Well No. 59 is one of three gas wells just northwest of Table 
Mountain. It is 515 feet deep and is probably entirely in the White 
River formation. 

Probable forma· 
tion. 

White River for­
mation. 

Log of well No. 59, NE: t sec. 11, T. 32 N., R. 73 W. 

[Altitude of surface, 5,220 feet.] 

Driller's description of the rock. Content. 

Brown soapstone ................................................. . 
Blue soapstone ................................................... . 
Grayshale ....................................................... . 
Green shale ...................................................... . 
Grayshale ....................................................... . 

~~~~~~i~-~~~~~::::::: :::::::::::: . ::.~t-e~.'.'::::::: :::::::::::::: 
Gray, mixed with blueshale .................................... .. 
Grayshale ....................................................... . 
Brown, mixed with blue shale .................................... . 
Gray shale ....................................................... . 

~i~~h~~:~~::: ::::::::::::.::::::::: ::::::::::::::::::::: :·:::::::: 
l~desh~~!~ ·.:::::::::::::::: ::::::::: :::::::::::: ·:::::::::::::::::: 
Gas sand............................ Water and oil .............. . 
Gray shale and paraffin mixed ................................ .. 
Redshale ....................................................... . 
Gas sand.. . . .. . . . . . . . .. .. . . . . .. . . . . . Gas ........................ . 

WELL NO. 60. 

Thick- Depth. 
ness. 

Feet. 
20 
38 
20 
10 
22 
10 
28 
33 
67 
25 
5 

61 
76 
32 
35 
6 
4 

20 
3 

Feet. 
20 
58 
78 
88 

110 
120 

. 148 
181 
248 
273 
278 
339 
415 
447 
482 
488 
492 
512 
515 

Well No; 60, like Nos. 59 and 61, is on the west flank of Table 
Mountain and is a producing gas welL Gas is pipe~/ as indicated on 
the map, to two ranches in the Brenning Basin, where it is used for 
domestic purposes. The gas pressure is reported by Jamison to be 
145 pounds to the square inch. 

lin 1913, after this paper was written, the pipe was taken up. 
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Probable forma­
tion. 

White River for­
mation. 

DOUGLAS OIL AND GAS FmLD1 WYO. 

Log of well No. 60, NE. t sec. 11, T. 32 N., R. 73 W. 

[Altitude of surface, 5,230 feet.] 

Driller's description of the rock. Content. 

Shale formations; stray sand •....... Gas at 480 feet.. ........... .. 
Red rock............................ Strong flow of gas ......... .. 
Sand ............................................................. . 

WELL NO. 61. 

87 

'rhick- Depth. 
ness. 

Feet. 
480 
11 
7 

Feet. 
480 
491 
498 

The casing of well No. 61 is still in the well and is capped." Gas is 
reported. · 

Log of well No. 61, NW. t NW. t sec. 12, T. 3.2 N., R. 73 W. 

Probable forma­
tion. 

White River for­
mation. 

[Altitude of surface, 5,220 feet.) 

Driller's description of the rock. Content. 

. surface dir.t ...................................................... . 
Blueshale ....................................................... . 
Gray and brown shale ........................................... . 
Blue sand........................... Water at 60 feet ............ . 

~1~~~ _a_~~~!. ~~-~1~_-_-_ ·• ·.::::::::::::: :::::::::::::::::::::::::::::: 
Green shale ...................................................... . 

~~~~~~! ~~~l_e_-_ ._:::::::::::::::::: :::::::::::::::::::::::::::::: 
Light shale ...................................................... . 
Red rock mixed with green shale .............................. · ... . 
Green shale ...................................................... . 
Green and red shale .............................................. . 
Green shale ..................................................... .. 
Redrock ........................................................ . 

~~1r~~~l_e_- .' .':::::::::::::::: :: :::: : :::::::::::::::::::::::::::::: 

8~:~~~~::: :::::::::::::::::::::::: · <iaa:: ::::::::::::::::::::::: 

WELL NO. 63. 

Feet . 
50 
4 
6 

60 
25 
15 
40 
10 
3 

58 
87 
15 
15 
67 
20 
5 
8 
3 
2 

Feet. 
50 
54 
60 

120 
145 
160 
200 
210 
213 
271 
358 
373 
388 
455 
475 
480 
488 
491 
493 

Well No. 63 is on the northeast side of Table Mountain, in R. 72!, 
very near the west quarter corner of sec. 7, T. 32 N., R. 72 W., and 
is cased and capped. The well record indicates that water, oil, and 
gas were found, but apparently only a small amount of oil. Gas is 
reported to have been obtained from the bottom of the well. 

Probable forma­
tion. 

Log of well No. 63, lot in sec. 12, T.. 32 N., R. 72! W. 

[Altitude of surface, 5,316 feet.) 

. Driller's description of the rock. Content. 

Greenish shale ................................................... . 
Brown shale and gumbo ......................................... . 

White River for- Bluish shale, with streaks of sand... Gas ...........•............. 
mation. Chalky formation ........................•........................ 

Shale formation.............. . . .. . . . 0 il and water .............. . 
Shale formations .................... Gas ...... · .................. . 

Feet. 
97 
78 

100 
10 
-15 

365 

Feet. 
97 

175 
275 
285 
300 
665 
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PRODUCTION . 

. The present production of oil in the. Douglas field is small, but if 
the demand were sufficient the field could probably produce from the 
wells now open a hundred barrels a day for a short time. The gas 
supply is small, only three ranches using it in 1912. It seems 
probable, however, that the output could be increased so as to supply 
other ranches with light and heat, but the amount available would 
never be large unless new wells with greater flows of gas were found. 

FUTURE DEVELOPMENT. 

Although no one can say definitely that oil will or will not be found 
in a given area in advance of drilling, yet the writer is inclined to the 
opinion that future drilling in this field will find no great quantity of 
oil. It is said that drilling in 1913 is contemplated in the region 
north of Douglas. Here the highest known oil sand in this part of 
the State-the Shannon sandstone ientil-if present, should be reached 
at a depth of 4,000 to 5,000 feet. Drilling is also contemplated in 
the Labonte district, south of Douglas, but the writ~r is unfamiliar 
with this region. 

·The dips of the rocks near Glenrock suggest a favorable structure 
for the accumulation of oil, but this area has not been sufficiently 
studied to justify more than a mere mention at this time. The rocks 
at Glenrock dip toward the north, about 2! miles southeast they dip 
toward the east, and about 3-! miles south of Glenrock they dip nearly 
south. These attitudes suggest a pitching anticline with an east-west 
axis about 1-! miles south of the town of Glenrock, but to reach 'the 
Shannon sandstone lentil here, if present, a thickness. of about 2, 700 
feet of strata would have to be penetrated. 
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THE SHOSHONE RIVER SECTION, WYOMING. 

By D. F. 'HEWETT. 

INTRODUCTION. 

Shoshone River rises among the ridges of the Absaroka Range in 
northwestern Wyoming and, except for a local diversion arouJ?-d 

• McCulloch Peak, flows in a course approximately N. 60° E. to ·a 
point near the Montana line, where it empties into Bighorn River. 
(See fig. 2, p. 49.) Its course is approximately normal to the axis of 
the Bighorn Basin. On the west side of the basin the front of the 
Absaroka Mountains coincides approximately with the eastern limit 
of lava flows which overlie the pre-Eocene sedimentary rocks, but in 

• the border belts on the east and west the river cuts through broad 
anticlinal folds, along the flanks of which the stratigraphic section is 
exposed in great detail. Thus on the west, along the east limb of the 
Rattlesnake-Cedar ·M:ountain anticline, a complete section from the 
base of the Cambrian to the Eoc~ne is visible, and though on the 
east, where Shoshone River cuts through the north end of Little 
Sheep· Mountain, only the Cretaceous and Eocene formations are 
shown along the river, the complete Mesozoic section is brought to 
·the surface near the center of the mountain. 

With the view of using it as a guide in the study and mapping of a 
large area south of the river in which the geologic structure is favor­
able for the accumulation of oil and gas, the Mesozoic section along 
the river east of the Rattlesnake Mountain fold has been accurately 
mf>asured and examined in greater detail than is customary in areal 
geologic work. Though the entire section from Cambrian to Eocene 
is exposed, the present examination has been confined to the Mesozoic 
and overlying Tertiary formations, for the reason that they probably 
contain all the sands which may carry oil and gas in the region under 
consideration. Furthermore, oil and gas have been found in two 
wens located on the axis of the narrow anticline shown on Plate V, 
and the saJ?-ds from which they are derived outcrop promiri·ently along 
the upper portion of the river. 

The detailed examination of so continuous a stratigraphic section 
involving a great thickness of sedimentary rocks is not only rarely 
possible, but aside from the accuracy of measurement which it permits, 

89 
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it has the advantage of facilitating the more accurate delimitation of 
the formations. The section also shows in detail the sedimentary 
succession on the west side of the BigP.orn Basin: The Mesozoic and 
Tertiary formations, exclusive of beds of Wasatch age, are approxi-

. mately 15,000 feet thick along Shoshone River. 

METHOD OF ·WORK. 

In order to measure and study in detail the formations ~long the 
Shoshone Canyori, two operations were involved-first, the location, 
by means of a plane-table survey on a scale of 2,000 feet to an inch, 
of numerous points on prominent as well as critical lithologic members, 
between which the stratigraphic thickness does not exceed 1,000 feet; 

. second, the detailed measurement by tape or by clinometer and 
pacing, as the exposures permitted, of the various lithologic units, 
the points previously established being used as a basis of control. It 
is obvious that detail is more desirable in those portions of the section 
which contain thin, clearly separable formations of distinct lithologic 
character than where the formations are thick and merge gradually 
with bounding formations of different character. ·Thus greater detail 
has been sought in the lower marine sandstones and shales than in the 
higher beds of fluviatile origin. Lack of time also prevented. the 
same amount of study of the higher beds that was given to those 
of the lower part of the section. 

FOSSILS. 

On several occasions the section along the Shoshone has been ex-. 
amined in more or less detail by members of the Geological Survey,t 
and numerous collections of fossils have been made with the view 
of correlating the formations with those that are well known iri south­
central Montana and eastern Wyoming. In 1907 Fisher and Wood­
ruff 2 measured the Mesozoic part of the section, and with Stanton, 
Knowlton, and Willard collected plants and invertebrate fossils. from 
a number of horizons. It has been possible to identify most of these 
horizons, and with the permission of those who made the collections 
their lists of .fossils are here presented with those made by the writer. 
Acknowledgment is also due to Mr. E. G. Woodru:fffor·suggestions in 
the field and for reference to unpublished notes in the office. 

I Wood.ruff, E. G., Coal fields of the southwest side of the Bighorn Basin, Wyo.: U. S. Geol. Survey Bull. 
34l p. 202, 1909. 

tUnpublished notes. 

t. 
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GEOLOGY. 

STRATIGRAPHY. 

OUTLINE. 

The following table shows the character and relations of the forma­
tions from the Sundance (Upper Jurassic) to the Wasatch (Eocene): 

Summary of Jurassic, Cretaceous, and Tertiary formations along Shoshone River. 

Thick-
System. Series. Formation. Character. ness 

(feet). 

Buff and white sandstones, locally 
Wasatch. conglomeratic and feldspathi~ (?) alternating with greenish an 

red shales and clays. 

·:· t·rtiary. Eocene. -Unconformity-
White and buff massive sand-

Fort Union. 
stones with ·conglomerate zone 
at base. Up.J?er laortion more 5,592 
shaly. Con tams ora and fresh-
water fauna. 

------------------- ---------- --------· Unconformity ( ?) 

Buff and yellow sandstones with 
Cretaceous or Ter- ? no. minor sandy shale and clay. No 1,790 tiary. coal beds; saurian bones and 

fresh-water invertebrate fossils. 

·--------- ---------. -------------------

Argillaceous sandstone and sandy 
shale with numerous beds of 

Meeteetse. brown carbonaceous shale and 1,110 
lenticular coal near top. Mon-
tana flora. 

Massive sandstone, buff near ba.<>e 
and white near topi separated 

Gebo. by thin beds of sha e. One or 1,120 more coal beds near base. A few 
plants and invertebrates ofMon-
tana types. 

Cretaceous. Upper Cretaceous. 
U~per member: Dark-green to 

lack shale, sandy near top; nu- ·2,150 
merous marine fossils. 

Middle member: Buff sandstone 
locally conglomeratic, alternat-
ing with sandy shale and thin 

Colorado. carbonaceous shale. One coal 494 
bed near top and several beds of 
bentonite. 

Lower member: Gray to black 
shale with several sandstones 
and numerous beds of bentonite 1,026 
throughout. Few marine fossils 
and fish scales. 

·----------------
Lower Cretaceous. "Cloverly." Two sandstones separated by sh,ale. 110 

-------------------- -------------------

J'urassio or Creta- ? 'Morrisoi1. 
Maroon, gray, and brown shales 

ceons. with several sandstones. Sau- 580 
rian bones. 

·------------------· ·------------------
... Glauconitic green and gray shales, 

1ura$Sfc. Upper Jurassic. Sundance. calcareous sandstone, and gyp- 530 sum beds. Numerous marine 
and brackish-water fossils. 

Total thickness, 14,502+ feet. 
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Plate ·V presents a plan of the survey of Shoshone River covering 
a strip 9 miles long and a vertical cross section showing an interpre-
tation of the structure along a line approximately coinciding with <: 
the course of the river. It also shows, graphically, the stratigraphic 
section of the rocks from the Sundance formation (Upper Jurassic). 
to the Fort Union formation (Eocene) and an enlargement of the 
lower 2,700 feet of the section in order to show in greater detail the 
position and relations of the oil and _gas bearing sands. 

SUNDANCE FORMATION. 

Beds containing Sundance (Upper Jurassic) fossils have been 
recognized at many localities in, the Bighorn Basin and in eastern 
Wyoming. They present similar lithologic features and are char-

. acterized by abundant fossils, notably of the . genera Gryphrea, 
Ostrea, and Pentacrinus. A section of the formation has been 
examined in detail by Fisher 1 along Trail Creek, 8 miles northwest 
of Cody and within 6 miles of the point of exposure along Shoshone 
River. Along Trail Creek a thickness of 322 feet was·measured, but 
along the river, if the lower and. upper limits of marine Jurassic 
fossils are taken as the base and top, respectively, the thickness of· 
the formation is 530 feet, the greatest which has been measured in 
Wyoming. The beds are well exposed along the south bank of the 
river and may be examined closely. There is no appreciable differ­
ence in dip or evidence of erosional unconformity between the· 
Sundance formation and the underlying red sandstone of the Chug­
water formation (Triassic~). There was, in fact, a gradual transi­
tion from conditions of Chugwater sedimentation to those of the 
marine Sundance formation. . 

The distinguishing features of the Sundance formation are the 
numerous alternations of fossiliferous marine shales and gypsum beds 
near the base, its evenly bedded condition throughout, and the 
gradual increase in content of glauconite and quartz sand toward 
the upper sandstone which limits it. In the following section the 
details of the lower part of the formation are those of the section 
made by Fisher and W oodru:ff. 

Section of Sundance formation on Shoshone River. 

Feet. 
Shale, gray, sandy, and sandstone, lower ~alf shaly, upper half 

frrm and massive; fossil collection 4997...................... 42 
Sandstone, gray, massive, cross-bedded, with several poorly in­

durated layers and a number of thin limestone beds composed of 
Ostrea fragments; fossil collections 4988, 4996 ......... .' ... ~.. 60 

1 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U.S. Geol. Survey Prof. Paper 
53, p. 21, 1906. 
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Feet. 
Sandstone, gray, with numerous shale layers; fossil collections 

Sh~~!~'d!~~~~ ·.·.·_· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~-~ ~ ~~~ 1~ 
Shale, green, highly fossiliferous near the base, becoming sandy 

above; the upper more sandy portions are uniformly glauconitic; 
fossil collection 4989 ....... : ... : .................. : ........... 240 

Shale, green, sandy, containing a number of fossiliferous layers.... 22 
Shale, green, sandy, with several thin nodular limestones........ 16 
Shale, red, sandy, traversed by numerous gypsum veinlets. . . . . . . 48 
Gypsum...................................................... 12 
Limestone, gray, fossiliferous, and greenish-gray .shale in alternat-

ing beds.................................................... 23 
Limestone, gray, fossiliferous ......................... _.......... 2!_ 
Clay, gray ........ ~ ... _...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Limestone, gray, fossiliferous .......... ~. ~...................... . 2 
Limestone, gray, fossiliferous, and yelloWish-gray clay1 in alternat-

ing layers; fossil collection 4982 •.•••••.....• :·................ 3! 
Clay, dark ....................................... ~ .. · ........ ·.. 2 
Limestone, gray, fossiliferous, composed largely of fossil fragments. 5 
Clay ..................................... ·: .. :. . . . . . . . . . . . . . . . . 3 · 
Limestone, gray, fossiliferous, containing many fragments of fos-

sils; fossil colle<#on 4981. .......... ~ ................ .'........ 21! 
Sandstone,· gray, fossiliferous; fossil collection 4980......... . . . . . . . . 4! 

Clay, gray, compact......................... . . . . . . . . . . . . . . . . . . . . . 1 

530 

93 

The following collections of fossils from the Sundance formation 
·were made in 1907 by Stanton and Willard: 
4997. Stanton: 

Trigonia sp. 
Astarte sp. 
Undetermined pelecypods. 

4988. Willard: 
. Rhynchonella sp. 
Ostrea sp. · 

4996. Stanton: 
Rhynchonella myrina H. and W. 
Ostrea strigilecula White. 

4985. Willard: 
Rhynchonella. 
Camptonectes. 

4986. Willard: 
Ostrea. 
Camptonectes. 

. Modiola. 
4989. Willard: 

Gryphrea calceola var. nebrascensis 
M. and H. 

Camptonectes pertenuistriatus M. 
and H. 

4989. Willard-Continued. 
Gervillea sp. 
Area(?) sp. 
Trigonia sp. 
Astarte meeki Stanton . 
Astarte sp. . 
Pleuromya subcompressa Meek. 
Ammonite fragment. 

4982. Willard: 
Ostrea strigilecula White. 
Obscure bivalves. 

4981. Willard: 
Pentacrinus astericus M. and H. 
Camptonectes bellistriatus Meek. 
Trigonia. 

4980. Willard: 
Lima sp . 
Trigonia americana M. and H. 
Trigonia sp. 
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MORRISON FORMATION. 

The Morrison formation has been recognized at a number of locaH­
ties throughout the Bighorn Basin by its characteristics and relations 
and in places by the presence in it of saurian bones. Measurements 
of.its.thickness have Ianged from 130 to 382 feet.1 The formation is 
well exposed along the north bank of Shoshone River, where its 
thickness has been determined to be 580 feet. At the base it is not 
clearly separable from the underlying Sundance formation, but the 
dimsion is made at the top of the uppermost outcropping sandstone 
which contains marine Jurassic fossils. As no fossils other than 
saurian bones from the middle· portion have been found in either this 
formation or the overlying ''Cloverly," the upper limit is taken to be 
the base of the sandstone overlying the uppermost maroon clay. 
In describing the character of the overlying "Cloverly" formation 
in the vicinity of the Bighorn Mountains Darton 2 states that the 
base is usually marked by a conglomeratic sandstone and considers 
that this member limits the underlying Morrison. On this criterion 
several beds of maroon clay are included in the "Cloverly" forma­
tion, though beds of similar character occur throughout the Morrison. 
In the absence of a conglomerate at this horizon on Shoshone River 
it seems reasonable to consider that the uppermost red clay marks· 
the limit of Morrison sedimentation. 

There is a striking resemblance between the middle portion- of the 
formation along Shoshone River and that in the region north of 
Thermopolis described by Darto~.2 Evidence of an unconformity 
between the Morrison and "Cloverly," noted by Fisher 8 in places 
has not been found on Shoshone River. 

Besides the variegated color and alternations of several diverse 
types of material, a characteristic feature of the formation is the 
presence of gastroliths, or "stomach ston·es," which are found in 
intimate association with large saurian bones. In an area 20 feet in 
diameter on the cut bank where the beds are exposed on the north 
side of the river no less than 60 pounds of large bone 'fragments and 
15 pounds of gastroliths were found. The gastroliths range from 2 
to 5 inches in diameter and are faceted but highly polished. Most 
of them are chert, showing crinoid stems and Bryozoa, and one large 
pebble is hornstone, containing a fe:w pyrite crystals, a rock not 
known to exist in place within 150 miles of this locality. 

t Fisher, C. A., op. cit., p. 25. 
2 Darton, N. H., Geology of the Bighorn Mountains: U. S. Geol. Survey Prof. Paper 51, p. 50, 1906. 
a Fisher, C. A., op. cit., p. 26. 

I 
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Section of Morrison formation on Shoshone River. 
Feet. 

Shale, maroon and gray, sandy .. ." ... ~...... . . . . . . . . . . . . . . . . . . . . . . . 50 
Sandstone, buff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 6 
Shale, gray, sandy ...... _ ........................ ~ ......... ·...... 12 
Sandstone, buff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale, gray, sandy ................... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, buff, cross-bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Clay, gray, sandy .... .-.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Sandstone, buff, fine grained, evenly bedded, and ripple marked... 6 
Clay, maroon and yellow, sandy................ . . . . . . . . . . . . . . . . . . . 44 
Clay, dark brown to black, containing saurian vertebrre, limb bones, 

and gastroliths................................................. 20 
Sand, gray, argillaceous, only locally indurated, containing wood 

silicified in place, as-well as rounded pebbles of similar material; 
carbonized plant remains and small calcareous concretions....... 50 

Clay, maroon, sandy........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Sandstone, white, homogeneous, only locally indurated............ 25 
Clay, prevailingly gray and olive-colored, but with three broad 

maroon bands, sandy ............................... ~ . . . . . . . . . . 100 
Shale, green, sandy, transitional to upper sandstone of the Sundance 

formation ..................................................... 140 

580 

-- .... 

C. W. Gilmore reports that bones collected from the 20 feet of clay 
near the middle _of the formation represent ''the vertebra of a car­
nivorous dinosaur, not otherwise determinable." 

"CLOVERLY" FORMATION. 

The recognition of the "Cloverly" formation is' based wholly on 
its lithologic character and relation to the overlying marine shale 
and the underlying Morrison formation. The name has been applied 
by Darton 1 to a group of beds which lie beneath the Colorado 
formation on the west side of the Bighorn Mountains and which 
he believed to include the equivalent of the Dakota sandstone, _ 
together with beds of Lower Cretaceous age. Fisher 2 has reported 
a collection of plants from shale overlying a coal bed below the 
base of the Colorado formation in the eastern part of the Bighorn 
Basin, which were determined to be of Kootenai (Lower Creta­
ceous) age, and on the basis of this determination he regards the 
"Cloverly" as the equivalent of the Kqotenai of the Montana region. 
N:" o fossils have been found along the west side of the basin, nor is 
there evidence of the presence of a coal bed with which the leaves 
are associated. 

1 Darton, N.H., ·op. cit., p. 53. 
s Fisher, c; A., Southern extension of the Kootenai and Montana coal-bearing formations in northern 

Montana: Econ. Geology, vol. 3, p. 84,1908. 
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On account of the nearly vertical walls of the canyon of Shoshone 
River these beds, although well exposed, can ·not be examined in 
detail. r ~ 

The sandstones are :fine grained and the grains are angular and ; 1 

fairly uniform in size,- ranging from 0.1 to 0.25 millimeter in diam- \ 
eter. They are firmly held by a cement composed largely of car- 1 

bonate of iron. No conglomerate beds such as have been recog­
nized elsewhere in the basin were found in the section. 

Section of "Cloverly" formation on Shoshone River. 
Feet. 

Sandstone, buff, indurated, characteristically thin bedded and rip-
ple marked. The .beds range from half an inch to 20 inches in 
thickness and are composed of angular and subangular grains of 
quartz, with traces of muscovite near the top. . . . . . . . . . . . . . . .. . . . 6.0 

· Shale, gray, sandy ............ "................................. 25 
Sandstone, buff, massive........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

110 
COLORADO FORMA'l\ION. 

GENERAL CHARACTER. . . 
The entire Colorado formation is exposed in exceptional deta~ 

along Shoshone. River and is separable lithologically into three mem­
bers-the lowest, 1,026 feet thick, composed largely of shale; the 
middle, 494 feet thick, predominantly shaly but containing a num­
ber of massive sandstones from 3 to 40 feet thick; and the upper­
most, 2,150 feet thick, principally shale. The lower two members 
contain but a few fossils, which do not serve to correlate them accu­
rately with portions -of the formation observed in near-by regions. 
The lower part of the upper member is hig];lly fossiliferous. Most of 
the sections presented herewith are those expo$ed on the north side 
of the river, though a portion of the formation near the base has· 
been examined on the south side. There is no evidence of uncon­
formable relations such as have been inferred by Washburne 1 on the 
east side of the basin. 

The section is interesting as containing the oiJ sands which have 
been struck in the well of the Shoshone Oil Co., the log of which is 
given on page 65. The sandstone referred to by Washburne as the 
source of gas in wells on the east side of the' basin is undoubtedly the 
equivalent of the 20-foot sandstone near the base of the lower shale 
member on Shoshone River, which has also yielded o.il in the Shoshone 
Oil Co.'s well. There i~ a close resemblance between the section given 
by Washburne 1 and that on Shoshone River. 

1 Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U.S. Geol. Survey Bull. 340, p. 350, 1908. 

J 
/ 
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LOWER MEMBER. 

The most unusual feature of the lower member is the persistent 
occurrence of bentonite, a yellow unctuous clay, in beds from 1 inch 
to .4 feet thick. Near the base of the member there are numerous 
tJMn beds of bentonite, 'the 392-foot shale of the section 'below con­
taining no less than 35 beds, whereas the upper portion contains 
fewer though much thicker beds. Bentonite is known to occur in 
many localities in Wyoming where the Colorado shale is well exposed/ 
but the number of beds in the Shoshone River section greatly exceeds 
;lihat reported elsewhere.· It appears to be at least possible that more 
beds of bentonite than have been reported exist in the Colorado 
shale in other parts of Wyoming, but that the conditions of exposure 
do not permit their ·recognition. The shale of this member is gray 
to blue-black, dense, fine grained, and near the base carbonaceous. 

'"J Section of the lower rnember of the Colorado formation on Shoshone River. 

\ 

Feet. 
1. Shale, sandy .......................................... ·. . . . . . 32 
2. Shale, blue-gray, with fish scales............................ 56 

.3. Sandstone, buff ..................... · .............. ·......... 4 
4. Bentonite ............................. ,...................... 4 
5. Shale, gray, with fish scales and vertebroo.................... 45 
6. Bentonite .......... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
7. Shale, gtay, with fish scales ................. ,............... 151 
8. Sandstone, buff, thin bedded ..... :........................... 80 
9. Shale, dark, dense.......................................... 50 

10. Sandstone........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
11. Shale, bluish black, containing several thin gray sandstones 

and numerous beds of bentonite from 1 inch to 4 feet thick. 392 
12. Sandstone, buff, massive; the lower portion cross-bedded and 

· containing numerous crocodile teeth, several caudal· ver­
tebrre of dinosaurs, and a turtle, also many pieces of carbon-
ized plant material; fossil collection 123 ...... ·.............• 20 

13. Shale, dark brown to black, con.taining thin beds of bentonite 
near the top............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 

1,026 

Fossil collection No. 123 contained ·"caudal vertebrre. of dinosaur; 
teeth of crocodile," according to C. W. Gilmore. · 0. P. Hay reports 
that the turtle "represents an undescnbed species probably belonging 
to the genus Gyremys. This genus is known from a single specimen, 
G. spectabilis Hay, believed to be from the Judith River formation 
of Montana." 

MIDDLE MEMBER. 

The middle member is extraordinarily well exposed and accessible. 
The shale in the member is gray, sandy, and only locally carhona­
ceous. The sandstones are gray and buff and well indurated, and sev-

l Fisher, c. A., The bentonite deposits of Wyoming: U. 8. Geol. Survey Bull. 260, p. 559, 1904. 

365° -Bull. 541-14-7 
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eral of them contain persistent zones of chert pebbles, a feature which 
has been recognized elsewhere in the Bighorn Basin. Though the mid-· 
dle member contains several thick beds of bento~te, it lacks the 
great number of thin beds noted in the lower member. 

Section of the middle member of the Colorado formation on Shoshone River. \ 

Feet. 
1. Sandstone, buff, separated into three benches by thin brown · 

shale bands; upper and lower benches contain chert pebbles, 
the largest half an inch in diameter. . . . . . . . . . . . . . . . . . . . . . . . . . 24 

· 2. Sandstone, buff to g1ay, shaly.. ... . .. .. . . . . . . . . . . . . . . . . . . . . . . . . 60 
3. Shale, brown ......................... : . ............ ~-........ 1 
4. Bentonite .............. · ....................... ·.· ........ _._.... 8 
5. Shale, brown ........................................... ~ . . . . . 5 
6. Sandstone, buff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
7. Bentonite ............................ ~ ...................... ·. 6 
8. Shale, brown, .with 4 inches of coaL........................... 3 
9. Sand, brovm, shaly... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 ~ 

10. Shale, brown, with two thin coal beds......................... 2 
11. Shale, dark ....................................... ~........... 13 
12. Sandstone, buff ............ : ................. ~............... 3 
13. Shale, sandy........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
14. Sandstone, buff.............................................. 6 
15. Shale, sandy................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
16. Sandstone, drab, separable into four massive benches by thin 

shale layers; second bench from the top contains black chert 
pebbles three-fourths of an inch in diameter.................. 40 

17. Shale, sandy ..................................... : . . . . . . . . . . . . 32 
18. Sandstone, buff, thin bedded................... . . . . . . . . . . . . . . . . 18 
19. Shale, sandy............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
20. Sandstone, buff, thin bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
21. Shale ..... ~:................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
22. Sandstone, buff............................................... 8 
23. Shale......................................................... 16 · 
24. Sandstone, buff. . . . . .. . • . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 40 
25. Shale ............................. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
26. Sandstone, buff, thin bedded, containing nonpersistent zones of 

chert pebbleet as much as 3 inches thick near the top and a 
highly persistent zone 6 inches thick near the m.lddle; the peb­
bles range from three-fourths of an inch 'to 2 inches in diam­
eter; fragments of bone and bivalve shells are common........ 36 

494 
UPPER MEMBER. 

The uppermost sandstone of the middle member is overlain by a 
great thickness of shale which, though increasingly sandy near the 
upper limit, does not contain any lithologic units clearly separable 
from the shale. The thickness of this member along Shoshone 
River is 2,150 feet, the upper limit being the first. massive sandstone 
of the overlying Gebo formation. The beds may be most satis­
factorily examined on the south side ·of the river east of the anti­
cline on which the Shoshone Oil Co.'s well is situated. 

J 
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The lower portion of the member contains many concretions, most 
of which contain numerous fossils. These definitely establish the 
age of the beds as upper Colorado.1 . 

Though there are no separable lithologic units in this shale mem­
ber, close examination shows that several diverse types are present. 
The basal 200 feet is predominantly dark blue~gray to black in· color, 
fine grained,. and free from sand. This portion contains relatively 
few fossils .. The next 300 feet is olive-gray to pale green, is locally 
sandy, and contains the concretions from which .most of the fossils 
are derived. · Its color is 9-ue to a disseminated green mineral, which 
is probably glauconite. Above this zone the member contains an 
increasing proportion of quartz sand, and the 400 feet underlying 
the basal massive sandstone of the Gebo formation is essentially 
a succession of thin arg~llaceous sandstones. This portion is buff 
in color,. evenly bedded, and locally ripple-marked. It has thus 
far only yielded a few gastropods too poorly preserved to permit 
identification. 

The following collections of fossils from the upper member of the 
Colorado formation were made by Woodruff and Willard and by the 
writer: 

4960. Woodruff: 
Inoceramus exogyroides M. and H. 
Inoceramus undabundus M. and H. 
Inoceramus acuteplicatus Stanton. 
Inoceramus sp. 
Legumen sp. . 
Pholadomya papyracea M. and H. 
Bactilites asper Morton ( ?) 
Baculites sp. 
Scaphites ventricosus M. and H. 
Ancyloceras (?) sp. 
Mortoniceras sp. related to · M. sho­

shonense M. and H. · 
499L Willard: 

Anomia sp. 
Avicula sp. cf. A. linguiformis E. 

and S. 
Inoceramus acuteplicatus Stanton. 
Inoceramus sp. 
Crassatellites n. sp. 
Corbula sp. 
Turritella n. sp. 
Baculites asper Morton? 
Baculites sp. 
Scaphites ventricosus M. and H. 
Mortoniceras sp. 

5032. Willard: 
Avicula sp. 
Inoceramus umbonatus M. and H. 
Inoceramus acuteplicatus Stanton. 
Crassatellites n. sp. 
Corbula sp. 
Dentalium sp. 
Turritella sp. 
Gyrodes conradi M. and H. 
Fusus (?) sp. 
Baculites asper Morton. 
Scaphites ventricosus M. and H. 

7369. Hewett: 
Anomia sp. 
A vicula sp. cf. A. linguiformis E. 

and S. 
Nemodon? sp. 
V eniella sp. 
Pholadomya papyracea M. and H. 
Corbula sp. 
Dentalium sp. 
Volutoderma sp. 
Cinulia sp. 
Baculites sp. 
Scaphites ventricosus M. and H. 
Mortoniceras shoshonense Meek. 

·1 In the report by Fisher (U. S. Geol. Survey Prof. Paper 53) these beds, on the basis of .meager fossil 
collections, were regarded as· being equivalent to the Pierre of eastern Wyoming and Montana. Their age 
appears now to be-established. as Colorado. 
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GEBO FORMATION. 

Overlying the thin-bedded shaly sandstones of the ~pper member 
of the Colorado is a mass of buff to cream-colored sandstone, in 
beds ranging from 18 to 65 feet in thickness, with thin mtercalated 
shales, which near the base contain coal. On account of the indu­
rated condition of the sandstone the river flows in a narrow gorge 
for the greater portion of the section and they can not be ·exam­
ined in detail. In the region south of the riyer, however, . these 

\ 
) 

beds constitute a well-defined lithe>logic unit and wherever they -f 
outcrop form high rugged ridges. The name is derived from the 
town of Gebo, near Thermopolis, in the south end of the Bighorn 
Basin, near which extensive mining operations have been conducted 
on a coal bed near the base of the formation. 

The thickness assigned to the formation along Shoshone River 
is 1,120 feet, the basal and top members being assumed as the low- 'r 
est massiv~ sandstone above the upper member of the Colorado and 
the highest indurated sandstone below the Cody coal bed. This thick-
ness compares with measurements of 1,250 to 1,430 feet, made in 
the region south of the river. The formation has yielded a meager 
flora and a few ·invertebrate fossiis along the river, on the basis of 
which the lower portion is correlated with the beds referred to 
the Eagle, containing the coals near Bridger, Mont. This correla-· 
tion is confirmed by the field work of Fisher, Washburne, and Wood-
ruff, who have traversed and mapped the coal beds of the formation 
almost continuously from south-central Montana into Wyoming and 
around the Bighorn Basin. The formation contains a characteristic 
marine fauna in the upper Missouri River region 1 and in southern 
Montana,2 but no invertebrate fossils have yet been found in the basal 
portion of the formation on Shoshone River. A few poorly preserved 
mollusks were collected from the sandstone overlying the lowest 
coal, 85 feet above the base of the formation at Thompson's coal · 
mine, 15 miles south of Cody, but they are not diagnostic species. 

Throughout central and southern Montana the thickness of the 
Eagle sandstone ranges from 200 to 370 feet. In the .region north 
of Shoshone River, where the Eagle has been more carefully studied, 
it is overlain by the Claggett formation, from 400 to 760 feet thick. 
In the·. type locality· in central Montana the Claggett formation is 
predominantly shale which yields a characteristic marine fauna, but, 
as shown by the sections given by Fisher,8 in its southern extension 
the proportion of sandstone increases, and at Elk Basin, on the Mon­
tana-Wyoming line, the section shows only a minor proportion of 

1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U.S Geol 
Surv~y Bull. 257, p. 12, 1905. 

2 Unpublished notes ofT. W. Stanton. 
a Fisher, C. A., Southern extension of the Kootenai and Montana coal~bearing formations in northern 

Montana: Econ. Geol., vol. 3, p. 87,1908. 
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shale. Though the beds yield a characteristic fauna as far south as· 
Bridger, Mont} none of the fossils have thus far been found on Sho­
shone River nor in the region south of it. The conclusion appears 
justifiable that the upper sandstones of the Gebo formation corre­
spond to the Claggett formation of Montana, and therefore that the 
Gebo formation, having a thickness of 1,120 feet on the river, is essen­
tially the equivalent of both the Eagle and Claggett formations. 

Section of Gebo formation on Shoshone River. 

Sandstone, buff, massive .................... , ................. . 
Shale, drab to brown; fossil collection-17, Knowlton(?) 2 •••••••••• 

Sandstone, buff, massive ..................................... . 
Sandstone, locally massive and indurated, with few beds of gray to 

brown shale; fossil collection 4972, and 38, Woodruff ......... . 
Sandstone, buff, massive ............................... ~ ....... · 
Clay, gray to brown, homogeneous, sandy ...................... . 
Sandstone, buff, thin bedded .................................. . 
Shale, carbonaceous, with thin coal bed ....................... . 
Sandstone, thin, and shale .................................... . 
Shale, dark, with two thin coal beds ............................ . 

. Sandstone, buff, massive ...................................... . 
Shale, sandy .......... ~ ...................................... . 
.Sandstone, massive, cavernous outcrop ........................ . 

Feet. 
18 
50 
20 

720 
40 
20 
55 
20 
50 
32 
28 
2 

65 

1,120 

The following collections of fossils from the Gebo formation were 
made by Woodruff and Knowlton in 1907: 

4972. Woodruff: 
Unio sp. 
Sphrerium sp. 
Corbula subtrigonalis M. and H. 
Goniobasis invenusta M. and H. 
Viviparus sp. related to V. conradi M. and H. 

Comment by T. W. Stanton: "Judith River rather than Claggett." 
38. Woodruff: 

Sequoia brevifolia. 
\ Protophyllum n. sp. 

Ficus (?) sp. 
Juglans (?) sp. ,?. 

Comment by F. H. Knowlton: "I do.not know this· :flora. ',His not like what 
has come heretofore from the Eagle, though it may be an Eagle flora., The 
Protophyllum is of the type of certain species found in the Dakota, while 
the Sequoia is ordinarily an upper Montana form." 

17. Knowlton: 
Platanus (?) wardii Kn. 
Ficus sp. 

Comment by F. H. Knowlton: "If the above species is correctly determined, 
the age of this should be Eagle, but it is insufficient to be very positive 
about." · 

I Unpublished notes ofT. W. Stanton. 
2 The source of this collection can not be indicated :with assurance. 
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MEETEETSE FORMATION. 

The n~me Meeteetse is applied to a group of beds 1,110 feet thick 
which overlie the· Gebo formation and which, being poorly ex­
posed along the river, have been more thoroughly studied in the 
region south of it. From their lithologic character and relations in 
that region these beds have been recognized as a persistent formation, 
which is named from the town of Meeteetse, on Greybull River, the 
largest town in the southwestern portion of the basin~ No fos::;ils 
have been found in the formation along the river, but in the region 
south of it no less than 19 species of plants have been found. This 
flora is distinctly that of the Montana group, six species occurring in 
the upper part oi the Mesaverde formation at Point of Rocks, Wyo., 
and five in the Judith River formation on Willow Creek, Mont. 
Most of the collections have been designated "Judith River" by F. H. 
Mowlton, and the beds are regarded by him as equivalent to the Ju­
dith River formation or Belly River beds of Canadian geologists. One 
collection containing five species of leaves, obtained 130 feet above 
the base of the formation, 15 miles south of the river, is reported by 
F. H. Knowlton to indicate "the approximate position of the Mesa­
verde." No vertebrate or invertebrate fossils have yet been found in 
the formation. 

The conspicuous features of the formation are the presence of a 
number of beds of carbonaceous shale and coal and the· general ab­
sence of induration of the heds. Along Shoshone River and also 
throughout the greater portion of the region south . from the river 
to Owl Creek carbonaceous shale. and· coal beds are largely con£ned 
to the upper half of tP,e formation, and though on the river there is 
but one bed of coal more than 14 inches thick-that which has been 
mined by-the Cody Coal Co.-in the neighborhood of Meeteetse some 
sections contain as many as five beds. The beds are, however, 
highly lenticular and the coal is poor in quality compared to the coals 
in the underlying Gebo formation and the higher Fort Union forma­
tion. Somber colors prevail throughout the formation, the greater 
portion of the beds· being gray to olive colored. 

The material constituting the formation is-characteristically poorly 
assorted; the sandstone contains much clay and the shale is sandy, 
features which partly account for the absence of induration. Mica 
is common throughout the formation, and some beds near the middle 
contain a large proportion of fresh biotite. Silicified wood is not · 
common on the river, but is abundant in the lower 600 feet of the 
formation, where the beds are exposed in bad lands. Trunks of trees 
as much as 28 inches in diameter and 10 feet long, as well as roots 
silicified in place, have been found. The upper limit is the base of 

- a bed of white, poorly irldurated sandstone which is persistent 
throughout the west side of the Bighorn Basin. 

.<.. 

7 
! 
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SHOSHONE RIVER SECTION, WYO. 

Section of Meeteetse formation on Shoshone River. 

Shale, brown, carbonaceous ................................. . 
Shale, gray ............. ~ .................................. . 
Shale, carbonaceous ..........•............................. 
Shale, gray ............................................... . 
Shale, carbonaceous ........................................ . 
Sand, olive-colored, argillaceous, with zones of sandy clay ... . 
Shale, gray, sandy, with thin beds of carbonaceous shale ..... . 
Shale, carbonaceous ................... · ....... · ............. . 
Sand, olive-colored, aa-gillaceous .............................. . 

{

Coal, 30 inches} · 
Coal, Cody Shale, 1 inch ................................ . 

Coal, 23 incheP 
Sandstone, buff and pale olive-gray, argillaceous ............ . 

ILO FORMATION. 

Ft. in. 

3 
6 
2 
8 
3 

210 
60 
3 6 

60 

4 6 

750 

1,110 
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The llo formation presents poorer exposures along Shoshone River 
than any of the Upper Cretaceous formations. Its character is best 
displayed in the region south of the river, where several collections 
of invertebrate fossils have been made. Sandstone is the most 
abundant constituent, but the beds are so lacking in induration that 
except in small areas of bad lands where portions of the formation are 
shown there are few outcrops and it has not been possible to examine 
·a complete section. The best expc::>sures on the west side of the Big-
horn Basin are in the open v,alley northwest of Ilo, a settlement 50 

, miles southeast of Cody, from which the name of the formation is · 
derived. Here a thickness of 810 feet has been measured, compared 
to 850 feet 2 miles west of Meeteetse. As no fossil collections have 
been obtained on the river from the zone approximately 1,300 feet. 
thick between-the beds in which fossils were found by Woodruff (4959) 
and Willard (365), the upper limit of the Ilo formation has .not been 
established. There is some reason, however, for believing that the 
lowest conglomerate zone in the ]fort Union formation is approxi­
mately the equivalent of a persistent zone 400 feet above the Base of 
the Fort Union throughout the region between Greybull River and 
Owl Creek, where data bearing on the relations between the Ilo _and 
Fort Union are abup.dant. On Shoshone River, therefore, the top 
of the Ilo formation is provisionally assumed to be 400 feet below the 
lowest conglomerate of the Fort Union formation. The formation is 
regarded as approximately equivalent to the Lance formation in the 
eastern part of the State. 

The Ilo formation consists of several groups of beds of massive 
yellow sandstone which range from 20 to 60 feet in thickness. Unin­
durated clay and argillaceous sand alternate with the sandstone, and 
zones 200 to 600 feet from the base contain invertebrate and verte­
brate fossils which serve to establish the age of the formation. _ Thin 
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beds of carbonaceous shale occur near the bottom, but are not per­
sistent, and coal is conspicuously absent. The materials are more 
perfectly assorted than those of the Meeteetse formation, but along 
Shoshone River there are few well-defined lithologic units capable of 
separation from the associated materials. 

Section of Ilo jo'f"!M,tion on Shoshone River. 

Sandstone with zones of conglomerate of the Fort Union formation. 
Sandstones, buff and olive-colored, unconsolidated, with minor Feet. 

zones of sandy clay; fossil collections 4976, 4990, 4959. _ ....•..• 1, 555 
Shale, carbonaceous... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . 6 
Sandstone, olive-colored, argillaceous............. . . • . . . . . . • • • . . . 160 
Shale, carbonaceous.. . . • . • . . . • • • • . . . . . . . • . . . . . • . • • • • • . . • . . . • • • 4 
Clay, gray, sandy .•..........•............. ·......•....•••.•..•• 25 ( 
Sandstone, white, unindurated ............ ~ ..••..........•.... ~ 40 

1,790 ,. 

The following collections of fossils· from the Ilo formation were 
made in 1907 by Woodruff and Willard: 
4976. Woodruff: 

Sphrerium sp. 
Campeloma multilineata M. and H. 

·~· 

Physa sp. ~ 
Comment by T. W. Stanton: "Horizon probably 'Ceratopsbeds."~ 

4990. Willard. 1,125 feet east of Cody coal mine; 
Sphrerium sp. 
Goniobasis tenuicarinata M. and H. 
Physa sp. 
Columna sp. 
Hydrobia (?) sp. 

Comment by T. W. Stanton: "]lorizon probably 'Ceratops beds.'" 
4959. Woodruff. 900·feet stratigraphically above Cody coal mine: 

Un:io sp. related to U. priscus !\Land H. · 
Sphrerium sp. 

· Goniobasis (?) sp. 
Viviparus sp. 
Campelo:ro.a multilineata M. and H. (?) 

Comment by T. W. Stanton: "Horizon not closely fixed by these fossils, but it 
is believed to be about that of the 'Cera tops beds.' , 

FORT UNION FORMATION. 

From the point where Sage Creek enters Shoshone River from the 
south to the bend where the river turns northward around McCulloch 
Peak, a distance of 12,000 feet; a group of beds are exposed which 
have thus far yielded only a Fort Union flora and fauna. On account 
of the great thickness of this formation, 5,400 feet, -and the minor 
importance of the stratigraphy at this horizon, it has not been deemed 
advisable to measure the section in great detail. The point at which 

{ 
/ 
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these beds are overlain by those of Wasatch age lies east of the limit 
of this survey. 

It is to be. regretted that the valley of Sage Creek meets the river 
at a point near the base ·of this formation, for this fact, 'together with 
the poor exposures throughout the upper portion of the.Ilo fopnation, 
prevents detailed examination of the relations of the two formations. 

In degree of consolidation and_ lithologic character t:t:te beds of the 
Fort Union stand in contrast to those of the underlying Ilo and 
Meeteetse formations. Though they include many zones of rela­
tively unconsolidated material, the beds of the lower portion of the 
Fort Union are compact and resistant and in the region south of 
Shoshone River form persistent high ridges. Beds of conglomerate 
occur at several horizons and are interesting as indicating the con­
ditions of sedimentation as well as the lithologic types present. The 
lowest group . of· conglomerates contains six zones· from 5 to 20 feet 
thick in a stratigraphic distance of about 250 feet. Each of these 
zones is composed of smaller zones or beds of conglomerate, which 
range from 2 to 10 feet in thickness. The dip section is well exposed 
and shows the single beds to be relatively persistent in the direction . 
of the dip-northeast-whereas in the strike section, which is not so 
well shown, the separate beds are not persistent, but lenticular and 
characteristically anastomosirlg. Though definite conclusions can 
scarcely be based on this single exposure, these features suggest that 
the pebbles were· deposited by streams flowing from the west or 
southwest toward the east or northeast. The pebbles are mostly 
subangular to rounded. ,The largest pebbles are indurated fine sand­
stones about 5 inches in diameter. Most of the pebble~ are gray to 
black chert, from half an inch to 2 inches in diameter. There are a. 
few pebbles of red and gray q1:1artzite; limestone pebbles are rare, 
and pebbles of vein quartz and igneous rocks are conspicuously 
absent. A few of the chert pebbles contain fossils which can be 
referred broadly to the Carboniferous, but from ·the same zone of 
conglomerates within 10 miles south of the river a collection of chert • 
pebbles containing no less than 11 species has been made. The age 
of these fossils ranges from Pennsyh:ranian to probably Permian 
(Phosphoria fauna), and it is evident that rocks of this age that were 
being,eroded were the source of a part of the Fort Union sediments. 
It appears highly probable that the pebbles of silicified wood were 
derived from the Meeteetse formation. If this is true it is a factor 
in proving that local unconformities exist between the Fort Union 
formation and the underlying beds; 

The higher conglomerate beds, such as occur in the 50-foot sand­
stone near the middle of the subjoined section, are thinner and con­
tain lithologic types not found l<;>wer in the formation. Quartzites 
are more abundant than chert, and there are fair proportions of 
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quartz schist and pink granite pebbles not represented in the. lower 
beds. At one place a well-rounded pebble of coal 3 inches long 
was found. 

The presence of r~d clay~ the upper part of the lfort.Union forma­
tion and the small amoun·t of mica throughout the formation serve 
·further to distinguish these beds from the Ilo and Meeteetse forma­
tions. There is no coal in the Shoshone River section of the Fort 
Union, but a bed is mined near Meeteetse at a horizon which cor­
responds closely with that of the lower conglomerate on the river. 

Section of Fort Union formation on Shoshone River. 
Feet. 

Sandstone, buff, massive .... .' ................ ·...........•...... 20 
Clay, gray, and argillaceous sand, with thin zones of carbonaceous 

shale .................. · ... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
Shales, maroon and_ gray, sandy .................... "'............. 150 
Clay, red.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Clay, gray .. ·.................................................... 6 
Clay, red .......... ·............................................. 6 
Clay, gray...................................................... 6 
Clay, red (mouth of creek from south)........................... 8 
Clay, gray .............. ·....................................... 8 
Sandstone, buff, massive ...... · .............. ~.................. 15 
Sand, drab, argillaceous ...... ~.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '166 
Clay, red ........... ~··················:....................... 3 
Clay, gray ............. ·......................................... 1 
Clay, red .. ~ ............ ·....................................... 2 
Sand, gray, argillaceous ... · .. , .... ~........ . . . . . . . . . . . . . . . . . . . . . 40 

. Sandstone, massive............................................. 8 
Sand, gray to olive-gray, with conglomeratic layers.............. 50 
Sand, argillaceous ................... ·........................... 30 
Sandstone, massive .................................... _._ ....... · 40 
Sand, argillaceous.............................................. 30 
Sand, buff to olive-gray, argillaceous; fossil collection 4994...... 558 
Clay,red .... ~ ............ , ....................... :············ 3 
Clay, gray .................................................... ·... 8 
Clay, red .... .' .. ·..•. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstone, massive.......................... . . . . . . . . . . . . . . . . . . . 24 
Shale, gray, sandy .. ·.......................................... 8 
Sandstone, massive, conglomeratic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Sand, argillaceous, and unconsolidated clay, with thin carbona-

ceous shale; fossil collections Woodruff 40, Knowlton 16 ....... 1, 760 
Shales, gray and· olive-gray, sandy, and sand with carbonaceous 

shale; fossil collection 4973 ................. .'. . . . . . . . . . . . . . . . 440 
Sand, argillaceous, and clay ... _.... . . .. .. .. .. .. .. .. .. . .. .. .. .. . 680 
Sandstones, gray and buff, alternating with zones of unconsolidated 

sand. _ .•................... .' ......................... ·. . . . . . 410 
Sandstones, gray and buff, containing numerous zones of conglom-

erate in the lower 200 feet; fossil collection 366 Willard........ 500 
Sandstone, buff; fossil collection 365 Willard..................... 400 
Mouth of Sage Creek. 

5,592 

\ 
;, 
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The following collections of fossils from the Fort Union formation 
were made by Willard, Woodruff, and Knowlton in 1907: 

366. Willard: 
Populus sp. (?) 
Fragments of dicotyledons. 

Comment by F. H: Knowlton: "Horizon probably Fort Union." 
365. Willard: · 

Platanus raynoldsii Newb. 
Platanus haydenli Newb. 

~ · Platanus nobilia (?) Newb. 

./ 

Comment by F. H. Knowlton: "Horizon Fort Union." 
4973. Woodruff: 

.Yiviparus trochiformis M. and H. 
Goniobasis tenuicarinata M. and H. 

Comment by T. W. Stanton: "Horizon Fort Union." 
-:::. 16. Knowlton: 

Taxodium occidentaie Newb. 
Populus sp. proba.bly P. ·speciosa Ward. 
Populus arctica Heer of Lesq. 
Hicoria antiquorum (Newb.) Kn. 
Celastrinites sp. cf. C. grewiopsis Ward. 
Juglans, probably new .. 

Comment by F: H. Knowlton: "Horizon Fort Union." 
40. Woodruff: 

Sequoia langsdor:fii (Brgt.) Heer. ~ 
Sapindus grandifolius Ward. 
Populus glandulifera? Heer. 
Carpites sp. (Palmocarpon?). 
Juglans sp. · 
Platanus nobilis (?) Newb. 

Comment·by F. H. Knowlton: "Horizon Fort Union .. " 
4994. Woodruff: 

Helix sp. 
Physa sp. 
Goniobasis tenuicarinata M. and H. 
Viviparus trochiformis M. and H. ·· 

Comment by T. W. Stanton: "Horizon Fort Union." 

CORRELATIONS OF THE FORMATIONS. 

The Sundance formation has furnished a sufficient number of 
marine fossils to permit its correlation beyond any doubt with· well­
known sections throughout eastern and northern Wyoming and 

· southern Montana. · 
Though the presence of saurian bones appears to establish tho 

existence of tlie Morrison formation, it can not be stated with assur­
ance that a part of the thickness here assigned to it does not represent 
the Kootenai formation, nor that the beds assigned to the ''Cloverly'' 
in this section are not also a part of the same formation. 

The great thickness of. the Colorado formation, 3,670 feet, com­
pares with measurements of 2,775 feet in the Electric coal field, 



108 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART-II. 

Mont./ and 3,700 feet near Livingston, Mont.,2 where faunas similar 
to that on Shoshone River have been obtained. In comparing the 
Shoshone River section of the Colorado with those in eastern Wyo­
ming,3 it is noted that though there is a lithologic resemblanc.e the 
eastern Wyoming sections contain a Niobrara fauna that is absent in 
the Bighorn Basin. In southwestern ·Wyoming the combined Colo­
rado and Montana sections are from 9,000 to 11,000 feet thick and 
are capable of division into three formations relatively distinct litho­
logically, as well as faunally, much resembling_ the three members 
of the Colorado. recognized on Shoshone River. The coal near the 
top of the middle member would therefore occupy a stratigraphic 
position similar to. the beds of the Kemmerer coal group in the 
Frontier formation 4 in Uinta and Lincoln counties, Wyo. Only two 
of the marine fossils of the upper member on Shoshone River are 
present in the southwestern Wyoming section. The Pierre s.hale of 
Fisher's report on the Bighorn Basin 5 and of Darton's report on the 
Bighorn Mountains 6 is the upper shale member of the Colorado 
formation. 

The most interesting feature of the Shoshone River section is the. 
apparent absence of marine- beds above the sandstone overlying the 
lowest coal of the Gebo formation. No fossils have been found at this 
horizon on Shoshone River, but a small collection was obtained from 
the roof of Thompson's coal mine, 15 miles south of Cody. For cor-

. relating the formations above this horizon with those of near-by 
regions dependence must be placed on vertebrate and fresh-water 
invertebrate fossils and plant remains, and it is to be regretted that 
good collections have not been found near well-defined and persistent 
lithologic units, though small collections have been obtained. In the 
absence of more complete collections, it is at least possible that the 
Colorado formation should include the lowest two sandstones of the 
Gebo formation. 

The marine faunas of the Eagle and Claggett formations 7 of cen­
tral Montana have not been found south of the Montana-Wyoming· 
line, though Claggett fossils have been found near Bridger, Mont.· 
Commenting on collections of fossils made by himself and others 

· along Shoshone River and nor-thward into Montana, Stanton writes: 8 

1 Calvert, W. R., The Electric coal field, Park County, Mont.: U.S. Geol. Survey Bull. 471, p. 413, 1912. 
2 Calvert, W. R., The Livingston and Trail Creek coal fields, Mont.: U.S. Geol. Survey Bull. 471, p. 387, 

1912. 
a Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. S. Geol. Survey Bull. 452, p. 45, 

1911. ' 
• Veatch, A. C., Geography and geology of a portion of southwestern Wyoming: U. S. Geol. Survey 

Prof. Paper 56, p. 115, 1907. 
6 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.:. U.S. Geol. Survey Prof. Paper 

53, p. 30, 1906. . 
6 Darton, N.H., Geology of the Bighorn Mountains: U.S. Geol. Survey Prof. Paper 51, p. 58, 190(1. 
1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. S. Geol. 

Survey Bull. 257, pp. 12, ia, 1905. 
e Letter accompanyirig report on fossils to E. G. Woodruff, February, 1908. 
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The Eagle, Claggett, and Bearpaw formations ought all to have marine faunas, but 
none such have been found in the Shoshone River section. Their absence indicates 
that possibly here and farther south in Bighorn Basin land conditions may have beg'un 
earlier than elsewhere and may have continued with little or no interruption to the -
en_d of the Cretaceous. Of course, it is recognized that there was more or less break in 
marine conditions during the deposition of the Eagle, even where that formation is 
mostly marine. This is indicated by the occurrence in it of land plants and verte­
brates an9. of coal beds. 

Further study appears to confirm this interpretation. The sand­
stone formation overlying the Colorado shale 750 to 900 feet thick 
in the Livingston coal field 1 and 1,000 feet thick in the Electric 
coal field 2 is undoubtedly the equivalent of the Gebo formation. 

In. view of the fact that the recognition of the Meeteet$e and llo 
forn1ations is based largely on data collected in field work in Lhe 
Oregon Basin, ·Meeteetse, and llo quadrangles, south of Shoshone 
River, it is deemed advisable to present the discussion of their re­
lations in the report on those areas.3 

The incomplete section of the Fort Union formation, 5,592 feet 
thick, compares with a measuren1ent of 8,500 feet by Woodruff in·' 
the Red Lodge coal field,4 though there is no indication of coal beds 
in the Shoshone River section similar to the coal beds which occur 
in the upper portion of the Red Lodge section. Co~l beds ~re pl'es­
ent near the base of the Fort Union, however, near Meeteetse and Ilo, 
Wyo., a fact which, taken with other lithologic features, is proof of 
the great differences in the conditions of deposition existing in 
adjacent regio~ at the same relative epoch. 

STRUCTURE. 

The structure of the northern portion of the Bighorn Basin has been 
described· by Eldridge 5 and Fisher 6 and hac; been illustrated by 
cross sections and a structural contour map. Rattlesnake and 
Cedar mountains, ljing 3 miles west of the limits of the present sur­
vey, are portions of a broad asymmetric anticline through which 
Shoshone River has cut a deep narrow gorge. The section presented 
on Plate V shows two minor anticlines on the east flank of this major 
structural feature. On the west side of Rattlesnake Mountain the· 
Madison limestone dips 55° SW., whereas on the east at the sainelevel 
this formation dips 16° NE. From this point eastward to the out-

I Calvert, W. R., The Livingston and Trail Creek coal fields, Mont.: U. S. Geol. Survey Bull. 471, 
p. 387, 1912. 

2Calvert, W. R., The Electric coalfield, Park County, Mont.: U.S. Geol. Survey Bull. 471, p. 410,1912. 
a Hewett, D. F., qeology and coal resources of the Oregon Basin and Meeteetse quadrangles, Wyo.: U.S. 

Geol. Survey Bull.- (in preparation). 
··4 Woodruff, E. G., The Red Lodge coal field, Mont.: U. S. Geol. Survey Bull. 341, p. 94, 1909. 
6 Eldridge, G. H., A geological rec.onnaissance in northwest Wyoming: U. S. · Geol. Survey Bull. 119, 

'T2 pp., 1894. 
6 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. s. Geol. Survey Prof. 

Paper 53, p. 30, 1906. 
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crop of the middle member of the Colorado the dip varies from 16° 
to 17°, and then decreases until the axis of the syncline opposite the 
toWn of Cody is reached. Proceeding eastward, surface observations 
being made on beds of the upper shale of the Colorado, the strata 
rise over a low anticline and again descend at 22° to a second syn­
clinal axis. There is then a broad belt within which exposures are · 
poor. The fust good exposures are in upper shale of the Colorado, . 
dipping 62° SW., and a short dietance east the axis of a narrow anti­
cline is crossed. From this point· northeast to the mouth of Sage 
Creek the dip varies from 42° to 58°, and then after remaining rela­
tively uniform at 37° for 1! miles decreases abruptly to 3°, an in­
clination which is maintained beyond the limits of the survey. 

The areal extent of the anticlines exposed along Shoshone· River 
has not been determined. Together. with the Rattlesnake-Cedar 
Mountain anticline they form a portion of a belt· of folded rocks. 
which extends· around the entire border of the basin. Throughout 
this belt the anticlines are from 8 to 15 miles long and from 3 to 6 
miles wide and th'erefore may be regarded as elongated domes. Their 
axes, though essentially parallel, are successively offset and an anti­
clinal axis is commonly succeeded along the strike by a synclinal axis. 
As far as this examination has been carried the broad western anticline, 
which may be referred to al:f the Cody anticline, appears to be a minor 
structural feature, whereas the eastern or Shoshone anticline is a 
more extensive fold probably 5 or 6 miles long, and Shoshone River 
exposes a section ~cross. the extreme south end. The highest point 
of the fold probably· lies several miles north of the river. 

OIL AND GAS. 

WELL OF THE SHOSHONE OIL CO. 

One of the objects of the ~etail.ed measurement of the Shoshone 
River section was to ascertain the position and character of the sands 
from, which oil and gas have been derived in the well of the Shoshone 
Oil Co., situated 1,700 feet north of the river, 3 miles east of Cody. 
This well is located approximately on the axis of the Shoshone anti­
cline within 3 miles of its southern limit, at the point Bon Plate V. 
Information concerning this well has been placed at the writer's dis­
posal by Mr. C. L. Sheedy, at present in charge of ·operations for the 
company. A detailed .record of the well was not kept during drilling· 
operations and the following log represents notations made by one of 
the employees: · 

-

l 
h 
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Log of Shoshone Oil Co.'s well No.1. 
Feet. 

Terrace bowlders............................................... 20 
Muddy sands.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shales, little water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 

• Mud, trace of oiL ...................................... .-.. . . . . 50 
. Slate ................................................. :....... 50 
White sand, trace of oiL............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Dark shaly sands...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Shaly sands and slate .................................. ·. . . . . . . . . 60 
Slate ............ ~ ................ ~............................ 225 
Dark sandstone, No. 1 oil sand, trace of gas ...................... ·. 10 

·.,_ Light sandstone ........ : .......................... :............ 5 
Slates with some thin sandstones................................ 260 
Dense sandy shales yielded a little oiL........ .. .. .. .. .. .. . . . . . . 5 

"· 

Slates......................................................... 163 
Sandstone, No.2 oil sand; good gas flow at 1,262 feet............. 234 

1,262 

This well was dry except for the small :flows· encountered above'300 
feet. Drilling began :tfovembe~, 1909, and with relatively little 
interruption continued to 1,000 feet. It started again March, 1911, 
and ·was carried to a depth of 1,285.feet by June, 1911. A standard 
rig was used. Much trouble was experienced from the caving of the 
shales and swelling of bentonite, and t~e··~~ll was finally cased with 
10-inch casing to 260 feet, 8-inch from ·260 to 410 feet, and 6!-inch 
from 410 to 1,028 feet. During the winter of i911-12 this well was 
drilled to a depth of 1, 700 feet, where a second gas sand was encoun­
tered, which corresponds closely with the 50-foot sandstone in the 
section of the Morrison formation on ~page 95. No attempt was 
ever made to pump from any of the oil sands. No record of produc­
tion has been kept; it probably did not exceed 200 barrels. All the 
oil produced was stored and sold locally for lubricating. 

OIL SANDS. 

By comparison of the log of the well with the stratigraphic section 
of the lower two members of the Colorado, the "Cloverly" and the 
Morrison formations, exposed along the river and presented herewith, 
it has been possible to ascertain \,he beds which have yielded oil and 
gas .. The top of the well approximately coincides with the top of 
bed 16 of the section of the middle member of the Colorado on page 98. 
If this basis is assumed for correlation, the first traces of oil, from 
120 to 170 feet, appear to have come from one or. more of beds 22, 
23, and 24, but the exact sand can not be identified. The sand at 
220 feet which yielded a trace of oil is probably a portion of the 
conglomeratic sandstone No. 26. The first sand which yielded 
more than a trace of oil, at 585 feet (see analysis No. 1 below), cor­
responds with bed 8 of the section of the lo~e:r member of the Colo-
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rado on page 97; this bed, though reported to be but 15 feet thick in 
the well, is 8{) feet thick on the river. The shale bed which yielded 
a little oil at 860 feet lies in the bentonite-bearing shale, but can not 
be identified. The sandstone at 1,028 feet, from which of the total 
yield of this well to date the greatest amqunt of oil was derived, cor­
responds closely to bed 12 of the section of the lower member of the 
Colorado. The analysis of oil from this sand is givell: under No. 2 
in the table~ This sandstone lies between thick beds of carbonaceous 
shale and is that in which saurian bones, crocodile teeth, and a turtle 
were found. It underlies the shale bearing numerous fish scales and 
vertebrre which is probably the equivalent of the Mowry shale member 
of eastern Wyoming.· The sandstone at the bottom· of the hole, 
1,285 feet, which yielded a good flow of gas, is the upper sandstone 
of the "Cloverly" formation. The oil from two of the oil sands, at 
585 and 1,028 feet, rose in the well and flowed when the sands were 
struck, but soon ceased, and the sands were later cased off in order 
to drill deeper. 

To summarize, it is interesting to note that though oil has been 
derived from several sandstones in the lower portion of the Colorado 
formation, the sandstone which has yielded the greatest flow in this 
well is in or near the position af the Mowry shale member, depend­
ing on the limits assigned to it in· this section. The sandstones 
of the lower portion of the Colorado formation yield oil in the Gar­
land/ Spring Valley,2 Labarge,8 Lander,4 and Salt Creek5 fields in 
Wyoming where structural and other conditions are favorable. In 
the first three of these fields the sandstones are in or near the position 
of the Mowry shale member. In the Shoshone anticline the oil has 
been found along the axis, and, though it can not be stated that pools 
do not occur at points on the flanks, it appears that structural con­
ditions have been predominant in determining the location of the oil. 

Prior to the drilling of the well of the Shoshone Oil Co., another 
operator drilled a well to a depth of 850 feet near Shoshone River 
(No. 2 on Pl. V). The log of this well could not be obtained. It 
was cased but never capped, and oil, water, and gas now issue in 
small amounts from the mouth. 

t Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U.S. Geol. Survey Bull. 340, p. 355,1908. 
s Veatch, A. C., Coal and oil in southern Uinta County, Wyo.: U.S. Geol. Survey Bull. 285, p. 349, 1906. 
a Schultz, A~ R., The Labargeoilfield,central Uinta County, Wyo.: U.S. Geol. Survey Bull. 340, p. 369, 

1908. 
'Woodruff, E. G., !The Lander oil field, Fremont County, Wyo.: U. S. Geol. Survey Bull. 452, p. 27, 

1911. 
6 Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U.S. Geol. SurveyBull.452,p. 71, 

1911. 

/' 
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THE OIL. 

Analyses of two samples of oil from the ·wells of the Shoshone Oil 
Co . .are given· below. These analyses were made in tho laboratory of 
the United States Geological Survey, under the direction of David T. 

-.- Day. 
Analyses of samples of oil from wells of Shoshone Oil Co. 

Color ...•....................................................................... 

~!~:~r~~~:i: -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~ -~-~ -~-~ -~ -~ -~ -~ -~ -~ -~ :~ -~ -~ -~ -~--~ -~ -~ -~ -~ -:-:-:-: -~ -: -~ -~ -~ -~ -~ -~ -: -~ -~ -~ -~ -~ -~ -~ -~: ~:: 
Boiling between 150° and 300° C ...................................... per cent .. 

!3~~~E~FJS:~EEE.~~-::: __ EiU.~~:~_:_:::_~~:~r 
Water ......... : ............................................................... . 

1. 585 feet; middle sandstone member of Colorado formation. 

Dark green. 
0.8454 

35.60 
190 
37 
0.8169 

59.6 
0.9278 

96.6 
7.6 

Present. 

2 

Green. 
0.8335. 

37.98 
160 
48 
0.8009 

52.4 
0.8696 

. 100.4 
8 
0 

~- 2. 1,028 feet; lower shale member of Colorado formation. 

Neither ·of these samples represents the oil as it came from the 
wen: Sample 1 had been kept for some time in an open can and 
later in a bottle. San1ple 2 was taken from an open tank. Neither 

·of these oils is well adapted for lubricating in the raw state but would 
on distillation, as shown by the fraction distilling between 150° and 

~ .300° C., yield a good proportion of illuminating oil and' a residue 

/ 
\ 

well adapted for lubrication. Sample 2 resembles the oil derived 
from the Wall Creek sandstone lentil of the :Sen ton shale (lower Colo­
rado) in the Salt Creek field, 1 and the oil from a sandstone in the 
Mowry shale member of the Mancos shale (lower Colorado) at the 
Plunkett welJ. in the Lander field. 2 Oils of similar character, thought 
to have come from a sandstone in the Benton shale or "Cloverly" 
formation, have been found in wells in the Douglas oil field in central 
Wyoming (pp. 68-88). It is worthy of note that samples of oils from 
approximately the same· geologic horizon ·in four fields in Wyoming 
should be of similar character. · 

1 Wegemann, C. H., The Salt Creek oil field, Wyo.: U.S. Geol. Survey Bull. 452, p. 80, 1911. 
2 Woodruff, E. G., The Lander oil field, Wyo.: U.S. Geol. Survey Bull. 452, p. 29,1911. 

365° -Bull. 541-14-8 
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OIL AND GAS NEAR GREEN RIVER, GRAND COUNTY, UTAI-I. 

By CHARLES T. LUPTON. 

INTRODUCTION. 

FIELD WORK. 

This paper is based on field work done in November and December, 
1912, by M. W. Ball, R. V. A. Mills, and the writer. The. area 
discussed contams about 300 square miles and lies just southeast of 
the town of Green River, in Grand County, Utah. It is included in 
Tps. 21, 22, 23, and 24 S., Rs. 16, 17, 18, 19, and 20 E., Salt Lake 
meridian. (See fig. 4.) Practically all the drilling in this area has 
been done along and adjacent to the fault zone that crosses the field 
in a northwest-southeast direction. 

The object of the examination was to determine if this area, in 
which considerable drilling for oil and gas had been done and in 
which some development work is still going on, contains any reser­
voirs of oil or gas. The result of the investigation shows that in the 
area examined in detail there are no anticlines or domes in which 
large quantities of oil or ·gas might be expected to collect. It is true 
that traces of oil and small pockets of gas have b.een encountered in 
some of the wells but only ·in sufficient quantities to afford slight 
encouragement. 

The greater part of the area examined in detail (see Pl. VI, p. 132) 
was mapped by means of plane table and telescopic ali dade, a system of 
triangulation having been developed from a base line (A-B) measured 
in sees. 26 and 27, T. 22 S., R. 17 E. Practically all of the more 
nearly level part of the field situated east of the range line separating 
Rs. 17 and 18 E. and lying north and northeast of the road connecting 
Green River with Brink Spring was mapped by following section lines 
and recording observations on the plats. 

A flying level line was run from Green River along the Green River­
Moab road to the top of the divide in sec. 3, T. 23 S., R. 18 E., sepa­
rating the drainage system of Salt Wash from that of Tenmile Wash, 
and another from this road in sec. 25, T. 22 S., R. 17 E., to Levi well 

115 
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No.2, in the NE. i NW. i sec. 35 of the same township. During the 
development of the triangulation system the altitudes of practically 
all points occupied and many others were determined by means of 
vertical angles and distances between points. The figures given on 
the map are not precise l;>ut are intended to show relative instead of • 
exact altitudes. It is believed, however, that the altitudes shown 

4~ 

I 
39 . I 

I 
I 
I 

38° . I 38° 

FIGURE 4.-Index map of Utah, showing location of area. In Grand County examinea in detail. 

are within a very few feet of the exact elevations above sea. In the 
greater part of the area mapped by" line riding, altitudes were ascer­
tained approximately by means of the aneroid barometer. 

In addition to the detailed work above described, a reconnaissance 
was made from Green River to Hanksville across the Green River 
Desert. No detailed mapping was done on this trip, but the stratig-

) 
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raphy and structure were studied in a general way. A brief discus­
sion of the observations made at that time, with their bearing on the 
possible presence of reservoirs for oil or gas, is given under "Conclu­
sions." 

The writer desires to acknowledge the courtesy of the managers of 
the British-American Petroleum Co., who gave the geologic party 
every means of assistance at their command. Messrs. Frank Cook, 
William Dixon, Nat Levi, H. H. McFann,· George Muller, Charles P. 
Tasker, and Robert Woodruff, of Green River; W. G. Clark, Knox 
Patterson, A. M. Rogers, of Moab, and others gave information which 
has made the historical part of this report possible. Millard and 
Arthur Massey rendered .valuable service as. camp assistants. 

mSTO~Y OF DEVELOPMENT OF THE FIELD. 

Prospecting for oil in this general region has been carried on at 
intervals for over 20 years. The presen·ce of asphaltum-saturated 
sandstone and petroleum seeps at various places in and adjacent to 
the :field suggested to the minds of the more optimistic prospectors 
the existen~e of an oil reservoir of commercial importance. 

A. well situated a short distance south of Elgin, in Grand County, 
in the SW. i SE. i sec. 15, T. 21 S., R. !6 E., was drilled about 
i891 by Bamberger & Millis with an American or Parker rig. The· 
upper 100 feet of this well is in the Mancos shale and the reJ;nainde;r 
in the Dakota sandstone and McElmo formation. No oil was en­
countered in the drilling, but a little carbonic acid gas escaped at 
one or more horizons in the well. A little water, which pro.bably 
contains some lime, issues from the well and has built up a small 
deposit around its mouth. As this well furnished no encourage­
ment for further prospecting, no additional efforts to discover oil or 
gas in this locality were made for 10 years. 

About 1900 the increasing demand for petroleum and its products 
and the discovery of other seeps of asphalt or oil in the region encour­
aged prospectors again to test the field. In sec. 5, T. 22 S., R. 15 ' 
E~, in Emery County, just west of the :road connecting the Tomlin­
son ranch, on San RaJael River, with Green River, the California­
Utah Oil·Co. in 1899.drilled a well by means of a 72-foot standard rig 
to a depth· of 1,600 feet. The upper 800 feet of the hole is in the 
Mancos shale and the remainder in the Dakota sandstone and the 
McElmo forma~ion. At a depth of 500 feet, probably near.the base 
of the Ferron sandstone member, water was encountered. Gas, 
which when ignited blazed 30 feet up in the derrick, was struck at a 
depth of 1,100 feet. A trace of oil was noted at the same depth by 
the "rainbow" col~rs on the surface of the water, which was very 
alkaline. At 1,600 feet a sand was encountered which, by the "P.aper 
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test," 1 showed a trace of oil. The showing was so poor, however, 
that drilling was discontinued. 

In 1899 arid 1900 a well was drilled by P. D. Jones, of Duluth, 
Minn., to a depth of 1,800 feet, in sec. 13, T. ·22 S., R. 22 E., at a 
place about 2 miles south of White House, a flag station on the 
Denver & Rio Grande Railroad. Work at this locality extended 
over a period of 1! years, owing to the fact that three strings of toois 
were lost. Two of these are in one hole ·and the other in anothe:r 
hole 20 feet away. The upper 800 feet of the latter well is in the 
Mancos shale and the lower 1,000 feet jn the Dakota sandstone and 
McElmo formation. No trace of oil or gas, but much bad water, was 
encountered. At 1,600 feet water carrying copper· in solution is 
reported to have been struck. 

Another well was drilled in 1899 in sec. 15 or,sec. 16, T. 20 S., 
R. 14 E., about 3! miles southwest of ·Desert, a flag station on the 
Denver & Rio Grande Railroad about 13 miles northwest of· Green 
River. The well, it is reported, was drilled by a man named Burns, 
with a standard rig, to a depth of 1,490 feet. At 1,100 feet a "show­
ing" of oil was encountered and it is reported that about 1 gallon of 
oil was taken from the receiving tank. Excellent artesian water, 
which flowed over the top of the casing, was struck at 1,200 feet. 
The water was cased off at 1,290 feet, but 50 feet deeper another flow 
was encountered. So much water was present in the well at 1,490 feet 
that drilling was discontinued. At the present time a strong flow of 
artesian water issues from the well. It is estimated that the upper 
1,100 feet of this well is in the Mancos shale and the lower 390 feet in 
the Dakota sandstone and McElmo formation. 

About 1910, owing to the finding of hitherto unknown oil seeps and 
rocks saturated with asphaltum and oil at several localities, and also 
to .the increased price of petroleum and its products, interest was again 
aroused in this field ·and active prospecting has continued to the 
present time. During the last three years several wells have. been 
drilled and at present drilling ·operations are being continued at three 
localities. · 

Levi well No. 1, drilled with a Keystone rig No.5, by the British-. 
American Petrqleum Co., is in sec. 25, T. 23 S., R. 18 E. Drilling was 
begun ~pril1, 1912, and was discontinued about July 1 of the same 
year at a depth of 530 feet. A fairly strong flow of water was struck 
at 350 feet and. a little gas with a small quantity of oil is reported to 
have been encountered near the bottom of ·the hole. This well is 
wholly in theMcElmo formation. Levi well No.2, in theNE. i NW. i 
sec. 35, T. 22 S., R. 17 E., was drilled with a standard rig by the 

1 The "paper test" is applied by putting dry sand on paper and allowing it to remain there for some 
time. If the sand contains even a slight amount of oil the paper will be stained. 
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same company to a depth of 1,500 feet. No oil or gas is reported to 
have been encountered in this hole, which is now clogged owing to 
the "shooting" of the well in an attempt to loosen the casing, which 
could not be pulled. The s~me company, using a Keystone rig, 
drilled a hole in theSE. i SE. i sec. 26 of this township, to a depth of 
425 feet, in an attempt to reach a thin sandstone which, on the face of· 
a cliff 1, 700 feet southwest of the well, is partly saturated with petro­
leum. The horizon of t:tris sandstone should have been encountered 
at a depth of 140 feet, but as no petroleum-saturated sandstone was 
struck at on near this depth, it is believed that the -bed is lenticular 
under cover, as it certainly is along the outcrop. 

The Klondike well, drilled by the Moab Oil Co. of Utah to a depth 
of about 700 feet by means of a Keystone rig, is located in the NW. ! 
SW. i sec. 26, T. 23 S., R. 19 E. Three pockets of gas were struck 
in the well but no water nor oil .. The first pocket was encountered at 
~ depth of 75 feet and furnished sufficient gas to light the cook tent 

. and for cooking purposes until it was cased off. The gas, escaping 
through a !-inch pipe, burned with a flame 1! to 2 feet long. The 
second flow of gas, much stronger than the first, was struck at 265 
feet and lasted undiminished until it was cased off. The third flow, 
which was the weakest of the three, was encountered 500 feet below 
the surface and lasted about three weeks, when it was cased off. It 
is believed that the entire well is in the Mancos shale and that the 
underlying Dakota sandstone was not penetrated. If it had been 
reached a ·flow of water would probably have been encountered. 

The Queen or Hagan well, in the SE. i SE. i sec. 18, T. 23 S., 
R. 19 E., was drilled by means of a Keystone rig to a depth of 920 feet. 
The upper 410 feet of this well is believed to be in the Mancos shale, 
the remainder being in the Dakota sandstone and McElmo formation. 
At a depth of 4'25 feet fresh water was found in a white sand (probably 
Dakota), and at. 600 feet. salt water was encountered. Salt water was 
again encountered at 870 feet and a "showing" of oil at 910 feet. 
Drilling was discontinued at 920 feet, the casing pulled, and the well 
abandoned. · 

The Collins well, in the NW. i NE. i sec. 20, T. 21 S., R. 17 E., was 
drilled by the Crescent Oil Co. with a National rig to a depth of 2,100 
feet. Drilling began September 12, 1912, and was discontinued about· 
March, 1913, on account of a strong flow of salt water ~hat issued from 
the top of the well and could not be cased off without considerable_ 
difficulty. The well penetrated 850 feet of Mancos shale and then 

. passed through the Dakota sandstone and McElmo formation and . 
100 to 150 feet into the La Plata sandstone, which, being coarse 
grained, is an excellent carrier of water. Gas was obtained in white 
sand (probably Dakota) at 850 feet ana again in similar material at 
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976 feet. Gas associated with salt water was encountered at 1,840 
feet. and dry gas at 1,980 feet. Rainbow colors on the water accom­
panied each flow of gas. The same company is reported to have 
moved its rig about 1! miles southeast and has begun another well 
near Solitude, approximately in the NE. i NE. i sec 28 of the same 
township. It is reported that at 70 feet in this well a good flow of 
water was encountered and that at 350 feet a pocket of gas was struck 
which burned for a short time a flame 8 to 10 feet in length. 

Oil seeps and· rocks saturated with oil and asphaltum are present 
at several localities in the region. Three of these were visited by the 
writer and are described briefly below. The rriost prominent seep 
known to the writer in the area mapped in detail is near the north 
boundary of the NE. i sec. 2, T. 22 S., R. 16 E., and is known locally 
as "Goin's seep." It is situated in a narrow zone of rocks which have 
been disturbed by a fault whose displacement at this locality is about 
450 feet, with downthrow on the south side. Several prospect 
pits for collecting the oil have been dug where the rocks seem to 
be most nearly saturated, but at the time the writer was in the field 
there was not sufficient oil in any of the pits to enable him to collect 
a sample, though the presence of films of oil on the surface of the water 
in one or two of the pits, as indicated by the rainbow colors was noted. 
Sandstone partly saturated with petroleum outcrops on a·southwest­
ward-facing cliff in the NE. i sec. 35·, T. 22 S., R. 17 E. This is the 
lenticular sandstone that the British-American Petroleum Co. at­
tempted to reach by means of the 425-foot hole.· A small lentil of 
sandstone in the SW. i NW. i sec. 35, T. 22 S., R. 16 E., is partly 
saturated with petroleum. · 

Two wells are now being drilled on the west side of Green River 
outside of the area· examined in detail. One of these, locatednear 
the center of sec. 29, T. 26 S., R. 14 E., just southwest of "Flattops," 
is being drilled by the Des Moines Oil Co. At present the drill has 
pen~trated to a depth of 2,140 feet, the upper 600 feet of which is in 
the McElmo formation, the part from 600 to 1,325 feet in the La 
Plata sandstone; and the part below 1,325 feet probably all in what 
has been referred to by Gilbert 1 in the Henry Mountain section as 
the Vermilion Cliff group. At a depth of about 310 feet a strong 
flow of good water was encountered which has reduced the expense 

· of drilling considerably, as previous to this time water for all pur­
poses had to be hauled about 10 miles. About 150 feet lower another 
good flow of water was struck; in fact, from about 310 feet down 
fresh water was encountered at several horizons. This locality was 
visited on a reconnaissance trip in November, 1912. From observa-

1 Gilbert, G. K., Geology of the Henry Mountains: U.S. Geog. and Geol. Survey Rocky Mtn. Region, 
pp. f>-7, 1877. ~ 
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tions made at that time it seems probable that the well ~s situated 
just north of the axis of a broad, nearly flat east-west anticline which 
connects the-San Rafael Swell oil the west with another reported anti­
cline occupying a position near the junction of Grand and Green 
rivers. 

. About 10 or 12 miles southwest of the Des Moines Oil Co.'s well, 
above discussed, in the NE. ! sec. 9, T. 27 S., R. 12 E., another well 
is being drilled by the Mount Vernon Oil Co. This locality was not 
visited by the writer, as development work had not begun at the 
close of the field season. It is reported that ·at first a 600-foot hole 
was drilled for water and that another a-few feet distant is now being 
drilled for oil. The drill penetrated to a depth of 820 feet ill the 
early part of June. An 84-foot standard rig is used by this company 
and undoubtedly a .thorough test for oil and gas will be made. 

TOPO~RAPHY. 

The country in the vicinity of Green River, shown in Plate VI 
(p. 132), lies at the base and south of the Boqk Cliffs, which form a con­
tinuous precipitous escarpment 1,500 to 2,000 feet high, extending 
from western Colorado as far west as the Wasatch Plateau. Part 

-of the .region in Utah lying south of this escarpment and east of the 
San Rafael Swell constitutes the Green River Desert, of which the 
area under discussion forms a part. There are excellent exposures 
of the strata in this region, for the wind and water remove the rock as 
rapidly as it is disintegrated. Except in a very few places the strata 
outcrop in nearly vertical scarps that range from a few feet up to 300 
or 400 feet in height, wherever hard strata protect the softer under­
lying rocks. The surface between the escarpments, where the 
rocks are homogeneou~, like the Mancos shale, is a comparative)y 
smooth plain cut into badlands near the stream courses. The plains 
type of topography predominates north of the road extending south­
eastward froni Green River to Brink Spring, in the SE. ! sec. 10, 
T. 24 S., R. 19 E., whereas the more rugged topography characterizes 
that part of the area south of the road above mentioned and east 
of Green River. Dip slopes, usually of small extent, are numerous in 
the rugged part of the field. 

Green River, the only perennial stream, flows along the west side 
of the field in a canyon whose walls range from a few feet up to 200 
or 300 feet in height. Little Grand, Salt, Red, and White washes also 
have cut canyon-like valleys. Badland topography occurs in many 
places adjacent to the streams. Salt Wash flows for the greater part 
of its course on a down-faulted block of McElmo rocks, which forms 
a conspicuous break in the rugged topography in T. 22 S., Rs. 16 and 
17 E., and T. 23 S., R. 17 E. 
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The relief of the surface in this field is approximately 1,000 feet, the 
. lowest point. being on' Green River in sec. 31, T. 23 S., R.17 E., whkh 

is approximately 3,990 feet above sea level, and the highest point 
being in the NE. i NW. i sec. 19, T. 23 S., R. 18 E., where the alti­
tude is about 4, 990 feet. 

WATER SUPPLY. 

The climate is semiarid, as shown by the mean annual rainfall, 
~hich in the vicinity of the town of Green River is about 6! inches. 
The most important water supply in the field is Green River, which 
forms the western boundary of the area and carries a plentiful amount 
of :water the year round. - Plans have been made to divert some of the 
water from the river to irrigate large 'tracts of land on each side of 
it, in addition to that already under irrigation. Little Grand, Salt, 
Red, and White washes, which are the principal tributaries, joining 
Green River from the east, are intermittent streams throughout the 
greater parts of their courses. In the vicinity of springs, however, 
the water flows on the surface for some distance, and then sinks into 
the sand to reappear as other springs or seeps farther down the valley.· 

In the NE. i SW. i sec. 27, T. 22 S., R. 17 E., about a mile north­
west of Levi well No. 2, there is a fairly strong spring which, on 
account of its slightly saline and alkaline character1 is known locally 
as s·alt Spring. In the bed of Little Grand Wash, in sec. 8 of the $arne 
township, there is another fairly good spring. A spring of good water 
in theSE. i NE. i sec. 17, T. 22 S., R. 18 E., on a northern tributary 
of Little Grand Creek just west of the traction road connecting Floy 
or Little Grand with some manganese claims near the river, consti­
tutes the only water supply in the township. In the S. ! sec. 25, 
T. 22 S., R. 16 E., two or three salt springs furnish sufficient water to 
make the lower course of Salt Wash a perennial stream. Brink 
Spring, situated on a fault in the SE. i sec. 10, T. 24 S., R. 19 E., 
has a strong flow of excellent water. Four to five miles. slightly south 
of east from Brink Spring there are two good springs. One of these 
is in a stream bed just north of the Court House Cattle Co's ranch 
and the other at Court House stage station, about a mile farther 
northeast. A water hole of considerable size is situated in the SW. l 
sec. 15, T. 23 S., R. 18 E .. 

At several places where the massive sandstone beds in the lower 
part of the McElmo formation outcrop in almost flat surfaces, holes, 
formed principally by wind erosion, collect rain water and retain it 
for relatively long periods of ·time, thus affording excellent temporary 
local supplies of water. 

The wells drilled in the field to date, with the exception of the 
Klondike well in the NW. l SW.i sec._26, r. 23 S., R. 19 E., have all 
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encountered some water. Artesian water was ·struck in the well 
southwest of Desert station, iri T. 20 S., R. 14 E., and in. the Elgin 
well, in the SW. i- SE. i- sec. 15, T. 21 S., R. 16 E., as noted in.the. 
description of these wells under "History of development of the field," 
the former furnishing fresh and the latter salt water. 

LAND SURVEYS. 

The land surveys in parts of this field are· remarkably good. .Where. 
section lines were followed in mapping practically all the corners were· 
found, ·but where the triangulation method_ of mapping was employed 
only a sufficient number of corners were located to check the triangu­
lation work. For this reason little can be said regarding the surveys 
in that part of the field where the triangulation method was used. 
From· retracements ·of exteriors made in the more recent work for 
the General Land Office it is believed that the chaining in the earlier 
work ~as long, so that the old .lines are slightly longer than is indi­
cated on the original township plats. 

STRATIGRAPHY. 

GENERAL SECTION. 

The rocks exposed in the Green _River field belong- to the Ore· 
taceous and Jurassic systems. The Mancos shale and Dakota sand­
stone represent the former, .and the La Plata sandstone and proba_bly 
the McElmo formation represent the latter, although it is not yet 
definitely determined whether the McElmo is Jurassic or Cretaceous. 
Rocks of Cretaceous age in this field were mapped in a reconnaissance 
way by Richardson 1 in 1906. The underlying formation which, in 
·th9 present report, is mapped as McEimo, was considered by Richard· 
son 2 to be equivalent in part to the .Morrison formation . 

Tire following summary gives a general description of the rocks 
exposed in the Green River field.: ·· 

1 Richardson, G. B., Reconnaissance of the Book Cliffs Ct!llll field between Grand River, Colorado, and 
Sunnyside, Utah: U. S. Geol. Survey· Bull. 371, Pl. I, 1908. 

2Idem, Pl. III, p. 14. 
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Sys- ~:: 
tem. tion. 

General section of rocks outcropping in the Green River field, Utah·. 

Member. 

Ferron sand­
stone mem­
ber. 

Description of strata. 

Yellow to bluish drab sandy 
shale; the upper part is very 
sandy and contains beds and 
lenses of sandstone; the middle 
nnd lower parts are mainly 
shale. 

Thickness 
(feet). 

About 2,500 
(after Rich­
ardson). · 

This sandstone contains in places 
concretions which are fossilifer- 5o-1oo. 
ous. It forms a hogback 
through the field. 

Bluish drab sandy shale; sandy 
material is most plentiful near About 400. 
the base and top of this part of 
the formation. 

Yellowish-gray sandstone with 
thin beds of shale alternating. 
Sandstones, coarse, soft, and in 0-40. 
places very conglomeratic. 

Economic value. 

Possibly this sand­
stone is a· reservoir 
for the gas that has 
been obtained in 
some of the wells. 

' 
Contains a little coal in 

places, but none was 
observed in this field. 

-----· --·1------1---Unconformity. ----r------1---------

Salt Wash 
sandstone 
member. 

Gray conglomerate, · variegated 

1:,~dfue~~~1Tim~fo;~albo~~~ 7~ 325-350. 
feet from the top. Some of the 
sandstone is quartzitic. 

Gray conglomeratic sandstone 
which outcrops in cliffs. '!'he 
sandstone in places is lenticular; 150-175· 
soft, and friable. 

Red sandstone, thin - bedded About 7oo. 
above and massive below. 

A few lenses of sand­
stone contain pock­
ets of gas. Other 
lenses are partly sat­
urated with petro­
leum. 

Water-bearing in 
places. Probably 
contains a little gas 
and a trace of oil. 

Gypsum and manga­
nese in the upper 
part. 

·-------·r------r-----------------1--------1---------

Very cross-bedded coarse gray Estimated 700. Water-bearing in 
sandstone. many places. 

·' 
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JURASSIC SYSTEM. 

LA PLATA SANDSTONE. 

The La Plata sandstone consists of a cross-bedded coarse-grained, 
very massive gray sandstone, the base of. which was not observed in 
the Green River field. It is believed, however, that the thickness 
of the formation in this locality is about the same as in the vicinity of 
the San Rafael Swell, where it is 700 or 800 feet. In places this sand­
stone is stained from the overlying red sandstone and sandy shale 
of the McElmo _formation. The La Plata sandstone, first described 
by Cross 1 .as "seldom more· than 100 feet" in thickness at the type 
locality, i!S much thicker in this field, as noted above. This sand­
stone, being coarse grained and massive, is an excellent reservoir 
for water, and, as stated under "History of development of the 
field," ·it is believed that the ·salt water encountered in the Collins 
well, in sec. 20, T. 21 S., R. 17 E., is derived from its upper part. 

JURASSIC (P) SYSTEM. 

M1ELMO FORMATION. 

General occurrence and character.-Overlying the La Plata sand­
stone with apparent conformity is the McElmo formation, which, 
according ,to Cross, 1 should include all the rocks between the Dakota 
sandstone above and the La Plata sandstone below. At the west 
side of the San Rafael Swell, east of .Emery, marine fossils of Jurassic 
age were collected about 15 feet above what was taken to be the base 
of the McElrno formation, but this bed may belong with the under­
lying formation. Bones were also noted in a conglomerate about 
500 feet below the -top of the formation in the same area. On account 
of lack of time little attention was given during the field examina­
tion to the collec~ing ·of fossils. A deta;iled section of the greater 
part of the formation was measured in the NW. l s·ec. 19, T. 23 S., 
R. 18 E., and is given on page 126. 

1 Cross, Whitman, Description of the Telluride quadrangle, Colorado: U. S. Geol. Survey Geol, Atlas, 
Telluride folio (No. 57), p. 3, 1909. 
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Section of part of McElmo formation measured in the NW. !sec. 19, T. 23 S., R. 18 E. 
Salt Lake meridian, Utah. 

Sandstone~ gray; weathers brown; contains clay-ball concretions 
in_ places ...................................... ~ ..... , .. : . .. . 

Clay, bluish gray; cont~ins a little limestone about 5 feet below 
top ........•.••••..•....................................... 

Clay, brick-red, gray, and purplish, sandy; contains several thin 
beds of gray to white sandstone ............................. . 

Sandstone, gray; weathers brown; indurated at base, conglomer-
atic and quartzitic in places, lenticular ..................... . 

Clay, brick-red, sandy ......................... :., ........... . 
Sandstone, brick-red, massive ............................... . 
Clay, brick-red, sandy ...................................... . 
Salt Wash sandstone member: 

Sandstone, gray, conglomeratic; contains some inter- Ft. 
bedded gray sandy shale . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

Sandstone, reddish, calcareous....................... 17 
Sandstone, gray to white, soft, cross-bedded in places.~ 10 
Sandstone, red and gray, soft, calcareous.............. 42 
Sandstone, gray to white, soft, massive; contains a little 

argillaceous material............................... 37 

Sandstone, grayish brown, interbedded with gray and reddish 

Ft. 

8 

28 

116 

5 
52 . 
14 
12 

164 

calcareous and argillaceous sandstone ....................... ' 27 
Sandstone, white; weathers reddish brown............. . . . . . . . . 12 
Sandstone, red with streaks of green, calcareous . . . . . . . . . . . . . . . 20 
Sandstone, grayish brown, with calcareous layers... . . . . . . . . . . . 50 
Sandstone, brown...................................... . . . . . . 2 
Sandstone, calcareous................................ . . . . . . . . . 5 
Sandstone, grayish brown, medium bedded................... 4 
Sandstone, red below and gray above, very calcareous; contains 

many small nodules ............. :.......................... 40 
Sandstone, brick-red, thin and medium bedded. This sand­

stone is believed to be calcareous. It bears manganese ore in 
the upper part ................. , . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

in. 

6 

Sandstone, red, massive .................................. ~... 400± 

1,087 6 

A section of the upper. part of the McElmo formation measured 
in sec8. 26, 34, and 35, T. 22 S., R. 17 E., near Levi well No. 2, shows 
that. the formation is about 100 feet thicker than is indicated by · 
the section given above. Most of the part omitted from the above·· 
section consists of alternating beds of sandstone and sandy shale of . 

·various colors capped by a conglomeratic quartzitic sandstone about 
20 feet thick. The east end of the base line (B, Pl. VI), in theSE. l 
SW. l sec. 26, just north of ·Levi well No. ·2, is o~ this sandstone. 

The Upper part of this formation was regarded by Richardson 1 as 
probably equivalent to the Morrison formation, as a number of 

1 Richardson, G. B., Reconnaissancs of the Book Cliffs coal field between Grand River, Colorado, and 
Sunnyside, Utah: U.S. GeoL Survey Bull. 371, p. 14, Pl. IIT, 1909. 
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dinosaur bones were found in that part of the formation near Grand 
Junction, Colo.,1 some distance east of the area under discussion. 
These rocks in the Green River field are similar lithologically to the 
Morrison formation at its type locality and to the same formation 
in Wyoming, :where the writer has had opportunity to observe it. 
The McElmo formation, described first by Cross,2 is 400 to ~00 feet 
thinner at the type locality than in the area under discus"ion. The 
upper 350 feet of the McElmo formation in the Green River field con­
sists of variegated sandstone, sandy shale, shale, limestone, and about 
150 feet of conglomeratic sandstone bed" (Salt Wash sandstone mem­
ber), which occur· principally near the base of this portion of the · 
section. The middle part of the formation consists of 300 to · 400 
feet of red, mainly thin-bedded sandstone and sandy shale which, 
in its upper part, contains in places considerable gypsum. As much 
·as 60 feet of gypsum was measured at one place. At places where 
the gypsum is not present manganese in the form of pyrolusite may 
be found at about the same horizon-in fact, the Colorado Fuel & 
Iron Co. mined considerable of this mineral in the southern part of 
the area under discussion and hauled it to the railroad to be shipped 
east. At present, however, mining operations have been discon­
tinued. The lower 400 feet or· more of the formation is made up of 
massive red sandstone .. At several horizons in the formation there 
are lentils of sandstone that in places are partly saturated with 
petroleum. Two of these outcrop at the surface in this field and have 
been. described above under· "History of development of the field." 
Some gas has also been encountered in the wells in this formation. 

Salt Wash sandstone member.-A gray coarse-grained sandstone, 
conglomeratic in places, occurs in the Green River fie1d about 350 feet 
below the top of the McElmo formation. It probably corresponds 
tothe lower conglomerate of the "Henrys Fork group" of Powell's 
section 3 on the north flank of the Uinta Mountains and of Gilbert's 
section 4 in the Henry Mountains. This sandstone was used as a 
datum plane on which altitudes were determined, and is shown on 
the map by hachures in the unpatterned area. The writer proposes 
the name Salt Wash sandstone member of the McElmo formation for 
·this sandstone. 

1 Riggs, E. S., The dinosaur beds of the Grand ·River valley, Colorado: Field Columbian -Mus. Geol. 
Ser., vol. 1, 1901. • 

2 Loc. cit. 
a Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region-of the 

country adjacent thereto: U.S. Geol. and Geog. Survey Terr., 2d div., p. 157, 1876. 
• Gilbert, G. K., Geology of the Henry Mountains: U. S. Geog. and Geol. Survey Rocky Mtn. Region, 

p. 4,1877. 
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CRETACEOUS SYSTEM. 

DAKOTA SANDSTONE. 

The Dakota sandstone unconformably overlies the McElmo forma­
tion and in this region is variable in thickness. Richardson/ who 
examined this and adjacent formations from Grand River, Colo., to 
Sunnyside, Utah, found it to be cut out entirely in the vicinity of 
Elgin, though reiwhi.ng a maximum of 200 feet in other places. In 
the Green River field it consists of 40 feet or less of yellowish-gray to 
white coarse-grained sandstone which in places is conglomeratic. 
Thin beds of coal have been found in this sandstone in the vicinity of 
Fruita and Grand .Junction, Colo., and along the east side of Castle 
Valley to the west, but no carbonaceous material was observed in the 
Green River field. 

The Dakota sandstone is a water bearer in places in this region and 
is believed to contain the pocket of gas encountered at a depth of 
850 feet in the Collins well, in sec. 20, T. 21 S., R. 17 E. In the area 
under consideration no part of the formation is known to be saturated 
with oil or asphaltum, as are some of the sandstone beds in the 
underlying formation. 

MANCOS SHALE. 

General character.-The Mancos shale consists of about 3,000 feet 
of bluish-drab shale, very sandy near the top and the base. Approxi­
mately 1,400 feet .of the Mancos is exposed in the area under con­
sideration. About 400 feet above the base occur sandy beds 50 to 
100 feet thick, which are known as the Ferron sandstone member. 
(See below.) The rocks underlying and overlying the Ferron 
sandstone member. are similar in appearance. They contain sandy 
beds which undoubtedly form the pockets for the gas encountered in 
the Klondike well and at 350 feet in the Collins well. The greater 
part of the small amount of gas encountered in the field was struck in 
the Mancos shale. 

Ferron sandstone member.-The portion of the formation distin­
guished as the Ferron sandstone member contains sand and sandy 
material and is more resistant than the overlying and underlying 
rocks, and for that reason it outcrops in a hogback which extends the 
full-length of the field. I.n the southeastern and eastern parts it is 
rep!esented by two small hogbacks near each other, which suggests 
that the sandy material brought in at the time these rocks were laid 
down was more plentiful than farther west and northwest, where but 
one hogback i.s present. This .s_andy member of the Mancos shale can 
be definitely correlated with alternating sandstone, shale, and coal 

1 Richardson, G. B., Reconnaissance of the Book Cliffs coal field, between Grand River, Colo., and 
Sunnyside, Utah: U.S. Geol. Suryey Bull. 371, pp. 12, 14, Pl. III, 1909. 
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beds in the vicinity and south of Ferron, in Castle Valley, from which 
the member takes its nam~. A complete description of the sandstone 
at its type locality is given. in another report in this bulletin. 

STRUCTURE. 

The structure in general in the western part of the field is that of a 
gently northeastward-dipping monocline,· which, owing to the pres~ 
ence of a comparatively narrow, somewhat broken anticline extend­
i~g--northwest and southeast and lying mainly east and southeast of 
the area mapped, develops gradually toward the east into a flat 
syncli.ne. . From rather meager data collected in the extreme eastern 
part of ·the field it is believed that considerable strike faulting has_ 
disturbed the rocks on both sides of the anticline. In the south­
western part of the ~rea mapped there are numerous var~ations in the 
general nortbeast dip ofthe strata, which are discussed below in detail.­
A prominent fault zone crosses the field in a northwest-southeast 
direction. Its direct bearing on the possible presence of an oil reser­
voir is fully discussed under "Conclusions." Another important 
fault zone, smaller than the one just mentioned, crosses Green River 
in the southern part of T. 21 S., R. 16 E., and extends a few miles 
into the area mapped. 

The details of the structure are shown by dip symbols and fault 
lines on the map which acvompanies. this- report (Pl. VI). The 
mapping of the outcrops of the formations, together with the 
hachured line representing the outcrop of the Salt Wash sandstone 
member of the McElmo formation, furnishes additional aid in inter­
preting the structure of the rocks. 

The dips measured on the Dakota sandstone are characteristic of 
the overlying Mancos shale and the underlying McE1mo formation. 
Hence a discussion of the structure of this sandstone applies equally 
we)l to the adjacent formations near the outcrop of the Dakota. 
Beginning near the town of Green River, where the dip is about 4 °, 
and following the outcrop to the southeast, the dips increase to as 
much as ·6° in sec. 25, T. 21 S., R. 16 E. This dip is constant for· 
about 2 miles, then drops to 5° just north of the fault in sec. 32, T. 21 
S., R. 17 E. South and southeast of the fault, .through T. 22 S.,· 
Rs. 16,L 17, and 18 E., and the northern. part ofT. 23 S., R. 18 E., 
the d~ps range from 4° _to 5° NE. The outcrop of the Dakota is 
obs6~r-ed by. faults southeast of the northern part of sec-. 10, T. 23 S., 
R. 18:E., for about 5 miles. Dips on the Ferron sandstone member 
of the Mancos shale show that the beds flatten gradually to 2° at the 
extreme southeast exposure of this sandstone, ill the hogback in sees. · 
1 and 2, T. 24 S., R. 19 E., near the end of -the syncline. At this 
locality the Dakota is again recognizable as the outcrop swings away 
from the fault and extends to the north aJ?-d northwest along the east 

S65° -B~ll. 541-14-9 
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flank of the syncline above referred to. To the north and northwest 
the dips increase to ·as much as 9° SW. in sec. 12, T. 23 S., R. 19 E., 
just north of the State road connecting Thompson and Moab. The 
stratigraphically lower rocks along the east flank of the syncline dip 
more steeply than the Dakota. 

South of the principal fault zone near the river, in sees. 26, 34, 35, 
and 36, T. 22 S., R. 16 E., and sees; 1, 2, and 3, T. 23 S., R. 16 E., 
variations in the dips suggest the presence of a .small dome who~e 
center is near the northwest corner of sec. 1. In sees. 7 and 8, T. 23 s·., 
R. 17 E., other variations in structure give indications of a small 
dome, the center of which is near the east quarter corner of sec. 7. 
Irregular dips are numerous ill sees. 15, 16, 17, 18, 19, 20, and 21 of 
the same township and indicate that the structure is undulating, 
with a fairly well defined dome of small extent in sees. 15, 16, 21, and 
22. The southe·asternpart of this dome could not be determined on 
account of lack of exposures, as drifted sand covers the rocks in the 
White Wash. The center of the dome is probably in the SW. l sec. 
15. Adjacent to the main fault zone in sees. 11 and 12, T. 23 S., 
R. 18 E., the dips are very irregular and show a very small dome 
which is due partly to faulting, as the northernmost fault of the prin­
cipal zone terminates near this place. 

The faults are discussed below in order from north to south. As 
shown on Plate VI a fault extends thr.ough sees. 33, 34, 35, and 36, 
T. 21 S., R. 16 E., and sees. 31, 32, 33, and part of 34 (where it dis­
appears), T. 21 S., R. 17 E., and .carries the outcrop of the Mancos 
shale about 3. miles west of its position north of the fault. Its extent 
to the west is not definitely known l;mt is probably not greater than 
to the east of the river. The maximum displacement of this fault, 
the down throw of which is on the south side, is about 450 feet. Goin's 
oil seep, near the north boundary of the NE. l sec. 2, T. 22 S.,· R. 
16 E., and a former spring, now marked by a calcareous deposit, near 
the northeast corner of the same section are closely related geneti­
cally to the disturbed strata adjacent to the fault in that the dis-

. turbed rock, being more porous, furnished an outlet to the surface 
for the oil and calcareous material. 

Block faults prevail in the western two-thirds of the field along the 
main zone of disturbance, whereas a single fault is the result of the 
earth movement in the eastern part. In sec. 26, T. 22 S., R. 16 E., 
and sec. 1, T. 23 S., R. 17- E., as many as four faults cut the rocks 
along Salt Wash ll:l a distance of three-fourths of a mile, but through­
out the remainder (and longer part) of that stream only two faults, a 
little less than half a mile apart, are present. The rocks between 
the two principal faults have been dropped as 1nuch as 500 feet, ap.d the 
strata on the·north side of the zone are about 300 feet higher than 
the corresponding strata to the south of the disturbed belt. This 

\ 
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condition is well illustrated by the stratigraphic section shown on 
Plate VI. The other downfaulted bl0ck, extending through sees. 1 
and 2, T. 23 S., R. 17 E., and sees. 3, 4, 5, 6, 8, 9, 10, 11, 14, and 
15, T. 23 S., R. 18 E., carries the outcrop of the lower part of the 
Mancos shale about 3 miles west of its normal position. This block 
has a maximum 4isplacement of about 400 feet. 

Both of .the principal.down-faulted blocks have a synclinal struc­
ture, which is due·to the bending up of the strata caused by dragging 

-:! along the fault planes. This is especially noticeable along Salt Wash, 
in the western part of the field. Southeast of Tenmile Wash the dis­
turbance has· taken place for the most part along a single fault plane, 
the strata to the north of the fault showing more evidence of the effect 
of dragging than those to the south, as indicated by dip symbols on 
Plate VI. At Brink Spring, in sec. 10, T. 24 S., R. 19 E., the dis-

·--'1 placement is about 1,200 feet, the downthrow being on the north 
side of the fault. The La Plata sandstone, capped with a few outliers 

• of the McElmo formation, f.orms the surface rocks south of the fault 
in this locality. The location of this fault east and southeast of a 
point about a mile southeast of Brink Spring is only approximate .. 
Although conditions to the southeast ·Were not studied in detail, it 

/ 

! 

/ is believed that the amount of displacem~nt increases in that direction. 
In addition to the larger faults described above, there appears to 

be in sec. 1, T.· 22 S., R. 16 E., about 1 .mile southeast of Goip.'s oil 
seep, a short minor fault of slight throw. · 

THEORY OF OIL ACCUMULATION. 

; Oil operators are desirous of finding anticlines or domes if the rocks 
are saturated with water ("wet") and synclines or basins if the 
strata are ·"dry" or comparatively so. Generally, wherever the 

1 rocks contain water and oil disseminated throughout the pores of 
the mass, there is a tendency for the water, being the heavier, to 
collect below and thus force the oil to occupy a position above it. 
If the rocks are thoroughly saturated there will be a general migra­
tion of the globules of oil upward through the strata until they reach 
the surface of the earth or until their progress is stopped by the 
presence of rocks like clay, shale, and dense sandstone, which are 
almost impervious to oil. If the porous stratum and the impervious 
cover are flat lying probably there will be no large accumulations 
of oil, but if they are inclined slightly the oil will continue to migrate 
up the r.ise at or near the base of the impervious stratum until it 
reaches the upper limit of water saturation or the surfac·e of the earth 
and escapes in an oil spring or seep. If the structure of the impervi­
ous stratum is that of a dome or anticline the oil will collect in the 

· . porous rock underlying the impervious cap in the top of the anticline ' 
and remain there until it· can escape to the surface through natural 
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or artificial openings, such as fault planes or drill holes. If the 
rocks are "dry" the disseminated oil particles, acted upon only by· 
the force of gravity, tend to migrate downward. If the structure is 
that of a syncline or basin underlain by an impervious stratum,"the 

. oil will collect in the depression. 
In th~ above discussion the simplest condition-that in which the 

rock containing the oil ·is a homogeneous sandstone overlain or 
underlain by a stratum impervious to oil-is assumed. It is believed 
that· where the conditions are more complex, as where the oil is 
included in a shale or a compact fine-grained sandstone containing 
lentils of coarser sandy material, and the rocks are fairly well satu- -
rated with water, the oil will be forced into the lentils of rock whose. 
pore spaces are larger, owing to the differential capillary attraction 
of water and oil. The presence of oil-saturated sandstone lentils in 
the more compact, finer-gr~ined sandstones in the McEJmo formation "' . 
of the Green River field may be expl~ined by this _theory. 

CONCLUSIONS • 

. The results obtained from drilling seven wells in this field, as indi­
cated in the following table, have furnished but little encomagement 
for further exploration. 

Wells drilledfor oil or gas in the Green River field, Utah. 

Nameofwen. Location. Depth. Oil. Gas. "Dry." 

-----·1------;----------1---1·------
Feet. 
1,000 ........ ...... X 

530 Trace. X ........ 
1,500 ........ ..•... X 

425 ........ ...... X 
700 ........ X ...... .. 

. 920 'l'race. X ...... .. 
2, 100 Trace. X ....... . 

Elgin .............. Sec. 15, T. 21 S., R. 16 E ........................... . 
Levi No.1. ........ Sec. 25, T. 23 S., R. 18 E ........................... . 
Levi No.2 ......... Sec. 35, T. 22 S., R.17 E .......................... .. 

.Levi (Keystone) ... Sec. 26, T. 22 S., R.17 E ........................... . 
Klondike ........... Sec. 26, T. 23 S., R. 19 E .......................... .. 
Queen .............. Sec. 18, T. 23 S., R.19 E .......... : ................ . 
Collins ............ Sec. 20, T. 21 S., R.17 E .................... · ...... .. 

Three of the wells have proved to' be dry holes according to the nwst 
reliable reports obtainable, three encountered traces of oil and small 
quantities of gas, and one struck "·pockets" of gas without oil. 

Levi well No. 2 and the Collins well, which were. drilled to depths 
of 1,500 and 2,100 feet, respectively, passed entirely through the 
McElmo formation and penetrated the upper part of the La Plata ·' 
sandstone, proving conclusively that the McElmo contains no per­
sistent oil-bearing stratum, although it may contain numerou_s small 
lenses of sandstone.that may be partly or wholly saturated with petro­
leum. As stated under "History of development of the field," lentils 
of petroleum-saturated sandstone outcrop, and it _is reasonable to 
assume that there may be others beneath the surface. 

The pockets of gas encountered in the wells are for the most part 
in the Mancos shale, although the Collins well, in·sec. 20, T. 21 S., 
R. 17 E., found pockets of gas in the McElmo formation also. 

\.. 
I 
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Structurally the 'area mapped in detail conta~s no anticlines or· 
/" domes of importance in which large quantities of oil or gas could have 

1 
collected. On the other. hand; the eastern part of the field in the 
vicinity of the Klondike well includes some anticlines, but they are 
not believed to be especially favorable on account of the presenc.e of 
probable faults on each· side of the upfolds. Additional field wor,k in 
tr!. 1 "Cality will definitely determine the character of the· structure. 
The monoclinal character of the greater part of the remainder of the 
field is not promising, as discussed under ''Theory of oil accumula­
tion." 

The small domes discussed under "Structure" and situated east of 
Green River, in Tps. 22 and 23 S., Rs. 16.and 17 E., are in the writer's 
opinion the most favorable places to drill for oil in this field. The 
favorable structure, however, does not mean that oil will certainly be. 
encountered. at· these localities . 

.... :~ults and fault zones are usually unfavorable structures for the 
accumulation of oil. or gas, because the rocks adjacent to the breaks 
in the strata are somewhat crushed and for that reason are rendered· 
more porous, allowing an ·easy passageway to the surface for the oil, 
gas, or water that may be seeking an upward outlet. It is believed 
that the petroleum-saturated condition of the rocks in the vicinity of 
Goin's seep,. situated near the north boundary of sec. 2, T. 22 S., 
R. 16 E., is due to the fault having cut a lentil of oil-saturated sand­
stone at some depth beneath. the surface. The conditions along the 
faults and fault zones that cut the strata in the Green River field 
suggest either that· the petroleum-saturated sandstone lentils.cut by 
faults are comparatively few, or that if they are numerous the amou~t 
of oil they contain is small, not satur~ting the rocks at the surface. 

From the evidence already obtained by drilling in this field and 
from the presence of gas in the Mancos shale in. other fields, it seems · 

, safe to predict that a little gas will probably be encountered in every 
well drilled in the Mancos shale. It seems equally probable, consid­
ering the structure of the field,· that gas in large quantities will not 
·be found. 

. (). . 

As stated under "History of development of tlie field," two wells 
are being drilled 45 to 50 miles southwest of Green River. The struc­
ture in this general region, to judge from the meager evidence col­
lected on a reconnaissance trip, seems to be favorable for the accumu­
lation of oil and gas in what appeared to be a broad; flat anticline 
extending in an east-west direction. It should be reiterated that the 
presence of favorable structure does not mean that oil or gas will be 
found in 'commercial quantities. Favorable structure is a necessary 
condition but not the only one. Th~ underlying strata must contain 
oil or gas disseminated through them, or the reservoirs, however ideal 
they may be, are of no importance. 

~- • i , I 
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PETROLEUM NEAR DAYTON, NEW MEXICO. 

By G. B. RICHARDSON. 

Introduction.-:--Interest in the possible occurrence of a commercially 
important_ quantity of petroleum in the Pecos Valley has been re­
vived by the discovery, near Dayton, N.Mex., of oil in a well drilled 
for water. This well is reported to have a capacity of about 25 bar­
rels of oil a day. Several companies have been organized, and in 
March, 1913, three standard rigs were in. the field· prepared to test 

FIGURE 5.-Sketch map:showing location of Dayton, N. Mex: 

the area in the vicinity of Dayton. Although detailed geologic work 
has not yet been done in this region, and little is known about the 
field, the following statement, based on data obtained during a short 
visit in :ry.t:arch, 1913, has been prepared in response to numerous re­
quests for information. 

Development.~Several hundred wel1s have been ·sunk for water in 
the Roswell artesian area/ in which Dayton is located. These range 

1 Fisher, C. ·A., Prelim~ary report ·on the geology and underground waters of the Roswell artesian area, 
New Y.exico: U.S. Geol. Survey Water-Supply Paper 158, 1906. · 
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from a few hundred t"o about a thousand feet in depth, and in the 
vicinity of Artesia and Dayton there are a number of wells which 
individually flow more than 1,000 gallons a minute. The water is 
obtained from a porous limestone member of the group of Permian 
red beds of the Pecos Valley and, as the oil occurs below the water­
bearing bed, the casing off of this great flow will be a serio~s matter, 
but the fust problem is to determine whether or not there is in this 
locality an important quantity of oil. -

Traces of oil and gaS have been found in a number of wells in· this 
vicinity, and in 1909-10 local excitement was caused by the discovery 
of these substances in unusual quantity. . Nat ural gas was struck in 
the Platt well, in the SW.! sec. 26, T.18 S., R. 26 E., 1! miles southeast 
of Dayton. This well is reported to be 869 feet deep, the flow of water 
being encountered at 790 feet. Accurate measurement of the quan­
tity of gas produced has not been made, although the pressure is said 

·to have been great enough to break a 300-pourid gage. In March, 
1913, the gas, after being· shut off for some time, .was turned on, 
escaping with a roar and burnii~g with a flame .several feet nigh. Oil 
was not found in this well. . · 

Another well, the Old Williams, now known as the Belt well, in 
the NW. l sec. 25, T. 18 S., R. 26. E., 2! miles east of Dayton, was 
driven to a depth of 1,002 feet (reported by some to be 1,340 feet) and 
encountered one flow of water at 783 feet and another at 820 feet. 
A small quantity of gas and oil flowed from the well With the water 
and at first was allowed to escape, but recently, by allowing the flow 
to enter a series of settling tan~s and drawing off the water from 
below and the oil-from above, a reported yield of about a barrel of 
oil a day has been· obtained. . 

The best yield of petroleum yet obtained in the Pecos Valley is 
from the old Hammond, now known as the Brown well, in the NE. ·i 
sec. 15, T. 18 S., R. 26 E.~ 21 miles northeast of Dayton. . This well 
was sunk in 1909 to a depth of 950 feet. · A flow of water was encoun­
tered at 660 feet, a little gas at 762 feet, and oil between 911 an,d 926 
feet. An attempt was made to case off the flow of water, and in the 
summer of 1911 a yield, continuing for several months, of 6 to 10 
barrels of oil a day was reported. In 1912 this well was acquired by 
Charles S. Brown, of Artesia, who succeeded in increasing the yield. 
of oil and in cutting off more water, but the attempt to case off the 
·water has been only partly successful. In March, 1913, Mr. Brown 
-stated that he· pumped approximately 800 barrels of liquid a day 
from this well, incLuding about 25 barrels of oil.. The oil is separated 
from the water by a series of ·settling tanks and is sold for fuel and 
for smudging orchards. 

Not long after oil was found in the Old Hammond well a local 
assocration known as the Giant Gas & Oil Co. was organiZed, and 

.,. 
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in 1910 it sank a well close by, in the NE. i sec. 15, T. 18 S., R. 26 E. 
This well is reported to have been put down 1,118 feet without find­
ing either gas or oil. From lack of money the well was not drilled 
deeper, but as oil had been found between 911 and 926 feet in the 
adjacent well the test was thought to be fair. Nevertheless con­
tinued interest in the possibilities of the Dayton field has been main­
tained, and recently it wa!? determined to test the area by sinking 
wells considerably deeper. Two companies were therefore organized, 
the Pecos Valley Oil & Gas Co., w:hich is drilling a well in the SE. i 
sec. 15, T. 18 S., R. 26 E., and the Dayton Petroleum Co., in the NW. i 
sec. 23~ T. 18 S., R. 26 E., both sites being between the Brown and 
Belt wells referred to above. Another test well said to be located in 
theSE. i sec. 35, T. 19 S., R. 24 E., 12 miles southwest of Dayton, was 
started by the Seven Rivers Oil .& Gas Co., which intended to sink 
it to a considerable depth, but in the spring of 1913 it was reported 
to be temporarily stopped at a depth of about 600 feet on account of 
lack ·of funds. 

Quality of the oil. -Samples of oil from the Brown and Belt wells, 
colle.cted·by the writer in March, 1913, were analyzed by David T. 
Day with· the fbllowing results: 

Analyses of petroleum from the vicinity of Dayton, N. Mex. 

Belt well. 

Color ............................................... : . . . . . . . . . . . . . . . Brown. 
Specificgravity ..................................................... 0.8974at26°B. 
Distillation: 

Gasoline ............ ~........................................... None. 
Begins to boil at................................................ 170° C. 
Boiling below 300° C. (kerosene) ...................... per cent.. 33 
Specific gravity of above fraction................................ 0. 7903 
Residue .............................................. per cent.. 65.6 
~ecific gravity of residue....................................... 0. 9223 

~~i!~:::::::::::::::: :· :· :· :· :·: :·:::::: :·: :::-:· :-:· :-:·:·:· :. :· :·:·:· :· ::·:-~~~ir;:: 9t 8· 

Brown well. 

Brown. 
o. 9097 at 23.9° B. 

None. 
160° c. 

29 
0.8041 

69.3 
0. 7396 . 

98.3 
0.35 
2:3 

These tests show that the oil is similar to that of the Beaumont 
field in Texas. It is a fuel oil which.furnishes little or no gasoline but 

· from which a fair yield of kerosene can be obtained. 
Geology.-Although detailed geologic work has not yet been done 

in southeastern New Mexico, general conditions are known as a result 
of several reconnaissance surveys. · 
. In this part of New Mexico Pecos River flows in a broad,· open valley 

lying betweep. the Llano Estacado on the east and the Guadalupe and 
Sacramento mountains on the west. The rocks are sedimentary and 
the general dip is eastward, decreasing from 5° or 10° in the moun­
tains nearly to horizontality on the plains. The rocks of the moun­
tains consist of at least 10,000 feet of limestone and subordinate sand­
stone, which are succeeded by the red beds that directly underlie the 
Pecos Valley. These rocks are of Carboniferous age, the lowermost 
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being Pennsylvanian and the uppermost Permian. East of the river 
the red beds are overlain by Triassic and Tertiary strata, which for 
present purposes are unimportant. The bituminous limestones and 
sandstones which underlie the red beds constitute the probable 
source of the petroleum. 

The greater part ofthe Pecos Valley is occupied by unconsolidated 
Quaternary deposits, consisting of gravel, sand, and clay, which are 
separable into river alluviwn and material derived from· the disinte­
grat)on of the rocks of the mountains and transported as wash toward 
the river. These 11nconsolidated materials, as indicated by logs of 
wells, vary in thickness, reaching a maximwn of a few hundred feet, 
and o~cupy a large area, in places having a width of 25 miles. The 
bedrock is therefore concealed beneath the valley ·and details of its 
character and structure are unknown. 

The red beds of the Pecos V aTiey, which directly underlie the 
unc~nsolidated materials and outcrop on the highlands east and west 
of the river, con~ist of a coii,lplex group of lenticular beds of red sand­
stone and· shale, magnesian limestone, and gypsum. Satisfactory 
measurements of the thickness of these beds have not been made, 
although they are iocal1y known to be more than 1;600 feet thick. 
But the thickness vaTies greatly because the red beds are not confined 
between definite horizons, the red color extending irregularly across 
the strike in accordance with varying con4itions of deposition. · The 
red beds of the Pecos Valley, on the evidence of fossil shells and strati­
graphic position, are believed to be of Permian age and are correlated 
with the, well-known Permian red beds of north-central Texas and 
Oldahoma, which outcrop east of the Llano Estacado. 

An idea of the composition of the red beds is indicated by the log of 
· the Williams or Belt well, as reported by the driller. 

Log of the Williams or Belt well, in the NW.isec. ~5,_ T. 18 S., R. ~6 E. 

Soil •.•••........... · ............. . 
Gumbo ••......................... 
Gravel •••........................ 

g!J:l~~~ :~~~::::::::::::::::::::: 

f:?i~fe~~~:::::::::::: :::::::::: 
Concrete ......................... . 
Sand, red ••....................... 

~~:u~~iock:::::::::::::::::::: 
Gumbo .......................... . 
Sand, red ........................ . 
Clay, blue ....................... . 

~~:~~e~:~:. ·.::::::::: :: : :: : : : ::: :: 
Sand, red.: ...................... . 
Hard rock .......... _ ............ . 
Shale ................ , ............. . 
Water rock ................... ; .. . 
Clay, blue ..... ' ................. . 

~~t Depth. 

Feet. 
8 
7 

10 
60 
65 
10 

' 47 
6 
5 
4 
6 

12 
10 
45 
10 
15 
90 
30 
50 
40 
50 
20 

Feet. 
8 

15 
25 
85 

150 
160 
207 
213 
218 
222 
228 
240 
250 
395 
405 
420 
510 
540 
590 
630 
680 
700 

rr:e~~- Depth. 

Concrete ......................... . 

~~~ ;~~k:::::::::::::::::::::::: 
Shale ............................ . 
Water rock ..... · ................. . 
Shale, red ....................... . 
Water rock ...................... . 
Hard rock ....................... . 
Sand, red ....................... . 
Sandstone ....................... , 
Hardrock ....................... . 
Gypsum ••........................ 
Black sulphur rock .............. . 

~~~ds~~~::::::::::::::::::::::::: 
Limestone •....................... 
Sandstone, white ................ . 
Hard brown rock ................ . 
Light-brown rock •................ 
Sandstone, white ........ __ ...... . 
Dark-brown-rork ................ . 
Light-brown rock ................ . 

Feet. 
50 
8 

12 
13 
7 

18 
12 
15 
8 

10 
42 
5 

10 
2 

23 
11 
32 
11 
5 
2 
4 
2 

Feet. 
750 
758 
770 
783 
790 
808 
820 
835 
843 
853 
895 
900 
910 
912 
935 
946 
978 
989 
994 
996 

1,000 
1,002 
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Beneath the red beds of the Pecos Valley is a great mass of lime­
stone with interbedded lenses of sandstone, having an estimated 
thickness of I 0,000. feet, which outcrops in the Guadalupe and Sac­
ramento mountains and dips eastward toward Pecos River at a low 
angle. This limestone in turn is underlain by a lower zone of red 
beds exposed on the western escarpment of the Sacramento Moun­
tains, 90 miles west of Pecos River. Both the lower red beds and 
part of the overlying limestone and sandstone are of Pennsylvanian · 
age. 

Petroleum.-The petroleum in the vicinity of Dayton occurs at or 
near the base of'the red beds of the Pecos Valley, beneath the water­
bearing stratum of porous limestone that furnishes the artesian sup­
ply. Presumably the oil originated in the bituminous limestones and 
sandstones which outcrop in the mountains west of the Pecos Valley 
and underlie the red beds~ . 

It is of interest that the oil in the Electra field, Texas, east of the 
Llano Estacado, occurs in a similar stratigraphic position. The sig­
nificance of this similarity, however, is diminished by the fact that 
the fossils from the rocks below the Permian red beds of the .Pecos 
Valley are different, according to G. If. Girty, from those occurring 
in the strata beneath the Permian red beds of north-central Texas, 
the ·difference indicating separate basins of deposition. Apparently 
the occurrence of oil in these two areas east and west of the Llano 
Estacado is distinct. 

It should be noted also that the Dayton oil is quite different from 
the petroleum of the Electra field, Texas, which is reported by 
Udden and Phillips as a "high-grade light oil excellently adapted to 
refinery use." 

The recent drilling in the vicinity of Dayton is ·but one of several 
attempts to find oil in the Pecos Valley between Roswell, N. Mex., 
and Fort Stockton, Tex. In this area indications of the presence of 
petroleum, such as rocks charged with bituminous matter, small oil 
seeps, and local occurrences of oil in water wells, have long been 
known. Although the hope of finding petroleum in paying quantity 
has thus been stimulated, so .far experience has been disappointing. 
Among the prospect wells that have been sunk are some more. than 
2,000 feet deep in the vicinity of Toyah, Tex., and one almost 3,000 
feet deep near Roswell, N. Mex., all of which were failures. · 

It should be realized that prospecting for oil in Pecos Valley is. 
unusually difficult because of the widespread cover of unconsolidated 
deposits that conceals the structure of the underlying rocks, which in 

· many fields is a controlling factor in the accumulation of oil. In the 
Roswell artesian area, however, an important clue to the structure 
may· be obtained from the logs of water wells-in spite of the fact 
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that .logs of variable red beds are usually ·of little value-because 
apparently the main flow of water comes from a definite horizon. 
Study of well logs in this· area is facilitated by the systematic records 
that are required by State law. Apparep,tly this clue has not been 
utilized. . 

It should also be realized that petroleum is of widespread distribu­
tion and that a considerable accumulation is not necessarily implied 
by anything thus far known in Pecos Valley. As yet there is no basis 
for a conclusion one way or the other as to whether a commercially 
important oil pool exists anywhere in Pecos Valley. It. is, neverthe­
less, most desirable that a thorough test be made in the vicinity of 
Dayton, where more oil has been found than elsewhere in the valley. 



RECONNAISSANCE OF THE BARSTOW-KRAMER REGION, 
. CALIFORNIA~ 

By R. w. PACK. 

INTRODUCTION. 

PURPOSE OF THE REPORT. 

From time to time ·since 1900 the region between Mohave and 
Barstow in the Mohave Desert, CaL, has attracted attention as a 
possible oil field, and a report that valuable light-gravity oil occurs 
there . has been widely circulated. Great stretches of land in the 
northern part o·f the desert have been ·located as oil claims, a ·con­
siderable number of derricks hav.e been erected, and wells have been 
drilled at four rather widely separated localities. Indications of oil 
have been reported in at least two 'of these wells. In the early part 
of December, 1912, the writer spent a few days in a reconnaissance of 
the eastern part of this region in order to obtam a general under- , 
standing of its broader geologic features and to. determine if possible 
from such a study whether or not oil might reasonably be expected 
to .. occur there in sufficient amounts to be commercially valuable. 

CONCLUSIONS. 

The main conclusion arrived at as a result of this examination is 
entirely adverse to the idea that oil occurs in thiS region. Traces 
of oil and gas are present in different parts_ of the world in fine­
grained sedimentary beds, and it is possible that similar traces of oil 
may exist in the fine-grained detrital beds of this region, but the 
writer believes 'it highly improbable that oil and gas occur here in 
greater amounts. The· reasons for this conclusion are given in 
detail at the end of the report. 

GEOLOGIC MAPPING. 

The geology and structure of this region are far from simple, and 
although the work was detailed enough to fully warrant the pre­
ceding statement regarding the occurrence of oil, it was not sufficient 
to furnish data for :m.ore than a superficial description of the areal 
geology. On the sketch map (Pl. VII) the areal extent of the several 
groups of rocks has been shown. The boundaries of these areas have 
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been located by rough compass triangulation and by pacing from 
· section corners wherever such corners could be discovered. In 

parts of the region, notably along the eastern edge and in the north­
central portion, the land lines have recently been resurveyed, and a 
considerable number· of corners were found, but jn much of it the 
geologic boundaries shown are only sketched. This is particularly 

·true of the area between Barstow and the Chicago Oil Co .. 's well, 
where very little effort was made to place accurately the line of con­
tact between the complex of pre-Tertiary rocks and the OTertiary 
rhyolitic flows and tuffs. 
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the northwestern portion of the region here discussed is largely the 
result of his work. Messrs. S. L. Gillan and Frank Farmer, mineral 
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J.P. Jacobs, of the Kramer Consolidated Oil Co.,1 for information and 
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GENERAL GEOGRAPHIC AND TOPOGRAPHIC FEATURES. 

The area here .described lies in the central part of the Mohave 
Desert in San Bernardino County, Cal. Its location is shoWn. in the 
index map on Plate VII. Two railroads pass through it___:the Atchi­
son, Tqpeka & Santa Fe Railway, with two lines which join at Bar­
stow, one to San Francisco and the other to Los Angeles, and the 
San Pedro, Los Angeles & Salt Lake Railroad, which, through most 
of this region runs over the Los Angeles branch of the Santa Fe. The 
only settlement of any considerable size is Barstow, which has about 
800 or 900 inhabitants. It lies approximately 140 miles by rail east 
of Los Angeles. · 

The topography is typical of that existing throughout the Great 
Basin. Much of the region is occupied by broad, practically level 
stretches of desert sand and gravel, from which irregular barren 
ridges and hill groups rise rather abruptly to elevations of several 
hundred feet above the plain. These barren hills rising in the midst . 
of a broad expanse of sand look not unlike islands rising out of the 
sea. The abruptness with which many of the hills rise from the desert 
gives the impression that the alluvial basins are deep. This idea is 
strengthened by the fact that one of the wells drilled here has, as nearly 
as can be judged from the imperfect record kep~, penetrated many 
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hundred feet of loosely consolidated sand and gravel. In the main, 
however, the thickness of the alluvium and the contour of the basins 
in which it was deposited can only be left to the imagination. 

The granitic and older crystalline rocks weather to rounded somber­
colored hills. The younger volcanic and clastic beds, however, are 
highly colored and present a wonderful array of reds, greens, browns, 
and blues, which, combined with the peculiar rugged topography 
characteristic of them, form a striking and in places fantastic land­
scape. 

The region is very poorly watered, the annual rainfall being rarely 
over 5 inches and commo:q.ly less than 3 inches. Wells along the 
course of Mohave River and near the center of some of the inclosed 
drainage basins afford a small quantity of water, in places sufficient 
to irrigate a few acres. Small farms are tilled along the river and at 
a few places near the dry lakes where water can be obtained_ in shal­
low wells, but for the most part the land ·in-this portion of the desert 
~as at present little use other than as a rather poor range. Except 
for scattered ranches along the river and between Hinkley and Black's 
ranch the region outside of Barstow and Daggett is practiqally unin­
habited. The vegetation is limited to the common desert types, 
mainly small shrubs, cacti, bunch grass, and yucca. A group of 
mesquite near Black's ranch are the only trees outside of the river 

·valley. . 
The main drainage line is Mohave River, which flows to its sink 

in the east end of" the desert, some 50 miles to the northeast. Much 
of the region, however, drains into inclosed basins whose centers are 
occupied in the wet season by shallow lakes, the largest of which, 
known as Harper Lake, is shown on· the map. These lakes or playas 
are dry during the greater part of the year and their be'ds form hard 
pavement-like surfaces swept bare of all dust by the heavy winds 
that are characteristic of the region, but with a slight rain the playas 
become impassable bogs. · 

PREVIOUS KNOWLEDGE OF THE GEOLOGY. 

But little has been publi~hed about the geology of this region. 
Most of the written accounts are either descriptions of brief recon"" 
naissance trips, such as that on which the present paper is based, or 
else detailed descriptions of some very local mineral deposit, mainly 
the borax near Daggett. The only published account that attempts 
to give a comprehensive idea of the geology of the area here dis­
cussed is that by C. L. Baker entitled:" Notes on the later Cenozoic 
history of the Mohave Desert region in southeastern California." 1 This 
paper gives also a_ bibliography of other papers describing the general 
regwn. 

1 Univ,Califomia. Dept. Geology Bull. 1 vol. 61 No.l51 pp. 34-431 1911, 
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GEOLOGY. 

MAIN GROUPS OF ROCKS. 

The rocks in this part of the Mohave Desert may conveniently be 
described as belonging to four main groups-(1) a complex associa­
tion of rocks of pre-Tertiary age composed of more or less altered 
~edimentary and igneous rocks, (2) volcanic flows and tuffs with 
interstratified detrital beds, mainly fine sand and clay, of Tertiary 
age, (3) a basaltic flow of Quaternary age, and ( 4) Recent deposits 
of unconsolidated gravel, sand, and cla·y. The rocks included in the 
first three groups have been tilted from their original position, Closely 
folded, and faulted, and their preseJ}t structure is complex. They 
form the numerous hill groups which rise out of the level sandy plain 
and evidently also continue under the plain as the floor upon which 
the flat-lying sand beds were laid down. The Recent unconsolidated 
materials, which constitute the fourth group, have now practically 
the same attitude as they had when they' were deposited. They not 
only occupy the centers of the topographic basins but in places extend 
for considerable distances up the flanks of the rocky hills, where they 
cap the iriterarroyo ridges. Besides these practically flat-lying beds 
·of gravel and sand, thick masses of similar materials, having a slightly 
greater though still a low dip, occur south of the-Chicago well and also 
south of. Mohave River between Barstow and Daggett. 

PRE-TERTIARY ROCKS. 

The pre-Tertiary rocks in this part of the Mohave Desert comprise 
schist, gneiss, crystalline limestone, and some less altered sedimentary 
and volcanic rocks, together with granitoid rocks of various kinds, some 
of which are intrusive into the metamorphic rocks. This complex forms 
a large number of the rocky hill groups which rise above the desert in 

·this and adjacent regions, and .with little question was the basement 
upon which the Tertiary and Quaternary beds were deposited. 

Metamorphic and granitic rocks of this general type are distributed. 
widely over southeastern California and the neighboring parts of . 
Nevada and Arizona. Only a small amount of geologic work has 
been done on them in the central part of the Mohave Desert, and in 
consequence little can be said definitely concerning their age. The 
nearest point to the Barstow-Kramer region at which the age of 
rocks of this type has been accurately determined is between 60 and 
80 miles to the north, in the Funeral and Kingston ranges, where 
various altered early P~leozoic sedimentary . formations rest upon 
nonfossiliferous rocks· that a:re believed to. be pre-Cambrian. The 
geology of these ranges is described by Gilbert/ Campbell/ and 

1 Gilbert, G. K., Report on the geology of.portioDB of Nev;ada, Utah, California, and Arizona: U.S. Geol. 
and Geog. Surveys W. 100th Mer., vol. 3, pp. 33, 179, 181, 1875. 

2 Campbell, M. R., Reconnaissance or the borax deposits of Death Valley and Mohave .Desert: U. S. 
Geol. Survey Bull. 200, p. 14, 1902. 
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Spurr.1 The Randsburg ·district, which lies. 15 or 20 miles north-, 
west of the area shown on the accompanying map (Pl. VII), is. 
described by Hess. 2 The· oldest rocks there are granite and schist, 
the schist probably being the younger of the two, although the 
relationship is not· entirely distinct. The quadrangle also contains 
a younger series of altered sedimentary rocks which on the evidence 
of a few poorly preserved· fossils is regarded as .not younger than 
Carboniferous. The granite, which according to Hess is probably 
the oldest rock in the Randsburg region, continues southeastward, 
forming Fremont Peak and the low hills in the northwest corner of 
the area shown on Plate VII. The San Bernardino Mountains, 
which lie 40 or 50 miles south of Barstow, are, according to Menden­
hall, 3 formed largely of granitic and dioritic rocks. These rocks are 
intrusive into metamorphosed sedimentary rocks of unknown age. 
Hershey 4 briefly describes the complex of gneiss, schist, and old 
igneous rocks near Barstow, 9orrelating them with the pre-Cambrian 
rocks of Inyo County, to the north. He also describes limestone 
and quartzite in the Granite Mountains, 15 or 20 miles south of 
Barstow, and correlates them with Lower Cambrian rocks in the 
White Mountains of Inyo County. These correlations by Hershey 
are based wholly upon the general lithologic similarity and degree of 
metamorphism of the rocks in the two places and can not be regarded 
as established. 

Granitol.d rocks form the greatest part of the surface in the areas 
shown on the accompanying map as occupied by the pre-Tertiary 
complex. Some of the granite is younger than the metamorphosed 
sedimentary .rocks and may belong to the same general period of 
intrusion as -the granite.in the Sierra Nevada. Part of it, however, 
particularly that in the northwest corner of the area, which forms 
the continuation of the granitic rocks in the Randsburg district, 
may be much older. 

TERTIARY ROCKS. 

GENERAL CHARACTER AND CORRELATION. 

Resting with marked unconformity upon the complex just described 
are rocks of Tertiary age, which comprise a variety of volcanic 
flows and tuffs interstratified with sedimentary beds of diverse 
kinds, from _chemically deposited limestone to bowlder beds con­
taining fragments several feet in diameter. Tertiary rocks of this 
general type are found in many parts of the Mohave Desert,· from 

1 Spurr, J. E., Doocrlptive geology of Nevada south o1 the fortieth parallel and adjacent portions of Cali­
fomia: U.S. Geol. Survey Bull. 208, pp. 187-200,1903. 

t Hess, F. L., Gold mining in the Randsburg quadrangle, California: U.S. Geol. Survey Bull. 430, pp. 
23-47. 1910. 

a Mendenhall, W. C., unpublished notM. 
• Hershey, 0. H., Some crystalline rocks of southem California: Am. Geologist, vol. 29, p. 286,1902. 

360° -Bull. Ml.-14-10 
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• its- western· edge eastward far beyond the area described in the 
present report. About Barstow they form many of the rocky hills 
which rise above the desert and evidently extend over considerable 
areas beneath the Recent sand and gravel that constitute the surface 

· of the desert. 
The Tertiary rocks in thi~ part of the Mohave D.esert have been 

briefly ·described by Hershey, 1 who correlates all of them except 
some ·beds of reddish sandstone, conglomerate, and tuff· exposed 
near Mohave River between· Barstow and Daggett with the "Rosa­
mond series," which he describes as typically exposed in the western 
part of the desert. The reddish beds mentioned above he believes 
to be younger than the ''Rosamond'' and the same as rocks which he 
terms the ''Escondido series," also typically exposed in the western 
part of the desert. In a later paper the same author published a 
map 2 on which the distribution of the "Rosamond" and "Escon­
dido" about Barstow are shown. 

The name "Mohave beds" was applied by Merriam 8 to the Ter­
tiary roGks which contain mammalian remains in the Barstow 
syncline. He says: · 

According to a sketch map published by Hershey the point at which the collection 
was made would fall within the limits of what is designated by Hershey as the Rosa­
mond series. This series has not, however, been characterized in any way, so that 
the nature of the formation is unknown. As geographic location is one of the impor­
tant factors concerned, the horizon at which this collection was obtained may be 
referred to under a geographic designation as the Mohave beds. 

Baker 4 in describing the Tertiary rocks about Barstow restricted 
the term "Rosamond" to the part of the section th~t is composed 
predominantly of sedimentary rocks, offering evidence that these 
rocks rest unconformably upon older volcanic rocks which Hershey 
included in the ''Rosamond.'' · 

Tertiary rocks like those in the Barstow-Kramer region occur in· 
Red Rock Canyon, about 60 miles northwest of Barstow. . These 
rocks were described by Fairbanks/ who found in them a few fossil 
leaves that Knowlton determined as of Tertiary and probably of 
Eocene age. These beds were described as the "Mojave formation"' 
and correlated with the Eocene by Smith,6 who based his corr~lation 
entirely on Fairbanks's description. The Tertiary rocks in and 

1 Hershey, 0. B., Some Tertiary formations of southern California: Am. Geologist, vol. 29, pp. 367,368, 
1902. . 

I Hershey, 0. H., The Quaternary of southern California: Univ. California Dept. Geology Bull., vol. 3, 
No.1, Pl. I, 1902. . 

a Merriam, J. C., A collection of mammalian remairul from Tertiary beds in the Mohave Desert: Univ. 
California Dept. Geology Bull., vol. 6, pp. 167, 168, 1911. 

' Baker 1 C. L., Notes on the later Cenozoic history of the Mohave Desert region in southeAStern California: 
Unlv. California Dept. Geology Bull., vol. 6, pp. 333-383,1911. 

11 Fairbanks, H. W., Notes on the geology of eastern California: Am. Geologist, vol. 17, pp. 67, 68, 1896. 
s Smith, J. H., The Eocene of North Am.erlca w011t of~ lOQtA meridi.an; Jow. G(lology1 vol. 81 :p. ~~~ 

466,1900. 
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about Red Rock Canyon were later described by Baker,t who cor­
related them as a whole with the "Rosamond series,'' on the evidence 
of mammalian remains which he collected · and which ~1erriam 
determined as of upper Miocene age. 

The field work that forms the basis of the present report was too 
meager to admit of any definite correlation of the rocks about Bar­
stow with the "Rosamond series," and it was impossible to work 
out the sequence of the various ·effusive rocks and their relation to 
the sedimentary rocks. The Tertiary rocks have in consequence­
been shown as a unit on the map. An attempt will be made, however, 
to indicate the general character of the rocks in the different areaS 
and to describe the lithology of the sedimentary beds. 

LITHOLOGY. 

The sedimentary beds are best exposed in the Barstow syncline, 
where they have a thickness of nofless than 3,000 feet and probably 

. ·considerably more, but on account of the numerous faults which 
have in part duplicated the section it is impossible to give an accurate 
estimate of the thickness. The beds vary greatly in character, both 
vertically and along the strike, and it is difficult to group them into 
any definite formations which may be followed consistently. They 
may, however, be divided roughly into three parts. The lowest of 
these divisions has a thickness of not less than 1,200 feet and is 
composed largely of coarse to :fine grained tuff, volcanic ash, various 
thin lava flows, and especially, near the base, a few beds of coarse 
granitic bowlders and brownish sandstone. This divisio.n· weathers 

, to ragged, irregular hills and shows a remarkable variety of bright 
colors ranging from green, blue, or almost purple to various shades 
of yellow, brown, and red. .. 

The middle division .is composed mainly of slightly greenish gray 
clay, with thin b~ds of brownish arkose sandstone, numerous ·layers 
of white calcareous clay and somewhat impure limestone, beds of 
white ash, and, toward the base, beds of coarse granitic fragments. 
It has a thickness of not less than 1,500 feet. The greenish clay 
which formS the bulk of the division is in, places thin bedded, but in 
other places it forms masses 20 or 30 feet thick without trace of 
stratification and the interill.ittent streams have intrenched them­
selves in it, leaving almost vertical cliffs 50 or 60 feet high. The 
coarse beds near the base are formed almost wholly of unsorted 

'granitic fragments, the largest 3 or 4 feet in diameter. They are 
embedded in an arkose matrix, in places firmly cemented, and to 

. casual observation look like granite in place. The calcareous beds 

l.Baker, C. L., Notes on the later Cenozoic history of the Mohave Desert region in southeastern California: 
Univ. Csillornia Dept. Geology Bull., vo1. 6, P.P· 3M-357, 1911; Physiography and structure of the 
western El Paso Range a.nd the southern Sierra :Nevada: Idem, vol. 7, pp.l23-134, 1912. 
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are of two types. The most numerous are layers of calcareous ·clay 
whose composition is in general like that of the greenish clay with 
which they are stratified, but owing to their lime content they weather 
almost pure white. They are more resistant than the clay, and the 
consequent unequal erosion results in the formation of fantastic 
badlands. Besides the calcareous clay there are numerous beds of 
yellowish to dark brown limestone which. vary in thickness, the 
maximum being about 10 feet. Many of the ealcareous beds emit. 
a peculiar fetid odor when struck. This odor, which is .not unlike 
that of petroleum, has been considered by many persons as an indi­
cation of oil. A sample of the .fetid limestone was examined by 
D. T. Day, of the United States Geological Survey, who reported 
that no ttace of liquid. hydrocarbons could be extracted from it by 
various solvents. After treatment with sulphuric acid he detected a 
trace of resin, but this ·was too small in amount to account for the 
odor. ·The limestone contains a considerable amount of sulphur and 
the odor is probably due largely to hydrogen sulphide. 

Locally the remains of fresh-water mollusks and somewhat more · 
rarely fossil bones similar to tpose oce1uring in the overlying division 
were found in the beds in the upper part of this division. In con­
trast to both the overlying and underlying divisions this division is 
well bedded, and the writer believes that it was deposited in water. 

The uppermost division is formed .of poorly consolidated beds of 
coarse angular rock fragments, fine gray ashy sand, and clay. The 
materials are much more poorly stratified than those of the preced­
ing division and resemble slightly the Recent flat-lying gravel and 
sand. The beds in this division form rounded buff-colored hills, in 
marked contrast to the badland of the middle division and the ' 
multicolored hills of the lower division. ·Fossil bones occur abun­
dantly in this division, especially in the finer-grained ·beds. 

Baker 1 has grouped the Tertiary rocks exposed in the Barstow 
syncline into five members. Although these members may be 
recognized in the central part of the syncline, the writer found that 
they .could not be followed consistently and rather doubts the 
advisability of attempting to divide the section so minutely. The 
divisions are, beginning with the base, "(1) basal breccia, (2) tuff­
breccia, (3) fine ashy and shaly tuff, (4) resistant breccia, (5) fos-

. siliferous tuff." The first two' of these members ·correspond roughly 
with what is described in the present paper as the lowest division, 
the third and fourth members with the middle division, and the· 
fossiliferous tuff with the uppermost division. 

West of BlackMountain the oldest Tertiary rocks appearing along 
the axis of the small anti~line are clay shale, fine sand, and ash 

t Baker, C. L., Notes· on the later Cenozoic history of the Mohave Desert region in southell8tem Cali· 
fornia: Univ. California Dept. Geology Bull., voi. 6, pp. 342-347, 1911. ' · 
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similar to those forming the middle division in the Barstow syncline. 
Layers of fetid limestone are abundant and on that account this. 
part of the region has been considered as the most favorable locality 

. for prospecting for oil. Several thin beds of basic lava, usually less 
than 6 feet thick, are bedded with the clay, and a somewhat thicker 
though lenticular bed occurs ·near the contact with the overlying 
buff-colored gravel. This bed of basalt forms the hill immediately 

1 north of the Giroux well. Overlying the clay and occupying most 
of the area mapped as Tertiary to the northwest are buff-colored 
gravel and ashy sand much like the upper division in the Barstow 
syncline. 

A belt of outcrop from a quarter to half a mile in width, formed 
mainly of friable sandstone and clay, trends east and west along the 

1 south flank of the Calico Mountains, passing approximately through 
the old town of Calico. These beds rest upon the rhyolitic tuffs and 
lava flows which form the main mass of the Calico Mountains on the 
north and are separated from" the desert on the south by volcanic 
rocks which Lindgren 1 believed to be younger. Isolated patches of 
sandstone and limestone occur also high on the slope of the Calico 
Mountains, in the south half ofT. 11 N., R. 1 E. · 

The central part of the area of Tertiary rocks on the north side· of 
Mohave River between Barstow and Daggett is formed of fille­
grained clayey sand, calcareous clay, and limestone interstratified 
with numerous thin beds of volcanic rock. Fetid limestones · are 
exceptionally abundant. The northwestern edge of this area is com­
posed of tuffs and solid lavas, which weather out prominently and 
form rugged hills in sec. 25, T. 10 N., R. 1 W. A dark rockyridge 
trending .approximately north and south and meeting the river a 

· mile or two west of Daggett is also composed predominantly of tut;f 
and volcanic flows. 

The Tertiary rocks near the o1d Alpha and Omega mines, about 4 
miles north of Barstow, and also those between that place and 
Black's ranch consist almost wholly of tuff and lava, although with 
these are .intercalated beds of coarse detrital material 10 or 12 feet 
thick. 

The Tertiary rocks on both the north and the south sides of Mohave 
River at. Barstow are wholly rhyolitic flows, but calcareous clay and 
limestone form two small hills about three-quarters of a mile to the 
north. · 

AGE. 

··Remains of several extinct species of horses, camels, and other 
mammals occur abundantly in the Barstow syncline in the upper­
most diVision of the Ter~iary beds. These fossils have been studied 

1 Lindgren, Waldemar, The silver mines of Calico, Cal.: Am. Inst. Min. Eng. Trans., vol. 15, p. 719, 
188T. 
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by Merriam/ who believes them to be of upper ¥iocene age and simi­
lar to mammalian remains found in other parts of the Great Basin. 

QUATERNARY ROCKS. 

BASALT. 

The blanket of basalt which covers Black Mountain -rests with 
marked unconformity upon the uptilted Tertiary rocks and is proba-. \_ 
bly of Quaternary age. The flow is not thick, averaging over much 
of the hill less than 50 feet, but the numerous faults traversing it in 
places exaggerate the thickness. The diagrammatic section given by 
Baker 2 is rather misleading, for the surface of the south flank ·of the 
mountain is not formed by an unbroken tilted sheet of basalt. N u­
merous normal faults traverse the basalt and the south flank of the 
mountain is really a succession of small fault blocks. The basalt 
varies from a massive fine-grained porphyritic black rock to vesicular 
or even scoriaceous material. Massi"\fe fine-grained material is prob­
ably the most abundan_t. y 

RECENT SAND AND GRAVEL. 

All the topographic basins in this region are filled with masses of 
gravel, sand, and clay which have been laid down since the uptilting 
of the Miocene rocks. and largely, perhaps wholly, since the outpouring 
of the lava that now caps Black Mountain. These materials were 
probably deposited under much the same condition as those now 
existing in the desert, the coarser material being carried in by run­
ning water, the finer material, perhaps largely wind carried, forming 
drifts in sheltered places or settling in the shallow lakes that inter­
mittently occupy the playas. The thickness of these masses of mate­
rial is not known. The well of the Chicago Oil Co. an~ also that of 
the Kramer Consolidated Oil Co. were drilled in the center of broad 
alluvial flats. Both these wells ·penetrated several hundred feet of 
material, which, as nearly as may be judged from the record kept, is 
probably part of the Recent alluvial desert filling. Besides the flat­
lying gravel in the topographic basins, a thm veneer of similar mate­
rial caps the interarroyo ridges in the low foothills. This material 
evidently records an epoch when the country was lower and the hill 
groups even smaller than at present. 

Thick masses of sand and gravel like that in the present desert ' 
flats form low rolling hills south of Barstow and a mile or so south of 
the Chicago well. These beds have about the same degree of indura-

1 Merriam, 1. ·c., A collection of mammalian remains from Tertiary beds on the Mohave Desert: Univ. 
California Dept. Geology BulL, vol. 6, pp. 167-169, 1911. · 
~Baker, C. L., Notes on the later Cenozoic history of the Mohave Desert region in southeastern Californ1a: 

Univ. California Dept. Geolo~ BulL, vol. 6, p. 348, Hlll. 
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tion as the Recent alluvium, but unlike it they dip at slight angles, 
their attitude probably being due to tilting and not to inclined 
deposition. 

STRUCTURE.· 

The structure about Barstow is irregular and. complicated. For 
the most part the rocks are broken by innumerable faults and the 
stratified Tertiary rocks are tilted at irregular angles. In places the 
beds are bent into folds, the largest of which is the Barstow syncline, 
but most of these folds are small, irregular, and discontinuous and 
are a minor feature of the structure. 

WELLS DRILLED FOR OIL. 

Although this region has attracted considerable attention for the 
last 12 years, only four wells have bee~ drilled to any con~iderable 
depth. These are the. Kramer Consolidated Oil Co.'s well, in the 
NW. i sec. 11, T. 10 N., R. 5 W.; the Chicago Oil Co.'s well, in the 

. SW. l sec. 35, T. 11 N., R. 1 W.; the Giroux well, in theSE. i sec. 
17, T. 32 8., R. 44 E.; and the Mojave Oil Co.'s well, in·the SE. i sec. 
14, T. 11·N., R. 12 W. 

The well of the Kramer Consolidated Oil Co. is located about 3 
miles north of Hawes, a station on the Santa Fe Railway, in the midst 
of a broad· expanse of desert, the nearest outcrops of rock in place 
being the granite in the hills some 5 miles to the northwest. Drilling 
has been carried on here at irregular intervals for the last 12 years, 
and the well is said to have been drilled to a depth of almost 3,000 
feet. It is asserted that a little oil was obtained in the well, and 
smallsamples of light-gravity oil and of paraffin wax were seen at. 
the Los Angeles office of the company. At the time of the writer's 
visit to the. well the lower part of the hole had been lost and no 
evidence corroborating.the reported discovery of oil was obtained. 

The abandoned Giroux well is located about a mile west of Black 
Canyon, at the foot and on the south side of a smalll;l.ill determined 
by a bed of basalt which is interstratified with the fine-grained Ter­
tiary clay. According to Mr. C. E. Kendrick, this well was started 
in 1902 and drilled to a depth of 440 feet. It is said that a trace of 
oil was obtained in the well at a depth between 300 and 400 feet. 
The basalt forming the hill on the north dips 70°-80° S., and the well 
was probably drilled into it. 

·The well of the Chicago Oil Co. is located in the desert on the west 
side of the Calico Mountains, about a mile from the nearest hills in 
which the Tertiary or older rocks are exposed. In December, 1912, 
it had reached a depth of more than 2,000 feet and drilling was still 
being carried on. ''Showings" of oil are reported in the well. 
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The well of ·the Mojave Oil Co. is located about 2t miles southeast 
of Mohave. It was· started in 1907 and has been drilled to a depth 
of a little more than 1,100 feet~ "Showings" of oil are reported, but 
no greater quantity was found and the well is now abandoned. 

CONCLUSIONS AS TO THE PRESENCE OF PETROLEUM. 

The writer believes that the northern part of the Mohave Desert 
between Barstow and the town of Mohave offers practically no prom­
ise of becoming a productive oil field, and that further drilling will 
prove but a waste of money. The principal reasons· for believing 
that this land will not prove productive are (1) the lack of strata 
from which it would seem reasonable to believe that oil might have 
been formed, especially the lack of thick ·masses of organic material 
(diatomaceous and foraminiferal shale) such as those which occur in 
or near all the oil fields in the southern half of California and in which 
the oil is believed to have originated; (2) the lack of structural fea­
tures favorable for the collection of petroleum even if it existed dis­
seminated through the· strata. 

The pre-Tertiary rocks can not reasonably be. :regarded as a source 
of petroleum. Only a small portion of these rocks are of sedimentary 
origin, and they are so metamorphosed that even had oil once existed 
in them it is hardly conceivable that they should still contain it. 
The granitic. rocks in the complex are if possible an even less likely 
source of petroleum, as their texture is so dense that they would offer 
practically no oreservoir in which oil might collect if it existed in the 
near-by rocks. Oil has been found. in rocks lithologically similar to 
some of the pre-Tertiary rocks of the Mohave Desert at only a single 

· locality in California. This occurrence, at Placerita Canyon, about 
20 miles north o£ Los Angeles, has been described by Eldridge.1 The 
oil at this place occurs in fractured schists which rest upon the granite 
of the San Gabriel Mountains. The most logical explanation for the 
presence of the oil here is that it has migrated from early Tertiary 
organic shales which may have at one time rested upon the metamor­
phic rocks and which may now occur in the vicinity beneath the un-:­
conformably overlying late Tertiary beds. In the Santa Clara River 
valley, a few miles west of Placerita Canyon, the early Tertiary strata 
and the beds in contact with them are filled with oil. As organic 
materials similar. to those in the Santa Clara River valley are unknown 
in the Barstow-Kramer region, it can not be expected that a· similar 
accumulation of oil will be. found in the metamorphic rocks in this 
region. 

The Recent coarse gravel, sand, and clay which form the filling in 
the topographic basins and which in places extend as a veneer over 

I Eldridge, G. H., and Arnold, Ralph, The Santa Clara Valley, Puente Hills, and Los Angeles oll dJs. 
tricts, southern California: U. S. Geol. Survey Bull. 309, pp. 100-101, 1907. 
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the lower hills are equally as unlikely a source of petroleum as the 
' pre-Tertiary complex. They are composed almqst or quite com­

plete~y of fragments derived from the older rocks in this or in adja­
cent regions, and it is not reasonable to believe that these masses of 
rock fragments would be more likely to produce petroleum than the 
same rocks in place. The Tertiary volcanic rocks- are likewjse not 
to be considered as a source of petroleum, for much the same reasons 

· as apply to the granitic rocks in the pre-Tertiary complex. 
It remains then but to consider the Tertiary s~dimentary rocks. 

The coarse-grained Tertiary beds are formed· of fragments of various 
types of granitic, volcanic, and metamorphic rocks and are evidently 
no more probable a source of petroleum than are the Recent beds of 
sand and gravel. . On the other hand, to casual observation the £no­
grained Tertiary rocks of the Barstow-Kramer region appear to be 
similar to the Tertiary rocks in many of' the oil fields of this State, 

1 
and -it is not so very surprising that in this region they have been 
regarded as a possible source of oil. A careful examination of them 
shows, however, that they are really very different from the Tertiary 
shales in the productive oil fields, and in place of being composed 

' very largely of the remains of organisms they are formed almost 
wholly either of £ne volcanic ash or of detrital· material derived 
from rocks of various types.· They thus resemble the coarse-grained 
beds in the same regio~, differing from those beds mainly in the size 
of the particles they contain, Btnd are not to be compared with the 
masses of o:rganic material in the large productive oil field~ of Cali­
fornia. The only indications of organic matter seen in these beds were . 
small particles of carbonized terrestrial vegetation scattered through 
some of the clayey and £ner sandy beds, but . the total amount of 
organic matter is entirely too small to· be considered as a possible 
source of more than the merest traces of oil. 

It is, of course, possible that in· the broad, level desert areas rocks 
of different types from any exposed in the hills may lie buried 
beneath the desert· gr.avel. It is also possible- that such rocks, if 
they occur, are like those in the Tertiary formations in the San 
Joaquin Valley on the opposite side of the Tehachapi 1viountains. 
There is, however, nothing in the geology of this region, or, so far as 
known, in that of the desert as a whole, to support such a hypothesis. 

No surface indication of petroleum was seen anywhere in the 
region. . It is commonly rumored that a seep occurs in the Tertiary 
rocks northwest of Black Mountain, but a careful search failed to 
reveal it nor di~ persistent questioning discover anyone who could 
describe its location. The structure of the Tertiary rocks is complex. 
In ·many places they are tilted to higl;t. angles and intdcately faulted, 
and if oil occurs in them it is surprising that it does not at some place 
show at the surface. · 
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Even if oil was originally distributed in minute quantities through 
the rocks, the structure- is not such that it would have tended to / 
collect or trap the oil. Irregular and faulted folds occur in at least 
three places northwest of Barstow-the Barstow syncline in T:ll N., 
R. 2 W., a small anticline just north of the Giroux well in T. 32 
S., R·. 44 E., and an irregular fold or folds in T. 31 S., R. 44 E. It 
is generally reported that a well-marked anticline passes through the 
hills north of Barstow. Indeed, it -is believed by some that such a 
fold extends along the north side of the desert from Tehachapi Pass 
nearly to Bar1'tow. This idea is erroneous, for the only folds here 
are small, discontinuous, and much faulted. FS;tults, not folds, 
dominate the structure. Thus the structure is much more favorable 
for the escape of any oil that might possibly have been found here 
than it is for its concentration in· appreciable quantities. 



COAL AND LIGNITE. 

RHODE ISLAND ANTHRACITE.1 

By GEORGE H. AsHLEY. · 

INTRODUCTION. 

Rhode Island anthracite has long been a puzzle to inining men and 
capitalists. Is it a fuel or is .its best use for making refractory linings 
for blast furnaces ? This paper has been prepared after a study 
of the Rhode Island anthracite field and summarizes the location, 
character, and qualities of the coal, the -results of tests of its use in 
house and steam furnaces, in the making of briquets and coke, and 
describes the results of attempts to utilize it after conversion into 
water gas or producer gas. The conclusions will be of special inter­
est to those who may be considering investments in mines in this field. 

The coal has been known in Rhode Island for 150 years or more and 
. during the last 100 years scores of attempts have been made to mine 
it CQmmercially in many places. . With one exception these attempts 
have not had marked success and most of the mines··have been aban­
doned within three years. The one company which attained a meas­
ure of success mined the anthracite for over 20 years and used it in the 
smelting·of copper ores. The location of the anthracite on tidewater 
and near the large manufacturing establishments of New England has 
seemed to give it an advantage over other coals for use in that area 
and this apparent advantage has led to the repeated attempts to 
utilize it. Unfortunately many of these attempts at exploitation 
appear to have been merely excuses for the organization of corpora­
tions for the sole purpose of the sale of stock. 

In- response to numerous inquiries for information in regard to 
Rhode Island coal and its value. the writer visited the field in October, 
1913, ·and has prepared a bulletin bringing together in. detail all the 
data available bearing on the past utilization of the coal, its chemical 

&Although the work described in this paper was done ln. 1913, on account of the unavoidable delay 1n the 
publication of the volume tor that year this paper has been included In the volume for 1912. 

1M 
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composition, results of tests under steam boilers and in house-heating 
furnaces, in the making of briquets, and in the manufacture of pro­
ducer gas. The bulletin, which will give all the data, together with a 
discussion of their meaning, will require several months for com­
pletion and publication, so that this preliminary statement is made 
to meet immediate demands and inquiries. · 

LOCATION OF THE COAL FIELD • 

• 
The location of the Rhode Island coal field and the places at which 

the coal has been mined are shown by the sketch map (Pl. VIII, p. 162). 
The field occupies a structural basin whose axis extends from New­
port northward up Narragansett Bay to a point west of Warren, 
thence northeastward· into Massachusetts, past Taunton and Bridge­
water to Hanov'er Four Corners, within 6 miles of Massachusetts Bay. 
It underlies practically the whole of Narragansett Bay. The west 
boundary lies several miles west of the bay and extends north to the 
west of Providence, Pawtucket, and Diamond Hill, then turns east-. 
ward and passes north of Mansfield and Brockton. The eastern 
boundary lies east of Sakonnet and Taunton rivers,. then swings 
eastward to include an area about Middleboro. The locations of 
anthracite mines and prospects are shown on the map. Recent work 
has been confined to three places-Portsmouth, Cranston, and Fenners 
Ledge. 

THE ROCKS OF THE AREA. 

The roqks of this basin consist of shale, slate, sandstone, and con­
glomerate and have a total estimated thickness in the center of the 
basin of more than 10,<)00 feet. The anthracite beds are as a rule 
associated with shale interbedded with sandstone. In parts of the 
field. the rocks are considerably metamorphosed, shale being changed 
to slate and sandstone to quartzite, and in places the conglomerate 
pebbles have been distorted ~y pressure. 

This :field is not a regular simple basin, but contains basins, or syn­
clines, and anticlines within its limits. In parts o{ the field the rocks 
have been closely folded and faulted. 

THE ANTHRACITE BEDS. 

In the great thickness of shale and sandstone there are many layers 
of carbonaceous .shale and locally beds of anthracite. Little is yet 
known of the extent of these beds. At Portsmouth a single bed has 
been followed on the surface and underground for· several thousand 
feet, and near Providence a carbonaceous belt, containing 10 or more 
beds of anthracite or graphite, has been traced with interruptions 
from the vicinity of the boys' school at Sockanosset northward, west 
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of Providence and Pawtucket, to a point beyond Valley Falls. 
Whether or not· any single bed has such an extt:Wt is not known. 

The thickness of individual beds can only be assumed by averaging 
a large number of measurements. Such measurements may show 
from a few inches to 20 feet, but it is evident that where the anthra­
cite is thicker it has become so by being squeezed in from adjacent 
areas in which it is thin. From measurements where the anthracite· 
has been most extensively mined the original thickness of the beds · 
seems to have been small, probably not over 2 or 3 feet, and most of 
the beds appear to have been much thinner. Wider knowledge will 
possibly reveal thicker average anthracite thari. now appears, although 
the opposite is anticipated. Layers of coaly shale of much greater 
thickness are found. 

The coal beds have been folded with the other rocks, so that the 
anthracite generally pitches downward at steep angles or in places 
stands vertical, but as it is softer and less resistant than the other 
rocks it has not only been folded, but has yielded to the pressure 
which folded the other rocks and has been squeezed out from points 
of greatest pressure and acclim.ulated at points of less pressure as 
plastic clay may be ~queezed through· the fingers. This squeezing 
gives rise to irregular lenses, many of them 20 feet thick, the average 
thickness in the Portsmouth mine being between 4 and 5 feet. 
These lenseso are separated by wide areas of thin anthracite, where 
the bed may be only a few inches thick or may be pinched out 
entirely. 

THE ANTHRACITE. 

PHYSICAL CHARACTER. 

The coal is a graphitic anthracite, high in ash and moisture, which 
has been changed locally to graphite that contains a high percentage 
of ash. Structurally it has been much changed by the pressure. 
At Portsmouth it breaks down into rhombs of all sizes. At Cranston 
and Fenners Ledge the pressure appears to have squeezed it into 
flakes with smooth faces that feel greasy and are apparently coated 
with graphite. The anthracite ranges in color from steel-gray to 
dull black, commonly h,aving a bluish cast, so that much of it has 
little resemblance to the well-known forms of coal. The faces of the 
coal that have apparently been rubbed in the squeezing are here and 
there covered with a thin film of quartz, which in many places even 
attains a· thickness of an inch or· more. The anthracite is very 
heavy, its specific gravity being 1.65 to 2.'45 as against 1.43 for · 
Pennsylvania anthracite and 1.30 to 1.35 for the better known semi­
bituminous and bituminous coals. It has generally been considered 
that coals of such high specific gravities can not be used for fuel. 

-., ~ 

\. \ 
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CHEMICAL COMPOSITION. 

Analysis of the anthracite shows it to contain from 42 to 78 per 
cent of :fixed carbon, from 2.3 to 4· per cent of ·volatile matter, from 
13 to 33 per cent of ash, from 4.5 to 23 per cent of moisture, and 
from 0.03 to 1.34 per cent of sulphur. The calorific value ranges 
from 6,000 to 11,000 British thermal units, and averages about 9,000. 

The accompanying table gives the analyses of a number of mine 
samples, properly sampled and analyzed by· the Bureau of Mines. 
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9329 

9330 

9331 

9335 

9336 

9337 

'9338 

Analyses of coal samples from the Rhode Island anthracite coal field. 

[Made at the Pittsburgh laboratory of the Bureau or Mines, A. C. Fieldner, chemist in charge. a) 

Newport County. 

oO Proximate. I Ultimate. Heating 

-~ 
value. 
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t' 0 Cl)...: d ~ d t -~ ~$ -g.8 8 bO .Q,... 
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,.. ~"' ,f!l ~ .ci· ,e. 'd -8 0 1:JS .~ ~ 0 ~ 0 < ::i cc ~ 

~ R > R UJ. IIl u z 0 u r:t:l ----------- ------------
Portsmouth, H.O A 16.8 2.3 64.4 16.47 0.59 2.12 62.63 0.27 17.92 5,130 9,230 

Portsmouth B 3.3 2. 7 74.9 19.15 .69 .65 72.82 .31 6.38 -·5,965 10,730 
mine at Mar- c ...... 2.8 77.4 19.80 .71 .30 75.27 .32 3.60 6,165 11,090 
shalls Land- D ...... 3.4 96.6 .. ....... .89 .37 93.85 . 41 4.48 7,685 13,830 
in g. 

..... do~ ......... 9.6 A 13.~ 2.6 65.3 18.88 .30 1.88 64.23 .22 14.49 5,175 9,310 
B 4.1 2.8 72.2 20.89 .33 .90 71.05 .24 6.59 5, 725 10,300 
c ...... 2.9 75.3 21.77 .35 .47 74.05 .25 3.11 5,965 10,740 
D ...... 3.8 96.2 ........... .45 .60 94.66 .32 3.97 7,625 13,720 

..... do .......... 23.1 A 23.7 3.0 42.5 30.77 .03 3.15 42.36 .10 23.59 3,320 5,980 
B .8 3.9 55.3 40.01 .04 . 75 55.09 .13 3.98 4,315 7, 770 c ...... 3.9 55.8 40.32 .04 .68 55.50 .13 3.33 4,350 7,830 
D ...... 6.6 93.4 .......... .05 1.14 93.00 .22 5.59 7,290 13,120 

..... do ......... 21.10 A 22.9 2.8 58.4 15.93 .10 2.84 58.46. .18 22.49 4, 740 8,530 
B 2.4 3.5 73.9 20.17 .13 .65 74.00 .23 4.82 6,000 10,800 
c ...... 3.6 75.7 20.67 .13 .38 75.85 .23 2. 74 6,145 11,060 
D ....... 4.6 95.4 .16 .48 95.62 .29 3.45 7, 750 13,950 

..... do.····~···· 14.8 A 15;9 2.5 49.8 31.76 .12 2.39 47.88 .18 17.67 4,055 7,300 
B 1.2 3.0 58.5 37.28 .14 .88 56.20 :21 5.z.l 4, 760 8,570 
c ...... 3.0 59.3 37.74 .14 . 75 56.90 .21 4.26 4,820 8,680 
D ........ 5.0 95.0 .......... .22 1. 20 91.39 .33 6.86 7, 740 13,930 

..... do .......... 15.5 A 16.5 3.5 46.1 33.89 .15 2.11 45.54 .10 18.21 3,635 6,540 
B 1.2 4.0 54~ 7 40.11 .18 .46 53.89 .12 5.24 4,300 7, 740 c ······ 4.0 55.4 40.61 .18 .32 54.57 .12 4.20 4,355 7,840 
D ...... 7.0 93.0 . ...... .30 .54 91.88 .20 7.08 7,335 13,200 

..... do .......... 13.8 A 14.1 4.0 61.9 19.96 .09 1.93 62.53 .08 15.41 4,945 8,900 
B .3 4.5 72.0 23.15 .10 .46 72.54 .09 3.66 5, 735 10,320 c ...... 4.5 72.3 23.23 .10 .43 72.78 .09 3.37 5, 755 10,360 
D ...... 6.0 94.0 . ..... .13 .56 94.80 .12 4.39 7,495 13,490 

..... do ....... ~·· 11.4 A 13.9 2.5 63.2 20.40 1. 34 1.84 62.09 .19 14.14 5,025 9,040 
B 2.8 . 2.5 71.7 23.02 1.51 :64 70.08 .22 4.53 5,670 10,210 c ...... 2.5, 73.8 23.70 1.56 .33 72.13 .22 2.06 5,835 10,510 
D ...... 3.5 96.5 ······ 2.04 .43 94.53 .29 2. 71 7,650 13,770 

a Bureau of Mines Bull. 22, pt. l,pp. 184-185. -
b A, Coal as received; B, air-dried coal; C, moisture-free coal; D, coal free from moisture and ash. 
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Analyses of coal samples from the Rhode Island anthrac_ite coal field-Continued. 

c:i z 

Providence County. 

Proximate. Ultimate. Heating 
~ value. 
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7769 Cranston, Crans- · 9.1 A 9. 7 2. 6 62. 0 25. 7 0. 07 • • • • • • .. • • • . • • .. . • • • • • • • 4, 900 8, 820 

ton mine near B . 7 2. 8 68. 2 28.3 • 08 • • .. .. • • • • • • .. • • .. . . • • • • 5, 390 9, 700 
Providence. C 2. 9 68.6 28.5 . 08 . .. . • . ... .. • .. • .. • .. • • .. 5, 430 9, 770 

D 4.0 96.0 ....... 11 ........................ 7,59013,660 

7770 ..... do.......... 4.0 A 4.5 3.4 59.7 32.4 .12 ....... ........ ...... ······ 4,675 8,410 
B .5 3.6 62.2 33.7 :13 ...... ...... ....... ........ 4,870 8, 760 
c 3.6 62.5 33.9 .13 ....... ······ ...... ....... 4,895 8,810 
D 5.5 94.5 ...... .20 . ..... ....... ....... · . . ...... 7,405 13,320 

7771 ..... do.......... 4.1 A 4.5 3.0 78.7 13.76 .83 0.94 78.65 0.11 5. 71 6,165 11,100 
B .5 3.1 82.1 14.35 .86 .51 82.01 .12 2.15 6,430 11,570 
c 3.2 82.4 14.41 .87 .46 82.39 .12 1. 75 6,460 11,620 
D 3. 7 96.3 ....... 1.02 .54 96.26 .14 2.04 7,545 13,?80 

7772 ..... do.......... 6.8 A 7.3 1.7 73.1 17.9 .11 ...... ........ ......... . ....... 5, 760 10,360 
B .6 1.8 78.4 19.2 .12 ....... ....... ······ ............ 6,180 11,120 
c 1.8 78.9 19.3 .12 ...... ........ ...... ....... 6,210 11,180 
D 2.3 97.7 .-...... .15 ..•... ......... . ...... . ....... 7, 700 13,860 

I 

a A, coal a.s received; B, air-dried coal; C, moisture-free coal; D, coal free from moisture and ash. 

No. 9328: Portsmouth, Portsmouth mine at Marshalls Landing; heading 1,150 feet 
south of south shaft in 900-foot gallery, 500 feet vertical depth. Sampled by C. W. 
Brown. 

No. 9329: Same mine; south slope, on 800-foot level, 1,200 feet south of main slope, 
"Middle" 6-foot bed. Sampled by C. W. Brown. 

No. 9330: Same mine·; 69 feet south of north t;~haft, 150 feet vertical depth, 27!-inch 
bed, weathered. Sampled by N.C. Dale and J. C. Martin. 

No. 9331: Same mine; 900 feet north of north shaft at heading in gallery, 23-inch 
bed. Sampled byN. C. DaleandJ~ C. Martin. 

No. 9335: Same mine; north slope, 324 feet south and 70 feet east of landing, on main 
slope. Sampled by C. A. Fisher. 

No. 9336: Same mine; south slope, 200 feet south of west end of crosscut heading 
from 600-foot level of main bed, "Back bed." Sampled by C. A. Fisher. 

No. 9337: Same mine; 800-foot level, 250 feet south of main slope. Sampled by 
C. A. Fisher. 

0 

No. 9338: Same mine; 800-foot level, 1,200 feet south of main slope. Sampled by 
C. A. Fisher. 

Nos. 7769-7772: Cranston (near Providence), Cranston mine, pit in outcrop. Sam­
pler un_known. 

In comparison with these results, Pennsylvania anthracite ranges 
from 12,000 to 13,500 British thermal units, whereas Pocahontas and 
other semibituminous and bituminous coa~s now being shipped into 
New England yield from 14,000 to 15,000 Bri~ish thermal units. In 
general the calorific value of. Rhode Island anthracite ~s from 40 to so· 
per cent of ·the ca.lorific value of coals with which it must compete. 
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STEAMING TESTS. 

A number ol detailed test runs have been made with Rhode Island 
anthracite, both alone and briquetted with other coals. In a run at 
the Providence waterworks pumping plant in 187 4 this anthracite 
gave an efficiency of 72 per cent of Lackawanna anthracite. The run 
was continued for some time, apparently under the direct supervision 
of a representative of the coal company. Test runs under standard 
conditions on carload lots, by the Bureau of Mines, gave results very 
closely in accord with the relative heating value of the coal as shown 
by the analyses. For example, test 401 by the Bureau of Mines 1 gave 
for Rhode Island anthracite 117.1 horsepower as compared with239.2 
for Georges Creek (Md.) coal, 213 for Pocahontas, 213 for New River, 
and 211 for Kanawha. · The same test gave the equivalent evapora­
tion from and at 212° F. of 4.81 pounds of water per pound of fuel, 
as compared with 9.87 for Georges Creek coal, 10.12 for Cambria 
County (Pa.) coal, 8.01 for Pennsylvania anthracite culm, 8.49 for 
Pocahontas, 9.88 for New River, and 9.11 for Kanawha. The figures 
given for other coals are selected from a large number as fair aver­
ages, as will be shown in the bulletin that is to follow .. In general 
the results with Rhode Island anthracite gave from 50 to 70 per cent 
of the efficiency of the high-grade semibitumfuous coal with which it 
must compete. 

In addition to its low efficiency, the anthracite ignites slowly and 
with difficulty, usually popping so as to be thrown out of the fire box. 
When once ignited it burns witli a veyy hot flame for a short time, 
tending to destroy furnace linings and stove tops and malring. a diffi­
cult fire to handle. The ignition and burning are improved somewhat 
by brealring it down fine and carefully screening aud drying under 
cover. 

HOUSEHOLD USE. 

Tests in household boilers by the Bureau of .Mines gave results in 
close accord with the figures obtained from steaming tests. Although 
the anthracite has been used to a small extent at the mines and in the 
surrounding country for many years, most of the people, even in.the 
neighborhood, prefer Pennsylvania anthracite, for which they have 
had to pay from one and a half to two times the price of anthracite 
from the local mines. 

BRIQUETTING TESTS. 

Two commercial attempts have be·en made to briquet Rhode Island 
anthracite without financial success. The Bureau of Mines conducted 
some tests, using mixtures of Rhode Island anthracite with other 

I Breckenridge, L. P.,and others, Steaming tests of coals: Bur. Mines Bull. 23, pp. 116-129? 191~ 
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coals and 6 per· cent of hard pitch.. Some of the briquets were of 
good quality. The pitch binder was found to yield abundant smoke 
in the low-temperature fire of the household furnace, but in the steam 
furnace the briquets gave better results, yielding from 163 to 191 
horsepower in comparison with the figures given above, and equiva­
lent evaporation of 4.95 to 8.36 pounds of water as compared with the 
figures for evaporation given above. 

METALLURGIC USE. 

In the past Rhode Island anthracite has been used successfully in 
the smelting of copper and iron. At one time it was even shipped to 
Pittsburgh. It has :riot, however, been used for this purpose during 
the last 30 years and it does not seem probable that it could compete 
with coke .for use in the modern blast furnace. 

USE BY CONVERSION INTO GAS. 

It has long been hoped that Rhode I~land anthracite could be suc­
cessfully used at the mine for making water gas or producer gas, which 
could be used locally in manufacturing or in the generation of elec­
tricity by the gas engine for transmission to Providence, Boston, and 
other neighboring cities and towns. A number of careful tests of 
such use· have been made by the Bureau of Mines. One of these 
tests failed entirely. Others gave results ranging from one-fourth 
to one-third of the power to be derived from Pocahontas coal under 
similar conditions. A study of the t~sts leads to the belief that 
with specially devised apparatus probably half the power equivalent· 
obtained from the other coals could be procured. In other words, 
in order to compete with Pocahontas coal in Providence, it would be 
necessary to mine and deliver Rhode Island anthracite at a gas plant 
at the mine for less than one-half the price of bituminous or semibitu­
minous coal at Providence. In October, 1913, the wholesale price of 
Pocahontas coal at Providence was under $4 a ton. Experience 
seems to show that the cost of mining Rhode Island anthracite on a 
large scale, under the peculiar conditions of its occurrence, will ilot 
be less than $2.50 a ton. As the figures just given seem to be pro­
hibitive, it is suggested that on account of the nongaseous character 
of the anthracite it might be converted into water gas or producer 
gas in chambers in the mine, and the gas might be delivered to a ga8 
engine at the surface cheaply enough to compete with other coals at 
points of distribution, provided that the beds are regular enough in 
thickness and have sufficient extent not to raise the price of mining 
beyond the figures cited. 

In gell:eral the detailed figures given in the bulletin now in prepara­
tion show conclusively that Rhode Island anthracite is difficult to 
handle and that the cost of handling, on account of the large amount 

365"-Bull. 541-14-11 
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required to·produce a given amount of heat and the higher percent­
age of ash, will be greater than that of other coals, and further, that 
when burned it can produce only from 40 to 80 per cent of the heat 
units produced by the coals with which it necessarily must compete. 
In general it may be said to show about two-thirds the heat value 
of Pocahontas coal and when to this is added the extra cost of han­
dling the coal and ash, it may be estimated that 1 ton of Rhode 
Island anthracite will yield not over one-half the heat value. on the 
dollar basis, of Pocahontas coal. 
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COKING COAL IN POWELL MOUNTAIN, SCOTT COUNTY, 
VIRGINIA. 

By MARIUS R; CAMPBELL. 

As a recent test has shown that coal from the Milner mine on 
Stony Creek on the south side of Powell Mountain, Scott C~linty, 
Va., will make an excellent coke, the United States Geological Survey 
desires to publish the fact in order to correct the statement in a 
previous report 1 ''that most of the coals of this field will coke with 
difficulty, if at all." · 

Iri April; 1910, the Powell Mountain coal field was examined by 
E. G. Woodruff and the writer for the purpose of_determining the 
extent and thickness of the coal beds and the quality of the coal, as 
a previous report 2 by the writer had not been very complimentary 
to the field. In making the examination, all the coals were subjected 
to the Pishel test for coking. This consists in pulverizing some of 
the fresh coal in an agate mortar. If the fine coal adheres to the ·. 
mortar and pestle it is regarded as possessing coking properties, but 
if it leaves the mortar and pestle free and clear it is supposed not 
to possess such properties and to be of the ordinary noncoking variety. 

As this test had been applied to several hundred different samples 
of coal with satisfactory results it was regarded at that time as a 
conclusive indication of coking or noncoking character. Accord­
ingly in the paper giving the results of t~e field examination 8 the 
following statement was made regarding the coking quality of the 
coal: 

It is reported that the Duncan coal from Coalpit Branch will coke in an open fire, 
but so far as known this is the only coal in Powell Mountain that has this property. 
When the Pishel test is applied the Duncan coal shows some adhesion to the mortar 
and ·sq will probably coke, but the Milner coal shows no such tendency, nor does any 
other that was tried. From this it is concluded that the most of the coal of this field 
will coke with difficulty, if at all. 

Since the publication of the statement given above, reports have 
been current that certain coking coals of the central Appalachian 

1 Campbell, M. R., and Woodruif, E. G., The Powell Mountain coal field, Scott and Wise counties, Va.: 
U. S. Geol. Survey Bull. 431, pp. 147-162, l!lll. · · · 

2 Campbell, M. R., Geology of the Big Stone Gap coal field of Virginia and Kentucky: U. S. Geol. Sur­
vey Bull. 111, pp. 40 and 93, 1893. 

a Campbell, M. R., and Woodruff, E. G., op. cit., p. 162. 
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field showed no adhesion to the mortar when subjected t(fthe Pishel 
test, and the owner of the Milner mine also claimed, that despite the 
negative results obtained by the Pishel test, his coal would make 
excellent coke. 

In order to test the matter thoroughly so that the exact value of 
the Pishel test could be determined, and also to correct if necessary 
any statement that had previously been mad~ regarding the non­
coking quality of this coal, T. K. Harnsberge:r, geologic aid and 
member oi the Virginia State Geological Survey, who was working 
in the vicinity, visited the Powell Mountain field in November, 1913, 
and made a thorough practical test of the co~l. In company with 
an engineer representing the owner, Mr. Harnsberger went to the 
Milner mine on the Mountain Fork of Stony Creek and procured a 
sample for the test. The coal was broken to about one-half inch, 
although some lumps were 1 inch in diameter. Two nail kegs w~re 
filled and headed, the total weight of the coal being about 110 pounds. 
These samples were shipped by Mr. Harnsberger to Coeburn, where 

· a test was made under his supervision in an oven belonging to the 
Virginia Iron, Coal & Coke Co. The kegs were placed· in a 14-foot 
oven about 3 feet apart and 4 feet from the door. The charge was 
coked for 70 hours, producing a fine hard silvery coke that compares 
favorably with coke from the Connellsville district. 

The result shows clearly that the coal in the Milner mine is a good 
coking coal and. that the Pishel test is not a reliable test of certain 
coals in the central Appalachian region. 



THE COAL RESOURCES AND GENERAL GEOLOGY OF. THE 
POUND QUADRANGLE OF VIRGINIA AND KENTUCKY.1 

By CHARLES BuTTs. 

INTRODUCTION. 

The Pound quadrangle includes parts of Pike and Letcher coun­
tie~, Ky., and of Wise and Dickenson counties, Va. It is located a 
few miles northwest of the Toms Creek coal field, in the territory 
between the great Pocahontas ·coal field ·on the northeast and the 
Big Stone Gap field on the southwest. Until recently the.regiori. was 
entirely undeveloped, and little information concerning it was avail­
able. It has not, however, escaped the attention of the coal operators, 
and some of the largest corporations have acquired lands in this 
region with a view to active development. Within the past three years 
railroad communication has been established with the outside world, 
and in the Kentucky area 14 shipping mines are in active.operatioh. 
In the Virginia area only one large mine has been operated, but 
doubtless others will be opened in the near future. 

The number of coal beds in the quadrangle is probably greater 
than elsewhere in ~he Appalachian coal field and in the thickness and 
extent of its beds the area will compare favorably with most others in 
that field. These factors, combined with the excellent quality of 
the coal, insure the field a prominent place among the future fuel-

. producing centers of the Appalachian province. 
The survey of the Virginia portion· of the Pound quadrangle was 

carried on jointly by the United States Geological Survey and the 
Virginia Geological Survey. The United .States Geological Survey 
had charge of all' field work, but it was ably assisted by men and 
money supplied by the State organization. The Kentucky portion 
was. examined by the United States· Geological Survey only. An 
accurately contoured topographic map of the quadrangle was made 
and this will soon be ready for distribution. 

In the survey of the Virginia area the writer was assisted by D. D. 
Condit and W. A. Nelson, who represented the Virginia State Survey. 
The Clinchfield Coal Corporation, which has extensive holdings in 
Wise, Dickenson, Buchanan, and Russell counties, ·va., has con-

t Tbe Virginia portion of the area was surveyed in cooperation with the State Geological Survey. 
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tributed valuable data, such as triangulation surveys·, surveys of coal 
outcrops, and diamond-drill borings. .Extensive prospecting by this 
company has opened several of the more important coal beds to 
more thorough examination. The Consolida.tion Coal Co., operating 
in Kentucky, and the Virginia Coal & Iron Co., operating in Virginia, 
have also made many openings and have contributed maps of out­
crops and maps of triangulation surveys which have been of great 

oc• ~E3~====s~o~=====t~o=o======_,~lso~Wes 

FIGURE 6.-Index map showing location of the Pound quadrangle of Virginia and Kentucky. 

assistance. The Estillville and Bristol folios of the Geologic Atlas of 
the United States, by M. R. Campbell, and Bulletin 348 of the 
United States Geological Survey, by R. W. Stone, have also been 
drawn upon for material that co.uld be tused in the preparation of 
this report. 

As shown by the map (fig. 6), the Pound quadrangle, which coin­
cides .with the southeastern quarter of the old Whitesburg 30-minute 
quadrangle, lies partly in eastern Kentucky and partly ir.. south-
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western Virginia. The line between the two States follows the crest 
of Pine Mountain nearly to the western boundary of the quadrangle, 
where it turns south along the watershed between Cumberland and 
Pound rivers. The quadrangle is bounded by parallels 37° and 

, 37° 15', and by meridians 82° 30' and 82° 45'. Its area is about 240 
~;~quare miles and it lies entirely in: the Appalachian coal region. 

TOPOGRAPHY. 

RELmF. 

The surface of the country is hilly or even mountainous, the 
maximum range of altitude from Pound River to Black Mountain 
being 2,300 feet. Pine Mountain, with peaks rising 3,500 feet above sea 
level, crosses the northern half of the area from northeast to south-
west, and Black Mountain, whose summit is about 3,800 feet above 
sea level, 1,800 feet above Roaring Fork, and 1,550 feet above Guest 
River, lies in the southwestern part of the quadrangle. These· 
mountains are the dominant features of the region. Buck Knob and 
Bowlecamp Knob, at an altitude of about 1,500 feet above Indian 
Creek, are also striking objects in the landscape. 

The northwest slope of Pine Mountain is an escarpment 1,500 to · 
2,000 feet high, and as the crest is scarcely a mij.e f:rom the valleys at 
the foot of the slope a very bold and striking front is presented. The 
southeast slope of the mountain, approximately a dip slope on the 
Lee formation, is more gentle, the total descent being somewhat less 

·-:-- and the distance to t.he foot nearly twice as great as it is on the oppo­
site side of the mountain. 

The quadrangle is deeply dissected by the streams, the valleys of 
which are deep, narrow, and V-shaped. The slopes ar~ very steep 
and rise 500 to 1,000 feet to the ridge crests, which are narrow, com­
monly only a few feet broad, and at many points capped with heavy 
cliff-forming sandstone. Even the larger streams have very narrow 
flood plains, and some of them none at all., Probably a liberal esti­
mate of the area of flat land would be 5 per cent of the total area of 
the quadrangle. The ridges and valleys are arranged in an irregular 
pattern over most of the area that lies in V:irginia, but in the Kentucky 
area a radial arrangement of the main ridges about the higher knobs 
as centers prevails. 

DRAINAGE. 

The principal streams of the quadrangle in Virginia are Pound River, 
including North and South forks, which traverses the quadrangle 
from southwest to northeast near the middle; Roaring Fork, Powell 
River, and Guest River in the southwestern part; Indian Creek, which 
traverses the middle of the southern part of the quadrangle in a due 
north d:irection and joins Pound River at Pound; and Birchfield 
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Creek in- the southeastern part, which joins Cranesnest River just 
beyond the eastern margin of the quadrangle, that stream being a 
tributary of Pound River. 

In Kentucky, Elkhorn Creek in the northeastern part flows north­
east and joins Big.Sandy River at Elkhorn City, several miles north­
east of the quadrangle; North Fork of Kentucky River and Boone 
Fork traverse the western part and Beefhide and Shelby creeks the 
northern part of the quadrangle. _ _ 

Pound River is the largest stream. It is doubtful whether the 
smaller streams or even Pound River carries much water in times of 
prolonged drought. , 

The Pound quadrangle includes parts of four drainage basins. The 
area drained by Pound River and its tributaries, including Indian 
and Birchfield creeks, in Virginia, and by Elkhorn, Shelby, and Beef­
hide creeks, in Kentucky, belongs to the Ohio-Big Sandy basin; ·that 
drained by Guest and Powell rivers to the Tennessee-Clinch basin; 
that drained by Poor Fork of Cumberland River, comprising a small 
area on the west side, belongs ·to the Ohio-Cumberland basin; and 
that drained by North Fork of Kentucky River, Boone, Fish, and 
Rockhouse creeks belongs to the Ohio-Kentucky basin. 

ACCESSIBILITY. 

· In a potential mining country such as this, the matter of transpor­
tation, anP, consequently the conditions affecting railroad construc­
tion, are of great importance. The nearest main lines of railroad are 
the Norfolk & Western Railway and the Louisville & Nashville Rail­
road at Norton, Va., about 4 miles south of the quadrangle; the Louis­
ville & Nashville Railroad at Pineville, Ky.; the Chesapeake & Ohio 
Railway along Big Sandy River in Kentucky; and the Carolina, 
Clinchfield & Ohio Railway, now being extended from Dante, Va., 
to Elkhorn City, Ky., near the. "Breaks of Sandy." .. 

The Kentucky part of the quadrangle has recently heen brought 
into communication with the outside world by the extension of the 
Lexington & Eastern Railway into the territory, with terminus at 
McRoberts, and by the Sa~dy Valley & Elkhorn Railway, running 
from Shelbiana (Shelby station), on the Chesap~ake & Ohio Railway, 
to Jenkins. Owing to the ·obstacle to transportation presented by 
Pine Mountain these railroads can be of little service to the Virginia 
part of the quadrangle except for travel and light traffic. 

The part of the quadrangle that lies in Virginia is still poorly pro­
vided with transportation facilities. The territory drained.by Guest 
River could easily be reached by railroad from Norton, but the Pound 
River drainage area presents serious obstacles to railroad construc­
tion. To build a railroad from the south would involve steep grades 
or an expensive tunnel at the head of Indian Creek. The railroad 



COAL RESOURCES OF POUND QUADRANGLE, VA. AND KY. 169 

now existing along Indian Creek is a narrow-gage road built to haul 
logs from Pound River to a sawmill at Glamorgan, where it connects 
with the standard-gage road to Norton. A branch line from the 
Carolina, Clinchfield & Ohio Railway up Pound River would, on 
account of the narrow and crooked valley, be expensive to construct 

.;, and operate. The area drained by the upper part of Pound River 
and its tributary, Indian Creek, could perhaps be most advantageously 
reached by a line from the Louisville & Nashville Railroad at Pine­
ville, Ky., following Cumberland River and crossing the low divide 
at Flat Gap. Just beyond the southwes~ corner of the quadrangle 
a railroad is in operation which connects with the Interstate Rail­
road at Blackwood, a few miles to the south, and follows Roaring and 
Whitley forks to the Pardee mine. It seems perfectly feasible to 
build a spur up the main branch of Roaring· Fork to the base of Black 
Mountain. The territory tributary to Birchfield Creek and Georges 
Fork could apparently be best reached from the Carolina, Clinchfield 
& Ohio Railway along Pound and Cranesnest rivers. 

GEOLOGY. 

STRATIGRAPHY. 

DIVISIONS OF THE ROOKS. 

The rocks that outcrop in the Pound quadrangle belong to the 
Devonian and Carboniferous systems. The Devonian rocks, the 
lowest and oldest exposed in the quadrangle, outcrop only on the 
west escarpment of Pine Mountain in Kentucky, and consist of about 
800 feet of dark to black shale, comp:rising the black Chattanooga 
shale of this region and the lower part of the Grainger shale. The 
Carboniferous system is divided into the Mississippian series (lower 
Carboniferous) below and the Pennsylvanian series (upper Car­
boniferous or "Coal Measures") above. Each of these series 1s 
made up of a number of formations, which are described below. 

MISSISSIPPIAN SERIES. 

The Mississippian series in this ·area is 1,500 to 1,600 feet thick 
and comprises, in ascending order, the upperpart of the Grainger 
shale, the Newman limestone, a:nd ·the Pennington shale .. The upper 
·or Mississippian part of the Grainger shale is composed chiefly of 
green shale and brownish sandstone, but in the upper 50 feet there 
is considerable red sandstone. The Mississippian part of the Grainger 
shale appears to be 400 to 500 feet thick. It is succe~ded above by 
the Newman limestone, which is about 300 feet in thickness, oolitic 
and thick bedded in the lower half, but thinner bedded and continu­
ing only a few oolitic layers in the upper half. The Newman is over­
lain by the Pennington shale, which is about 800 feet thick and is 
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composed of red and green shale, thin-bedded fine-grained green 
sandstone, and one persistent stratum of hard siliceous sandstone 
100 feet thick. . 
. The Mississippian rocks outcrop only on the northwest front of· 

Pine Mountain in Kentucky, and dip southeast under the coal 
measures in Virginia. The Mississippian part ·of the Grainger shale 
is exposed on the Pound Gap road and also on the. Blowing Rock 
road, some 2 or 3 miles northeast of the east margin of the quadrangle. 
The red sandstone layers are especially well shown on the Blowing 
Rock road at the part known as the Red Winds. The Newman 
limestone is exposed on. the Pound Gap road and outcrops as a cliff 
for much of the distance along the mountain front. The Pennington 
shale is fairly well exposed on the Pound Gap road immediately west · 
of the summit. Its siliceous sandstone member outcrops as a cliff 
near the road, and about one-half mile north of the road. it makes 
another cliff, known as the Raven Rock. ·The Pennington was pene­
trated at the depth of about 2,000 feet in diamond-drill borii;lg No. 1 
on Cranesnest River near the mouth of Lick Fork, a short distance 
east of the quadrangle. (See Pl. IX, section 1.) · 

PENNSYLVANIAN SERIES IN THE VffiGINIA AREA. 

The Pennsylvanian series in the Virginia area is 4,800 feet thick 
and consists of shale and sandstone that contain -46 _or more coal 
beds. These rocks, all-of Pottsville age, were divided by· Campbell 1 

into the following formations, named in ascending order: Lee forma­
tion, Norton formation, Gladeville sandstone, Wise formation, and 
Harlan sandstone. The character of the .rocks, the sequence of 
formations, and the number, position, and succession of coal beds 
are shown in the columnar section accompanying this report (Pl. 
XI, p. 68). This section is partly g~neralized, but the section of the 
Lee. is taken from the log of a bore hole on Cranesnest River, just 
outside the east margin of .the quadrangle, and the part of the sec­
tion of the Wise formation above the Bolling (5-foot) coal beds and 
the section of the ~arlan sandstone were measured at the head of 
South Fork of Pound River, the section extending from th~ base 
of Black Mountain to the summit. The Black Mountain section 
9f the Pennsylvanian is probably the thickest in the Appalachian 
province outside of the Coosa and Cahaba troughs in A.Jabama. 

LEE FORMATION. 

The Lee formation, as delimited bJ' the writer in the well boring 
on Cranesnest River (Pl. IX, section 1), is 1,030 feet thick. It is 
predominantly sandstone, which at the top and bottom of th~ for-

1 Campbell, M. R., Geology of the BJ~ Stone Gap coal field of Virginia and Kentucky: U.S. Geol. Survey 
Bull. 111, pp. 33-36, 1893. 
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mation is conglomeratic. At the base lies about 230 feet of massive 
conglomeratic sandstone, which .forms the crest of Pine Mountain, 
whete it outcrops for long ·distances as a cliff. Above· the basal 
sandstone occurs 250 feet of alternating shale and sandstone, in 
which there are six coal beds at about equal stratigraphic intervals 
and from 6 inches. to 2 feet 2 inches thick. Three of these beds are 
workable, being 1 foot 2 inches, 1 foot 6 inches, and 2 feet 2 inches 
thick. Above t'J:lls group of coal beds the well log shows 550 feet 
of sandstone containing a coal bed 2 inches thick 225 feet above its 
base and a bed 1 foot 7 inches thick 400 ~eet above its base, the 
two beds being 700 and 875 feet, respectively, above the bottom of 
.the formation. The upper 160 feet of the Lee is ·a hard siliceous 
conglomeratic sandstone, the pebbles being ·small and scattered. 
This stratum, which dips southeastward, forms the lower. part of 
the southeast slope of Pine Mountain, and its outcrop on the slope is 
marked by a subordinate ridge or line oof knobs parallel with the gen­
eral direction of the crest of the mountain. 

, The Lee formation outcrops in a zone about 2 miles wide, which 
extends diagonally across the quadrangle from the northeast corner. 
Its base forms the crest of Pine Mountain, and, owing to the south­
eastward dip, the outcrops of successively higher beds of the forma­
tion are encountered on the descent of the southeast slope. In reality 
the presence of a mountain ridge he.re is determined by the inclined 
beds of this hard resistant sandstone and conglomerate. Besides this 
main area of outcrop the Lee is exposed in a long, narrow outcrop· 
low down on the northwest escarpment of Pine Mountain, in contact 
with the Devonian or with the Missis~ippian part of the Grainger 
shale on the east, and with coal-bearing rocks, probably equivalent to 
the Wise formation, on the west. This narrow area is an outcrop of 
a segment of the Lee, which was broken off and thrust upward along 
a fault, as described in the section on geologic structure. The massive 
sandstone strata of the formation are well exposed in the "Breaks of 
Sandy," 12 miles northeast of the Pound quadrangl~, where the Lee 
forms canyon walls nearly.1,000 fe·et high. 

NORTON FORMATION. 

Thickness and character.-A fairly reliable determination of the 
thickness of the Norton formation is made by combining the upper 
part ·of the section of the bore hole on Cranesnest River (Pl. IX, 

. section 1) with the ·surface section of a high knob immediately ad­
jacent to the hole. The contact between the Lee and the Norton, as 
t:P.e log is interpreted, is 879 feet above sea level and the horizon of 
the botttlm of the Gladeville sandstone, which is the top of the Norton 
formation, is approximately 2,070 feet above sea level. The thickness 
of the Norton is therefor~ 1, 191 feet. 
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The character of the Norton formation is well shown in the group· 

of bore-hole sections in Plate IX, from which the generalized columnar 
section of the formation in this quadrangle is taken. Its most striking 
feature is the irregularity in the number and position of the coal beds, 
a feature which makes difficult a satisfactory brief general description 
of the formation. In general the formation is made up of shale and ~ 
sandstone· with coal beds, the more valuable of the coal beds lying 
approximately 190, 320, 410, 560, 730, and 930 feet above the bottom 
of the formation. Eighty feet below the Gladeville lies the top of a 
conglomeratic sandstone 50 feet thick, which may prove to be the 
same as the Bearwallow conglomerate of the TazeweJl quadrangle, 30 
miles east of this area. 

In the Pound quadrangle the Norton formation outcrops in a belt 
. about 1! miles wide that extends diagonally across the quadrangle 
parallel to Pine Mountain and is bounded roughly on the northwest 
by the base of the mountain and on the southeast by Pound River. 
Along the southeast boundary it dips beneath younger rocks and 
remains under coirer as far as Cranesnest River and Birchfield Creek, 
where it is again exposed, forming the lower part of the valley walls. 
A narrow area is also exposed along the upper course of Indian Creek. 
The formation disappears beneath Sand Ridge and Black Mountain 
and is concealed in the southern part of the quadrangle, but outcrops 
several miles south of the quadrangle along the southern margin of 
the coal field. 

Correlation ofcoaZ beds.-The correlation of the Norton coals of this 
area with the Norton coals of the southern margin of the Virginia coal 
field as classified byCampbell 1 is more fully discussed on pages 185-186, 
and only a brief statement of conclusions need be given here. The 
coal bed lying 190 feet above thebottom of the Norton formation is 
t1J.e Jawbone; the one at 320 feet is the so-called Imboden; the coal 
at 410 feet apparently is not present in the section given in t)le 
Bristol folio; the coal at 560 feet is equivalent ·to the Widow Kennedy 
bed; and the coal bed at 730 feet above the bottom of the formation 
is the Lower Banner bed. ·The Upper Banner coal is ·not present 
unless it is represented by the group of thin coal beds 250 to 270 feet 
below the Gladeville sandstone, including the 7-foot bed in well No. 
15, east of the quadrangle. The Edwards-Imboden horizon is rep­
resented by another group of thin coal beds 150 feet below the Glade­
ville sandstone. The coal just below the Gladeville sandstone appears 
to be the Yellow Creek bed, which is mined east of Wise, 2 miles 
south of this quadrangle. 

Nearly all the coal beds of th_e Norton formation, except the thick 
bed in boring No. 15 (Pl. IX), are less than 3 feet thick, an~ most of 

tCampbell, M. R., Geology of the Big Stone Gap coalfield ofVirginiaand Kentucky: U.S. Geol. Survey 
BuTI.Ul, pp. 33-36, 1893; U.S. Geol. Survey Geol. Atlas, EstillviTiefolfo (No. 121, 1894; idem, BrfstoiroJio 
(No. 59), 1899. · 
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·" them are less than 2 feet thick. Several sections of bore holes show 
a number of thin coal streaks associated with the thicker beds, and 
this suggests that, owing to rapid sedimentation, the continuity of 
accumulation of vegetal matter in this area was more or less 
interrupted during the deposition of the coal beds, and that these 
conditions resulted in, the formation of a number of thin beds at 
the different coal horizons instead of one thick bed, such as occurs 
at the same horizon at Toms Creek, Norton, and other places along 
the southern margin of the Virginia coal field, although the· total 
accumulation of vegetal matter may have been about equally ·great 
at all these places. 

GLADEVILLE SANDSTONE. 

The Gladeville sandstone was named by Campbell from Glade­
ville, now Wise, a town 2 miles south of' the quadrangle, which is 
built on the· outcrop of the sandstone. On account of its importance 
as a horizon marker it is rather fully described. 

The Gladeville underlies Sand Ridge arid is exposed on Steele 
Fork of Cranesnest River, and on Birchfield and Indian creeks. 
It underlies Bowlecamp Knob, and a few feet of the top of 
the sandsto_ne outcrops along Mullin and Dotson Forks of Bowie­
camp Creek as far as Pound River. It is also exposed on Camp 
Creek and Georges .Fork. The outcrop follows the general course 
of Pound River ·across ·the quadrangle, the sandstone rising 

. northwestward toward .Pine Mountain and underlying only the 
higher knobs near the river.· It is a very persistent bed and exceed­
ingly serviceable as a __ key rock. On the map its outcrop is shown 
by the stipple pattern between the lines representing the outcrops 

. of the Glamorg~n and Yellow Creek coal beds or their horizons. 
At Wise the Gladeville sandstone is hard, white, and siliceous· 

and appears to be about 100 feet thick. In all the region north of 
Sand Ridge, however, it is less purely siliceous and thinner than at 
Wise. It contains more argillaceous matter and more feldspar and 
mica, and its thickness does not exceed 60 feet. 

·WISE FORMATION. 

Character and distribution.-The Wise formation includes a mass of 
shale and sandstone 2,070 feet thick, with many coal beds lying 
between the Gladeville sandstone below and the Harlan sandstone 
above. It includes at least 19 distinct coal beds, and it is probable 
that there are oth~rs which have not yet been discovered. The Wise 
formation constitutes the surface rock in most of that portion of the 
quadrangle lying south of Pound River. North of the river it also 
caps some hills and ridges, and southeast of Birchfield Creek it 
occurs only on the hills, the Norton formation outcropping in the 
valley bottoms and well up on the hillsides . .. 
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Glamorgan coal.-Immeciiately above the GladeviHe sandstone lies 
the Glamorgan coal, named from Glamorgan, just beyond the south 
margin of the quadrangle, where the bed is mined. It attains its 
maximum known thickness in the hills south of the heads of Birch­
field Creek and Dotson Fork, northeast of Glamorgan. On Birchfield 
Creek and Dotson Fork of Bowlecamp Creek the bed is divided by 
partings, but there is generally a bench 2 feet or more .thick. Along 
Pound River northeast of Pound a persistent thickness of 2! to 3 feet 
is shown at numerous openings, but here also the bed includes several 
partings. · 

.Above the Glamorgan coal occurs 230 feet of shale and sandstone 
containing five coal beds. The sandstone is highly siliceous, hard, 
and white, differing in these respects from the prevailing type of 
sandstone in this region, which is softer, more highly feldspathic, and 
micaceous. The sandstone bed at the top; just above the uppermost 
of the five coal beds (Clintwood coal) and in places in contact with 
that bed, is especially noteworthy, for it is persistent over a large area 
and either outcrops as a ledge or makes a distinct shelf along the hill­
side, by which the position of the outcrop of the underlying coal can 
be determined. All these sandstones and associated coal beds are 
exposed along the road on Guest River from the south margin of the 
quadrangle to a point 1! miles north of Lipps. The first important 
coal bed above the Glamorgan occurs 60 feet above. the Gladeville 
sandstone. The bed is 2 feet or more thick and appears to persist 
over the southeastern quarter of the quadrangle. 

Blair coal.-About 40 feet above the bed that occurs 60 feet above 
the Gladeville sandstone lies a coal bed here named the Blair, because 
it was opened by a man of that name on Lick Branch, 3 miles above 
the mouth of Indian Creek. This coal is also persistent in the south-
eastern part of the quadrangle and appears to range from 2 to 5 feet 
in total thickness. 

Clintwood coal bed.-The Clintwood coal lies 100 feet above the :J3lair 
coal and 200 to 250 feet above the Gladeville sandstone. It is named 
from the town of Clintwood, about 1! miles east of the quadrangle. 
On Georges Fork and ;Lick Fork of the Cranesnest River drainage the 
Clintwood is 6 to 12 feet thick, including partings. Elsewhere it is 
thinner, though persistent throughout the quadrangle. As noted 
above, everywhere in the quadrangle the Clintwood is overlain by a 
sandstone 20 to 40 feet thick, which either rests on the coal bed or is 
separated from it by only a few feet of shale. 

Above the sandstone just mentioned there is a coal bed that has a 
maximum thickness of" 2 feet, or at least such a bed is present in cer­
tain localities. It is· succeeded by 150 to 200 feet of soft shale, which, 
over a large area, is followed by about 50 feet of coarse feldspathic 
and micaceous sandstone. 

... 
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Bolling_ coal beds ("Five1oot" bed).-Above the top of the coarse 
micaceous sandstone, which is about 250 feet above the Clintwood 
coal, lie two coal beds 20 to 40 feet apart, the upper one being desig­
nated the "Five-foot" bed on the outcrop maps of the Clinchfield 
Coal Corporation. The name Bolling is here applied to both beds 
because they have been opened near the head of Pound River by 
several persons of that name. The Lower Bolling coal is 18 inches to 
4 feet thick; and the Upper Bolling is 3 to 5 feet thick. The two beds 
are separated by 20 to 40 feet of shale. These coal beds underlie 
Black Mountain, Buck Knob, and Bowlecamp Knob, and their hori­
zon is a little below the tops of several knobs and ridges in the south­
east corner of the quadrangle. Above the Upper Bolling lies 50 to 
80 feet, or in places a greater thickness, of coarse micaceous sand­
stone, which for long distances outcrops as a low cliff or forms a low 
escarpment. This sandstone persists throughout the area underlain 

. by the. Bolling coals. On· South Fork of Pound River ~~ coarse 
sandstone is overlain by about 140 feet of shale and sandstone, capped 
by a 40-foot bed of sandstone. 

Standiford coals.-Within 100 feet above the Bolling coals there are 
one or more thin coal beds, and about 260 feet above these coals two 
beds occur, 20 feet apart, which are here called the Standiford coals 

. because thei are mined near the head of South Fork of Pound River 
by a man of that name. At.the type locality the lower Standiford coal 
is 2 feet 6 inches and the upper about 3 feet thick. These coals appear 
to underlie the Black Mountain and Buck Knob region, but it is prob­
able that they have been removed by erosion in the country farther 
east, except possibly in a small area near the top of Bowlecamp Knob. 

Taggart coal:-On South Fork of Pound River the strata for 90 
to 100 feet above the Standiford coals seem to be chiefly sandstone, 
and above this· sandstone occur· two thin coal beds separated by .6 
feet of shalt', the upper bed being 3 feet and the lower bed 2 feet 6 
inches thick. On Roaring Fork of Powell River the name Taggart 
is applied to a bed believed to be the same a8 the double bed above 
described, and that name is adopted here. On Roaring Fork the 
bed, which has been thoroughly prospected, is double at some points, 
and one section examined by the writer contains four coal beds in the 
space of about 75 feet, as shown in the section at location 68 (p. 49). 
It is supposed that at least the upper two beds of this section 
represent the horizon of the Taggart coal, the two benches of coal 
being separated by 20 feet of shale and sandstone. At most points 
where it has been prospected only one bench is recorded, either. 
because only one bench is present or because only one of two or more 
benches possibly present was discovered. 

Low Splint coal.-The name Low Splint is applied to a coal bed 
about 200 feet above the Taggart, on the head of Roaring Fork. At 
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the head of South Fork of Pound River a bed opened on the George 
Phillips place, 160 feet above the Taggart, is correlated with the Low 
Splint. It appears to be persistent, and to range in thickness from 
2! to 4 feet, but as it lies high in the hills it is present only in Black 
Mountain and Buck Knob. It is probably t~e Buck Knoh bed of the 
Clinchfield Coal Corporation. 

Phillips coal.-The Low Splint bed is succeeded by 260 feet of shale ' 
and sandstone, in which no coal was seen in this region, and at the top 
of this shale and sandstone lies a coal bed named the Phillips coal be­
cause it has been opened at the Ambrose Phillips place, at the head 
of South Fork of Pound River, where it is reported to be 26 inches 
thick and to be all coal. 

In: the 390-foot interval between the Phillips and the Pardee coal 
beds, at the head of South Fork of Pound River, the rocks comprise 
shale and sandstone that contain thin coal beds as follows: An 18-inch 
bed of <f~l 80 feet above the Phillips, a 1-foot bed 210 feet above the 
Phillips, a 2-foot bed 225 feet above the Phillips, and a. 6-inch bed 
340 feet above the Phillips, or 50 feet below the Pardee bed. Between 
210 and 225 feet above the Phillips coal occurs an 8-inch limestone bed, 

. which is the only limestone found in the entire Pennsylvanian section 
except some nodules in the shales on Elkhorn Creek in Kentucky. 

Pardee (Limestone) coal.--·The Pardee bed, 390 feet above the 
Phillips bed, or 1,670 feet above the Gladeville sandstone, is mined at 
Pardee just west of the southwest corner of the quadrangle. This 
coal is the Limestone coal bed of the Kentucky Geological Survey 
reports and the Parsons bed of the Virginia Coal & Iron Co. At· 
Pardee, and for a mile or two to the east within the Pound quad­
rangle, the bed contains about 10 feet of solid coal, but farther east 
and northeast it is in places divided by thick partings into two or 
three benches. It lies 2,800 to 3,100 feet above sea level, and there­
fore outcrops near the summit of Black Mountain and its radiating 
spurs. Above the Pardee bed lies about 100 feet of shale overlain by 

· rather coarse grained but flaggy sandstone 300 feet thick, making 400 
feet in all to the next higher coal bed, which is known in this region 
as the High Splint coal. 

High Splint coal.-The High Splint coal is 400 feet above the Pardee 
bed and is a genuine splint coal 4 to 5 feet thick. It occurs so high 
in the hills that it underlies ·only a small area on Black Mountain. 

HAR:t.AN SANDSTONE. 

Abov~ the High Splint coal just. described appears to be a few feet 
of shale, which is followed above by a massive cliff-making sandstone, 
in places conglomera tic, which is 40 feet thick and which is taken 
as the basal stratum of the Harlan sandstone. The Harlan sand­
stone, which extends from the High Splint coal bed to .the top of the 
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highest summits of Black Mountain, is a little over 400 feet thick. 
It is mostly coarse, thick-bedded to massive sandstone but contains 
shale beds with at least two coals of unknown thickness, fragments 
only being seen at two places. One of these coal beds is 100 and the 
other 300 feet above the High Splint bed. 

PENNSYLVANIAN SERIES IN THE KENTUCKY AREA. 

·Formations present.-In Kentucky the rocks above the Lee 'forma­
tion correspond to the Norton formation and the lower part of the 
Wise formation of Virginia, and the part coiTesponding to the Wise · 
probably also represents the Breathitt formation of Campbell 1 in 
the western part of the Appalachian coal field· of Kentucky. (See· 
columnar section, Pl. XI, p. 220.) On account of uncertainty as to 
the identification of boundaries in Kentucky- it is thought best not to 
attempt a separation of the formations at this time, and it may be 
found expedient to treat all the rocks above the Lee as a unit in 
Kentucky. The Lee formation does not outcrop in the part of the 
quadrangle that lies in Kentucky except as a long narrow block along 
the Pine Mountain fault. (Seep. 182.) The lower 600 feet of rocks 
corresponding to the Norton formation likewise do not outcrop, bu·t 
according to Stone,Z who studied the region farther north on Elkhorn 
Creek and Big Sandy River, they are composed of shale and sandstone 

· with three coal beds, none of which is. over 3t feet thick. These 
beds were named by Stone, in ascending order, the Elswick, Auxier, 
and Milliard beds, and they are 70, 280, and 440' feet, respectively, 
above the top of the Lee. 

Bingham coal.-According to Stone,8 the Bingham coal lies 600 
feet above the top of the Lee. A coal 2i feet thick outcropping on 
Shelby Creek for li miles south of the north border of the quadrangle 
is here regarded as the Bingham. It does not outcrop elsewhere in 
the quadrangle, but its extension under cover is probably shown in 
drill holes in which a coal bed was encountered 400 feet below the 
Upper Elkhorn bed. 

Lower Elkhorn coal.-The Lower Elkhorn coal lies 200 feet above 
the Bingham, and other thin coal beds are assodate.d with it within 
40 feet both abovt3-and below it. It is 2 to 4 feet thick and has a 
characteristic laminated bench by which it can be identified. It 

·outcrops on Elkhorn Creek and its tributaries northeast of the 
mouth of McPeak Branch and also at the headwaters of Beefhide 
Creek. 

Goal 140 feet above the Lower Elkhorn.-The rocks for 140 feet 
above the Lower Elkhorn bed are largely sandstone,· and above this 

1 Campbell, M. R., U. S. ·aeol. Survey Geol. Atlas, London folio (No. 47), 1898. 
2 Stone, R. W., Coal resources of the R~ssell Fork basin in Kentucky and Virginia: U.S. Geol. Survey 

Bull. 348, 1908. 
a Idem, pp. 25-26. 

365°~Bnll. 541-14-12 
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sandstone lies a coal.bed 2 feet thick, which is exposed·at Consolida­
tion No. 201 mine. A coal bed 4 feet thick and 150 feet above the 
Lower· Elkhorn on Pigeon Branch in the northeastern part of the 
quadrangle is probably the same bed. . 

Above the coal bed last described occurs about 70 feet of sand­
stone that may correspond to the Gladeville s.andstone of Virginia. 
As the Upper Elkhorn coal bed, which is about 40 feet above the top 
of this sandstone, is, according to Stone, 1 1,000 feet above the Lee 
formation, the thickness of _the rocks that possibly correspond to the 
Norton formation of Virginia -is 930 feet in this part of Kentucky. 
Within 20 feet above the sandstone just described lie two coal beds, 
both of which are generally thin so far as seen, but one of which 
appears to be 2 to 3 feet thick on Elkhorn Creek 1 mile above Jenkins. 
The Upper Elkhorn bed lies 30 feet above the upper of these coals and 
is separated from it by shale. 

Upper Elkhorn coal.-The Upper Elkhorn bed is the thickest and 
most important coal bed in the part of this quadrangle that lies in 
Kentucky. In the northwestern part it is 4 feet thick; elsewhere its 
prevailing thickness is 6 to 8 feet, and throughout most of the area 
ill which this thickness prevails it has near the middle a clay parting 
1 inch to 1 foot thick.· If the sandstone 50 feet below this coal is the 
Gladeville of Virginia, the Upper Elkhorn bed corresponds in position 
to the unnamed bed 60 feet above the Gladeville in Virginia (described 
on p. 173) and the thin coals at the top of the sandstone correspond to 
the Glamorgan coal. 

Coals between the Upper Elkhorn and Hyden (Fire Clay) -bed.-For a 
distance of 400 feet above the Upper Elkhorn bed there are shales and 
sandstones that include a number of coal beds as follows: A coal, gen-

·. erally about 1 foot thick, 70 feet above the Upper Elkhorn bed and 
separated from it by shale; a dirty coal bed, 2 to 3 feet thick, in sand­
stone, 175 feet above the Upper Elkhorn; a bed 3 feet 4 inches thick 
200 feet above the Upper Elkhorn; a bed 2 feet thick 240 feet above 
the Upper Elkhorn; and a bed 2! feet thick 340 feet above the Upper 
Elkhorn. 

Hyden (Fire Clay) coal.-A bed probably persistent throughout the 
_ Kentucky area, and called the Hyden or Fire Clay.bed in the reports 

of the Kentucky Geological Survey,2 lies 400 feet above the Upper 
Elkhorn l;>ed. Its thickness appears to be generally 3 to 4 feet, but 
it reaches a thickness of over 6 feet on Meadow Fork in the western 

·part of the quadrangle. A persistent parting of flint clay renders its 
identification certain over a large area in eastern Kentucky. As it 
occurs high in the hills, it underlies comparatively small areas. At 

1 Stone, R. W., op. cit., p. 37. 2 Kentucky Geol. Survey ·Bull. 131 1912, 
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. the poiri."ts examined 'there is a thin bed above and another below the . 
,Hyden bed, ~nd reports indicate .that. these beds are also persistent. 

Fortunately, all these beds above the Upper Elkhorn are exposed 
along the new highway between Elkhorn Creek and McRoberts, and 
the p'art of the generalized section in Kentucky including them· is 

,; taken directly from· this road section. 

\ 

Above the ·Hyden. bed lie 500 feet of strata which are mostly sand­
stone, in places finely conglomeratic: The conglomeratic phase was 
seen only in certain bowlders, and, to judg~ from the distribution of 
these bowlders, the small qu~rtz pebbles occur in pockets at some 
horizon high in the mass. The ridges in the northwest part of the 
quadrangle are capped by this sandstone,, which in many places makes 
a cliff. ' 

GENERAL CORRELATION OF THE FORMATIONS. 

From incomplete paleobotanic studies David White refers all the 
coal measures of Virginia and easternmost Kentucky and the region 
southwestward ·into Alabama· to the lowest division or Pottsville 
group of the Pennsylvanian series. The ~ype location of the Pottsville 
group is Pottsville in the southern anthracite :field of Pennsylvania. 
The Pottsville is for convenieD:ce ·subdivided by White into lower, 
middle, and upper Pottsville, the subdivisions being based primarily · 
on the presence in each division of certain distinctive species of fossil 
plants. Some of the· subdivisions of the PottsVille may be dis­
tinguished over large areas by lithologic characters, as, for example, 
the Lee formation in Virginia and Tennessee, which is shown by the 
paleobotanic. evidence to coincide nearly If not completely with the 
lower Pottsville. In localities where the subdiviSions 'are not litho­
logically distinct the boundary .between any two may be marked by · 
a particular stratum which is widely identifiable, especially where 
one of the formations marks an extension of the sea over the land. 

. Thus throughout the southern part of the Virginia and West Virginia 
coal fields- the boundary between the lower and middle Pottsville as 
paleo botanically determined is· approximately marked by the Raleigh 
sandstone. Where lithology fails as a criterion for fixing boundaries 
or where localities are widely separated, as those in different coal fields 
or basins, it is necessary to resort to the fossil plants. 

The probable stratigraphic equivalence of the Pottsville formations 
and coal beds in the Pound quadrangle to those of other areas along 
the eastern ·border of the Appalachian coal field is indica ted in the plate 
of sections (Pl. X). In this plate the correlations of formations and 
beds between districts or basins distant from the Pound quadrangle 
are based on partial studies of the fossil floras by White, and are 
regarded by him 1 as provisional and subject to revision when either 

1 White~ David, Appalachian coal field: U.S. Geol. Survey Prof. Paper 71, pp. 43()-455,1912, 
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the paleobotanic material of the· formations is more com.pletely 
studied or, where possible, the beds are stratigraphically traced 
from point to point in detail and the depositional characteristics of 
the formations are more fully recognized. The correlations of the 
formations and beds in and near the Pound quadrangle are made by 
the present writer. 

As already noted, the Lee formation is low~r Pottsville. This 
formation extends southwestward into Tennessee and is equivalent · 
to the Lookout and the greater part of the Walden sandstone of 
southern Tennessee. N 9rtheastward the Lee co-rresponds to the Po­
cahontas, Welch, and Raleigh formations of the Tazewell quadrangle;. 
to the Pocahontas, Clark, Q~innimont, and Raleigh formations of 
the Pocahontas quadrangle; to the Thurmond, Quinnimont, and 
Raleigh formations of the Raleigh quadrangle; and approximately 
to the lower 800 feet of the Pottsville of the southern anthracite field 
of Pennsylvania, including "Lykens No. 4" coal. 

The Norton formation is classed by White as middle Pottsville, 
and the overlying Gladeville sandstone is regarded by him as probably 
near the horizon of the Corbin conglomerate lentil of the Lee forma­
tion as the strata are mapped iri the London folio, the London quad­
rangle lying in. Kentucky 75 miles due west of the Pound quadrangle. 
The Gladeville seems to represent the Slater sandstone member of the 
Mingo formation of the yum"Qerland Gap region, and lies within the 
limits of the Wartburg sandstone in the Wartburg quadrangle, Ten­
nessee. Northeas'tward the Gladeville is supposed to be. represented 
by the Dotson sandstone of the Tazewell quadrangle and the Nuttall 
sandstone lentil at the top of the Sewell formation in the Raleigh 
quadrangle. The Sharon conglomerate member of the Pottsville 
(upper Pottsville) of western Pennsylvania is also regarded as lying 
at about the same stratigraphic horizon, though it is thought that it 
may be higher. It is not maintained that the sandstone strata at the 
different points are parts of one continuous stratum or that they are 
exactly at the same stratigraphic horizon and of precisely the same 
age, but it is fairly well established on stratigraphic and paleobotanic 
grounds that they do not vary greatly from the same horizon and 
age throughout. 

Southwestward from the Virginia coal field the Norton formation 
is represented by beds between the Rockcastle conglomerate member 
and the base of the Corbin conglomerate lentil of the Lee formation 
as mapped in the London folio; by the Hance and the lower three-
_ fifths of the Mingo formation of the Cumberland Gap region, and by 
the Briceville shale and possibly by the lower part of the Wart burg 
sandstone of the Briceville and Wart burg quadrangles, in Tennessee. 
Northeastward the Norton correlates with the Dismal and Bear­
wallow formations of the Tazewell quadrangle; with all the Sewell 
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formation below the Nuttall sandstone lentil in the Raleigh quad­
rangle, and with that part, 200 feet thick, of the Pottsville of the 
southern anthracite field extending roughly from 370 to 570 feet 
below the Buck Mountain coal bed and including the Lykens coal 

) beds Nos. 2 and 3. near the middle. 
The Wise formation is shown by the. fossil plants to be upper 

Pottsville. It represents the greater part at least of the Breathitt 
formation of the London quadrangle ·Of Kentucky. It also repre­
sents the Bryson, Hignite, Catron, and probably the_ upper two-fifths 
of the Mingo formation of the Cumberland Gap field, and the upper 
part of the Wart burg sandstone, wl.th the Scott shale, and the 
greater portion, at least,. of the Anderson sandstone of the Wart­
burg and Briceville quadrangles. Beds of Wise age are also included 

· in the Sequoyah and Tellowa formations of the Tazewell quadrangle, 
· the Kanawha formation of. the Raleigh quadrangle, and in the upper 

370 feet of the Pottsville of the southern anthracite field, Pennsyl­
vania. The Kanawha formation, which together with the Nuttall · 

·sandstone lentil of the Sewel~ formation presents the most typical 
section· of the upper Pottsville in southern West Virginia, appar­
ently represents also the equivalent of the lower part of the Harlan 
sandstone of the Estillville quadrangle. 

STRUCTURE. 

GENERAL FEATURES. 

By geologic structure is meant the "lay" or attitude and arrange­
ment of the rocks considered as extensive strata composing the 

· earth's crust. Stratified_ rocks are deposited in a nearly horizontal 
·attitude. Over most of the area of the Pound quadrangle, however, 
they are not now horizontal but are very gently inclined, though in 
some places, as along the west escarpment of Pine Mountain, they 
d1p· steeply. There are also breaks, called faults, which extend to 
great depths and along which the strata on one side have been 
raised to higher levels than the corresponding strata on the other 
side or even 'thrust over on top of them. 

In the gn~at period of movement during which the rocks of the 
Appalachian region were tilted and broken, a large wrinkle or anti­
cline was produced along the eastern side of the coal region, about 
20 miles west of the margin.. The rocks lying between this wrinkle 
and the margin of the field were compressed into a troughlike syn­
clinal fold which extends from northern Tennessee to Big Sandy 
River. Toward the northern extremity the fold is less pronounced 
than it is farther to the southwest, and in the Pound quadrangle it is 
so broad and fiat as to be·scarcely recognizable. . 

The great upward wrinkle or anticline that bounds this trough <;>n 
the northwest was compressed so- severely that the rocks broke, 
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forming a fault. In the Pound quadrangle this fault and the inclined 
strata bounding it on the east are the dominating features of the 
geologic structure. Northwest of the fault the rocks are compara­
tively undisturbed, and they lie approximately in the horizontal 
attitude in which they were deposited. { 

FOLDS AND FAULTS. 

Pine Mountain fault.-The Pine Mountain ·fault is the major . 
structural feature of the region. It extends ·in a nearly straight line 
diagonally across the quadra~gle, near but somewhat above the west 
base of Pine Mountain in Kentucky. The fault is compound. There 
are two breaks, which, for the purpose of description, may be conceived 
as 'having occurred at different times. By the earlier break a thin 
wedge of conglomeratic sandstone extending several miles both north­
east and southwest of Jenkins was thrust into contact with rocks 1,200 
feet higher than the top of the Lee. Also in the northeastern corner 
of the quadrangle and extending a mile beyond its edge a mass of hard 
siliceous conglomeratic sandstone (Le~) that lies in a vertical attitude 
has been pushed, probably by the earlier fault, half a mile westward 
over flat-lying rocks stratigr::tphically 1,000 feet, at least, above the 
top of the Lee. Later another break occurred along which the dis­
placement differs. On the west side of the quadrangle the Mississip­
pian part of the Grainger shale is in contact with the wedge of the Lee, 
brought up by the earlier fault; 3 miles east of the west margin the 
fault brings the black Devonian shale into contact with the Lee, and 
in the northeast quarter of the quadrangle the movement was so 
great that the upper 800 feet of the black shale has been thrust over 
the ~arlier fault plane and is in contact With Pennsylvanian rocks 

' 2,000 feet above the base of the Lee, the total displacement here being 
about 4,000 feet. Sections A-B, C-D, and E-F (Pl. X) illustrate the 
structural and stratigraphic relations brought about by these faults. 

Pound syncline.-From Pine Mountain the rocks dip southeast­
ward to an axis following the general course of Pound River, and 
named the Pound syncline. The southeastward dip on the west 
escarpment of Pine Mountain is generally steep, but ranges from 20° 
to nearly vertical. Along the crest of Pine Mountain the dip is 20° · 
to 40°. .At the east base it is 10° and diminishes thence gradually to 
zero at the axis of the Pound syncline. 

Buck 'Knob anticline and Indian Greek syncline.-In the southeastern 
part of the quadrangle south. of the Pound axis the rocks in general 
dip northwest to th~t axis, but near Buck Knob the general northwest 
dip is interrupted by a subordinate anticline that extends nearly 
north and south through Buck ~ob and is called the Buck Knob 
anticline. The existence of this low anticline involves a correspond­
~g syncline, the axis of which is parallel to the anticline and to Indian 
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Creek, which lie~ one-half to 1 mile to the west. This syncline is here 
nam~d the Indian Creek syncline. On the east side of this syncline 
steep dips occur locally. At Glamorgan the dip is 10° W., and three­
fourths of a mile north, at the intersection of the highway with the 
tramroad, it is 40° W. On the west side of Indian Creek, 5 miles 
above the mouth, the Clintwood coal and overlying sandstone dip 
10° W. On the Buck Knob axis north of the knob the Bolling coals 
are about 2,200 feet above sea level; on the Indian Creek axis they 
are about 2,000 feet, the eastward dip being 200 feet in 2 miles; and 
on the Pound axis, west of Dewey, the same coals are about 1,900 
feet above sea level, giving a west dip from the Buck Knob to the 
Pound axis of 300 feet. Apparently both the Indian Creek and Buck 
Knob folds flatten out and become imperceptible to the . east of 
Dewey; southward both· axes rise but maintain the same relative posi. 
tion, the Bolling coals on the south margin of .the quadrangle being 
as nearly as can be determined 2,700 feet above sea level on the Buck 
Knob anticline and 2,500 feet in the Indian Creek syncline; 

SUMMARY. 

Aside from these comparatively subordinate folds, the general 
structure of the part of the quadrangle which lies in Virginiais that 
of a bro~d and comparatively shallow unsymmetrical trough~ At 
the southeast corner of the quadrangle the Gladeville sandstone is 
2,500 feet above the sea and descends thence to about 1,500 feet 
above the sea along the Pound axis, the average dip being about 1°. 
Along the crest of Pine Mountain the Gladeville would, if restored, 
lie 5,000 feet above sea level, so that the total dip is 3,500 feet from 
the crest of the mountain ~o the axis of the Pound syncline, an average 
dip of 18°. 

In Kentucky the rocks dip gently and nearly uniformly north­
westward about 300 feet from the base of Pine Mountain to the 
northwest corner of the quadrangle, as shown by a great number of 
spirit-level determinations on the Upper Elkhorn coal beds. The 
elevation of this bed is 1,600 feet above sea level along the west side 
of the Pine Mountain fault, except in the extreme southwestern corner 
of the Kentucky area, where it drops to less than 1,5{)0 feet. Low 
domes on which this bed rises to 1,640 and 1,720 feet occur between 
Cane and J oes branches,· and also near the mouth of Marshall Branch, 
but with these exceptions it dips with a nearly uniform gradient to 
about 1,350 feet abov.a sea level on Rockhouse Creek, in the north­
west corner of the quadrangle. 

DETAILED DESCRIPTION OF THE COAL BEDS. 

On account of the uncertainty of correlation between the parts of 
the quadrangle that lie in Virginia and Kentucky the coal beds of the 
two areas are separately described. 
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COAL IN THE VIRGINIA AREA. 

A comprehensive idea of the number, thickness, and sequence of the 
coal beds in the Virginia part of the· Pound quadrangle can be ob­
tain~d by an examination of the generalized columnar section for that 
area (Pl. X, p. 178). 

COAL BEDS OF THE LEE FORMATION. 

In this ·area very little is known of the coal beds of the Lee forma­
tion, which outcrop only along the southeast slope of Pine Mountain. 
Elsewhere they are buried deeply beneath overlying formations and 
have been penetrated at only one point by a diamond drill. On the 
outcrop along the eastern slope of Pine Mountain the surface is 
heavily timbered. No prospecting appears to have been done in this 
unfavorable belt, and, as natural exposures of the coal beds are few, 
opportunities to examine the beds are very rare indeed. Only on 
the Pound Gap road, where the formation ·has been exposed in road 
making and. by the wear incident to a highway, was .any coal seen in 
outcrop. 

However, considerable coall.s known to exist in the Lee in beds 14 
inches or more thick and at depths. not exceeding 2,000 feet. The . 
most definite knowledge of the number, thickness, and stratigraphic 
relations of these beds is derived from· the record of a drill hole on 
Cranesnest River, 1 mile east of the quadrangle and a short ·dis­
tance below the mouth of Lick Creek. (See section 1, Pl. IX, p. 170, 
in which details of the beds are shown.) In this well a coal 2 feet 6 
inches thick is shown near the base of the Lee and eight beds 2 inches 
to 2 feet 2 inches thick are shown within the Lee. Six of these beds 
are grouped in the 300 feet just below the middle of the formation. 
As shown in Plate X, the Pocahontas coal appears to be represented 
ill this group of beds. 

On the Pound Gap road five beds are exposed. In the well section 
the greater number of beds is grouped just below the middle of the 
formation. In the road section the greater number, so far as shown, 
seems to be above the middle of the formation. · 

The lowest bed in the Pound Gap road section is imperfectly 
exposed 500 feet east of the summit at location 1.1 

. It is about 200 
feet above the base of the Lee and has a thickness of 2 feet 6 inches. 
Farther down on the east slope of the mountain, near the abandoned 
narrow-gage railroad station,·four beds are exposed at locations 2, 3 
4, and 5. At locations. 2 and 3 the follo:wing sections were measured: 

1 Numbers refer to locations on the map (Pl. XI, p."220). 

( 
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Sections of coal bed on Pound Gap road. 

Location 2. 

emil, dirty ................... . 
Clay ......................... . 
Coal, dirty ................... . 

Clay, white. 

Location 3, at narrow-gage raUroad station. 
Ft. in. Ft. in. 

6 Shale and sandstone ............. 10 

1 

1. 
8 

3 

Clay, carbonaceous ......... ~ .... . 
Coal . ." ...................... . 
Clay .. : ................ , .... . 
CoaL ....................... . 

Shale ........................... 20 

7 
3 

.2 
2 

Total coaL ................. , 5 

The carbonaceous clay.at this point is crowded with fern pinnules. 
At location 4, which is 500 feet nearly east of location 3, a bed has 

been prosp~cted superficially and 18 inches of clean coal was exposed. 
This bed is probably but a short distance above the bed at location 3. 
At location 5, near location 4, another bed 3 inches thick and 20 feet 
above the bed at locat~on 4 is exp?sed. 

COAL BEDS OF THE NORTON FORMATION. 

General character.-The coal beds of the Norton formation are the 
prinCipal beds mined along the southern margin of the V:irginia coal 
field from Dump Creek to Big Stone Gap, but in the Pound quadran­
gle they are not so well developed as farther south. This feature is 
shown by diamond-drill borings in the southeast part of the quadran-

. gle and by such few exposures as are kno:wn along the outcrop of the 
formation between Pound River and Pine Mountain. · 

Sections of the diamond-drill borings are shown on Plate IX (p. 170). 
The wells are too few ~nd too widely separated to give full information 
regarding the coal beds; but they seem to afford a fairly reliable indi­
cation of the general condition and possible value of the Norton coal 
beds in the eastern half. of the quadrangle. They reveal a great num­
ber of coal beds, but most.of them are only a few inches thick. Every 
well, however, shows one or more beds 14 inches or more thick and 
less than 1,000 feet below the surface. ·In a few borings thicker beds 
were penetrated, for example, a bed 2 feet 10 inches thick at a depth 
of 629 feet in well No.2; a bed 4 feet 3 inches thick at 832 feet in well 

. No.3; a bed 2 feet 5 inches thick at 847 feet ·in well No. 11; and a bed 
7 feet 1 inch thick at 351 feet in well No~ 15, which is, however, 2 
miles east of the quadrangle. Details of the section of the thicker 
beds are shown in the figures. The ultimately workable coal is there­
fore considerable; although such coal will not ~e available until after 
the exhaustion of the thicker and more easily accessible coal beds of 
the country. 

Oorrelation.-The identification of the individual coal beds ·of these 
sections and their correlation with the beds of the Norton formation 
along th~ southern margin of the field, where they seem to be more 
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constant iii number and position, are rather uncertain. For the pur­
pose of comparison with the better-known section to the south the 
generalized (average) section from the Bristol folio is given on Plate 
IX (p. 170). The tentative correlations are indicated by the broken 
lines on Plate X. The sections are arranged on the horizon o{ the 
bottom of the Gladeville sandstone, which is identified throughout the 
region with a reasonable degree of certainty. AU the coal beds recog-

. nized in the Toms Creek region appear to be present in~ the Pound 
quadrangle, except the Upper Banner, which is the most important 
bed in the Toms Creek region. The Jawbone and so-called Imboden 
beds appear to be persistent but thin. There are two persistent beds 
100 feet apart in proximity to the horizon of the Keniledy coal, and it 
is uncertain which is the true Kennedy. The Lower Banner is per­
sistent and at· some points has considerable thickness, as in boring 
No. 3, but more generally it is thin or so broken by partings as to be 
worthless. In boring No. 3 the section is as follows: 

Section of Lower Banner coal in drill hole No.3, Birchfield Creek. 

Shale. Ft. in. 
Coal ...................................................... 3 6 
Clay ............ _ .. · .............. -.................. ,........ 3 
Coal...................................................... 6 

4 3 

In boring No. 8 the bed is 3 feet 6 inches thick, but the coal is 
intimately mixed with shale and is probably worthless. 

It is possible that the persistent group of thin coal beds below the 
Edwards coal or group· represents the Upper Banner, which is sepa­
rated from· the Lower Banner by more than twice the thickness of . 
rocks separating the two beds on the southern outcrop of the Norton 
formation. If this rather doubtful supposition is correct, the 7-foot 
bed in boring No. 15 might be regarded as representing the Upper 
Banner coaP. · 

The upper group of thin beds represents the Edwards or, as is 
supposed, the horizon of ·the true Imboden coal. I11. boring No. 3 
this group is 3 feet thick with a thin parting; elsewhere it is widely 
parted. 

Outcrops._;_At only a few places in tb.e quadrangle or just outside_ its 
eastern and western margins were expos.ures of any of the coal beds 
of the Norton formation seen. On Rumley Branch, ·about 2 miles 
north of Flat Gap, at location 6, a bed of clean coal 2 feet thick has 
been opened and worked on a small scale. About 2 .miles south of 
Osborns Gap, toward the eastern side of the quadrangle, at locations 
7, 8, and 9, coal18 inches in thickness is exposed, and about 1 mile 
farther east, at location 10, a blossom indicates a thin coal. All 
these coal beds seem to lie in the lower half of the Norton formation. 
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On Cumberland River, one-half mile beyond the western margin of 
the quadrangle, a bed of clean coal 30 inches thick has been worked 
on the Ira Sturgill place. On Pine Creek; three-fourths of a mile 
west of the east boundary of the quadrangle, at location 11, a bed 

·-1 foot 9 inches thick is exposed at creek level. These outcrops occur 
apparently near the middle of the Norton formation and the bed 
possibly represents one of the Banner coals. 

On North Fork of Pound River, about 1 mile west of Donkey, at 
location 12, a bed is opened that has the following section: 

Section of coal bed 1 mile west of Donkey, at location 12. 
Shale. Ft. in. 

Coal...................................................... 10 
Bone ........................... ~·-·········=············ 3 
Coal ..................................................... 1 9 

Sandstone. 
2 10 

At location 13, one-half mile west of location 12, two thin coal 
streaks are exposed in the bottom of a ravine. These coals appear 
to be 150 to 200 feet below the Gladeville sandstone and therefore 
at the horizon of the Edwards or Imboden coal. 

Yellow Greek coal:-One-half mile beyond the western margin 
of the 'quadrangle a coal bed is exposed just beneath the Glade-yille 
sandstone. The same bed is exposed at the schoolhouse one-half 
mile west of Flat Gap (location 14). The sections at these localities 
are as follows: · 

Sections of Yellow Creek coal bed. 

One:-half mile west of quadrangle on Cum- At schoolhouse on Cumberland River one-half 
.. berland Valley road. mile west of Flat Gap (location 14). 

Sandstone. Ft. in. Sandstone. Ft. in. 
Coal ........... :··· .......... . 5 Coal.......................... 5! 
Clay: ..... ~ .................. . 1 Shale........................ 2 
Coal .......................... 2 4 Coal.......................... 9' 

Clay. Clay. 
2 10 1 4! 

The same bed has also ·been opened on a small stream at a point 1 
mile northeast of Flat Gap (location 15) but could not be seen .. It has 
also be~n exposed in grading the railroad along North Fork of Pound 
River at a point 2 miles southwest of Donkey (location 16), where it 
has the following section: 

Section of coal bed 2 miles southwest of Donkey, at location 16. 

Ft. in. 
Coal ......................................................... 1 1 
Clay ...................................................... _... 1! 
Coal.......................................................... , 6 

1 8! 
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Other beds.-The only other locality at which Norton coals are 
known in outcrop sufficiently near this quadrangle to be ·considered 
is on the new road between Wise and Clintwood, 1! miles south of 
Cranesnest River· and one-third of a mile east of the quadrangle 
margin, where the coal beds have been exposed in grading. Nine 
coal beds are exposed in a vertical distance of about 350 feet below 
the Gladeville sandstone, but only one bed, about 250 feet below the 
sandstone, is of possible workable thickness. Its section is given 
below: 

Section of coal on new Wise-Clintwood road, about f miles south of Cranesnest River. 

Shale. Ft. ln. 
Coal ........... ,.......................................... 10 
Clay ........................ ~.............................. 4! 
Coal ...................................................... 1 6 

Sandstone. 
2 8! 

The other beds are all thin and worthless. This section is in full 
agreement with the upper part of the diamond-drill sections. 

The facts in hand appear to warrant the conClusion that though the· 
Norton coal beds of this quadrangle are of less value than they are 
along the southern margin of the Virginia coal field, drilling has 
·demonstrated that there are considerable areas of workable coal in 
.the different beds underlying this area. Exploitation of these coals, 
however, can only be safely undertaken after the location and extent 
of the workable areas have been determined by thorough prospecting 
with the diamond drill. · 

COAL BEDS OF THE WISE FORMATION. 

The Wise formation contains a greater amount of coal in workable 
beds than any of the other forii.lations of the quadrangle. The full 
th1ckness of the formation is present only in Black Mountain in the 
southwestern corner of the quadrangle, because east of th~t area a 
progressively greater thickness of the formation has been eroded. 

(Jlamorgan coal.-Immediately above the Gladeville sandstone lies 
the Glamorgan coal bed, named from the town of Glamorgan, located 
just south of the quadrangle opposite the head of Indian Creek. The 
bed is best developed in the hills to the north and.northeast of Gla­
morgan. In the Glamorgan mine, which extends 7,000 feet no:r;theast­
ward toward Birchfield and Dotson creeks, the bed is divided into 
two benches by a parting which is one-fourth inch thick at 7,000 feet 
from the mouth, 1 i.J;lch at 6,000 feet, 10 feet or more at 1,000 feet and 
30 feet thick at the mine mouth. At 6,000 and 7,000 feet from the 
mine mouth the bed has the following section: 

\. 
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Sections of Glamorgan coal bed in the Glamorgan mine. 

Section 7,000 feet from mouth. Section 6,000 feet from mouth. 

Shale. Ft. in. Shale. Ft. ln. 
Coal 1 (one-fourth inch parting Coal 2 •• •••• : •••••••••••••••• 1 9 

near middle) . . . . . . . . . . . . . . 3 8 Bone........................ 1 
Bone .... ~.................... 1 Coal 2 ••••••••••••••••••••••• 1 10 
Coal 1•••••••••••••••••••••••• 7 Bone........................ ll 

Shale. Coal 2••••••••••••••••••••••• 8 
4 4 

4 5l 
On account of the split described above only the lower bench is 

mined in the first 1,000 feet along the main entry of the mine, and 
·nowhere else in the quadrangle is the bed known to be so thick as in 
the deeper part of the Glamorgan mine. On the new Wise-Clintwood 
road near the eastern margin of the quadrangle (location 17) the bed. · 
is 2 feet 1 inch thick. 

On Indian, Dotson, and Birchfield creeks and on the forks of 
Bowlecamp Creek the Glamorgan ~~al is 1 foot 6 inches to 2 feet 6 
inches thick, inclp.ding partings. 

On Birchfield Creek, 2 miles above the mouth of Dotson Fork, at 
locations 18 and 19, the thickness·of the bed is 1 foot 9 inches and 2 
feet 4 incnes, respectively. On the west side of Indian Creek, three­
fourths of a mile below Riley School (location 20), the bed has been 
opened and· shows the following section: 

Section of Glamorgan coal on Indian Creek, three-fourths of a mile below Riley SChool, at 
.location 20. 

Shale. Ft. in. 
Clay, with coal streaks....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Coal~ ..................................................... 2 

2 4 

The clay with coal streaks in the roof is .characteristic of the bed 
northeast of Pound. 

Along the lower co1;1rse of Indian Creek, in the vicinity of Pound, 
and on the lower courses of the three forks of Bowlecamp Creek, 
the Glamorgan bed is split into two or three thin beds of no value. 
Toward the head of Dotson Fork of Bmylecamp Creek, at locations 
21 and 22, it is in better c·ondition, as shown by the following sections, 
which also show its irregularity in short distances: 

Sections of the Glamorgan· coal bed near the head of Dotson Fork of Bowlecamp Creek. 

Location 21. Location 22. 
Shale. Ft. in. Sandstone. Ft. in. 

Coal.......................... 1 6 Coal. ........ , ................ 2 2l 
Shale............................ 8 Shale........................ 2 

Coal .... .-..................... 6 Coal.......................... 2 
Sandstone, Gladeville. Clay. 

10 2 6! 
1 Included in sample, analysis 15101, p. 218. !!Included in sample, analysis 15100, p. 218. 
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One mile northeast of Pound the bed is· barely of workable thick­
ness, but it improves farther northeast along the river, as shown by 
the sections at location 23, on Mill Creek, 1 mile northeast of Pound, 
and at location 24, on Camp Creek near its mouth. 

Sections of Glamorgan coal bed on Mill and Camp creeks. 

Location 23, on llriW Creek. Location 24, on Camp Creek. 
Shale. Ft. in. Shale. Ft. in. 

6! 
4 
2 

Coal ........................ . 
Clay .... : .................... 1 

6 
2 

10! 
2 
3 

Coal. ....................... . 
Bone ........... ." .......... ~-
Coal ........................• 

Clay. 
2 11! 

Coal. ........................ . 
Clay .......................... 1 
Coal .......................... 3 
Clay ......................... . 
Coal. ....................•.•.. 

Clay. 

!. 
f 

5 lf 

These sections show the range in thickness and character of the 
bed in this part of· the quadrangle. Its improvement continues 
northeastward as far as Freeling, about a mile east of the edge of 
the quadrangle. · 

Along North Fork of Pound River, southwest of Pound, to a point 
within 2 miles of Flat Gap post office the presence of the Glamorgan 
coal is shpwn by several exposures and openings, but so far as definite 
knowledge of it could be obtained it is not of workable thickness. 
· Goal bed 50 to 70 feet above the Gladeville sandstone.-A persistent 
coal bed lies 50 to 70 feet above the Gladeville sandstone and is 
generally about 2 feet thick over a considerable area. This bed is 
exposed on Guest River for a mile north of the quadrangle boundary, 
on the South Fork of Pound River to the vicinity of Dewey, on the 

·forks of Bowlecamp Creek, and along the new Wise-Clintwood road. · 
Three-fourths of a mile northeast of Dewey (location 25) and at 
Glady School, at the mouth of Glady Creek (location 26), the following 

· sections were measured: 

Sections of coal bed 50 to 70 feet above the Gladeville sandstone. 

Location 25. 
Ft. in. 

Coal ............. :.................. 10 
Parting, slaty, thin coal ... , ......... 1 8 
Coal, bony............... . . . . . . . . . . 6 

Locatio:.;t26. 

Shale. . Ft. in. 
Coal, dirty............... . . .. .. 4 

·Coal, clean ..................... 1 3 
Coal, bony.............. . .. . .. . . 7 

Clay. · 3 
2 2 

Along South Fork of Pound River,. between Glady School and 
Donkey, at least four coal beds that lie close together appear to occur 
at about the horizon of the bed here described, but the exact identifi­
cation is doubtful. 

,, 
I 
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On ·Mullins Fork, 2! miles above the mouth, at location 27,. this 
bed seems best developed, as shown by the following section: · 

Section of coal bed on Mullins Fork, 2! miles above its mouth, at location 27. · 

Shale. Ft. in. 

Bone....................................................... 6 
Coal ....................................................... ' 1 3 
Clay ............................ _. .......................... 1 2 
CoaL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 10 

4 9 

Near the head of Dotson Fork of Bowlecamp Creek, at location 28, 
the bed is 38 inches thick and consists of clean coal, On the new 
Wise-Clintwood road, at locations 29 and 30, the 'bed has an upper 
bench of coal 1 foot 6 inches thick, underlain by thin coal streaks and 
clay partings 1 to 2 feet thick. 

On Guest River, between Lipps and a. point a mile northwest along· 
the road, five coal beds dip ·northward and pass in succession below 
the road level. By p~ojecting the beds into a plane as nearly as pos­
sible according to the dip, the following section is obtained: 

Section of coal beds along Guest River road, for 1 mile north of Lipps. 

Ft. in. 
Coal, reported thickness .................................. · 2 

Sandstone, hard, siliceous ..... ·................................ 20 
Interval, not exposed....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Coal, Clintweed (?) ..................... ·................... 2 
Sandstone................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale........................................................ 10 

Coal, Clintwood split ( ?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 
Sandstone.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Interval, not exposed ...............•......................... · 10 
Sandstone................................................... 5 
Interval, not exposed ..................................... ·..... 20 

Coal, Blair(?)............................................. 2 
Sandstone, partly hard, siliceous.............................. 40 

Coal, reported thickness 3! feet (next above Glamorgan bed); 
thickness seen.......................................... 2 

160 3 

This section includes the group of coal beds between the Gladeville 
sandstone arid the Clintwood bed (described on p. l74), except that 
it does not extend down to the Glamorgan coal. This bed, however, 
shows in the road at the quadrangle boundary one-half mile south 
of Lipps. · 

The coal next above the Glamorgan bed is opened at Lipps (location 
31), but the opening is partly closed. Two feet of solid coal was seen 
and the _bed is reported to be 3! feet thick . 

. \ 
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Blair coal.-On Lick Branch of Indian Creek, 3 miles above its 
mouth, a coal bed of good thickness has been opened on .the Blair 
property and therefore named the Blair bed. At this place it has 
the following section: 

Section of Blair coal bed at the Blair opening on Lick Branch of Indian Creek, at location 92. 

Shale. Ft. in. 
Coal....................................................... 2 

Shale ........ ~ ....................... ~ . . . . . . . . . . . . . . . . . . . . . . . . 10 
Coal ....................................................... · 1 2 
Coal, shaly ........... ~ .......................•.... ". . . . . . . . 3 
Coal....................................................... 1 3 
Coal, shaly ....... ~......................................... 1 8 
Coal....................................................... 1 

Total coal, lower bed .......... : .... ~ .... ~............... 5 4 

There ~;tre really two beds here, separated by 10 feet of shale, and it 
is possible that the lower represents the bed 50 to 70 feet above the 
Gladeville sandstone previously described, the situation being simi­
lar to that on South Fork of Pound River between Glady School and 
Donkey. (Seep. 190.) On McFall Fork, at location 33, the be9. is 
split by many partings, as shown below: 

Section of Blair coal bed on McFall Fork at location 99. 

Shale, black at bottom. Ft. in. . 

Coal ......................................... ~ . . . . . . . . . . . . 6 
Parting ........................................... _ . . . . . . t 
Coal. ...................... -...... "......................... 2! 
Clay................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5! 
Coal.~ ................................................. ~ . . 11 
Bone .............. __ ·_.................................... 2 
Coal ......... ~ ... :......................... . . . . . . . . . . . . . . . . 3 

·Clay (2 feet); 
2 6! 

.. On Mullins Fork, 2! miles ~hove its mouth, at location 34, the bed 
has been opened and consists of clean coal 2 feet 2 inches thick. - On 
the new Wise-Clintwood road, at location 35, the following section 
was measured: 

Section of Blair coal bed on the Wise-Clintwood road at location 85. 

Shale. Ft. in. 
Coal............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Clay .... ___ ... _____ ...................... ; . . . . . . . . . . . . . . . . 1 6 
Coal............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

3 3 

/ 

r I 
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In the southeast portion of the quadrangle tills bed is 2 to 5 feet 
thick, including partings. · 

On the head of Dotson Fork of Birchfield Creek, at locations 36 
and 37, the Blair bed is over 5 feet thick and its section is very similar 
to that at the Blair opening (location 32), described above. 

. On Guest River j~ust ~o:rth of Lipps, at location 38, the bed is com­
posed of clean coal 2·feet or more thick. (See section, p. 191.) 

Olintwood coal bed.-The Clintwood coal is a truck bed throughout 
the region bounded roughly by Pound River and Birchfield and 
Indian creeks and· extending eastward to Clintwood, 2 miles east of 
tills quadrangle, from which place the bed takes its name. It per­
sists as a thinner and parted bed over the rest of the quadrangle, ·where 
the rocks at its stratigraphic horizon have not been eroded. It is 
thickest on Georges and Lick forks, where it is made up of two or 
more benches of coal separated by clay partings, some of which are 
1 foot or more thick. In other parts of the quadrangle it seems to be 
split into, two distinct beds separated by a considerable thickness of 
shale and sandstone. It . everywhere maintains a nearly uniform 
distance of 200 feet above the Gladeville sandstone, and over a large 
part of its area it is overlain by a hard siliceous sandstone by which 
its outcrop may be determined. 

The bed has been extensively prospected by the Clinchfield Coal 
Corporation throughout the area of its best development.· A few 
sections out of many are given below to show its thickness and char­
acter. On the head of Lick Fork, at locatio·n 39, the bed is 15 feet 
thick, as shown below: 

Section of Clintwood coal bed on head of Lick Fork, at location 39. 

Shale. Ft. in. 

Coal and bone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
CoaL ................... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Clay (average).......................................... 1 3! 
CoaL ................................................... : 3 1! 
Clay..................................................... 1! 
Coal ....... ·.............................................. 3! 

Bone ... ---·--·-······-----------··-------·-····-··------
Coal ............................................. -....... 6 
Shale ................................. __ .... ___________ . 
Coal.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

2! 
10! 
9! 
3! 

15 51 

This appears to be about the maximum thickness of the bed. 
The general condition shown by the section just given holds for the 

Georges Fork region, although there is considerable range in the total 
thickness of the bed and in the number and thickness of its component 
parts. The clay partings in this region are a serious detriment to the. 

365° -Bull. 541-14-13 
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value of the bed. North of the ridge north of Georges Fork the bed· 
decreases in thickness and deteriorates in general character as shown 
in the following two sections: 

On a small stream just east of Camp Creek, at location 40, and on 
Pound River, 11 miles south of Phipps, at location 41, the bed is made 
up as follows: 

Sections of Clintwood coal bed east of Camp Greek and 11 miles south of Phipps. 

Location 40, west of Camp Creek. Location 41, li mUes south of Phipps. 

Sandstone. Ft. in. Shale. Ft. ln. 
CoaL........................ 10 Coal. ..................... ,... 1 4 
Clay......................... 10 Clay......................... 3 2 
CoaL ........................ 1 8 Coal.......................... 9 
Clay......................... ! Clay.......................... 1 
Coal......................... 4 Coal.......................... 9 
Clay ................... ·...... ! Clay. 
CoaL ........................ 1 5 6 1 

Clay .. 
5 .2 

The bed is thus of less value at location 41 than at location 40. 
North of Birchfield Creek, 1! to 2 miles west of the quadrangle 

boundary, at locations 42 and 43, the bed is in good condition and 
is immediately overlain by sandstone. . 

Section of Clintwood coal bei north of Birchfield Greek and 1! miles west of quadrangle 
boundary, at location 42. 

Sandstone (40 feet). Ft. in. 

Coal ......................... :........................... 8! 
Clay ..................... _ .... ~........................... ! 
Coal ..................................................... 3 2! 
Clay...................................................... ! 
Coal ................................. ·.................... 2 
Bone..................................................... 4 
Clay ..................... · ....................... : ........ 1 6 
Coal ..................................................... 1 
Clay ............ :........................................ 5 
Coal..................................................... 2 
·Bone ..................................................... . 
Coal .................................................... . 
Bone ................................................... . 
Coal .................................. · ................... · 

Clay (5 feet). 

1! 
1! 
I! 
8 

8 7! 

The bed ~t this point carries 3 feet 11 inche~ of workable_ coal at top, 
the remainder. of the bed being practica1ly worthless. 

At location 43, 1! miles southwest of location 42, the bed is 3 feet 
10 inches thick and bas a clay roof and floor. . -

Surface indioations of the Clintwood bed were seen at a number of 
places in the southeastern corner of the qu~dr~ngle south of Birchfield 

( 
I 
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Creek and on its headwaters, but no good exposures were found from 
which its thickness and character could be determined. It rises to 
the top of the ridges and knobs in the southeast corner. On Indian 
Creek, 3 miles above its mouth, at location. 44, the bed is directly over­
lain by heavy sandstone, is broken by many partings, and is about 
worthless. · 

Section of Clintwood coal bed on Indian Creek, 9 miles above its mouth, at location 44. 

Sandstone. Ft. in .. 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2± 
Clay ............ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 
Coal ............................ ·. . . . . . . . . . . . . . . . . . . . . . . . . 6 
Clay ...................................... · .... ,.......... 1 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Clay .................................... ~ . . . . . . . . . . . . . . . . 5 
Coal ............................... : . . . . . . . . . . . . . . . . . . . . . 3 
Clay ................................. ~ ............. , . . . . . 6! 
Coal ................................... _. . . . . . . . . . . . . . . . . . 6 

Clay(?). 
6 3! 

Another bed, 1 foot or more thick, that may be split from the Clint­
wood, lies 30 feet below the bed shown in the preceding section. 

In all the region west of Indian Creek and on Pound River soutP,west 
of Pound, the Clintwood bed, including partings, is generally a little 
over 3 feet thick and commonly has a 2-:foot bench of solid coal. At 
location 45 just west of Donkey, the Clintwood shows the following 
section: 

Section of Clintwood coal bedju.st west of Donkey, at location 4li. 

Sandstone. Ft. in. 
Coal ..................................................... 1 11 
Clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Coal .......................................... :. . . . . . . . . . 10 

3 7 

At this place the bed lies in the bottom of the Pound syncline, which 
here forms a narrow trough, the southeast limb of which dips 30° NW. 

On North Fork of Pound River, three-fourths of a mile northeast of 
Flat Gap post office,_ at location 46, the Clintwood bed bas been 
opened and is reported 18 inches to 2 feet thick, but it could not be 
seen. Near the west margin of the quadrangle, one-half mlle south 
of Cumberland River in Kentucky, at location 47, the Clintwood bed 
has been opened and shows the section given below. On Guest River, 
three-fourths of a mile north of Lipps, at location 48, the .Clintwood 
seems to be represented by two. beds 20 feet apart under heavy sili­
ceous sand~ tone, as shown in the 'following secti?n· 
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Sections of the Clintwood coal bed at location.<J 47 and 48. 

Location 47, one:-half mile south of Cumber- 1 Location 48, on Guest River, near Lipps. 
land River near west margin of quadrangle. 

Ft. in. 
Shale. Ft. in. Sandstone. . . . . . . . . . . . . . . . . . . . . . . 30 

Coal........................ 2 Coal. ................. ~..... 2 
Clay .............. ~ ........ . 2 Shale and sandstone. . . . . . . . . . . . . . 20 
Coal ....................... . 
Clay ....................... . 
Coal ....................... . 

Clay (1 foot exposed). 

3 Coal........................ 1 
Clay........................ 1 
Coal........................ 1 2 

Clay (3 feet). 

1 
7 

3 1 54 3 

The Clintwood bed bas been .opened at several places on the east 
branch of Guest River, but it is apparently thin and of little value. 

The general chemical composition of the ·clintwood coal was not 
well determined because the:r;e was no opportunity in the quadrangle 
to collect unweathered samples for analysis. Samples were collected 
from working banks at Clintwood and southward, the analyses of 
which are given as Nos. 14766 and 14767 in the table on page 218. 
These analyses show a high-grade coal. 

Ooal bed at top of sandstone above Clintwood coal.-Locally a work­
able coal bed occurs at the top of the sandstone above the Clintwood 
coal. It is generally a thin bed, for ordinarily only shale is seen in 
the 200 feet above the sandstone. The best development of this bed, 
so far as observed by the writer, is on Mullins Fork, at location 49. 

Section of coal bed on the west side of Mullins Forlc, at location 49. 

Ft. in. 
Coal ................................................... ·..... 6+ 
Clay ........................................................ 1 
Coal ........................................................ 2 

3 6+ 

This bed shows on the hilltops near Hurricane, on the new Wise­
Clintwood road, but no good section of it was obtained. It is also 
exposed on the road west of Flat Gap post office near the west side 
of the quadrangle, at location 50, where it is 2 feet thick. 

Thin coal.-On the head of North Fork of Pound River about 1 
mile southwest of Flat Gap post office, at location 51, a coal bed 
about 150 feet above the Clintwood and 1 foot thick has been opened 
on a small scale.· · 

BO:bLING COAL BEDS. 

The names Upper and Lower Bolling are here applied to two beds 
20 to 40 feet apart, the upper one of which is also known as the 
Five-foot coal. The Lower :Bolling is 250 to 300 feet above the Clint­
wood bed. The name is adopted because one or both beds are 
worked at several" places in the southwestern part of the quadrangle 

; 
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by members of the Bolling family. The beds underlie an unbroken 
. area of about 25 square miles in the quadrangle west of Guest River 
and south of North Fork of Pound River. They also underlie an 
extensive area in the Buck Knob region and a number of smaller 
areas on the high knobs east of Indian Creek and south of Georges 
Fork. In the areas east and northeast of Indian Creek the beds are 
generally in their best condition. 
. Sections fairly typical for this region were measured north of the 
head of McFall Brancli; at location 52. 

Section of Bolling coal beds north of head of McFall Branch, at location 52. 

Upper bed. Lower bed. 

Shale (5 feet). Feet. Shale (4 feet). Ft. in. 

Coal ................... :. . . . . . 4 Coal ................ ~ . . . . . . . 3 4 
Clay. Bone............................. 3 
Interval40 feet. Clay. 

3 7 

These coal beds are present on the high hills between the heads of 
Indian and Birchfield creeks, probably on other knobs in the south­
east corner of the quadrangle, and on the high knob between the two 
branches of Guest River southeast of Pinn~cle Gap. 

Between Indian Creek and Guest River in the Buck Knob region 
one or both of the coal beds are of good thickness, except on the 
long spur north of Buck Knob. Between Indian and Glady creeks,­
at location 53, the beds are exposed as shown below: 

Section of.Bolling coal beds between Indian and Glady creeks, at location 58. 

Upper bed. Lower bed. 
Shale. Ft. in. Shale. Ft. in. 

Coal.......................... 3! Coal .......................... 3 
Shale ......................... 1 6~ Clay .................. _ ..... _....... 5 
Coal. .................... ~.... t 
Shale........................ 5 3 5 

Coal. ......................... 3 4! 
Interval18 feet. 

5 8 

The upper bed shows shale and coal in the upper part, a feature that 
is common in the bed farther west. . 

On the sp~r north of Buck Knob, at location 54, a number of pits on 
both beds show only 1 to 2 feet of coal. This condition is shown in the 
following section, which may be regarded as typical for the locality: 

Section of Bolling coal beds on spur north of Buck Knob, at location 54. 

Ft. in. 
Coal, upper bed .............. ~ ......................... 1± 

Interval18 feet. · 
Coal, lower bed .......................................... 1 5 

Clay. _
2 
__ _ 

5± 
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South of Buck Knob the Upper Bolling bed changes to a somewhat 
"rashy" and laminated character in its upper part, as sho~ by the 
following section, measured at location 55: ,_ 

Section of Upper Bolling coal bed 2 miles southeast of Buck K~ob, at location 55. 

Shale. Ft. ln. 

Coal, laminated... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 
Coal, soft, shaly........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Coal, hard, bright ........................... : . . . . . . . . . . . . . . 2 

Clay. 
3 6 

At this place a bed reported to be 18 inches thick lies 70 feet below 
the Upper Bolling. This is probably the Lower Bolling, but the dis-
tance between them is abnormally large. · 

On the upper courses of both North and South forks of Pound River 
the Bolling coal beds are of fair thickness and quality, the upper bed 
being about 4 feet and the lower bed 2! feet thick. 

At J. E. Bolling's place, 1! miles west of Dewey (location 56), both 
beds are opened and have the following section: ' 

Section of Bolling coal beds 1! miles west of Dewey, at location 56 . . 

Upper bed. Lower bed. 
Shale. Ft. in. Ft. in. 

Coal...... . . . . . . . . . . . . . . . . . . . . 2 Coal. . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
Coal, bony .............. , .... . 
Coal. ......... _._.. . . . . . . . . . . . . 1 

2 Shale. 
9 

Interval20 feet. 
3 11 

At location 57, about 1 mile southwest of Flat Gap post office on the 
land of W. A. Bolling, both beds have been opened and show the fol­
lowing sections: 

Section. of Bolling coal beds on W. A. Bolling's land, about 1 mile southwest of Flat Gap 
post office, at location 51. 

Upper bed. Lower bed. 
Shale. Ft. in. Feet. 

Coal and bone ............... .. 4 Coal (reported 3 feet exposed) ..... ~ 2 
Clay ................. ·......... 6 
Coal ......... ·. . . . . . . . • . . . . . . . . 1 6 
Clay.......................... . ! 
Coal. ......................... 1 7! 

Shale 15 feet. 
4 

On the west side of the quadrangle, 1 mile south of Cumberland 
River, in Kentucky, at location 58, both beds have been opened, but 
only the lower bed was accessible. 

\ 
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Section of the Lower Bolling coal bed on the J. H. Mullen estate, on west side of quadrangle, 
1 mile south of Cumberland River, in Kentucky, at location 58. 

Upper bed. Lower bed. 
Feet. Ft. in. 

Coal (reported 3+ feet exposed)..... 2 CoaP ............................ 2 3 
Clay.............................. 2 
Coal 1 •••••••••••••••••••••••••••• 1 6 
Clay.............................. 4 
Coal 1 •••••••• :................... 4 

4 7 

On Powell River, on the south margin of the quadrangle, at loca­
tion 59, a bed believed to be one of the Bolling coals has been opened 
and shows the following section: 

Section of one of the Bolling coal beds on Powell River, near margin of quadrangle, at 
location 59. 

Shale. Ft. in. 

Coal....................................................... 8 
Clay....................................................... 1 
Coal. ...................................................... 1 8 

2 5 

On account of their extent and comparative uniformity as work­
able beds throughout, the Bolling coals rank among the most valuable . 
coal beds of the Virginia part of the Pound quadrangle. 

STANDIFORD COAL BEDS. 

The Bolling coals are succeeded above by 260 feet of barr:en shale 
and sandstone. On South Fork of Pound River a thin coal bed 80 
feet above the Bolling coal was seen at two places, but east of Indian 

,,, Creek a fully exposed section extending 150 feet above the Bolling 
coal beds is wlthout coal and no bed of value 'is known anywhere in 
the interval. 

The Standiford coal beds are named from a man named Standiford, 
who has worked both beds on South Fork of Pound River. The beds 
are 20 feet apart at the type locality and constitute a pair in aU 
respects similar to the Bolling coals. 

The Standiford coal beds are present only in the Buck Knob and 
Black Mountain regions west of Guest River, and their area is there­
fore much less than that of the Bolling beds. 

On the David Sturgill place at the head of South Fork of Cumber­
land River, at location 60, the Lower Standiford bed is worked. At 
this bank the bed has a shale roof and clay floor and consists of 3 feet 2 
inches of clean coal. The analysis of a sample representing the entire 
bed is given as No. 15172 in the table on page 219. · A few rods east 
of the Sturgill bank, at location 61, is an opening into the Upper 

1 Included in sample, analysis 15173, p. 219 •. 
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Standiford bed, in which the coal is 2 feet 6 · inches thick and has a 
sandstone roof and clay floor. The beds here are about 20 feet apart. 

At the Standiford place on South Fork of Pound River,. at location 
62, the upper.bed is opened on the east side and the lower on the west 
side of the valley. 

The lower bed at this point has a thickness of 31 inches of clean coal 
and the upper bed has-the section shown below: 

Section of the Upper Standiford coal at tke Standiford place, on Sov.th Fork of Pound 
River, ·at location 62. 

Shale (6 feet). Ft. in. 
Coal ......................... _._ .......... _ .. __ ._._.· ... _ .... 2 2 
Parting .................................... _ ... _ . _ . _ ... _ . . ! 
Coal ...................... : ........................... _.... 11! 

Clay. 
3 2 

A bed identified as the Upper Standiford outcrops about 2,235 feet 
above sea level on the road both north and south of Fox Gap·between 
Guest and Pound rivers. This bed is 2 to 4 feet thick, including 
partings, and is underlain by purple shale. 

The rocks rise southeastward down·Guest River and carry the out­
crop of the coal beds upward into the hillsides, which makes it prob­
able that the Standiford coals are among those prospected by the 
Clinchfield Coal Corporation between the Low Splint (Buck Knob) 
and Bolling coals on the north and south sides of Buck Knob. 

On Critical Fork of Guest· River two beds exposed at location 63 are 
regarded as the Standiford coals, although on account of a rather 
strong westward dip the distance between them seems greater than 
that known elsewhere. 

Section of Standiford coal beds on Critical Fork of Guest River, at location 69. 

Upper bed. Lower bed. 
Shale. Ft. in. Shale. Feet. 

Bone........................ 3 Coal (exposed)................. 2 
Coal......................... . 2 
Clay, bone, and dirty coal... 2 
Coal......................... 3 5 
Clay .. _ .................. ·..... 2 
Coal......................... 3 

Clay. 
Interval40 ±feet. 4 5 

On Powell River, at location 64, a bed regarded as one of the 
Standiford coals is exposed in the stream. 

Section of one of the Standiford coal beds on branch near hea~ of Powell River, at location 64. 
Ft. in. 

CoaL ................................. ~ . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay ...... _. __ .. _ ... ___ . _ . ___ . _ . __ .. ____ . _ . _ . _ . _____ .. ______ . _ ! 
Coal ................................. -.. ~. . . . . . . . . . . . . . . . . . . . . . 1 9} 

1 ll 
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It appears from the foregoing account that the Standiford coal 
beds are of workable thickness throughout the Black Mountain and 
Buck Knob regions. They ~hould also be present near the summit. 
of Bowlecamp Knob. 

TAGGART COAL BED." 

About 80 feet above the Standiford coals lies a bed known locally 
as the Taggart bed, which appears to be the same as the Keokee bed 
of the Ke:r;ttucky reports. It has been extensively prospected by 
the Virginia Coal & Iron Co. on the head of Roaring Fork of Powell 
River, where it ranges from a bed pf solid coal 3! feet thick to a bed 
6 feet thick that contains a shale parting. A bed, supposedly the 
Taggart, exposed at one place on South Fork of Pound River, at loca­
tion 65, has th~ section given b~low. On the hill south of Critical 
Fork of Guest River the section of the Taggart bed at location 66 is 
also given. 

Sections of the Taggart coal bed. 

Location 65, on South Fork of Pound River. Location 66, on hill south of Critical Fork. 

Shale. Ft. in. Shale. Ft. in. 

Coal....................... 2 10 Bone........................... 3 
't Shale...... . . . . . . . . . . . . . . . . . . . . . 6 Coal. . . . . . . . . . . . . . . . . . . . . . . . 11 

Coal. ...................... 2 6 Clay .......................... 2 
Clay. Coal. ... ~ .. .. .. .. .. .. .. .. .. . 10! 

11 4 Clay. 

2 2! 

On Powell River, at locations 67 and 68, the bed is in good con­
dition, as shown by the following-sections: 

.Sections of the Taggart coal bed on Powell River. 

Location 67. Ft. in. · Location 68. Ft. in. 
Coal ........................... 2 10 Coal. . . . . . . . . . . . . . . . . . . . . . . 3 7 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . . 1! Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Coal. . .. .. . .. .. .. . .. .. . . .. .. . .. 1 5 Sandstone.. .. .. .. .. .. .. .. .. . .. . 10 

Coal....................... 3 
4 4! Sandstone. . . . . .. .. .. . . .. . .. .. . . 40 

Coal....................... 3 6 
Shale and unexposed. . . . . . . . . . . 10 

Coal....................... 1 

81 1 

A few feet away the upper coal bed of the above section is 4 feet 5 
inches thick, all coal. Probably the upper bed is the Taggart and 
the lower beds are either not present or not exposed in other sections. 
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On Roaring Fork of Powell River the following sections furnished 
by the Virginia. Coal & Iron Co. have been selected as typical from 
many others. · 

Sections of the Taggart coal bed on Roaring ForTe of Powell River. 

Loca tlon 69. Location 70. 
Shale. Ft. in. Shale. Ft. in. 

Coal ........................ 2 11 Coal. .............. :.. . .. . . . 4 2 
Shale ............................ 3 10 Clay. 

Coal ........................ 2 
Shale ....................... . 
Coal .................. __ .. _. 

Clay. 
9 

8 
4 

9 

Attention is called to the similarity of the section at location 69 to 
the section of the same bed at location 65 on South Fork of Pound 
River. . 

On Whitley Fork, in the southwest corner of the quadrangle, at 
location 71, the bed is 3 7 inches thick. 

LOW SPLINT AND ASSOCIATED COAL BEDS. 

Low Splint coal.-The name Low Splint is applied by the Vir­
ginia Coal & Iron Co. and by the Kentucky Geological Survey to a 
bed about 220 feet above the Taggart bed. 

The Low Splint bed is opened at the George Phillips place, on· 
South Fork of Pound River (location 72), where it shows the section 
given below. In a ravine a short distance east of the new road north 
of Fox Gap, at location 73, the Low Splint bed is opened, and the 
section at this place is also given. 

Sections of the Low Splint coal bed at locatiOns 72 and 79. 

Location 72, on the George PhWtps place on 
South Fork of Pound River. 

Sha.le. Ft. in. 

Coal ........................ 2 1 
Clay........................ 1! 
Coal~ . . . . . . . . . . . . . . . . . . . . . . . 6! 

Clay. 
2 9 

Location 73, east of new road u.orth of Fox Gap. 

Shale. Ft. in. 

Coal........................ 8 
Bone......................... ! 
Coal ........................ 2 4! 
Clay........................ 2 
Coal, slaty............. . .. .. . . 3 
Coal........................ 9 
Clay........................ 3 
Coal ......... ~ .............. 1 2 

Clay. 
5 8 

A coal bed prospected on Buck Knob by the Clinchfield Coal Cor­
poration and called by it the Buck Knob bed is probably the Low 
Splint . 

. On the head of Critical Fork, at location 7 4, a bed that seems likely 
to be the Low Splint sho~s 23 inches of coal that contains a parting 
and is reported. to have also a lower bench. 

r­
' I 

!'f· 
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The Low Splint at an opening south of Powell River (location 75) 
shows the following section: 

Section of Low Splint coal bed south of Powell River, at location 75. 

Shale. Ft. in. 
Coal .. - ... ----- ____ ............ __ ....... __ ... -. __ ..... __ . 1 
Bone ...... -...... ----.............. . . . . • . . . . . . . . . . . . . . . . . . I. 
Coal ... _ .. - - - - - __ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 

3 6 

' The Low Splint bed has been thoroughly prospected on Roaring 

\ 

Fork by the Virginia Coal & Iron Co., and two representative ~ec­
tions are given below: 

Sections of Low f)plint bed on Roaring Fork. 

Location 76, on west side. Location 77, on head of river. 
Shale. Ft. in. Shale. Ft. in. 

Coal ......... ___ ......... _ . . 1 7 Coal .................... _ _ _ 2 9 
Shale ............... -........ 3. Shale. 
Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 1· 
Shale........................ 3 
Coal .. , ..... _._._. __ ._ ..... . 4 

3 6 

Phillips coal.-At the head of South Fork of Pound River, near 
the house of Ambrose Phillips, a coal bed 260 feet above the Low 

· Splint bed and provisionally named the Phillips bed, has been 
opened at location 78. It is reported to be a splint coal2 feet 2 inches 
thick, all clean coal at tlll.s location. On the head of Critical Fork of 
Guest River (location 79) a bed reported to be 4 feet thick appears 
to lie at the horizon of the Phillips coal. Near by the same bed is 
at least 2 feet thick but is not fully exposed. The Phillips coal may 
be the same as the Dean coal of Kentucky. 

Coal bed 80 feet above the Phillips coal.-At the Phillips place (loca­
tion 80) an 18-inch bed not observed elsewhere occurs 80 feet above 
the Phillips coal. 

Coal bed 215 feet above the Phillips coal.-At the head of South 
Fork of Pound River, at location 81, a bed is exposed 215 feet above 
the Phillips bed. A bed regarded as the same as that at location 81 
is exposed on the head of Critical Fork (location 82). The sections at 
locations 81 and 82 are as follows: 

Sections of coal bed 215 feet above the Phillips bed. 

Location 81, on head of South Fork of 
Pound River. 

Shale. Ft. 

Coal ........................ 1 
Shale ....................... . 
Coal ....................... . 
Clay ....................... . 
Coal ........................ 1 

Clay. 
4 

Location 82, at head of Critical Fork. 

in. Sandstone. Ft. in. 

4 Coal ........................ 1 
6 Clay ....... ~ ............... . 
6 Coal, hard .................. 2 
2 
7 

1 

3 

2. 
2 

4 
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PARDEE (L~ESTONE OR PARSONS) COAL BED. 

The Pardee coal bed takes its name from the Pardee mine, which 
lies just beyond the southwest corner of the quadrangle. It is called 
the Limestone bed in reports of the Kentucky Geological Survey 
because of the occurrence of a persistent limestone 50 to 100 feet 
above it to the west of this quadrangle- in Kentucky. It is also 
called the Parsons bed by the Virginia Coal & Iron Co. 

The Pardee bed lies 385 feet above the Low Splint bed. It is 7 to 
10 feet thick where unbroken by partings but differs greatly in short ,~ 
distances owing to the occurrence of partings of clay or shale which in 
places attain ~ thickness of several feet. It underlies only a small 
area near the top of Black Mountain. It is mined at the Pardee mine 
and has been very thoroughly prospected around the head of Roaring 
Fork by the Virginia Coal & Iron Co. \ 

A section of the bed obtained on f?outh Fork of Pound ~iver, at / 
location 83, is as follows: 

· Section of Pardee coal bed on Souih Fork of Pound River, at location 83. 
Ft. in. 

Coal. __ ...................................................... i 6 
· . Clay_ .. _ ........... _ .............. _· ... _ ..... _ . . . . . . . . . . . . . . . . 3! 

CoaL ................................................. ~ . . . . . . 1 7 

g~;;~ _· _- _· ~- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ·~ ~ ~ : ~~ : : : ~ : ~ ~ ~ : : .: : : : : : : : : : : : : ~ : ~ : ~ : ~ : : : 7! 
Clay._ ..... _ ... _ ............ _ ........... _ ... _................. 3 
CoaL ............... _ ............................ _ ... _ .. _ . _ . . ! 
Clay_ ......... ~ ~ ............................... _ . _ .. __ .. _ . _ _ _ ! 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Clay_._._ ............................. _ . _ . . . . . . . . . . . . . . . . . . . . 1 
CoaL .... : ................................................... 1 1! 
Clay ..... _ .................................. _ .· ....... · . . . . . . . . 2 
CoaL... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

6 11! 

The following sections, measured at locations 84, 85, and 86, near 
the head of Roaring Fork, have been selected from those furnished by 
the Virginia Coal & Iron Co.: 

Sections of Pardee coal bed near head of Roaring Fork. 
[Furnished by the Virginia Coal & Iron Co.] 

Location 84, between Roaring Fork and Powell 
River. 

Shale. Ft. in. 
Coal. . . . . . . . . . . . . . . . . . . . . . . . 2 

Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 2 

Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 2 

36 4 
Location 85, near head of Straight Fork. 

Shale. Ft. in. 

Coal ............ .' ........... ·6 6 
Shale. 

Locati_on 86, near head of Straight Fork. 

Shale. Ft. in. 

CoaL... . . . . . . . . . . . . . . . . . . . . . . 4 6 
Shale ....................... :. 7 
Coal. ........... _ ........... 2 7 
Shale ............. ·........... ! , 
Coal. ..... _ . . . . . . . . . . . . . . . . . 1 6 
Shale....... . . . . . . . . . . . . . . . . . . 3 
Coal. ....................... 1 9 
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The Pardee coal is rather hard and its composition is that common 
to the Virginia and eastern Kentucky coals, as shown by analysis No. 
15099 in the table on page 218, which represents the entire bed, 9 feet 
7 inches thick. . 

ffiGH SPLINT COAL. 

Practically 400 feet above the Pardee bed lies the High Splint bed, 
well known to the west of this region in Kentucky. It is a genuine 
splint coal 4 to 5 feet thick, underlying a small area near the top of 
Black Mountain. ·On the north side of the mountain at the head of 
South Fork of Pound River, at location 87, the following section was 
obtained: 

Section of High Splint coal bed at head of South Fork of Pound River, at location 87. 

Sandstone. Ft. in. 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 
Bone .............. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal • ............................................••. · . . . . • 1 

4 5 

The following sections, measured at locations 88 and 89, are taken 
from those furnished by the Virginia Coal & Iron Co. They were 
obtained in the course of extensive prospecting around the head of 
Roaring Fo~k of Powe~ River. · 

Section of High Splint coal at locatioJ?, 88, on point of ridge between Powell and Roaring 
forlcs. 

Shale. Ft. in. 
Coal ............................. ·. . . . . . . . . . . . . . . . . . . . . . . . . 2 4 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 2 
Coal. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

·--
3 

.At the head of the right fork of Roaring Fork (location 89) three 
sections measured within a distance of 1,000 feet are of interest on 
account of the irregularity which they exhibit . .-

Section of High Splint coal at location 89, head ofrightforlc of Roaring Fork. 

Section No. 1. Section No.2. 

Shale. Ft. in. Shale. Ft. fn. 

Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 2 Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 10 

Shale ........................ 1 2 Shale . . . . . . . . . . . . . . . . . . . . . . . 4 9 

Coal. . . . . . . . . . . . . . . . . . . . . . . . 2 Coal. . . . . . . . . . . . . . . . . . . . . . . . 1 2 

Shale. . . . . . . . . . . . . . . . . . . . . . . . 9! 
CoaL .. · ... _.·~·-----··········· 110 

Shale. 
7 9 

Section No.3. 
Shale. Shale. Ft. in. 

5 1 t · . Coal. ..............••.. _. . . . . .4 . 5 

The condition shown by these sections is exceptionaL · 
This· coal -appears to he of excellent quality and is said to burn 

very freely. No samples of unweathered coal could be obtained. 
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for analysis. Except for the local irregularity shown by the three 
sections at location 89 the bed is uniform in thickness and character, 
maintaining a general. thickness· of 4 to 4! feet all around the head 
of Roaring Fork. At only one place does its thickness fall as low as 
3 feet 4 inches, except at its extreme southeastern part, where it is 
thin and much parted, as shown by the section at location 88. 

COAT:. BEDS ABOVE THE HIGH SPLINT BED. 

' 
On Black Mountain, at two places at least, coal was seen above 

the High Splint bed, but the beds were not well exposed and no 
information was obtained about their thickness or character. 

COAL IN THE KENTUCKY AREA. 

The number and sequence of coal beds exposed in the part of the f 
Pound quadrangle that lies in Kentucky are shown in the columnar •. 
section for Kentucky on Plate XI. The Bingham, Lower Elkhorn, 
Upper Elkhorn, and Hyden (Fire Clay) beds are the only beds that 
are named, but several unnamed beds of some value are associated ·· 
with those that are named. ! ',. 

Bingham coal.-The lowest coal bed exposed in the Kentucky 
part of the Pound quadrangle, identified as the Bingham bed,1 is ' ""' 
seen at location 124 along the railroad on Shelby Creek, 1 mile south. 
of the north edge of the quadrangle. The bed is here composed of 
solid coal2! feet thick. It is not exposed elsewhere in the quadrangle. 

Thin co.al beds below the Lower Elkhorn bed.-Along the new rail­
road to Jenkins, between Shelby Gap and McPeak Branch, two coal 
bed., within 50 feet below the Lower Elkhorn bed are exposed at a few 
places. The first coal is 10 to 25 feet below the Lower Elkhorn and.. / 
is 12 to 14 inches thick;. the second is about 50 feet below the Lower ., 
Elkhorn and, at the place observed (location 125), is 18 inches thick. 
They were not seen elsewhere. ' 

Lower Elkhorn coal.-The Lower Eflkhorn bed is best known along 
Elkhorn Creek and its western tributaries in the country northeast of 
McPeak Branch. It dips southwestward under the bed of Elkhorn 
Creek at the mouth of McPeak Branch and under Middle or Straight 
Branch of Beefhide Creek 1 mile above the mouth of the branch. It 
does not outcrop west of a line connecting the points described unless 

·a bed which outcrops. on Kentucky River between Holbrook Branch 
and Laurel Fork is the Lower Elkhorn. 

Throughout most of the territory in which the Lower Elkhorn coal 
outcr9ps it is 3 to 3! feet thick and has in the middle a highly charac­
teristic bench of bright, soft, flaky coal of impure composition. On 
Pigeon Brancl?-, near the north edge of the quadrangle, at location· 

I Stone, R. W.,Coal resources of the ~ussell Fork basin in Kentucky and Virginia.; U. S,Geol. Survey 
Bull. 348, 1908. 
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126,. the bed is 2 feet 8 inches thick, contains the layer of flaky coal, 
and is shaly in the middle. At location 127, on Big Branch, 1! 
miles southwest of Pigeon Branch, and at loc.ation 128, at the mouth 
of a branch one-half mile south of location 127, the following sections 
were measured: 

Sections of Lou,er Elkhorn coal bed at locations127 and 128. 

Location 127, on Big Branch. 

Sandstone. Ft. in. 

Coal, one-fourth inch layers 
with "rash" partings...... 2 

Coal......................... 4 
Parting..................... ! 
Coal. .............. ~ ......... 1 3! 
Coal, bony.................. . 10 

Shale, coaly......... . . . . . . . . . . . . l 6 

4 2 

Location 128, near·Elkhom Creek, 3 mlles south­
west of northeast comer of quadrangle. 

Sandstone. Ft. in. 

Coal........................ 6 
Coal, shaly. . . . . . . . . . . . . . . . 2 
Coal, bottom not seen. . . . . . 11 + 

At location 129, on Shelby Creek 2 miles south of the quadrangle 
edge, the bed is 2 feet 4 inches thick, and at Ratliff's bank on Elkhorn 
Creek, 5 miles northeast of Jenkins (location 130), the bed is 3 feet 
thick. The sections at locations 129 and 130 are as follows: 

Sections of the Lower Elkhorn coal bed at locations 129 and 130. 

Location 129, on Shelby Creek 2 miles south of Location 130, atRatll1f's bank onElkhom Creek, 
the quadrangle edge. 5 miles northeast of Jenkins. 

Sandstone. Ft. iri. Sandstone. Ft. in. 

Coal, laminated............. 1 3 CoaJl........................ 8 
Coal, irregularly jointed . . . . . 1 1 Coal, laminated 2 • • • • • • • • • • • • 1 

2 4 
Coal 1 •••••••••••••••••••••••• 1 4! 

3 ! 

The coal was sampled at this mine, the laminated· part and the 
remainder being sampled separately. At location 132, on Johns 
Forkl!·miles south of the quadrangle edge, the Lower Elkhorn bed 
is 2 feet 9 inches thick and has a 2-inch laminated layer near the 
middle. On Kentucky River, bet 7eeri. Jiolbrook Branch and Laurel 
Fork, a bed 2 feet thick and 250 feet below the Upper Elkhorn bed 
outcrops along the road. This may be the Lower Elkhorn, although 
its characteristic laminated bench was not observed. A coal, appar­
ently thin.and of no valqe, which shows at water level on Kentucky 
River and on Boone Fork near its mouth, is possibly also the Lower 
Elkhorn. · 

On Straight or Middle -Fork of Beefhide Creek, at ·location 131, a 
bed· 2 feet 8 inches thick lies 220 feet below the Upper Elkhorn coal 
and apparently has not the laminated bench. This bed may be the 

1 Mm}y~Js No.l4970, p. 219, '.tUlalys!s No.14971; p. 219. 
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Lower Elkhorn, but the shorter distance below the Upper Elkhorn 
and the absence of the laminated bench are features that suggest that 
it may be the bed 60 fe~t above the Lower Elkhorn on Elkhorn Creek 
described below. 

Coal bed 60 feet above the Lower Elkhorn coal.-On Elkhorn Creek 
one-fourth of a mile west of Shelby Gap, at location 133, a thin coal 
bed 60 feet above the Lower Elkhorn coal is exposed at the top o'f a 'r 
railroad cut. A bed about 1 foot thick and about 220 feet below the 
Upper Elkhorn bed, which shows on Long Fork of Shelby Creek just I 

. .-
off the north edge of the quadr~ngle, and a bed 1 foot thick and about 
185 feet below the Upper Elkhorn bed, which outcrops in the bed of 
Potter Fork, about 1 mile above Boone Fork, at location 134, are 
referred to the same horizon. )-

Coal bed 120 feet below the D'pper Elkhorn bed.-In a railroad cut at 
the tipple of Consolidation No. 201 mine a coal2 feet thick and about 
120 feet below the Upper Elkhorn bed is exposed. On Bens Branch, 
near Consolidation No. 202 mine. at location 135, the same bed has 
the following character: 

Section of coal bed on Bens Branch at location 195. 

Sandstone. Ft. in. 
CoaL ..... -.- ........................... :................... 1 3 
Bone .......................................... ·............ 1 
Coal, hard ....................................... _......... 6 
Coal....................................................... 6 

Sandstone. 
2 4 

At location 136, on Little Laurel or Fishpond Branch of Kentucky 
River, this bed outcrops in tl;le same position relatively to the Upper 
Elkhorn bed and appears to be fairly thick, but more definite knowl­
edge of the bed at that point was not obtainable. On Kentucky 
River one-half mile below the mouth of Boone Fork, at location 137, 
a bed 15 inches thick is referred to this horizon, and a 2-foot bed that 
outcrops on Millstone Creek just east of the edge of the quadrangle is 
probably the same. 

On Pigeon Branch, near location 126 on the Lower Elkhorn bed, a 
bed of clean coal4! feet thick occurs about 150 feet above the Lower 
Elkhorn bed. This bed appears also to be the same as that 120 feet 
below the Upper Elkhorn. It is a valuable bed in the Pigeon Creek 
region ap.d per~aps also westward toward Shelby Creek. 

Coal beds 40 and 50 feet below the Upper Elkhorn bed.-On .Elkhorn 
Creek, at the tipple.:of..Consolidation No. 205. mine, and ~lso in a rail­
road cut near~McRoh,erts;:atJocatiori. 138,. two coal beds. are exposed 

:below the- Upper.Elkhorn:.coal,.: as.·shown in the following sections·: 

t' 
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Sections of coal beds 40 and 50 feet below the Upper Elkhorn bed. 
Tipple of Consolidation No. 205 mine. Location 138, near McRoberts. 

Coal, Upper Elkhorn. Feet. Coal, Upper Elkhorn. Ft. in. 
Shale ........................... 40 Shale.............................. 40 

Coal............................ 2 
Shale.............................. 10 

CoaL........................... 1 

Coal......................... 1 4 
Shale ........................... 20 

Coal......................... 2 4 
Clay .................. .' .......... 4 

53 
67 8 

The upper one of these beds appears to be 3 feet thick in a road cut 
on Elkhorn Creek a short distance above No. 205 mine. One of the 
beds is exposed in a railroad cut near Consolidation No. 204 mine and 
one has been opened at two places on Pine Creek near the west edge 
of the quadrangle, at location 139, where it is 28 inches thick and has 
fl., sandstone roof and clay floor. . 

Upper Elkhorn coal.-The Upper Elkhorn is the great coal bed in. 
this part of Kentucky. It ranges from 6 to 8 feet thick over all that 
part of the area between Shelby Creek and Boone Fork of Kentucky 
River. West of Boone Fork it decreases in thickness to 4 feet or less 
on Rockhouse Creek. East of Boone Fork it is nearly everywhere 
divided near the middle by a soft flaky clay parting that has a maxi­
mum thickness of 1 foot. Exceptionally, as at No. 201 mine, this 
parting is a little more than 2 feet thick. On Rockhouse and Mill­
stone creeks the parting is not present and the bed consists of a 
single bench. . 

The 4-foot bed on Rockhouse Creek was regarded by Hodge 1 as a 
different bed from the Upper Elkhorn, but thorough and continuous 
prospecting by the Consolidation Coal Co. has shown beyond question 
that the coal on ~ockhouse.Creek is the Upper Elkhorn.· 

A few selected sections given below exhibit the general range of 
thickness and character of the bed. 
Sections of Upper Elkhorn .coal bed at locations140 and 141 and at Consolidation No.201 

mine. 
_ Location 140, near Shelby Gap. Consolidation No. 20(mlne. 

Shale. Ft. in. Shale. Ft. in. 
Coal ......................... 1 
Clay ...................... . 
CoaL ........................ 2 

Clay. · 
4 

1 Shale, cannel. .................. . 
4 CoaL ........................ 3 
9 Clay ......................... 1 

2 Coal......................... 3 

3 
4 
3 
8 

8 6 Location 141, at Haynes opening near head of 
left fork of Marshall Branch. 

Shale. Ft. in. 
Coal ......................... 1 1 
''Rash" .................... . 
Coal ......................... 2 
Clay ...................... : 1 
Coal. ........................ 3 

3 
6 

7 10 
1 Hodge J. M., Kentucky Geol. Survey Bull. 11, 1910. 

~65° -Bull. 541-14-14 
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Possibly there is another bench of coal in the section at location 140 
below the lower clay, as in the section measured at the Haynes 
openmg. 

The lower 15 inches of the bed at the Consolidation No. 201 mine is 
partly hard splint coal. The occurrence of splint coal in the lower 
part of the Upper Elkhorn bed prevails widely in the region. · 

Sections of Uppe:r Elkhorn coal ~ed in Consolidation No. 204 mine. 

Section at mouth of mine. Section at face of main entry 1,700 feet from 
Shale. Ft. in. mouth of mine. Ft. in. ·.•. 

Coal.............. . . . . . . . . . . . 3 10 Coal 2......... . . . . . . . . . . . . . . . . ... · 4 
Clay, 5 to 7 inches, average.. ~! Clay .... ~........................ 5· 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . 4 . Coal 2. • • • • • • • • • • • • • . • . • • • • • • • • • • 4 \_ 

r, 
8 6! 

Section at face of main east entry 1,700 feet from 
mouth of mine. 

Ft. in. 
Coal 1 •••••••••••••••••• , •••••••• 3 7 
Clay............................. 3 
Coal 1 ••••••••••••••••••••••••••.• 3 8} 

7 6! 

8 5 

Sections of Upper E~khorn coal bed at various locations. 

Location 142, on Laurel Fork of Kentucky River 
4! miles southwest of Jenkins. 

Shale. Ft. in. 
Coal. ...................... 2 4 
Clay.·....................... 4 
Coal. ......... · ............. 3 4 

6 

Location143, on bottom Fork of Kentucky River. 

Location 145, on small branch of Millston Creek, 
1 mile north of Kentucky River. 

Shale. Ft. in. 

Coal. ...................... 1 10 
Clay....................... 1 
Coal. ............. · ......... 4 9 

6 8 

Location 146, at the Isaac Potter opening on 
Potter Fork. Shale. Ft. in. Shale. Ft. in. 

Coal ....................... 2 
Clay ...................... . 
Coal ....................... 1 
Clay ...................... . 
Coal ....................... 1 

4! 
2 
3! 
8 

5 6 

Location 144, on Pine Creek near west edge of 
quadrangle. .. 

Shale. Ft. in. 
Coal. ...................... 2 1 
Clay ....... ~............... 4 
Coal: ...................... ·1 

3 5 

Coal ....................... 2 
Clay ...................... . 
Coal. . . . . . . . . . . . . . . . . . . . . . . 2 
Clay ...................... . 
Coal ....................... 4 

2 
7 
3! 
5! 

9 6 

At Consolidation No. 214 mine at McRoberts. 

Shale. . . Ft. in. 

Ooal. ...................... 3 8 
Clay. . . . . . . . . . . . . . . . . . . . . . . 2 
Coal. ................. ~ . . . . . 3 4 

7 2 

tJncluded in sample for analysis No. 14904, p. 219, s Included in sample for analysis No. 14905, p. 219. 
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Section of Upper E.lkhorn coal bed at various locations-Continued. 

Location 147, on west side of Beefhide Creek. 
near quadrangle edge. 

Shale. Ft. in. 

Coal. ...................... l 6 
Clay....................... 5 
Coal. ....................... 3 6 

5 5 

Location 148, on Long Fork near north edge of 
quadran'gle. 

Shale. Ft. in. 

._Coal ....................... 3 5 

Location 149, on Boone Fork. 
Shale. Ft. in. 

CoaL ...................... 2 1 
Clay....................... 2 
CoaL ...................... 3 10 

6 1 

Location 150, on Rockhouse Creek at edge of 
· quadrangle. 

Sandstone. Ft. in. 

CoaL ....................... 3 5. 

Clay ...................... . 3! Location 151, on Meadow Branch of Millstone 
Coal. ...................... 2 3 Creek. · 

Shale. Ft. in. 

5 Ill Coal, clean. . . . . . . . . . . . . .. . . 4 9 

.- The thickness at the Isaac Potter opening (location 146) seems to 
be the maximum for the bed in this region. 

The Upper Elkhorn is a very high grade bituminous coal, especially 
adapted to the manufacture of gas. On Elkhorn. Creek, according 
to the analyse_s of the Consolidation Coal Co., it is uncommonly low 
in ash. 4-n.alyses 14904 and 14905, though numerically inadequate, 

, indicate its probable range· of composition. The composition shown 
in analysis 14904 probably more nearly represents its prevailing 
·character than that shown in analysis 14905. 

The principal defect of the bed in this vicinity is its weak roof. 
Immediately over the coal lies a few feet of soft shale which is very 

\, likely to fall with the top coal and which on account of its crumbling 
1 character can not be economically separated from the coal. This 

feature makes it necessary to leave 1 foot to 15 inches of the top coal 
.., for roof. It is hoped that a large part of this roof coal may be recov­

ered. on the abandonment of the worked-out parts of the mines. 
The coal is mined extensively at Jenkins and McRoberts by the 

Consolidation Coal Co., and most of the output is shipped to Michigan 
for consumption in by-pr9duct coke ovens. It seems to be excellently 
adapted to such use. 

Coal bed 20 feet above the Upper Elkhorn coal.-Near- location 149, 
on Boone Fork; at location 150, on Rockhouse Creek; and at location 
151, on Millstone Creek, an 18-inch coal lies 20 feet above the Upper 
Elkhorn bed. 

Ooal bed 60 feet above the Upper Elkhorn coal.-On the new road be­
tween Elkhorn Creek and McRoberts a coal bed 60 feet above the 

-- Upper Elkhorn bed has been exposed. Above Consolidation No. 207 
mine it is 1 foot thick and above No. 214 mine it is 8 inches thick. 

Ooal bed 175 feet above the Upper Elkhorn coal.-On the new road 
just mentioned a coal bed 175 feet above the Upper Elkhorn bed at 
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No. 207 ·mine has been exposed. At that place it is worthless, as 
shown by the section below. 

Section of coal bed 175feet above_ the Upper Elkhorn coal, on new road above No. 207 mine. 

Sandstone. . . 
Coal .................................................... . 
Clay ................................................... . 
Coal ................................................... . 

Ft. in. 

2! 
2! 
1 

Olay .................................................... 1 
Coal ................................................... . 

Cl~y ........................................................ 2 
11 
5 

4 10 

Near the head of Elkhorn Creek, at'location 152, this bed shows 
the following section: 

Section of coal bed near head of Elkhorn Creek, at location 152. 

Sandstone. Ft. in. 
Coal....................................................... 2 
Clay ................................... ·................... 2 
Coal ................................... ~ .................. -4 
Clay...................................................... 4 
Coal ...................................................... 1 4 

2 4 

At this place the bed is about 160 feet above the Upper Elkhorn. 
Ooal bed 200 feet above the Upper Elkhorn coal.~At No. 207 mine· 

in the new road to McRoberts a bed that contajns 3 feet 4 inches of 
J 

clean coal is exposed 200 feet above the Upper Elkhorn coal. A bed \ 
near this horizon appears to be persistent in the region. 

On the west side of the ridge above No. 214 mine the bed also shows ~. 
3 feet 4 inches of coal. A bed opened at the head of Wrights Fork 
(location 153) and reported to be 2 to 2! feet thick may be this bed 
or the one discussed under the next heading. A bed opened on the 
head of Rockhouse Creek just beyond the north boundary of the quad­
rangle, near location 154, is regarded as this bed. At this place 25 
inches of clean coal was seen and the thickness may be greater. Fos-
sil ferns collected from the bed at this point indicate the horizon of 
the Clintwood coal of Virginia. 

Ooal bed 240 feet above the Upper Elkhorn coal.-A bed containing 
2 feet 2 inches of clean coal is exposed on the new road to McRoberts, 
about 240 feet above the Upper Elkhorn at No. 207 mine. This bed 
has not been recognized elsewhere. 

Ooal bed 340 feet above the Upper Elkhorn coal.--,...On the new road 
to McRoberts a bed 340 feet above the Upper Elkhorn and almost 
30 inches thick, apparently clean coal, shows on both sides of the 
summit and about 120 feet below it. 
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Hyden (Fire Clay) coal b~d.-A thick coal bed lies 400 feet above the 
Upper Elkhorn bed, as determined at widely separated points in the 
region. This bed is characterized by a parting of flint clay, from 
which it has been named the Fire Clay bed in reports of ,the Kentucky 
Geological Survey.1 It is also called the Hyden bed, and that name 
is adopted here. 

i The best exposure of the Hyden bed in this area is at the opening 
of M. B-. Tolliver on Meadow Branch near the west side of the quad­

\. rangle, at location 155. On the new road to McRoberts the bed is 
exposed at location 156' on the west side of the summit and 71 feet 
below it.· The sections at locations 155 and 156 are as follows: 

.I 

/ 

~. 

Sections of Hyden coal bed at locatiom 155 and 156. 

Location 155, atM. B. Tolllver's bank on 
Meadow Branch. 

Shale. 
Shale, black, fissile (1 foot). Ft. in. 

Coal ..................... · .. ~ . . 3 5 
Clay, flint..................... 4 
Coal, splint at top ............. 1 . 5 
Coal, cannel................... 3 
Clay ............... ·........... 1 
Coal, splint.................... 9 

6 3 

Location 156,· on west side of summit on new 
road to McRoberts. 

Shale. Ft. in. 
Coal .......................... 3 2 
Clay, flint. ................... . 5 
Coal .......................... 1 1 

4 8 

At the opening of W. M. Yonts, one-half mile northwest of Baker 
post office, at location 157, and near the head ·of Long Fork, at 
location 158, the bed is made ·up as follows: 

Sections of Hyden coal bed at locations 157 and 158. · 

Location 157, opening of W. M. Yonts, one-half 
mile northwest of Baker post office. 

Shale, black (4 inches). Ft. in. 
Coal ........................ 1 
Pyrit(f....................... 1 
Coal ........................ 1 6 
Coal, with streaks of clay and 

bone...................... 8 
Clay, flint .......... :... . .. .. 1! 
Coal, splint, thin clay partings 

and bony; thickness, 6 to 10 
inches, average. . . . . . . . . . . . 8 

4 t 

Location 158, near the head of Long Fork. 

Ft. in. 

Coal. ....................... : . .. 2 6 
Clay, flint ................. :..... . ·4 
.Coal. .......... · ... -... ~ .......... 1 6 

4 4 

A coal bed high on the hill at the head of Big-Branch in the north­
east corner of the quadrangle~ at location 159, reported to be 4 feet thick 
is certainly the Hyden bed. Reports are current of a bed at this 
horizon at other places in the area and leave no doubt of its persist­
ence; probably as a workable bed. 

1 Kentucky Geol. Survey Bull. 11, 1910. 
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Goal beds above the Hyden.-On the new road to ~fcRoberts, just 
below the summit on the east side, at: location 160, a coal is exposed 
50 feet above the Hyden bed.- Its section is as follows: 

"Section of coal bea'so feet above the Hyden bed on new roOd to McRoberts, at location 160. 

Shale. Ft. in. 
Bone ................. ·........................................ 1 

Coal..................................................... 3 
Bone.................................................... 3 
Clay .. ~.................................................. 5 
Coal ..................................................... 2 

3 

Mr. M. B. Tolliver reports a. coal 6 feet thick above the Hyden bed 

( 

-~ 

at his opening, at location 155, and the presence of a bed in that 
position is indicated· by ·a bloom above the. opening. On the high 
ridges in the northwest corner of the quadrangle 500 feet of strata ·"' 
overlie the Hyden bed. According to Bulletin 11 of the Kentucky 
Geological Survey, at least three coal beds occur in this 1nter~al, but 
no exposures of any of these beds were discovered by the writer 
although. the beds are probably present. 

QUANTITY OF ULTIMATELY AVAILABLE COAL. 

The quantity of ultimately available coal in the Pound quadrangle 
has been computed .with the results shown in the following table: 

Tonnage ~f available coal in the Pound quadrangle. 

Bed. Thick­
ness. 

VffiGINIA. Ft. in. 
High Splint........................................................ 3 10 
Pardee ............................................................. · 7 6 
First coal below Pardee ................ :.. .. . .. .. .. .. .. . .. .. .. .. .. .. . 2 
Second coal below Pardee..... . .. . . .. . . . . . . . . . . . . . . .. .. .. .. .. .. .. .. . 1 

i:UgJlliit::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~ 2 

EE~~fgi:~~}~~r::::: ::::::::::::: :~: ~: ::::::::::::::::::::::: ::·:: i 6 

~E~~~ ~g~~::::::::::::::::::::::: ::::::·::::::::::::::::::::::::: ~ : 
First coal above Clintwood......................................... 2 
Clintwood (thick)................................................... 7 3 

~~~':"~-~ _<~~)-·. ·.::::::::::::::::::::::::::::::::::: :·::::::::::::: ~ ~ 
Coal 70 feet above Glamorgan ................................ ·....... 2 6 
Glamorgan (thick).................................................. 2 7 
Glamorgan (thin)................................................... 2 

Area. 

Sq. mi. 
1.60 
4.80 
6.57 
8.17 
9. 62 

13.92 
17.19 
20.15 
20.15 
39.19 
39.19 
75.92 
17.91 
58.00 
91.29 
99.61 
59.80 
49.20 

Total Wise formation ................... · ......................................... . 
Norton formation ................................................... 

1 

7 2 137; 72 

Lee fo~::::::~; ;~-~~~~~::.:::::: ::::::::::::::::::::::::::::::::: ·--~---~-: ·--~~~~~~-

Tonnage.a 

7,060,000 
41,470,000 
15,130,000 
9,520,000 

22,160,000 
50,830,000 
79,210,000 
69,640,000 
58,000,000 

150, 300, 000 
105, 200, 000 
174,900,000 
149,·580, 000 
245, 200, 000 
279,750,000 
285, 700, 000 
179, 100, 000 
113, 350,000 

2, 136, 080, 000 
1, 137,550,000 
1, 162,920, 000 

4, 436,550,000 

a E~timated on the basis of 1,152,000 tons to the square mile for each foot in thickness of coal. 
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Tonnage of available coal in the Pound quadra'J?>gle-Continued. 

Bed. Thick­
ness. 

Ft. in. 
4 5 
4 
6 
4 

1! 

1 
4 10 

11 
7 

Area. 

Sq.mf. 
13.13 
39.20 
42.98 
6. 77 

49.75 
3.18 

68.11 
68.11 

Tomiage. 

Grand totaL ...... _____________________ -__ --- ___________________ ------·- __ -----··· 6, 741,190,000 

a Computed for separate areas containing different thicknesses of coal. 

.In the above table the results are given to the nearest 10,000 tons. 
~ The minimum thickness of a coal bed considered in a commercial 

sense ~s ultimately minable is 14 inches, and the maximum depth 
for that thickness is taken as 1,700 feet. On this basis the com­
paratively meager data for the Norton and Lee formations in Virginia 
indicate a total thickness . of 7 feet 2 inches of coal in the Norton 
and 7 feet 4 inches in the Lee. That is, the amount of coal fulfilling 

) 

\ 

¥ the conditions of depth and thickness stated above equals a single 
bed 7 feet 2 inches thick in the Norton and another 7 feet 4 inches 
thick in the Lee, the areal extent of these beds being consider.ed as 
equal to the area underlain by the Norton formation. In the Ken­
tucky area the coals of the Lee and of the strata between the Lower 
Elkhorn coal and the top of the Lee approximately equivalent to 
the Norton of Virginia have not been tested. 

In Bulletin 12 of the Kentucky Geological Survey coals that aggre­
gate about 10 feet in thickness ~re described in the Lee where it 
outcrops on the western border of the eastern coal field in Kentucky, 
and on the basis of this fact, together with the known occurrence of 
about 7 feet of workable coal in the Lee of Virginia, it is assumed 
that the Lee in the Kentucky part of the Pound quadrangle contains 
at least 7! feet of workable coal. Stone 1 describes four coal beds 
aggregating 11 feet in thickness in the rocks between the Lee forma­
tion and the Lower Elkhorn coal in the Big Sandy drainage area, 
10 miles northeast of the Pound quadrangle. The occurrence of 
these beds in that area forms the basis of the assumption of a total 
thickness of 11 feet of _coal in these rocks in the part of the Pound 
quadrangle in Kentucky. 

In Virginia the average thickness of the High Splint, Pardee, Low 
Splint, ·Taggart, Bolling, Clintwood (where it is 7 feet 3 inches thick), 
and Glamorgan (where it is 2 feet 7 inches thick) is based on an 

1 Stone, R. W., Coal resources of the Russell Fork basin in Kentucky and Virginia: U. S. Geol. Survey 
Bull 348, 1908. . 
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adequate number of detailed measurements and can be accepted as 
reliable. The thickness of the other beds is less certain. In Ken.­
tucky the average thickness of only the Upper Elkhorn coal is ade-­
quately determined. The thickness of the Lower Elkhorn is based 
on a number of good measurements obtained nor~heast of Marshall 
Branch, and the thickness of each coal above the Upper Elkhorn is 
based on only a small number of accurate measurements. 

.. 

r 

In both Virginia and ;Kentucky, bed's other than those included in 
this estimate were seen at one or a very few points, but of these so Jti. 

little is known that they were not considered. This fact, together 
with the fact that the beds included in ·the estimate are as likely to 
average somewhat thicker as they are to average thinner, supports 
the belief that the total estimated tonnage, enormous though it be, 
does not exceed the actual amount of ultimately minable coal in the 
Pound quadrangle. 

CHEMICAL COMPOSITION. OF THE COALS. 

The chemical composition of some of the coals of the region is shown 
in the table of analyses (pp. 218-219). Only a small number of samples 
were taken because, as deep mines are few, opportunities for obtaining 
fresh unweathered coal are· rare. Most of the samples from local 
mines are probably somewhat affected by weathering. However, 
the composition of such samples approximates that of fresh coal 
closely enough for rough comparisons. 

The samples were collected as follo\7s: From the fresh face of the 
bed, or as nearly fresh as could be obtained, a uniform cut was made 
from top to bottom of sufficient size to yield 5 pounds to the foot 
after rejecting all partings that would not be included in the coal . 
as marketed. This coal was pulverized and quartered in the mine 
until there was left sufficient coal of a size that would pass through a 
half-inch mesh to fill a 2-quart galvanized-iron can. This was sealed 
with adhesive tape and mailed to the laboratory of the Bureau of 
Mines for analysis. 

The coals of this quadrangle are all bituminous and in composition 
resemble the coals of the eastern side of the Appalachian field from 
Russell County, Va., to Alabama, except those of Lookout Mountain. 
Analyses show that samples from Russell, Dickenson, Wise, and 
Lee counties, Va., and from eastern Kentucky are much alike in 
average composition. .All the samples from the Pound quadrangle 
are low in sulphur and moisture, and all but those from the Pardee 
and Bolling beds are notably low in ash. . Samples from a larger num­
ber of localiti~s are, however, needed in order to obtain more satisfac­
tory data. It should be added that the calorific determinations that 
are based on samples from country banks, or on weathered samples, 
do not show the full heat value of the fuels. 
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The coals of this quadrangle all differ from the coals of the Poca­
hontas region in respect to content of volatile hydrocarbons and 
fixed carbon. The coals of that region which generally have. less 
than 20 ,per cent volatile and more than. 70 per cent fixed carbon 
are classed with the semibituminous coals, like those of the Clearfield 
district of. Pennsylvania. On the other hand, the. coals described 
in this report contain more than 30 per cent of volatile matter. The 
high volatile content of the coals of the Pound quadrangle invites 
consideration of by-product processes ill coking. . 

With the exception of the semibituminous coal of Lookout Moun­
tain ·in Georgia and Alabama,· the coals_ of this region are suitable 
for any of the uses to which the coals south of the Pocahontas region 
are put. For domestic use, including the grate, for the generati~n 
of steam and for coke and gas they will probably compare favorably . 
with most of the coal mined for such uses in the southern Appalachian 
field. 

Their coking qualities are mostly unknown. The Imboden bed 
at Stonega, southwest of the quadrangle, is regarded as one of the best 

J . . 
coking coals of the country. This bed is supposed to be the same as 

/ 

the Edwards bed in the Norton formation. The Glatnorgan coal 
·mined at Glamorgan makes g~:>Od coke and the output of the mine 

r. · is largely utilized in this way. It is quite probable that sOine of the 
qther Norton coals also ·possess good coking qualities .. 



Analyses 'of coals from the Pound and Clintwood quadrangles in Virginia and Kentucky. t¢ . ~ 

[Made by the Bureau of Mines, A. C. Fieldner, chemist in charge.] 
00 

Virginia. 
0· 
0 

Proximate. I Ultimate. Heating value. ~: 

Labo-1 I 

1 1 

Air-~ Form! I ~ ratory Nameofmineandlocation. Collector. Coal bed. rn~- a~!l- .. V~la- Fixed Hy- . British Page. ~· 
No. loss. ysis.t M01s- ttle car- Ash. Sui- dro- Carbon. Nttro- Oxy- C!llo- thermal 1-3· 

ture. mat- bon phur. gen gen. gen. nes. uru·ts 1-t 
ter. · · · 0 

c -------------------------- z 
14766I·MfneofJohnA.Y~ates,1mile I W.A.Nelson ..... l Clintwood ..... l1-21 A I 2.2 34.2 60.4 3.2 0.85 ....... -~---··· ............... 8,110 14,5~0 196 : 

southwest of Chntwood. B 1. 0 34. 6 61. 2 3. 2 . 86 . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . 8, 205 14, 7 tO 0: 
c ···---- 34.9 61.8 3.3 .87 ·-····· ········ ····-·· ···-···· 8,290 '14,920 
D ....... 36.1 63.9 ...... .90 ....... ........ ....... ........ 8,570 15,420 t;j 

14767 I MineofElbertPowers,3miles 1··---do ... ~. ----····i··---do •.....•. , 3.3, A 4.3 29.4 62.1 4.2 1.02 ....... ........ ....... ........ ..•..... ........ 196 g· 
southeast of Clintwood. B 1. 0 30.4 64.2 4. 4 1. 05 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . z 

c ·----·· 30.7 64.9 4.4 1.07 ······- ·······- ....... ······•· ·-·-··-- 0 
D .. ..•. 32.1 67.9 1.12 ........ ~: 

15099IPardeeNo.1mineofBlack-~Chas.Butts .....•. IPardee •...•.•. l1.01 A 2.3 33.8 54.7 9.21 1.56 4.99 74.46 1.57 8.21 7,420 13,360 205 (j 
wood Coal & Coke Co., . B 1. 3 34. 2 55. 2 9. 30 1. 58 4. 93 75. 21 1. 59 7. 39 7, 495 13, 490 
Pardee. C ...•.•. 34.6 56.0 9.43 1.60 4.85 76.20 1.61 6.31 7,595 13,670 Q 

D ...•... 38.2 61.8 ...... 1.77 5.35 84.13 1.78 6.97 8,385 15,100 g 
15100 I Glamorgan No. 3 mine of , •.•.. do ............ , Glamorgan .... ,1.6,-A 2.6 33.1 59.3 5.0 1.37 •.....•...•...•.••...•. 7,895 14,220 189 8 

Stone Gap Colliery Co., Gla- B 1.1 33.6 60.2 5.1 1. 39 • . • . . . . 8, 025 14,450 0 : 
morgan. . C ....... 34.0 60.9 5.1 1.41 ...•... ..•.•... •....•. ......•. 8,115 14,600 1-1· 

D ••••.•. 35.8 64.2 •...•. 1.49 •....•. ..•••.•. ..•.••. •...•... 8,550 15,390 .... 

16101 ! ..... do. ----·-···············-1-·-··do •.........•• l-··--do.' .•..... l 2.01 A 3.2 31.3 59.1 6.37 .'87 5.27 78.02 1.65 7.82 7,730 13,910 189 ~ 
B 1.3 31.9 60.3 6.50 .89 5.15 79.61 1.68 6.17 7,885 14,200 ~-
C ..•..•. 32.3 61.1 6.58 .90 5.08 80.65 1.71 5.'08 7,990 14,380 J~· 
D ...•... 34.6 65.4 ...... .96 5.44 86.33 1.83 5.44 8,550 15,390 1-d· 

151741 Min~ of Reuben Bolling, 2, ..•.• do ........ _ .... 

1

1 Upp~rBolling.l5.81 A 6.9 _30.4 54.6 8.1 .95 ...........•................•. 7,210 12,980 ...... 1;-
mileseastofFlatGap. B 1.2 32.3 57.9 8.6 1.01 ............................•. 7,655 13,780 1-3· 

c ·---··· 32.6 58.6 8.8 1.02 ....... , ........ ····-·· -------- 7,745 13,940 ' 
D ...•.• _ 35. ·s 64. 2 •...... 1. 12 . . . • . • . . . . . . . . . . . . . . • . . . • . . . . . s, 485 15, 280 ~ 

r~ . \ ... \.._ _""( '. ~ 
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MINING CONDITIONS. 

The coal beds of the region are nearly flat or gently inclined. 
Level haulways are possible throughout most of the field, permitting 
the use of electric haulage. It seems likely that all the beds of the 
Wise formation can be reached by drift mines, but it will be neces­
sary to sink shafts to the coals of the Norton and Lee formations. 
As a rule the beds have a good roof, except the Upper Elkhorn bed 
in Kentucky, which has a weak roof, as described on page 211. The 
mines that have been opened appear to be free from gas or water in 
troublesome quantities. 

The country has an abundant supply of mine -timber,· and the 
water supply for making steam and other uses will probably always 
be ample. The construction of railroads will be the most expensive 
factor in mining enterprises. That subject has. been discussed on 
pages 168-169. 

DEVELOPMENT. 

The region until ~ecently was entirely undeveloped. Within the 
past three years, however, developments on a large scale have been 
begun by the Consolidation Coal Co. on the Upper Elkhorn bed in 
Kentucky and 14 shipping mines are in operation, yielding a large 
output. In the Virginia area only the Glamorgan mine is operating, 
though here and there a local mine supplies the surrounding neigh­
borhood. Most of t~e best coal land is in the possession of the large 
coal companies, who have ascertained the coal·resources by thorough 
prospecting, and developments on a large scale may be expecte,d in 
the near future. 

SUMMARY. 

It was ascertained by this survey that the maximum thickness of 
the coal-bearing rocks of the area is 4,800 feet. This thickness is 
attained in Black Mountain and is probably the maximum thickness 
for the coal measures of the Appalachian coal field outside the Coosa 
and Cahaba coal fields of Alabama. 

The coal resources of the lower 2,000 feet of these rocks could not 
be thoroughly investigated, but it is known from borings and scat­
tered exposures of coal beds on the outcrops of these rocks that 
there are about a dozen ·beds, 14 inches to 4 feet thick, at depths of 
less than 2,000 feet, and all this coal is considered to be ultimately 
available. In the upper 2,800 feet of rocks are 16 coal beds that 
range from 18 inches to 10 feet in thickness, all but one, of which are 
known to be 2! feet or more thick over large areas. The areal extent ,_ 
of the individual beds ranges from 2 or 3 square miles to more than 
100 square miles, the extent depending on the irregularity in the 
thickness of the beds_ and their- position in the ·hills. The coal of 
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the region is. all bituminous, has the same range of composition, 
and is suitable for the same uses ·as the coal of the Appalachian field 
south of the Pocahontas region, except that of Lookout Mountain in 
Georgia and Alabama. The part of the quadrangle that lies in 
Virginia is as yet without adequate railroad facilities, but the. area 
in Kentucky has recently been provided with railroads and 14 large 
n1ines have been put into operation. 

The rocks lie generally nearly flat and all coal beds that outcrop 
can be exploited by drift mines. The beds generally have a strong 
roof and stable floor. There is no reason to expect trouble from gas 

j or water. Timber and water for mining uses are abundant. l\1ining 
.. / · conditions, therefore, seem hjghly favorable and the region should 

with development become one ·of the principal coal-producing centers 
of the central Appalachian coal field. 

~·-
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._ THE COAL RESOURCES OF A. PART OF NORTHEASTERN 
MISSOURI.1 

By F. c. GREENE. 

INTRODUCTION. 

The district here considered is situated near the eastern border 
of the western interior coal field which lies in the Mississippi Valley. 

FIGURE 7.-Index map showing location of part of coal field of northeastern Missot;rri. 

(See fig. 7.) The four ·counties in the .northeastern part of Missouri 
in which the district is situated contain an estimated total original 
tonnage of nearly 10,000,000,000 short tons of bituminous coal in 
beds 2 to 6 feet thick and mostly less than 350 feet below the surface. 
Six lines of railroad cross or touch the area and furnish good shipping 
facilities. 

1 The field work for this report was jone in cooperation with the Missouri Bureau of Geology and Mines, 
by which this paper is contributed. 

223 
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The coal is of the bituminous grade, but can not be considered a 
coking coal. · Most of the beds are of uniform thickness and character 
over large areas. Some of the beds outcrop at the surface and most 
of the remainder can be reached by shafts not over 200 or 300 feet 
deep. 

This district, which borders the Iowa State line, includes the · 
Novinger coal field, in which the Bevier is the chief producing coal 
bed, and the Me~dota coal field, in which the production comes from 
other beds. Geographically the two fields are not sharply divided, 
and in· fact to some extent overlap. For this reason and because 
the district is separated from the other Missouri coal fields by areas 
in-which little or no mining is being done, it will here be described as 

. a unit rather than as two separate fields. 
A reconnaissance survey of the region was made in 1910 and 

1911 by Henry Hinds and the writer, and in 1912 the outcrops of the 
coal beds were mapped by the writer, assisted by Maurice Albertson. 
This paper is based on this field work. 

The stratigraphy of the general region is given in the reports of the 
Missouri and Iowa geological surveys 1 and in more detail in a later 
report by Hinds.2 The geologic section of Putnam County given 
by Hinds is substantially the same as that used in this paper. Several 
correlations suggested by Hinds can now be made with certainty. 

GEOGRAPHY AND. TOPOGRAPHY. 

Northeastern Missouri is a dissected plain. It is traversed in a 
north-south direction by the Grand Divide, east of which the drainage 
is southeast to the Mississippi and west of which it is in general south 
to Missouri River. The upland surface ranges in altitude from 900 
feet along the eastern margin of the area to nearly 1,100 feet near the 
western edge. Chariton River, the largest stream in this part of the 
State, occupies a valley 1 to 3 miles wide and about 200 feet below the 
upland on the east.3 

The Des :Moines branch of the Wabash Railroad follows the Grand 
Divide across the area, the Iowa & St. Louis Railway extends through 
the Chariton Valley, and the Keokuk, Laclede & Carrollton branch of 
the Chicago, Burlington & Quincy Railroad traverses the western 
edge of the area. These three north-south lines. are intersected by 
the Quincy, Omaha & Kansas City Railroad and the Keokuk & 
Western Railroad. 

1 See especially Missouri Geol. Survey Rept. for 1873-74, pp. 222-302, 1874, and Iowa Geol. Survey, vol. 5, 
pp. 360-438, 1896, and vol. 19, pp. 254-284, 1909. 

2 Hinds, Henry, The coal deposits of Missouri: Missouri Bur. Geology and Mines, vol. 11, 2d ser., 1912. 
Matter published in that report is used here without further acknowledgment. 

a The topography of part of the area is shown on the Edina, Queen City, and Green City sheets of the 
United States Geological Survey, 

;-
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GEOLOGY. 

STRATIGRAPHY. 

FORMATIONS PRESENT. 

The geologic formations at or near the surface in this district are 
presented in the following table: 

Geologic formations in northeastern Missouri. 

System. Series. Grou:r;>. Formation. Thick· Description. ness. 

Feet. 
Recent. Alluvium. 

Quaternary. 
Glacial drift; bowlder 

Pleistocene. lQ-300 ·clay, sand, pebbles, and 
bowlders. 

-Unconformity 

Missouri. Kansas City 45+ . Limestone and shale. formation. 

Pleasanton lOG-150 Shale and sandstone con-
formation. taining thin coal beds. 

Carboniferous. Pennsylvanian. Des Moines. Henrietta for- 3o-50 Limestone and shale. mation. 

Cherokee 20G-410 Shale and sandstone with 
shale. coal and some limestone. 

-Unconformity 

Mississippian. (a) Limestone with some 
shale and sandstone. 

a Not exposed. 

Only the upper 125 feet of the Cherokee shale is exposed, the 
remainder being known from drill records. The Mississippian is 
nowhere exposed in the area _here considered, but along the east· 
border in places it possibly lies immediately below tlie glacial drift. 

QUATERNARY SYSTEM. 

PLEISTOCENE. SERIES. 

The entire area with the exception of parts of the deeper valleys 
is covered by an irregular thickness of glacial clay, sand, bowlders, 
and gravel, which in places is overlain by 1 or 2 feet of gray loess. 
The glacial materials were spread over the country by a sheet of ice 
during Pleistocene time. These materials filled up the old valleys 
and covered the old hills, leaving the surface a nearly level plain. 
The present cycle of erosion has destroyed much of the plain, though 
remnants of it have been left along the Grand Divide and in the other 
high parts of the area. 

365°-Bull. 541-14-15 
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At most places the upper 30 or 40 feet of the drift consists of yellow 
clay and the lower part of an irregular thickness of blue clay, with 
sand or gravel at the base. A line drawn from a point near Kirks- (­
ville northwest to Lemons approximately separates the area covered 
by thick drift from that jn which the drift is thin. Southwest of • 
that line sandstone and limestone outcrop nearly to the ridge tops, 
although a few channels filled with thick drift are probably present. 
Northeast of that line the· drift under the uplands is 150 to 300 feet 
thick, owing apparently to the ~xistence of a preglacial lowland. In 
certain parts of the area the preglacial channels are especially numer­
ous and seriously interfere with the mining of the higher coal beds; 
in places the coal gives way to drift. The thickness of the drift on or 
near the upland is shown in the following drill records: 

Depth of drift in a part of northeastern Missouri as shown by drill records. 

Four and one-half miles northwest of Connelsville (sec. 19, T. 64 Feet. 
N., R. 16 W.)... .. . . . ... . . .. . . . . . . . . . . . . . ... . . .. . . .. . . . . . . . 110 

Green Top.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 
One-fourthmilesouthwestofGreen Top (sec. 27, T. 64 N., R.16W.) 201 
Three miles west of Ha1m. (sec. 30, T. 64 N., R. 22 W.):........ 215 
Howland..................................................... 164 
Kirksville ................... ~ .... :. . . . . . . . . . . . . . . . . . . . ... . . . . . 170 
Six miles north of Kirksville (sec. 9, T. 63 N., R. 15 W.)........ 175 
One-half mile west of Kirksville (sec. 8, T. 62 N., R. 15 W.)..... 140 
One and one-half miles northwest of Kirksville (sec. 5, T. 62.N., 

R. 15 W.)................................................... 190 
Lancaster. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 
Six and one-half miles northeast of Lancaster (sec. 14, T. 67 N., 

R. 14 W.)................................................... 199 
Lucerne._ ....... ·. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
Memphis and vicinity .......... ~ ............................. 67-234 
Omaha. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
Queen City .................................... ·. . . . . . . . . . . . . . 295 
Two and one-half miles west of Queen City (sec. 19, T. 65 N., 

R. 15 W.).·.... .. .. . ... . .. .. . ... . . . ... ...... .. . ..... .. . . . . . . . 165± 
Unionville .....................• z • •••••••••••••••••••••••• ·• • • 220 
One mile south of Unionville (sec. 3, T. 65 N., R. 19 W.)......... 116 
Two and one-half miles northwest of Worthington (sec.19, T. 65.N., 

R. 16 W.)............................................... ... . . 95+ 

In valleys the drift is commonly thinner than shown in the records 
given . 

. The great thickness of drift not only impairs the accuracy with 
which the out~rop of any particular coal be.d may be traced, but in 
the eastern part of the area it completely obscures the boundary of 
the Pennsylvanian series. 
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CARBONIFEROUS SYSTEM. 

PENNSYLVANIAN SERIES. 

Thickness and character.-Except for the surficial Pleistocene 
material all the .rocks that outcrop belong to the Pennsylvanian 

· series. All aggregate of -about 350 feet of Pennsylvanian rocks is 
exposed and, as shown. by drilling in the northern part of the area, 
these rocks are underlain by a maximum of about 275 feet more of 
the same series, which rests unconformably upon strata of Mississip­
pian age. The following table shows the depths at which the Missis-

,.. sippian has been reached, or, in other words, the thickness of the over­
lying Pennsylvanian and the glacial drift: 

.Depth to Mississippian rocks in northeastern Missouri as shown by drill records. 

Feet. 
Connelsville. on hillside....................................... 258 
5 miles northwest of Hurdland, on upland....................... 130 
Kirksville, on upland .... : ·_ ................................. 244-450(?) · 
Memphis, various situations ................................. 150-:-287 
Mendota, in valley.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296-332 
Moulton, Iowa, on upland..... .. .. . . . . . . . . . . . . .. .. . . .. . . . . . . . . . 463 
Sedan, Iowa, on alluvial plain of Chariton River .. ·............... 377 
Unionville, on upland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545 

4 Most of the variation in these depths is due to the differences in the 
altitude of the surface, but some of it is due to the variation in the 
thickness of the Pennsylvanian itself, the contact of which with the 
Mississippian is rather irregular because of an unconformity. 

The Pennsylvanian series is divided into the Kansas City formation, 
Pleasanton formation, Henrietta formation, and Cherokee shale. 
The coal beds, however, are confined chiefly to the Cherokee shale .. 

; The following is a generalized section of the Pennsylvanian series of 
the region: 

Generalized section of Pennsylvanian series in northeastern Missouri. 

Kansas City formation: 
Bethany Falls limestone member: 

Limestone, in nodules .............................. . 
Ft. ln. 
3 

Limestone, gray; heavy bedded above, thin bedded be­
low; ·has a few shale partings.. . . . . . . . . . . . . . . . . . . . . . 12 

Ladore shale member: 
4 

·shale, blue ....................................... . 
Shale, black, "slaty" .............................. . 
Limestone, gray ............................... : . .. . 

1 10 
1 6 

4 
· Shale, drab ......................................... . 5 

Sandstone, yellow; even. and thick bedded. . . . . . . . . . . 4 
Shale, light drab; sandy. . . . .. . . . . . .. . . . . . . . . . . . . . . . 10 

Hertha limestone member: 
Limestone, gray; in two beds at Milan, but to the east 

contains several shale partings .............•......• 5 

9 
4 
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Pleasanton formation: 
Shale, variable; lower part is commonly black and "slaty" Ft. ln. 

and bears large spherical concretions...... . . . . . . . . . . .. . . . 15 
Coal (Ovid), very irregular, ranges from a film to 2 feet in 

thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Clay and shale... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 5 
Sandstone, blue when fresh, yellowor brown when weath­

ered; in places calcareous; cross-bedded at top and 
locally contains 1 to 20 feet of conglomerate and coarse 
sandstone at base; unconformable on underlying beds; 
thickness of sandstone irregular, 15 to 88 feet, averaging· 
about................................................... 50 

Shale, drab; thickness, 5 to 55 feet where present; replaced 
by the preceding sandstone in some areas; average prob-
ably.· ............................. ·.·.................. 20 

Limestone, dark and shaly to blue and siliceous; interbed-
ded with fossiliferous shale.............................. 2 

Shale, generally red at base; blue, drab, and red above; ar­
gillaceous, or in places sandy, and locally containing one 
or two .thin coal beds accompanied by black "slaty" 
shale; average......................................... .20 

Henrietta formation: 
Limestone (Pawnee limestone member), gray, massive to 

nodular; apparently lacking in places but generally pres-
ent and average thickness about ........ ~....... . . . . . . . . . 3 

Shale, red and green near top; about 10 feet thick and cal­
careous in southern part of area; contains a layer of sand­
stone in upper part and is 22 feet thick in northern part; 
average................................................ 15 

Limestone, in several thin layers with shale partings; 
locally called the ''water rock". . . . . . . . . . . . . . . . . . . . . . . . 2 

Shale, variable, drab to dark; argillaceous, calcareous, or 
bituminous ........................... ~ . . . . . . . . . . . . . . . . 10 

Limestone, gray; even bedded ("10-inch cap rock")....... 1 
Shale, gray, blue, or green ... ·~ ................ ;.......... 2 
Limestone, blue; argillaceous; weathers to a buff earthy 

material; the "cap rock" ................. .'............. 2 
Cherokee shale: 

Shale, black, "slaty"................ . . . . . . . . . . . . . . . . . . . . . 1 2 
Coal (Lexington) with·two or three clay partings.; absent 

in many places................................... 3 3 
Clay, 2 to 7 fe~t, average................................. 3 
Limestone, blue to drab; upper surface uneven; in places 

conglomeratic; 2 to 6 feet, average...................... 3 
Shale and sandstone, whitish at top....................... 23 
Limestone, dark, impure; 2 to 12 inches................... 3 
Shale, dark and soft at top, black and "slaty" below ("slate 

vein")................................................. 5 6 
Shale, dark; calcareous, wit!?. abundant shells............. 6 

Coal (Summit)...................................... 1 
Clay, shaly at base; 5 to 10 feet, ayerage................... 7 
Limestone, blue, weathers buff; nodular on top............ 2 
Shale, clayey.......... . . . . . .. . . . . • . • . . . . . . .. . . . . . . . . . . . . • . 3 

,' 

\ 

'-·-
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Cherokee shale-Continued. 
Limestone, blue, even bedded, weathers to buff-colored Ft. in. 

blocks; absent in much of area.......................... 1 
Shale, light at top, black and "slaty" below; generally 

absent but in places 6 f~et thick; average . . . . . . . . . . . . . . 6 
. Coal (Mulky), in one place 21 inches thick; generally 

absent............................................. 1 
Shale, sandstone, and clay, 36 to 55 feet; clay at top, dark. 

shale or sandstone at base; average....................... 47 
Coal (Bevier); replaced by sandstone at a few places 

near Kirksville; north and west of Connelsville and 
Novinger the thickness 1s irregular, as the lower clay 
parting thickens to 20 feet and locally contains sand­
stone; total coal content of bed commonly about.... 3 

.Clay, locally containing calcareous nodules at base; 1 to 7 
feet; average .......................... ~............... 3 6. 

Limestone, generally in two beds separated by shale .... ,.... 4 
Shale, clayey and sandy (lowest stratum that outcrops); 

contains locally a 12-inch coal bed near middle; 40 to 60 
feet; average................. . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Coal (Lower Ardmore) ..................... ~.......... 2 
Shale, _sandstone, and several irregular coal beds; lower por­

tion absent in southern part of area.. . . . . . . . . . . . . . . . . . . . . 160 
Coal (Gainesville?) Upper and lower benches thin 

where parting thickens; absent in southern part ·of 
area; average ................................ :.... 6 

Shale, sandstone, and clay; absent in southern part of area.. 40. 
Limestone (Mississippian). 

560 2 . 

~ansas Oity formation.-'fhe Kansas City is the highest,indurated 
formation exposed and contains the thickest limestone beds in t~e 
awea. In this locality the formation is only 45 feet thick, as all but · 
the three lower membefl? have been removed by preglacial erosion. 
It. outcrops in·a few small areas, the largest being in the vicinity of 
Milan, where there are good exposures of both the Hertha · and 
Bethany Falls limestone members; the Bethany Falls is quarried for 
rough stone. 

Plea~anton . .formation.-Beneath the Kansas City lies 100 to 150· 
feet of shale and sandstone belonging to the Pleasanton formation. 
The sandstone is most conspicuously developed southwest of a line 
extending from Millard to Pennville. It is massive and forlllB over­
hanging cliffs and caves along Spring Creek in Sullivan County· and 
in the southern part of Adair Coup.ty. In northern Putnam County 
"the Pleasanton is represented by a few feet of variegated shale lying 
between the top of the Henrietta formation and the glacial drift. In 

· the vicinity of Mapleton and Worthington the conglomerate which 
generally occurs near the middle of the formation rests on beds 
belonging to the Cherokee shale, indicating the erosion of 100 feet 
of strata. 
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Henrietta formation.-Below the Pleasanton lies the limestone and 
shale of the Henrietta, 30 to 50 feet thick. This formation outcrops 
throughout the area, wherever erosion has reached its horizon, except 
along the Chariton River drainage between Novinger and a point 
about 3 miles south of the Iowa-Missouri State line. In this area and 
directly eas.t of it the Henrietta formation and probably much of the 
Cherokee shale have been removed by preglacial erosion. The Hen- · >­

rietta, though not coal bearing, is important as a guide to the depth 
of the coal beds of the underlying Cherokee. , 

fJherokee shale.-The Cherokee, which is the chief coal-bearing 
formation of the area and of the State, lies low with respect to drain- · i~ 
age and, therefore, only a comparatively small portion of it is exposed. 
The uppe·r part outcrops in several localities and contains some of the 
most persistent strata in Missouri which, like those of the Henrietta 
formation, furnish important clues to the depth of the underlying 
coal beds. The lower beds are apparently more irregular.' The 
formation was deposited in an epoch of transgressing seas, so that 

·beds reported in deep drillings in northern Putnam County mid in \ 
Appanoose County, Iowa, disappear to the s~uth. This is shown 
in the following drill records: 

. Log of core drill from boring at Sedan, Iow(J,.a 

Thickness. Depth. Thickness. De~1th. \ 
Quaternary: Ft. in. Ft. in. Cherokee shale-Continued. Ft. in. Ft. in. 

Soil and drift .............. 74 74 Coal. .................... 2 3 241 1 
Cherokee shale: Shale, blue ................ 5 246 1 

c~v~)~~~. ~~~~-. ~~- "Co~lomerate" ........... 1 247 1 
2 5 76 5 Co ..................... 2 10 249 11 

Fireclay ................... 2 78 5 "Soapstone" shale ......... 7 256 .n 
"So~stone'' shale ........ ; 21 99 5 . Shale, tray .......•........ 4 260 11 

Co (lower bench of Shalei lue ................ 2 262 11 
Bevier) ................ 5 99 10 Coa .............. · ....... 1 3 264 2 

Fireclay .................. 3 102 10 Shale, ~ray ................ 5 269 2 L, 

Shale, dark, with lime- Shale, Iue ................ 20 289 2 
stones ................... 16 118 10 Sandstone ................. 14 303 2 

"Slate," black ............. 10 128 10 Shale, blue ................ 18 321 2 
Shalei clayey, white ....... 29 157 10 (Gainesville r~al. · · · · · · 2 10 324 

Coa (Lower Ardmore) ... 1 10 159 8 coal?) ~g:a1__~~~~::: 8 324 8 
Shale~ black ............... 3 162 8 2 1 326 9 

"~~a~~~~~~:: ~~-e::::::::: 30 192 8 Shalel blue ................ 9 335 9 
.1 10 194 6 Coa ..................... 2 4 338 1 

Sandstone ................. 7 201 6 Fire clay ..•. : . ............ 7 345 1 
Shalei blue ................ 5 206 6 Shale, t}ay ...•............ 13 358 1 

Coa ..................... 9 207 3 Shale, lue ................ 2 360 1 
Shale, gray ................ 9 216 3 "Soapstone" shale, 
Shale, sandy ............... 16 232 3 white .................... '17 377 1 
Shal~ black •.............. 4 236 3 Limestone (probably 

Co ..................... 7 236 10 Mississippian): .......... 5 382 1 
Shale, clayey, blue ......... '2 238 10 

a Iowa Geol. Survey, vol. 19, pp. 266-267, 1909. 

. I 
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Log of core drill near Star shaft, Kirksville, Mo. 

Thickness. Depth. · Thickness. Depth. 

Ft. in. Ft. in. 
3 4 168 6 
2 170 6 

9 171 3 

Quaternary: Ft. in. Ft. in. Cherokee shale-Contd. 
Soil, black ................ ·. 1 1 Clay ....................... 

~~-~~~~~::::::::::::::: 10 11 Shale, light ................ 
8 19 Limestone ................. 

1 2 172 5 

32 
7 173 

205 
9 10 214 10 
2 216 10 
2 218 10 

25 2 244 
8 252 

10 262 
2 264 

10 274 

2 276 

Clay, blue, mixed with Shale, blue ................ 
sand ....•...•...•...•.... 51 70 Limestone.' ................ 

Cherokee shale: Shale, sandy ............... 
Limes toned broken ......... 2 72 Shale, l~ht ................ 
Shale, san y ............... 30 102 Coal( ower Ardmore) ... 
Shale black "slaty" Clay ....................... 

(Summit codl horizon) ... 5 107 Shale, calcareous ........... 
Shale, calcareous ........... 6 113 Sandstone .•............... 
Limestone ................. 2 115 Shale, calcareous ........... 
Shale, dark ................ 2 6 117 6 Limestone ..•.•............ 
Shale, light ................ 7 6 125 Shale, calcareous ........... 
Sandstone ................. 37 10 162 10 Limestone (probably 

roaL ..... 1 3 164 1 Mississippian) ........ ; .. 
Bevier coaL Shale ...... 1 164 2 

CoaL ..... 165 2 

MISSISSIPPIAN SERIES. 

:\ 

/ 
The Pennsylvanian series throughout northeastern Missouri rests 

on beds of Mississippian age that contain no coal in this State. These 
. beds outcrop nowhere in the area described in this report but have 

) been found in a number of drillings. The Mississippian rocks consist 
1 chiefly ·of limestone, though at a number of places in Putnam and 

· Adair counties the uppermost beds are thin, alternating layers of 
J limestone, shale; and sandstone that are distinguished with difficulty·· 

from the Cherokee shale. Drilling-for coal should therefore be carried 
sufficiently deep to insure reaching the thick and· easily recognized 
limestone that forms the lower and major portion of the :Mississippian. 

STRUCTURE. 

·,; The strata in the area lie nearly horizontal but dip gently to the 
southwest. The general dip is interrupted by a series of low folds 
whose axes trend northwest and southeast. The most pronounced 
fold is the arch that causes the Bevier coal to outcrop near Connels­
ville. 

THE COAL BEDS~ 

DISTRmUTION AND STRATIGRAPHIC RELATIONS. 

The principal coal beds of the area are the Ovid, Lexmgton, Mulky,. 

'\ 

Bevier, Lower Ardmore, and Carnesville ( ~). Of these, all except the 
Mulky and Carnesville ( ~) are utilized, though only two beds, the . · 
Lexington and Bevier, are n;tined for shipment. Coal underlies most 
of theregionshownin Plate XII (p. 234), but there are probably many 
·small barren areas n·ear the eastern margin of the district. 

Ovid coal bed.-The Ovid, the highest coal bed in the area, is now 
mined only for local use. I~ is probable 'that for a long time it will 

/<' 
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not be used in any other way, owing to its small areal extent and 
thinness and to the absence of "mining clay" in many places. It 
has been found thick enough to mine 2 or 3 miles north of Milan (sees. > ~ 
32 and 27, T. 63 N., R. 20 W.), where it is 14 to 30 inches thick but (, 
contains clay partings (Pl. XII, sections 1 and 2). It is mined by drifts ~­
about 6 miles north of. Green City (sec. 18,. T. 64 N., R. 11 W.) 
where it ranges from 20 to 30 inches (Pl. XII, sections 3 and 4). It is 
overlain by black laminated ("slaty") shale and rests directly on 

', 
firm sandstone. It was formerly mined about 2· miles southeast of 
Youngstown and will probably be found in other small areas in 
southwestern Adair County. No samples of the· Ovid· coal were ·~-­
collected in this area for analysis. -

Lexington coal bed.-Though important as a source of fuel for local 
consumption, the Lexington coal of the Mendota district furnished 
in 1911 but 1 per cent of the State's production. The bed is remark­
ably uniform over its entire area (Pl. XII, sections 5 to 11) but con­
tains many "slips" (true faults of small throw) and "faults." The r 

"faults" are places in which the coal is lacking, either because it was \ 
never deposited there or because of removal by preglacial erosion 
due to the relatively high position of the bed with regard to drainage. 
The presence of these abrupt channels detracts greatly from the 
commercial value of the bed. The Lexington bed outcrops in many 
places on Spring, Shuteye, Blackbird, and Shoal creeks. The fol- l 
lowing shows the average section in eastern Putnam County, near 
the center of the field: 

Average section of Lexington coal bed in eastern Putnam County. 

Ft. in. 

Limestone (cap rock)......................................... 3 
Clay (clod). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 1 2 
Shale, black, laminated (slate) ................................. . ·n 

Coal (upper bench)....................................... 1 9 
Clay (mud band) .... · ............................. ~ ....... · 2 
Coal (lower bench). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay .......... · ........................................... . 1 
Coal (Dutchman) ....................................... . 3 

Clay .................................... :..................... 4 6 
Limestone (bottom rock) ............. ~ . . . . . . . . . . . . . . . . . . . . . . . 4 

West of Unionville and north of Milan the '"Dutchman" bench 
disappears. The coal has been mined near Powerville and also in 
·the SW. i SW. t sec. 27, T. 64 N., R. 19 W. It is reported in 
dri.ll.4lgs near Princeton but is irregular in thickness at this place. 
South ofT. 63 N. the Lexington coal is generally absent, though the 
limestones associated with it are persistent. On Missouri River the 
coal bed is present and is being mined. Chariton River marks the· 
general eastern boundary of the Lexington bed, but in the north­
. western corner of Schuyler County it outcrops in T. 67 N. and is 

L 

"' 

L 

' 
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said to have been traced to Guinn station by drillings. To the north, 
in Appanoose County, I~wa, the Lexington, or CenterVille (Mystic) 
coal as this bed is there known, is mined extensively. 

Mulky. coal bed.-The Mulky coal bed has been found of workable 
thiq!mess at only one place in the area (Pl. XII, section 12), but it 
maf occur at others. The following section was measured on the 
south side of Shoal Creek near old Glendale post office (NW. i NW. i 
sec. 35, T. 66 N., R. 17 W.): 

Section of 1rfulky coal bed near old Glendale post office. 
. Ft. in. 

Limestone, !,TJ.y, weathers deep buff ... : .......................... 1 5 
Shale, banded gray, blue, and bla.ck .............................. 6 

Coal; contains white partings that weather reel ............... 1 9 
Shale, gray, streaked with black, soft ............................. 1 8 

At other places in the Chariton Valley the Mulky coal occurs as a 
thin bed below its limestone cap rock and roof shale, or as a black 
streak a few feet below the horizon of the Summit coal bed. 

Bevier coal bed.-The coal so extensively mined in the Novinger 
distric~ and sold under the name "Novinger" is correlated with that 
in the Bevier field, and in the interests of uniformity the name 

·Bevier, which has priority, is here used. The Bevier bed is 90 to 
100 feet below the Lexington. In 1911 the mines operating on the 
Bevier bed in this locality yielded approximately 10 per cent of the 
State's production. At Novinger and Connelsville the bed is of uni­
form thickness (Pl. XII, sections 13 and 14), but at Kirksville and 
Youngstown (Pl. XII, section.s 15_ and 16), sandstone replaces the 
upper bench or the whole bed. The following is th·e average section 
in the vicinity of Novinger: 

Average section of Bevier coal bed near Novinger. 
. ~~ 

Coal. ...... :.······· ............................................. 2 1 

g~~t ~ ~ .· ~ ~ ~ .· ~ .· ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 4 i 
Clay............................................................ 1 
Coal. ........................................................... 1 

3 6i 

At Danforth, Stahl (Pl. XII, sectiorr 17), Duey, and Milan (Pl. XII, 
section 22) the lower clay parting is irregular. It is 9 feet thick at 
Stahl, 14 feet thick at Duey, and ranges from a thin film to 27 
inches at Milan. North of ConnelsV:ille and Hazel Creek in Putnam 
(Pl. XII, sections 18 and 20), and Schuyler (Pl. XII, sectioii 21) 
co:unties, the lower clay parting is as much as 20 feet thick and con­
tams sandstone. The Bevier coal outcrops on Chariton River near. 
Connelsville, at Slate Ford near Worthington, and on the lower 
courses of Shuteye, Wildcat, and Shoal creeks. Drillings at Prince-
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ton and Trenton, Mo., show the two benches of "the cpal to be irregu­
lar and to include more or less clay and shale between them. Drill- · 
ings near Pure Air and Yarrow, in southwestern Adair County, show 
nearly or quite the normal thickness of the coal and the clay partin$ 
and it is probable that future development will be toward this 
locality. Drillings along the Wabash Railroad indicate the absence 
of the Bevier bed under the Grand Divide, north of Kirksville. How­
ever, a boring for water in the SW. 1 SE. 1 sec. 19, T. 65 N., R. 15 
W., is reported to have encountered 56 inches of coal (probably in 

.part shale) at a depth of 245 feet, an altitude which corresponds 
closely with that of the Bevier coal at the old Rawson shaft about 
2 miles distant (SW. 1 SE. 1 sec. 12, T.' 65 N., R. 16 W.). The 
reported coal may therefore be the Bevier, but this is the eastern­
most locality at which there is any evidence of it in the northern part 
of the area. At all outcrops and as reported in all reliable drill 
records in northern Putnam and Schuyler .counties and in Appanoose 
County, Iowa, the Bevier bed is split by a clay, shale, or sandstone 
parting, but both benches are, as a rule, over 14 inchesthick. 

The material overlying the Bevier bed is variable. At Novinger, 
Corinelsville, and near Hazel Creek it is a light or dark shale which, 
does not, however, approach a ''slaty" shale like that over the Lex­
ington bed. Near Kirksville and east of Youngstown the roof is a 
massive sandstone whose base is characterized by ''rolls," which in 
places cut down into the coal, thus rendering mining difficult. The 
coal is underlain hy clay and that in turn by limestone. · 

Lower .Ardmore coal bed.-About 50 feet below the Bevier lies the 
Lower Ardmore coal, a bed that does not outcrop in the area but is 
well known in drillings. At present it is mined only by the Star 
Coal Co., near Kirksville (Pl. XII, section 23). It is reported in 
drillings to range from 14 to 36 inches in thickness, but is usually 
close to the _average of 24 inches. 

The western boundary of. the Lower Ardmore bed is not known, 
but the bed has been found at Princeton and is probably 'the one 
mined at Trenton. It extends south to Linn and Macon counties, 

' but little is known of it between those counties and the Novinger 
district. Drillings at Green Top, Queen City, and Lancaster indicate 
that it is replaced by glacial drift under the Grand Divide. To the 
north, in Appanoose County, Iowa, it appears to be persistent but .. 
is slightly thinner. 

Lo_wer beds.-In Davis County, Iowa, 6! miles northeast of Lan~ 
caster (SE. 1 sec. ·14, T. 67 N., R. 14 W.), a 38-inch coal bed with a 
4 to 6 inch clay parting was mined, and the same bed is reported to 
have been found one-half mile south of the Missouri line. The thick 
coal bed at Sedan, Iowa, is shown in the drill log given on page 230. 
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It is possible that deep drilling may show the presence of this. or 
. other thick coal b.eds in northeastern Putnam and in northern Schuy­

. ler col:lnties. At Mendota nQ tbjck coal was found at the Cainesville 
-.,' · horizon, but between Mendota and Princeton a wide stretch of terri­
~ · tory has :riot been explored. The existence of thick coal below the 

Lower Ardmore coal bed near Connelsville, Kirksville, and Novinger 
1 or for some.distance to the south is tho1:1ght to be improBable. 
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QUALITY OF THE COAL. 

PHYSICA.L CHARACTER. 

The coal of this district, like that of the surrounding region, is 
bituminous. It is capable of forming a low-grade coke, but can not 
be properly considered a coking coal. The average quality of the 
coal of the district is slightly lower than that of the coal of south­
western Missouri, but compares very favorably with that of the near-: 
by districts in Iowa and Illinois. · 

In physical properties the coal of the different beds is similar, vary­
.ing but slightly. White scale (gypsum and calcite) is usually present 
but is probably more abundant in the Lexington than in the lower beds. 
The "sulphur" (iron sulphide) concretions are easily detected· and 
rp.ay be thrown out by the miner. The luster of the Lexington coal 
is commonly brighter than that of the lower beds, and. the coal is 
also distinguished by the fact. that the larger lumps come from the 
Diine in a roughly cubical shape that has given rise to the name 
"block coal," which is often used in Iowa. It is this property that 
gives. it good shipping quality and causes it to be favored as a 
domestic fuel. One of tlie beds, the Bevier, is somewhat dirty at 
the top and bottom, but is hard and is an excellent steam coal. 

CHEMICAL ANALYSES. 

· Analyses of samples of the three principal coal beds of the district 
are given herewith. The Lexington and Bevier beds are represented 
by four and six analyses, respectively, but the Lower Ardmore bed 
by only one. Conclusions must be made with this fact in mind. 



Labo-
ratory 

No. 
Locality. 

10088b 1~ miles south of Connelsville .. 

101~c ! mile west of Kirksville ........ 

10442c ....• do ................. ~ ........ 

lOO!JObl2! mno,outhwest of N ovfuge' ~ 
10089b 2! miles north of Novinger .....• 

10081b 1 mile northwest of Stahl. ...... 

14799 ! mile west of Kirksville ......•. 

Analyses of coal samples from northeastern Missouri. 
[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner. chemist in charge.] 

Adair County. 

Proximate. I 
No. Air- Form 

Collector. Name of bed. on dry- of Vola-Pl. ing anal- Mois- tile Fixed Sui- Hy-
XII. loss. ysis.a car- Ash. dro-ture. mat- bon. phur. gen. ter. 

-------------
J. M. Webb ... Bevier ............ 13 11.4 A 16.1 32.1 39.1 12.65 3.31 5. 70 

B 5.3 36.2 44.2 14.28 3. 74 5.00 
c .......... 38.3 46.6 15.07 3.94 4.66 
D ······ 45.1 54.9 ............ 4.64 5.49 

..... do ....•... ..... do: ........... 15 11.1 A 14.6 32.0 39.5 13.91 3.69 5.56 
B 3.9 36.1 44.4 15.65 4.15 4;87 
c ........... 37.5 46.2 16.29 4.32 4.61 
D ............ 44.8 55.2 ............... 5.16 5 . .'51 

· ..... do ........ . ... ~d.o ............ 15 9.8 A 14.4 32.3 40.2 13.14 5.29 5.56 
B 5.1 35.8 44.5 14.57 5.86 4.95 
c. ........... 37.7 46.9 15.35 6.18 4.63 
~ ........... 44.6 55.4 ............... 7.30 5.47 

V. H. Hughes. ..... do ............ 13 9.5 A 15.1 32.7 41.9 10.26 3.52 5.68 
B 6.2 36.1 46.4 11.34 3.89 5.11 
c ............ 38.5 49.4 12.09 4.15 4. 71 
D ............ 43.8 56.2 ................ 4. 72 5.36 

..... do ........ ..... do ............ 13 10.4 A 15.7 33.5 38.9 11 .. 89 3.02 5.69 
B 6.0 37.3 '43.4 13.27 3.37 5.06 
c .......... 39.7 46.2 14.11 3.58 4.68 
D .............. 46.2 53.8 ................ 4.17 5.45 

J. M. Webb ... Lexington ........ 5 9.5 A 15.4 34.8 38.8 10.99 3.57 5.88 
B 6.5 38.5 42.9 12.14 3.95 5.33 
c .......... ·41.1 45.9 12.98 4.22 4.93 
D ............ 47.3 52.7 ............... 4.85 5.67 

M. Albertson •• Lower Ardmore ..• 23 11.0 A 16.0 38.1 37.2 8.69 4.12 5.00 
B 5.6 42.9 41.7 9. 76 4.63 5.26 
c .......... 45.4 44.3 10.34 4.90 4.90 
D .......... 50.6 49.4 ............... 5.46 5.46 

Ultimate. Heating value. 

Nitro- ·Oxy- Calo- British 
Carbon. thermal gen. gen. ries. units. 

-------- ---
55.76 1.00 21.58 5,685 10,24( 
62.93 1.13 12.92 6,420 11,55( 
66,44 1.19 8. 70 6, 775 12, 19( 
78.23 1.40 10.24 7,980 14,36( 

56.12 .93 19.79 5, 700 10,26( 
63.13 1.05 11.1.'5 6,410 11,54( 
65.71 1. 09 7.98 6,675 12,01( 
78.50 1.30 9.53 7,975 14,35( 

56.43 1.00 18.58 5;720 10,30( 
62.56 1.11 10.95 6,345 11,42( 
65.93 1.17 6. 74 6,685 12,03( 
77.88 1. 38 7.97 7,895 14,21( 

58 .. 41 .98 21.15 5,950 10, 71( 
64.54 1.08 14.04 6,575 11,84( 
68.82 1.15 9.08 7,010 12,62( 
78.28 1.31 10.33 7,975 14,36( 

57.72 .99 20.69 5, 785 10,41( 
64.43 . 1.10 '12. 77 6,455 11,62( 
68.50 1.17 7.96 6,865 12,35( 
79.77 1.36 9.25 7,990 14,38( 

57.09 .95 21.52 5,810 10,46( 
63.08 . 1.05 14.45 6,420 11,56( 
67.45 1.12 9.30 6,865 12,36( 
77. 51. 1.29 10.68 7,890 14,20( 

59.09 .94 21.26. 6,000 10,80( 
66.39 1.06 12.90 6, 740 ·12, 13( 
70.33 1.12 8.41 7,140 12,85C 
78.44 1.25 9.39 7,965 14,33( 

r. A, Analyses of the coal as received; B, air-dried coal; C, moisture-free coal; D, mofsture and ash free coal. b Composite of three samples. c Composite of two samples. 
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Labo­
ratory 

No. 
Locality. Collector. Name of bed. 

·------- ~ .......,_ 
'·-

...y 

Putna.m County. 

Proximate. ·ultimate. Heating value. 

No.l Air- -~Forml I ' ' ~ 1-----~---

on dry- of Vola-' · dl I I Hy-~ · INitro-1 Oxy-Pl. ing an!ll- Mo:is- tile Fe~~ Ash. p~~ dro- Carbon. gen. gen. 
XII. loss. yslS.a ture. ~~~ bon. . · gen. 

Calo- I BritiSh 
ries. ther.mal 

umts. 

---1 I I I •--•--· •--•--•--•---•--•--•---•--•---·---·---

11401bl 1 mile southeast of Mendota .... I J. M. Webb(?) I Lexington ......•.. J 1 I 15.2 I A 18.5 32.6 39.0 9.90 4.09 5. 76 55.71 0.91 23.6315,580 10,040 
B 3.8 38.5 46.0 11.67 4.82 4.80 65.69 1.07 11.95 6,580 11,840 
c ............ 40.0 47.9 12.14 5.02 4.55 68.31 1.12 8. 86 6,840 12,310 
D .......... 45.5 54.5 ............ 5. 71 5.18 77.75 1.27 10.09 7, 785 14,010 

14880 \ 2! miles northeast of Unionville. I M. Albertson .. J ..•.• do ....•.... · ... J 8 112.-8 1 A 16.5 34.4 37.3 11.8 3.39 .......... -------· .. .......... .............. 5,600 10,080" 
B 4.3 39.4 42.8 13.5 3.89 ............ ................ .. ......... ... ............. 6,420 11,560. 
c ........ 41.2 44.7 14. 1 4.0) ........... ............... . ......... .. ........... 6, 705 12,070 
D ........ 47.9 52.1 ............. 4. 73 .......... ... ............ ... ......... ... .............. 7,810 14,050 

14881 1 .•••• do ••........•...•.......... ! ..... do ........ J .•.• ~do .....•.... J sl12.8l A: 16.5 34.8 37.4 11.3 2.88 ........... -------- .. ......... .............. 5,565 10,010 
:B 4.3 39.8 42.9 13.0 3.30· ........... ............... ------ ............... 6,380 11,430 
c ........... 41.6 44.8 13.6 3.45 ............ .. .......... . ............... 6,665 11,990 
D ............ "48.2 51.8 ....... -- .. -.. 3.99 . ........ 7, 710 13,880 

I ) 

Sullivan County. 

i0143b 1 mile south of Milan .•...•.•••. J. M. Webb ... Bevier ..•......... 22 8.4 A 13.1 32.3 37.5 17.12 5.93 5.40 53.38 0.92 17.25 5,500 9,900 
B 5.1 35.2 41.0 18.69 6.47 4.88 58.28 1.00 10.68 6,000. 10,800 
c ......... 37.1 43.2 19.70 6.82 4.53 61.44 1.06 6.45 6,330 11,390 
D ------ 46.2 53.8 ............. 8.49 5.64 76.51 1.32 8.04 7,880 14,180 

- ----

a A, Analyses of the coal as received; B, air-dried coal; C, moisture-free coal; D, moisture and ash free coal. b Composite of three samples. 
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All the samples were selected from freshly cleaned faces of coal in 
active workings of the mines in accordance with the regulations pre­
scribed by the Bureau of Mines. The analyses were made by this 
bureau or by the technologic branch of the United States Geological 
Survey before it was organized as the Bureau of Mines. 

( 
In the table the analyses are given in four forms, marked A, B, C, 

and D. ·Analysis A represents the sample as it c9mes from the 
mine. Analysis B represents the sample after it has been dried at \ 
a temperature a little abqve the normal until its weight becomes ' 
constant. This form of analysis probably represents the coal in its 
most stable condition and approaching most closely its condition as 
it reaches the market. Analysis c represents the theoretical condi­
tion of the coal after all its moisture has been eliminated. Analysis 
D represents the coal after all moisture and ash have bee:ri theoreti­
cally removed. Forms C and D, which are obtained from the others 
by recalculation, represent theoretical substances that do not exist. 
In the proximate analysis the coal is broken up into certain conven­
tional constituents, representing approximately those found in the 
process of coking. In other words,. the proximate analysis shows 
what portion of the sample passes away in coking (the moisture and 
volatile matter) and what part remains (the fixed carbon and. ash). 
The ultimate analysis shows the chemical elements of the coal. For 
general comparisons, however, the heating value of the sample in the 
air-dried condition presents a more succinct means than the amounts 
of the various constituents determined by the proximate or ultimate 
analyses. 

COMPARISON OF ANALYSES OF THE DIFFERENT BEDS. 

The samples as received from the mine show the Lexington coal to 
contain on the average the most moisture and the Bevier the least, 
but in the air-dried condition the Lexington contains the 'least and 
the Lower Ardmore the most moisture. On an air-dried basis the 
Bevier bed ranks highest and the Lower Ardmore lowest as regards 
the amount of fixed carbon in the average sample. According to 
these. analyses, the Lower ·Aramore contains the least ash and the 
Bevier contains the most. The amount of sulphur in the average of 
the Bevier samples and in the one sample of the Lower Ardmore is 
practicaJiy the same, and is more than in the Lexington. In the 
number of British thermal units, the Lower Ardmore seems to rank 
highest, but the Lexington and Bevier appear to be close seconds. 

\ 
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The following tabl~ of average analyses shows in concise form the 
statements of the foregoing paragraph: 

Average analyses of coal beds of a part of northeastern Missouri. 

Condition of Fixed British 
Name of bed. samples. Moisture. carbon. Ash: Sulphur. thermal 

units. 

------------
Lexington .................. ' ........ Air dried ...... 4. 71 43.66 12.57 3.99 11,605 

As received .... 16.71 38.15 11.00 3.48 10,148 
Bevier ..•........................... Air dried ...... 5.27 43.97 14.63 4.56 11,451 

As received .... 14.84 -39.52 13.16 4.16 10,300 
Lower Ardmore ..................... Air dried ...... 5.60 41.77 9. 76 4.63 12,132 

As receive~ .... 15.98 37.18 8.69 4.12 10,798 

QUANTITY. 

As little is known of the coal resources in many places in the dis-
~' 

r' trict, only an approximate estimate of the total original tonnage can 

j 

be made. The following estimate for the four counties in the district, 
made on the basis of 1,800 tons of coal to the acre-foot, includes only 
beds 14 inches or more in thickness and is very conservative. Of 
the total original tonnage- of 9,865,000,000 tons, less than one-fifth 
of 1 per cent has been mined. · · 

Estimated original·tonnage of coal. 

County. Coal beds. 

Adair.............. Lexington, Bevier, and Lower Ardmore .............. : ........... .. 
Putnam ........... Lexington, Bevier, Lower Ardmore, and lower beds ............... . 
Schuyler ................ do .......................................................... . 
Sullivan ........... Ovid, Lexington, Bevier, and Lower Ardmore ......... _. .......... . 

DEVELOPMENT. 

Short tons. 

2, 260,000,000 
4, 295,000,000 

340, 000, 000 
2, 970,000,000 

9,865,000,000 

At present three districts in the area have shipping mines. These 
districts are, in productive rank, the N ovinger-Connelsville, the Coal 
City, and the Mendota-Unionville. Besides the shipping mines a 
large number of local mines, chiefly drifts and slopes, operate during 
the threshing season and the colder months of the year and sell to 
a wago~ trade. Few· of these mines penetrate more than 100 feet 
froin th~ ·outcrop and- are abandoned in the spring, as it is easier 
to open a new mine than to clean out the old entries when work is 
resumed in the fall. · 

HISTORY. 

The date of the first mining probably coincides with the settlement 
of the country.· At the Snake Den mine, in northwestern Schuyler 
County, operations have been in progress more or less continuously 
for about 50 years. The first shipping mines were those at Mendota, 
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which have been operated for a quarter of a century or more. The 
drift mines at Stahl and one of the shafts at Danforth were producing 
in 1890. The first shaft at Milan was sunk in 1890 and the Blackbird 
Block Coal Co., after purchasing the mine of Castello & Sunderland, 

. at Blackbird, Putnam County, began operations in September of the r. 

same year. The Emporia shaft was sunk in 1894 in the same district. 
Stroup Bros. began in that year to sink a shaft 1 mile west of Novinger 
in hope of reaching the bed worked at Danforth. The attempt was 
successful, and as a result the 0. K. Coal Co.- was organized and began "'--. 
producing in October, 1894. About the same time the camp at Duey 
was started and work in both the Lexington and Bevier beds was I 
begun but proved a failure. Before 1897 prospecting at Stahl 
showed a lower bed and in 1897 a shaft was sunk to it but was soon 
abandoned. 

Although mining began at Novinger in 1894 it was six or seven '.., 
years before that district began to attract much· attention. The 
Rombauer Coal Co. bought the 0. K. property in 1898 and in 1901 
began to sink shaft No.2. In the same year the Kansas City Midland 
Coal Co. commenced business at Novinger, the Manufacturers Coal & 
Coke Co. opened a number of .mines ne~r Ninevah, ~hanging the 
name of that village to ConnelRville, and C. B. Havens bought the 

·Danforth property. In 1901 also the Iowa & St. Louis Railroad was 
built, and the district surrounding .Novinger was rapidly transformed 
from a wilderness to a thriving mining community. The next year 
the Manufacturers Coal & Coke Co. opened a slope in northwestern 
Schuyler County and the Bevier bed was reached at Kirksville .. In 
1903 the Great Northern Fuel Co .. entered the Novinger field and the 
next year the second Milan shaft was sunk. Two years later a 
second shaft was sunk at Kirksville, and in 1912 the Lower Ardmore 
bed was opened . at that place. At present the Danforth, Duey, 
Stahl, and Milan mines have nearly or quite ceased operations, so 
far as shipping is concerned, as they are unable to compete with 
other mines because of the parting in the coal bed. 

EQUIPMENT. 

The coal is mined by stripping, drifts, and slopes or shafts, though 
most of the larger mines have shafts.. The 236-foot shaft of the Star 
Coal do. at ·Kirksville is the deepest. Most of the larger mines are 
well equipped with top works and. one mine has an electric hoist. 
The other large mines have steam hoists. The common type of horse 
gin or handpower hoist is used at the smaller shaft mines. The haul­
ing is done with mules or burros in all mines of any size, though the 
Consolidated Stahl Coal Co., which formerly operated a drift at Stahl, 
used niotor haulage to advantage. 

\ 
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The mines .at Novinger, Connelsville, Milan, Mendota, and Coal 
·City are connected with the main lines of the railroads by spurs, one 
being under construction at the shaft near Unionville when the field 

-{ 

' work was done. The mines -in eastern Putnam County would un-
-' doubtedly be greatly benefited by ·spurs that could be easily built up 

Shoal and Blackbird creeks. 

I 

i 
MINING METHODS. 

Lexington coal bed:-In most of the area under ·discussion, the 
Lexington coal is mined by the room-and-pillar system, owing to the 
presence of "slips" and preglacial channels ("faults") and to the 
tendency of the underclay to. "he-ave." The limestone cap rock 
about 2 feet above the coal forms a good roof, however, and would 

) probably permit long-wall work where there are no "slips" and 
(-' "faults" and where the underclay is thin. 

/ 

Bevier coal bed.-At present the room-and-pillar method is usually 
followed in mining the Bevier coal bed, but the long-wall method has 
been introduced with good results.· The hydr:aulic cartridge is being 
used in connection with long-Jan work and in the opinion of operators 
in the Novinger field is a success in reducing the amount of slack 
coal. By the room-and-pillar method approximately two-thirds of 
the coal is recovered. 

Lower Ardmore coal bed.-As the Lower Ardmore coal bed has just 
been opened, nothing is knoWn. of the conditions under which it may 
best be mined, but it is the intention to use the long-wall system if on 
trial it proves to be su_ccessful. Although not equal in importance at 

),
·_ the present time to the Bevier coal, it will probably become a valuable 

bed when the Bevier is exhausted, and should prove of value at · 
·;' present jn the localities in which the Bevier is absent or irregular in 
1 thickness. 

PRODUCTION. 

The production and value of the coal mined in the parts of the 
'four counties lying in the region UD:der discussion for 1910 and 1911 
are shown in the following table: 

·J Production and value of coal mined in a part of northeastern Missouri, 1910-11. 

Production (short 
tons). · Value. 

County. 

1910 1911 1910 1911 

-------'-:------.,------1----,-1--~ -----

Adair. . . .. . . .. .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . 250, 230 
Putnam........................................................ 60, 645 
Schuyler ................. _ ...................... -------······· 1,943 
Sullivan ................ : ... · ............................. _______ 7,200 

352,486 $412, 621 $553,848 
21,259 119;896 37,442 
21,950 3, 936 40,675 
1, 000 21,600 . 2, 750 

3:::0,018 396,_695 558,053 634, n5 

365° -Bull. 541-14-16 
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FUTURE. OF THE DISTRICT. 

Under present conditions the future outlook for the district is not 
particularly bright, chiefly because of its location, which limits the r­
market. On the south lies the Bevier field and on the north the Iowa 
field, so that the output in this district is largely used locally or in L,_ 

near..:by sections of northern Missouri by railroads and for domestic 
fuel. Direct-communication by rail with northwestern Missouri and 
eastern Nebraska would furnish a new outlet and would undoubtedly , 
be a great advantage. Manufacturing in the district hasbeen com- '-.. 
menced by the location of a shoe fact<?rY. at Kirksville, and other > 
enterprises might be started at this and other near-by points to the 
mutual advantag~ of manUfacturer and mine operator. 

'· 
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THE CANNONBALL RIVER LIGNITE FIELD, MORTON, 
ADAMS, AND HETTINGER COUNTIES, NORTH DAKOTA. 

By E. RussELL LLOYD. 

INTRODUCTION. 

LOCATION AND EXTENT. 

During th~ summers of 1912 and 1913 the writer undertook to de­
! termine as nearly as possible the southeastern limits of the North 

/ Dakota lignite region. ·PreVious to that time the presence of lignite 
? in this part of the State was known in only a general way and it was 

\ 
,I 

) 
/ 

FIGURE 8.-Map of North Dakota, showing location of Cannonball River lignite field. 1, Area shown on 
Plate XIII; 2, area shown on Plate XIV; 3, area examined but not shown on maps. 

necessary to examine a large area wherein lignite occurs only locally 
and in thin beds. The limits of the region of the more important 
beds lie partly within the area examined and partly northwest of it, 
and the term "Cannonball River lignite :field·" is used to embrace 
a few small districts wherein lignite is being or may be mined on a 
large scale and a large area wherein lignite is absent or occurs ill 
beds so thin that it will never be of importance except for local use. 

243 
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The field has a total area of about 2,170 square miles (fig. 8), of 
which only about one-fifth, or approximately 420 square miles, is 
underlain by beds of lignite more than 2! fee.t in thickness. A 

1.-· large area in the eastern part of the district examined contains, only 
thin beds of lignite; for that reason it is not included in the area ;: 
represented on the accompanying maps (Pls. XIII, p. 282, and XIV, 
p. 290) and will be only briefly described in this report. In another 
paper the writer proposes to present more fully the scientific data · 

I 
obtained in this and adjoining fields. · \, 

The Cannonball River field lies between longitude 100° 40' and 
102° 40' west (fig. 8). Its southern boundary west of the one hun­
dred and second meridian is the North Dakota-South Dakota State 
line. . East of that meridian it adjoins the old Standing Rock Indian 
Reservation, the northern boundary of which is formed by Cedar 
Creek and that part of Cannonball River east of the mouth of this 1

\) 

creek. On the northeast the field adjoins the Bismarck quadrangle, 
which is bounded on the south by latitude 46° 30' and on the west by \ 
lono-itude 101'0 • The boundary of the Cannonball River field on the 

b~ \ 

west and north is irregular and was determined by the desirability 
Qf immediate classification of this land with regard to its coal or , 
noncoal character and by the time available for examination. · 

FIELD WORK. 

The field examination upon which this report is based was made ( 
by parties in charge of the writer during the summers of 1912 and 1 
1913. The writer was assisted· in 1912 by B. W. Clark, W. T. ~. 
Thorn, jr., and L. M. Neumann; in 1913 by W. C. Mansfield, A. C. 
Dennis, and L. M. Neumann. The work was done under the direct l 
supervision of M. R. Campbell.and E. G. Woodruff, to both of whom l 
the writer is indebted for many valuable suggestions. The field \ 
work was materially assisted by the ever-ready hospitality of resi- r: ' 
dents of the field .and by much valuable information contributed by "'' 
them. It is impracticable to make .special mention of these courte­
sies, and acknowledgments can be made only in this general way. 

The area examined in 1912 is shown on the larger map (Pl. XIII) 
and embraces an area of about 970 square miles. In 1913 an adjoin­
ing area of nearly 1,200 square miles was examined in the vaJleys of 
Cannonball and Heart rivers, of which eight townships, comprising 
the more important lignite district, are shown in Plate XIV. 

The geologic examination was made primarily for the purpose of 
classifying the land with reg11rd to the amount of lignite it contains. 
In C()nducting such an examination an attempt was made to deter­
mine the extent and thickness of the lignite beds from a study of 
their outcrops, supplemented by such data as could be obtained con­
cerning lignite discovered in wells. Exposures of lignite more than 2 
feet thick were carefully measured, and the locations and altitudes 
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determined with plane table, telescopic alidade, and stadia rod. The 
outcrops of lignite beds were mapped accurately wherever exposed, 
and where not exposed they were mapped approximately by refer­
ence to adjacent strata or from topographic features alone. Where 

-.. 

lignite was not found, the geology and topography" were mapped 
.with plane table and. alidade. 

The Land Office surveys of the region embraced in this report were 
/ made between the years 1890 and 1902. The corners are, as a general 

rule, well marked, and no discrepancy was observed between the 
position of the stones in the field and that shown on the official plats. 
Township plats of the General Land Office were used as base maps for 
the field work and for the construction of Plates XIII and XIV. 

PREVIOUS PUBLICATIONS. 

/
1 

The portion of western North Dakota drained by Cannonball. River 
\ and its tributaries has lorig been known to be a part of the great lignite 

area of the Dakotas ·and eastern Montana. The explorations of the 
Lewis and Clark expedition, 1804-1806, established the existence of 
what was supposed to be "stone coal" (lignite) in theMandancountry. 

1 
Nearly every succeeding expedition added something of interest, but 

, it was not until the exploration of F. V. Hayden, under the direction 
of Lieut. G. K. Warren, United States Topographical Engineers, that 
any attempt was made to p_ublish a geologic map of the region.1 In 
187 4 an expedition under the command of Gens. Custer and Ludlow, 
accompanied by N. H. Winchell, as geologist, made a reconnaissance 

( 

l 
f 

) 

trip to the Black Hills, crossing the Cannonball River field on the way.2 

In recent years the Geological Survey of North Dakota has pub­
lished several articles dealing with the lignite beds of the State, but 
particular attention was give:q. to the more fully developed territory 
to the north and w~st, and the Cannonball River field received scant 
attention. A.·G. Leonard, State geologist, has recently published an 
article 3 in which he records and discusses several sections exposed 
along Cannonball and Heart rivers in Morton County. Some of 
these sections have been· reexamined by the writer and will be 
described later. 

GEOGRAPHY. 

· COMMERC.IAL RELATIONS. 

The main line of the Chicago, Milwaukee & St. Paul Railway crosses 
the southwestern border of the field in an east-west direction. The 
Cannonball branch of the same road, which extends from McLaughlin, 
S.Dak., to New England, N.Dak., crosses the central part of the. area 

1 Hayden, F. V., Notes explanatory of a map and section illustrating the geologic structure of the country 
bordering on the Missouri River from the mouth of the Platte River to Fort Benton: Acad. Nat. Sci. 
Philadelphia Proc., vol. 9, pp. 109-116, 1858. 
~Winchell, N.H., Report of a reconnaissance of the Black Hills of Dakota made in the summer of 1874 

by. William Ludlow, pp. 22 anJ following, and map, 1875. 
s Leonard, A. G., The Cretaceous and Tertiary formations of western North Dakota and eastern Montana: 

Jour. Geology, vol. 19, pp. 507-547, 1911. 



246' CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II. 

examined in 1913 and the north border of the area examined in 1912. 
A branch of the Northern Pacific Railway which leaves the main line 
at Mandan and extends to Mott, N. Dak, also crosse~ the central part 
of the area examined in 1913. Wago~ roads throughout the field are 
in general located on section lines, except locally where the land is so 
rough as to render this impracticable. These roads are numerous and 
render all parts of the field easily accessible. 

!Ill 
\ 

The construction of the two branch railway lines has promoted the \ 
development of a rich agricultural district. On each line are located 
a number of towns, all of which have shown a steady growth. Solen, 
Timmer, Flasher, Lark, Carson, Heil, and Odessa on the Northern. 
Pacific, and Shields, Freda, Raleigh, Brisbane, Leith, and Kaiser on the 
Cannonball branch of the Chicago, Milwaukee &·St. Paul lie within 
the Cannonball field; Elgin, New Leipzig, and Bentley are only a few l 

miles beyond its limits. Haynes and Petrel lie within the field on the \ 
.r main line of the Chicago, Milwaukee & St. Paul. Lemmon, S. Dak., , 

at the State line, is the center of a large agricultural district and 
Hettinger, N. Dak., half a mile west of the west boundary of the 
field, is scarcely less important. The entire region is well settled and 
is supplied with adequate postal facilities. 

TOPOGRAPHY. 

The Cannonball River·field lies in the Great Plains province, which 
extends from the Rocky Mountain region eastward and merges gradu­
ally with the Glaciated Plains east of Missouri River. The greater 
part of the· field is a rolling prairie, interrupted, however, at many 
places by high bowlder...:covered ridges and buttes or by steep-sided 
valleys. There are also large badland areas in the eastern part of the 
field. The central and southern parts are drained by Cannonball 
River and by its principal tributary, Cedar Creek, both of which have 
wide valleys cut from 200 to 500 feet below the surrounding plateau. 
Heart River crosses the northern part of the area examined in 
1913. The principal smaller tributaries of Cannonball River in the 
field are Louse Creek with its branches, Chanta Peta and Dogtooth 
creeks, Three Buttes Creek, Sixmile Creek, and· Snake Creek. 
Crooked, Timber, and Duck creeks flow into Cedar Creek. The only 
important southern tributary of Heart River is Antelope Creek. 

All these streams and many of their smaller tributaries contain 
either running water or water holes throughout the year. Springs 
are fairly common throughout the whole area but are most abundant 
at the outcrops of ·the principal lignite beds. In most places water 
can be reached by wells at comparatively shallow depths,- and it is 
from such wells that the principal supply is obtained for domestic 
use. The water in this area is in general comparatively free from 
sulphates, calcium,· and sodium, the ordinary impurities which render 
much of the water of the Great Plainf3_ region unfit for use. 

'~ 
\ 

l 
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From a point abo~t a dozen miles above the mouth of Cedar Creek 
and thence eastward to Missouri River, the valleys of Cannon­

-) ball River and its principal tributaries are characterized by bad 
lands which in the eastern part of the field extend locally ·several 

'"7
1 

miles back from the streams. Within the badland area are wide 
stretches which appear nearly l~vel but which are cut by numerous 
small coulees and are only locally sufficiently level for cultivation. · 

,~ ' West of the badland areas the valleys of Cannonball River and 
I of Cedar Creek have in, genera~ broadly terraced slopes, due chiefly to 

the erosion of alternating beds of sandstone and shale. The valley of 
the Cannonball is in general narrower and more rugged than that of 
Cedar Creek, but both streams have at many places cut steep bluffs 
in .which the strata are well exposed .. The gener~l upland part of 

i the field is gently rolling or nearly level, except for numerous high 
/ ridges which are practically covered with large quartzitic bowlders. 
I AGRICULTURE. 

The Cannonball River field is. located in what is known as 'the semi­
arid region o£ the Great Plains, where the rainfall is only moderate in 
amount and often comes at seasons when least needed. With the 
exception of the rocky hills and some rough country along the streams, 
nearly all of the land can be cultivated, the soil constituents being such 

/ that only a small amount of moisture is sufficient to insure good ., 
crops. . Wheat is by far the most important crop, but flax, oats, rye, 

\ barley, pota~oes, and other grains and vegetables are raised exten­
' sively. Except for a limited growth of small timber along the prin­

cipal streams and in steep coulees, the region is open prairie, destitute 
of trees. . 

.I 
l 

GEOLOGY.· 

STRATIGRAPHY. · 

GENERAL CHARACTER OF THE ROCKS. 

The Fort Union formation, of the lower part of the Tertiary system 
(Eocene), which contains the greater 1 art of the _valuable lignite in 
the Dakotas and eastern l\1ontan~, embraces the surface rocks in 
the western and northwestern parts of the Cannonball River field. 
Underneath the Fort Union is a series of beds which are now tenta­
tively classified as probably of early Tertiary age and which have 1:>een 
referred to the Lance formation. The upper 250 or 300 feet of this 
formation is in the field markedly different in lithologic character from 
the underlying more typical Lance, and has been found at numerous 
places to contain the remains of a marine fauna, which has not pre­
viously been known in this part of the stratigraphic section. These 
beds have been mapped separately and are .herein designated. the 
Cannonball marine member of the Lance formation.1 The under-

, 1 The Cannonball marine member of the Lance formation is described only briefly in this report. It 
will be described in detail'in a forthcoming paper, which is now in course of preparation. 
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lying lower pa~t of the Lance is of fresh-water origin and is composed 
of alternating beds of shale and sandstone which on erosion give rise 
to the badlands described above. Its thickness is approximately 
400 feet. In the extreme eastern part of the field the top of the Fox C 
Hills sandstone, which underlies the Lance formation, is exposed in 1

"" 

~he bluffs of Cannonball River. 
The tops of a few high buttes are capped with sandstone and fresh­

water limestone belonging to the White River (Oligocene) formation. I 

\ 
Beds of sand and gravel on the tops of some of the higher buttes \ 
'belong to either the latest Tertiary or to the- early part of the Quater­
nary period, and the Quaternary is also represented by high-:-terrace 
river gravel and by glacial bowlders. 

The general character and relations of the formation exposed in 
this field are shown in the following table: ; 

Stratigraphy of the Cannonball River lignite field. 

System. Series. Formation. Character. Thick-
ness. 

Quaternary., Glacial bowlders and river terrace Feet. 
gravel. (a) 

Tertiary or Quaternary. Band and gravel on tops of high 
buttes. (a) 

Oligocene. White River for- Cross-bedded sandstone and fresh- (a) mat ion. water limestone. 
Tertiary. 

Fort Union forma- Yellow sandstone, shale, clay, and Eocene. tion. lignite. , 300-400 

Cannonball marine member (dark 
sandy shale, dark shaly sandstone 250-300 and yellow sandstone, containing 

Tertiary (?). Eocene(?). Lance formation. marine shells). 

Somber-colored shale, yellow sand-
stone, and thin lignite beds. 400-450 

Cretaceous. Upper Cre- Fox Hills sand- Sandstone, yellow or brown, friable. (a) taceous. stone. 

a Not determined. 

CRETACEOUS SYSTEM. 

FOX HILLS SANDSTONE. 

The Fox Hills sandstone is exposed in the bluffs of Cannonball 
River in the extreme eastern part of the area examined in 1913, 
about 25 miles ~ast of the area shown on the maps accompanying 
this report. The rock is a fine-grained friable sandstone, yellow or 
brown in color, and locally contains a rich marine fauna. 1 

1 For more complete description of the Fox Hills sandstone in this region see: Stanton, T. W., Fox Hills 
sandstone and Lance formation ("Ceratops beds") in South Dakota. North Dakota, and eastern Wycr 
ming: Am. Jour. Sci.,4thser., vol. 30,pp.172-188, 1910 Knowlton, F. H.,Further data on the stratigraphic 
position of the Lance formation (Ceratops beds):- Jour. Geology, vol. 19, pp. 35&--376, 1911. Leonard, A. G., 
The Cretaceous and Tertiary rormationsofwest.em North Dakota and eastern Montana: Jour. Geology, 
vol. 19, p. 511, 1911; The geological map of North Dakota: Univ. of North Dakota Quart. Jour., vol. 4, 
No.1, Oct., 1913. Calvert, W. R., aild others, Geology of the Standing Rock and Cheyenne River Indian 
reServations, North and South DP_kota: U. S. Geol. Survey Bull. 575, pp. 11-16, 1914. · 
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TERTIARY (~) SYSTEM. 

LANCE FORMATION. 

Lower part of the Lance formation.-The lower part of the Lance 
formation outcrops in the valleys of Cannonball River and its tribu­
taries in the eastern part of the field. Within the region shown on the 
accompanying maps it outcrops only in small areas on Cannonball 
River and Cedar Creek. This part of the formation consists of alter­
nating beds of shale and sandstone with thin beds of lignite. The total 
thickness is approximately 400 feet. The shale is predominantly 
somber in color, commonly gray or black. The sandstone is yellow 
or buff. Locally, brown carbonaceous layers and lenticular beds of 
bog iron are present and form conspicuous outcrops. Where the 

. Lance formation is exposed, the surface is characterized by wide and 
nearly flat valleys bordered by steep and picturesque badland bluffs. 

Fossil leaves collected hear the top of the lower part of the Lance 
have been identified by Mr. Knowlton as belonging to the Fort 
Union flora. Only fragmentary- vertebrate remains were found in 
this portion of the Lance in the Cannonball River field, but in the 
examination of the Standing Rock Indian Reservation 1 in 1909 
abundant remains of dinosaur and turtle bones were found in several 
places, and a few collections of dinosaur bones have been made near 
the mouth of Cannonball River.2 

The lignite beds of the lower part <;>f the Lance 'formation have 
been found nearly everywhere in the Dakotas to be thin and lenticu- · 
lar. The thin beds occurring in this field are no exception to the 
rule. They-are most abundant from 50 to 75· feet below the top of 
the lower part of the formation and one or more beds are exposed in 
nearly all parts of the field where that portion of. the formation 
appears at the surface. 

Cannonball marine member. 8- The Cannonball marine member com­
prises the upper 250 or 300 feet of the Lance formation. It is typically 
represented in the bluffs of Cannonball River, in Tps. 132 and 133 
N., R. 88 W., where the member is well exposed. The following ver­
tical section, measured in this type area, shows the general character 
of the beds: 

Section of Cannonball marine member of Lance formation in river bluff in NW.!8ec. 11, 

(Soil.) 
T.132 N., R. ~8 W. 

Ft. in. 
Sandstone, calcareous.~- .................................. - .. . 6 
Sandstone, gray, partly consolidated, containing numerous layers 

cemented with iron ........... _ ........................ -... · 10 6 

1 Calvert, W. R., and others, Geology of the Standing Rock and Cheyenne River Indian reservations, 
North and South Dakota: U.S. Geol. Survey Bull. 575, pp. 21-22,1914. 

2 Stanton, T. W., Washington Acad. Sci. Proc., vol. 11, No.3, p. 250,1909. Leonard, A. G., The Creta­
ceous and Tertiary formations of western North Dakota and eastern Montana: Jour. Geology, vol. 19, p. 
524,1911. 

a A more complete description of the Cannonball member is in course of preparation and will soon be 
published. 
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Ft. in. 
Sandstone, yellow, consolidated. . . .. . .. .. .. .. .. .. .. .. .. .. .. .. 5 
Sandstone, red, hard ........................ · ...... ~........... 6 
Shale, dark gray, with "cannonball" concretions.............. 25 
Shale, very dark gray, very sandy, with a layer of marine shells 

20 feet from base and with "cannonball" concretions ....... ·. 103 
Base concealed. 

144 6 

The top of the above section lies approximately 50 feet below the 
top of the member. Although not complete, the section is fairly 
representative and shows that the Cannonball member .in the type 
locality is composed predominantly of dark sandy shale or shaly 
sandstone, with a subordinate amount of dark-yellow and gray sand­
stone commonly occurring in lenticular beds. Similar sections are 
exposed at other places along Cannonball River and in the bluffs of 
Cedar Creek and Heart River. Some of the beds of sandstone near 
the top of the member are very calcareous and contain also a consid­
erable amount of feldspar, biotite, and pyroxene. Over the greater 
part of the area where t]?.e Cannonball member comes near the sur­
face it is concealed by a heavy soil mantle, and in such places the 
sandstone appears relatively more prominent owing to its greater 
resistance to erosion. 

In the Ca:rinonball River field several collections of marine inver­
tebrate fossils, made from the Cannonball member during the field 
seasons of 1912 and 1913, have been identified by T. W. Stanto::1 as 
belonging to a modified Fox Hills fauna. 

TERTIARY SYSTEM. 

FORT UNION FORMATION. 

The Fort Union formation is exposed in the western and north­
western parts of the Cannonball River field. The thickness of that 
part of the formation which outcrops in the field is ~bout 350 feet, 
but this is only a part of the original thickness of the ~gnite-bearing 
rocks of this age which at one time covered. the entir~ region. The 
lower 100 feet of the formation is made up almost wholly of uncon­
solidated and partly consolidated yellow and gray sandstone and has 
previously been included in the Lance formation.1 The material 
_appears to be of fresh-water origin, however, and for that reason 
should be included in the Fort Union rather than in the underlying 
member of the Lance, which is of marine origin. 

The higher strata of the Fort Union consist of massive yellow and 
white sandstone, clay shale, brown and black carbonaceous shale, 
and lignite. The sandstone is most prominent because of its greater 
resistance to erosion, but clay shale and carbonaceous shale·probably 
make up more than half of the formation. The sandstone is for the 
most part unconsolidated, but locally cement~tion has produced 

1 Leonard, A. G., The Cretaceous formations of western North DakotaandeastemMontana: Jour. Geol· 
ogy, vol. 19, pp. 507-547, 1911. 
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resistant ledges which support the flat-topped buttes and plateaus 
or stand out as rugged hills on an otherwise smooth prairie. In most 
places the cementation of the sandstone proceeds outward from a 
center in disklike form with the short axis vertical. Where the process 
is not·far advanced, the individuals appear in a section as lenticular 
concretions arranged along more-or less definite horizons. ·At a later 
stage these individuals coalesce to form a ledge of hard sandstone. 
·A peculiar surface feature of the Fort Union, and to some extent 

of the underlying Lance formation, is the abundance of angular and 
wind-worn blocks or bowlders· of a very hard quartzitic rock. These 
·bowlders are in general confined to the higher buttes, over many of 
which they are strewn so thickly as to make the surface almost 
impassable for a horse. In general, the bowlders on the lower buttes 

· -.i: are neither so large nor so numerous, but they are scattered over 
small hillocks far down in -the Lance formation. They are commonly 
absent over the greater part of the flat prairies. and -in the valleys. 
All these bowlders are residual remnants from two or more c~m­
paratively thin beds in the Fort Union which have been found in 
place near the tops ~f several high buttes. The material is very fine 
grained, composed chiefly of angular or slightly rounded quartz grains, 

/ 

I 
{ 

_.... 

... 

anq contains an abundance of silicified plant stems of various sizes, 
·which have in many places weathered out, leaving the rock full of _holes. 

The age of the Fort Union is attested by three collections of fossil 
leaves, all of which are typical Fort Union species. 

WHITE RIVER FORMATION. 

The outcrop of the White River formation in this field is limited to 
the tops of three high buttes in the northern part ofT. 13:i N., R. 90 
W .. , and the southern part of T. ·132 N., R. 90 W. The formation 
consists of about 50 feet of calcareous arkosic sandstone overlying a 
marly limestone, both of which are referred to . the formation on 
faunal and lithologic evidence. 

RTRUCTURE. 

A comparison of the altitudes of the lignite beds at various places, 
determined during the field work of 1912, shows that the strata have 
a general but very slight dip to the north or northeast in the northern 
and western parts of the field and to. the north and northwest in the 
southern and eastern parts. This dip averages about 15 feet to the 
mile, which is nearly one-sixth of 1°. There is little e-vidence at 
hand on which to base a general conclusion concerning the attitude 
of the beds in the part of the field examined in 1913. In that portion 
whichisshownon Plate XIV (p. 290), the general dip is probably to the 
north and northwest. The region has apparently not been disturbed by 
any orogenic movements, with the exception of a probable slight tilting 
to the northeast and an uplift relative to sea level which has brought 
it under the influence of erosional_rather than of depositional agencies. 
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THE LIGNITE. 

DISTRIBUTION. 
( 

The beds of lignite at the top of the lower portion of the Lance \ 
formation are so thin that they will probably never be of value except " 
to a slight extent for local use. In the Cannonball River field no 
lignite 1eds are known in the Cannonball marine member of the 
Lance formation. The valuable beds are confined to the upper 250 '-­
feet of that part- of the Fort Union formation which is exposed in the 
field. Owing to the heavy mantle of soil which obscures the strata 
over the greater part of the area, conclusive correlations of the lignite 
beds exposed at widely separated points can not be made . 
. After the deposition of the lower sandstone of the Fort Union in 

this region it seems evident that marsh conditions set in over wide ;lr · 

areas, and that in these independent or semi-independen~ swamps \ 
. vegetal matter was accumulating throughout the field during approx­
imately the same period of time. This condition led to the formation 
of lignite on this surface, possibly as one continuous bed throughout 1 

the field, but more probably as a series of isolated lenses which are at \ 
or very near the same horizon. In the .following discussions the "'­
lowest important lignite bed in all parts of the field, except in the 
valley of Cannonball River in T. 133 N., R. 30 W., is called the Haynes 
lignite bed, although it is possible that beds are thus included under 
one name which are not continuous with one another or which were '' 
not even deposited synchronously. All the evidence in hand, how- _ 
ever, indicates that the bed, although varying greatly in thickness, 
was once practically continuous over at lea§,t the greater part of the 
field. It is therefore believed to be probably present under all the 
area from which it has not been removed by erosion. 

The Haynes lignite bed reaches its greatest known thickness under 
a range of high buttes north of the town of Haynes in T. 129 N.,. 
R. 94 W. In this locality the bed is 11 to 13 feet thick and is being 
mined extensively for local use. Farther north and east, between. 
Duck and Cedar creeks, in T. 130 N., R. 94 W., the bed outcrops near ~ 
the tops of a nllinber of high buttes, where it has been burned exten­
sively along the outcrop. There. the thickness is from 10 to 12 feet. 
Between Cedar and Timber creeks the bed outcrops for the most part 
where the surface lias a gentle slope, and consequenUy exposures of the 
bed are practically confined to the places a·t which it has been mined. 
The greatest known thickness, 10 feet, in this part of the area is at ·~ 
the Merry mine, in T. 132 N., R. 93 W., half a mile north of the border 
of the field. From this place southeastward the thickness gradually 
decreases to less than 2 feet in the southeastern part of T. 131 N., 
R. 92 w.· In this township another lignite bed, about 50 feet higher 
than the Haynes, is exposed at a few places only. The very meager 
data in hand indicate that it is from 4 to 6 feet thick. · 
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North of Timber Creek, in the northern part of T. 131 N. and the 
southern part ofT. 132 N., R. 91 W., there are two beds of lignite 
more than 2! feet thick. The lower of these, ·which is correlated with 
the Haynes bed, is 5 to 7 feet thick. The upper bed, approximately 
50 feet higher, is· about 5 feet thick. In the northern part ofT. 132 N ., 
R. 91 W., and the southeastern part ofT. 133 N., R. 90 W., is a group 
of small mines or strip pits on a bed .. which is 4 to 6 feet thick and 

"f which is presumably the Haynes bed. 
1 South of Coffin Butte, in T. 131 N., R. 90 W., very little information 
'· concerning the lignite could be obtained. It seems that there are in 
~ this locality two beds from 3 · to 6 feet thick, the lower of which is 

doubtfully correlated with the ~aynes bed. It is probable that two 
beds which are exposed on the south face of Pretty Rock Butte, in 

-,~. T. 131 N., R. 89 W., are the same. The lower of these beds is 4 feet 
;·' 2 inches and the upper 2 feet 5 inches thick. Farther north in the 

same township the lower bed underlies a group of small hills, but is · 
only from 2! to 3 feet thick. 

I
, In the valley of Sheep Creek, in T. 132 N., R. 90 W., and in portions 

of adjoining townships, three important beds are exposed. The 
j lowest of these, which is doubtfully correlated with the Haynes bed, 

outcrops in the valley of Sheep Creek and has been mined at numerous 
places .. The thickness in this vicinity ranges approximately from 2 

j 

',. to 6 feet. The second bed, which is about 50 feet higher, is worked 
in three larg~ stripping mines in the southern part of T. 132 N., R. 
90 W. The thickness of the bed in each of these mines is over 6 feet 
but its value is considerably impaired by thin partings of shale and 
bone (sections 95, 96, and 97, Pl. XIII, p. 282). The uppermost bed 
is exposed high up on the north side of Coffin Butte in the same town­
ship in an abandoned strip pit, where it is 4 feet 8 inches thick but 
contains a parting of shale over a foot in thickness (section 98, 
Pl. XIII). In the southwesterJ?, part ofT. 133 N., R. 89 W., and the 
southeastern part·of T. 133 N., R. 90 W., a group of high buttes is 
underlain by a bed of lignite, probably the saine as that exposed in 

• Coffin Butte. The bed has been burned extensively along the out­
crop and the resulting red clinker forms a conspicuous topographic 
feature. A single measurement of the bed obtained in this vicinity 
(section 138, Pl. .XIII) shows a thickness of 7 feet 8 inches with an 
8-inch parting of sandstone 2 feet from the top. 

In the valley of a branch of Cannonball River, in the eastern part of 
,... T. 133 N., R. 90 W., there are several exposures of a bed of lignite 

which is probably the Haynes bed. Its thickness ranges from 3! .to 5 
feet. Another bed which is thought to be somewhat lower strati­
graphically than the Haynes bed is exposed. in the bluffs of Cannon­
ball River in the same township. Its thickness ranges from 1 foot 11 
inches to over 6 feet in a distance of about a nille . 

.) 

i 
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North of Cannonball River, in the neighborhood of the towns of 
Leith, Heil, and Kaiser, there are two lignite beds, the lower and 
mote important of which is being mined near Leith in shaft and drift 
mines and at other places in strip pits. The thickness averages 
about 8 feet in the mines west of Leith but decreases both to the east 
and west. The upp~r bed averages 4 or 5 feet ·in thickness.. The 
vertical distance between the beds is approximately 40 feet. In the 
northwestern part of T. 135 N., R. 88 W., two beds, separated by 4: 
about 30 feet of shale and sandstone, are being mined in small strip \ 
pits. Each bed is about 3 feet thick. · 

In addition to the lignite beds mentioned above, a few other beds 
less than 2! feet thick outcrop in various parts of the :field. These 
will be mentioned in the individual township descriptions given on 
pages 263~291. 

PHYSICAL PROPERTIES. 

{ 

( 

The lignite of the Cannonball River field is similar in general 
character to that from other parts of North Dakota. It is very dark 
brown, almost black, but the powder is brown. Most of the fresh \ 
lignite has a dull luster, and much of it a tough woody texture. l 
Detailed examination of the more woody parts shows some variations 
in texture, color, and luster. Small lenses of bright black lignite, 

. ranging in thickness from a thin film up to an inch or more, alternate 
with the dark-brown material, which has not nearly so bright a luster. 
Both these varieties retain in places the fibrqus character of the wood 
from which they were derived. -In other varieties the luster is duller, 

\ 
\ 

.r 

the woody texture is lacking and the lignite contains a large per­
centage of noncombustible material or ash. Some of the lignite is of 
a hard black variety with well-developed cleavage similar to the 
sub bituminous coals of eastern Wyoming and Montana. 

On exposure to the air lignite loses a considerable part of its mois­
ture, shrinks, and soon falls to pieces, a characteristic which makes 
shipping in open cars to distant markets almost impossible and which 
is proving a serious handicap in the development of the mining 
industry. The breaking up or checking begins almost ·jmmediately 
when fresh lignite is exposed to the air. The cracks on the surface 
are nearly at right angles, so that the small blocks which scale off are 
roughly cubical in form. In the best quality of lignite the weathered 
surfaces are black and have a bright vitreous luster, even though in 
the unweathered condition the lignite is brown and has a dull luster. 
Where the woody texture is not developed much of the lignite weathers 
into thin laminre parallel to the bedding plane. The weathering of 
different varieties of lignite is so characteristic that often an exami­
nation of the weathered-face of an exposed section will afford a better 
conception of the variations in character within the bed than will an 
examination o"f the fresh material itself. (..; 

\ 
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CHEMICAL COMPOSITION. 

~· In order to ascertain the chemical composition of coal or lignite, 
it is necessary that samples taken for analysis be as fresh as possible. 

-;- For this reason the samples from the Cannonball River field were 
taken only in drift and shaft mines and not from strip pits. Four such 
samples were collected in accordance with the regulations of the United 
States Q-eological Sl.irvey, which in brief are as follows: In a clean, 

~ fresh face a channel is cut perpendicularly from roof to floor, discarding 
I partings which are thrown out in mi,ning. The' material thus obtained 

is broken to pass through a half-inch screen and the sample is reduced 
by quartering to about 1 quart, which is placed in a galvanized can, 
sealed, and sent immediately to the laboratory. The samples were ana­
lyzed in the chemical laboratory of the Bureau of Mines at Pittsburgh. 

~~- The analyses of these samples are presented in the accompanying 
/ table. With them are included for comparison the analyses of three 

samples collected by A. L. Beekly in 19.09 from small strip pits in the 
valley of Cedar Creek in T. 129 N., R. 88 W., and also the analyses of 

) 
( 

J
. four representative samples of lignite from producing mines in widely 

separated parts of North Dakota. 
In the table the analyses are given in four forms, marked A, B, C, 

and D. Analysis A represents the composition of the sample as it 

r 
comes from .the mine. This form of analysis is not well suited for the 
comparison of one coal with another because the amount of moisture 
in the sample as it comes from the mine is largely a matter of accident, 
and consequently analyses of different samples of th~ same coal 
expressed in this form may vary widely. Analysis B represents the 

· sample after it has been dried at a temperature a little above the 
normal until its weight becomes constant. This form of analysis is 
best adapted to the general purposes of comparisons. Analysis C 
represents the coal after all the moisture has been eliminated. Anal­
ysis D represents the coal after all moisture and ash have been theo­
retically removed. This is supposed to represent the true coal sub­
stance, free from the most significant impurities. Forms C and D 
are obtained from the others by recalculation. 

In the analytical work chemists generally recognize that i~ is not 
possible to determine the proximate constituents of coal or lignite 
with the same degree of accuracy as the ultimate constituents. 
Therefore, the air-drying loss, moisture, volatile matter, fixed carbon, 
and ash are given to one decimal place only. In an ultinlate analysis 
the ash, sulphur, hydrogen, carbon, nitrogen, and oxygen are given 
to two decimal places. It is also understood that calorific determi­
nat:i:ons to individual units are not reliable; therefore, in the column 
headed "Calories" the heat values are given to t)Je nearest five units, 
and in the column headed "British thermal units" they are given to 
the nearest ten (the value of a British thermal unit being about 
one-half that of a calorie). 



Analyses of lignite samples from the Cannonball River and neighboring fields, North Dakota. toO 
01 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.] 
0) 

Location. Proximate. 
1-

Ultimate. Heating value. 0 
0 

Labo-1 

1 

I I I No.on ,u,. Fonn 
2l 

ratory Name. . mp'ip drying a~!l- I Vola-
8 

Fixed British 

~ No. <;~~~-. Sec. T. N. R. W. tni). loss. ysis. Mois- tile car- Ash. Sui- Hydro- Car- Nitro- Oxy- Calories. thermal 
tore. mat- bon. phur. gen. bon. gen. gen. units. 

ter.a cl 
1-3 ------------------------

14542 1 Nipper.& Monroe mine, near I NW.~~~~~--9-4-~---4-~~~--A-
~ 

32.6 30.6 28.5 8.3 1. 53 4,085 7,360 
0 

21.2 35.8 33.3 9. 7 1. 79 4, 780 8,600 z 
Haynes, N. Dak. · · ~ 

45.4 42.3 . 12.3 2.27 6,070 10,920 rJl 

D ------- 51.8 48.2 ............. 2.59 .......... ------- ------- . ........... 6,920 12,460 1-3 
0 

14544 I Pinkham mine, 9 miles north- I NW ., 36 I 130 I 941 81 15.31 A 32.4 30.9 28.1 8.6 1. 49 ------- ----·-- ............. ............ 4,070 7,330 
t;:t 

east of Haynes, N. Dak. B 20.2 36.5 33.2 10.1 1. 76 ------- ------- ............. ------- 4,805 8,650 
Q 

c ··-··-- 45.7 41..6 12.7 2.21 ------- ------- .............. ............ 6,025 10,850 
0 D ------- 52.4 47.6 ------- 2.53 ------- ............ ............. ------- 6,900 12,420 z 

14729 I Jonesmine,near~eith,N.Dak.l SE.I 12 1 1331 881 1s2 1 21.1 1. A 36.2 29.8 25.3 8. 70 .68 6. 76 39.45 0.59 43.82 3, 720 6, 700 0 
B 12.5 40.8 34.8 11.93 .93 5.15 54.11 . 81 27.07 5,105 9,190 -~ 
c ....... 46.7 39.7 13.63 1. 07 4.29. 61.81 .92 ·18. 28 5,830 10,500 ~ a· 
D ............. 54.0 46.0 1.24 4. 97 71.56 1.07 21. 16 6, 750 12,150 

17537F I Kolbank mine, near Leith, N. I NE. I 71 1331 871 1881 16.61 A 34.7 29.9 24.9 10.5 1.50 -·----- --·---- .............. ------- 3, 775 6,800 ga 
Dak. B 21.7 35.8 29.9 12.6 1.80 ............. ............ .............. --·---- 4,530 8,150 0 

c · ....... 45.7 38.2 16.1 2.30 ------- ------- .............. ............. 5, 785 10,410 t""' 
D .......... . 54.5 45.5 ........... 2. 74 ------- ------- .. ......... ------- 6,895 12,410 0 

c;') 

7841 I Mine of A. L. McCord, on Cedar I NE.I 51 1291 &SI 1391 19.31 A 32.1 25.6 31.7 10.6 1.19 ........... ........... ------- --··--- 3, 790 6,820 .. ~ 
Creek, N.Dak. B 15.8 31.8 39.2 13.2 1.48 ............. ------- ............. ------- 4,695 8,460 

c ............ 37.8 46.6 15.6 1. 75 .. ........... ------- ------- ------- 5,580 10,040 ....... 
D 44.8 55.2 ............ 2.07 ------- .. ............ .............. ............... 6,615 11,910 J~ 

· 7839 I Surface prospect on Cedar I SW.I 1 I 1291 881--- .... 1 21.1 I A 33.1 25.5 36.1 5.3 .69 ------- .............. ............. .. ............ 4,150 7,470 
Creek, N. Dak. B 15.2 32.4 45.7 6. 7 .87 ............ .............. ............. ------- 5,255 9,460 ~ c ............. 38.2 53.9 7. 9 1. 03 ----·-- .. ............ ·------ ------- 6,200 11,160 

D ............. 41.5 58.5 .. .......... 1.12 .. ........... ............. .............. .. ............. 6, 735 12,120 ~ 
1-3 

7842 I Surface :&rospect on Cedar I SE.I 41 1291 881--- .. ··1 23.1 I A 32.5 27.1 34.6 5.8 .37 ............. .............. ............. ............. 4,030 7,250 
~ Creek, . Dak. B 12.2 35.3 45.0 7.5 .48 .... - .. -- . ............. ............... .. ........... 5,240 9,430 

c ............ 40.1 51.3 8.6 .55 .. ........... ............. ............. .............. 5,965 10,740 
D ------· 43.9 56.1 ------. .59 ···---- -·----- ------- -·----· 6,525 11,750 

~-· .. __.- r--- .. .._.. .....---~·- -r-1 -1-
'-'~ .,-
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1935 I Mine of Washburn Lignite 1· .... ·j '. 1 I 1421 80-j-······1 32.31 A 40.5 27.1 27.4 5.0 . 76 .. . .. -.. -- ............ ........... . ............ 3,690 
Coal Co., Wilton, N.Dak. B 12.2 39.9 40.4 7.5 1.12 ............. .............. ............. .............. 5,450 

c : ...... 45.5 46.0 8.5 1.28 .. . .. .. .. .. -------- ............. ............ 6,205 
D ............ 49.7 50.3 .............. 1.40 .. ....... -- ............ ------- ............. 6, 780 

~~ 
~~ 

11,170 
~m 

1971 Mine of Consolidated Coal Co., .......... 8 139 95 .. .. ·- ...... 35.6 A 42.1 24.5 25.7 7. 7 1.13 .............. .. ........... .. ............ ............. 3,420 
Lehigh, N.Dak. B 10.0 38.1 40.0 11.9 1. 75 ------- ............ ............. .............. 5,310 

c ······- 42.4 44.4 13.2 1. 95 ............. ------- ............ ............. 5,905 
D ............... 48.8 51.2 ............. 2.25 .. .......... .............. .............. ............. 6,805 

~~ 
~~ 
~~ 
~~ 

12533 Mine of United States Recla- ............ 7 154 100 .. .. . .. .. . .. 33.2 :A 43.9 24.9 25.4 5.8 .49 ............. ............. .. ........... ............. 3,300 
mation Service, 3 miles north~ B 16.0 37.2 38.1 8. 7 . 73 .............. .............. ............... .............. 4,940 
east of Williston, N.Dak. c ....... 44.3 45.3 10.4 .87 ------- .............. .............. .............. 5,875 

D ............. 49.5 50.5 . ............ .97 ............. .............. ------- .. .......... 6,555 

~~ 

~-~~ 
.ll,WO 

14485 Scranton mine of Charles Lid- sw. 24 131 100 ------- 22.5 A 34.8 31.1 26.0 8.1 .66' .............. .............. ............ ............. 3,840 
dell~ Scranton, N.Dak. · B 15.9 40.1 33.5 10.5 .85 .......... ------- . .......... 4,960 

c -- ... -.. 47.7 39.8 12.5 1.01 ··---·- 5,890 
D -·-··-· 54.5 45.5 --····· 1.15 ............. ......... . ......... .............. 6, 730 

~m 
~m 
~~ 
1~1~ 

a Volatlle matter in analyses 14542, 14544, 14729, 17537F, 12533, and 14485 was determined by the modified official method. See Bu. Mines Bull. 22, p. _2, 1913. 
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Laboratory No. 14542.-Bample from the Haynes lignite bed, Fort Union formation, 
in-the Nipper & Monroe mine, 3! miles northeast of Haynes, collected in regular- man­

. ner by E. R. Lloyd on July 30, 1912. Sample taken in entry about 630 feet nearly 
due east from the mine mouth. The thickness of the bed at this pofut is about 12 feet, 
of which the lower 8 feet 3 inches is being mined and was sampled. 

Laboratory No. 14544.-Sample from the Haynes lignite bed, Fort Union formation, 
in mine of William Pinkham, about 9 miles northeast of Haynes, collected in regular 
manner by E. R. Lloyd on July 30, 1912. Sample taken in main entry about 225 feet 1 
south from the mine mouth. The thickness of the bed is about 12 feet, of which the 
lower 8 feet 10 inches is being mined and was sampled ·(section 8, Pl. XIII, p. 282.) _ 

Laboratory No. 14729.-Sample from the Haynes (?) lignite bed in the Jones mine 
of J. T. Dunn, about 2 miles west of Leith, collected in the regular manner by K R. 
Lloyd on September 7, 1912. Sample taken in a room about 75 feet southwest ~rom 
the mine shaft. The thickness of the bed is about 8 feet 6 inches,' of which the lower 
5 feet 6 inches is being mined and was sampled (section 152, Pl. XIII). 

Laboratory No. 17537 F.-Sample from the Haynes (?) lignite bed in the Kolbank 
mine of Simon Pederson, about 1! miles southwest of Leith, collected in regular man­
ner by E. R. Lloyd on July 10, 1913. Sample taken in room about 70 feet south of the 
mine mouth. The thickness of the bed at the mouth is 7 feet 9 inches, of which the 
lower 4 feet 10 inches is being mined and was sampled (section 188, Pl. XIV, p. 290.) 

LaboratOT?J No. 7481.-Bample from a bed of lignite in the Lance formation., 
in the McCord mine (strip pit) on the north side of Cedar Creek, in the NE. ! sec. 5, 
T. 129 N., R. 88 W., about 8 miles northeast of Morristown, S. Dak., collected in 
regular manner by A. L. Beekly in 1909. The bed has a thickness of 2 feet 2 inches, 
all of which was sampled. The sample was necessarily somewhat weathered, but 
represents fairly well the· character of the lignite. 

Laboratory Nos. 7839 and 7842.-Samples collected in regular manner by A. L. 
Beekly in 1909 from prospect pits on the south side of Cedar Creek, T. 129 N., R. 88 W. 
They are from the same bed as sample No. 7481 and are also slightly weathered. 

Laboratory No. 1935.-Sample from a lignite bed in the Fort Union formation from 
mine of Washburn Lignite Coal Co., Wilton, McLean County, N.Dak., collected in 
regular manner by M. R. Campbell on August 3, 1905, at a distance of 1, 750 feet from 
shaft. The thickness of the bed at this point is 9 feet 6 inches, of which the lower 
6 feet 6 inches was sampled. 

Laboratory No. 1971.-Sample from a lignite bed in Fort Union formation in min.e of 
Consolidated Coal Co., at Lehigh, Stark County, N. Dak., collected in regular manner 
by M. R. Ca:mpbell on August 5, 1905, at a distance of 1,900 feet from the mine mouth. 
The thickness of the bed at this point is 6 feet 4 inches, of which the lower 5 feet was 
sampled. · 

Laboratory No. 12533.-Sample from a lignite bed in Fort Union formation, from 
mine of United States Reclamation Ser-vice, 3 miles northeast of Williston, Williams 
County, N.Dak., collected in regular manner by F. A. Herald on August 16, 1911, 
at a distance of 1,225 feet east from the mine mouth. The thickness of the bed at this 
point is 10 feet 3 inches, of which the lower 8 feet was sampled . 
. Laboratory No. 14485.-Sample from Harmon(?) lignite bed, Fort Union formation, 

from the Scranton mine of Charles Liddell, Scranton, Bowman County, N. Dak., 
collected in regular manner by C. J. Hares on June 30, 1912, from face of east entry 
1,000 feet from mine mouth. The total thickness of the bed is 20 feet 3! inches. The 
sample represents 6 feet near the middle of the bed. · 

In a general way the comparative values of the lignite from differ­
ent mines and different beds can be obtained from the heating values 
of the air-dried sample (form B of analysis). I~ the ~nalyses .. from 
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· the Cannonball River field, however, this criterion is at fault. In 
,_,. three of these analyses, the :first, second, and fourth given in the above 

_;\ table, the air-drying loss is comparatively small, which is probably 
due to the slightly weathered co:p.dition of the lignite sampled. As 

· 
1 

a result, the other sample-the third in the table-gave a much higher 
heating value in the air-dried form of analysis, although it has a 

/lower heating value in all the other forms. The results of the three 
f analyses of lignite beds in the Lance formation must be considered 
, as of comparatively little value on account of the weathered condition 
> of the samples. They suggest, however, that the Lance lignite is 
J probably of a little higher grade than.that from the Fort Union. 

In all lignites the percentage of mois.ture is very high. 0~ expo-
1 sure to air a considerable part of this moisture is evaporated and a 
¥ resultant shrinkage takes place, causing the lignite to check or break 
( up into small pieces. The percentage of sulphur represented in the 
; analyses is higher tha-n in the lignites of some portions of the plains 
J 

basins, but it is not so high as in other regions. It occurs in the 

J

. form of nodules or balls of pyrite or marcasite distributed along both 
joint and bedding planes. 

~ In the analyses of samples from the Cannonball River field, and 
! ) in some of the others given in the above ta"l?le, the volatile matter 
/ was determined by a new or modified meth<;>d. This method involved 

a ·preliminary heating of the lignite before- subjecting it to a tem­
perature high enough to drive off the volatile matter. In the 
standard method the higher heat· is applied at once, a process which 
when applied to lignite is apt to cause sputtering with attendant 
mechanical loss of particles of the· sample. This loss affects chiefly 
the :fixed carbon, so that when the modified method is used the 
determined percentage of that constituent is· generally higher, in 
some analyses as much as 20 per cent. 

In addition to the careful analyses made by the Bureau of Mines 
a number of supplementary chemical tests were made with a small 

~ portable outfit during the progress of field work. These tests were 
made in order to determine in a number of samples the percentage of 
moisture set free on air drying and the percentage of noncoPJ,bustible 
material' or ash. This work was done by C. E. Lesher, of the United 
States Geological Survey, in September, 1912. The samples were all 
taken in the west-central part of the field. The most important 

.. results of these tests are presented in tabular form on page 260: 



Location. 

No. Name. 
Sec. I T. N. 

Tests on lignite samplesjrom the Cannonball River l~gnitefield. 

[Made by C. E. Lesher, September, 1912.] 

Loca-
tion onl Air- I Form 

ma drying of 
R. w. 1 (Pf loss. a~aly-

Xill). SlS.G 

Proximate. 

Vola- ·J Fixed 
Mois- I tile carbon. 
ture. matter. · 

Ash. 

Color of 
ash. Luster, weathering, and other characters. 

I I 1---1---1---!---1---1---1---l---l 1-------------------
. Kelch's strip pit ........ 4 132 91 93 21 B. 10 .34 40 16 .................... Total thickness of bed, 64 inches. Lignite, partly 

weathered. 
2 Compton's strip pit ..... 10 133 90 111 ............... A ... ......... ............. ................ 16.5 Yellow .•.. Dull, platy, from fresh surface 18 inches back from 

face. 
3 .•... do ..••••••....•..... 10 133 90 111 -- .......... A ............ ... ........... 10 Red ....... Dull platy, 'from weathered surface. 
4 .•..• do .•..•.•.••........ 10 133 90 111 ................. A .. ............. ............ ............. 4.5 Yellow .•.. Bright, massive, conchoidal, from fresh surface 18 

inches back from face. 
5 .•... do .•..•...••••...... 10 133 90 111 ............... A . ............. ........... .. .......... 5 White .•... Bright, massive, conchoidal, from weathered sur-

' face. . 
6 ..... do ....•...•........ ; 10 133 90 111 ................. B .............. .............. ............. 12 . ..................... Hard to burn off. Mineral charcoal. 
7 Dele bar's strip pit ...... 15 133 90 107 ................ ,A .. ............... ................ ... ............. 3 White •.•.. Woody, fibrous material. 
8 ••..• do ..........•....... 15 133 90 107 ................. A ............... .................. ................. 23.5 ·oz=ay.:::::: Dirtbfaartlng, dull, dry. 
9 ....• do .................. 15 133 90 107 33 B ····a:s· ·····a6· 14 Soft ack material, weathered. 

10 Well •..•................ 32 133 90 99 29 B 46 14 ................. From well under water. 
11 Coffin Butte strip pit •.. 34 132 90 98 21 B ................ .............. ............... 7.5 .. ................. Upper bench of bed. Good lignite. 
12 ..... do ......•••......... 34 132 90 98 21 B ............... .............. .. ............. 14 .. ..................... Lower bench of bed. Lignite 2 feet 3 inches, shale 

1 inch. 
13 ..... do .....•••••........ 34 132 90 98 32 B .............. ......... ................. 2.5 Red .•..... Good lignite. 
.14 ....• do .......••......... 34 132 90 98 11 B 54.5 --·--------- Parting, sandy. 
15 Strip pit ................ 26 133 90 104 32 B 6 ................... Weathered top of bed appears very dirty. 
16 ....• do ........ ~·········· 26 132 '91 65 38 B 23 .................... Carbonaceous material with thin streaks of good 

....• do •...........•.•.•. B Red.: ..•.. 
· lignite, weathered. 

17 27 132 90 97 44 ,23 Very softb weathered at top of bed. 
18 ..... do ........•...•..... 33 132 91 55 15 B 50 White ..... Parting, one. 
19 Jones mine •••.......... 12 133 88 152 11 B 33 ....................... Bone. 
20 ..... do .................. 12 133 88 . 152 23 B ··-----· ................... ------·· 32.5 --------·--- Lignite (?). 
21 ..... do ..•............... 12 133 88 152 33 B ................. ............... ............... 13 .. ....................... Standard sample. Chemical Laboratory No.14729. 

a A indicates sample as taken from mine; B indicates air-dried sample. 
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The results of these tests, which were purposely made on material 

/ 
91' of all grades of purity, are particularly important for reference during 

the course of field work, as the most variabl.e element in the North 
.Dakota ligilltes is the amount of ash. For purposes of land classifica-
tion it is assumed arbit:rarily that lignite or coal does not contain 
over 33 per cent· ash. If the percentage is higher and the material 

/ otherwise similar, it is called bone. The work carri·ed on by Mr. ·Lesher 
.J..; was· particularly efficacious in determining the character of material 

which lies near this border line. For example, Nos. 8, 9, 16, and 17 
represent :finely divided material the value of which could not be told 
owing to the much weathered state in which it was found. The tests, 

), 
) 

) 

however, showed that the ash content of all four samples is below 33 
l per cent and that in one, No. 9, it is sufficiently low to class the 
~ material as high-grade lignite. Nos. 19 and 20 represent a parting 
/ which in the mine examination was classed as bone. The analyses 

showed it to be at the dividing lme. Two samples, Nos. 7 and 13, 

/ 

,; 

j 

were selected fragments of the best quality of lignite and show that 
the minimum amount of ash in lignite is about 2.5 per cent. 

MINING DEVELOPMENT. 

At the tim·es of the examination (1912 and 1913) there were only 
two important mining districts in the Cannonball field, one in ·T. ·129 
N., R. 94 W., north of Haynes, and the. other in T. 133 N., Rs. 87 .and 
88 W. Strip pits have also been opened and lignite taken out for 
local use in nearly all parts of the field. In the Haynes district, 
T . .129 N., R. 94 W., the lignite underlies a high narrow ridge and is 
11.to 13 feet thick. Five drift mines have been opened and supply 
the local trade for 15 or 20 miles to the east and south. A· small 
quantity of lignite is hauled in wa,gons to Haynes and shipped on the 
railroad. The two largest mine_s are the Nipper & Monroe mine in 
sec. 16 and the Brown mine of the Haynes Coal & Mining Co. in sec. 8, 
both of which are shipping mines. Two other mines, the Stephenson 
& Gunderson, in sec.· 15, and the mine of the Claremont Coal Co., in 
sec. 16, depend chiefly on the local demand. At the Farmers mine 
of the Haynes Coal Association, in sec. 9, mining has been done both 
by stripping and by drifting, but the mine was not in operation at 
the time of examination in August, 1912. In the vicinity of Leith 
there are two important mines, one a drift mine, in sec. 7, T. 133 N., 
R. 87 W., which is owned by Simon Pederson, and the other a shaft 
mine, in sec. 12, T. 133 N., R. 88 W., owned. by John T. Dunn. 
Although neither of these js a shipping mine, they supply a_ large 
local demand. The main lignite bed in this locality varies co.nsider­
ably in thickness, reaching a maximum of about 8 feet 6 inches. 
· In sec. 3.6, T. 130 N., R. 94 W., a small drift mine, operated by 

William Pinkham, supplies the local demand. All these mines, 
except that of Simon Pederson, are dry, but the lignite on analysis 
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shows the characteristically high moisture content. At all of these 
places only the lower part of the bed is mined, as the shale or clay ~ 
shaleoverlying the lignite is too weak to serve as a roof, and 2 or 2! \ 
feet of lignite must be left for that purpose. 
, The lignite in nearly all the mines is shot from the solid, a very 
wasteful method, in which ·nearly a third of the lignite is broken in 
small fragments and left in the mine. This method of milling is\ 
particularly inexcusable in the Haynes district, where the supply :._~ 
of lignite is very limited. The writer estimated that over one-half· 
of the bed was being wa~ted or rendered useless by this practice. 

In all parts of the field lignite is obtained for local use by stripping 
off the surface material near the outcrop. Although the labor 
involved in this· process is comparatively great it seems to be at . 
present the most economical method of supplying the local demand, ~ 
·except where the bed is 6 or 7 feet thick The bottoms of most of \ 
these strip pits are filled with water, which is one of the most serious , 
obstacles to this method of mining. 

The most ·extensive stripping examined is the Merry mine in 
sec. 34, T. 132 N., R. 93 W., half a mile north of the boundary of the 

.field .. Here the lignite bed has a thickness of 10 feet, and the pit is 
easily drained. Mining at· this point, however, could be carried on 
more ·profitably by a drift. \ 

Some of the difficulties affecting mining have already been men­
tioned. Many of the lignite beds, which are commonly inclosed 
by beds of relatively-impervious shale, fm;m channels for underground 
water, which issue at the outcrop as springs. It will in general, 
therefore, be necessary that drift mines be opened on north or north­
east slopes so that the entries follow the slight but general rise of the 
beds, which is to the southwest, and which it is believ~d will be suf­
ficient to furnish natural drainage. 

The mostserious drawback to mining in this field is the character 
of the overlying shale or clay shale, which is so weak that it can not 
be used as a roof, so that part of the top of the bed must be left for 
this purpose. For this reason only the thicker beds can at present 
be mined, except by surface stripping. 

The lignite is at present used generally for domestic purposes and 
to some extent for steaming. The low grade of the fuel and its 
extremely poor stocking qualities render it unfit for shipping in open 
car~, so that development for some years at least will be governed by 
the local demand. Experiments made by the ~ureau of Mines at 
Pittsburgh 1 and by the experiment station of the North Dakota . 

. School of Mines 2 have proved that the North Dakota lignites can be 

1 Wright, C. L., Briquetting tests of lignite at Pittsburgh, Pa., 1908-9, Bu. Mines Bull. 14, 1911. 
s Babcock, E. J., Investigations of lignite coal relative to the production of gas and briquets: Rept. 

School of Mines and Experimental Station of North ·Dakota, 1911. 
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made into briquets at a cost-which would place them on the market 
~ in favorable competition. with high-grade coals. 

DESCRIPTION BY TOWNSHIPS. 

The following description of the· Cannonball lignite field deals with 
township units, beginning with T. 129 N., R. 95 W. The ranges are 
described in order from west to east and in each range the townships 

t· are considered from south to north. The .townships shown on 
1 Plate XIII (p. 282) are described first. 

~ 
') 

I 

./ 

The lignite beds in each township are described in order, beginning 
with the lowest. All places where examination of the lignite was 
made and many places whe_re it was reported to be present were 
accurately located, and their positions are shown on the maps by 
location numbers .. The lignite sections measured at these places are 
numbered correspondingly, and reference from the text to the maps 
and graphic sections is made by means of these numbers. 

T. 129 N., R. 95 W. 

The surface of ':f. 129 N., R. 95 W., is a broad rolling prairie inter­
rupted ·by a few prominent sandstone-capped buttes. Flat Creek 
flows eastward across the central part of the township and drains the 
greater part of its area. The main line of the Chicago, Milwaukee & 
St. Paul Railway crosses the central part of the township in an east­
west direction. I-Iettinger is situated on that road in sec. 13 of the 
township adjoining on the west. All the rocks exposed in the town­
ship belong to the Fort Union formation. The highest land is in the 
northeastern part, in sees. 1 arid 2, where a high rounded ridge strewn 
with quartzitic.bowlders extends westward from T. 129 N., R. 94 W. 

The principal lignite bed of the region, to which the name Haynes 
lignite bed is applied, underlies the ridge in sees. 1 and 2, its presence 
being shown at a few points by mounds of red clinker and by black 
dust or "blossom" at the surface. Otherwise it is concealed, and 
no measurement of its thickness could be made nearer than the mine 
of the Haynes Coal Co., in sec. 8, T. 129 N., R. ·94 W., where it is 
13 feet thick. A thin bed of lignite at a lower horizon underlies some 
of the buttes in the southern. part of the township and was measured 
at locations 1 and 2 in sees. 25 and 28, where thicknesses of 1 foot 
7 inches and 1 foot 4 inches, respectively, were found. 

T. 129 N., R. 94 W. 

The most prominent topographic feature of T. 129 N., R. 94 W., 
is a high rounded ridge extending from sec. 6 southeast into sec. 22. 

·The surface slopes gradually away from this divide to the valleys of 
Duck Creek on the north and· Flat Creek on the south. South of 
Flat Creek,· along the southern border of the township, there is a· 
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series of prominent buttes capped with 30 to 40 feet of resistant sand-
-stone. The main line of the Chicago, Milwaukee & St. Paul Railway ';of 

crosses the southern part of the township in a southeast-northwest 
direction. The town of Haynes is located on that road in sec. 29. 

The rocks that outcrop in the township belong to the Fort Union 
formation except in a part of the vailey of Flat Creek, .where the : 
upper part of the Cannonball marine member of the Lance formation \ 
appears at the surface. \! 

The most important bed of lignite in the Cannonball River field, .l 

the I-Iaynes bed, underlies the high ridge in the northwest-central \ 
l part of the township. It is being mined in four drift mines in sees. 8 

(location 3), 15 (location 6), ~nd 16 (locations 4 and 5). A fifth 
mine in sec. 9 (location 7) was not in operation in the summer of 1912. · 
Except for a few small mounds of reddened clinker there is no 1"'­

surface indication of this bed, and it was first found in a well in the \ 
SW. 1 sec. 9. All five of the mines lie within a radius of less than a 
mile and show little variation in the character of the lignite or the 
thickness of the bed, which ranges from 10 feet in the Stephenson & 
Gunderson mine (location 6, Pl. XIII, p. 282) to 13 feet in the Brown \ 
mine (location 3). The tops of the hills south of the village of Haynes 'Ill 

are at about the altitude of this bed, but owing to the dip of the strata 
are stratigraphically lower, and the bed is therefore not present in \_ 
that locality. A sample for chemical analysis was obtained from 
the Nipper & Monroe mine (location 4), the results of which are 
shown in the table on page 16. Sections measured in two· of the 
·mines are shown in Plate XIII (locations 5 and 6). 

T. 130 N., R. 94 W. 

The surface of T. 130 N., R. 94 W.,_ is for the most part rolling 
prairie, interrupted by a number of prominent buttes in the eastern 
and central parts of the township. All the outcropping strata belong 
to the lower 200 feet of the Fort Union formation. The high buttes 
are underlain by the Haynes lignite bed, but the lignite has been 
burned extensively and much of the neighboring surface is strewn 
with blocks of reddened clinker or with small mounds of the same 
material. In only a few of ·the larger buttes is the lignite preserved 
unburned. 

Two mines are in operation in the township, one a strip pit in sec. 3 
. (section 9, Pl. XIII), now partly filled with water, and the other a 
drift mine operated by William Pinkham, in the NW. i sec. 36 (sec­
tion 8, Pl. XIII). The lower part of tlie bed in the strip pit at loca­
tion 9 could not be examined, but- the thickness is reported to be 13 
feet; it is separated by 2 feet 4 iriches ·of shale from a 2-foot bed of 
impure lignite above. At location 8 the main bed is reported to be 
12 feet thi~k and the upper bed 1 foot 6 inches thick. A sample of the 
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lower 8 feet 10 inches of the bed was obtained from this mine, the 
y analysis of which is given in the table on page 256. · 

\ 
j 

T. 129 N., R. 93 W. 

The greater part ofT. 129 N., R. 93 W., is drained by Duck Creek, 
, which flows eastward across the north-central part. The rolling 

· /prairie, which is characteristic of most of the township, is interrupted 
.... ~- by numerous prominent buttes, many of which are capped by a resist­

ant sandstone. The main line of the Chicago, Milwaukee & St. Paul 
{. Railway crosses _the southern part of the township in an east-west 

direction.· The town of Petrel lies in sec. 35, and White Butte post 
office, S. Dak., is· a few hundred feet south of the south line of sec. 

' 31. The rocks belong to the lower 200 feet of the Fort Union forma-
~ tio:r;1 and to the upper part of the Cannonball marine member of the 

Lanc.e formation. The tops of the highest buttes in sees. 4 and 25 
are capped with reddened clinker, showing the former. presence of 
a bed of lignite, which is now entirely burned out. This bed was 

J
. presumably the Haynes lignite bed. 

T. 130 N., R. 93 W. 

Cedar Creek flows southeast across the central part of T. 130 N., 
J R. 93 W., and drai_ns the entire area of th,e township. All the rocks 

belong to the Fort Union formation except those in a small area in the· 
creek valley in the southeastern part of the township, where the upper 
beds of the Cannonball marine member of the. Lance formation are 
exposed. 

The Haynes lignite bed outcrops near the tops of a few high rocky 
buttes in sees. 30, 31, and 32. In this locality it has been extensively 
burned, however, and· probably only a very small quantity of lignite 
remains. A bed of lignite, presumably also the Haynes, underlies 

. the low hills in the northeastern corner of the township. It is for the 
most part concealed at the outcrop, and surface indications were found 
at· only two places. At the Maire mine, in theSE. i sec. 1 (location 
11)', some.lignite has been removed by stripping the overlying surface 
material. The bed at this place has a thickness of about 7 feet, part 
of which is under water. At the other locality, in the SE. 1 sec. 2 
(location 10), only some weathered lignite· and ashes are exposed on 
the surf ace. · 

T. 131 N., R. 93 W. 

A series of high rocky buttes, the divide between Cedar 'Creek and 
Timber Creek, extends across T. 131 N., R. 93 W., in a general north­
west-southeast direGtion. On either si<;le of this divide the surface 
slopes gently downward toward the valleys of the two streams. The 
higher buttes are strewn, with large quartzitic bowlders, and practi-
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cally the whole area is grass covered. All the rocks belongtotheFort 
Union formation, but exposures are in general poor. ~· 

At least one bed of lignite underlies the central part of the town- r 
ship and is correlated with the Haynes bed. Its outcrop, as shown \ 
on the map (.Pl. 4-III), is located as accurately as the available data 

_would permit. Farther east, in T. 131 N., R. 92 W., two other beds. 
have been found, one about 50 feet and the other nearly l50 feet higher\ 
in the section. As the hills in T. 131 N., R. 93.W., rise nearly 200

1
, .... 

feet above the level of the Haynes coal, it is probable that one or both 
of these higher beds are present in the township but are concealed. \ · 

The Haynes bed was examined at a few places in this township L 

and surface indications were found at several other places. In the 
SW.! sec. 5 (location 12) a strong spring issues from a bed of lignite, , 
which is probably the Haynes bed. No measurement, however, was '"' · 
made and no evidence was obtained with regard to the -bed from that \ 
place to the southeast as far as sec. 28, where, on the west side of 
the hill, there is a small but prominent mound of clinker. At the 
south end of the same hill a section was· measured (location 13), but l 
only 1 foot 4 inches of weathered lignite and ash was found. Two 
other sections were measured south of the ridge, one in the SW. i sec. . 

I 

27 (location 14) and the other near the west quarter corner of sec. - · 
35 (section 15, Pl. XIII, p. 282). The thicknesses measured ~t· these \ 
places were 5 feet 6 inches and 5 feet 5 inches, respectively, but at both ._ 
places the top of the bed was slightly burned. Small mounds of 
clinker at a few places in sec. 34 show where the bed has been burned 
at the outcrop. North of the divide, in theSE. i sec. 12 (location 16) 
weathered lignite was reported in a well, and on a small stream near 
the center of sec. 13 (location 17) 1 foot 2 inches of the base of the bed 
was found, but the upper part had been eroded away. At Olsen's 
mine, in the SW. i sec. 11 (location 18); the greater part of the bed is 
under water. Mr. Olsen reports that there is 3 feet of good lignite, 
and the writer has estimated that the weathered and burned material 
above represents at least 2 feet more. The bed was found in a well 
in the NW. i sec. 2 (location 19), but the thickness is not known. r~ 

Half a mile north of the township line, at Merry's mine, in sec. 34, T. 
132 N., R. 93 W. (section 20, Pl. XIII), the bed has a tp.ickness of 10 
feet, aU of which is g'ood lignite. A considerable amount of lignite 
has been remov;ed for local use. 

T. 129 N., R. 92 W. 

The most prominent topographic feature in T. 129 N., R. 92 W., 
is a series, of high rocky buttes in the east-central part of the area, 
which were known to the. early explorers in the region as Les Belles 
Pierres Hills from the apundance of colored pebbles scattered over 
their tops. North of the hills the slope is steep, but to the south it 
is comparatively gradual down to the rolling prairie country around 

.I 
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Lemmon, S. Dak. The drainage is to the north toward Cedar Creek. 
The main line of the Chicago, Milwaukee & St. Paul Railway-crosses 
th'e southern part of the township in an east-west direction. Lemmon 
is located on that road at the State line south of sec. 35. 

The rocks that outcrop in most of this township belong to the Fort 
Union formation, but in the valleys of Duck Creek and a small creek 
in sec. 2 the upper part of the Cannonball marine member of the Lance 
formation is exposed. 

The horizpn of the Haynes lignite bed lies from 75 to 100 feet below 
the tops of the higher hills, but no evidence of any bed of lignite more 
than a few inches in thickness could be found in the township. 

T. 130 N.,.R. 92 W. 

, Cedar Creek flows eastward across the southern part of T. 130 N.; 
R. 92 W., and drains its entire area .. South of the stream the surface 
rises steeply toward ;Les Belles Pierres Hills, but to the north the slope 
is much more gradual. The rocks belong to the upper part of the 
Cannonball marine member of the Lance formation and to the Fort 
Union formation, the former outcropping only in the valley of Cedar 
Creek. The Cannonball member is well exposed in the bluffs of the 
creek, but the Fort Union is .for the most part concealed by a heavy 
mantle of soil. The high hills along the north border of the township 
are almost covered with large residual blocks of quartzitic material, a 
bed of which, apparently in place, forms the top of Spring Butte in 
sec. 4. ' · 

A lignite bed, which is believed to be the I-Iaynes bed, underlies 
the higher land in the northern part of the township, but its outcrop 
is for the most part concealed. On the southwest side of Spring 
Butte, in sec. 4 (location 21), the bed has been mined to some extent 
for local use, but the bottom of the pit is now under water. At this 
place 4 feet 5 inches of lignite is exposed. On the other side of Spring 
Butte, also in sec. 4, is the Spring Butte ·strip pit (location 22) in 
which 4 feet of lignite is exposed above ~he water in the bottom of the 
pit. The measurements obtained in strip pits in T. 131 N., R. 92 W., 
indicate that the bed is thinner toward the east. · 

Near the top of Spring Butte, in sec. 4 (location 23), a bed of lig­
nite about 2 feet thick is exposed. about 150 feet above the Haynes 
bed. A bed of lignite less ·than 2 feet thick·was found at ~ corre- ' 
sponding altitude on a high butte near the north line of sec. 1. · · 

T. 131 N., R. 92 W. 

T. 131 N., R. 92 W., is an area of very broad fertile valleys sepa­
rated by high rocky ridges. The greater part of the township is · 
drained by small streams flowing toward the north and. east into 
Timber Creek, which crosses its northeastern corner. The main 
divide extends across the southern part of the township, but two high 
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spurs extend into the northwest and east-central parts. All the rocks 
belong to the .~ort Union formation, but there are very few natural ·~~ 
exposures. 

At least two lignite beds ou~crop in the township, but the data are so \ 
meager that correlations of the various exposures and well records 
are not invariably certain. The lower bed, which is supposed to be \ 
the same as the Haynes lignite bed, underlies the greater part of the \ 
township, except· in parts of the valleys to the northeast and east. . The ·---~ 
upper bed is about 50 feet higher and underlies only the buttes. ~ 

The ouhtcrops of theh bedsdas show
1
n on the I?ap w

1
ere sketched largely 'il 

from t e .topograp y an are on y approXImate y correct. 
On the south side of the divide between Cedar and Timber creeks 

the lower bed has been mined at two places, at Rogers's strip pit in the 
SE. i sec. 31 (location 24) and at Cooper's strip pit near the west line ". 

· of sec. ~5 (section 25, Pl. XIII). The Rogers mine is not operated ~) 
at present and is partly filled with water. The lignite exposed above 
water level has a thickness of 5 feet 8 inches. At. Cooper's mine, 
h
1 

ow
1
ever, whhere a1coh~siknderablef ahmobundt ?f Iig

1
nitefis bei~g hremovNed fohr ) 

oca use, t e tota t 1c ess o t e e 1s on y 3 eet 8 Inc es. ort \ 
of the main ridge, at Hubbard's mine, in theSE. l sec. 25 (section 26, 
Pl. XIII), the bed is only 1 foot 2 inches thick. A bed of lignite; ~ 
doubtfully correlated with the Haynes bed, outcrops in a steep bluff \ 
in theSE. i sec. 24 (location 27), where it has a thickness of only 1 foot. 
At Sheep Creek mine, in sec. 23 (location 28), the bottom of the bed is 
covered with water, but 3 feet 2 inches of lignite is. exposed above 
water leveL The five localities mentioned above are the only places 
in the township where the bed could be examined. At a number of 
places, however, in the western part of the township, lignite at about 
the horizon of the Haynes bed is reported in wells. These reported 
sections ·are as follows: 

No. on 
mar . (P. 

XIII). 

29 
30 
31 
32 
33 
34 

Lignite sections, probably on Haynes bed, reported in T. 191 N., R. 92 W. 

[In addition to sections described in text and shown on Pl. XIII.] 

No. on 
Location. Section. map 

(Pl. Location. Section . 
XIII). 

Ft. in .. 
35 NW. i sec.lO .. Lignite in well..... 2 6 SW. i sec. 29 .. Lignite in spring .. 

SE. i sec. 20 ... Lignite in well..... 3 36 SE. i sec. 30 ... Lignite in well ••.•• 
NW. 3;sec .. 28 .. Lignite in well..... 2 37 SE. sec.18 ... Lignite in well .. .' .• 
SE. i sec. 28 ... Lignite in well.. .•• (a) 38 SE. sec. 4 •... Lignite in well .•..• 
sw. i sec. Zl .• Lignite in well.... . 7 39 NE.\sec.4 .... Lignite in well ..... 
SW. i sec. 28 .. Lignite in well.... . 6 40 SW. sec. 5 ... Lignite in welL .. : 

.a Unknown. -

Feet. 

~~~ 
2+ 
~a) 
a) 
3 

The upper bed is exposed at only one place in the township, a· 
prospect in the SE. l sec. 11 (section 44, Pl. XIII, p. 282). At this 
place it has a thickness of 5 feet 5 inches. Lignite at about this 
horizon was reported to have been found in several wells in the town-

.A 
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ship, indicating that the bed probably has a thickness of 3 to 6 feet, 
." .. at least in the eastern part of the township. 

·-, Lignite sections reported on bed about 50 feet above Haynes lignite bed in T. 131 N., R. 

\ 

1J 

·,, 

' 

1 

92 w. ' 
[In addition to section shown on Pl. XIII.] 

No. on No. on ' 

mar. 
(P. Location. Section. maf. 

(P. Location. Section. 
XIII). XIII). 

Ft. in. 
NW. i sec. 22 .. 

Feet. 
41 SW. \sec. 26 .. qgn!te !n well..... (a~ 45 Li~te in well ..•... :a 
42 NW. sec.26 .. Ligrute m well..: .. (a 46 NE. i sec. 8 •.. Lignite dust 
43 SE. i sec.14 ... Lignite in well..... 1 6 brou~ht up by 

prairie dogs. 

a Unknown. 

T. 129 N., R. 91 W. 

Les Belles Pierres Hills extend from the west more th_an halfway 
across. the no~th-central part ofT. 129 N:, R. 91 W. The northern 
slope of the hills is broken into a s~ries of steep bluffs separated by 
wide benches. South of the hills is a smooth, gently rolling prairie. 
The drainage of the entire township is to the· north toward Cedar 
Creek. The main line of the Chicago, Milwaukee & St. Paul Railway 
crosses the southern part of the township in an east-west direction . 

. The. Cannonball maririe meniber of the Lance formation is exposed 
in the valleys of Plum Creek and other northward-flowing streams.. 
Fort Union strata underlie all the higher portion of the township. 
Beds of resis.tant s.andsto:rie belongillg to this formation form promi­
nent escarpments on the sides of the higher hills, but over· the greater 
part of the township rock exposures are very few. No. lignite was 
foWld or reported within the township. 

T. 130 N., R. 91 W. 

Cedar Creek flows. eastward acros$ the southern part ofT. 130 N., 
R. 91 W., and with its principal tributary, Timber C:reek, drains 
the entire area. South of the creek the bluffs rise s.omewhat abruptly 
toward Les Belles Pierres Hills, but to the north there is a ·more 
gradual slope. ·Rocks belonging to the Cannonball marine member 
of the Lance formation outcrop in the valleys of Cedar and Timber 
creeks in the northeastern corner of the township. These rocks are 

· well exposed in the creek bluff about a mile east of Stowers post 
office and at a few other points along the creek. They are overlain 
by the lower part of the Fort Union forma:tion·, which occupies only 
a small part of the area. 

A lignite bed which is correlated with the Haynes bed underlies 
a high butte along .the north line of sees. 5 aD:d' 6. No exposure of 
the bed was found in this township, but in a well in the NE. ! sec. 6 
(location 48) 2 feet of weathered lignite was reported at a depth of 26 
feet. No evidence of the higher ·beds was found in this township. 
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T. 131 N., R. 91 W. 

Timber Creek ~ows southeastward across the central part ofT. 131 ~. 
N·., R. 91 W., and drains the entir~ area. The surface is for the most 
·part a rolling prairie, rising to a series of rough buttes in the northern , , 
part of the township, and to a high ridge in the southwestern corner. ( 
The outcropping rocks belong to the Fort Union formation except in \ 
the low, flat area along Timber Creek and its tributaries in the south- \ .. 
eastern corner of the township, ·where the upper part of the Cannon- . 
ball marine member of the Lance formation appears at the surface. ' 

( 
There is evidence that three beds of lignite outcrop within the \• 

township, but exposures are so few that correlations are very unsat­
isfactory. The lowest-bed outcrops in the steep bluffs of a branch of 
Timber Creek in sec. 9 (location 49), where it has a thickness of 1 foot 
9 inches. Lignite at about the same horizon was reported in two 
wells, one in the SW. l sec. 10 (location 50), where the thickness is 
unknown, and the other in·the NW. l sec. 14 (location 51), where the 
thickness is 2 feet. The next higher bed of lignite, which is corre­
lated with the IIaynes bed, is not exposed within the township, but a 
well in theSE. l sec. 2 (location 52) reached the top of a bed of lignite 
which is at about· the horizon of that bed. Just north of the town­
ship line, in the SE. i sec. 33, T. 132 N., R. 91 W. (section 55, Pl. 

· XIII, p. 282), the bed has a thickness of 6 feet 6 inches. 
In the SE. i sec. 31 (section 53, Pl. XIII) a hed of lignite 4 feet 

10 inches thick is exposed in an abandoned strip pit. This bed is 
about 50 feet above the Haynes bed. It is not exposed in the 
northern part of the township, but its horiz~n is indicated by mounds 
of clinker at a number of places. · 

T. 132 N., R. 91 W. 

A high, irregular upland area extends across the central ·part of 
T. 132 N., R. 91 W., forming the divide between Cannonball River 
and Cedar Creek. The whole township is characterized by nearly 
flat-topped hills with moderately ·steep slopes. The rocks all belong 
to the Fort Union formation and, as in other parts of the field, are 
covered with a heavy mantle of soil. 

Two beds of lignite outcrop within the township, the lower of 
which is doubtfully correlated with the Haynes bed. In the southern 
part of the township this bed has been mined by stripping at two 
places, in the NW. l sec. 31 (location 54) and in the SE. i sec. 33 
(section 55, Pl. XIII). At location 54 the pit is partly filled with 
water, and only 2 feet 2 inches of lignite was exposed. At location 55 
the bed is 6 feet 6 inches in thickness, but contains three thin part­
ings of shale and bone. Half a mile ·west of the township line, in 
~;~ec. 361 T. 132 N., R. 92. W. (location 47) 1 there is a strip pit in .which 

1/ 
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the bed is at least 6 feet 4 inches thick, the base being concealed by 
• water in the bottom of the pit. In the northern part of the township 

:a bed, which is probably the Haynes, is exposed in three strip pits, 
; and was reported to be present in several wells. At Kelch's mine, in 
/sec. 4 (section 63, Pl. XIII), the bed is 5 feet 4inches thick, but there 

~j is a considerable diminution in thickness toward the east. The lig­
. /nite sections on this bed in the northern part of the township are as 

'..1 follows: 

Lignite sections probably o~ the Haynes bed in the northern part ofT. 132 N., R. 91 W. 

[In addition to sections shown on Pl. XIII.] 

No. on No. on 
maf. Location. Section. map Location. Section. (P. (Pl. 

XIII). XIII). 

Tlt. in. 
SE. t sec. 10 

Ft. in. 
56 NE. isec.12. Lignite in well .... 1 60 Shale, ~ray. 

SE. i sec.'12. 
. (strip pit). Ligmte ........ 1 10 

57 L~nite in aban- Bone .......... 4 
oned prospect Lignite~······· 2+ 

full of water.... 2~3 Ba'le of bed be-
low water. 

58 SW.lsec.12. Lignite in well ... (a) ---
. Total lignite. 3 10+ 

59 NW.isec.12 Lignite in well ... (a) 
62 SE. l sec. 9. Lignite in well ... 5 

j a Unknown. 

, About 50 feet above the Haynes bed is a lignite bed which out­
\.crops at the base of a flat-topped hill in the southeastern part of the 

-.J 
1 toWnship. This bed is mined by stripping at two places in sec. 26 

(locations 65 and 66) ar;td was reported in wells in sec. 28 (location 64) 
and sec. 26 (location 67). The· section measured at location 66 is 

1-shown graphically on Plate XIII (p. 282). Both pits were partly filled 
. with water and only the approximate thickness could be ascertained. 
The bed is probably 5 feet or more in thickness in the southern part 

. ·.., 

-~ 

of the township. The partial sections obtained are as follows:-

Lignite sections. on bed 50 feet above the Haynes lignite bed in T. 132 N., R. 91 W. 

[In addition to section shown on Pl. XIII.] 

No. on 
map(Pl. 
XIII) . 

Location. Section. 

Ft. in. 
64 NE. t sec. 28 ........................... Lignite in well............................ (a) 

65 SW. t sec. 26 (strip pit) ................ Shale. 

~~~~~~---:::::::::::: : ::::::::::::::::::: 
Lignite ........................ _ .......... 5 

Base of bed below water. 

67 NW. i sec. 26 ...................... ~... Lignite hi well .. · ......................... . 

2 
3 
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T. 130 N., R .. 90 W. 

Cedar Creek flows eastward in a wide valley through the southern ' 
portion' of T. 130 N., R. 90 W., and is joined in the southeastern: , 
part by Timber Creek, its largest tributary. These valleys are sepa- ~ 
rated from the general upland level by a series of steep scarps and " 
wide benches. That part of the ·township lying south of Cedar. 'i 
Creek was examined 1 in 1909 and is not included in the Cannonball\, 
River field. ·The greater part of the township, with the exception .L' 

of the bluffs of Cedar and Timber creeks, is grass covered and rock 
exposures are few. The rocks in the township belong to the Cannon­
ball marine me.mber of the Lance formation and to the Fort Union r 

formation. Only 'the lower part of the Fort Union is exposed in the 
township and these strata are for the most part yellow sandstone. 
No lignite was found or reported within the town~hip. 

T. 131 N., R. 90 W. 

The principal topographic feature in T. 131 N., R. 90 W.; is a 
group of high rugged buttes in its northern and central parts. Else­
where in the township the country is rollirig prairie, covered with a 
heavy mantle of soil, and rock exposures are few. The rocks in the 
township belong to the Cannonball marine member of the Lance 1 

formation and to the Fort Union and White River formations with ~ 
surficial deposits of late Tertiary or Quaternary river gravels. The 
top of the Cannonball member appears in the valleys of two small. 1) 
streams in the southern part of· the township. Fort Union rocks \u­
outcrop throughout the remainder of the area, except on the tops of 
the highest buttes, which are capped by white marly limestone and 
sandstone of White River age. The deposits of river sand and '\ 
gravel are very conspicuous on the tops of. some of the buttes which 
are a little lower than the ba~e of the White River. 

The lignite beds are not so well exposed in this township as in areas .. 
to the north and west. The lowest bed is thin, and its presence is 
shown only by a small mound of clinker in theSE. i sec. 14 and by .. 
about a foot of lignite in two wells in the western part of the same 
section (locations 68 and 69). 

The next higher bed,_ which is doubtfully correlated with the Haynes '-1 

lignite bed, is reported to have a thickness of about 6 feet in an old well 
in sec. 8 (location 70). In sec. 22 (location 71), at about the same 
horizon, some lignite dust has been brought to the surface by badgers. 
In the NE. i sec. 23 (lqcation 72) 2·feet 9 inches of lignite is exposed, 
but the top of the bed is eroded away. The same bed was reached by 
a well in sec. 12 (location 73) and by two wells in sec. 4 (locations 74 

1 Calvert, W. R., and others, Geology of the Standing ~ock and Cheyenne River Indian reservations, "' 
North and South Dakota: U.S, Gaol, Survey Bult 575, p. 43, 1914, _ 



CANNONBALL RIVER LIGNITE FIELD, N. DAK. 273 

and 75). These data are insufficient for definite conclusions, but it 
. seems probable that the bed has a thickness of 3 to 7 feet under all 
, the high land in the northern part of the township. · 

· ~ A higher bed of lignite was found in a well in sec. 10 (location 76), 
.< where it was reported to have a thickness of 3 feet. In sec. 2 (loca­

;t/, tion 78), however, the following section was measured:. 

/) . Section at location 78, in theSE. t SW. t sec. 2, T. 181 N., R. 90 W. 

I Shale, carbonaceous. Ft. in. 
I ' 

;~~!~~ ~ ~ ·~ ~ ~ ·. ·. ·_· .· .· ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~: 
I 

I 
-~ 

~ 
J. 

' I 
I' 

J 
r 

Lignite ....................................... , ............ 1 6 
Shale, carbonaceous. 

3 2 

At several places in sees. 10 and 15, high up on the sides of the 
buttes, a considerable amount of reddened clinker shows where this 
lignite bed has been burned. The thickness of the bed in this part 
of the township co:uld not be determined: At a horizon possibly 
somewhat lower, in the SW. i sec. 12 (location 77), some prospecting 
has been done, but the bed examined was only a few inches thick. 

T. 132 N., R. 90 W. 

/ The surface in T. 132 N., R. 90 W., is for the most part smoothly 
.. rolling prairie interrupted by a few high rounded hills. Sheep Creek, _ 
l which flows northeast toward Cannonball River, drains the greater· 

_ / part of the township. The rocks are all Fort Union (Eocene) in age 
with the exception of 20 or 30 feet of fine-grained marly limestone of 
White River age (Oligocene) on the top of Coffin Butte in sec. 34. 
The beds dip to the northeast at about the same angle as the slope of 

/J the valley of Sheep Creek. 
\ The lowest bed of lignite in the township, which is doubtfully corre-

lated with the Haynes bed, outcrops in the valley of Sheep Creek not 
--:> far above the water level. In the central and eastern parts of the 

township the bed has been mined by strip.ping at a number of places 
and is also repo.rted to have been found in several wells. In a number 

. of the strip pits the bottom of the bed is concealed by water, so that 
: in only a few places could the complete thickness be measured. The 

minimum thickness is probably in sec. 1, where the bed contains over 
... 4 feet of lignite (section 81, Pl. XIII). The thickness increases to the 

south and southwest. In theSE. i sec. 16 (location 90) the thickness 
is over 5 feet. Thicknesses of 6·feet or more were r~ported at three 
places. All the data obtained concerning the bed in ·this township 
are given in Plate XIII (p. 282) or in the following table: 

365°-Bull. 541-:--14-18. 
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Lignite sections on Haynes (f) bed in T. 18~ N., R. 90 W. 

[In.addition to sections shown on Pl. XIII.] 

No. on No. on 
mar Location. Section. mar Location. Section. (P. (P. 

XIII). XIII). 

Ft. in. Ft. in. 
79 NE. t sec. 13 .. Shale. 

Sandstone •...... 3 6 
87 Center sec. 26 .. Lignite in welL. (a) 

Lignite ........ 2+ 
Base of bed· be-

89 NE. t sec. 21 .. Lignite in spring. (a) 

low water. 90 SE. t sec. 16 Shale, faay. . . . . . 3+ 
Reported thick- (strip pit). Clay, back...... 8 

ness ........... 6 6 Lignite ...... ,. 5 2+ 
Base of bed under 

80 SE. i sec. 12 ... LiWote in welL. 8 water. 
( orizondoubt-

SW. i sec. 10 Lignite ........ 4 ful.) 91 
(in well). Shale .......... 2 

82 NE. t sec. 14 .. Weathered lignite Lignite ........ 4 6± 
on surface. 

92 SW. t sec. 14.. Lignite in welL. (a) 
83 SW. i sec. 14 Clay, bluish gray. 

(strip pit). Lignite ........ 3 9+ 93 NE. t sec. 11 Lignite .......... 1 6+ 
Base of bed under (prospect Base of bed be-

water. pit). low water. 

84 NE. t sec. 26 .. Lignite in well .. (a) 94 SE. t sec. 2 .... Shale, sandy ..... 7+ 
Lignite ........ 2 Hl+ 

85 NE. ~sec. 26 .. Lignite in welL. 2+ Base of bed be-
low water. 

86 SE. i sec. 26 ... Lignite in well ... (a) Reported thick-
ness ........... 6 

1\ 

a Unknown. \ 
About 50 feef above the Haynes lignite bed is another important ,· 

bed which has been mined by stripping at three places in sees. 35 and 27 1. 

but which was not found elsewhere in the township. In each of these \ . 
mines the thickness or" the bed is over 6 feet, but a number of partings 
of shale and bone reduce the value to some extent. The three sec-
tions measured (sections 95, 96, and 97) are shown in Plate XIII. I \ 

A bed of lignite about 100 feet higher stratigraphically is exposed . \ 
. in an abandoned strip pit (section 98, Pl. XIII) on the north slope of 
Coffin Butte in sec. 34. The total thickness is 4 feet 7 inches, but a 
parting of shale 1 foot 11 inches thick makes the bed of little value. 

T. 133 N., R. 90 W. 

Cannonball River flows eastward across the northern part of 
T. 133 N., R. 90 W., in a comparatively narrow valley, which is sepa­
rated from the upland by a series of steep bluffs and wide terraces. 
Branch lines of the Northern Pacific and the Chicago, Milwaukee & 
St. Paul railways cross · the northwestern part of the township. 
Odessa, in sec. 5, is located on the Northern Pacific, and New Leipzig, 
in sec. 35 of the township to the north, is a connecting point for the 
two roads. The strata throughout the township belong to the Fort 
Union formation, the lower sandstones of which are well exposed in 
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the bluffs of Cannonball River and of a creek which flows northward 
in the eastern part of the township. Back from these streams, how­

. ever, exposures are poor and the correlation of beds is difficult. The. 
1 general dip of the_ strata to the northeast is a little more pronounced 

. /in this township than in areas to the south and west. 
~i The lowest bed of lignite outcrops in the river bluffs in the eastern 
/, part of the township but is of little importance. It was measured 

_., at locations 101 and 100, in se.cs. 12 and 14, respectively, and is 1 
·) foot 8 inches in thickness at both places. Another bed of lignite 1 

( foot 4 inches in thickness is exp_osed in a sha1low well in the NE. i 
f sec. 32 (location 99). -· 

.;., About 30 feet above the bed at locations 100 _and 101 is an impor-
.' tant bed of lignite, which has been mined by stripping at several 

;) places in the river bluffs, in sees. 9, 10, and 13, where the thickness 
') ranges from 3 feet 9 inches to 7 feet 6 inches. (See sections 107, 108, 

1109, and 111, Pl. XIII, p. 282.) The section at location 110 is as 
follows: 

) 

Section of lignite bed at location 110, in theSE. t se_c .. 10, T. 188 N., R. 90 W. 

Ft. ln. 
Shale, sandy .................... · ..................... · . . . . . . . . 10 

Lignite ......... : ............. · ....... ·.· .......... :........ 3 6 
Bone ........................ :............................ ! 
Lignite................................................... 8 
Bone ................... : .......... ·....................... 1 . 
Lignite................................................... 1 5 

Shale ........................................ -............... 6 

21 8! 

. Farther east, in sec. 11, the bed is much thinner. (See sections 106 
i and 112, Pl. XIIL) This bed is probably at a somewhat lower horizon 

( than the Haynes lignite bed. In the bluffs of a small steep-sided 
\ vhalleHy in thebsodut~east1e1rn partdof thde _tofwnshi

3
pfa ligru10·t~ behd, prob

4
afbly 

A t e aynes e , 1s we expose an 1s rom eet me es to eet 
.9 inches thick. (See sectio1;1s 102, 103, 104, and 105, p. 36 .. ) In sec. 

~ 1 22, however, two wells, one in theSE. i and the other in the SW. 1 
(location 113), pass through the horizon of this bed, but are reported 

: to have passed through no lignite. In a well in sec. 28 (location 
' 114) a thickness of 2 feet was reported .. 

.. ' ·A bed exposed at a small strip pit in sec. 32 ·(location 115) is at 
least 3 feet 9 inches thick, but the base of the bed is concealed by 
water in the bottom of the pit. This bed is· correlated with the bed 
described above because of the accordance in· altitude; but this evi-

/ 

\ 

dence is not at all conclusive. · 
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Lignite sections on Hayne~(?) lignite bed in ·T. 133 N., R. 90 W. 

No. on No. on 
map Location. Section. map Location. Section. (Pl. (Pl. 

XIII). XIII). 

Ft. in. 
102 NW. *sec. 25 Shale ........... 5+ 105 SW. i sec. 26. Lignite in well .. 

(stnp pit). Lignite ....... 10 
Bone ......... 1 113 SW. i sec.22 .. W e 11 passing 
Lignite ....... 3 6+ througli lignite 

Base of bed con- horizon. Bed 
cealed below reported to be 
water. absent. 

103 SE. i sec. 23 .. Shale, sandy.... 10+ 114 SW .. lsec.28 .. Lignite in well .. 
Shale, carbona-

SW.\ sec. 32 ceous .•..... 1 4 115 Shale. 
Lignite ....... 3 5 (stnppit). Lignite ....... 
Shale ......... 1 Base of bed be-
Lignite ....... 4 low water. 

Shale. . 

104 SE. i sec. 26 Shale, brown. 
(strip pit). Lignite ....... 4 9+ 

Base of bed be-
low water. 

Ft. in. 
3 6 

2 

3 9+ 

I 
I 

~\ 
f 
~ 

\ 
) 
..... ~ 
i \ 

t About 100 feet higher than the Haynes(~) bed is another bed of 
lignite which outcrops near the tops or' the high buttes in sec. 21 
(location ~16) and in sec. 36, where it has been burned extensively. 
No exposures of the bed, however, could be found in this township. 
The horizon of the bed is below the tops of the group of high buttes 
in sees. 22 and 27, but as no evidence of the bed co.uld be found 1_ 

there the conclusion was reached that it is either very thin or absent.) · 
\.· 

T. 130 N., R. 89 W. 

Cedar Creek flows eastward across the southern part ofT. 130 N., 
R. 89 W ., and forms the southern boundary of the Cannonball River ) 
field. The valley is generally Wide and open and is bordered in only a ~ 
few places by vertical bluffs. North of the stream the surface rises r 
gradually to the moderately rolling prairie land characteristic of the ~­
northern part of the township. The rocks that outcrop in the town­
ship belong·to the lower part of the Lance formation, the ·cannonball - j 

marine 'member of the Lance, and to the Fort Union formation. The 
Lance formation outcrops in the valley of Cedar Creek, where it is ~ 
fairly well exposed in a few of the steeper bluffs. The Fort Union ~ 
underlies the northern portion of the township, but is for the most ~o 
part concealed by· a heavy mantle of soil. With the e~ception of a 
thin bed near the top of the lower part of the Lance, no lignite was 
found or reported within the township. 

'1.'. 131 N., R. 89 W. 

The surface of T. 131 N., R. 89 W., is for the most part rolling 
upland prairie, interrupted by numerous small rounded buttes and 
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a few high rocky buttes. The most conspicuous ~eature is Pretty 
Rock Butte, .which is a prominent landmark for all the surroul).ding 
.region. The rocks belong to the Fort Union formation, with the 
\exception of two small areas in the southwestern part of the township, 
',where the streams have cut through ~o the top. of the Cannonball 

~r marine member of the Lance formation. The rocks are for the most 
part concealed by the heavy mantle of soil, but the upper beds are 
well exposed on the south face of Pretty Rock Butte. The general 

; dip of the strata in this part of th~ field is toward the northwest. 
j 1 

Two beds of lignite outcrop on the sides of Pretty Rock Butte, the 
lower of which is probably the Haynes bed. This bed also underlies 
a number of low hills to the ·north and northwest. It has a thickness 
of 1 feet 2 inches on the south side of Pretty Rock Butte (section 120, 
Pl. XIII), and is probably over 2! feet thick throughout the township. 
The upper bed was examined· at only one place in the NW. i sec. 34 

) (section 122, Pl. XII1), where it is 2 feet 5 inches thick. 

1 Lignite sections on the Haynes (?)'lignite bed in T. 181 N., R. 89 W. 
I 

'\ [In addition to sections shown on Pl.. XIII.] 

) 
I 

) 
No. on No. on 
mar Location. Section. mar Location. Section. (P. (P. 

XIII). XIII). 

) 
~ 

Ft. in. Ft. in. 
117 SW.zsec.6 .... Lignite in well ...... 1 6 121 NW.i sec.34 .. Shale. 

Lignite, much 
118 SW.i sec.6 .... Lignite in well ...... 5 weathered ...... 1 10 

Shale .. 

T. 132 N., R. 89 W. 

i The surface ofT. 132 N., R. 89 W. is for the most part rolling upland 

..

. · )

1 

prairie which is dissected by. a few steep-sided valleys and is sur­
mounted in the northwestern part by a group of rocky hills. The 
rocks in the township belong to the Cannonball marine member of the 
Lance formation and to the Fort Union formation. The sandy shale 
of the Cannonball member outcrops in the narrow valleys in the 
eastern part of the township, but the Fort Union rocks are largely 
concealed by the heavy mantle of soil. 

A bed of lignite, correlated with the Haynes bed, underlies the high 
buttes in the northwestern part of the township and has been mined 
or prospected at several places. The greatest known thickness in the 
township, 4 feet 7 inches, is found in a strip pit in sec. 19 (section 
123, Pl. XIII). Evidence as to the thickness of this bed in other 
parts of the township. is very unsatisfactory, but indicates that, there 
is little variation. Two of the sections measured in the township 
(section~ 123 and 128) are shown graphically in Plate XIII.· The 
other data concerning the bed are as follows: 
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No. on 

c:r. 
XIII). 

124 
125 
126 

Lignite sections on Haynes (f) lignite bed in T. 132 N., R. 89 W. 
[In addition to sections shown on Pl. XIII.] 

No. on 
Location. Section. maf. 

(P. 
XIII). 

Location. Section. 

" Ft. in. Feet. 
NW.; sec.20 .. Lignite in well ...•.. 3 6 129 sw.;sec.4 •.•• Lignite in well ..... 3± 
SE.i sec.18 ... Lignite in well...... (a) 130 SW. i sec. 4 Lignite under water (a) 
NW. tsec. 10 Lignite (reported) ..• 3± (prospect pit). 
(prospect pit). 

a Unknown. 

At the north end of the ridge, about 100 feet north of the township 
line, in theSE. i sec .. 36, T. 133 N., R. 89 W. (location 127), is a pros­
pect pit in which 1 foot 8 .inches of weathered lignite and ash is ex­
posed. This may also be the Haynes bed, but the section is probably 
not complete. · · 

\ 
\ 

T. 133 N., R. 89 W. \ 

Cannonball River flows eastward across the northern part of T. 
133 N., R. 89 W., in a comparatively narrow valley which is separated ~ 
from the upland prairie on either side by a series of ·steep bluffs and J · 

wide terraces. Except near the river valley, the surface is. moder- .\ 
ately rolling prairie interrupted by a few rocky buttes. In the south- '\: 
western part of the township is an especially prominent group of high , 
hills. The rocks that outcrop in the township belong to the Cannon­
ball marine member of the Lance formation and to the Fort Union\ 
formation. The sandy shale of the upper part of the Cannonball \ 
member and the yellow and white sandstone of the lower part of the ~ 
Fort Union formation are well exposed along the bluffs of Cannonball 
River and Sheep Creek, but in other parts of the township the expo­
-sures are few. A good section of the Fort Union strata exposed in 1 

sec. 5 (location 136) has been examip.ed and described by .A.. G. ! -
Leonard.1 The section exposed at this place is as follows: ~-

Section of Fort Unionformation in the NE. ! sec. 5, T. 133 N., R. 89 W. 
[See also section 136 on Pl. XIII.] 

Shale, gray, yellow, and brown .............................. . 
Lignite (Haynes bed) ......................... : ......... . 

Shale, gray ........................ · ........................ . 
Lignite ................................................. . 

Shale, gray ..... · ............................................ . 
Lignite ................................................... . 
Shale ... · .............................................. : .. 
Lignite ................................................. . 

Shale, light gray, sandy ..................................... .. 
Lignite .................. : .............................. . 

Sandstone, light gray and yellow ............................. .. 
Water level. · 

Ft. ln. 
40 

3• 10 
4 4 

11 
18 6 
1 11 
1 2 
2 3 
8 7 
1 .6 

75 

158 

1 Leonard, A. G., The Cretaceous and Tertiary formations of western North Dakota and eastern Mon· 
.tana: Jour. Geology, vol. 19, p. 519, 1911. 
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The lowest bed of lignite in the above section corresponds with the 
lowest bed exposed in the river bluff in the SW. i sec. 7 (location 131), 
where the section is as follows: 

Section of Fort Union formation in SW. t sec. 7, T. 133 N., R. 89 W. 
Ft. ln. 

Sandstone, gray, unconsolidated.............................. 5+ 
Bone ..... ~................................................... 4 
Shale, brown .................... , ........... ~................ 4 

Lignite ................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale, brown ...... ~........... . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Lignite ..................................... :. . . . . . . . . . . . 2 

Shale, gray to light brown .................................. :. 1 2 
Lignite ......•... ~ ................................ , . . . . . . 2 

Shale, gray, sandy............................................ 4 6 
Lignite ........................ .- ... , ................. ·.·.. 1 2 

Sandstone, gray, unconsolidated ....... .-...................... 5+ 

18 4 

The uppermost bed of lignite in the first· section above is corre­
lated with.the Haynes bed and with the bed which is being mined at 
two places in sec. 6 (sections 134 and 135,_ Pl. XIII). The same 
bed was examined in the NW. i sec. 8 (section 133, Pl. XIII) and in 
lot 2, sec. 1 (section 137, Pl. XIII). The average thickness in this 
part of the township is about 4 feet. On the south side of the river 
this bed is very poorly exposed, but in an_abandoned mine in sec. 20 
(section 132, Pl. XIII) it has a thickness of 6 feet 7 inches. 

Another bed outcrops high up on the sides of the hills in the south­
western part of the township, where it has been extensively burned. 
A single measurement was obtained on this bed in section 32 (section 
138, Pl. XIII), where it has a total thickness of 7 feet 8 inches with 
an 8-inch parting of sandstone 2 feet from the top. 

T. 129 N., R. 88 W. 

Only the small part ofT. 129 N., R. 88 W., which lies north of Cedar 
Creek, is included in this field. _ The rocks that outcrop in this part 
of the township belong to the lower part of the Lance formation and 
are fairly well exposed in the creek bluffs and in a few steep slopes. 

A group of thin beds of lignite outcrops in the bluffs of the creek 
and the smaller tributary streams. Two measurements of the 
thickest bed have been made in this township on the north side of 
Cedar Creek, one at the McCord mine in sec. 5 (location 139), where 
the thickness is 2 feet 2 inches, and the other.in sec. 3 (section 140,. 
Pl. XIII), where the thickness is 2 feet 10! inches with a half-inch 
parting of shale 1 foot from the top. Measurements made south of 
Cedar Creek show that the bed is very lenticular in character. Chem­
ical analyses were made of three samples obtained by'A. L. Beekly in 
1909 from the McCord mine and from two strip pings on the south side 
of Cedar Creek. The results of these analyses are given on page 256. 
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T. 130 N., R. 88 W. 

The surface in T. 130 N., R. 88 W., is irregularly broken, rising from 
the le_vel.of Cedar Creek on the south to the. upland prairie in the north­
western part. The rocks in the township belong to the lower part of 
the Lance formation, to the Cannonball member of the Lance, and to 

\ 

( 
\ ,,_ the Fort Union formation. The Lance formation is fairly well ex­

posed in the bluffs of Cedar Creek and some of its large tributaries, but ~:· 
elsewhere in the township exposures are few. A group of thin beds ~ , 
of lignite occurs near the top of the lower part of .the Lance, the · 
thickest of which has been mined by stripping at several localities \ 
in sec. 35. At all of the places examined the bed is less than 2! feet 
in ~hiclmess. Two of the sections measured (sections 142 and 143) are 
shown graphically on Plate Xlii (p. 282). The third, at location 141, 
is as follows: 
Section of lignite bed in the lower part of the Lance formation at location 141, NW. i 

sec. 90, T. 190 N., R. 88 W. 
Shale. Ft. ln. 

Lignite ....... :.......................................... 1 6 
Shale ....... _............................................... 1 
Lignite ................................. ·................. 9 

Shale, brown. 
2 4 

T. 131 N., R. 88 W. 

The surlace ofT. 131 N., R. 88 W., is a rolling upland interrupted 

I \ 

)~ 
j 

l 
~ 

by the steep-sided valleys of Snake Creek and its tributaries. The 
rocks belong to the Cannonball marine member of the Lance formation 
and to the lower part of 'the Fort Union formation, but the surlace is r. 
covered with a heavy mantle of soil and exposures are very few. No 
lignite was found in this township nor does lignite appear anywhere \ 
in the Cannonball .River field in this part of the stratigraphic section. 1 

T. 132 N., R. 88 W. 

Cannonball River flows eastward across the northern part ofT. 132 
·N., R. 88 W. The valley is bordered on the north and south by a 
series of steep slopes separ~ted by wide benches. The rocks belong 
to the Cannonball marine member of the Lance formation and to the 
Fort Union formation. Almost the whole thiclmess of the Cannon­
ball member is exposed within the township, and these strata are typi­
cally shown in the steep bluffs along the river. Elsewhere in the 
township, however, exposures are few. No lignite was found within 
the township nor is any lmown at this _part of the stratigraphic sec­
tion in the Cannonball River field. 

T. 133 N., R. 88 W. 

Cannonball River flows ~outheastward across the southern part of 
T. 133 N., R. 88 W., in a comparatively narrow valley. The slopes 
.on the south side of the valley are much more abrup_t than those on the 

l.· 
{ 
I-' 
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north, the· northern part of the township being a rolling upland.·· The ·. 
Cannonball branch of the Chicago, Milwaukee & St. Paul R'ailway ·. -
crosses the northeastern part of the township. The rocks belong to the 
. C~nnonball marine membe·r of the Lance formatl.on and to the Fort 
Union formation. The Cannonball member is well exposed in the 
bluffs of Cannonball River, but the Fort Union strata which under­
lie the upland ·areas are very poorly exposed. 

About 100 feet above the base of the Fort Union is a bed of lignite, 
believed to be the Haynes bed, which is mined ina shaft mine insection-
12 and in several strip pits in other parts of the township. The bed 
ranges in thickness from 2 feet in sec. 6 Qocation 145) to 8 feet 6 
inches in sec.-12 ·(section 152, Pl. XIII). It is possible, however, that 
the measurement at location 145 is of another bed, as near-by meas­
urements in section 6 (locations 144 and 146) show thicknesses of 3 
feet 9 inches and 3 feet 7 inches, respectively. 

The presence of a second bed of lignite somewhat higher in the sec­
. tion is indicated by weathered lignite (bloom) in the' soil at location 

157 in the SE. i sec. 11. 
A chemical analysis was made of a sample collecte<l from the Jones 

mine in sec. 12 (location 152)' the results of which are given on 
page 256. The data concerning the Haynes ( n lignite bed, in addition 
to the graphic sections given on Plate XIII, are as follows: 

Lignite sections on Haynes (f) lignite bed in T. 139 N., R. 88 W. 

[In addition to sections shown on Pl. XIII.) 

No. on No. on 
mae . Location. Section . map Location. Section. 
~- ~I. X II). X II). 

Ft. in. Ft. in. 
145 NW. i sec. 6 .. Shale. 149 NW. i sec. 9 .. Lignite in well .... 2± 

Lignite, much 2 
weathered. 153 NE. i sec. 1 Lignite reported.. 7 

Clay, sandy. (~ ros pect .. 
~- --

146 NW. i sec. 6 ... Shalei gray . . . . . . . 8+ 
p t). 

S ha e, carbon~ 2 154 SW. t·sec. 2 Clay, gray. 
aceous. (strip pit). Lignite ......... ·4+ 

Lignite ......... 3 7! Base of bed below 
S ll a 1 e , brown, water. 

sandy. 
155 NW.!sec. 2 .. Lignite in well .... 1 6± 

147 NW.t sec. 5 .. Lignite in well .... (a) 
156 Lot 2, sec. 4 ... Lignite in well.. .. .,8 6± 

148 SW. i sec. 5 ... Lignite in well .... (a) 

a Unknown. 

T. 130 N., R. 87 W. 

The surface ofT. 130 N., R. 87 W., slopes gradually but irregularly 
from the upland ·prairie in the north to the valley of Cedar Creek, 
which flows eastward near the south township line. The rocks in the 

~ township belong to the lower part of the La.nce formation and to the 
Cannonball marine member of the Lance. The brown shale and dark 
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sandstone at the top of the lower part of the Lance arc exposed in 
local badlands in the southern portion o£ the township, but the /, 
greater part of the area·is covered with a heavy mantle of soil, a~d \ 
exposures· are scarce. 

A few thin lenticular beds of lignite appear near the top of the 
lower part of the Lance, the most important of which is 2 feet 8 inches 
thick in sec. 13 (section 160, Pl. XIII). At this place a considerable 
amount of lignite has been mined by stripping. -Measurements of a '··· 
bed which is presumably the same were made at two other places in 

_ _the township. The sections obtained· at these places are as follows: ____.....,. . 

f 

I 
r 
I 
f 

Lignite sections in lower part of Lance formation, T. 130 N.,· R.-87 W. 

[In addition to sections shown q_n Pl. XIII.] . 

No. No. 
on on 

map Location. Section. map _Location. Section. 
(Pl. (Pl. 

XIII). XIII), 

158 SE. i sec. 19 .•. ·Sandstone, yellow Ft. in. 159 . NE. isec.34 .. Shale, gray. Ft. in .• 
to brown....... 3 10 · Lignite........... 1 10 

Lignite ........... 10 Bone............... 8 
Shale, brown ....... 6 6 S~le, gray. 
Sandstone, gray .... 1 6-

Lignite ........... 7 
Shale, bro\vn ....... 6 
Sandstone, gray, 
' shaly ........... 4 

s~~~e anci 8li8ie 12 
6 

-

T. lSl N., R. 87 W. 

The surface of T. 131 N., R. 87 W., is a gently rolling upland 
. prairie which has been deeply dissected· by Snake Creek· and other 
streams. The outcropping rocks belong to the lower part of the 
Lance formation, the Cannonball marine member of the Lance, and 
the Fort Union formation, but the strata are not well exposed- on 
account of the heavy mantle of soil. No lignite has been found 
within the township. 

T. 132 N., R. 87 W. 

Cannonball River flows southeast across the southern part of T. 
132 N., R. 87 W., in a comparatively steep-sided valley. The bluffs of 
the river are higher and the strata better exposed in this township 
than in any other part of the field. The comparatively small area 
which lies south of the river is deeply dissected by small coulees, but 
in the northern part of the town.Ship are considerable· areas of land 

i ... _-

sufficiently level. to be cultivated. In the north-central part is a ' 
high level-topped mesa with deeply dissected borders, an outlying \ 
remnant of the extensive uplands which ~xtend from the north into 
sees. 2, 3, and 11. ,_ 
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The r·~cks that outcrop in the township belong to the lower part 
of the Lance formation, the Cannonball marine member of the Lance, 

~-. and the Fort V nion formation. The upper beds of the lower part of 
the Lance are well exposed in the rh-er blu~s in the southeastern part 
of the townshl.p. They disappear below the river bed less than a 
mile east of Janesburg post office, which is located in sec. 18. 
No definite line, however, can be drawn between th~se beds andthose 
of the Cannonball marine member which overlie's them. The Cannon-· 

~- ball member outcrops over the greater part· of the township and is 
. overlain in turn by the lower sandstone of the Fort Union, which 
caps the high upland areas in the northeastern and southwestern 
parts of the township. 

Lignite within the township occurs only in beds less than 2 feet 6 
inches thick in the lower part of the Lance. It is mined, however, 
by stripping at a number of places. for local use. The following .table 
includes all the measurements that have been made Within the town­
ship: 

Sections of lignite beds in lower part of Lance formation in T. 182 N., R. 87 W. 
. ( . 

No. No. 
on map Location. Section. on map Location. Section. 
~ (Pl. 

X ). XIII). 

---:.......r-
161 SE. i sec. 20 Shale, Ft. in. 164 SW. t SeC. 36 Sandstone, gray. Ft. in. 

(pros~ect in Lignite .......... 1 6 (outcrop in Lignite ....... : .. 1 4 
nver luff). Shale. river bluff). Shale, brown. 

162 SE. l sec. 35 Shaleifuay. · . 165 sw. i sec. 36 Shale,~ay. 
(outcrop in · Lig te ... : ...... 1 9 (pros~ect in Ligmte .........• 2 1 
river bluff). Shale, brown...... 2 nver luff). Shale, brown .....• 2 

Shale, gray. -- Shale, gray. --
1 11 2 3 

163 SE. i sec. 35 Shale, bluish gray. 166 NW. i sec. 25 Shale, ~ray. 
(pros~ect in Shale, blue, fissile. 5 (prospect). Ligmte ...•.•..• 1 3 

· nver luff). Lignite .......... 2 2 Shale, brown ....•. 3 
Shale, brown~ -- Shale, gray. · --

2 7 1 6 

·' ·:;; · T. 134 N., R. 88 W. 

f .. ~i 
} 
Jl 

. The surface ofT. 134 N., R. 88 W., is chiefly of the rolling-prairie 
type of topography characteristic of a large part of the Cannonball 
River field. The relief is most pronounced in the southeastern part, 
where there are a number of moderately high elongated buttes: The 
western· part of the township is also higher and somewhat more broken 
than the central and northeastern parts. In the northern portion 
the surface slopes gently t9ward Antelope Creek, ·which flows east­
ward, meandering within a stream flat which js from one-fourth to 
one-half mile wide and is bordered by low bluffs. Probably nine­
tenths of the land in the township could be cultivated. The township 
is crossed by branches of. the Northern Pacific and the Chicago, 
Milwaukee & St. Paul railways. 
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All the rocks that ·outcrop in the township belong to the Fort 
, Union formation. The strata, however, are for the most" part con­

cealed .by a heavy mantle of soil.-
Lignite has been found at a· nu:rriber of places, both at the outcrop 

and in wells. In several places the lignite is mined from strip pits 
for local use. Cottelations on the basis of the carefully determined 
elevations of all exposures indicate that there are three beds of lignite . 

. Of these the lowest is the thinnest and least important, although it is 
being mined at two places, one on Antelope Creek in sec. 5 (loca- ... 
tion 169) and the other on a branch of that stream in sec. 9 (location 
167). The sections exposed at these places are as follows: · 

Lignite sections on lowest coal bed in T. 134- N., R. 88 W. 

No. No. 
on map Location. Section.· on map Location. 

.. 
Section. (Pl. (Pl. 

XIV). XIV). 

167 SW. i sec. 9 Shale, light brown 169 SE. i sec. 5 Shale,· dark bluet 
(small strip at top, more car- · (small strip carbonaceous a 
pit). bonaceous and pit). base, fossi.lifer- Ft. in. 

darker below,Ft.in. ous .........•..• 6 6 
fossiliferous...... 4 6 Shale, sandy...... 1 

Bone ..........•.•• 1 Lignite - good, 
· Lignite, bony .... 2 woody texture.. 2 3 

Lignite, browt Clay shrue. --
Wtth brigh Total lignite. 2 3 
btack_ streaks, 
good .......... 1 2 

Shale, carbonaceous 1 
Shale, sandy.~ .•.. 2 2 

--
Total lignite .. 1 4 

The bed is also reported to have been found in a well in theSE. i 
sec. 8 (location 168), where it has a thickness of 2 feet . 

. The second or ·middle of the three lignite beds is the most important 
and is probably the Haynes lignite bed. · Locally it has been burned 
at the outcrop, causing a baking and reddening of the overlying shale, 
as, for example, near the center of sec. 36, where there is a small 
knoll of brick-red clinker. At three places in the township the bed 
is mined for local use; in the NW. i sec. 34 (location 171) ; on a branch 
of Antelope Creek in .the NE. i sec. 19 (section 176, Pl. XIV, p. 290); 
and in the SW. i sec. 8 (section 178, Pl. XIV). The bed is also exposed 
in several wells. In the southeastern corner of the township the bed 
is 7 or 8 feet thick. Farther northwest it is thinner, being only 2 feet 
6 inches at location 176 in sec. 19. Still farther north it becomes 
thicker and averages between 4! and 5 feet in the northwest corner 
of the township. All the evidence regarding the thickness of the bed 
is shown on Plate XIV or in the following table: 
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No. on 
mar (P. 

XIV). 

170. 

171 

172 
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Lignite sections on Haynes (f) lignite bed in T. ·134 N., R. 88 W. 

[In add.itivn to those shown on PI. XI~.] 

No. on· 
Location. Section. mar Location. Section: i_P. 

IV). 

Ft. in. Feet. 
SE.l sec. 26 •.. Lignite in cistern .. 5 "173 NE. l sec. 15 •. Lignite, weathered 

NW. i sec. 34 Sandstone, l: e I -
in side of butte ... (a) 

(strip pit). low,fna le .... 8 . 174 SE. l sec. 20 ... Lignite in well (re-
Lignite, bony~ .. 5 ported) ........... 3 
~ignite, weath-

Section in well (re-ered ........... 3 5 175 NW. i sec. 20. 
Shale ............ 1 ported): · 

. Lignite, good .... 3 5+ Ltgnite ............ 1 
Base of bed below P~rti_ng, .......... 1 

water. L1gmte ............ 3 -- --
Total lignite. 7 3+ Total lignite .. 4 

SE. i sec. 21. .. Lignite in well, re- 177 NE.l sec. 18 Lignite, concealed by 
ported .......... 12 {prospect). water in prospect. (a) 

a Thickness and relations not determined. 

This bed is being successfully mined in the Jones mine in sec. 12, 
·T. 133 N., R. ·88 W., and in the Kolbank mine jn sec. 7, T. 133 N., 
R.87W. 

The uppermost lignite bed is stratigraphically about 50 feet higher 
•·· than the preceding. It is exposed on the ridge south of Heil in the 

NE. i sec. 35 (section 179, Pl. XIV), where the total thickness is 4 
feet 10 inches including a l-inch parting of bone. Half a mile south­
west on the next ridge (location 180) there is evidence of weathered 
lignite or "blossom" in the soil at about the same stratigraphic 
horizon. The. bed is apparently entirely concealed from this point 
northwestward to the SW. i sec. 20 (location, 181) where there is a 
large mound of reddened clinker formed by the burning of the bed. 
Near a branch of Antelope Creek in sec. 19 (location 182) the total 
thickness of the bed, inclusive of two partings, is 4 feet 11 inches. The 
section of the bed exposed at this place is shown graphically on Plate 
XIV (p. 290). . 

. ~ 

T. 135 N., R. 88 W . 

l'he. surface of T. 135 N.; R. 88 W., is a smoothly rolling prairie, 
broken here and there by rocky buttes which are capped with resist­
ant sandstone. A high rounded ridge extends into the western pint 
of the township and from it the surface slopes gradually downward 
to the northeast and to the south. The area is drained by small 
streams, some of which flow north to Heart River and others east or 
rDouth to Antelope Creek, which crosses the southwestern corner of the 
township. 
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All strata that outcrop in the township belong to the Fort Union 
formation. The surface mantle of soil is so nearly continuous, how­
ever, that the underlying rocks are_ exposed only locally in the more 

-prominent buttes and in the deeply cut stream channels. ~ 
Lignite is being' mined at the two Tipke mines in sec. 7 (locations 

184 and 185), but elsewhere in the township, with the exception of a 
small mound of clinker --in the NW. i sec. 32, surface indications of 
lignite seem to be ep.tirely lacking. In sec. 36, T. 135 N., R. 89 W., ' c 
several small strip pits have been opened on. the banks of Antelope 
Creek, at one of which (location 183) a section was measured and is 

-shown graphically on Plate XIV. The total amount of coal is 4 
_feet 8 inches, but a parting of shale 1 foot 1 inch in thickness separates 
the bed into two parts. The clinker in sec. 32, T. 135 N., R. 88 W., 
is probably caused by the burning of this bed. 

~-

The two mines in sec. 7 are located on two beds which are separated 
by a strntigraphic interval of about 30 feet. The lower bed is ,. 
exposed in the northern mine (location 184), where the thickness is 
approximately 3 feet, but the bottom of the pit was filled with water 
and an accurate measurement could not be obtained. In the 
southern rnine (location 185) the bed is nearly 3 feet thick, including 
a l-inch parting,· and is overlain by a number of thin beds of lignite 
separated by shale partings. The complete detailed section ls shown ~· 
on Plate XIV. 

The bed which is being mined in sec. 36, T.135"N., R. 89 W., is 
probably one of the two beds described above. _ 

T. 133 N., R. 87 W. 

The northern part ofT. 133 N., R. 87 W., lies on the divide between 
Heart and Cannonball rivers and is a region of broad open prairies 
interrupted locally by low buttes capped with resistant ledges of 
sandstone. The land in the southern part of the township is equally 
sm~oth and slopes gradually southward toward the valley of Cannon­
ball River. The Cannonball branch of the Chicago, Milwaukee & 
St. Paul Railway crosses the northern part of the township and the 
town of Leith is located on that road in sec. 5. 

1-· 
The rocks that outcrop in the township belong to the Cannonball 

. marine member of the Lance formation and to the Fort Union 
formation. The rocks, however, are for the most part concealed by 
a heavy mantle of soil, so that exposures are rare. The eontact 
between the two formations-was sketched from topography alone. 

Two beds of lignite outcrop on the sides of a group of high hills , . 
which extend into tlie northwestern part of the ~ownship. The 
lower of these is the more important and is being mined for local use 
in a drift mine in sec. 7 (location 188). The shaft mine, Jones mine, 
in sec. 12, T. 133 N., R. 88 W., is on the same bed. The Kolbank 
mine in sec. 7, OWI;led and operated by Simon Pederson, was a strip 
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pit until the summer of 1913, when an entry was made. The graphic 
section shown on Plate XIV was measured at the entry. Although 
the total thickness of the bed is 7 feet 9 inches, only the lower part of 
the bed is being mined, because the upper pa~t must be left for a 

. roof. A sample for chemical analysis was collected in this mine, the 
analysis of which is shown on page 256. 'l'he thickness of the part 

' mined where the sample was collected was 4 feet 1 0 inches. 

.. 
South of the divide in the NE~ i sec. 18 (locf!,tion 186) and in the 

NW.l sec. 17 (location 187) the same bed was found in a weathered 
condition near the surface.· At location 186, in an old prospect, 2 feet 
3 inches of ash and weathered lignite is exposed. At location 187 a few 

1 
_inches of much-weathered lignite outcrops on the side of a low hill. 
These exposures, however, show only the remnants of the bed; which 
may confidently be expected to prove much thicker when exposed 
under a sufficient amount of cover to protect it from weathering. 

~ Mounds of clinker at several places within the township show where 
the bed has been burned at the outcrop. This clinker is especially 
prominent at the south end of a long ridge in sec. 19 and on the east . 
side of Spring Butte in .sec. 17. The same coal bed is exposed in a 
small strip pit on top of a rounded hill in sec. 10 (location 189), where 
the thickness of the bed is 4 feet. The lignite .at this place, however, 

~ is much· weathered and therefore of little value. 
The upper bed was formerly mined by Mr. Pederson in sec. 7, about 

1,000 feet southwest from the mine described above. The outcrop is 
now concealed, but the average thickness as reported by Mr. Pederson 
is about 4 feet. This bed is stratigraphically about .40 feet above tho 
lower bed. 

T. 134 N., R. 87 W. 

T. 134 N., R. 87 W., lies ~n the northern side of the broad divide 
which separates the drainage systems of Heart and Cannonball rivers. 
The general slope of the surface is to the northwest toward Antelope 
Creek, which flows northeast across sees. 7, 6, and 5. The surface is 
for the most part well adapted to dry farming, but locally the rolling 
prairie is interrupted by steep-sided rocky buttes. A branch of the 

.•>~ Northern Pacific Railway crosses the township centrally in an east­
west direction. The town of Carson on that road is locat.ed in sec. 13 . 

. The outcropping rocks belong to the Fort Union formation, with the 
exception of a small area in the valley of Antelope Creek, in sees. 5 
and 6; where the Cannonball marine member of the Lance formation 
is exposed. Practically the only natural exposures of the rocks within 
the township are in the valley of Antelope Creek and high up on the 
sides of some of the more rugged buttes . 
. Groups of rocky hills both north and south of Carson are underlain 
by the same bed of lignite which is inined at the Kolbank mine near 
Leith in T. l33 N., R. 87 W. The surface, however, is ~overed with 
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. so heavy a mantle of soil that the lignit~· bed appears at the surface 
,only at a· few places. At the old Carter ranch in the SW. f sec. 24 
(location 190) is a drift nline now abandoned and largely caved. 
The following section was measured at the mouth of the mine: ,_ 

Section in ·Carter lignite m_ine, SW. i sec. 24, T. 134 N., R. 87 W., location 190. 

Ft. ln. 
Sha~e, gray. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale, light brown ................ ~........................ 5 

Lignite, good quality..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 
··Bone .......... · ..... ~.................................... 3 
Lignite, good quality .................... ·_ ............... .,~ 2 11+ 

Base, concealed by water. 

North of the town of Carson, in a group of three small but prominent 
hills, a considerable amount of prospecting for lignite has been done. 
Two drift mines have been opened on the south slope of the central 
hill in theNW.f sec. 13 (location 192), but both have been abandoned. • 
The following section was measured at the mouth of the west entry: 

Section at mouth of abandoned lignite mine in NW. t sec. 13, T. 134 N., R. 87 W. 

Ft. in. 
Shale, gray, sandy ......................... · .... ~ .............. 10 
Shale, brown, carbonaceous at base ................. : . ......... '_ 8 

Lignite, bony ........................................ : . . . . . 9 • 
Bone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Lignite, fair quality... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Bone ........... ·........................................... 1 
Lignite, good quality....... .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. 1 3 

Clay shale. 

The owner reported 'that there is considerable variation in thickness 
of the bed and that it locally reaches a thickness of 3 feet· or more. 
Th~ above, however, is probably a representative section. 

A lower coal bed was reported -to have been found at a depth of 
40 feet in a well close to the railway track near Carson station (location. 
191); the driller reported that the well was sunk 2 feet into a bed of 
lignite and stopped. No other evidence could be obtained with regard 
to this lower bed. . 

T. 133 N., R. 86 W. ...,;~ 

The northern part of·T·. 133 N., R. 86 W., lies on the divide between 
Cannonball River and Louse Creek, a region of wide rolling prairies 
interrupted by a few high rocky buttes. On the south this upland 
area is terminated by a moderately steep scarp beyond· which is a 
region of smoothly rounded hills separated by steep-sided valleys. 
The Cannonball branch of the Chicago, Milwaukee & St. Paul Railway 
crosses the northern part of the township in an east-west ·direction. 
The town of Brisbane in sec. 9 islocated on that road. . 

The rocks outcropping in the township belong to the Cannonball 
marine member of the Lance formation and to the Fort ·Union for-
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mation. The area is larg.ely grass covered and exposures· are few. 
The general character of the Cannonball member is showri by a few 
exposures along the larger streams in the southern part of the town-

., ship; practically the only part of the Fort Union exposed is a heavy 
cross-bedded sandstone which outcrops in the higher buttes in the 
northeastern part of the township. 

The coal bed which is mined at the Kolbank mine near Leith, in 
T. 133 N., R. 87 W., underlies a group of rounded hills in the north­
western part of the township. The only exposure. found, however, 

• was in a railway cut in sec. 7 (location 193), where the thickness of 
the bed is only 1 foot 6 inches. / 

T. 134 N., R. 86 W. 

The topography in T. 134 N., R .. 86 W., is somewhat diversified. 
Although the general character of the surface is that of a rolling upland 

• prairie, in the southern part of the township a number of prominent 
rocky buttes rise above this general upland level which in the central 
and eastern parts is depressed by the wide valley of Louse Creek. The 
uplands are in most places separated from this valley by an escarp­
ment which is particularly prominent in the north-central part of 
the township. In the northern part there are local areas of sand 

• dunes. The whole of the township is drained by Louse Creek, one 
of. the principal tributaries of Can~onball River. A branch of the 
Northern Pacific Railway crosses the central part of the township 
following the valley of Louse Creek for most of the distance. 

The strata that outcrop in the township belong to the Cannonball . 
marine member of the Lance formation and to the Fort Union for­
mation. The rocks of the Cannonball member are exposed in the 
valley of Louse Creek, and those of the Fort Union formation underlie 
the upland area. · 

The lignite bed which is mined. at the Kolbank mine near Leith, in 
T. 133 N., R. 87 W., underlies Circle Butte in sec. 31 and a few other 
high buttes in the southern part of the township. At the· north end 
of Circle Butte some mining and prospecting have been done, but the 
openings are now largely fallen in and the lignite concealed. The lig­
nite section at location 194, shown. graphically on Plate XIV, was 
measured near the mouth of one of the old drift mines. Local reports 
indicate that the lignite in other openings is of better quality than 
that at the point examined and that the bed ranges in thickness from 4 

· to 6 feet. In a small prospect on an isolated butte in sec. 32 (loca­
tion 195) the bed is only 1 foot 11~ inches thick and contains a 
parting of 1 ~ inches of shale 5 inches from the base. In sec. 26 
(location 196), in another small butte, the bed was reported to have a 
thickness of only 1 "foot. 

365°-Bull. 541-14-19 
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T. 135 N., RS. 86 AND 87 W. 

T. 135 N., Rs. 86 and 87 W., 1ies on the northern border of the 
broad upland separating the valleys of Heart and Cannonball rivers. 
The upland surface is a smoothly rolling prairie, above which ris·e a ~ 
few rocky buttes capped by sandstone. The northward-flowing 
streams have cut deep canyon-like gorges through these uplands. 
The most prominent stream is Antelope Creek which flows north- 't 

ward through the western part of T. 135 N., R. 87 W. 
The greater part of the upland surface is sufficiently level for culti­

vation, but the sandy character of the soil makes large areas almost • 
valueless except for grazing. In the southwestern part ofT. 135 N., 
R. 86 W., is a considerable area of so-called lake beds. These lake 
beds or playas are dry, except after heavy rainf~lls, and are almost · 
surrounded by small areas of sand dunes. 

The rocks that outcrop within the two townships belong to the 
Cannonball marine member o£ the Lance formation and to the Fort • 
Union formation. The upper beds of the Cannonball member are 
well exposed in the steep stream bluffs, but the Fort Union strata 
are almost invariably concealed except for beds of resistant sand­
stone which form the capping of prominent buttes. No lignite bed 
of any value outcrops in either of the two townships. 

EASTERN PART ·oF CANNONBALL RIVER FIELD. 

A brief mention should be made of the thin beds of lignite in the 
large area examined in 1913 which is not included in the. accompany­
ing maps. ·A map ·and a more detailed description of this part of the 
field will be published later. 

The majority of the lignite beds in the eastern part of the field 
belong to the lower part of the Lance formation. This series of 
strata, about 400 feet in thickness, is separated from the Fort Union 
formation, in which lie the important lignite beds described in the fore­
going pages, by about 300 feet of the shales and sandstones ·of the Can­
nonball marine member of the Lance. This latter series contains no 
lignite and might properly be designated as "barren measures." The 
lower part of the Lance outcrops in· the valleys of Cannonball River ~ 
and its tributaries. It extends up Cedar Creek nearly to Howe post 
office, up Cannonball River almost to J anesburg, up Dogtooth Creek 
to Raleigh, and up Louse Creek several miles above Flasher. This·is 
a region of wide flats bordered by steep badland bluffs in which the 
strata are well exposed. Numerous examinations were made of the 
ligmte beds exposed in these bluffs and in the strip pits from which 
the.lqcal supply of fuel is obtained. So far as known the maximum 
thickness of any of the lignite beds in the Lance is in a local mine in 
sec. 10, T. 134 N., R. 84 W., a few miles south of Flasher, where the 
following ~ection is exposed: 
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Lignite section in strip pit in sec. 1{), T. 194 N., R. 84 W. 
Ft. ID. 

Shale ...... ·................................................. 12 
Lignite, good............................................ 2 3! 
Shale, brown,.carbonaceous.. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Lignite, good............................................ 1 1 
Lignite, bony............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Bone ......•...................... ." ........................... · 2 
Shale. 

Half a mile south of this point, in Copenhaver's mine in the NE. i 
·" sec. 15 of the same township, the bed is somewhat thinner, but 

similar with regard to the character and thickness of the partings . 
.._ At this place about 4,000 tons of lignite has been mined by drifting, 
1 

• but the shale roof proved too weak· and the drift was abandoned in 
favor of the more laborious method of stripping. In the northern 
part of T. 132 N., R. 84 W., and the southern part of T. 133 N., R. 

~ 84 W.; strip pits have been opened up at a number of places and con­
siderable amounts of lignite removed. The lignite in these pits ranges 
in thickness from 10 inches to 2 feet. Similarly thin. beds of lignit~ 
have been mined in the badland areas west, of Wade in Tps. 130 and 
131 N., R. 86 W., and in the extensive badland bluffs northwest of 
Solen in Tps. 134 and .135 N., Rs. 81 and 82 W. 

There are a few thin beds of lignite in the lower part of the Fo:rt 
Union formation near the north border of the field. These beds ·were 
examined at several places in T. 136 N., Rs. 8·2, 83, 84, 86, 87, and 
88 W. No bed, however, was found_ to -be more than 2i feet thick. 
At an abandoned mine in sec:_ 1, T. 136 N., R. 84 W., Mr. Woll, ~-b.e 

. owner, reported that the total thickness is about 3 feet but that the.t•e. 
is a considerable amount of shale or bone. 

Farther north, in T. 137 N., R. 89 W., a considerable amount of 
lignite is mined for local use. No examination, however, was made 
in this township. 
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LIGNITE IN THE VICINITY OF PLENTYWOOD AND 
SCOBEY, SHERIDAN COUNTY, MONTANA •.. 

By c. M. BAUER. 

INTRODUCTION. 

This paper presents the results of an examination of an area in 
northeastern Montana along the north border of the Fort Peck 

• Indian Reservation, made principally for the purpose of ascertaining 
~ the amount and character of the lignite. This investigation was 

made partly to supplement the-information previously obtained rela­
tive to the lignite in. the northeastern part of the Fort Peck Indian 
Reservation and partly to classify the land. A geologic reconnais­
sance of the Fort Peck field had been made by C. D. Sri:).ith 1 in 1908, 
before the land in the northern part of the reservation was surveyed. 

,~ In 1911, subsequent to the land survey, the reservation was reexam­
ined in detail by the writer. At this time some· additio11al informa­
tion regarding the lignite was obtained, but owing to the general 
cover of glacial drift in the northern part of the reservation, exposures 
of the lignite-bearing rocks are few, and there are extensive areas in 
this region in which very little additional knowledge regarding the 

. , lignite was gamed. North of the reservation, ·along Big Muddy 
Creek, however, exposures of the lignite-bearing rocks are more 
numerous, and, chiefly in order to throw light upon the geology 
within the reservation itself, the writer, assisted by E. T. I-Iodge, 
gave this area special attention during the field season of 1912. This 
work has shown that in this area, and presumably' also in the northern 
part of the reservation, the lignite _is commonly weathered and the 
beds are in· general thin: The lignite will probably, therefore, com­
mand only a local market, though oWing to the scarCity of other 
fuel in this region it is economically important. 

The area here described consists of three parts. The western part 
is made up of a little more than two townships on Poplar River, near 
Scobey, Mont., and the eastern part consists of six entire townships 

/ as well as parts of two others along Big Muddy Creek, in the vicinity. 
of Plentywood, Mont. The intervening area was examined merely in 

1 Smith, C. D., The Fort Peck Indian Reservation lignite field, ¥ont.: U.S. Geol. Survey Bull. 381, 1910. 
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a reconnaissance way owing to the fact that the land was unsurveyed. 
The results of this examination are included in the general discussion 
of the district, but detailed mapping was limited to the two areas 
defined above. The areas in Montana described in this bulletin are 
shown in figure 9. 

FmLD METHODS. 

The methods used in mapping in different parts of the field were 
varied to meet the conditions. The Land Office plats of the eastern 
and western portions of this field are comparatively recent and 
appear to be accurate and satisfactory; . they were therefore used as 
a base for the geologic ma:pping. In the ~rea around Scobey rock 

FIGURE 9.-Map showing coal fi.el~ of Montana described in this bulletin. 

exposures are in general widely separated, and the mapping here 
consisted chiefly in locating these isolated outcrops. Whenever 
possible, the method followed was triangulation from land corners, 
using a plane table and telescopic alidade. In the vicinity of Red­
stone and Plentywood, in the eastern part of the field, however, 
outcrops are more nearly continuous, and in this area locations were 
made by stadia traverse, the altitude of each lignite prospect being 
determined by vertical angles. Springs, houses, and roads were also 
carefully located in both districts. The examination of the area 
between the surveyed portions at either end of the field was in the 
nature of a reconnaissance, the results of which are included in the 
general discussion. 
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·sURFACE FEATURES. 

RELIEF. 

This field is a part of the Great Plains region and is in the main a 
• rolling prairie with broad, gentle slopes. The western. portion is 

drained by Poplar River and the eastern by Big Muddy Creek, and 
between the two lies a high divide many miles in width. The broad 
and· nearly flat valley of Poplar River traverses the field from north 

• to south in R. 48 E. (Pl. XV, p. 308). In R. 52 E. the somewhat 
narrower valley of Big Muddy Creek enters the area .from the north 

.~ ·and extends across it to the southeast corner of the field, where it 
I . . 

· turns southward to form the east boundary of the Fort Peck Indian 
Reseryation. For a distance of about 6 miles in T. 34 N., R. 55 E., 
this stream fl~ws. through a valley which is much narrower than that 

,~ in the other portion of its course. This constricted portion seems to 
represent a more recent valley into which the river was diverted by 
the partial filling of its old valley with glacial material. The old 
valley is plainly discernible near Antelope, where a branch of the 
Great Northern Railway follows it for several miles. 

The maximum relief in the region is about 750 feet. For instance, 
the valley of ~~g Muddy Creek near the reservation boundary has an . 
elevation above sea level of approximately 2,000 feet, and the land on 
the divide directly to the west reaches an elevation of about 2, 7 50 

\ feet. However, local differences in altitude are not great, and even 
> in the rough country bordering Big Muddy Creek the height of the 

bluffs is commonly less than 150 feet: 
The summits of all the highest hills and ridges are approximately 

at the same altitude and are covered with quartzite gravel. The 
concordance of these hilltops suggests the existence of an old river 
plain at the· close of the first stage ·in the development of the present 
topography. The areas known to be covered by this gravel in the 
districts mapped are shown in Plates XV and XVI (pp. 308 and 314). 
A second stage in the development is represented by the general level 
of the country, which has an altitude of about 150 feet above the 

"' flood plains of the present streams. The development of this second 
peneplain, presumably by erosion, was not complete when the 
c't:~~ntry was covered . by an ice sheet. The general effect of the 
glabiation has been to round off the hills and partly fill the ~alleys.· 
The plain thus formed extends throughout the field and gives a 
prairie aspect to most of the topography. A third stage in the 
erosion is shown in the present flood plains of Poplar _River and Big 
Muddy Creek, which are about a mile wide. 
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DRAINAGE. 

The direction of the present drainage· is southeastward. Poplar 
River rises in the Can~dian province of Saskatchewan and flows 
southeast to Missouri River, emptying into that stream at Poplar . 
Big Muddy Creek also rises in Saskatchewan and flows in a southerly 
direction as far as T. 35 N., where it is joined from the west by Eagle 
Creek. For 15 miles beyond this place it trends eastward and then 
bends and flows southward 50 miles to join Missouri River. The 
course of Big Muddy Creek is extremely sinuous, though the curr~nt 
is fairly rapid. Along both of these streams lie flats from half a mile 
to 2 miles in width, the development of which is due partly to the 
filling in of glacial debris and partly to the normal meandering and 
aggrading of the streams. The presence of the glacial material is 
shown in several wells in the valley of Big Muddy Creek in the vicinity 
of ·Redstone, which penetrate glacial drift and alluvium to a depth of 
30 feet. In this material the channel of the Big Muddy is eroded to a 
depth of 18 to 25 feet, whereas Poplar River flows in a channel only 
10 to 15 feet deep. These flats contain many water holes representing 
cut-off meanders. 

The country is fairly well watered by springs, although the average 
annual rainfall is only 13.5 inches. Most of the spring water contains 
some "alkali" but not enough to prevent its use as a domestic 
supply. Many of. thesprings issue from the outcrops of lignite beds, 
probably because the joints in the lignite form channels_ for the 
ground water, whereas the rocks immediately below the beds are 
relatively impervious. 

Although the annual precipitation in this part of Montana is only 
about 13.5 inches, more than half of this amount falls in light rains 
between the beginning of April and the end of July or during the 
growing season, when it is most needed for crops. The average 
annual snowfall is about 40 inches, but the snow is normally light and 
dry, and the winds generally carry most of it into ravines, leaving the 
ranges bare and accessible for grazing throughout most of the winter.1 

CULTURE. 

A branch of the Great Northern Railway, which extends as far as 
Plentywood, renders the eastern part of the field ·easily accessible. 
The west~rn p·art can be reached at present by stage from Poplar, 
Mont. The principal town in the western section is Scobey, which 
is located on Poplar River, in T: 35 N., R. 48 E. Redstone, Plenty­
wood, and Antelope are thriving towns in the eastern part of the 
field. 

1 Summary of the climatological data for the United States by sections; Climatological section No. 30, 
northeastern Montana, U.S. Dept. Agr. Weather Bureau. 

• 
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Most of the area has been filed 61). by settlers as agricultural land. 
~,. A few quarter sections have been allotted to Indians but are not 

occupied by them, these lands being leased by farmers and stockmen 
for grazing or for the natural hay which they produce. The land 

1,,· is arable almost everywhere except along the outcrops of the strati­
. fied rocks, where the soil is thin or absent. However, these outcrops 

are few and are confined for the most part to the roughest portions 
l of the field, particularly along Big Muddy Creek. The bo~tom land 

! · along Big Muddy Creek and· Poplar River supports a considerable 
growth of natural hay which can be cropped every year, but on the 

l uplands the wil9. hay can be profitably cut only every third year. 
The principal crops of the region are flax, oats, barley, and potatoes~ 
some spring wheat, and some corn for fodder only,. Millet has been 
raised with success, as has also timothy hay. Likewise most garden 
vegetables except celery have been raised successfully. These crops 
are cultivated without irrigation, although in a few places on the 

, flats of Poplar River and Big Muddy Creek irrigation has been 
applied to the land with mediocre success. 

There is very little timber land in the region. Thick€1ts of quaking 
aspen, cottonwood, box elder, and ash grow in a few of the larger 
coulees, but the trees are not sufficiently numerous to be utilized 
even for fence posts. There are also a few willows along the principal 
streams, but the trees are too widely scattered to be of value. 

GEOLOGY. 

STRATIGRAPHY. 

OCCURRENCE OF THE ROCKS. 

The oldest sedimentary rocks exposed in this field are in the valley 
of Poplar River at a lignite mine in sec. 3, T. 33 N., R. 48 E., and in 
sec. 26, T. 35 N., R. 48 E.· These rocks probably belong to the Lance 
formation. The formation is lignite bearing in part and is commonly 
characterized by its somber color. Stratigraphically above these 
rocks lie the lignite-bearing strata of the Fort Union formation. 
These strata are predominantly light colored, but in many regions 
where these formations are well exposed the colors and other litho­
logic characters of the one formation blend into those of the other so 
that the line of demarcation is uncertain. 

In the area here described, moreover, exposures are generally ·poor, 
and it is impossible to determine the exact line of separation between 
the formations. No fossils were found by which the age of the 
rocks could be determined, hence the basis on which the_ approximate 
boundary line is drawn (Pl. XV, p. 308) is the information obtained 
in the Fort Peck Reservation by C. D. Smith 1 in 19081 and by the 

Smith, C. D., The Fort Peck Indian Reservation lignite field, Mont.: U.S. Geol. Survey Bull. 381, 1910. 
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writer in 1911. On the reservation the Lance strata are p·redom:­
inantly somber colored, and those of the Fort Union, which also ~ot,;; 
contain a greater number of lignite beds, are light colored. A 
lignite bed located near the horizon at which the lithology changes 
was assumed to represent the base of the Fort Union and was mapped f. 
as such. However, for 10 miles south of the reservation boundary, 
exposures near the contact are scanty and the separation was made 
largely on the basis of the color of outcropping beds. J 
· Owing, therefore, to the absence of a sharp lithologic boundary ', 
between the. formations, ·and to the lack of exposures near· the ~ 
critical horizon in this field and also in the northern part of the 
reservation, the accurate mapping of the Lance-Fort Union boundary 
is impossible. In drawing the line shown on the map the known 
'outcrops of somber-colored beds were considered to belong to the· 
Lance and those of yellow beds to the Fort Union. A bed of lignite 
16 to 22 feet thick, which outcrops on Coal Creek near the interna­
tional boundary, is thought to be the same as a bed 1~ feet thick 
reported by. G. M. Dawson 1 from Porcupine Creek on the inter­
national boundary a few miles . west of the oile hundred and sixth 
meridian. This is regarded as probably identical with the bed 
mapped as the base of the Fort Union and its horizon was projected 
as accurately as possible into the Scobey district. In mapping the 
inferred outcrop of this honzon it was of course necessary to take 
into account the topography and _also the low eastward dip of the 
strata (less than 10 feet to the mile). 

TERTIARY ( ~) SYSTEM. 

LANCE FORMATION. 

In the field here described about 175 feet of strata, consisting of 
somber-colored shale and cross-bedded sandstone with local lenses 
of impure lignite, are referred to the Lance formation. The base of 
the formation is not exposed, but on the adjoining reservation it has 
a total thickness of 200 to 300 feet. Its separation from the over­
IJirl.g Fort Union formation is based on its stratigraphic position and 
lithologic character. In these particulars it agrees with the Lance 
formation as recognized in other areas in eastern Montana and in . 
North Dakota, where it is further characterized by a dinosaur fauna 
which has not been found in the Fort Union. Formerly the Survey · 
considered the evidence of the age of the Lance so conflicting that it , 
was ascribed to the Cretaceous or Tertiary, but recently the close· 
correlation of the Lance flora with that of well-determined Tertiary 
formations of the Gulf coast, considered together with the mountain-· · 
making movements that are supposed to have immediately preceded · 
the deposition of the strata, has led the Survey to assign the forma-
tion to the Tertiary ( ~) system. · 

Dawson, G. M., The lignite Tertiary formation: Canada Geol. Survey Rept.for 1879-1880, p. 2\}a,1881. 

•, 
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TERTIARY SYSTEM. 

FORT UNION FORMATION. 

The· Fort Union formation, of Eocene age, is the uppermost co·n­
solidated formation .in this field. It consists of light-colored. sand­
stone, shale, and clay, with numerous beds of lignite, and rests with 
apparent conformity on the underlying Lance formation. The best 
exposures of these rocks . are in the bluffs along Big Muddy Creek~ 

. Masses of sandstone are exposed more commonly than shale or clay, 
because in the weathering of a hill the sandstone is most resistant, 
producing irregular projecting ledges, above and below which the hill 
slopes are generally grass covered. 

The following section, compiled from measured sections in three 
localities iri the Plentywood district, illustrates the character of the 
Fort Union formation in this field: 

Section of the Fort Union formation compiled from three localities. 

Section ln NW. i sec. 28, T. 34 N., R. 55 E. 

Sandstone (top eroded) ................................... . 
Shale, sandy .................................. ~ ......... . 
Sandstone, friable ........................................ . 
Shale, carbonaceous ...... : .............................. . 

Lignite ...... _ ........................................ . 

Ft. 
60+ 
10 
. s 
3 

Shale.................................................... 24 
Sandstone, friable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sandstone, hard ................................ : ....... . 
Sandstone, argillaceous.~ ............ ~ .................... . 7 
Shale, sandy ............................................ . 31 
Sandstone, hard ........................................ . 
Shale, gray ... ,.~ •.................. : .......... : ........ . 5 
Shale, carbonaceous ................................. .- ... . 4 
Shale, sandy ......................................... ~ .. . 34. 
Shale, drab ............................................... . 5 
Shale, carbonaceous ..................................... . 

· Shale, brown .................•.......................... 4 
Sandstone, light gray ............................. · ...... · .. . 13 

Lignite (Richardson bed) ................. 7 ••• -.-- ·- -·- 2+ 

Section in SW. i sec. 29, T. 35 N., R. 55 E. 

Lignite (Richardson bed). 
Shale, sandy ........................................... ·... 12+ 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Sandstone (forming ledge)........ . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sandstone, cross-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

ln. 

4 
6 
g. 

6 
10 

10 

4 

4 

11 

Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 10 
Sandstone, white, containing streaks of white clay. . . . . . . . . 16 8 
Shale, carbonaceous... . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale, gray ..................................... ·:....... 10+ 
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Section in SW. 1 sec. 6, T. 35 N., R. 52 E. 
Ft. in. 

Interval of shale and sandstone, covered in part .......... . 80± 
Sandstone, hard ............................. · ........... . 1 6 
Sandstone,· friable ..................................... .. 26 
Shale, carbonaceous ..................................... . 4 
Shale, gray ............................. _ ............•.... 12 
Sandstone .............................................. . 11 6 
Clay, dr_ab ........................... · ................... . 1 

Lignite ....................................... : ...... . 1 4 
Shale, brown .......... ' ................................. . 4 5 
Sandstone ...................... ; ....................... . 1 2 

Lignite ......................................... ' ..... . 
Shale, carbonaceous ......... · ............................. . 

8 
1 6 

Shale, sandy ............................................ . 11 6 
Shale, drab ............................................. . 5 10 
Shale, carbonaceous ..................................... . 6 

Lignite ............................................. . 1 8 
Sandstone .............................................. . 2· 3 

Lignite (Redstone bed) ............•................. 2 8+ 

Total lignite,....................................... 8 10+ 
Total .............................................. 494± 

A complete section of the Fort Union formation in this field would 
probably measure more than 1,000 feet. 1 

_ 

A white clay bed 2 of economic importance occurs in this forma­
tion in the vicinity of Redstone and Plentywood. It is a fair-grade 
clay, suitable for the manufacture of brick, draintile, and stoneware. 

In some places red-baked rock known locally as scoria or clinker 
is found, the old Redstone post office in sec. 16, T. 35 N., R. 52 E., 
having derived its name from the presence of this clinker in the 
neighboring bluffs. The clinker is caused by the burning of a lignite 
bed along its outcrop.· The fire may have been started in various 
ways. It is gener~lly ascribed to lightning, prairie fires, the._agency 
of man, or spontaneous combustion caused by rapid oxidation in 
weathering. The heat generated may become so intense locally as 
to cause flowage in the overlying strata, but as the burning progre_sses 
under greater cover the fire commonly dies out, owing to lack of air. 

TERTIARY OR QUATERNARY SYSTEM. 

QUARTZITE GRAVEL. 

Certain high hills and ridges, as shown on the maps (Pis. XV and 
XVI, pp. 308 and 314) are capped by quartzite gravel ranging from a 
few inches to 14 feet in thickness. This gravel is commonly strati­
fied and· was probably deposited by streams. In a few places it is 

lBeekly, A. L.,· The Culbertson lignite field, Valley County, Mont.: U.S. Geol. Survey Bull. 471, 
p. 326, 1912. 

2 Bauer, C. M., Clay in northeastern Montana: U.S. Geol. Survey Bull. 540, pp. 369-372,1914. 

... 
1 

..I-. 

_, 



UGNITE IN VICINITY OF PLENTYWOOD AND SCOBEY, MONT. 301 

consolidated but nowhere, so far· as is known, in the area here de-

I, 

•) · scribed. However, in the Fort Peck Reservation, on the. high bluff 
south of Cottonwood Creek, in theSE. l sec. 33, T. 32 N.; R. 46 E., 
the formation consists of consolidated sand and gravel cemented 
with lime. The lower part is about 8 feet thick and consists of sorted 
quartzite pebbles cemented with lime, resembling concrete filler for 
sidewalks. The .upper part is a massive white calcareous sandstone 
having a maximum observed thickness of 4 feet. Some of the peb­
bles in the lower part are 2 inches in diameter, though most of them 
are less ·than 1 inch. In the area under discussion over 90 per cent 
of the pebbles are red or brown quartzite, though a few pebbles of 
argillite were noted. All are well rounded and very few are larger 
than 3 inches in diameter. Many of the pebbles are coated with 
lime. Where the deposit is best preserved it contains a considerable . 
amount of interstitial yellow sand. As the deposit is lithologically 
different from the glacial drift, and furthermore is limited in extent 
to the tops of the highest hills, whereas the glacial drift is scattered 
generally and in many places overlies it, it is probably pre-Pleistocene. 
Although no fossils were found in this gravel, a similar deposit con­
taining fossils in the vicinity of the Cypress Hills is described by R. G. 
McConnell,l McConnell gave the age of the beds as Miocene, but 
more complete identification of the fossils by E. D. Cope 2 reveals 
the age of the beds as Oligocene or Lower Miocene. 

QUATERNARY SYSTEM. 

GLACIAL DRIFT. 

The· stratified rocks are covered generally with glacial material 
consis.ting of sand and clay intermingled with bowlders of granite, 
limestone, basalt, sandstone, and· many other rocks. The drift is 
usually unstratified, and its known thickness in this area ranges from 
a few inches to 40 feet, being commonly greatest in the valleys. In 
general it is thinner around Plentywood than in the vicinity of Scobey, 
but along the railroad, in T. 34 N., R. 55 E., near Antelope, it is 
probably even thicker than 40 feet. On the west side of Poplar 
Creek,· in sec. 18, T. 34 N., R. 48 E., a well was dug through 40 feet 
of glacial material containing a few blocks of lignite 1 foot in diameter 
as well as fragments of granite and limestone. 

1 McConnell, R. G., On the CypresS Hills, Wood Mountain, and adjacent country:. Canada. Geol. Survey 
Ann. Rept., new ser., vol.1, 1886. · 

2 Cope, E. D., On Vertebrata from the Tertiary and Cretaceous rocks of theN orthwest Territory: Canada 
Geol. Survey Contr. Canadian Paleontology, vol. 3, pt. 1, 1891. 
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STRUCTURE OF THE STRATIFIED ROCKS. 

In the vicip.ity of Scobey ·the lignite-bearing rocks lie nearly flat, l• 
but owing to the scarcity of outcrops little. knowledge of the exact " 
dip can be obtained. However, from the attitude of the beds to the 
south it is assumed that they have an easterly dip of .about 10 feet ,.\ 
to the mile. Along Big Muddy Creek definite information of the 
structure was obtained by determining the altitudes of the lignite 
·beds at many points. In T. 35 N., R.- 52 E., altitudes determined ~ 
on the Redstone lignite bed indicate a southeastward dip of about ~ 
15 feet t_o the mile, and in T. 34 N., R. 55 E., they indicate a dip of 

·about 16 feet to the mile in the same direction. Minor undulations 
in the strata alter this dip locally, but these ·measurements illustrate 
the gener.al attitude of the beds. . 

THE LIGNITE. 

PHYSICAL AND CHEMICAL CHARACTERS. 

Th~ lignite is,dark brown in color when fresh and its luster is dull 
to waxy. The texture is commonly dense, though in places it is 
woody. In some specilnens even the structure of fairly large pieces 
of wood, generally flattened, is preserved, this being most common 
in _the case of the harder parts such as knots. A pronounced charac­
teristic of lignite is its tendency to slack on exposure to the air, due 
to the fact that it contains much water, which evaporates on expo­
sure, causing shrinkage and the development of an irregular network 
of cracks along which the lignite separates into pieces. If the lignite 
is covered after being taken out of the mine so that the drying pro­
ceeds slowly disintegration is materially retarded. 

Two samples of lignite from this field were submitted to the 1)nited 
States Bureau of Mines for analysis. Both samples seemed to have 
been slightly weathered, though they were· taken from the deepest 
mines in the area. Sample No. 14614 was taken from the Richardson 
mine at location 65 in sec. 21, T. 34 N., R. 55 E., about 90 feet below 
the surface and about 200 feet north of the opening. This sample 
included the lignite of the lower bench, which is 5 feet 2 inches thick, 
.as shown in section No. 65 in Plate XVII (p. 314). Sample No~ 14670 
was taken from the Pierce mine at location 52 in sec.lO, T·. 35 N., R. 55 
E., about 45 feet below the surface and 250 feet northwest of the open­
ing.of the main entry. Only the lower part of the bed was sampled at 
this place and included 3 feet 9 inches of lignite, as shown in section 
No. 52 in Plate XVII. For purposes of comparison, three rep­
resentative analyses (Nos. 10724, 12533, and 11045) of lignite from 
neighboring fields are also given in the accompanying table (p. 304). 

The method followed in taking these samples '.'involves selecting 
a ;representative face of the bed to be sampled; cleaning the face, 
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ma]Q.ng a cut across it from roof to· floor, and rejecting or including 
impurities according as these are included or excluded in mining 
operations; reducing the gross sample, by crushing and quartering, 
to about 4 pounds; and immediately sealing the sample in an air­
tight container for shipment to the laboratory." 1 

The four analyses given below for each sample are not different 
determinations but are merely four forms of one analysis. ·Form A 
is the analysis of the lignite exactly as it comes from the ·mine. 
Owing to the fact, however, that the original moisture content of a 
sample is largely .a matter of accident and depends partly on the 
amount of water in the mine from which it came, it is best for com­
parative purposes to use form B, which is the analysis of the sample 
.air dried under uniform conditions. Form C is the theoretical analy­
sis of the sample after all moisture has been.eliminated. Form Dis 
also computed and is the analysis of the sample after all ~oi~ture and 
ash have been theoretically removed. 

1 Bur. Mines Bull. 22, 1913. 



Labo-
ratory 

No. 

14670 

14614 

10724 

12533 

11045 

Name of mine and location. 

Pierce mine, 2! miles north-
east of Plentywood, Mont. 

Analyses of lig_nite samples from Scobey-Plentywood and adjacent lignite fields, Mont. 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.) 

Location. Proximate. 

No. on Air- Form 

Collector. Plate drying of 
anal-Quar- Sec. T. R. XVI. loss. ysis. Mois- Volatile Fixed 

ter. ture. matter.a carbon. 
: 

------------------------

C. M. Bauer ..... SE .... 10 35N ... 55 E ... 52 5.9 A 34.3 29.6 28.0 
B 30.2 31.4 29.8 
c .............. 45.0 42.7 

I D .............. 51.3 48.7 

I Ultimate. 

Ash. Sul-
phur. 

8.1 0.66 
8.6 . 70 

12.3 1.00 
............... 1.14 

Richardson mine, 3 miles l ..... do •........•. NW •.. 21 34N •.. 55 E ... 65 5.4 A 29.1 29.7 33.8 7. 4 . 31 
west of Antelope, Mont. B 25.1 31.3 35.8 7.8 .33 

c ............... 41.9 47.7 10.4 . 44 
D ................ 46.7 53.3 ................ .49 

Bruegger mine, 3 miles north A. L. Beekly ..•. sw ... 8 28N ... 56 E ... ............... 23.6 A 32.6 27.4 30.9 9.1 1. 28 
of Culbertson, Mont. B 11. 8· 35.9 40.·4 11.9 1. 68 

c ............... 40.7 45.8 13.5 1. 90 
D ............. 47.1 52.9 ................ 2.20 

Mine of the United States F. A. Herald .... ................. 7 154 N. 100W. .............. 33.2 A 43.9 24.9 25.4 5.8 .49 
Reclamation Service, 2~ B 16.0 37.2 38.1 8. 7 . 73 
miles northeast of Willis- c ................ 44.3 45.3 10.4 .87 
ton, N.Dak. D ............ 49.5 50.5 .............. .97 

Snyder mine, 6! miles north J. H. Hance .•... NW ••. 27 17N .•. 55 E •.. ............. 23.4 A 32.1 25.6 34.2 8.1 1.36 
of Glendive, Mont. B 11.4 33.3 44.7 10.6 1. 77 

c ................ 37.7 ~~: ~ -.. ~~:~-I 2.00 
D ............... 42.7 2. 27 

a Volatile matter determined by the modified official method. See Bur. Mines Bull. 22, p. 29, 1913. 

~---- ..._-- . t~>-_r r 

Heating value. 

British 
Calories. thermal 

units. 

3, 755 6, 760 
3,990 7,180 
5, 715 10,290 
6,520 11,730 

. 4,165 7,500 
4,405 7,930 
5,880 1(),580 
6,565 11,820 

3, 730 6, 710 
4,880 8, 790 
5,535 9,960 
6,400 11,520 

3,300 5,940 
4,940 8,890 
5,875 10,580 
6,555 11,800 

3,950 7,110 
5,155 9,280 
5,815 10,470 
6,605 11,890 

l _; 
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The samples taken in this field were both slightly weathered, 
whereas those from the neighboring areas -were fresh. Weathered 
lignite gives up relatively little of its moisture on air drying, whereas 
fresh lignite generally loses two-thirds or more. This is well shown 
in the accompanying table. The weathered samples from this field · 
yielded less than 6 per cent ·of moisture on air drying, but the .fresh 
samples from the other areas· yielded 23 to 33 per cent. It is evident 
that the amount of moisture retained by a weathered sample after 
the air-drying process must decidedly impair its heating value on the 
air:-dried basis. Thus, the samples from this field yielded 7,180 and 
7,930 British thermal units, whereas the freshsamples of representa­
tive lignite from the three other localities all gave over 8, 700 (form B). 
On the other hand, the ash in the Plentywood lignite is slightly lower, 
and the sulphur, especially in the sample from the Richardson mine, 
is decidedly lower. Furthermore, it is evident that if the ash and 
moisture be disregarded, and only the lignite substance be considered, 
the Plentywood ligmte compares very favorably with that from the 
other localities (form D). This suggests that if entirely unweathered 
lignite could be found and mined in the Scobey-Plentywood field it 
would probably be equal in every respect to the product of the neigh­
boring fields with 'which it would come into competition. It is 
believed, however, that all the lignite mined in the field at the present 
time is slightly weathered and .is for this reason somewhat inferior 
to that mined in many near-by localities. 

DISTRIBUTION. 

Thin beds of lignite outcrop in many places along Poplar River, 
but in the· western district considered in this report the beds are 
generally too thin to be of value at the present time. Owing to the 
lack of good exposures, it is not known how many beds of lignite 
occur near Scobey. The locations of the various outcrops that were 
discovered, however, ~re shpwn on the map (Pl. XV, p. 308), and the 
thickness and character of these beds are discussed under the descrip­
tion of the towns~p in which each is found. 

In the eastern part of the field along Big Muddy Creek the expo­
sures are better, and a number of lignite beds are known (Pl. XVI, 
p. 314). All the surveyed land in the vicinity of Plentywood is under• 
lain at a depth of less than 500 feet by lignite beds 3 feet or Jn.Ore in 
thickness. These beds outcrop in many localities and are utilized 
locally for fuel. A detailed description of the topography, geology, 
and lignite resources of each township mapped follows. 

365° -Bull. 541-14-20 
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DESCRIPTION BY TOWNSIDPS. 

AREA NEAR SCOBEY. 

35 N., R. 48 E.-Poplar River flows southward through the 
central part ofT. 35 N., R. 48 E. (Pl. XV, p. 308). The lignite-bearing 
rocks probably belong both to the Lance and the Fort Union forma­
tions, but no fossils were found. Exposures are few, as the stratified 
rocks are generally covered by glacial drift. In the SW. i sec. 17 
about 35 feet of bowlder clay is exposed. In theSE. i SE. i sec. 32 
there is a kamelike deposit of glacial drift of which the following is 
the section: 

Section of glacial drift in theSE. l SE. fsec. 32, T. 35 N., R. 48 E. 

Feet. 
Gravel, unstratified, 90 per cent quartzite ·pebbles.................. 4' 
Sand and gravel, stratified....................................... 3 \ 
Bowlder clay, unstratified, containing sand and gravel (the lower 

part consolidated)----------·-- ..................... ·............ 8 
Shale, dark gray. 

15 

Thin beds of lignite outcrop in sees. 1, 11, 24, and 26. A lignite 
.bed was also reported on unsurveyed land about one-half mile west 
of the southwest corner of sec; 7. At this place (lpcation 1, Pl. 
XV) 1 a bed of lignite 1 foot 4 inches in thickness outcrops in a large 
spring. At location 2, in the SW. i sec. 1, a bed of lignite is exposed, 
the base of which is concealed by the water of a spring. Above the 
water level 2 feet 1 inch of lignite is exposed, and t~s portion of the 
bed has been stripped for local use. At location 3 two thin beds 
outcrop. The lower bed contains 1 foot 6 inches of weathered lignite, 
and the upper bed, which is about 20 feet higher stratigraphically·, 
contains about 8 inches of lignite. At location 4, in theW. ! sec. 24, 
a bed contains about 1 foot 6 inches of lignite. Several thin beds 
occur lower down in the stratigraphic section, one of which outcrops 
in theSE. i sec. 24 at location 5, where it carries less than 6 inches of 
lignite. In sec. 26 a thin bed of lignite included in about 40 feet of 
somber-colored sandstone and sandy ·shale is exposed. This bed, 
however, contains only about .10 inches of lignite. The following 
stratigraphic section was measu~ed in the SE. i SW. t sec. 26: 

1 Locations of points at which lignite sections were measured are shown by numbers on the maps (Fls. 
XV and XVI); and the sections, numbered correspondingly, are either shown in Pl. XVII or are given 
in the text 
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Section at location 6, in theSE . . t SW. t sec. 26, T. 35 N., R. 48 E. 

Ft. in. 

Glacial drift (containing limestone and igneous bowlders).... 5+ 
Shale, yellow, sandy........................................ 2+ 
Shale, dark gray (containing gypsum)....................... 2 8 
Shale, gray, sandy ......................................... 18 
Shale, brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Shale, gray ........................ .-. . . . . . .. . . . . . . . . . . . . . . . . 3 

·..,. Lignite ........ : ........ ·............. . . . . . . . . . . . . . . . . . . . 10 
1 Shale, gray ..................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . 12+ 
i 

TotaL .. ·.··· ......................................... 45+ 
Lignite............................................. 10 

T. 34. N., R. 4.8 E.-The surface features of r. 34 N., R. 48 E. are 
very ~imilar to those of the township immediately to the north. 
Poplar River flows through the central portion of the township in a 
valley about 2 miles wide. 'rhe lignite-bearing rocks are exposed 
only at a few places and no fossils were found in them. From the 

' general character of these strata it is believed that they probably 
belong both to the Lance and the Fort Union formations. The· 
boundary shown on the map (Pl. XV) indicates approximately the 
areal extent of each formation. So far as could be determined from 

) the outcrops the strata lie flat. The hills in the western part of the 
township are covered with small 'quartzite pebbles, the significance 

' of which has been discussed above. The area was at one time covered 
by the continental ice sheet and therefore is now generally covered 

/ with glacial drift.· The drift contains bowlders and fragments of 
limestone, quartzite, sandstone, lignite, basalt, granite, and schist. 
In the broad valley of the creek which traverses sec. 18 the drift is 
40 feet thick, as shown in a well, and contains bowlders of lignite, 
some as large as 1 foot in diameter. Measurements of lignite beds 
were very difficult to obtaill owing to the thick cover of glacial drift. 

A thin bed of lignite outcrops in the NE. 1 sec. 1 at location 7, 
where it carries 1 foot 2 inches of lignite. At location 8, in the SW. 1 
sec. 1, a bed of lignite about 3 feet thick was reported in a well at a 
depth of abo~t 30 feet. Section No. 9 (PL XVII, p. 314) shows a bed 
of lignite as it is exposed in the SE.i SW.i sec. 11. The bed at this 
place contains 2 feet of much weathered lignite. At location 10, in 
the NW. 1 sec. 16, a bed of lignite less than 10 inches thick is exposed, 
the outcrop being-marked for a considerable distance by springs and 
seeps. Section No. 11 was measured about one-half mile west of the 
west border of this township, or near the north quarter corner of sec. 

' 24, T. 34 N., R. 47 E. This section and sections Nos. 12 and 13, 
, which· are believed to be on the same bed, show an average thickness 

of 3 feet Sections Nos. 11 and 13 are shown in Plate XVII. The 
thickness of the lignite at location 12 is the same as that at location 
13, though the bed rests on carbonaceous shale at location 12. 
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T. 33 N., R. 48 E. (jractional).-The area comprised in fractional 
T. 33 N., R. 48 E. is an unsurveyed strip of land between T. 34 N., 
R. 48 E., on the north an~ the Fort Peck Indian Reservation on the 
south and includes about 9 or 10 square miles. This area lies mostly 
in the valleys of Poplar River and a small tributary. It is for the 
most part rolling and grass covered-but is broken into badland bluffs 
along the smaller streams. The lignite-bearing rocks probably be­
long to both the Lance and Fort Union formations, the inferred t....­

boundary between which is shown in Plate XV.- The strata have a \ 
slight easterly dip. Exposures of the stratified rocks are few, owing 
to the general cover of glacial drift. Lignite beds and other adjacent -
strata outcrop in sees. 3 and 5. Section No. 15 (Pl. XVII, p. 314), 
which was measured on a hill in sec. -5, shows 3 feet of lignite, but 
the bottom of the bed was not reached owing to the presence of water 
from a spring. This bed is higher than the one measured in sec, 3 
and is believed to be in the Fort Union formation. Section No. 16 
was measured in sec. 3, at a strip pit from which considerable 

'\ 

. lignite has been taken within the lastfew years. At the pit the bed r, 

ranges in thickness from 1 foot 8 inches to 2 feet 6 inches, which sug­
gests that it is elsewhere variable and probably belongs to the Lance 
formation. 

Tps. 33-34 N., R. 49 E.-In T; 33 N., R. 49 E., only sees. 5 and 
6 were examined and in T. 34 N. only a part· of sec. 32. The lig­
nite-bearing- formation is- believed to be Lance. It outcrops mainly 
in a coulee just north of the reservation line, most of the area being \ 
covered with glacial drift. Section No. 17 (Pl. XVII) was measured · 1 

at a strip pit on the south side of the coulee, where the bed contains 
about 5t feet of lignite. · The pit is operated by farmers who live in 
the immediate vicinity. The lignite, ~hich is poor in quality, has 
not been carefully mined, and a great deal of bone has been excavated 
with it for use as fuel. Section No. 18 (Pl. XVII) was measured on a 
bed 15 feet- higher stratigraphically than the one at the strip pit. 
This bed is associated with sandstone and carries 2 feet 4 inches of 
fair lignite. 

AREA NEAR PLENTYWOOD. 

T. 35 N., R. 52 E.-Big Muddy Creek flows southeastward across 
the north-central part ofT. 35 N., R. 52 E. Eagle Creek, a tributary 
of the Big Muddy, flows into the township in the SW. l sec. 6, leaves 
it in the NE.i sec. 6, enters it again near the north quarter corner of 
sec. 5, and empties into the Big Muddy near the center of this section~ 
The township in general is very rough, having a relief of about 400 feet 
The interstream ridges in the southwestern part have about the same . 
altitude, and their broad, flat tops suggest a former continuous plain. 
The remnants of this plain are now well covered with glacial drift, 
but in most of the stream valleys in the central and northwestern 
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portions of the township outcrops .of the stratified rocks are abundant. 
' The strata consist of shale, clay, and sandstone, as shown in the sec­

tion given below. The dip of the beds southward is about 15 feet 
to the mile as shown by altitudes deter~ined by plane-table traverse 
on the Redstone lignite bed. 

. ) 

' / 

/ 
) 

Section at location 19, in the ~W ! SW. !sec. 6, T. 85 N., R. 52 E. 

Ft. :in • 

Shale and sandstone, partly concealed ...•.................... 60+ 
Sandstone, P.ard ............................................. . 1 6 
Sandstone, light yellow, friable ............................... . 26 
Shale, brown, carbonaceous ................................... . 4 
Shale, gray ................................................ . 12 
Sandstone, argillaceous .. · .................................... . 11 6 
Clay, gray .............................. _ .............. _ ..... . 10 
Shale, brown .................. ~ ............................. . 2 

Lignite, weathered ..................................... . 1 4 
Shale, gray ................................................ . 4 

Shale, gray, finely laminated ..... : .......................... . 5 
Sandstone, yellow, friable .............. : ..................... . 1 2 

Lignite .................................................. . 8 
Shale, carbonaceous .... : . .................................. . 1 6 
Shale, gray, sandy ................................ ~ .......... . 11 6 
Shale, black, carbonaceous .................................. . 10 
Shale, gray, sandy ........................................... . 5 
Shale, ·brown ..... ~ .......................................... . 6 

Lignite ................................. · ........ -..... ~ .. . 1 8 
Shale, dark gray ............................................. . 3 
Sandstone ................................................. . 1 9 
Shale, brown ................................................ . 3 

Lignite (Redstone) ...... ~ .............................. . 2 8+ 
Talus.----- ................................................. . 10 
Water in Eagle Creek. ----

155 10+ 

This section, however, does not include the highest strata outcrop­
ping in the township, which are generally concealed .by glacial drift. 

At. least three beds of lignite outcrop in this township. The lowest 
one was measured in the NW. i NW. i sec. 8, at location 2~:, where 
1 foot 7 inches of lignite is exposed. About 50 feet stratigraphically 
above this bed is the Redstone bed, which is mined at several locali­
ties. This bed was measured at locations 19, 20, 21, 25, 26, and 29, 
and the sections at these points are shown graphically in Plate XVII. 
The bed ranges in thickness from about 3 feet to nearly 5! :feet. In 
the NW. l NW. i sec. 8, at location 21, this bed is mined by a com­
bination of stripping and drifting. The lignite at this place is very 
good in quality. The bed is also mined in sec. 16 at the Bergh mine 
aocation 25), where it attains its maximum observed thic.kness, 5 
feet 5 inches. At location 23, a well in the bottom of a coulee, 3 feet 
of lignite is reported. This bed is probably the Redstone bed .. Lig· 
nite is reported in a well at location 24, but the stratigraphic position 
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of the bed could not be determined. Sections Nos. 27 and 28 were 
measured on a bed about 80 feet above the Redstone lignite. This bed 
is probably the same as that measured at locations 30, 31, 33, and 35, 
but as the outcrops are isolated this correlation is not certain. 
The sections as given in Plate XVII show the bed to range in thick- ' 
ness from a little over 1 foot to more than 4 feet. Section No. 32, 
measured in sec. 35, is on a bed which· may be the same but contains 
only 1 foot 4 inches of impure lignite. ~ · 

T. 35 N., R. 53 E.-Big Muddy Creek flows through the central 
part ofT. 35 N., R. 53 E. It meanders widely over a flat which is 
approximately a mile in width, and the meanders are entrenched 
from 15 to 18 feet. About 30 feet above the alluvial flat, on the 
south side of the creek, lies a terrace which is generally covered with 
gravel and glacial drift. It is well grassed, in places cultivated, and 
the soil appears to be very good. This terrace includes parts of sees. 
16, 17, 19, 21, 22, 24, 25, and 27. Another terrace approximately 
150 feet above this 'one is plainly discernible in sees. 2·8, 29, and \ 
30. A still higher terrace, which is about 250 to 300 feet above the 
Big Muddy Creek flat, is present in sees. 1, 2, 3, 4, 5, 11, 12, and 14 
of this township. The highest part of this terrace lies in sec. 14, 
where a deposit of quartzite gravel several feet thick is exposed. All 
the terraces and gentle slopes are covered with glacial drift, which in 
some places reaches a thickness of 50 feet or more. Exposures of the 
underlying stratified rocks are most abundant along the north bluff 
of Big Muddy Creek, and in the northern. part of sec. 14 badlands\\ 
are developed. The weathering of certain clay and sandstone beds \ 
at this place gives a general white appearance to the exposures and { 
the locality is known as Chalky Buttes. The beds dip about 15 feet 
to the mile in a southeastward direction. 

There are many isolated outcrops of thin lignite beds in this town­
ship. Sections Nos. 36, 37, and 38 were measured on the same bed, 
which probably corresponds with the bed exposed at locations 33 
and 35 in the township immediately to the west. These sections are 
shown graphically in Plate XVII (p. 314). 

Another thin bed, which carried about 6 inches of lignite, was meas­
ured in NE. l NW. l sec. 27, at location 42. The thickest bed ex­
posed in this township was measured at locations 39 and 40, where it 
is 3! and 8 feet thick, respectively. Section No. 43 was probably 
measured on the same bed and shows a thickness of 3 feet 7 inches. 
These sections are shown in Plate XVII. At location 41, in the 
SW. l NW. l sec. 23, lignite is reported in a well, but the thickness ' 
of· the bed is not known. 

T. 35 N., R. 51,. E.-In general the surface features ofT. 35 N·., R. 
54 E., are very much like those of the township immediately to the 
west. The lowest terrace, which in the township to the west is about 
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30 feet above the creek flat, 'is in this township about 50 feet above it. 
This terrace is confined to sees. 19 and 20. The second terru.ce is 
about 175 feet above the flood plain of the creek and is well marked in 
sees. 25, 26, 27, 31, 34, 35, and 36. In places there are cliffs about 
100 feet in height at the edge of this terrace, but in general the slopes 
are gentle between the second and the :first terraces. The highest 
land in the township, which lies in sees. 8 and 9, reaches an· alti­
tude of about 300 feet above Big Muddy Creek. Outcrops of the 
lignite-bearing rocks occur along the small creeks in the northern part 
of the township and in deep gullies in sees. 26, 32, and 33 jn the 
southern part of the township. Although the. exact stniCture was 
not determined here, the strata probably dip about 16 feet to the :inile 
to the southeast, as indicated by the dip in the township to the east. 

Two beds of lignite that outcrop in this township were mapped in 
sees. 25, 28, 32, 33, and 34. Section No. 45 (Pl. XVII), measured in 
sec.· 33, shows both of these. beds, which are separated by 15 :feet of 
sandstone. At this place a strip pit on the lower bed has been worked 
for local use. Section No. 46, in sec. 32, shows the thickness of the 
same beds at that place. Another bed was mapped for a short dis­
tance in sec. 25. This bed is not exposed in this township, and was 
mapped by inference from exposures in the township immediately to 
the east. An isolated outcrop of a thin bed of lignite at location 44, 
in the NW. i NW. i sec. 5, shows 1 foot 2 inches of lignite. 

T. 34 N'., R. 54 E.-Crazy I-Iorse Creek flows in a northerly direction 
through T. 34 N., R. 54 E., its source being just outside of the southern 
boundary. In sees. 20, 28, 31, and 32 the valley is smooth and grass 
covered and outcrops of the lignite-bearing rocks ~re scarce, but. in 
sees. 5, 6, 7, 8, 17, and 18 the creek flows through badlands and the 
rocks are well exposed. Sec. 7 is especially rough and the relief is 
from 300 to 400 feet. The central portion of the township is an 
undulating plain sloping gently toward Crazy Horse Creek. In the 
eastern part of the township two hills or ridgesrise about 150 feet 
above this plain, one in sees. 2, 11, 14, and 24, and the other in sees. 
29 and 30. They are very nearly of the same altitude and suggest 
the remnants of a higher plain which formerly extended over a con­
siderable area. The hills are covered with quartzite gravel, which 
in sec. 29 is stratified and 12 feet thick. The township is generally 
covered with glacial drift. 

The badlands in the northwestern part of the township contain 
several beds of carbonaceous shale but no lignite beds of value. 
Several isolated outcrops of lignite were found in sees. 6 and 7, but 
the beds were not of sufficient thickness or of good ·enough quality 
to justify mappmg. At location 47, in sec .. 4, however, a lignite bed 
over 4 feet thick outcrops (Pl. XVII) and is mined for local use. 
The lignite in the lower portion of 'the bed. is of fair quahty. At 
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location 48, in sec.· 5, the sanie bed outcrops, but a reliable measure­
ment could not be obtained on account of erosion and slumping. 
Lignite is reported 25 feet below the surface. in a well at location 49, 
in soc. 9. In the SE. l NW. i sec. 30, at an isolated outcrop of a . , 
thin lignit·e bed, 1 foot 11 inches of lignite is exposed. The upper part { · 
of the bed is weathered and covered with glacial drift, however, and 
it is- probable that. this measurement does not· include the entire 
t.hickness of the bed: ~. 1 

T. 33 N., R. 54 E. lfractional).-Only that part ofT. 33 N., R. 54 E., l 
which lies outside of the Fort Peck Indian Reservatjon is described 
here. The area is smooth and nearly level and is generally grass 
covered. No outcrop of lignite-bearing rocks was found in the town­
ship. However, as the land is high, it is probable that the beds of 
lignite described in the townships to the north and west dip beneath 
this area and underlie it at a depth of less than 500 feet. 

T. 35 N'., R. 55 E.-The southwestern part of T. 35 N., R. 55 E., 
is traversed by Big Muddy Creek, which meanders on a flat about 

\ 1! miles wide. Except for the valley of Spring Creek, a tributary 
.of this stream, the remainder of the surface of the township is largely 
a rolling prairie. The lignite-bearing· formation is generally con­
cealed by glacial drift from a few inches to 40 feet thick. However, 
along Spring Creek, which flows through sees. 10, 15, 22, 21, and 28, 
there are limited exposures in which beds of lignite outcrop .. Along 
the bluff on the south side of Big- Muddy Creek a lignite bed outcrops 
at several places. A section was obtained in the SW. l sec. 29 and 

·is given below: 
Secti9n in the SW.! SW.! sec. 29, T. 85 N., R. 55 E. 

Sandstone. 
Lignite ................................................. . 
Shale .................................. · ................ . 
Lignite (Richardson) .................................... . 

Shale, yellow ............... -................................ . 
Covered ......................... : ............ · .............. . 
Sandstone ..................... · ... ~ ........................ . 
Sandstone, hard, calcareous .................................. . 

Ft. in. 
1 1 

7 
3 
1+ 

12 
15+ 
4 

Sandstone, cross-bedded, friable ............ , ........... ·........ 48 
Shale, light gray ........................................... . 
Shale, carbonaceous ........................................ . 

8 
2 

Shale, dark gray, containing gypsum.......................... 4 
Sandstone, white, containing streaks of clay............. . . . . . . . 16 8 
Shale, carbonaceous ....... ~..... .. . .. . . . . . . . . .. .. .. .. . .. . . .. 4 
SP.ale, light gray............................................ 10+ 
Water in Big Muddy Creek. 

Total........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 6+ 
Lignite................................................ 4 1 

From the altitudes determined at several points on the Richardson 
bed the strata clip southeastward about 16 feet to the mile. At least 
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, two beds of lignite occur in this township at a depth of less than 200 
t feet. The lower exposed bed (Richardson), which was mapped along 

Spring Creek and in the bluffs along the Big Muddy, is represented 
by sections NOS. 52 to 58, inclusive. This bed ranges in thickness 
from 3 feet 4 inches to about 8 feet, and in general the quaJity is 
better on the south side of Big Muddy Creek than it is on the north 
side of that stream. The measurements of this bed, with the excep­
tion of No. 55, are shown in Plate XVII. At location 55 stripping 
was attempted in the summer of 1912, but only 3 feet 4 inches of 
badly weathered lignite was found. The bed is stripped at several 
places, and at .location 52 it is mined by drifting. The mine at this 
place is owned by the Pierce brothers, who lease it to miners. A sam­
ple of lignite from this mine was obtained and its analysis is Bhown 
as_No. 14670, on page 304. Several entries have been driven into the 
hill a distance of about 400 feet, and lignite has been taken out for 
a number of years and sold at t4e mine for $2 a ton. Owing to weath­
ering the lignite is not of the best quality, and in the NW. l NW. i 
sec. 22 it is reported to be almost worthless. South of Big :Muddy 
Creek the lignite appears to be less weathered. In a coulee in the 
SE~ l sec. 12, at location 51, lignite is found in a well at a depth of 

' I 
18 feet and reported to be 3 feet 6 inches thick. The same bed was 
struck in another well in sec. 13, about 200 yards to the south. 

( 

I 

I 

{. 

T. 34 N., R. 55 E.-Big :Muddy Creek flows southe-astward through 
the center ofT. 34 N., R. 55 E. The valley is narrower here than 
elsewhere and is generally bordered on either side by steep bluffs or 
badlandf:?. In the vicinity of Antelope, and extending along the 
railroad for about 5 miles, lies a broad, gentle depression, probably 
representing an old valley, now nearly filled _with glacial material, 
which suggests the former course of Big Muddy Creek. The lnnd in 
this valley is excellent for farming. The part of this township that 
is shown on: the map (Pl. XVI) as covered by glacial deposits is a 
gently rolling plain. The land in sec. 19, which includes the highest 
area in this township, is covered with. quartzite gravel. Elsewhere 
the surface material is glacial drift, e:;cept where lignite-h3aring 
rocks are exposed along the valley of the Big ::Muddy and its tribu­
taries. A section of the stratified rocks as measured in the NW. i 
sec. 28 is given below: 

Section in the NE. t NW. t sec. 28, T. 84 N., R. 55 E. 

Drift. Ft. in. 
Sandstone, light yellow, massive......................... 60+ 
Shale, sandy, and sandstone, interbedded. . . . . . . . . . . . . . . . 10 
Sandstone, friable ....................... _-........ -.. . . . . . . 8 
Shale, carbonaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 

Lignite.............................................. 2 
Shale, carbonaceous..................................... 5 
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Ft. ln. 

Bone ............................. :························ 4 
Shale, dark gray ......................... ~ .............. . 24 4 
Sandstone, buff, friable ................................. . 2 6· 
Sandstone, hard ....................................... . 10 
Sandstone, buff, friable ................................. . 7 

. Sand and shale, light, interbedded ...................... . 31 
Sandstone, hard ....................................... . 10 
Shale, light ............................................. . 5 
Shale, carbonaceous .................................... . 4 4 
Shale, gray .................................... ~ ....... . 12 
Shale, drab ..................... : ...................... . 17 
Shale, gray, containing gypsum .......................... . 2 6 
Shale, brown, hard .................................... . 10 
Shaie, brown, hard, containing streaks of lignite .......... . 1 6 
Shale, containing streaks of limonite .................... . 
Shale, carbonaceous .................................... . 

5 
2 

Lignite ............................................. . 2 
Shale, gray .............................................. . 4 
Sandstone, yellow, light ................................. . 13 11 

Lignite (Richardson) ................................ . 2+ 

217 2+ \ 

The strata dip southeastward about 16 feet to the mile as deter­
mined from altitudes on the Richardson lignite bed. Two important t. 
beds of lignite outcrop in the township, the lower one (Rkhardson) , Y 
being represented in sections Nos. 60 to 67 inclusive ~nd the higher by 
section No. 59. At location 59, in the SW. l SW. ! sec. 7, lignite has 
bee11 taken out for local use. At the time of the examination a slump \ 
had covered the bed with many feet of talus and a measurement 
could not be made, but the bed is reported to be over 3 feet thick. 
The Richardson bed can easily be traced by its clinker and also by its 
outcrop .in many places on either bluff along Big Muddy Creek. 
About one-fourth mile south of location 66 the red baked clay and 
shale caused by the burning of the bed measured 17 feet. On the 
west side of Big Muddy Creek, a short distance north of the. Richard-

- son mine, the clinker is 40 feet or more in, thickness. This lignite bed 
is in general thicker and of better quality on the west side. of Big 
Muddy Creek than on the east. It is thickest in the vicinity of ·the 
Richardson mine in the northern part of sec. 21, where it carries over 
8 feet of lignite. This mine, opened in 1909, is at present operated 
by Fred Richardson and M. J. Morris. The main entry is about 400 
feet long and runs northwestward from the opening. Side entries 
have been started. A sample of lignite was procured from this mine 
Oocation 65) and its analysis is given as No. 14614 on page 14. At 
location 63, in the SE. ! SE. l sec. 14, a strip pit is operated by 
farmers in the vicinity. · 

T. 33 N., R. 55 E~ (fractional).-Only that part ofT: 33 N., R .. 55 E. 
which lies north of the Fort Peck Indian Reservation is described 
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here. The land in general is high, sloping In the eastern part of the 
township to Big :Muddy Creek .. · The lignite-bearing rocks outcrop 
in sees. 2, 3, and· 4. No determinations of the dip of the beds 
were made in this township, but the structure is believed to be 
similar to that in the township to the north. Sections 68 and 69 · 
were measured on a bed of lignite which has been mined for local use 
at the localities indicated by the respective numbers. However, 
very little lignite has been removed. The sections of the bed at these 
places are shown in Plate XVII. This township is believed to be 
underlain by the lignite bed which outcrops along Big Muddy Creek 
in the township to the north, as well as other lignite beds which 
outcrop along Big Muddy Creek farther west. 

DEVELOPMENT AND USE OF THE LIGNITE. 

The value of the lignite .in this field is enhanced by the shortage of 
wood and also by the lack of transportation facilities for importing 
coal. Fuel is difficult to obtain and, as the winter season is long and 
severe, thin beds of lignite are prospected and worked, in many 
places even where they are weathered and impure. 

In the vicinity of Scobey any bed is considered workable 1by the 
residents that is a foot or more thick and is near enough to the sur­
face for the overburden to be stripped off by shovels· or by a~ horse 
scraper. Strip pits have been worked in the SW. l SW. l see. 1, T. 
35 N., R. 48 E., and in the NW. l SE. l sec. 3, T. 33 N., R. 48 E., and 
in the NW. i sec. 5, T. 33 N., R. 49 E., for local use. 

In the eastern part of the field lignite is mined by stripping and 
drifting at a number of places, as indicated on the map (Pl. XVI) and 
mentioned under the township descriptions. The most important 
mines in this area are the Bergh mine Oocation 25), neal' Redstone, 
in the NW. l SW. l sec. 16, T. 35 N., R. 52· E.; the Pierce mine 
Oocation 52), in the NW. l SE. l sec. 10, T. 35 N., R. 55 E.; nnd the 
Richardson mine Oocation 65), in the NW. l NE. l sec. 21, T. 34 N., 
R. ·55 E. Although the drifts at these places have been d;civeh a 
considerable distance, no unweathered lignite has yet been obtained. 
The lignite sells for $2 a ton at the mine. 

The use of the lignite in this field is largely confined at present to 
domestic heating and cooking. Lignite has been used with success 
in traction engines for plowing and threshing, but owing to its property 
of slacking it can not be stocked very long or shipped very far. Its 
future development will depend largely on the application of hriquet­
ting1 or similar methods of preserving the lignite for use in manu­
facturing. 

1 Wright, C. L., Briquetting tests of lignite: Bur. Mines Bull. 14, 1912. 



GEOLOGY AND COAL RESOURCES OF· THE AREA SOUTH­
WEST OF CUSTER, YELLOWSTONE AND BIGHORN 
COUNTIES, MONTANA. 

By G. SH:mRBURNE RoGERs. 

INTRODUCTION. 

The area described in this paper is located on. the west side of Big­
horn River, Mont., in the angle formed by its junction with the Yellow­
stone (fig. 9, p. 294). The coal-bearing strata outcrop on Pine Ridge 
in the form of a comparatively small outlier on the western edge of the 
great co.al field which covers most of eastern Montana. Only the 
northwestern part of the area known to be underlain by coal-bearing 
strata was examined, further work being prevented by the beginning 
of cold and stormy weather. The coal in this district is a fairly high 
grade sub bituminous coal and compares favorably with the commer­
cial varieties now sold in neighboring markets. Inasmuch as little 
is known of this isolated coal field the results of the writer's examina- \ 
tion are set forth in this paper, although only about onP.-tbird of the 
area believed to be coal bearing was investigated. 

The district here described comprises parts of Bighorn and Y allow­
stone counties, which are located in the. south-central part of the 
State. It covers an area of 125 square miles, only ·6! square miles 
of which, however, is underlain by coal. As shown on the map, the 
area examined comprises those portions of Tps: 3, 4, and 5 N., Rs. 33 
and 34 E., lying south of Yellowstone and west of Bighorn riv~rs, 
together with portions of Tps. 2, 3, and 4 N., R. 32 E., and of T. 2 \ 
N., R. 33 E .. 

The Northern Pacific Railway traverses the northern portion of the 
field, following the valley of Yellowstone River. Custer, located on 
the railroad in sec. 1, T. 4 N., R. 33 E., is the principal town and is the 
chief market center for the country within a radius of about 20 miles. 
Waco is a smaller settlement about 8 miles farther west. The most 
important wagon road in the field is the old Yellowstone Trail, which 
follows the- railroad from Billings to Custer, and there, owing to the 
difficulty of crossing Bighorn River and the generally rough country 
to the east, crosses the Yellowstone and traverses the comparatively ( 
flat land on the north side. The road to Hardin, a thriving town situ- \. 
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ated on the Chicago, Burlington & Quincy Railroad at thE1 point 
where it crosses Bighorn River, about 30 miles to the south, rum1 south­
east from Custer, striking the valley of the Bighorn near the mouth of 

. Mission Creek. (See map, Pl. XVIII, p. 326.) Besides these two 
principal roads many secondary trails lead through the area, the best 
of which are approximately located on the map. 

In the examination of this area, which was made in Octobe:r, 1913,1 
the writer was ably assisted by Messrs. Wallace Lee, R. C. Moore, and 
A. H. Sloan. This party had been previously engaged in the detailed 
examination of a large area lying east of Bighorn River for the pur­
pose of classifying the public domain. ·Although no public land 
remains in the district described in this paper, the same exact field 
methods were used. That is, after carefully prospecting the district 
for coal, the outcrops of all beds thicker than 18 inches were- mean­
dered by stadia and plane-table methods, the "traverse being tied to 
land corners. - The angle at which the beds dip was determ.ined by 
means of a careful line of elevation carried throughout the traverse. 
The coal was examined at short distances and the measurements 
recorded. In the area not ·llliderlain by coal, however, no traverse 
was made, and the positions of roads and creeks shown on the map 
(Pl. XVIII) are taken for the most part from the pla1js of the 
General Land Office. 

The General Land Office surveys of most of the townships in this 
district are recent.· They appear to be accurate and satisfactory, and 
the cornerstones are generally well marked. 

TOPOGRAPHY.2 

The dor1inant topographic feature in the district lying in the 
western angle of Bighorn ·and Yellowstone rivers is Pine Ridge, the 
northeastern extremity of which lies within the area described in 
this paper. From the foot of this high and abrupt ridgH the land 
slopes more gently to another relatively steep escarpment which 
limits the fiat bottom land along. the two rivers. (See F'l. XVIII.) 

. Y eUowstone and Bighorn rivers meet at a rather acute angle, and 
Pine Ridge constitutes the high divide between them, the present 
shape and position of the ridge being controlled partly by the geol-' 
ogy. The top of the ridge is remarkably level and rises only slightly 
to the south, maintaining an average height of about 1,100 feet above 
the rivers. Because of the level-character of its crest and its thick. -
covering of gravel," it is believed to represent an old river terrace. 
In other words, at some time in the past the river beds must have 
been about 1,100 feet higher than at present, and the rivers, in mean-

1 Although this work was done In 1913 the unavoidable delay in publishing the vc•lume for 1912 has 
made it possible to include this paper in that :volume. 

; t The Fort Custer topographic sheet of the U.S. Geol. Survey, published in 1894, shows the southern 
J portion of the district described in this paper. -
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dering, deposited the gravel which now covers Pine Ridge. The 
ridge itself rises about 400 feet above the immediately surrounding 
country, and its level crest is in this district commonly less than 200 
feet wide. Its slopes are everywhere steep, and are broken into 
characteristic rounded hills. The foot of the ridge approximately 
coincides with the outcrop of the coal bed south of the large fault 
shown on the map (Pl. XVIII), the northern end of the ridge being 
located in .sec. 6, T. 3 N., R. 33 E. Owing to the steepness of the 
slopes, the narrowness of the ridge, and its heavy covering of gravel, 
this land is. valuable chiefly for grazing. Numerous springs on the 
east slope and a somewhat smaller number on the west serve to make 
the land available for either summer or winter range. As the name 
Pine Ridge implies, its slopes are covered by a fairly thick growth of 
pine, suitable for mine timbers and other rough lumber. 

East of the main ridge the land slopes gently toward the Bighorn 

\ 
i. 

( 
\ 

and is for the most part fairly smooth: This area includes the greater 
part of Tps. 3 and 4 N., R. 33 E., and although there is a drop of , ~ 
about 500 feet in a distance of 5 miles or less much of the land is suf­
ficiently level for dry farming. In the extreme eastern part of these 
townships, and extending also into R. 34 E·., the land is almost per­
fectly flat and thinly gravel cbvered; hence, it seems to represent 
the first terrace above the present river bottoms. The east and north 
boundary of this flat area as approximately indicated on the map 
is formed by a steep and fairly regular escarpment about 200 feet 
high. It is particularly well marked along the Bighorn and also 
along the Yellowstone as far west as Sand Creek. At the foot of this 
slope lies the flood plain of the rivers, ranging in width from half a 
mile to 2 miles.· This ·bottom land is level and fertile and is now 
practically all under cultivation . 
. . The district east of Pine ·Ridge is drained chiefly by Mission and 
Sorrel Horse creeks and a large creek south of Sorrel Horse Creek. 
These streams are intermittent, but along their courses springs are 
fairly common and on Sorrel Horse strong enough,. except in the heat 
of summer, to give rise to a flowing stream. 

The creeks have excavated valleys somewhat narrow in proportion 
•to their length and have to only a. slight extent dissected the gentle 
slope to the east of the ridge. A striking feature of this drainage, espe­
cially near the headwaters at Pine Ridge, is the· abundance of almost 
parallel valleys. Thus, for distances of 2 or 3 miles the streams flow 
within a mile of each other, and at the foot of th·e ridge many of the 
smaller coulees flow for a mile or more within 1,000 feet of each other. 
This seems to be due to the steep gradient near their sources and to the 
abundance of gravel which, being homogeneous in character, has not 
interfered with the :p.atural course of th~ streams as determined by the 
uniform easterly slope. 

\ 

\.' 
\ 
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In contrast to the gentle valley slopes of Mission and Sorrel Horse 
creeks are the steep gorges of Sand Creek and the other northward­
flowing streams that drain the northern end o:£, Pine Ridge. Owing 
to the proximity of the river, which causes a drop of about 700 feet in 

~\ a distance of 4 miles or less, the coulees are narrow and steep. The 
/ urea at the north end of the ridge i~ therefore strikingly different from 

that on the gently graded east slop,e and is dissected into alnwst im­
··f passable badlands. The lower terrace is also practically obliterated 
( in this di'strict, so that the escarpment shown on the map here marks 

-f merely the limit of the bottom land rather than a well-de-veloped 
i ; terrace. 

The small area lying west of Pine Ridge is drained by Reid Creek, a 
large northward-flowing stream, which has bisected the northern end 
of the ridge and which flows just west of the border of the district·. 

GEOLOGY.1 

STRATIGRAPHY . 

. The Lance formation outcrops throughout this vdistrict, except in 
about a square mile in the southeast corner, where Pierre shale is 
exposed. Quaternary gravel iii many places overlies and partly 
conceals the older formations. (See columnar section, Pl. }.~VIII, 
p. 326.) 

CRETACEOUS SYSTEM. 

PIERRE SHALE. ) 
Although an important formation in the area to the south, the 

Pierre shale is practically negligible in this district. It is coneealed 
- by the flood plain of Bighorn River, and the upper boundary shown 

on the map is inferred from the boundary exposed on the opposite 
side of the river. The Pierre is composed almost entirely of dark 

-· greenish-gray shale containing abundant limestone concretions. The 
fossils inclosed by these concretions indicate that the formation is of . . . 
manne ong1n. 

TERTIARY ( ~) SYSTEM. 

LANCE FORMATION. 

The Lance formation in this area may be divided into. two parts, 
namely, a coal-bearing member, whic4 comprises the upper 250 feet, 
and a lower portion about 900 feet thick. This distinction is n1ade 
partly on lithologic grounds and partly because of the slight differ,ence 
in the Jossils found in the two divisions. 

Lower part of the Lance formation.-The total thickness of the lower 
part of the Lance formation.was not accurately measured in the field, 
but the figure given, 900 feet, is a close estimate. This. portion of the 

f · 1 A niore complete description ofthe geology or this general region will be found in a forthcoming bulletin 
by the writer on the geology of the Tullock Creek coal field, Rosebud County, Mont. 
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formation, as shown on the map, outcrops over most of the area de­
scribed in this report. No detailed stratigraphic section was made, 
but the following fac-ts were observed: The strata consist entirely of 
sandstone and shale, and contain no coal. The sandstone for the 
most part is soft and yellow, occurring in beds from 1 to 50 feet thick. r 
Through these beds, however, are .scattered numerous lenses of hard \ 
gray sandstone, which on weathering tend to stand out prominently, 
forming cap rocks, which are common in the area underlain by these \', 
strata. These cap rocks in certain localities are very persistent and > 

in co~junction with the soft yellow sandstone form prominent es- \ 
i 

carpments, which loca1ly are impassable for considerable distances. :.. 
In general, however, the sandstone beds are lenticular and can be 
traced only 2 or 3 miles, and in many places a sandstone 30 or 40 feet 
thick disappears within 300 feet. The shale which alternates with the 
sandstone beds ranges in color from yellowish gray to greenish· yellow, 
the latter tint being more common and characteristic of this portion 
of the Lance formation. In t)le upper 300 feet of the section, or the 
portion immediately underlying the coal-bearing member, the shale 
markedly predominates over the sandstone, whereas in the lower 600 
feet the amount of each is about equal. No fossils were collected in 
the district considered in this report, but numerous invertebrates 
found in these strata just east of Bighorn River constitute a typical 
Lance fauna. 

Goal-bearing (upper) member of the Lance formation.-The coal­
bearing member of the Lance formation resembles the lower portion \ 
of the Lance in a general way, but certain differences are apparent 
on close .examination. Although the sandstone is lithologically simi­
lar to that in the lower portion, it commonly occurs in beds less than ~ 
20 feet thick. These beds, however, are much more persistent than 
the thicker ones which are common in the lower portion of the forma­
tion. The shale is for the most part yellowish gray to brownish, the 
greenish tint being uncommon. Many bands of carbonaceous shale 
are present in the member, most of wp.ich contain at least a few inches . 
of coal or bone. The base of the member is marked by a coal bed, 
which ranges in thickness from 1! to 4 feet. Although none of the 
carbonaceous bands above this horizon contain more than a foot of 
coal in this area, as many as eight coal beds thicker than 18 inches 
have been observed in the district east of Bighorn River. These 
strata may therefore be. distinguished in the field from those of the 
lower portion of the Lance by the presence of carbonaceous beds, by 
the generally yellowish-brown color of the shale, and by the greater 
regularity of the sandstone. Furthermore, fossils are less numerous 
in the coal-bearing member than in the lower part of the Lance, and 
collections made east of Bighorn River contain a fauna slightly differ­
ent from that which is typical of the Lance formation. The total \ 

( 



I 

COAL RESOURCES OF AREA SOUTHWEST OF CUSTER, MONT. 321 

thickness of the coal-bearing member is not present in thiE: district, 
the maxlm.um observed being about 250 feet. 

QUATERNARY SYSTEM. 

The oldest unconsolidated deposit in this district is the gravel on 
Pine Ridge, which is about 1,100 feet above the present rivers. It 
is believed to be Quaternary in age because of its close re~.emblance 
to later undoubted Quaternary gravel deposits. The great amount 
of erosion which has taken place since .its deposition, however, indi-

j . · cates that it is either early Quaternary or possibly late Tertiary. It 
is made up for the most part of pebbles from half an inch to 3 inches 
in diameter, although pebbles 6 or 8-inches in diameter ar(l not rare. 
There is also an interstitial filling of fine gravel and snnd. The 
thickness of the gravel is difficult to estimate, owing to the fact that 
it constantly slumps down, never forming cut banks. The thickness 
of 40 feet given in the columnar section (Pl. XVIII, p. 326) probably 
represents a maximum, and the· average thickness is probably less 
than 30 feet. As mentioned above, the gravel has exercised a dis­
tinct ·influence on the topography and drainage and is constantly 
being carried down and reworked by the streams which have their 
sources ·in Pine Ridge. Probably more than half of the gravel is 
composed of quartzite, chert, and other silic~ous rocks, lbut a very 
wide range of igneous rocks also enters into its composition, and all 
the main types, from rhyolite to pyroxenite, have been observed by 

. the writer. 
The next well-defined Quaternary deposit is the gravel of the lower 

·terrace, which lies at a height of about 200 feet abov€1 the river. 
This gravel is niost apparent on the slope and at the foot of this ter­
race, having been almost entirely removed from its flat top. It is 
apparently sirllilar in every way to the gravel on Pine Ridge. · As it 
lies close to the railroad it may at some time become valuable for 
concrete work, for which it w<;>uld be adapted after screening. The 
supply is practicably inexhaustible. 

The most recent deposit in the district is the alluvium of which 
the pr~sent bottom land is formed. It is a rather clayey loam, and 
its fertility makes it valuable for agriculture. 

STRUCTURE. 

In a general way the area described in this paper is situated near 
the boundary between the Great Plains district, in whieh the strata 
characteristically lie almost fiat, and a piedmont district in which 
.the strata have been somewhat disturbed by more or less distant 
upheavals. Thus this area lies at the extreme northern edge of the 

J 
I 

365.0 -Bull. 541-14-21 · 

J 
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. so-called Bighorn uplift, the center of which is about 70 miles to the 
south. The strata dip .gently to the north and east at angles aver-
aging about 1°. . . 

The dip is monoclinal in general character, but appears to _be inter­
rupted in places by minor rolls, one of which crosses the southern part 
of thi~ area. Thus.at the most southerly point in the area examjned 
the dip is slightly to the south (2. feet in 1,000), whereas elsewhere in 
the field it is about 1 o to the north or northeast. The axis of this 
gentle anticline passes. through sec. 36, T. 3 N., R. 32 E., -and north of 
this point for at least 8 miles the dip is uniformly to the north and 
northeast. . 
. The dips shown. on the map (Pl. XVIII) are computed from numer­

ous ·elevations determined on the coal bed, and as they are all low are 
given in feet in 1;000 feet rather than in degrees.1 The dip is too low 
to measure with a clinometer except locally, and accurate data are 
therefore not available in the non coal-bearing area. It is believed 
.from observations made on the east side of Bighorn River that the 
general dip throughout this area is in a direction about N. 20° E., but 
that it decreases north and east of Pine Ridge until the strata along 
the rivers lie ahnost flat. 

Faults are not uncommon in the district, and it is probable that 
those shown on the map are only a small proportion of those which 
actually exist. Owing to poor exposures and to the lack of key strata 
in the lower part of the Lance, it is impo~sible to detect faults with­
out very careful work, and none are mapped except in the coal-bear­
ing area. All the faults found are approximately parallel to the strike 
except the one in sees. 19 and 30, T. 3 N., R. 33 E. This fault was 
mapped inferentially on·the evidence of the elevations, which show a 
drop of about 75 feet to the east, but although its position could not 
be actually seen it is believed that it is located within close limits . 
. The small fault in sec. 6, T. 3 N., R. 33 E., is clearly visible, however, 
as is also that in sec. 13, T. 3 N., R. 32 E. Each of these faults has 
a displacement of 30 feet. The fault·in sec. 7, T. 3 N., R. 33 E., has 
a total displacement of 76 feet downthrown to the south, but no 
trace of it could be found on the west side of the divide. The largest 
fault is that which repeats the coal outcrop at the north end of the 
ridge. Its position was determined with reasonable accuracy at a 
number of points in the coulees which it crosses; the displacement 
ranging from 130 feet on the west to 100 feet on the east. These two 
faults apparently inclose a block, which is tilted slightly to the east 
as would be expected if the faults die out to t~e west. The small 
fault in sec. 1, T: 3 N., R. 32 E., has a downthrow of 29 feet to the 
south. 

l A dip of 17.5 feet in 1,000 feet is equiv~ent to a dip of 1 •. 

'(. 
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All these faults are normal, with fault planes inclini:t;Ig probably less 
than 45 ° from the vertical. As has been shown, some of them are 
step faults and others are block. faults. Several other small breaks 
with displacements of less than 10 feet were observed, mostly at the 
northern end of the ridge, and it is probable that the simple moi:w­
clinal dip described above is broken in many places by similar small 
faults. - · 

THE COAL. 

OCCURRENCE AND CHARACTER. 

·The one coal bed thicker than 18 inches in the area examined lies 
at the base of the coal-bearing member of the Lance forro.ation. 
Above this bed therefore are the yellow shale and generally thin sand­
stone beds of this member, and beneath it are the greenish shale and 
the sandstone of the lower part of the Lance. The generally shaly 
character of the strata that incloses it is shown in the sections given 
below. The measured sections of the bed itself, shown graphically on 
Plate XVIII, are numbered to correspond with the locations at which 
the sections were measured, as shown on the map. In every section of 
the bed measured a parting of a peculiar sandy carbonaceous ntaterial 
was found, ranging in thickness from three-fourths of an incl:i to 1 i 

\ inches; in nearly every section this parting is located from 1 to· 10 ·< inches below the top of the coal bed.1 The most notable exception is 
in section No. 10, where the presence of a lenticular upper bench has 
caused the parting to assume a position below the middle of the coal. 
The bed can generally be easily recognized by the characteristic j 

I 
I 

) 

appearance, thickness, and position of this parting. . 

1 Rogers, G. S., Occurrence and genesis of a persistent parting in a coal bed of the Lance formation: 
Am. Jour. Sci., 4th ser., vol. 37,-p. 299, 1914. 
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Stratigraphic sections measured across the coal bed. 

SE. i sec. 7, T. 3 N., R. 33 E. 

Ft. 
Shale, yellow.......... . . . . . . . . . . 10 
Shale, brown, carbonaceous....... 3 
Shale, yellow........... . . . . . . . . . 4 . 
Shale, brown, carbonaceous, with 

some bone ............. ·. . . . . . . 3 
Shale, yellow........... . . . . . . . . . 8 
Sandstone, yellow, soft ...... _ .... 6 

SW. i sec. 32, T. 4 N., R. 33 E. 

in. 

Sandstone, yellow, soft .......... 
Shale, yellow ................ _ ... 
Shale, brown, carbonaceous, with 

some bone ...................... 
Shale, gray ..................... 
Bone .............................. 
Shale, brown, carbonaceous ...... 

Ft. in. 

25 
20 

2 
7 
1 
2 

Shale, gray. . . . . . . . . . . . . . . . . . . . . 10 
Shale, yellow ........ '... . . . . . . . . . 6 

Coal (section No. 11, Pl. XVIII)· 2 1 
I' Shale, brown, carbonaceous ....... 1 

Coal (section No.6, Pl. XVIII). 3 
Shale, carbonaceous ... ".. . . . . . . . 1 
Shale, greenish gray.............. 20 

2 

74 2 

~W. i sec. 31, T. 4 N., R. 33 E. 

Ft. in. 

Shale, yellcwish gray.... . . . . . . . . 10 
Coal (section No.14, Pl. XVIII) 1 10 

Shale, carbonaceous .. : ...... ~... 1 
Shale, greenish yellow.... . . . . . . . 12 
_Sandstone, yellow, soft .......... 29 

60 1 

Center W. ~ sec.12, T. 3 N., R. 32 E. 

Feet. 
San~stone, yellow, soft ........... _... 4 
Shale, yellow, sanqy........ . . . . . . . . . 8 

Coal (section No. 19, Pl. XVIII). . . . 3 
Shale, carbonaceous .............. _.. 2 
Shale, yellowish green .... : ..... _.... 5 

22 

\. 

53· 10 Jr 

The thickness and character of the coal bed are shown in the . ).. 
graphic sections on Plate XVIII. These sections show the bed to be 
thicker than 18 inches everywhere except in the center of the north-
ern part of· the ridge and to consist for the most part of clean coal 
not badly broken by partings. These sections show the actual 
measurements <?f the bed, but on figure 10 are shown the isopachous 
lines 1 or thickness contours, which are a device for showing at a 
glance the estimated thickness of the bed at any point. In drawing 
these contours the measured sections of the bed were first evaluated 
in terms of solid coal without partings, according to the method 
of the land-classification board of the United States Geological 
Survey. This .is done on the broad assumption that in mining the 
cost of removing a parting is generally about equal to the profit on a 
similar thickness of coal, so that to obtain the thickness of coal which 
may profitably be mined an inch of coal should be disregarded for 
every inch of parting. Thus, 24 inches of coal separated in the center 
by 3 inches of shale is considered to be equivalPnt in value to 21 
inches of solid coal. All the measured sections have been thus 1 

treated, and the results are given in figure 10. By grading between ) 
these sections the points were established at which the coal is thought l 
to be 18, 24, and 30 inches thick, and so on, and lines were then drawn 

1 An isopacbous line, in the sense here used, is an imaginary line connecting the points at which the coal 
'bed is of equal thickness. --

. _ _,.:-•"'' \ 
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FIGURE 10.-Map of northern part of Pine Ridge coal field, Mont., showing lines along which the coal 
,J b.ed is probably of equal thickness (isopachous lines). 
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~onnecting these points. Thus, at all points along the 30-inch 
contour the coal bed is believed to be 30 inches in thickness, calculated 
on the abov.e basis, and between the 30 and 36 inch contours the 
bed is believed to be between 30 and 36 inches thick and to average 
33 inches. For example, the south quarter corner of sec. 12, T. 3 N., 
R. 32 E., lies almost halfway between these cont~urs, so that although 
the coal is concealed at that point it may be inferred that it is 32 
or 33 inches thick. The value of these contours depends of course 
upon the number and relative positions of the measured sections 
upon which they are based, and as in the area under consideration 
many sections have been measured at favorable locations, it is 
believed that the contours are reliable and fairly accurate. 

These contours show that the bed is thickest in sec. 32, T. 4 N., 
. R. 33 E., but that most of the central portion of the ridge is under­

lain by coal between 36 and 39 inches in thickness. The bed is 
thinnest in a long embayment from the north, where, in· sec. 31, 
T. 4 N., R. 33 E., it is less than 18 inches thick. In the s·outhern part 
of the area the bed is also thin but appears to become somewhat 
thicker farther south. 

Thickness contours roughly defii:te the limits of the ancient swamp 
in which the coal was deposited. Inasmuch as the contours in this 
area are concentric in character and appear to close within a short 
distance beyond its borders,. it may be inferred that the center of 
the swamp was not far distant. ·Owing to the small size of the area 
examined the data gathered are hardly sufficient for any statement 
·as to the thickness of the coal to the west or south, but if the center 
of the swamp was located within this district it is reasonable to sup­
pose that the coal is thinner ·in those directions. On the other hand 
it· must be remembered that other swamps, semi-independent in 
character, may have existed contemporaneously, and hence that, 
although the coal bed decreases in thickness for a few miles, it may 
farther on become thicker. Furthermore, it is possible that the 
overlying carbonaceous zones, which in this field are of no value, niay 
at a distance of a few n1iles carry several feet of coal. It is evident, 
therefore, that . no reliable generalizations can· be made before the 
adjacent areas are examined. 

The strata above the base of the coal-bearing member in this area 
do not contain any coal beds more than a foot thick. At locality 10 
an upper bench of the main coal bed is exposed, and this is repre­
sented in other localities by a carbonaceous streak a few feet ~hove 
the horizon of the sandy parting. About 30 feet above the principal 
bed are two fairly constant carbonaceous beds (see section measured 
in theSE. 1 sec. 7, T. 3 N., R. 33 E., on p. 324), but neither of these 
beds contains more than 6 inches of coal. A detailed section of one 
of them is as follows: 
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MAP OF AREA SOUTHWEST OF CUSTER, YELLOWSTONE AND BIGHORN COUNTIES, MONT., INCLUDING PART OF PINE RIDGE COAL 
FIELD, AND SECTIONS OF THE COAL. 

By G. Sherburne Rogers. 
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Section of coal. bed in NW. t sec. 19, T. 3 N., R. 32 E. 
Ft. in. 

Shale, carbonaceous........................................... . 11 
CoaL ............ , ....................................... ~ 2 
Shale, gray ............ · .......................... ·. . . . . . . 4 
CoaL... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Clay, white............................................... 1! 
Bone ........ · .................... ·........................ 10 

Shale, yellow. · 
2 7! 

Above this bed occur several lenticular carbonaceous streaks, con­
taining at certain places a few inches of coal but nowhere attaining 
economic importance. 

QUALITY OF THE COAL. 

The coal of this field is of good subbituminous grade. It has no 
visible woody structure and is black in streak as well as in color. It 
has a bright vitreous luster and weathers in the platy manner charac­
teristic of subbituminous coal. It is brittle when fresh, and most of 
it is clean and fairly pure. 

In this area no opportunity was afforded the writer of observing 
the behavior of perfectly fresh coal when expo.sed to the air, 1but from 
facts observed east of Bighorn River it seems probable that it would 
check ~ithin a month or so and would partly fall to pieces if too 
roughly handled. The checking that takes place within the first few 
months after the coal is mined does not, however, entirely penetrate 
it, but rather tends to form a· protective coating around :a core of 
unchecked material beneath. If proper precautions are observed in 
moving it," therefore, this coal should form a fairly satisfactory fuel. 
It is possibly somewhat "light'' for a good forced-draft steam coal, 
but it might be successfully used in stationary engines and as domestic 
fuel. If it ever commands a distant market, however, it is probable 
that closed cars Will be needed for shipmefl:t. · 

This coal in.physical appearance and in inferred stocking qualities 
is superior to th~t mined near Sheridan, Wyo. It resembles closely 
the Roundup and other coal mined in the Bull Mountains, about pO 
miles northwest of this area. It is probably somewhat inferior, how­
ever, to the Red Lodge and Bear Creek coal, which is extensively 
mined about 80 miles southwest of this field. 

As no development work has been done in this area there was no 
chance of obtaining a sample of fresh coal for analysis. At a point 
about 2.0 miles northeast of Pine ltidge; however, a sample was 
obtained by blasting 8 feet back under a heavy sandstone bed. The 
coal in that district appears to be somewhat lower in quality than 
that in this area, and the calorific value of the sar:p.ple was furthermore 

. undoubtedly impaired by its slightly. weathered condition. This 
sample in the air-dried condition yielded 9,376 British thermal units, 
and taking the above facts into consideration 1t is probable that per-
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fectly fresh coal (air dried) in this area would give over 10,500 British 
thermal units, nearly the heat value of the average Bull Mountain 
coal. 

QUANTITY OF THE COAL. 

On figure 10 the thickness contours of this coal bed are shown, 
and the principle of their construction has been described above. 
As the outcrop of the bed is a rather sinuous line entirely surrounding 
the coal area, and as 23 accurate measurements of the coal were made 
along the outcrop, it is believed that these thickness contours are 
located with considerable accuracy, and that they form the best 
basis for computing the tonnage. The area of the coal land between 
each two of these contours was separately determined, and the 
thickness of the coal in each area was assumed to be the average 
between the two inclosing contour lines. On this basis it is estimated 
that there is a total of 20,869,760 tons of coal in this field, of which 
at least 60 per cent is recoverable . 

OUTLOOK FOR DEVELOPMENT. 

At the present time practically no development work has been done. 
In theSE. i sec. 19, T. 3 N., R. 33 E., the coal has been opened, but 
work was stopped after driving the entry about 5 feet. · 

On figure 10 is shown the thickness of the coal bed at all localities in 
the coal-bearing area. ·The bed reaches a maximum of 54 inches in 
sec. 32, T. 4 N., R. 33 E., and this locality has the added advantage 
of being nearest to the railroad (Pl. XVIII). On the other hand, there 
is not a great body of coal in that district, and the cover averages less 
than 40 feet, so that the coal is probably more weathered than in the 
area to the south. Furthermore, faults seem to be· more common, 
and the thickness of the coal is more variable. For a mine of any 
size, therefore, the area at the head of Mission and Sorrel Horse creeks 
would 'probably be the most favorable. As the dip to the n·ortheast 
is fairly constant, the entry should be driven from the east side of the 
ridge in order to ta~e advantage of the natural drainage and to lessen 
the cost of hauling out the loaded cars. Springs are common along the 
coal bed, and it is probable that the water would be a constant source 
of trouble in an entry driven from the west or down the dip. In the 
area south of Sorrel Horse Creek the coal is somewhat thinner, and 
owing to the northerly dip the bed is within 60 feet of the top of the 
ridge. 

As stated above, the coal in this bed s~ems to be superior in quality 
to that mined near Sheridan, Wyo., and to be nearly equal to the 
Bull Mountain coal. It is probably inferior, however, to the Red 
Lodge and Bear Creek coal, which sells in Custer for less than $.3 a ton. 
At the present time it would be impossible to mine it in competition 
with these coals, owing to the long haul to the railroad, and its com-· 
mercial importance is therefore dependent largely on better transpor­
tation facilities. 
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COAL DISCOVERED· IN A RECONNAISSANCE sryRVEY 
BETWEEN MUSSELSHELL AND JUDITH, MONTANA. 

By C. F. BowEN. 

INTRODUCTION .. 

·As ~oal-bearing formations were known to be exposed in the cen-
tral part of Montana, between. Missouri and Yellowstone rivers, an 
examination of this area was undertaken in 1912 in order to. obtain 
definite information regarding the quantity of- the coal and the 
extent of the beds. This examination has shown that the coal is 
confined to the area north of the Judith Mountains, that the beds 
are thin and. few in :p,umber, and that the coal is of low grade. The 
field is therefore not of commercial importance. 

The area lies in the central part of Montana and ranges from less 
than 1 mile to about 30 miles in width. It extends from Musselshell, 
on Musselshell River, northwestward to Judith, at the mouth of Judith 
River o:ri the Missouri, a distance of about 12~ miles. Thi:s area is 
about 1,400 square miles in extent. Its geographic location is shown 
on the index map (fig. 9, p. 294). 

The purpose of this report is to give a brief account of the stratig­
raphy and coal resources of the formations in the area above described·. 
A more detailed report on the stratigraphy and age of the formations 
is in preparation and will be published later.. The field work on 
which this report is based was done during_ the pepod from June 25 
to August 5, 1912, and was in the nature of a careful reconnaissance 
survey. 

The mapping was done by Harvey Bassler and the writer. ·The 
residents of the region were courteous and hospitable and furnished 
much information that was of value in carrying on the work, for 
which the writer here expresses his acknowledgments. 

In 1853 Hayden did his first work in the upper Missouri. region. 
f Following hiin, Cope, C. A. _White, Peale, Marsh, and others studied 
j the section, along Missouri River but did not attempt detailed map-

)
· ping of the individual formations. In recent years more detailed 

329 
) 



\ 

330 CONTRlBUTIONS TO ECONOMIC GEOLOGY, 1912; PART II. 

work has been done in this and adjacent areas by Stanton and 
Hatcher/ W. R. Calvert,2 and C. T. Lupton.3 

As a rule the township boundaries in this area are well established. 
The subdivisions of the townships, however, are for the most part 
unsatisfactory, except where the original surveys are comparatively 
recent or where resurveys have been made. 

The United States Geological Survey is preparing a map of the 
United Sttttes on the scale of about 16 miles to the inch, and part of 
this map was enlarged to a scale of 4 miles to the inch and used as a 
base for geologic mapping. The land lines and the drainage on this 
map are fairly accurate. The slight discrepancies which occur are so 
small that they do not appreciably affect the accuracy of the map on 
the scale on which it is here published, and therefore no adjustments 
were made. 

Horizontal control for geologic mapping was furnished by the land 
survey. A main stadia traverse was carried throughout the area and 
was tied to land corners generally not less than once in each township. 
A Johnson plane table and telescopic alidade were used in running 
the traverse. Side traverses, which were tied to the D?-ain traverse 
and to land corners, were made by horse pacing and by triangulation, · 
a 15-inch plane table and open-sight alidade being used for the work. 
By these methods the structure was platted and the boundaries of the 
formations of the Montana group were mapped, but no attempt was 
made to map or study the formations above and below the Montana. 
The map thus prepared is reproduced here as Plate XIX. On it the 
formation boundaries are represented by solid lines where they are 
located with considerable ac.curacy and by broken lines where their 
location is only approximate. 

Although the country is .very sparsely settled, satisfactory wagon 
roads connect the post offices and the large stock ranches and furnish 
a ready route of travel throughout the field. 

The Chicago·, Milwaukee & St. Paul Railway passes through the 
southeast corner of the area. A branch of this road built several years 
ago from Harlowton north to Lewistown has been extended north to 
Hilger and is now under construction to Roy. The construction of a 
branch line from Lewistown east to Winnett is also contemplated. 

TOPOGRAPHY. 

The area lies wholly within the plains region, although it is not far 
removed from several important mountain masses which have· influ­
enced its topography, drainage, and structure. Broadly considered, 

1 Stanton, T. W., and Hatcher, J. B., The geology and paleontology of the Judith River beds: U.S. i 
Geol. Survey Bull. 257, 1905. I 

2 Calvert, W. R., Geology of the Lewistown coal field, Mont.: U.S. Geol. Survey Bull. 390, 1909. I 
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• Lupton, C. T., The eastern part of the Bull Mountain coal field, Mont.· U S. Geol. Survey Bull. 431, 
pp. 163-189, 1911. . l 
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the topography is that of an uneven plain more or less disseeted by 
streams, but locally there is a considerable development of .badland 
forms, which occur where the Eagle sandstone or Judith River forma­
tion is exposed at the surface in a comparatively flat-lying attitude, 
as in the area between Willow and Flat Willow creeks, or near the 
larger drainage lines, as along Judith River. 
· The drainage belongs to the Missouri River system, arid the streams 
enter that river either directly or indirectly by way of Musselshell 
River. The principal streams tributary to Musselshell Riv-er are 
Willow, Flat Willow, McDonald, and Boxelder creeks. These streams 
rise in the Big Snowy and Judith mountains and flow eastward across 
the plains· to the Musselshell, which enters the Missouri a few miles 
east of the eastern boundary of the area represented on Plate XIX 
(p. 336). The northwestern part of the area is drained by Judith River 
and Dog Creek, which rise in the mountains and flow northward to 
Missouri River. 

GEOLOGY. 

STRATIGRAPHY. 

Rocks ranging in age from Carboniferous to Tertiary are exposed _in 
the area lying between the crests of the Big Snowy and Judith Jmoun­
tains ·on the west and Musselshell River on the east. .As no detailed · 
study was made of any formations. except those of the Montana 
group, this discussion is confined primarily to these rocks and only 
brief mention is made of the immediately subjacent and superjacent 
formations. The formations of the Montana group and their strati­
graphic relation in north-central Montana were described by Stanton 
and Hatcher 1 in 1905. Their grouping of the formations is followed 
in this paper. Dr. Peale,2 in a paper on the stratigraphic position and 
age of. the Judith River formation, dissents, however, from Stanton 
and Hatcher's conclusions. The succession, thickness, and character 
of these formations as determined by the writer in this field are pre­
sented in the following ·table: 

1 Stanton, T. W., and Hatcher, J. B., op. cit. 
s Peale, A. c~, The stratigraphic position and age of the Judith River formation: ~our. Geology,. vol. 20, 

pp.53G-549,640-652, 73&-757, 1912. 
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Generalized section of the sedimentary rocks discussed in this report. 

System. Group. Formation. Thick- Characteristics. ness. 

Ter- Feet. Alternating gray sandstone and clay shale, with 
tiary (? ). Lance formation. 70Q-800 thin beds of coal near the.top.a 

Marine shale, dark gray to black in upper part 
but with greenish tinge in lower ~art in south-

Bearpaw shale. 
em portion of the field. The s ale contains 

1,100± numerous calcareous concretions which yield 
Baculites ovatus, Baculites compressus, Scaphites 
nodosus, Inoceramus barabini, and other forms 
characteristic of the Pierre shale. 

Alternating beds of sandstone, clay, and shale in-
eluding carbonaceous members, mainly of 
brackish or fresh water origin. In the northern 
Eart of the area a more or less persistent coal 

Judith River for· 25(}-500 ed occurs near the top of the formation and is 
mation. in most pl~ces overlain by a bed of marl or brec-

cia, containing Ostrea subtrigonalis in great num-
bers. The formation also contains bones of ver-
tebrates, fragments of leaves and stems, and 
much silicified wood. · -

Alternating sandstone and shale, becoming chiefly 
sandstone at top. Marine fossils occur in these 
sandstones along Missouri and Judith rivers but 

200± have not yet been found in the sou them part of 
the area. The common forms are Tancredia Montana. americana, Cardium speciosum, Mactrafor:mosa, 
.Mactra alta, and other species formerly consid-

Claggett formation. 
ered characteristic of the Fox Hills sandstone. 

Cretaceous. Marine shale which is not easily distinguished 
either lithologically or paleontologically from 

500± the Bearpaw shale. 'l'he most common fossils 
are Baculites ovatus, Baculites compressus, Ger-
villia .borealis, Inoceramus barabini, and Leda 
evans!. 

In the northern part of the field the Ea3le consists 
of an upper division of gray thin-be ded sand-
stone with some shaly members, a middle divi-
sion of dark-colored shale containing thin beds 
of carbonaceous shale and coal, and a lower di· 

Eagle sandstone. -
vision, about 120 feet thick, of white to buft 

200-300 massive to heavy-bedded sandstone. 
In the southern part of the field the carbonaceous 

shale is replaced by thin-bedded shaly sand-
stone and the basal sandstone is dirty gray to 
brownish in color. 

Fossils are rare, but a few marine invertebrates 
have been found. · · 

In its upper part the Colorado is a black marine 
shale with alternating thin beds of sandy shale 
and sandstone. At one locality examined a cal-
careous fossiliferous sandstone occurs in the up-

Colorado shale. (b) per part of the formation. Baculites sp.,Dosi-
nia.orbiculata, Gyrodes conradi, Inoceramus dejor-
mis, Inoceramus labiatus, Scaahites ventricosus, 
and other forms were collecte from this forma-
tion. 

a Lupton, C. T ., loc. cit. II Not measured. 

The width of outcrop and the surface distribution of the forma­
tions which are controlled by structure and erosion ·are shown on 
the map (Pl. XIX). Where the structure is monoclinal and the dips 
steep, as along the north side of the field east of Black Butte, the 
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width of outcrop of the entire Montana grQup may be less than 1 
mile. In such places the Eagle sandstone and Judith River forma­
tion, because of their greater resistance to erosion, form hogback 
r~dges whose crests are marked by sandstone ledges, whereas the soft 
shales of the Claggett and Bearpaw formations occupy vaUeys. In 
proportion as the dip decreases the width of outcrop of the forma­
tions incr_eases, and where the slope of the·surface accords. with the 
dip the~dth of outcrop of a given formation may be many miles 
across. These conditions are illustrated by the width of outcrop of 
the Judith River formation northwest of Roy. In such :places the 
Judith River strata are commonly eroded into badland for1ns so that 
the formation is well exposed and easily traced. In some places, as 
at I-Iilger, the formations occupy synclinal depressions between moun­
tain uplifts; this structure gives rise to a wide outcrop of the forma­
tion ·occupying the central part of the synclinal depression, though 
the dips near the mountains may be comparatively steep. 

For the ·most part the formations are well exposed throughout the 
field. Because of this condition they can be followed almost con­
tinuously and there is. no difficulty in correlating outcrops. The 
chief exceptions to the. above statements occur at the crossing of 
stream valleys and along the base of the Judith and North Moccasin 
mountains. Near these mountains the formations are nwre or less 
obscured by bench gravels, so that the outcrops may be separated 
by considerable distances, and there is in places considerable discord­
ance in dip and strike between two successive exposures. These 
conditions render the ·exact position of the beds beneath the covered 
area· more or less uncertain, but there is commonly little doubt as to 
the formation to which an outcrop belongs. 

STRUCTURE. 

The dominant structure in the eastern part of the area is a broad 
symmetrical anticline ori which are superimposed several smaller · 
folds, thus producing the type of fold known· as an anticlinorium. 
The axis of the major fold trends. northwest and pitches to the 
southeast. In the southeastern part of the field the ·strata dip 
away from the. axis of the anticline at angles ranging fr01n 20° to 70°,· 
the steeper dips occurring nearest the axis of the fold, but as the 

. mountains are approached the dips decrease in amount, ~nd around 
··_the north base ·of the Judith and North Moccasin mountains they do 
~'Rot exceed ·45° and the anticline loses its distinctive character. 

The minor folds which complicate the major anticline are also open 
symmetrical folds whose axes pitch to the southeast and trend roughly 
northwest-southeast, although they are somewhat sinuous in charac­
ter. The dips on opposite limbs of these folds as a rule range. from 
2° to 6°. 
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A dome structure has been produced by the uplift of Black Butte 
and the North Moccasin Mountains. So far as examined the beds 
dip steeply away from these upljfts except at the southeast side of 
Black Butte, where the strata dip st~eply toward the butte, probably 
as the result of faulting. 

Out on the plains north of the Judith and North Moccasin mo~­
tains _the strata dip at a low angle to the north or northeast. 

Faults are not important structural features except iri the area 
along Judith R!ver north of the northern boundary ofT. 20 N~ Two 
minor faults cut the peds on the north side of the Judith Mountains, 
and, as already pointed out, there may be a-small fault at the southeast 
side of Black Butte. Between Fullerton and Missouri River three 
prominent faults, striking a little west of north, cross the valley of 
Judith River. At the first and second faults north of Fullerton the 
beds dip steeply to the north near the fault plane, but a short distance 
away they are nearly flat. At the fault nearest Missouri River the 
dip is to the south, or in the opposite direction to that at ·the faults 
farther south, and there is evidence of some minor faults, the details 
of which were not worked out. The northernmost fault exhibits the 
maximum throw observed at any of these displacements, and at that 
place the white massive sandstone at the base of the Eagle sandstone 
is brought into contact with the sandstone beds constituting the upper 
part of the Claggett formation. If the thickness of that part of the 
Eagle above the white massive sandstone be considered as 150 feet 
and that of the lower or shale portion of the Claggett as 500 feet, the 
throw would be about 650 feet. 

These same lines of disturbance were seen on the east side of Dog 
Creek in T. 21 N., R. 19 E., where the structure seems more compli­
cated than on Judith River. The ·maximum disturbance, however, is 
probably shown along Missouri River between Armells Creek and Dog 
Creek. In speaking o{ this area Hayden says: 1 

It presents perhaps the most rugged scenery on the Missouri River, the denudation 
and erosion having been much greater than· at the Bad Lands of White River. But 
the most remarkable feature of this basin is the wonderful ·disturbance of the strata. 
So much are the beds disturbed and blended together by forces acting from beneath 
that it seems almost hopeless to obtain a section showing with perfect accuracy the 

. order of superposition of the different stmta. 

THE COAL. 

In the northwest part of the field the Eagle sandstone and the 
Judith River formation contain some coal which is locally valuable, 
but no important· coal beds occur southeast of Black Butte. For con­
venience of description, the coal beds of the Eagle and Judith River 
formations will be described separately. 

1 Hayden, F. V., Notes explanatory of a map and section illustrating the geological structure of the 
country bordering on the Missouri River from the mouth of the Platte River to Fort Benton: Philadelphia 
Acad. Nat. Sci. Proc., vol. 9, pp. 115-116, 1858. 

! 
I 

' 

\ 

. ' 

\ 



COAL BETWEEN MUSSELS~~LL AND JUDITH, MONT. 335 

COAL IN THE EAGLE SANDSTONE. 

The easternmost indications of coal in the Eagle sandstone were 
found near the northern side of sec. 12, T. 17 N., R. 23 E. At this 
place there is. a bed of carbona9eous shale about 1 foot thick. Near 
the northwest corner of the same township a bed that is probably the 

~ same is about 2 feet thick and contains 3 inches of coal at the top · 
and 6 jnches at the bottom, with carbonaceous sandstone and shale 
between. On the southea~t side of Black Butte, at locality 1,1 a bed 
of coal 2 feet thick is exposed. It seems to be of local occurrence, as 
no other exposures could be found in this vicinity. 

In the NE. l sec. 8, T. 18 N., R. 18 E., a carbonaceous bed con­
'JJ;- taining about 4 inches of bony lignite at the top is exposed at an old 

surface pit. Coal is also reported as being mined from the Eagle 
sandstone near Deerfield, but this locality was not visited. 

Between Fullerton and Judith the Eagle sandstone is exposed by 
faulting at ~eyeral places, and at each place, it contains some coal of 
subbituminous quality. At locality 5 there is 13 inches of good coal, 

1~. and at locality 2 (see section in Pl. XIX) the coal is 26 incheB thick. 
j At locality 3, sec. 13, T. 22 N., R. 16 E., there is 4 feet 7 inches of coal 

in two benches, separated by 1 foot 3 inches of bone and clay, as shown 
in section No. 3 (Pl. XIX). At locality 4, sec. 11, in the same town­
ship, 36 inches of coal is exposed. Some coal was also obse:rved in 

/ exposures of the Eagle sandstone on Dog Creek near the northwest 
corner ofT. 22 N., R. 17 E. 

From the sections given above it seems probable that the Eagle 
~ sandstone may contain coal o~ commercial value in the northern part 

of the field. As the formation is exposed only in the. vicinity of 
faults, a careful survey on a scale large enough to show all the details 
of structure is necessary before the probable extent of the C•Dal can 
be determined. 

;. COAL IN THE JUDITH RIVER FORMATION. 

The Judith River formation contains beds of carbonaceous shale 
throughout the field, but no coal was found south of the southern 
boundary of T. 19 N.; north of that township line some co~l occurs 
in the Judith River formation, but its full extent is not known. 
The region in which the Judith River is believed to be coal bearing 
is the triangular area between Armells and Dog creeks and :Missouri 
River. Coal beds occur near the top of the formation and B.re said 
to have a maximum thickness of 7 feet, but in the area described in 
this report tne beds are thin, ranging for the most part fron1 a few 

; inches up to 30 inches in thickness. Sections Nos. 6 to 16 (Pl. XIX) 

j
~· were measured on coal beds in the Judith River formation. 

I These numbers refer to the locations and the coal sections shown in Pl. XIX; 

~-
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InT. 19 N., R. 19 E., where a detailed search for.c9a'I was made, a. 
zone of clay and carbonaceous shale is exposed coii~aining one or 
more thin beds of coal, one of which locally attains a thickness of 4 
feet. Immediately above these coal beds lies a thick indurated 
stratum made up almost wholly of invertebrate shells jnelosed in. a 
sandy matrix, which serves as an excellent marker .. in tracing the 

'" coal. Thjs Ostrea subtrigonalis marl or breccia, as it· is commonly 
called from its abundant content o! the· shells of that species~ was 
regarded by Stanton and Hatcher as the top of the Judith River for­
mation. The outcro·p of the principal coal bed across the township 
is shown on the map (Pl. XIX), and sections Nos. 6 to 16 on the same 
plate represent the thickness and character of the beds at the localities 

46
. 

indicated. These sections show that the· principal bed commonly 
ranges from 1 foot to 2! feet in thickness, but that at locality 16 the 
total thickness is 6 feet. At this locality, however, the bed contains 
four partings in its lower portion, leaving but 2 feet of unbroken coal 
at the top of the section. At this place there is a short entry on the 
bed and a small amount of coal .is mined for local use: chiefly as fuel 
for traction engines. The property is owned and operated by Mr. -;. 
Stone and is therefore called the Stone prospect. · l 

At the Stone prospect the coal shows the following physical prop­
erties: Color black, streak black to brown, fracture conchoidal, a 
tendency to prismatic jointing, a bedded structur~, and a lack of 
prominent woody characteristics. When exposed to the atmosphere \ 
the .coal slacks readily and breaks up into small irregular fragments. 

A sample of the coal was taken from the face of the entry and sent 
to the Pittsburgh laboratory of the Bureau of Mines for analysis. l. 

In collecting the sample the face of the bed was :first freed froin all 
foreign matter and the bed was then trenched across from top to 
bottom, but the shale partings and bone were excluded from ·the 
sample. A section of the bed at the point of sampling is represented 
by section No. 16 in-Plate XIX. The total thickness of the bed at • 
that place is 6 feet, but the sample, which included only the coal, 
represents a thickness of 4 feet 4 inches. The bed is dry and the 
face from which the sample was taken was fresh. The results of the 
analysis are as follows: 

I 1/r 
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Analym of coal from the Stone prospect, sec. 7, T. 19 N., R. 19 E. 
Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge. Laboratory 

· . No. 14495. Air-drying loss, 11.1 per cent.J 

Moisture ••............................................. 
Volatile matter a: ..................................... . 
Fixed carbon •••....................................... 
Ash ................................... -.: .............. . 
Sulphur ..•••••... : ................................... . 

Calories ........... : .................................... . 
British thermal units •••••............................. 

.. As 
receivec;l. 

23.1 
33.5 
30.6 
12.8 
1. 08 

Air 
dried. 

·Moisture 
free. 

Uoisture 
nndash 

free. 

~~: ~ ......• 43: 5. . .....•• 52: 2 
34.4 39.8 47.8 
14.4 16.7 ······-····· 

. 1.22 1.4 1.68 
1=======1=======1'=======1=,====== 

4,305 
7, 750 

4,845 
8, 720 

5,600 
10,080 

6, 720 
12,090 

a Determined by the modified method, the use of which generally results in a higher percenta.ge of fixed 
~. carbon than when determined by the official method. · 

Th:ls analysis shows that the coal is high in moisture and ash and 
low in calorific value. From its physical and chemical properties, 
and the fact that it slacks readily when: exposed ·to the atmosphere, 
the coal is regarded as low-grade sulSbituminous, which is distin­
guished from lignite chiefly by its bla'ck color. 

'{ The coal in the Eagle sandstone may prove to -be of importance in 
f localities near Missouri. River, where, because of the lack of timber and 

the distance from the railroad, conditions may favor its development 
for local use. 

The coal in the Judith River formatjon in this area is not of sufli-
j ·cient importance to justify development on a large scale. 'Farther 

north, however, on lower Dog Creek and Missouri River, the beds 
attain a greater thickness and will no doubt prove valuable, for local 
consumption at least, in a country where timber and other forms of 
fuel are practically absent. 

365° -Bull. 541-1~22 
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THE CLEVELAND COAL FIELD, BLAINE COUNTY, 
. MONTANA. 

By C. F. BowEN. 

INTRODUCTION. 

The writer made an examination in the fall of 1912.of land lying east 
of the Bearpaw Mountains, Montana, for the putpose of ·determining 
whether or not coal is present hete, and if so the character of the coal 
and the thickness of the beds. Only a small area was found to be 
underlain· by coal and the beds are thin and apparently lenticular in 
character. The coal has little prospective im.portance excep·t for 

' J. 

settlers in the immediate viciri.ity. . ( 
This area, called the Cleveland coal field from the chief town within l 

its borders, comprises an area of about 423 square miles included in 
Tps. 28 to 31 N·., Rs. 20 to 22 E. (in part), ·and T. 28 N., R. 19 E. of 
the Montana principal meridian. The northern end of the district is .\ 
about 6 miles south of Milk River, and the area lies for the most part 
between the Fort Belknap Indian Reservation on the east and the 
Bearpaw Mountains on the west. Its relation to other well-known 
places in Montana is shown in figure 9 (p. 294). 

The geologic. mapping was done by the writer assisted by Harvey 
Bassler. T~e writer wishes to acknowledge the hospitality and 
hearty cooperation of the residents of the district. · 

As land classification, which is based on land surveys, was the 
prime object of the investigatio:q., the Land Office plats were made ->r 

the bases for geologic mapping. All "locations were made with ref­
erence to corners established by the land survey. The mapping was 
done on a plane table, on a scale of 2 inches to the mile. Telescopic 
alidade and stadia· were used in mapping coal beds and open-sight 
alidade and pacing in meandering geologic boundaries. 

The igneous rocks of the Bearpaw Mountains have been briefly 
described by Weed and Pirsson, 1 and the glacial geology of the region 
has been discussed by Calhoun.2 In 1908 and 1909 L. J. Pepperberg 3 

'Weed, W. H., and Pirsson, L. V., The Bearpaw Mountains, Mont.: Am. Jour. Sci., 4thser., vol. 1, 
pp. 283-301, 351-362, 1896; vol. 2, pp. 136-148, 1~189, 1896. 

2Calhoun. F. H. H., The Montana lobe oftheKeewatinicesheet: U.S. Geol. Survey Prof. Paper 50,1906. ) 
a Pepperberg, L. J., The Milk River coal field, Mont.: U. S. Geol. Survey Bull. 381, pp._82-108, 1910; l 

The southern extension of the Milk River coal field, Chouteau County, Mont.: U. 8. Geol. Survey Bull. }. ' 
471, p. 359, 1912. 
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,~tudied the coal resources of the Milk River field, which adjoins the 
Cleveland field on the north and exhibits conditions similar to those 
reported here. 

/ EXPLANATION OF MAP. 

( The geologic map accompanying this report (Pl. XX, p. 350) was 
, compiled from the plane-table sheets prepared during the field exami­

nation and from the General Land Office plats. it shows the distri­
bution and attitude of the geologic formations as interpreted from a 
study of their widely sep~rated exposures, the outcrops of the prin­
cipal coal beds, the locations of points at which coal sections were 
measured, and also the principal roads and streams of the district. 

i In interpreting the ·geologic map it must b~ remembered that the 
greater part of the area is covere_d by glacial drift, which obscures 
the outcrop·s of the rock formations. For this reason the positions . 
of. the geologic boundaries are in part hypothetical. The forraation 
boundaries are indicated by broken lines where there is more or less 
certainty regarding their location and are omitted entirely where 
their location is largely hypotheticaL 

GEOGRAPHY. 

All parts of the field except the n;10untafu area are readily accessible 

)~ by wagon roads from the town of Chinook, on the north side of Milk 
River on the Great Northern Railway. 

As the area lies in the western part of the ,.0-reat Plains province, its· 
surface partakes more or less of the character of a plain, but in this 
part of the State the surface is broken by several isolated mountain 
ranges, one of which, the Bearpaw Mountains, lies· partly in this area 
and extends westward for a distance of about 40 miles. In the field 
three rather distinct types of topography are represented. These are: 
(1) The mountainous type; (2) the foothills type, lying between the 

.'!' mountains and the lowlands; and (3) the plains type,. which varies 
from a gently rolling, grass-grown, drift-covered plain, still undis­
sected and containing numerous undrained depressions, to ll> some­
what well dissected and drained surface in which ntimerous steep, 
narrow gorges, locally termed coulees, have been eroded. In the 

· northeastern part of the field this topography approaches the badland 
-; type, which is typically developed immediately south of the district 

along Missouri River and its tributaries. _ 
The area is drained by tributaries of Milk and Missouri rivers. 

The principal streams ate Snake, Boxelder, and Peoples cr1eeks on 
· the north and Suction Creek on the south. These streams rise in the 
Bearpaw Mountains and, with the exception of Boxelder Creek, are 

-1 perennial within the area surveyed, though some of them may b~come 
intermittent farther qut on the plains 

J 
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GEOLOGY . 

. STRATIGRAPHY. 

CHARACTER OF THE ROCKS. \ 

The sedimentary rocks represented in this field range in age from \ 
Mississippian to Recent, the latter consisting of the alluvial deposits ~ · 
'along stream valleys. Because the coal resources were the primary 
object of the examination, the field study was confined to the coal­
bearing formations, and these are here discussed in more detail than 
are the other formations present. The table given· below shows the 
stratigraphic succession, c]laracter, and thickness of the for~ations 
of the district. 

Generalized section of the sedimentary formations of the Cleveland coal field. 

System. Series. Groujl and 
formation. Character. 

Alluvium. DeE?;its found along the streams; of small extent in 
t · area. . · 

Recent. 
A mixture of gravel and finer material derived from the 

Quaternary. Bench gravel. near-by mountains. The pebbles are mostly igneous 
rock and are not well rounded or waterworn~ 

Ground and terminal moraines containing numerous 
Pleistocene. Glacial drift. bowlders of granite, gneiss, and some quartzite not 

found in place in this part of the State. \ 
B earpaw 

Dark-colored marine shale, containing calcareous con-
cretions in which are found Baculites ovatus, B. com-

shale. pressus, Scaphites nodosu~ and other Pierre forms; 
thickness exposed in this eld 200± feet. 

ci. Brown to light-yellow sandstone alternating with ash-
::l Judith River colored clay yielding fresh and brackish water inver-
0 

"' formation. tebrates and also remains of vertebrates; contains bJJ some coal. Thickness 500± feet. t'3 
1=1 

Upper Cre- d 

l:l Like the Bearpaw both lithologically arid paleontolo·g. taceous. 0 Claggett 
::;;J format~on. ically. Thickness 35Q-500 feet. 

Cretaceou8. 
M:1ssive and cross-bedded yellow to broWn sandstone, 

Eagle sand- in places contaiuing many large brown concretions; 
stone. when well exposed forms prominent ledges; in few 

places contains fossils. Thickness 25Q-300 feet. 

Dark marine shale with intercalated sandy beds in 
Colorado shale. upper part; numerous large calcareous concretions 

in places near top of formation; raelds some inve:r· 
tebrate fossils and locally an a bun ance of fish scales . 

............... 

Lower Cre- Ko:ot en ai (?) Alternating beds of shale and sandstone underlying 
the Colorado shale and overlying rocks known to be taceous (?). formation. of Jurassic age; no fossils found . 

·············· .............. 
Jurassic. Upper Ju- Ellis formation. D'ark-gray fine-grained li~estone, richly fossilifer-

~assic. ous. 
I 

t 

Carbo niter- M:i~sissip- Madison (?) lime-. Gray crystalline limestone, containing numerous f9s-
ous. p1an. stone. sils; not certainly found in place. . 

j e 
"-
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CARBONIFEROUS SYSTEM. 

MADISON (l) LIMESTONE. 

Stratigraphically the lowest foriD:ation exposed in the field is n gray 
crystalline limestone, which is very different lithologically frorn any 
other rocks in the region and which outcrops at the extreme e:astern 

{ end of the Bearpaw Mountains. Fossils collected from this lime­
stone in, sees. 1 and 12, T. 2S N., R. 20 E., have been identified by 
George H. Girty as Carboniferous forms and tentatively referred by 
him to the Madison limestone. The specinlens obtained fr01n sec. 
12 were found in loose fragments along one of the branches of Suction 
Creek and had evidently been brought down from some higher 

-
1 elevation. The fossils from sec. 1 were obtained at the top of one 

of the mountain ridges in .connection with a _collection from the 
Ellis formation. At the time of making the collection it was not 
recognized that two formations were involved and the collector 
is not now sure whether or not all of the specimens were obtained · 
from rock in place. Whether the fossils were actually found in 
place or not, they demonstrate the existence of Carboniferom~ rocks 
in the region, as the Bearpaw Mountains were not overridden by 
the continental ice sheet, and therefore the fossils could not have 
b.een brought to their present position from some extraneous locality 
except by the agency of man, a contingency which does not seem 

J probable. 
Previous to the discov~ry of these fossils sedimentary rocks older 

than the Colorado shale had not been re~ognized in the Bearpaw 
Mountains, and despite the slight uncertainty as to location and exact 
age which attaches to them the find is an important one. It :may be 
confidently stated that careful stratigraphic work in the older forma­
tions involved in the Bearpaw uplift wi11 differentiate the rocks· of 
Carboniferous age, but at present nothing can be said of their d~s­
tribution or thickness. 

JURASSIC SYSTEM. 

ELLIS FORMATION. 

The Ellis formation is best exposed on a tributary of Suction Creek, 
sec. 1, T. 28 N., R. 20 E., 2 or· 3 miles above Henry M~rtin's ranch 
in sec. 7. At this place there is 200 feet of dark-gray to le2~d-gray, 

o( fine-grained, _richly fossiliferous limestone, which is overlain by an 
apparently conformable succession of alternating beds of calcareous 
sandstone, sandy shale, and shale having a thickness (if not repeated 
by faulting) of about 1,30Q feet. Fossils were obtained from the 
limestone and one of the lower. beds of calcareous sandstone and 
submitted to Mr. Stanton, who refers the beds to the Ellis formation . 

.,. I The 1,300 feet of sandstone and shale. overljing the fossiliferous 
) limestone are here provisionally referred to the Kootenai, slthough 
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future work may show them to belong to the Ellis formation. On 
the west in this locality the Ellis formation is cut off by a sharp fault 
.along which it abuts against younger rocks. How widespread the 
Ellis formation may be in the Bearpaw Mountains has not been \ 
determined, but rocks of similar character were seen at several 
localities in the eastern end of the range. } 

CRETACEOUS ( ~) ~YSTEM. 

KOOTENAI (l) FORMATION. 

The only direct evidence of the presence of the· Kootenai, or some 
other formation occ'l\pying the same stratigraphic position, is the 
existence of a great thickness of dark-gray shales and gray sandstone ~. 
lying between the undoubted Ellis formation and the Colorado shale. 
No fossils have' been obtained from these beds, so that it is impossible 
to correlate th~m on a paleontologic basis. Lithologically the rocks 
are not similar to the red or maroon-colored members so characteristic 
of the upper part of the Kootenai in the Lewistown and Great Falls 
fields, so that if these beds do represent the Kootenai or a part of it 
they probably correspond to the lower unvariegated portion, although 
the thickness shown here seems to be much greater than that assigned 
to the Kootenai by Fisher 1 and Calvert 2 in the fields farther south. 
Like the Ellis formation, the distribution of these rocks, whatever 
their age, is undetermined; they were observed at the ~arne localities ~ 
as the Ellis, which they overlie with appar~nt conformity. 

CR:Jl!TACEOUS SYSTEM. 

COLORADO SHALE. 

Above the Kootenai . ( ~) formation lies the Colorado shale, the 
oldest formation in the field positively identified a~ Cretaceous. This 
formation is so well developed on the flanks and in the foothills of the 
Bearpaw Mountains that the term Bearpaw, if it were not preoccu- ~, 
pied, would be an appropriate designation. The term Colorado shale 
is applied to what in other States is known as the Colorado group, 
embracing the Benton shale and Niobrara limestone. 

The formation is more or less. fossiliferous. In some localities a 
·sandstone member 400 feet below the top of the formation contains 
an abundance of fish scales and some invertebrates. Fossils collected ~o 
from it have been identified as of Colorado age by Mr. T. w: Stan.ton. 

The Colorado shale is a black to lead-gray clay shale, containing 
in its upper part, at least locally, many large calct;treous concretions. o 

These concretions weather yellowish brown and carry numerous veins 
of calcite, which give a septarian-like character to the entire mass. 

J Fisher, c. A., Geology of the Great Falls coal field, Mont.: U. S. Gaol. Survey Bull. 356, p. 30, 1909. 
1 

'f' 

s Calvert, W. R., Geology of the Lewistown coal field, Mont.: U. S. Geol. Survey B_ull. 390, p. 27. 1909. \. 
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This part of the formation resembles very closel-y tho shales of the 
Claggett formation. Below the concretionary member the fonnation 
contains numerous thin sandstone bands alternating with .thH black 

I shale. Some of these sandstone members are fossiliferous, the most 
abundant remains being fish. scales. 

{ The thickness of the entire formation was not determined. A 
thickness of ahout 525 feet is exposed around Eagle Butte, in sec. 6, 
T. 29 N., R. 21 E., but it is probable that only a part of the formation 
is exposed. Near Henry Martin's ranch, in sec. 7, T. 28 N., R. 21 E., 
a thickness of more than 1,400 feet of black shale overlies the rocks 
described above as the Kootenai 0) formation. Whether thi3 is the 
true stratigraphic thickness of the Colorado or whether the formation 

" is repeated by faulting is not known. 
The Colorado shale is extensively developed around the east end 

of the B~arpaw Mountains, &nd is by far the most widespread of the 
pre-Montana rocks. Perhaps the type locality for the forma~tion in 
this field is the undifferentiated area lying south and southeast of 
Cleveland. · · 

\ The Colorado shale exhibits apparently conformable relations both 
I at top and bottom. It is sharply delimited from the overlying Eagle 

sandstone by the striking lithologic difference between the two for­
mations. The change to the underlying formation is not well shown 
in the localities where th~ two were studied, but it seems to be less 

J abrupt lithologically than is the change to the overlying formation~ 

I 
L 

EAGLE SANDSTONE. 

Above the Colo;rado shale. in apparent conformity lies the Eagle 
sandstone, so named by Weed 1 from its development at the mouth 
of Eagle Creek on Missouri River, about 40 miles below Fort Benton. 
This sandstone, according to Stanton and Hatcher,2 represents the 
lower part of the Montana group. All the fossils collected from it 
by the writer have been reported by Stanton to be of Montana·age. 

In this field the formation consists of buff to gray, massive to heavy­
bedded sandstone, which is locally cross-bedded and becomes more 
thinly bedded toward the top. Large reddish-brown sandstone con­
cretions are locally very numerous ~nd form conspicuous bowlders 
which strew the surface of the weathered outcrop. Where not 
covered by drift the sandstone forms prominent ledges, which con:­
stitute a striking topographic feature. 

Few places in t}fis area afford favorable opportunities for measuring 
the thickness of the formation, but in the NE. t sec. 18, 'r. 29 N., 
R. 21 E., both upper and lower boundaries are well shown in a clean­
cut exposure; the thickness at this locality is 310 feet. 

1 Weed, W. H., U.S. Geol. Survey Geol. Atlas, Fort Benton folio (No. 55), 1899. 
2 Stanton, T. W., and Hatcher, J. B., The geology and paleontology of the Judith River beds: U.S. Geol. 

Survey Bull. 257, pp. 63, 66, 1905. 
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The Eagle is well exposed only locally in this district. As a rule 
the outcrop is concealed beneath drift or gravels or is interrupted 
by igneous intrusions, so that the actual surface distribution of the 
formation is difficult to de~ermlne. In a generaJ way it occupies a 
narrow zone encircling the Bearpaw Mountains in the region where 
the foothills merge into the plains. 
, The Eagle is the lowest formation of the Montana group and is 

conformable with both subjacent and superjacent formations. It 
forms a striking lithologic contrast to them, however, and is easily 
distinguishable in the field. 

CLAGGETT FORMATION. 

Above the Eagle sandstone lies a formation consisting c~iefly of 
<!lark marine shale which Stanton and Hatcher 1 designated the Clag­
gett formation and correlated with the lower part of the Pierre shale. 
This formation contains Baculites ovatu.s, Baculites com pres sus, lnocera­
m'l.ts barabini, Gervillia borealis, an~ other forms characteristic of the 
Pierre shale. 

\ 

The Claggett in this area consists of dark lead-gray shale, containing r· 
numerous calcareous concretio"ns which range up to several feet in 
diameter. The concretions are usually seamed with veins of calcite 
and as a rule contain invertebrate fossils. At the base of the for­
mation there is a zone of sandy shale transitional to the Eagle sand­
stone below, and at the top there is a similar narrow transition zone. 
Crystals of gypsum are locally abundant in the Claggett and are 
conspicuous on many weathered outcrops. The shale weathers to 
a black gumbo soil that becomes very tenacious when wet. The 
formation is not well exposed in the field and no opportunity was. 
afforded for determining accurately its thickness. Farther south, 
along Missouri. River, it is about 500 feet thick, whereas to the north, 
on Milk River, Pepperberg determined it to be 350 feet thick. 

Except locally, the Claggett is even less well exposed than the 
Eagle and its surface distribution is correspondingly more uncertain .. 
On the accompanying map (Pl. XX, p. 350) the inferred distribution 
of the formation is shown, but this is of course largely hypotheticaL 

The Claggett overlies the Eagle sandstone conformably, and by 
reason of its shaly character, its dark color, and the presence of lime­
stone concretions presents a sharp lithologic contrast to the latter. 
The exact line of demarcation between these formations, however, 
and also between the Claggett and the overlying Judith River is in 
some places difficult to determine, owing to the sandy transition zones 
mentioned above. -

1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds; with a chapter J 
on the fossil plants by F. H. Knowlton: Bull. U.S. Geol. Survey 257, pp.l3, 66,1905. · 
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JUDITH RIVER FORMATION. 

The Judith River formation, which overlies the marine Claggett, 
is for the most part of fresh or brackish water origin. This forma­
tion was first named by Hayden/ although its stratigraphie relation 
was at that time not understood. Stanton and Hatcher in their 
work on the Judith River formation. 2 determined it to be a subdi­
vision of the Montana group, and the stratigraphic equivalent of a 
part of the Pierre shale. This conclusion was borne out by the work 
of the writer in this area. 

The ,Judith River formation comprises a series of fresh and l?rackish 
water beds, consisting of light-colored alternating sandstone and clay 
with some coal, the most persistent and important beds of which occur 
near the top of the formation. The· sandstones are in plHces cross­
bedded and ripple marked and contain ferruginous and sandy calca­
reous concretions, many of which are seamed with velns of amber­
colored calcite and bear .a general resemblance to the concretions 
found in the Claggett. Crystals of selenite occur to SQme extent in 
the darker-colored clay of the formation. Near the top of the for­
mation occurs a rather persistent bed of marl composed almost entirely 
of shells of Ostrea subt1vigonalis. The thickness and character of 
individual beds vary considerably within short horizontal distances, 
sandstone changing to clay, and coal to carbonaceous shale, and 
vice versa. It is therefore impossible to select any key .rocks 
which can be used to correlate sections measured at separate localities. 
The best reference stratum is the Ostrea-bearing marl or breccia 
bed near the top of the formation. The following detailed sections 
measured at various localities serv~ to show the character and varia­
hili ty of the beds: 

Section of Judith River formatio_n one-half mile north of Kerr mine on Sixmile Coulee, · 
sec. 30, T. 32 N., R. 20 E. 

Concretionary band ......................................... . 
Clay shale ........... · ......................................... . 
Shale, brown, carbonaceous .................................. . 
Shale, gray, sandy ........................................... . 
Concretionary band ......................................... . 
Shale, sandy ............................................... . 
Shale, brown, carbonaceous ... : ...................... · ........ . 

Coal, bony, and bone ..... ~ ............................. . 
Coal, good .................. · ............................ . 

Shale, carbonaceous ........................................ . 
Shale·, gray, sandy ........................................... . 
Shale, carbonaceous ......................................... . 

Ft. in. 

6 
lO 
2· 
1 6 

4 
1 6 
2 
1 

·2 
2 
5 
1 

1 Hayden, F. V ., Geology of the Missouri Valley: U. S. Geol. Survey of Wyoming and portions of con­
tiguous Territories; Preliminary (second) Rept. Progress, p. 97, 1872. 

2 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds, with a chapter 
on fossil plants by-F. H. Knowlton: Bull. U.S. Geol. Survey 257, p. 63, 1905. 



346 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART ll. 

Ft. in. 

Shale, somewhat sandy ........ : ............................ . 
Sand, gray, with 6-inch concretion~ry ·band .................. . 

2 
4 

Clay shale, gray .............. ~ .. , ................... : . ..... . 10 
Shale, brown, carbonaceous ... __ .......... _ ............. _ .. __ . 5 

Coal, bony ... · ....... _ ........................ , ... _ ...... . 7 
Shale, carbonaceous ............................... · ......... . 1 2 
Clay shale, drab ................................. _ .......... . 5 6 
Ironstone, concretionary band ... __ .. _ ...... _ ........ _ ... · .. _ . _ 3 
Shale, gray ................................................ . 3 

CoaL .............................. : .................... . 5 
Bone ................................................... . 9 
Shale, carbonaceous ... · ........................ _ ... __ ... . 5 
Coal. ............ ~ .......................... ." ........... . 11 
Bone ................... · ........... · ..................... . 2 
CoaL ................................. : ................. . 2 
Bone .................................................... . 4 

Shale, carbonaceous •. · ...................................... . 11 
Clay, dal.'k gray ............................ ~ ...... _ ........ . 1 8 
Clay, carbonaceous .......................................... . 8 
Sandstone, gray ............. _ ................................ . 
Clay with iron concretions ................. ~· ................. . 

5 
1 

Clay, gray, sandy ........................................... . 3 
Bone and bony coaL ....................................... · .. 6 
Shale, carbonaceous ................ · ..................... ·_ .. . 2 8 

Coal, bony ................... ·.· ......................... . 9 
Bone ................................................... . 2 

Clay ................................................. · ....... . 1 6 
Shale, carbonaceous ........................................ . 5 

Coal ........ : ........................................... . 9 
Coal, bony ................... · ........................... . 4 
CoaL ................................................... . 6 
Bone and carbonaceous shale ............... : ............ . 10 

Shale ...................................................... . 2 
Sand, argillaceous ........................................... . 2 
Concealed, probably sand ......................... ~ .......... . 4 
Saild and sandstone ........................................ . 2 
Concealed by alluvium ......... : ........................... . 10 
Concretionary layer .......•.................... · .............. . 1 

96 

Section of Judith River formation at Rattlesnake Butte, sec. i2, T. 28 N., R. 21 E. 

Ft. in. 
Sandstone~ cross-bedded ........ : ............................ . . 2. 
Clay shale with sandy layers ................... _ ............ . 18 
Sandstone, yellow, massive, cross-bedded, with small ferrugi-

nous concretions at base ............... _ ..... _ ......... _ .. _ .. 15 
Clay, in part arenaceous ............ _ ....... _ .... _ .... __ .... _ . 43 
Sandstone, massive, cross-bedded ... _ .................. __ ..... ~ 8 
Clay, sandy ........................... __ ...... _ ... ·._ ........ . 20 
Sandstone, shaly ....... _ ...... _ ..... · ....................... . 7 
Sandstone, yellow, cross-bedded .......... " ...... ~ ............ . 5 \ 
Sandstone, yellow, massive .................................. . 15 
Sandstone, thin bedded, and shale ........ · ................... . 8 
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:F't. in. 
Shale· ....................................................... . 8 
Sandstone, yellow, cross-bedded, weathers cavernous ......... . 15 
Clay, sandy .. ~ ....... : ...................................... . 8 
Sandstone, massive, cross-bedded ............................. . 2 
Clay ........................................................ . . 2 
Sandstone, massive .......................................... . 2 
Shale, s~ndy ........................ , ...................... . 2 
Shale, carbonaceous at bottom, grading upward. into clay ...... . 6 
Sandstone, white, bedded, beds usually less than 1 foot thick, 

weathers to rough, irregular forms .......... _. ....... : . ...... . 18 
Sandstone, white to cream colored, massive to heavy-bedded .. . 15 
Sandstone, yellow, massive, with concretionary layers ........ . 16 

. Sandstone, platy, and clay (partly concealed) ........... · ..... . 
Sandstone, yellow, .massive ................................. . 

82. 
9 

Sandstone, gray, hard ........... __ .......................... . 6 
Clay ..... _ ...................................... _ ............. . 2 

---
2'78 6 

Section of Judith River formation near south quarter corner sec. 81, T. 28 N., R. 22 E. 

Drift. Feet. 
Clay shale, dark, gypsiferous, containing narrow band of Ostrea 

subtrigonalis at base............................................ 50 
Clay, sandy ........................................ : .... ,·_....... 5 
Shale, brown, carbonaceous............. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Clay shale, drab................................................. 10 
Sand, unconsolidated .......... ·................................... 15 
Shale, carbonaceous.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sand ............. :.............................................. 5 (?) 
Clay, drab, ·contains ferruginous concretions and Ostrea · subt:-i­

gonalis, grades into sandy clay below............. . . . . . . . . . . . . . . . 40 
Sandstone, white, with ferruginous members and concretions form-

ing ledges, exposed ............................ ·_ . . . . . . . . . . . . . . . . . 60 

190 

A comple_te section of the formation is not exposed a~ any locality 
in this district and the total thickness could not be determLined. On 
Missouri and Milk rivers,' where the exposures are better, the forma­
tion is about 500 feet thick. 

The surface distribution of the Judith River formation i:; probably 
· greater than that of all the other sedimentary rocks in the field com­

bined. This is due to its flat-lying attitude and to -the fact that 
erosion has removed the overlying Bearpaw shale from rrwst of the 
area but has not yet cut through the 'Judith River to the underlying 
formations. Over much of the area these beds are covered by glacial 
drift and the boundaries of the formation as shown on th9 map (Pl. 
XX, p. 350) are more or less hypothetical. 

The Judith River formation is conformable with both the under­
lying and overlying formations. The beds grade into the ·Llnderlying 
Claggett through a narrow transition zone at the top of that forma-
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tion, but are more or less sharply separated lithologically fro~ the 
dark marine shale of the overlying Bearpaw . 

. BEARPAW SHALE. 

The Bearpaw shale was so named by Stanton and Hatcher 1 from 
the supposed extent of its outcrop around the· Bearpaw Mountains. 
The Bearpaw shale, in common with the Claggett formation, contains 
a fauna which elsewhere is regarded as typical of the Pierre. The 
Bearpaw is therefore the equivalent of the upper part of the Pierre 
and in areas to the !'Outheast is directly overlain by the Lance for­
mation. 

The Bearpaw is a lead-colored marine shale, bearing calcareous 
concretions which yield most of the fossils so far found. In both . 
lithologic and paleontologic character the Bearpaw is so similar 
to the Claggett that the two can n.ot be definitely distinguished except 
by their stratigraphic relations. As only a part of the formation is 
exposed in this field, its thickness was not determined, but in other 
localities it is known to be 1,000 to 1,100 feet. 

Exposures of this formation are confined to a small area in the 
northwest corner ofT. 30 N., R. 22 E., and to the contiguous portions· 
of adjoining townships, but because of the heavy covering of drift 
over the greater part of the field exposures are poor and it may be 
that the Bearpaw occurs beneath the drift at other localities. 

The Bearpaw conformably overlies the Judith River formation, 
from which it. is distinguished by its lithologic character, its color, 
and the marine fossils which it contains. 

QUATERNARY SYSTEM. 

Glacial drijt.-Most of the plains area is. covered with glacial 
deposits, which, except where locally removed along drainage lines, 
obscure all of the older rocks. These deposits consist of an unassorted 
mixture of bowlders and finer material. The most common bowlders 
are of granite, gneiss, and quartzite, which have been transported 
from localities far to the north in Canada, where similar rocks are 
found in place. The deposits are terminal and grounq moraines. 
The best example of the terminal moraine is the ridge north of Peoples 
Creek. · 

Bench gravel.-Near the Bearpaw Mountains areas which are not 
drift covered are as a rule overspread by bench gravel derived chiefly 
from the igneous rocks of the near-by mountains. In general, this 
bench gravel obscures the outcrops of the older formations almost as: 
completely as does the drift. 

1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds, with a chapter 
on the fossil plants by F. H. Knowlton: U.S. G.eol. Survey Bull. 257, p. 621 1905. 
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Alluvium.-Alluvial deposits are of minor importance·. They occur 
in narrow belts al<?ng the most important streams, especially Suction, 
Peoples, and Snake creeks. · 

IGNEOUS ROCKS. 

The Bearpaw Mou~tains consist of igneous rocks of intrusive and 
extrusive origin and of both acidic and basic character. Dikes and 
sills of these rocks, radiating from the main mountain mass, outcrop 
in. places !1t a considerable ·distance from the mountains. These dikes 
and sills have had little effect on the inclosing· strata, which as a rule 
are but slightly metamorphosed and have suffered no displacement 

~. . by the intrusion .. 

1 

j 

STRUCTURE. 

On all·sides of the Bearpaw Mountains the strata dip steeply away · 
.from the central igneous mass. A short distance away from the 
mountains, however, the dips are much lower and out· on the plain 
the rocks lie nearly flat. Because of the general covering- of glacial 
drift and alluvium, however, continuous exposures of the underlying 
formations are lacking and the structure is extremely obscure and 
difficult to interpret. Except locally, where the drift cover is very 
thin, expo~ures of sedimentary rocks are confined to coulees, in which 
the glacial n1aterial has been removed. These exposures show that 
the-original attitude of the rocks has been locally very much disturbed 
by faulting, but because the stratified rocks are covered by drift the 
faults . are commonly not exposed at the surfa:ce.. The evidence, 
moreover, is in general limited merely to a marked change in the dip 
or strike of the formation at two near-by localities. The locations of 
a few of the most obVious faults are shown on the map. Suggestions 

~ of other fault lines are numerous and it is probable that still others are 
·entirely obscured by the surface covering. • 

THE COA.L. 

OCCURRENCE.AND DISTRmUTION. 

Coal beds occur i.n this district only in the upper part o:[ the Judith 
River formation, none having been found in the Eagle sandstone. 
In the northeastern part of the area the coal beds are from 15 to 
about 100 feet below the top of the Judith River, but elsewhere the 
top of this formation is not exposed and the stratigraphic position 
of the coal within it has not been definitely established. Because the 

. surface is covered and there are few mines and prospects, coal out-· 
crops can not be traced for any considerable distance. So far as 
known no coal occurs south -of Peoples Creek except nea.r the south­

. west corner of the field. 
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By reference to the graphic. sections 1 (Pl. XX) it will be seen that 
with few exceptions the coal beds where exposed are less than 2 
feet thick and that a majority of the outcrops show less than 1 foot 
6 inches of coal. Furthermore, where the beds have a thickness of 
more than 2 feet, partings _and impurities detract from the value of 
the coal. 

The Cook mine, at locality 53, T. 30 N., R. 20 E., is the only mine 
in the field. The bed at this place, represented by section No. 53 
(see Pl. X....X), contains a total thiclmess of 3 feet 3 inches of coal, · 
separated into ·two benches, however, by a shale parting about 5 
inohes thick. The coal is· fairly clean but slacks readily on exposur(' 
to the atmosphere. No other outcrops of this coal bed could be found 
and its extent is not known. It is probably small, however, as the 
bed appears to be included in a downthrown fault block and is there­
fore cut off at either end by faults. At the mine the beds dip rather 
steeply to the south, whereas at only sho:r;t distances both north and 
south of the mine the normal dip of the strata is to the north. 

In the southwestern part of the field several isolated outcrops of 
coal were examined, but the bed~ could not be traced for any distanc~. 
The character and thickness of these beds are shown in sections 50 
to 52 on Plate XX. In the northeastern part of the field a coal bed 
whose outcrop is traceable for about 5 miles is exp<?sed and this bed 
was mapped from sec. 11, T. 30 N., R. 21 E., to the east side of the 
area. This bed is from 1 foot 2 inches to 1 foot 6 inches thick at 
localities 58 to 60. At locality 67, where a few ranchers obtain their 
fuel supply from a surface prospect on this bed, the coal is 1 foot 6 
inches thick and has an inch parting near the middle. Above it 
occur two other thin beds which are 4 and 6 inches thick, respectively. 

\ 

Two miles east of locality 67, sections Nos. 68 to 71 (Pl. XX) were ~· 
measured on the same bed. At localities 68 and 69 the bed is thicker~ . 
than a( any of the other places· at which it was measured. At each /~ \ 
of these localities, however, the lower part of the bed is bony and of y~· 
little value as fuel. In sees. 16 and 21, T. 30 N., R. 21 E., a bed 
outcrops at about the same horizon and is believeq to be the same 
bed. As shown in coal sections 55. to 57 this bed ranges in thickness. 
from 1 foot 6 inches to 2 feet and consists of clean coal unbroken by 
partings. · 

InT. 31 N., Rs. 21 and 22 E., thin beds of coal are exposed at sev­
eral places on Snake and Boxelder creeks and their tributaries. 
Sections Nos. 61 to 66 and 72 to 75; measured at the places indicated 
on Plate XX, show the thickness of the coal at these localities, but 
the beds .can not be traced or correlated. At locality 62 a bed 1 foot 
9 inches thick is· exposed but is separated into two benches by 3 

1 The numbers used to designate the coal sectiol"!-s correspond with the location numbers on the map 
(Pl. XX). The first number used is 50 and the last is 75. 



V. S. GEOLOGICAL SURVEY 
· GEORGE OTIS SMITH, DIRECTOR 

SECTIONS OF COAL BEDS IN THE .JUDITH RIVER FORMATION 

111 6u Carb. 
70 3" 171. 172 

lr t". ' shaJtJ. !!' 
t' .·6~( . ' 

glmpure !!HI Bone 
~coal f&lllj 

LEGEND 

·~ :s" . 
•. ,. i" .• 

I' : ... 

:~:::: . . . 

~Carbonaceous 
~ ahale 

~/!/sand.stona ~Corilomerata 
*Sampled- Anajysis No. fLf 782 

Scale 
.l 2 

18 • I 17 I ' /6' I 

L. ·I . I 
~ -.-,. ~ --- --~-- -~~ 

19 I 20 I 21 . : I 22 

~:_+ _ __j __ . -1~:--

l. I . I 
29 28 27 

I I I -·_ -i - - t-~ -t ,~ -
31 I 32 I . s3 1 s4 ·. 

I I 

LEGEND 

Bo.undary of are01 cov<'recl 
. by driFt or bench gravel 

.. (Drift is on dottedsic/e of' line) 

t~ Bea,rpaw shal~ . 
w~-

. . 

j:.·:·~··..-:::1 Eagl~ sandstone, '.· .. · 
• • ' I 

.~Co/orad? shale (upper pad! 

· D Undifferentiated ,igneous r.ocks, 
· and sedimentary rocks of' 

Colorado age and older . · 

Intrusive ignequs rocks · 

ENGrtA\IEOANU FRINH;p ~y TliE U.S GE0L0GICAL, "SUR.V~Y 

·ByC. F. Bowen 



CLEVJ!;LAND COAL FIELD, MONT. ·; 351 

inches of bone, which occurs 6 inches below the top of the bed. The 
thickness of the lowest bed shown in the section at locality 65 was 2 
feet 11 inches, but 6 inches in. the upper part and 12 inches in the lower 
part contain too much shale and bone to be of any value as a fuel, 
leaving but 1 foot 5 inches of good coal. In the same section four 
other beds of coal are exposed at higher horizons. Three of these 
beds are each less than 10 inches thick and the .other one consists of 6 
inches of bone and 11 inches of impure coal. At locality 66 a coal 
bed 1 foot 6- inches thick is exposed. .At locality 7 5 there is exposed a 
bed of very impure coal which· is 1 foot 6 inches thick. Above it are 
two other beds, one of which is 6 inches thick and the other 11 inches. 
At each of the other exposures in this part o·f the fi~ld the coal is less 
than 1 foot thick. As the surface in this part of the field is generally 
covered with drift the coal beds can not,be traced and therefore their 
outcrop is not shown on the map. A surface prospect in T. 31 N., 
R. 20 E:, near the south side· of sec. 22 has supplied fuel for settlers 
for two or three years. This bed~is exposed at locality 54, which is at 
the east end of a prominent ridge forming the divide between Boxelder 
and Snake creeks. As shown in section No. 54 three beds of coal are 
exposed here; separated from each other by several feet of shale. 
The two upper beds are thin and have not been worked. ·Most of the 
fuel obtained from the prospect was taken from the lower bed. At 

. the time of the writer's visit the prospect had been aba:J;ldoned beca~se 
of the great amouD:t of bone present and the poor quality of the coal. 

. There are no other exposures of this bed and its extent could not be 
determined. The coal so far as could be ascertained by the writer 
is very pockety in character and does not give promise of furnishing 
a good grade of fuel. · 

In this field the coal differs considerably in thickness and purity 
at the localities where it is exposed, but as a rule the beds can not 
be traced laterally and nothing is known of their thickness or of the 
quality of the coal between the points of exposure. Immediately 
north of the field. along. Milk River, where exposures are ·more 
numerous because of greater postglacial erosion, Pepperberg 1 found 
that the coal beds are lenticular in character and range in thickness 
"from a fraction of an inch to 9 feet at different points on the.out­
crop.'' 

PROPERTIES OF THE COAL. 

Accurate determination of the properties of -the coal in this district 
was difficult, owing· to the fact that for the most part only weathered 
coal.could be obtained. At the Cook mine, however, fresh coal was . 
available and at this and other localities where the coal seemed least 
altered the following properties were observed: The coal is black to 

1 Pepperberg, L. J., The Milk River coal field, Mont.: U.S. Geol. Survey Bull. 3811 p. 881 1910. 
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bro~~ish' black but becomes brown on weathering, streak brown, 
luster bright to dull, fracture irregular, texture dense, coherence 
tough to brittle. In places the coal shows a tendency to prismatic 
jointing. The observed impurities consist of. flakes of selenite in 
crevices and seams and a brownish coating of an undetermined sub­
stance on weathered surfaces. 

One sample for analysis was taken f~om the Cook mine, the only 
working mine in the field. In taking .the sample the face of the bed 
was first freed from all impurities and the bed was then trenched 
across from top to bottom. The thickness and character of the bed· 
at the point of sampling is indicated by section No. 53 (Pl. XX). 
At that place the bed has a total thickness of 3 feet 8 inchesJ but the 
sample, from wblch the shale and bone were excluded, represents a 
thickness of only 3 feet 1 inch. The sample was taken from a freshly 
broken face at the end of, the mine workings, which consist of a 
devious .entry about 500 feet long having a general southward course. 
At the point of sampling. the bed is about 65 feet below the surface. 
The analysis (No. 14782) is presented below together with representa­
tive analyses of samples from the Milk River, Big Sandy, and Great 
Falls coal fields. · 

In the table the analyses .are given in four forms, marked A, B, C, . 
and D. Analysis A represents the sample as it comes from the mine. 
This form is not well suited for comparison because the amount of 
moisture in coal as it comes from the mine is largely a matter of 
accident and may vary widely. Analysis B represents the sample 
after it has been dried at a temperature of 30° to 35° C. until its 
weight becomes' constant. This form of analysis is best adapted to 
general purposes of comparison. Analysis a represents the theoretical 
condition of the coal after all the moisture has been eliminated, and 
analysis D its composition after all moisture and ash have been 
theoretically removed. This is suppo~ed to represent the true coal 
substance free from the most significant impurities. Forms C and 
D, which represent conditions that do not actually exist, are derived 
from the others by recalculation. 

In making these .analyses the volatile matter in analyses 14782, 
9150, 6318, 6380, ·and 14613 was determined by the modified method, 
whereas in the other analyses the volatile matter was determined by 
the official method. The .difference between these two methods lies 
in the fact that in de~ermining the volatile matter by the modified 
method the sample is first given a p,reliminary heating of 4 minutes . 
over a small flame and a final heating of 7 minutes over a flame 20 
centimeters high, whereas in the official method the preliminary 
heating is omitted. This preliminary heating allows the moisture to 
escape slowly and thus prevents the sputtering which occurs when 
coal that is high in moisture is placedo directly over ~hot flame. The 
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mechanical loss due to such sputtering, though almost negligible in 
· bituminous coal, may amount to as much as 25 per cent in some 
lignite. With lignite th;e modified method, by reducing the mechan­
ical loss caused by sputtering, has the effect of decreasing the per­
centage of volatile· matter and increasing the percentage of fixed 
carbon .. It is now customary to use this method in determining 
the volatile matter in lignite, subbituminous coal, and all other coal 

·which has a moisture content of more than 10 per cent. 
365° -BulL541-14-. -23 



Analyses of coal samples from the Cleveland and adjacent coalfields. 

[Made at the Pittsburgh laboratory of the Bureau of Mines, F. M. Stanton and A. C. Fieldner, chemists in charge.) 

Location. Proximate. I Ultimate. 

La bora- Air-. Form 
or tory Locality. drying aualy-No. Quar- Sec. T.N. R. E. loss. sis. Mois- Volatile Fixed Ash. Sul- Hvdro- Carbon. Nitro-

ter .. ture. matter. carbon. phur. gen. gen. 

---------------------------------------
CLEVELAND FIELD. 

14782 Cook mine ..•..... :· ... SW ... 35 30 20 7.1 A 18.8 31.5 40.4 9.3 0. 73 ............ -------- ............... 
B 12.5 33.9 43.5 10.1 . 79 .............. .................. .. .............. 
c ................ 38.8 49.7 11.5 .90 ............... ................. .............. 

MILK RIVER FIELD. D ............... 43.8 56.2 .............. 1.02 ................ .............. 

. 9150 Chinook district, Ro- NW .. li 31 19 14.7 A 21.4 28.0 41.6 8.99 .58 5.84 51.96 1.22 
der prospect. B 7.9 32.8 48.8 10.54 .68 4.94 60.91 1.43 

c .............. 35.7 52.9 11.44 . 74 4.40 66.11 1.55 
D ............... 40.2 59.8 ............... .84 4.97 74.65 1. 75 

6318 Tumbler mine ...•.... NW ... 32 32 19 11.8 A 21.5 26.6 41.1 10.83 .64 5. 73 50.43 1.09 
B 10.9 30.2 46.6 12.28 • 72 5.01 57.18 1.24 
c ................ 33.8 52.4 13.79 .81 4.26 64.19 1.39 
D .............. 39.3 60.7 ............... .94 4.94 74.45 1.61 

6380 Matheson mine ...•.... sw ... 10 33 20 14.9 A 23.3 29.9 33.1 13.74 • 72 5.80 44.90 .89 
B 9.9 35.1 38.9 16.15 .85 4.86 52.76 1.05 
c ............... 38.9 43.2 17.91 .94 4.18 58.52 1.16 
D ............... 47.4 52.6 -------- 1.15 5.09 71.29 1. 41 

6479 Havre Fuel Co. mine .. NW ... 31 33 16 15.5 A 22.0 23.8 43.9 10.34 .60 5.67 47.98 .99 
B 7.6 28.2 52.0' 12.24 .71 4.67 56.78 1.17 
c .............. 30.5 56.3 13.25 .77 4.14 61.48 1. 27 

BIG SANDY FIELD. D .............. 35.2 64.8 ········ .89 4. 77 70.88 1.46 

14613 Mackton mine .•...... sw ... 18 28 14 1.8 A 13.0 36.3 40.1 10.6 .53 ........ ......... ········ B 11.4 37.0 40.8 10.8 .54 ............... .............. ............. 
c ............ 41.7 46.1 12.2 .61 ................... ............... ............. 

GREAT FALLS FIELD. D ............ 47.5 52.5 ............ , .. .69 ............... .............. . ........... 
4119 Gerber mine at Sand NE .•. 23 19 4 2.6 A 7.5 27.3 51.4 13.78 2.32 4.68 62.21 .88 

Coulee. B 5.0 28.1 52.8 14.15 2.38 4.51 63.87 .90 
c .............. 29.5 55.6 14.90 2.51 4.16 67.25 .95 
D ............. 34.7 65.3 ................ 2.95 4.89 79.02 1.12 

Ox:y-
gen. 

---

.............. 

............... 

............... 

.. .............. 

31.41 
21.50 
15.76 
17.79 

31.28 
23.57 
15.56 
18.06 

33.95 
24.33 
17.29 
21.06 

34.42 
24.43 
19.09 
22.00 

. .......... 

............. 

............. 

. .......... 
16.13 
14.19 
10.23 
12.02 

Heating value. 

British 
Calories. thermal 

.units. 

5,075 9,140 
5,465 9,830 
6,250 11,250 
7,06p 12,710 

4,965 8,940 
5,820 10,480 
6,315 11,370 
7,135 12,840 

4,810 8,650 
5,450 9,820 
6,120 11,020 
7,100 12,780 

4,330 7,800 
5,090 9,160 
5,645 10,160 
6,880 12,380 

4,565 8,210 
·5,400 9, 720 
5,845 10,530 
6, 740 12,130 

5,340 9,620 
5,440 9, 790 
6,140 11,060 
6,995 12,590 

6,115 11,010 
6,280 11,300 
6,610 11,900 

. 7, 765 13,980 
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A comparison of the results of the analyses given in the· above table 
shows that there are no essential differences between the coal of the 
Cleveland field and that of the Milk River. field . 

.AI; compared with the coal of the Big Sandy field, the coal of the 
Cleveland field is considerably higher in moisture, slightly higher in 
:fixed carbon and in heating value, and somewhat lower in volatile mat .. 
ter and ash. The essential difference between the coal from these 
two ·fields lies in the greater amount of moisture contained in the 
Cleveland coal. Because of this the coal slacks much more readily 
when exposed to weathering. · 

The coal of the Cleveland field is very much higher in moisture, 
somewhat higher in volatile matter, and considerably lower in :fixed 
carbon, ash, and heating value than ·the coal of the Great Falls field. 
The Cleveland coal is therefore inferior in quality to the coal of the 

...,. Great Falls field. 
The coal of the Cleveland field contains a high percentage of ·mois­

ture. When it is exposed to the atmosphere the moisture evaporates, 
and as a result the coal cracks badly and finally crumbles to pieces. 
This property of the Cleveland coal separates it from the bituminous 
coal of the Great Falls field and all other high-grade coals. · On the 

·"'. other hand, its black color and lack of woody structure separate it 
from lignite. The coal of the Cleveland field belongs, therefore, to 
the subbituminous class. 

) 

"· 

DEVELOPMENT. 

The one mine in the Cleveland field is the Cook mine, situated near 
the west quarter corner of sec. 35, T. 30 N., R. 20 E. ·It is operated 
during the winter season and has an output of about 600 tons a year~ 
At this place the bed has a total thickness of 44 inches, of which 37 
inches is coal. There is evidence of structural disturbance in this 
vicinity, for the beds at the mine dip rather steeply to the south, 
wl:l.ereas the normal direction of dip, both north ~nd south of the 
mine, is to the north. It is probable, therefore, that the Cook coal 
occurs in a downfaulted block and that the bed is of small horizontal 
extent. 

A surface prospect near the south side ofsec. 22, T. 31 N., R. 20 E. 
(location 54), has supplied coal to settlers for two or three seasons, 
but has been practically abandoned because the coal is impure and 
difficult to obtain. , 

The thinness of the beds and the impurity of. much of the coal in 
this area, together with the occurrence of coal of better quality on 
·Milk River immediately north of this_ district, render it p~obable tha~ 
there will be little or no systematic de~elopment of the coal beds of 
'this field~ 



THE BIG SANDY COAL FIELD, CHOUTEAU COUNTY, 
MONTANA. 

By C. F. BowEN 

INTRODUCTION. . 
The Big Sandy field as here defined comprises an area of about 

345 square miles included in Tps. 25 to 28 N., Rs. 13 and 14 E., and 
Tps. 25 and 26 N., R. 15 E. of the Montana principal meridian. 
It lies in north-central Montana, north of Missouri River and for the 
most part west of the Bearpaw Mountains. Its location is shown on 
the index map, figure 9 (p. 294). · · 

In the Big Sandy field coal occurs ·in the Eagle sandstone and 
Judith River formation of Cretaceous age and the Fort. Union forma­
tion of T~rtiary age. The importance of the field as a coal producer is 
almost entirely dependent on the extent of the Fort Union coal. These 
beds occupy a small area in the.vicinity of the Mackton mine, about 
6t miles northeast of Big Sandy. The areal extent of the coal, 
though not accurately known, is probably small. At the present time 
no beds of commercial value are known to occur outside of sec. 18, T. 
28 N., R. 14 E. The coal in the Eagle sandstone and Judith River 
formation occurs in the southern part of the field. These coal beds 
are too thin and irregular in character to be of present commercial 
importance. 

During a part of the field season of 1912 this area was examined 
to obtain data for the classification and valuation of the ·land with 
respect to its coal content. In this report, the general geology of 

. the field, the character of the coal, and the distribution of the coal 
beds, so far as could be ascertained, are set forth. 

The stratigraphy of the southwestern part of. the area has been 
described by Weed 1 and .the glacial geology by Calhoun. 2 The coal 
resources have been briefly discussed by L. J. Pepperberg, who visited 
the Mackton coal mine in 1908 and made a brief examination of mines 
and prospects in the vicinity.3 

The geologic mapping upon which the present paper is based was 
aone by Harvey Bassler and the. writer, assisted by T .. K. Harns-

1 Weed, W. H., U.S. Geol. Survey Geol. Atlas, Fort Benton folio (No. 55), 1899. 
tCalhoun, F.H. H., The Montana lobe of the Keewatin ice sheet: U.S. Geol. Survey Prof. Paper 50,1906. 
g U. s. Geol. Survey Bull. 381, pp. 102-103, 1910. · 
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berger and J. ·R. Jaquet, who, altho.ugh engaged as camp hands, 
rendered considerable scientific assistance. The writer ackriowledges 
his indebtedness to the residents of the district for their generous 
hospitality, and is especially obligated to Messrs. Paul H. Schwartz, 
president of the Mackton Mine Co., and John Pearson, foreman of 
the mine, for much valuable information regarding the geology in 
the vicinity of their property. 

As land classification was the prime object of the investigation, 
the General Land Office plats were made the base for geologic map­
ping, and all locations were made with reference to the established 
land.corners. The work was done on a 15-inch plane table on a scale 
of 2 inches to the mile, using telescopic alidade and stadia for tracing 
coal beds and open-sight· alidade and pacing for meandering geologic 
boundaries. 

The accompanying map (Pl. XXI, p.,372) was compiled from the 
field sheets made in the course of the writer's examination and also 
from the General Land Office plat:;, from which most of the drainage 
and roads were taken. The map presents the distribution and atti­
tude of the geologic formations as interpreted from a study of the 
scanty exposures, the outcrops of the principal coal beds, the locations 
of measured coal sections, and also the principal roads and streams of 
the district. The greater part of the area is 'covered by glacial 
drift, which obscures the outcrops of the older formations and renders 
both the geologic structure and the positions of the formation bound­
aries uncertain; in many places, therefore, the distribution of the 
formations- shown on the map is partly hypothetical. The bound­
aries are indicated by solid lines where there is reasonable certainty 
regarding their location and by brokeil lines where there is less 
certainty; where their location is entirely hypothetical they are 
omitted. In the northern part of the field, in the vicinity of the 
Mackton mine, the drift covering is so nearly universal, and the 
structure of the older rocks where they are exposed is so complicated, 
that it was not possible to determine the extent of the coal-bearing 

. forffi:ation; therefore, on that part of the map only the. drift is shown. 
The Montana Central division of the Great Northern Railway, 

extending from Great Falls to Havre, crosses the extreme north­
western corner of this field. All parts of the area are accessible 
by wagon roads from the railroad town of Big Sandy. Because of 
the somewhat rugged character of a portion of the area the roads in 
general follow the crests of ridges. 

At present the area is very sparsely settled. Big Sandy, which 
has a popuJation of about 250, is the only town and is the distributing 
center for a large extent of country. Considerable stimulus ,has re­
cently been given to the acqui~ition and settlement of lands in this 
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part of the State by the method of raising crops without irrigation, 
known as "dry farming." Farming and stock raising are t;I!e prin­
cipal industries. 

TOPOGRAPHY. 

This coal field lies in the Great Plains province, which extends 
from the Rocky Moun~ain front eastward. lp this part of Montana 
the plains are broken by numerous isolated mountain ranges, one of 
which, the Bearpaw Mountains, lies partly within the Big Sandy 
field and extends eastward for a distance of about 40 miles. The 
remainder of the field is an elevated, somewhat dissected plain. 
Locally badlands are developed, being especially prominent along 
Missouri River in the southwestern part of the area. There the river 
is bordered by vertical sandstone cliffs 75 to 100 feet high known as 
the "stone walls," which are sculptured by we~thering into many 
curious and picturesque forms. Another modification of the pre- (4 

vailing type of topography occurs in the northwestern part, where 
a broad, flat alluvial valley, the preglacial channel of Missouri River, 1 

forms a marked contrast with the other topographic features. 
The area is drained by branches of Missouri River. Most of the 

streams are small and ·enter that river directly, but some of them 
flow into Milk River, which joins the Missouri about 160 miles farther 

' east. The more important tributaries of Missouri River are Eagle 
Creek, Sheep Coulee, Alkali Coulee, and Little Sandy Creek; those of 
Milk River are Big Sandy and Gorman creeks. There is an interesting 
adjustment of drainage in the western part of the area, where Big 
Sandy and Little Sandy creeks are diverted almost at right angles 
from their westward courses. Big Sandy Creek on entering the 
abandoned channel of Missouri River follows it northward to Milk 
River,. whereas Little Sandy Creek on entering this same channel 
turns toward the south just west of the, area mapped and flows to 
the present channel of the Missouri. In this old channel the divide 
separating Big and Little Sandy creeks is so low that it is scarcely 
perceptible to the eye, but according to Calhoun 1 it is- formed by a 
terminal moraine that marks the southernmost extent of the last 
advance of the ice sheet. 

GEOLOGY. 

STRATIGRAPHY. 

OOOURRENOE AND OHARAOTER OF THE ROOKS. 

The sedimentary rocks exposed in the Big Sandy field consist of 
beds of sandstone, shale, and clay of Upper Cretaceous and Tertiary 
ages and deposits of glacial drift and alluvium of Quaternary age. 

1 Calhoun, F. H. H., op. cit. 
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Inasmuch as the coal, with which this report is p;rirriarily concerned, 
occurs in the Montana group of the Cretaceous and in the overlying 
Fort Union formation, the field study was confined chiefly to these 
formations and they are discussed in more detail than are those that 
contain no coal. These rocks have been previously studied in adja­
cent areas in Montana by Weed~ and by Stanton and Hatcher,2 

who have subdivided them into groups and formations and deterririned 
their geologic ages. The following table shows the stratigraphic suc­
cession, character, and thiciqless of the formations in·the Big Sandy 
field: 

Generalized section of the sedimentary rocks of the field. 

System and series. Group and forma- Thick- Character. tion. ness •. 

Alluvium .. Feet. 
0-20± 

Bench gravel. 0-10± 
A mixture of PTavel and finer material derived from 

Quaternary. the near-by mountains. 

Contains numerous bowlders of granite, gneiss, and 
Glacial drift. 0-50± 

quartzite; a loess-like material containing a few 
waterwom pebbles caps the bluffs along Missouri 
River and its tributaries. 

Tertiary (Eocene). Fort Union forma- A lower massive sandstone, overlain by t.hin sand-
tion. 700± stone beds, alternating with clay shale; contains the 

best coal in the fie1d. 

Dark-colored marine shale, containing ralcareous con-. 
Bearpaw shale. (a.) cretions in which are found Baculttes ovatus, B. 

compressus, Scaphites nodosus, and other Pierre 
forms. 

P. Judith River 
Brown to light-yellow sandstone and ash-colored clay 

::l 500± 
and shale, containing fresh and brackish water in-

0 formation. vertebrates; also remains of vertebrates; contains til . thin beds oflow-grade coal. 
<.\'! 

= <.\'! 

Cretaceous (Upper § Claggett forma- Like the Bearpaw both lithologically and paleonto-Cretaceous). )1 tion. 350-500 logically. · 

Eagle sand-
Thin-bedded to shaly sandstone, some massive to 

250-300 hP-avy-bedded white to bnff sandstone, drab to 
stone. 1 ight-colored clay and shale, some of which is car-

bonaceous and contains thin beds oflow-grade coal. 

Colorado shale. (a.) Dark marine shale alternating,. with thin beds of 
sandstone and sandy shale. · 

"Undetermined. 

1 Weed, W. H., op. cit. 
s Stanton, T. W., and Hatcher, J. B., Geolon and paleontolo~y of the Judith River beds: U.S. Geol. 

Survey Bull. 257, 1905. 
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CRETACEOUS SYSTEM. 

COLORADO SHALE. 

The oldest formation exposed in the field is the gray Colorado 
shale. This shale outcrops along Missouri River and its lower por­
tion is typically developed at Fort Benton, 30 miles to the southwest, 
which is the type locality of the Benton shale. In the Dakotas, 
Nebraska, Colorado, and elsewhere the upper limit of the Benton 
shale was fixed by .an overlying limestone-the Niobrara-which is 
typically developed on Missouri River at the mouth of the Niobrara. 
These two formations-the Benton and Niobrara-constitute the 
Colorado group, but in this field, as elsewhere in north-central 
Montana, the Niobrara limestone as such is not present and the 
Colorado shale appears to be the time equivalent of both the Benton 
shale and Niobrara limestone of other localities. It has therefore 
become customary to refer to the formation in this part of the State 
as the Colorado shale rather than as the Benton shale. 

The upper part of the Colorado consists of lead-gray shale alter­
nating with thin beds of sandy shale and impure sandstone. Lower 
down in the formation the shale is more homogeneous and uniformly 
dark gray. The shale contains limestone concretions in which 
marine fossils are found. Only the upper part of the formation is 
exposed' in this field and the entire thickness of the formation was 
therefore not determined; in the Fort Benton quadrangle its thick­
ness as measured by Weed 1 is 1,850 feet, but this includes, at the 
base, part of the rocks now referred to the Kootenai formation. The 
Colorado shale is exposed in the Big Sandy field only in the valley 
of Missouri River. In general only a few feet of the formation is 
exposed above water level, but in some places it has been elevated 
by faulting to the top of the river bluffs, as for example at the mouth 
of Alkali Coulee. 

EAGLE SANDSTONE. 

The Colorado shale is overlain by the Eagle sandstone, so named 1 

from its excellent exposures at the mouth of Eagle Creek in the south­
west corner of the field. This sandstone, according to Stanton and 
Hatcher 2 represents the lower part of the Montana group; all the 
fossils collected from it by the writer have been reported by Stan­
ton to be' of Montana age. 

As developed in this locality, the Eagle consists,· typically, of three 
members. The lowest is a massive cross-bedded and locally heavy­
bedded white sandstone, containing numerous small sandstone con­
cretions that appear rusty on the weathered surfaces; the maximum 
thickness of this member is 120 feet. The middle division consists 

1 Weed, W. H., op. cit. 
2 Stanton, T. W., and Hatcher, J. B., op. cit., pp. 63, 66. 

,. 

·. 

T 
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of 75 to 100 feet of dark-colored shale, which is carbonaceous at some 
horizons and contains thin irregular beds of coal. The upper division 
consists of thin-bedded gray sandstone. The total thickness of the 
formation is 250 to 300 feet, but its full thickness is not exposed in 
any one section. It outcrops only in the southwestern part of the 
area along Missouri River and its tributaries, where the overlying 
glacial drift. has been removed by erosion. The massive sandstone 
at the base of the formation is more resistant than the underlying 
and overlying shales and forms cliffs 75 to 100 feet high. 

The Eagle sandstone lies conformably on the Colorado shale,. from 
which it is distinguished by its striking lithologic differences, but 
below the base of the Eagle as here considered there is a transition 
zone consisting of alt~rnating beds· of shale and sandstone that are 
of lighter color and more.sandy than the typical Colorado shale. No 
fossils from which age determinations can be made were found in 
the transition beds, but lithologically they seem to belong to the 

\ Colorado, and because of the change from them to the overlying 
massive sandstone the base of the s~dstone is taken as .the line of 
separation between the Eagle a~d the Colorado. 

CLAGGETT FORMATION. 

The Claggett formation, so named by Sta._·_ton and Hatcher,! is in 
this area a dark-colored marine shale overlying the Eagle sandstone. 
The Cla.ggett formation has been determined to be the equivalent of 
a part of the Pierre shale. It contains Baculites ovatus, Baculites 
compressus, Inoceramus barabini, Gervillia borealis, and other forms 
characteristic of the Pierre. . 

The Claggett consists chiefly of dark-gray shale containing numer­
ous calcareous concretions, the largest of which are several feet in 
diameter. These concretions contain most of the fossils found in the 
formation. Because of poor exposures the thickness of the formation 
was not determined in the Big Sandy field, but in· the vicinity of 
Jud~th, about 40 miles farther east, the shale is about 500 feet thick. 

The lower part of the formation is well exposed in the southwestern 
part of the field along many of the coulees tributary to Missouri 
River, but elsewhere it is in general covered by glacial drift and 
the boundaries can not be accura_tely located except in a few places. 
For this reason the boundaries shown on the map are only approxi­
mately correct. For the most part the outcrop of the Claggett occu­
pies a zone between the exposures of the Eagle sandstone and those 
of the Judith River formation, but in some places in the vicinity of 
Big Sandy Creek small exposures of dark shale are apparently sur..; 
rounded by the Judith River formation. These are represented as 

I Stanton, T. W., and Hatcher, J. B.; op. cit., p. 13,1905. 
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_Claggett on the map, on the assumption that the shale underlies the 
Judith River and has been exposed by folding and erosion. It is 
possible, however, that the shale exposed at some of these localities 
belongs in reality to the Bearpaw, and has been ftulted down among 
the Judith River beds. · 

The Claggett overlies the Eagle sandstone conformably and is· 
rather sharply contrasted with it lithologically by reason of its shaly 
character, its dark color, and the presence of limestone concretions. 
At the base of the Claggett, however, . a zone of sandy shale consti­
tutes· a transition to the Eagle sandstone below, and at the top there 
is a similar transition zone to the overlying Judith River formation. 

At the mouth of Judith River and elsewhere in that region there 
is between the main body of shale in the typical Claggett and the 
overlying fresh-water beds from 100 to 200 feet of alternating marine 
shale and sandstone, which becomes more sandy toward the top, 
where there is a bed of massive yellow sandstone ranging from a few 
feet up to 20 feet or more in thickness. This zone of alternating 
shale and .sandstone carries a marine invertebrate fauna which is 
perhaps most abundant in. the upper massive sandstone. Because of 
the marine fauna and because of the previously defined bas.e of the 
Judith River formation above them, Stanton and Hatcher included 
these beds in the Claggett formation, although lithologically they are 
much more closely allied with the Judith River. In the Big Sandy 
field, however, the sandstone overlying the dark marine shale of the 
Claggett, although similar in lithologic character and stratigraphic 
position to the marine sandstone at the mouth of Judith River, is of 
fresh or brackish water origin. This is· proved by the occurrence in 
it. o~ fresh or brackish water shells and beds of carbonaceous shale. 
4-.s there is no evidence of ttn erosion interval between the shale of · 
the Claggett formation and these fresh-water beds, it is possible that 
these beds are the time equivalent of the marine sandstone at the 
mouth of Judith River, but to the writer it seems more logical 
that the name Claggett formation should be restricted in this field 
to the marine shale ·and that the overlying sandstone should be 
included in the Judith River formation. 

JUDITH RIVER FORMATION. 

The Judith River formation overlies the Claggett and is princi­
pally of fresh or brackish water origin. This formation was named 
by Hayden 1 in 1872, though its stratigraphic relation was not then 
understood. In their work on the Judith River formation 2 Stanton 
and Hatcher determined that the formation belongs in the Montana 

I Hayden, F. V., Geology of the Missouri Valley: U.S. Geol. Survey of Wyoming and portions of con­
tiguous Territories, Preliminary (Second) Rept. progress, p. 97, 1872. 

• Stanton, T. W., and Hatcher, J. B., op. cit., 1905. 
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group and is the time equivalent of a part of the Pierre shale. Their 
conclusion was borne out by the work of the writer in this area. 

The Judith River formation consists of light-colored alternating 
beds of sandstone and shale in which occur thin beds of carbonaceous 
shale and coal, the latter of little economic importance in this field. 
In some places the sandstones are cross-bedded and ripple marked 
and contain ferruginous and sandy calcareous concretions which 
have a general resemblance to the more sandy concretions of the 
Claggett. There is consid-erable lithologic variation in the beds, both 
horizontal and vertical, which renders it impossible to match up sec­
tions measured at separate localities. The thickness of the formation 
was not determined in this area because of lack of good exposures 
and uncertainty as to structure. However, in other areas in this 
part of the State the formation is about 500 feet thick. 

The general distribution of ~he Judith River formation is shown 
on the map (Pl. XXI, p. 372), but as the formation is largely obscured 

i by glacial drift, the boundaries shown are more or less hypothetical. 
The formation is believed to underlie different areas in the northern 
part of the field,· but it is impossible from a surface study of the 
form.ation to draw the boundary between it and the younger rocks; 
in that part of the area, therefore, the rocks underlying the glacial 
drift are riot represented on the map. 

There is a narrow transition zone between the Judith· River and 
the underlying Claggett, and the formation is also conformable be­
neath the Bearpaw shale. This normal relation exists over a small 
area in the northeast part of T. 26 N., R. 15 E., but elsewhere 
througho~t the field the Judith River is cut off by igneous rocks or 
appears to be in fault contact with younger formations. 

BEARPAW SHALE •. 

Th~ Bearpaw shale was named by Stanton and Hatcher 1 "because 
it is well exposed in the area south, east, and north of the Bearpaw 
Mountains." Tliis shale contains a fauna which elsewhere is re­
garded as typical of the Pierre. The Bearpaw is therefore the equiv­
alent of the ll:PPer part of the Pierre and in areas to the southeast, 
between Missouri and Musselshell rivers, is directly overlain by the · 
Lance formation. 

The Bearpaw is a lead-gray marine shale, containing calcareous 
concretions which yield most of the fossils of the formation. In both 
lithologic and paleontologic characters the· Bearpaw resembles the 
shale of the Claggett formation so closely that in many places the 
two can not "Qe definitely distinguished except in their stratigraphic 
relations. As only a part of the formation is exposed in this field, 

1 Stanton, T. W., and Hatcher, J. B., op. cit., p. 62,1905. 
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its thickness was not determined, but in other localities it is known 
to be 1,000 to 1,100 feet thick. 

In the northeastern part ofT. 26 N., R. 15 E., a small body of ma­
rine shale appears to rest conformably on the Judith River formation 
and is therefore called Bearpaw. Another small mass of dark shale 
overlies beds which seem to belong to the Judith River in sec. 24, 
T. 27 N., R. 14 E., at the base of the Bearpaw Mountains. The only 
direct evidence of the age of this .shale is its apparent stratigraphic 
position above the Judith Ri~r. The structure is doubtful, however, 
and steep dips and variable strikes in a few small exposures suggest 
fault relations; it may be, therefore, that the shale represents some 
other formation. In the vicinity. of the Mackton coal mine there 
are several isolated exposures of similar marine shale which seems to 
underlie the coal-bearing formation (Fort Union) and to overlie un­
doubted Judith River beds. The fossils collected from this shale are re­
garded by Mr. Stanton as more nearly allied to those of the Bearpaw 
shale than to those of the Claggett. The structu.ral conditions are 1 

uncertain at these places, but the apparent stratigraphic .relation of 
the shale and the fossils it contains suggest that it is of Bearpaw age. 
The distribution 'of the Bearpaw in the vicinity of the Mackton mine 
can not be determined because the shale is exposed at only a few 
places and other evidence indicates the existence of faults by which 
the shale may in some places be entirely cut out. Its distribution, 
however, is probably greater than the exposures indicated on the map. 

The Bearpaw is conformable above the Judith River, and appar­
ently also underlies the Fort Union·formation conformably, except iri 
places where faulting has disturbed these relations. The Fox llills, 
Lance, and Livingston formations, which .at some localities in Mon­
tana occlir between the Bearpaw (or Pierre) and the Fort Union, are 
not present in this or immediately adjacent fields. The absence of 
these formations indicates either a stratigraphic break or different 
conditions of deposition at the localities where these beds do not occur. 
Therefore, although there is apparent conformity between the Bear­
paw and the overlying Fort Union formation, there may really be a 
time break. 

TERTIARY SYSTEM. 

FORT UNION FORMATION. 

The coal-bearing formation at the Mackton· mine is classed as Fort 
Union on the basis of fo.ssil plants collected from it at the mine and 
at a locality about 2 miles farther east. The stratigraphic position of ,. 
these beds in the Fort Union has not been determined;, their presell:ce 
at this locality, far removed from all other known areas of Fort Union 
rocks, is due to faulting, which has brought the beds down to the 
level ·of older rocks. 
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The Fort Union consists of alternating layers of sandstone, sandy 
. shale, and shale. The formation is of variable color, but light shades 
of buff, yellow, green, blue, and gray predominate. It contains one 
or more coal beds. A massive cross-bedded yellowish sandstone 
occurring near the base is relatively resistant to erosion and forms 
cliffs and ledges. The overlying beds weather down readily and are 
as a rule not exposed at the surface. The thickness of the formation 
at the Mackton mine is estimated as about 700 feet, although only 
about 350 feet are well exposed. 

No accurate statement can be made of the distribution of the Fort 
Union formation in this field, because of the complex structure and 
the almost universal covering of drift. The:r:e is no clue as to the 
position of the southern boundary of the formation. · On the north 
there are several small isolated exposures of a massive sandstone, 
similar in appearance to that near the base of the section at the 
Mackton mine. These exposures extend northeast from a point near 
the southwest corner of sec. 12, to the north quarter corner of sec. 1, 
T. 28 N., R. 14 E. If these outcrops represent the same sandstone 
as that at the Mackton mine, their positions should indicate approxi­
mately the northern limit of the formation, unless it is repeated still 
fartl~.er to the north by faulting. On the east the sedimentary rocks 
are all cut off by igneous intrusions of the Bearpaw Mountains. 

QUATERNARY SYSTEM. 

The Quaternary deposits comprise glacial drift, bench gravel, and 
alluvium; the drift is the most widespread of these deposits and 
covers the surface of almost all the area. 

Over most of the district the drift consists of a heterogeneous mix­
ture of sand, gravel, and bowlders, variable in size and in lithologic 
character. The most numerous and conspicuous erratics are granites, 
gneisses, and quartzites that obviously have been transported from 
distant regions, inasmuch as they are totally unlike any rocks 
occurring in place in this part of Montana. AloD;g Missouri River 
and its tributaries, however, the bluffs are capped by a deposit of 
light-yellow, partly consolidated, loesslike sand and clay which is in 
places apparently stratified and as a rule contains a few small water­
worn pebbles. This deposit is doubtless due to some phase of glacial 
action. -

The drift covers almost all the field but do.es not occur in that part 
occupied by· the Bearpaw Mountains. The bomidary of the drift,.:. 
covered area is shown on the map (Pl. XXI, p. 372). 

Near the Bearpaw Mountains those areas that are not drift-covered 
are in most places overspread. by gravel derived chiefly from the 
igneous rocks of the near-by mountains. In general, this gravel 
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obscures the outcrops of ~he older formations as completely as does 
the drift. 

The preglacial channel of Missouri River, crossing the northwest 
corner of ·the field, is occupied by alluvium. Similar deposits of 
smaller extent occur along the present channel of Missouri River 
and some of the small tributary streams. 

IGNEOUS ROOKS.-

The Bearpaw Mountains consist of igneous rocks of intrusive and 
extrusive origin and of both acidic and basic character. ·They have 
been briefly described by Weed and Pirsson.1 Dikes and sills of 
these rocks radiate frQm the main mountain mass and some of them 
outcrop. at a considerable distance from the mountains. These 
dikes ·and sills have had little effect on the inclosing strata, which, are 
but slightly metamorphosed and have suffered no apparent displace­
ment by the intrusion. 

STRUCTURE. 

Because of the general covering of glacial drift and alluvium, con­
tinuous exposures of the underlying formations are lacking ·and the 
structure is extremely obscure and difficult to interpret. Except 
locally where the drift cover is very thin, exposures of sedimentary 
rocks occur only along the streams and coulees, where erosion has 
removed the glacial material. A study of these exposures shows that 
the original attitude of the rocks has been disturbed locally by fault­
ing, but because of the conditions described above the fault lines 
can not be traced, and in many places the existence of a fault can be 
inferred only by a pronounced change in the dip or strike of the strata 
at near-by exposures. Along Missouri River, however, where the 
best exposures occur, faults are plainly visible; different formations 
end abruptly against one another along _the st~ike or are repeated in 
the direction of dip several times in succession, as at the mouth of 
Alkali Coulee. The location of a few of the most obvious faults is 
shown on the m~p. Suggestions of other faults are numerous, and 
it is probable that still others are entirely obscured by the surface 
covering. 

THE COAL. 

OCCURRENCE. 

The best grade of coal and the thickest and most extensive beds 
occur in the Fort Union formation in T. 28 N., R. 14 E.,. as shown ·on 
the map (Pl. ~I, p. 372). Thin irregular beds of poor coal are 
found in the Eagle and Judith River formations in the southern part 
of the field. · For convenience of discussion the coal beds are grouped 

. 1 Weed, W .H.,and Plrsson, L. V., The Bearpaw Mountains, Mont.: Am. Jour. Sci.,_ 4~h S!)r., vol. ~. pp~ 
283-301 351-362; VOl. 2, pp. 136-148, 188-199, 1896. -
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according to geologic formations and are so presented in this report. 
AB the area occupied by the Fort Union formation, though not accu­
rately determined, is known to be small, it follows that the commer­
cially valuable coal of the field is restricted to a relatively small area. 

COAL IN THE EAGLE SANDSTONE. 

Exposures of coal in the Eagle sandstone are confined to the south­
western part of" the field. The coal occurs in a zone 50 to 100 feet 
thick near the middle of the formation and above the white massive 
basal sandstone. Several coal beds of variable thickness and purity 
are present, the most important of which is immediately above a 
black shale containing ~arge ironstone concretions at its base. It is 
20 to 30 feet above the top 'of the white massive sandstone, and the 
outcrop of the coal bed therefore corresponds closely to that of the 
upper rim of the sandstone ledge. The coal sections 1 measured on 
these beds are shown in fig. 11 (p. 373), Nos. 17 to 32. 

The lowest bed, here designated bed A, is the most impo~tant, 
ranging in thickness from 15 to 36 inches. It is shown in sections 
Nos. 22, 23, and 32, and is th~ lowest bed shown· in sections Nos. 
24, 25, and 26 (fig. 11). The bed is variable in character; in some 
places it ~onsists of one unbroken bench, in others it is split by 
bone or shale partings into several benches; and at locality 23a it 
consists entirely of carbonaceous shale. At locality 32. there is 31 
inches of coal in three benches separated by partings 3 inches thick. 
The following sections show the character of bed A at different 
localities: 

Section at locality 29, near east quarter corner of sec. 5 (unsurveyed), T. 25 N., R. 19 E. 

Ft. in. 
Coal (section No. 23, :fig. 11) ................ :.............. 2 4 

Shale .. ~ ........ : ............. " ....... ·. . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale, carbonaceous ......................................... .'. 2 

· Clay ........................................................ ~. 10 
. Shale, carbonaceous... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Clay.·······································.······ ............ 10 
Shale, bed A, carbonaceous, with coaly streaks................... 4:±:: 
Clay, drab, with iron concretions in middle, to white, massive · 

8andstone (estimated). . . . . . . . . . . • . . . . . . . . . . . . • . . • . . . . . . . . . . . 20 
---

63 4 

1 The coal sections are referred to by numbers which correspond with those used on the map (Pl. XXI). 
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Section at locality 22, on east bank of Missouri River, sec. 9, ·T. 25 N., R. 13 E. 

Coal (section No. 22, fig. 11) .............................. . 
Ft. ln. 

7 
9 Shale and sandstone, alternating................................ 5 

Clay ......................................................... · 9 
Shale, carbonaceous~.. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 1 
Coal, bony, bed A ..... , ......................................... . 6 

Shale, carbonaceous •............................. .'. . . . . . . . 1 
Clay, black... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Shale, carbonaceous, with lenses of coal and carbonized wood ..... 8 
Clay......................................................... 3 
Sandstone, white, massive. 

40 6 

The following sections were measured in the bluffs on the north 
side of Missouri River in T. 26 N., R. 12 E., which lies just west of the 
area shown on the accompanyin~ map (Pl. XXI, p. 372): ·. 

Section at Coal Banks, on north side of Missouri River, near west side ofT. 26 N., R. 12 E . . 

Ft. 
Clay, gray ............. ~ ............................... ~ .... 10 

Shale, carbonaceous... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal .......... ~ ................................. . 

B d A Clay ............................................ . 
e Coal, with 3 inches of bone 6 inches above base. . . . . 1 

Clay and brown shale.............................. 1 
Coal .....................•....................... 1 

Clay, brown .... ·.............................................. 1 
Sandstone, argillaceous. . . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . 5 
Clay .... ~................................................... 2 
Shale, carbonaceous.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay ....................... · ................................ . 

Coal ................................................... . 
Bone ...................................................... . 
Clay ....•................................................... 10 
Shale, brown. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay ........................ ~ ....... ·......................... 5 

in. 

3 
3 
2 
8 

3 

6 

1 
4 
6 

Bone .• ~.................................................... 4 · 
Clay ................................ ~........................ 1 

Coal.................................................... 3 
Clay ........................................... .-............ 1 
Bone .................... ~.................................. 4 
Clay ........................................................ 6 
Sand, yellow, loose .............. ~........................... 6 
Shale........................................................ 1 
Sands~one, white, massive. 

56 1 

..,. 
\ 

r 
l 
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Section on north side of Missouri River, about 1! miles east of Coal Banks. 

Ft. in. 
. Clay, drab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Bone ......................... : ........................ ~ · 10 
Coal..................................................... 2 

Shale .............. : .............. ·........................... 3 6 
Bone ...................................... ·.................. 8 
Clay ......... _. •. .' ........................... : ............... 14 

j
Coal. ~ · ........................................... . 

Bed A qlay · · · · · · · · · · · · · · · · · : · · · · : · · · · · · · · · · · · · · · · · · · · · : 
. Coal ........................ ·.· .................. . 

Shale, carbonaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 · 
Clay, black, with iron band at bottom ... ~.; ..... ·............. 5 
Clay......................................................... 2 

5 
6 

11 

Coal ................................. :.................. 1 1 
Clay .............................................. ~......... 5 

45 1 
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At an old prospect (now almost obliterated), 50 feet east of the 
last section, another measurement of bed A was made, as given below. 
The two sections show the variability of the bed within a short hori­
zontal distance.· 

Section of coal bed .A measured 50 feet east of the preceding section. 

Ft. in. 
Coal ....................... : .................... : ............ 1 5 

Clay ........ ······:·································;;········· 2 
Coal ........................................ ·................ 7 
Clay ................ _. ...................... c................ 6 

. Coal........................................................ 1 

3 8 

The overlying coal beds are thinner than bed A, and in most places 
are less than 15 inches thick, though locally they may be 24 inches 
thick .. Sections Nos. 17 to 31 (fig. 11, p. 373) show the thickness of 
these beds at the localities indicated on the map. 

From the above description it will be seen that the coal beds in the 
Eagle sandstone in this field are thin and variable, and up to 1912 no 
attempt had been made to exploit and use 'the coaL The thinness of· 
the beds and .the variability in the quality of the coal militate against 
development at the present time, but as the country becomes more 
thickly settled the coal may, to a limited extent, serve the local needs 
of ranchmen and homesteaders. 

COAL IN THE .JUDITH RIVER FORMATION. 

As shown by surface exposures, the Judith River coal beds are thin 
0 and of no economic importance. The few exposures in the eastern 
part of the field, at which sections Nos. 33, 34, and 35, given below, 
were measured, show that the beds ar~ thicker in that locality than. 

365° -Bull. 541-14-24 
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they are farther· west. It is possible that the formation contains 
some workable coal in Tps. 25 and 26 N., R. 16 E., immediately east 
of the area here considered, and it is well known that still farther 
east, on ·and near Cow Creek, coal beds of considerable thickness occur 
in the Judith River. 

Coal sections Nos. 36, 37, and 38 in the following table, measured 
on Big Sandy Creek, represent practically all that is known of the 
Judith River coal in the western part of the field. The formation is 
largely covered by glacial drift, and the few exposures do not extend 
through a very great vertical range; consequently-it is possible that 
coal beds which are not exposed at the surface occur in the formation. 
There is a general absence of coal in the Judith River formation at all 
existing outcrops, however, and it seems probable that the formation 
contains no important coal beds in this area. 

Sections of coal beds in Judith River formation. 

No. No. 
on Pl. Location. Section. on PI. Location. Section. 
XXI. XXI. 

Ft. in. Ft. in. 
33 NE. iSE. isec.1, T. Coal ••.••••• 6 35 SW. i NE. i sec. 35, Coal. ....... 9 

25 N., R. 15 E. Parting, T. 26 N., R.15 E. 
Coal, inipure 1 sandy ..... 1 36 SW. i NE. i sec. 12, 

Coal, bony •• 1 3 T. 27 N., R.13 E. Bone ........ 1 
Coal •••••••• 1 3 ---- 2 

3 1 
SW. i NW. i sec. 7, --

= 37 Coal. ..••... 10 
34 NE. i NE. i sec. 36, Bone ........ 1· T. 27 N., R.l4 E. Bone ........ 1 

T. 26 N., R.15 E. Coal. ........ 4 --
Bone ........ 1 1 10 
Coal ........ 1 --
Shale ....... 3 38 SW. i NW. i sec. 8, Coal. .••.•.. 6 
Coal, bony in T. 27 N., R.14 E. 

lower part. 1 3 --
6 8 

COAL IN THE FORT UNION FORMATION. 

The coal in the Fort Union formation is of better quality than that 
occurring in the other formations. The Fort Union occupies a small 
area in the northern part of the field; its presence in this locality, as 
stated on page 364, is believed to be due to faulting, by which the beds 
have been brought down to a relatively lower level stratigraphically 
than that which they normally occupy. For the ~ake of clearness in 
discussion, the coal bed on which the Mackton mine (locality 39) is 
operated will be called the Mackton bed, and that on which the Mack 
mine (locality 43) is operated, the Mack bed, although it has not 
been conclusively demonstrated, as will be seen from the following 
discussion, that these represent different beds. 

The Mackton bed (section No. 39, fig. 11, p. 373) is about 350 feet.· 
above the base of that part of the Fort Union formation exposed in 
the Big Sandy field. This bed has been considered by the Mackton 
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Coal Co. to be represented farther noFtheast by the bed on which 
sections Nos. 40 and 41 were measured, because the sections. of the 
beds are similar. The writer considers this correlation doubtful. 
because all search for the coal bed between the two localities has been 
fruitless, and further because of the fact that the bed at the Mackton 
mine (locality 39) is about 200 feet above a massive gray sandstone, 
not far below which is marine shale, whereas at locality 40 the coal 
appears to be below a similar massive sandstone and is separated from 
the underlying marine shale by alternating thin beds of clay and sand. 
The extent of the Mackton bed itself is not definitely known. From 
a point about 500 feet north of the mine the bed can be almost con­
tinuously traced nearly to the south side of sec. 18, a distance of 
almost one-half mile. Throughout this distance it h~s a thickness of 
7 to 8 feet. The abrupt ending of all surface indications of the bed at 
either end of this line of outcrop suggests the presence of faults. 
There is more or less evidence of this at the southern termination of 
the coal outcrop, but the evidence is not so apparent at the northern 
termination. The failure to find the bed beyond these supposed fault 
lines suggests the possibility that the coal occurs in a small fault block 
that has been dropped vertically downward into a non coal-bearing 
formation. The surface covering of drift makes-it impossible to trace 
fault lines or work outJault relations from the surface, and the demon­
stration of the presence or absence of faults can be made only by under­
ground development. One small fault has already been encountered 
in the mine, and it seems likely from the evidence at hand that others 
may be found and that the Mackton bed may prove to be small in 
extent in the direction of stri.ke. In the underground workings, as 
far as they have been extended, the· structure corresponds exactly 
with what would be expected from a study of the surface exposures, 
which show that directly south of the mine, near the southwest corner 
of sec. 18, the strike of the formation is almost at right angles to the 
strike at the ririne entrance and the south entries of the mine show that 
underground a similar change in strike takes place in the coal bed. 
This discordance in strike is one of the strongest evidences of faulting. 
south of the present workings. 

The Mackton bed has a total thickness of 7 feet 8 inches at the 
Mackton mine. A persistent parting of bone and shale 15 to 24 
inches thick separates the bed near the middle into two. benches; and 
a 2..;.inch parting also occurs in the lower part of the upper bench. 
This necessitates sorting the coal before it is marketed and adds to the 
co.st ·of mining. 

The bed worked at the Mack mine (locality 43) is regarded by_ 
Pepper berg 1 

. as occurring about 35 ·feet above the Mackton bed. If 

1 Pepperberg, L. J., The Milk Riyer coal field, Mont.: U. S. Geol. Survey Bull. 381, p. 103, 1910. 
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this is so, the Mack bed should be found above the Mackton mine, 
and the Mackton bed should be found below the Mack mine.... How­
ever, no locality has ever been found in which both beds are exposed 
unless it can be proved that the bed at localities 40 and 41 is the 
Mackton bed. Both beds, moreover, occur a short distance-above a· 
massive sandstone~ On the other hand, a comparison of sections 
Nos. 39 and 43, at the Mackton and Mack mines respectively, shows 
that there is no resemblance between the bed worked at the two 
localities. The evidence tending to 

0 

show that they are one and the 
same bed consists therefore in the failure to find the two at the same. 
locality and in the fact that each occurs above a massive sandstone; 
opposed to this is the dissimilarity in· the sections of the two beds. 
The structure is so complicated and the authentic determination of 

· faults so difficult in this area, owing to discontinuous expostires, that 
the writer does not attempt· any correlation of the coal beds at the 
two localities. The bed represented by sections Nos. 42 and 44 to 4 7 
is generally regarded as the Mack bed, owing to the resemblance in 
thickness and quality. A short distance southeast of locality 47 the 
bed is concealed by drift and can: not be traced farther. However, 
on the dump of an old prospect entry, at locality 47a, there is perhaps 
a ton or more of slacked coal, which seenis to indicate the presence of ·a 
bed similar in quality to that at locality 45. The entry at this pros­
pect is now completely caved in and the outcrop of the coal bed is 
covered by drift, so that the bed could not be examined. About 
three-fourths of a mile southeast of this old prospect two sill.s of 
igneous rock appear nearly at the horizon of the coal ·bed, but there 
is no evidence of coal until locality 48 is reached, where a thin bed is 
exposed just below the lower sill. About 1 mile farther to the north­
east, at locality 49, there is another exposure of coai at approximately 
the same horizon, in close association with a dike or sill, but the bed 
can_not be traced and no other exposures of coal can be found in this 
part of the field. . 

The Mack bed is in all probability continuous and thick enough for 
mining under the drift-covered bench within the curve formed by the 
coal.outcrop between localities 42 and 47. The eastward extent of 
the bed is not definitely known, but if, as seems probable, it is repre­
sented by sections ~8 and 49, it is evident that locally at least the 
bed is conside:r:ably thinner to the eastward than in the vicinity of 
the Mack mine. 

PROPERTmS· OF THE COAL. 

The coal in the Eagle and Judith River formations is black or 
brownish black in color, has a brown streak, and no pronounced 
woody structure. The Fort Union coal, as observed in the Mackton 
mine, has the following physical properties: Color pitch-black, streak 
brown to black, luster yitreous, structure bedded, jointing or cleavage 

\ 
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in two directions, the coal breaking into subcubical blocks and smaller 
fragments when reduced, fracture conchoidal to uneven, texture 
dense, coherence brittle. · 

Two samples for analysis were taken from the bed at the Mackton 
mine. Sample 14615 came from the south entry of the first level, 
250 feet from the mouth of the entry and 150 feet below the mouth 
of the slope. The bed at that point is represented by section No. 
39 (fig. 11). Its total thickness is 7 feet 6 inches, but the sample, 
which includes only the coal, represents a .thickness of 6 feet 1 inch. 
Sample 14613 wa~ taken from the north entry of the second level, 
140 feet north of the mouth of the entry and 335 feet down the slope. 
The bed at the place of sampiing has the following section: 

Section of Mackton coal bed at locality where sample ~hown in analysis14619 was collected. 

Ft. in. 
Coal. ............. · ........................... : ................ ~ 2. 5. 
Bone .................. ·.-~.: ... · ................................ 2 
Coal........................................................... 6 
Bone and coal (discarded in mining)............................ 1 9 
Co~l............................................................ 2 

7 5 

No mining had been done in the upper level for several months; 
hence this sample does not represent perfectly fresh coal. The other 
sample was taken from a fresh surface. The mine is dry throughout, so 
that the conditions under which the two samples were collected were 
the same except as to the length of time that the sampled surface had 
been exposed to atmospheric influences. In collecting the ·samples 
the face of the bed was first freed from all foreign matter and the bed 
was then trenched across from top to bottom. In order to compare 
the coal of the Big Sandy field with other coal with which it must 
compete in the market, analyses of representative samples of coal 
from the Havre district of ~he Milk River field and from Sand Coulee 
of the Great Falls coal field are also given. 

These analyses, contained in the table below, are given in four 
forms marked A, B, C, and D. Analysis A represents the sample as 
it comes from the mine. This·form is not wellsuited for comparison 
because the amount of moisture in coal as it comes from the mine is 
largely a matter of accident and may vary widely. Analysis B rep­
resents the sample after it has been dried at a temperature of 30° to 
35° C. until its weight becomes constant. This form of analysis is best 
adapted for general comparison. Analysis C represents the theoretical 
condition of the coal after all the moisture has been eliminated. 
Analysis D represents its condition after all moisture .and ash have 

- been theoretically removed. This form is supposed to represent the 
true coal· substance, free from the most significant ini.purities. Forms 
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C and D are obtained from the others by recalculation. They rep­
resent theoretical conditions that never exist. 

In making these analyses, the volatile matter in samples 14613 
and 14615 from the Big Sandy field was determined, by the m'odified 
method, whereas in all the other samples the volatile matter ~as 
determined by the official method. The difference between these 
two methods lies in the fact that in determining the volatile matter 
by' the modified method the sample is first given a preliminary.heat­
ing of 4 minutes over a small flame and a final heating of 7 minutes 
over a flame 20 centimeters high, whereas in the official metP,od the 
preliminary heating is omitted. This preliminary heating allows the 
moisture to escape slowly and thus prevents the sputtering which 
occurs when coal that is high in moisture· is placed directly over a 
hot fl.anie. · The mechanical losses due to such sputtering, though 
almost negligible in bituminous coal, may amount to as much as 25 

·per cent in some lignite. In such material the modified method, by 
reducing the mechanical loss caused by sputtering, has the effect of 
decreasing the percentage of volatile matter and ·inc,reasing the per­
centage of fixed carbon. It is now customary to use this method in 
determining the voh~.tile matter in lignite and subbituminous coal 

·and all other coal which has a moisture content of more than·10 per 
cent. 

The effects of the two different methods of analyses on the Mackton 
coal of the Big Sandy fielq, which is a high-grade subbituminous 
coal, may be seen by co111;paring analyses 14613 and 14615, made by 
the modified method, with analysis 6550, made by the official method. 
Analysis 14615, however, represents coal that may have been slightly 
weathered. It· is consequently less val':lable for purpose~ of. com­
parison than analyses 14613 and 6550, both of which represent per­
fectly fresh coal taken in the Mackton mine. The differences in 
results between these two· analyses are perhaps no greater than would 
be obtained from the analysis of any two. samples· taken from the 
same bed in different parts of the same mine and both an8J.yzed by 
the same method. Fur~hermore, the differences which do occur are 
the opposite of what would be expected as a result of the methods of 
analysis employed. The volatile matter is 1.6 per cent lower and 
the fixed carbon about 1.6 per cent higher in analysis 6550, made by 
the official method, than in analysis 14613, made by· the modified 
method. It is therefore evident that the slight differences in the 
results are to be accounted for by some other factor than the methods 
of analysis employed. -.. 
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[Made at the Pittsburgh laboratory of the Bureau of Mines, F. M. Stanton and A. C. Fieldner, chemists in charge.) <:r.l 

Location. Proximate. I Ultimate. Heating 'Value. 0 

Labo-, 

I Qua<- I 
• Air- Form 0 

ratory Locality. drying of z 
anal- Vola- Fixed British 1-3 

No. Sec. T.N. R.E. loss. ysis. Mois- tile car- Ash. Sui- Hydro- Car- Nitro- Oxy- Calories. thermal ~· 
ter. ture. matter. bon. phur. gen. bon. gen. gen. units. to q 

-----------------------------------
BIG SANDY FIELD. I I ~ 

0 

14615 I Mackton mine.. • . . . . . . SW •.. 18 28 14 1.9 A 12.4 36.9 35.8 14.9 0. 70 .............. 5,050 9,090 z ------·- ................ ............ rJl 
B 10.7 37.6 36.5 15.2 .71 ................ ................. ............. .............. 5,150 9,270 
c ............... "42.2 40.8 17.0 .80 ................ ................ ................ ........ , 5, 765 10,380 1-3 
D ................. 50.8 49.2 ............... . 96 6,950 12,510 0 

14613 1 ..... do ................. I SW •.. 1 181 281 14 I 1.81 A 13.0 36.3 40.1 10.6 .53 ............... ................ ................ ............. 5,340 9,620 t;j 

B 11.4 37.0 40.8 10.8 .54 ................ ................ .............. ............... 5,440 9, 790 0 
0 c ............. 41.7 46.1 12. 2 .61 ............... ................ ............... ................ 6,140 11,060 z D ................. 47.5 52.5 ............... .69 ................ ................ ............... ............. 6,995 12,590 
0 

6550 ! ..... do ................. 1 SW •.. 1 181 281 14 I 5.5 I A 12.1 34.7 41.7 11.54 .80 5.30 55.85 0.71 25.80 5,330 9,600 ~ 
B 7.0 36.7 44.1 12.21 .85 4.96 59.10 • 75 22.13 5,640 10,160 1-f 

0 c .............. 39.5 47.4 13.12 .91 4.50 63.52 .81 17.14 6,065 10,920 
D ............... • 45.4 54.6 ................ 1.05 5.18 73.11 .93 19.73 6,980 12,560 0 

>m.K mvru. Y.ELD. I I ,.I 321 ..1 1631 

l:;j 
0 

Havre district: t'""" 
6473 I Electric mine ...... SW ••. A 22.9 29.3 34.6 13.2 .80 ............. ............. .......... ............ 4,390 7,900 0 

B 7.8 35.0 41.4 15.8 .95 ............... ............ ......... .......... 5,245 9,440 0 
c ............... 38.0 44.8 17.2 1.04 .. .. . . .. . - ........ ......... ......... ' 5,685 10,240 ... 1-<d 
D ............... 45.9 54.1 .............. 1.26 ............... ......... ........ .......... 6,865 12,360 ..... 

6640 I Clacks mine ........ I N E ... I 51 311 17 I 14.2 I A 25.6 28.0 39.1 7.27 .58 6.19 4j).08 1.03 35.85 4,605 8,290 
co ..... 

B 13.2 32.6 45.7 8.47 .68 5.39 57.20 1.20 27.06 5,370 9,670 ... ~:>:> 
c .............. 37.6 52.6 9. 77 • 78 . 4.50 65.96 1.38 17.61 6,190 11,140 

"'d D .............. 41. 7. 58.3 ............... .86 4.99 73.10 1.53 19.52 6,860 12,350 

GREAT FALLS FIELD. I I 
231 191 41 2.6 .I ~ 

4119 I Gerber mine at Sand NE •.. A 7.5 27.3 51.4 13.78 2.32 4.68 62.21 .88 16.13. 6,115 11,010 1-3 

Coulee. B 5.0 28.1 52.8 14.15 2.38 4.51 63.87 .90 14.19 6,280 11,300 Fl c ........... 29.5 55.6 14.90 2.51 4.16 67.25 .95 10.23 6,610 11,900 
D ................ 34.7 65.3 .............. 2.95 4.89 79.02 1.12 12.02 7, 765 13,980 

·~ ,...... ..---.----· 



BIG .SANDY COAL FIELD, MONT. 377 

As the results obtained by the modified and the official methods 
. of analysis are essentially the same for the samples representing the 
coal in the Big Sandy field, we may compare these results directly 
with the results of the analyses of the coals in the Milk River and 

. Great Falls fields. The analyses of the air-dried samples show that 
on the average the coal of the Big Sandy field is about 2 per cent 
lower in retained moisture, 3 per cent higher in volatile matter, 3 per 
cent lower in fixed carbon, and about 400 British thermal units 
higher in_ heating value than the coal of the Havre district in the 
Milk River field. As received from the mine, the coal from the Big 
Sandy field is about 12 per cent lower in moisture than the coal from 
the Havre district. The essential difference between the Big Sandy 
and the Havre coal seems to lie in the excessive moisture of the latter. 
This affects the coal in two ways, :first by lowering its heating value, 
and second by causing the coal to slack much more readily when 
exposed to the air. 

As compared with the coal of the Great Falls field, the coal from 
the Big Sandy field is about 4.5 per cent higher in retained moisture, 
10 per cent higher in volatile matter, 11 per cent lower in fixed carbon, 
3.5 per cent lower in ash, and 869 British thermal units lower in 
heating value. As received from the mine the· Big Sandy coal is 
about 5 per cent higher in moisture than the coal from the Great 
Falls field. The coal from the Big Sandy field is therefore of lower 
grade than that from the Great Falls field, with which it must compete 
in the open market. · 

The physical an<:t chemical properties above enumerated, the general 
absence of well-defined cleavage planes, and the development of irregu­
lar fractures in the coal when exposed to the atmosphere show that 
the Fort Union coal in· the Big Sandy field belongs to the subbitu­
:ririnous class, but because the coal will withstand weathering for a 
considerable length of time before· crumbling to pieces, and because 
of its high heat value (nearly 10,000 British thermal units), it is 
regarded as a high-grade subbituminous coal. · The high quality 
of the coal is perhaps the result of metamorphism and physica~ 
conditions produced by the thrusts that have taken place in this area. 

DEVELOPMENT. 

The Mackton mine consists of a slope about 350 feet long, extending 
· S. 70° E. and inclined in accordance With the dip of the strata at 
an angle of 40°. At 130 feet down the slope there is an upper level 
consisting of a north entry 7 5 feet long and a south entry 250 feet 
long. About 335 feet down the slope there is a lower level consisting 
of a north entry 510 feet long and a south entry, having a somewhat 
devious comse, 360 feet long. During the winter season the output 
is reported to be about 100 tons a day, but in the.summer season, 
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when the demand is light, the output is much less and only a few 
ln~n are employed. The mine is connected with the Great Northern 
Railway by a narrow-gage railway owned and operated by the min­
ing company. The coal is sorted and sold according to grade. The 
best grade sells readily at the towns along the railroad in competition 
with other coal a:n,d is preferred to most of the coal from the Milk 
River 'field. l_ 

The Mack mine supplies a small local trade; it has no shi;pping 
connections. 

Years ago a mine was operated at locality 46, chiefly to supply 
the Fort Assiniboine military post; this mine has long since been 
abandoned. 

The future of the district as a coal producer is dependent almost 
wholly on the Fort Union coals. Because of the complicated struc­
ture, the lack of. surface exposures, and the small amount of under­
ground development, no definite' statement as to the extent of the 
productive area can be made. It is believed, however, from the evi­
dence obtained, that the productive area. is small and is confined to 
the immediate vicinity of the Mackton, and Mack mines. 
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THE HORSESHOE CREEK DISTRICT OF THE TETON BASIN 
COAL FIELD, FREMONT COUNTY, IDAHO. 

By E. G. WooDRUFF. 

INTRODUCTION. 

From time to time during the last six or eight years there have 
been persistent rumors that a large field of high-grade coal lies south­
east of St. Anthony .. As the development of such a field would be 
of great advantage to a large tributary region containing extensive 
mining and agricultural developments, and as samples from the 

· field seemed to corroborate the rumor regarding the quality of 
the coal, the writer jn 1912 made a hasty examination of the field 
to determine its prospective value. He found that the reports con­
cerning the quality of the coal were substantially correct, but that the 
beds are so broken by faults and the area know±l to be underlain by 
the beds is so small that the field .will probably never supply more 
than the local market and can not become a factor in the develop­
ment of the general region of the Snake River valley. 

The location and extent of the Teton Basin coal field and the posi­
tion of the Horseshoe Creek district are shown on the index map 
(fig. 12). The area here described lies 25 miles southeast .of St. 
Anthony, 10 miles southwest of Haden, a village on the Teton branch 
of the Oregon Short Line Railroad, and a little farther west of Driggs, 
a larger town on the sarp.e railroad. It embraces the upper part of 
Horseshoe Creek drainage basin and extends northward across the 
south fork of Packsaddle Creek. As shown on Plate XXII (p. 388) 
the district covers about 6 square miles in four townships as follows: 

T. 4 N., R. 43 E., 1 square mile~ 
T. 5 N., R. 43 E., 3 square miles. 
T. 4 N., R. 44 E., 1 square mile. 
T. 5 N., R. 44 E., 1 square mile. 

Only a small part of the 6 square milesv however, contains coal 
beds which the miners in the field consider thick enough to work 
under present conditions. · 

The Horseshoe Creek district has sometimes been called the St. 
Anthony coal field, because some of the coal has been marketed in 
that town, and .. also because ptior to the construction of the railroad 

379 . 
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FIGURE 12.-:Map showing location of the Horseshoe Creek district of the Teton Basin coal field; Fremont 
· County, Idaho. 

\ 
\ 

\ 
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; in the Teton Basin in the fall of 1912 St. Anthony was the gateway of 
r the entire region. For two reasons" this designation seems inappro­

priate-first, the area considered is only a small part of a large though 
indefinite field, and, second, the name applied to it is the name of a 
town 25 miles away. In this report the area is considered as a dis­
trict of the Teton Basin coal field. This field embraces the western 

} . part of the Teton Basin and the western slope of the Big Hole Moun-. 
tains. (See index map, fig. 12.) No coal has yet been found in the 

1 main part of the basin, which, however, must be considered as a pos­
J sible coal field because rock formations that are coal bearing else­
i where underlie the basin and probably con:tain coal. It is believed 

that coal may be found by drilling or other means of deep prospecting. 
The Horseshoe Creek district is the· only part of. the field ln which 

/. coal is now mined for market. ·· 
} 

SURFACE FEATURES. 

The surface of the district is characterized by steep slopes which 
are trenched by narrow steep-sided valleys. · On the west the district 
is bounded by an escarpment which rises to a ·height of nearly 1,000 
feet and trerids north-south near the line of a great fault, shown by a 
broken line on Plate XXII. This escarpment is so steep that its 
ascent is difficult except at a few places where the rocks have broken 
down more completely than elsewhere and form a talus slope. From 
the foot of the escarpment the surfa~e slopes northeastward to the val­
ley of the north fork of Horseshoe Creek, in the main part ·of the· district. 
From the floor of this valley there is an almost equally steep ascent 
to. the top of a sharp crested ridge, shown by hachures on Plate XXII. 
From the summit of the ridge the surface slopes gently northeast­
ward to the valley portion of the Teton Basin. The topographic· 
features are in part shown in profile by the cross section in Plate XXII. 
Thes~ dominant features are modified in a minor way by ·streams that 
rise along the escarpment and flow northward in narrow steep-sided 
valleys, soin~ of which are as much. as 100 feet deep. Packsaddle 
Creek is the largest stream in the northern part of the district, and the 
two branches of the south fork of Horseshoe Creek are the largest in 
the southern part. The southern part of the district is also trav­
ersed by the main branch of Horseshoe Creek, which leaves the dis­
trict through a narrow-bottomed, rather steep-sided valley. This 
valley affords a. fairly easy grade for a wagon road into the field. 

The coal-bearing part of the field is well watered~ containing many 
small springs and pererinial creeks. The surface is covered with a 
moderately thick growth of trees, mostly aspen and pine, which 
furnish an abundance of timber that is excel)ently suited for mine use. 
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GEOLOGY. 

STRATIGRAPHY. 

The rocks of the district comprise limestone, shale, and quartzite of 
Paleozoic age; sandstone, shale, and coal beds' of Mesozoic age; and 
lava. In the Paleozoic rocks the limestone is mostly hard gray 
crystalline and locally somewhat fossiliferous; the quartzite is hard ~ 
and light colored; and the shale is mostly soft and contains only a 
rather small quantity of sand. In the Mesozoic rocks the sandstone 
is only moderately hard and is either gray or buff colored; the shale is ~ 
soft, generally very sandy, and locally carbonaceous. The coal beds ~ 
are described later in this report. Lava forms the surface rock over · 
"the northern and northeastern part of the district. 

No detailed stratigraphic section was measured, because neither \ 
the top nor bottom of the coal-bearing strata is exposed. The bottom \ 
of the formation lies in a valley where the older rocks are concealed 
by surface debris, brush, and timber, and the top, which lies along the 
fault, is effectually concealed by debris which falls from the escarp­
ment. However, sufficient stratigraphic data were obtained to show 
that the Paleozoic strata occur mostly in thick beds, whereas some of 
the beds of the Mesozoic sandstone are thick and others are thin and 
shaly. 

A determination of the age of the rocks is based on two collections 
of fossils, one from the top of the escarpment in the west half of sec. 
36, T .. 5 N., R. 43 E., and the other from the Brown Bear mine. 
G. H. Girty reports that the first collection contains zaphrentoid 
corals, Spirifer, and dompositre, probably belonging to the Madison 
limestone. The collection from the Brown Bear mine, according to 
T. W. Stanton, includes Cardium, Lucina, and Corbula, which suggest 
a correlation of these strata ·with the Mesaverde formation of the 
Rock Springs field or possibly the Adaville formation of southwestern 
Wyoming. These identifications show that the rocks of the escarp­
ment are Paleozoic and that the coal-bearing rocks in the center of 
the district belong to the Cretaceous system of the Mesozoic era. 
Fossils were not found in the eastern part of the district, but the 
stratigraphic position, thickness, and lithology of at least two of the 
beds exposed in the high ridge in the eastern part of the field are the 
same as those of beds in the escarpment; hence it is inferred that the 
strata at the two places are the same and that both are Paleozoic. 
The beds in the extreme eastern part of the field, haye the same 
lithologic character as some of the Mesozoic beds of this district. 

The areal distribution of the Cretaceous is shown approximately on 
Plate XXII, but as the area was examined chiefly to determine the 
coal resources, the non coal-bearing rocks, which inclQde both Paleo­
zoic sedimentary beds and rather recent lava flows, were mapped as a 
unit and are represented by the cross-lined pattern on Plate XXII. 
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) STRUCTURE. 

.Ai3 shown by the dip and strike symbols and by cross section on 
Plate XXII, the rocks in the main part of the district dip steeply to 
the southwest, whereas the strata on the east side are only slightly 
inclined and those on the we~t are horizontal. In the southern part 
of the district the structure is complicated, but ill general the rocks 

)' dip steeply to the north. The structure of the sedimentary rocks in 
_·\ the northern part of the district is concealed beneath recent lava 
. flows. The most probable interpretation of the very diverse struc-
( turalphenomena is that a great fault lies along the western margin of 
~ the field (see Pl. XXII), with the down throw on the east and the 

upthrow on the west, and that on the east side of the district there is 
, a similar, perhaps equally profound, fault, along which the movement 

_; has been in the same direction. Between these two faults lies a large 
J block of strata that is tilted downward to the west. (See cross 

section, Pl. XXII.) T};le existence of the western fault can be proved 
by unmistakable evidence. The amount of throw along the fault is 
great; according to one method of estimation it is as much as 10,000 
feet. Though the fault in the eastern part of the field is concealed by 
debris, its existence is inferred from the fact that the dip of the 
rocks near the center of .sec. 32, T. 5 N., R. 44 E., is much greater 
than that of those in the SE. ! sec. 28 of the same township. '.J;his 

' difference in structure is especially noticeable when the discordance 
. in dip is considered in connection with the relative ages of the strata 
at the· two points .. In sec. 32 the rocks are of Paleozoic age and at 
least 2,000 feet lower stratigraphically than those at the other locality. 
To reach their present relative positions the beds must have been 
very·sharply bent upward a little west of location 15, then down­
ward toward the west after considerable altitude was reached, or else 
they were faulted. It is believed that the space is too small" to per­
mit the necessary folding, and therefore it is thought that .the strata 
have been faulted. 

If there are two great faults in the district, as stated above, the 
rocks between them constitute a fault block which is sharply tilted to 
the w_est, as previously explained. In view·of the evidence this seems 
probable, and the cross section on Plate XXII i~ drawn on that basis. 

Besides the major breaks mentioned above ·there are many minor 
faults, which have been found wher<:'ver the strata are exposed over . 
any considerable. area.· The abundance of the faults at some places 
is shown by the plan of the Brown Bear mine, presented at the bottom 
of Plate XXII. The horizontal extent of the minor faults ranges 
from a few rods to as much a8 half a mile and the amount of throw 
from a few inches to many feet. The effect of these structural move-. 
ments on the coal beds is discussed later. 
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THE COAL. 

CHARACTER AND DISTRIBUTION. 

As shown on Plate XXII, the coal beds outcrop along the slopeat 
the foot of the escarpment and extend downward to the fault· in the 
western part of the field. As the beds- are faulted and the outcrops 
badly covered, it is impossible to trace them for any considerable dis- 1 

tance, but certain key rocks were found which assist in the correlation \ 
of the beds. A probable connection of the beds at the south end of L 
the field with those exposed in the center and north end is shown on 
the map. In examining this map, however, it should be borne in \ 
mind that the line shows only approximately the position of the out-. 
crop. The exact position can be determined only by a system of 
prospecting which will explore the bed below the surface. The coal · 
beds occur in two groups about 1,100 feet apart stratigraphically, the· 

1

\ 

lower group being represented at locations 5, 6, 7, 9, 10, and 13 on the 
map and the upper at locations 8 and possibly 1, 2, 3, and 11. It is 
probable that the so-called upper group contains only one bed and 
that the apparent occurrence of more than one bed cis due to faulting, 
which has duplicated its outcrop. The lower group consists of three 
beds in the northern part of the field, one in the central, and two in 
the southern part. ·From the difference in the number of beds in the 
groups at different localities it is evident that the beds are not con­
tinuous. They also differ in thickness and character, but 'the data 
obtained do not show conclusively to what extent. The difference is 
indicated, in part, however, by a comparison of the two sections 
measured in the Brown Bear mine, 1,200 feet apart, one having a 
total thickness of 4 feet 5 inches and the other 5 .feet 3 inches. These 
sections are presented on page 387 of this report. 

The coal is black and hard, but, as would be expected in a region 
where so much faulting has taken place, it is badly broken. In mining 
a large percentage of it comes out fine, .and even the larger pieces are 
so shattered that they do not stand handling well. The coal is bitu­
minous and rather free from impurities, but noncoking, according to 
the agate-mortar test. The chemical properties of the coal are pre­
sented in the following table of analyses, which also shows analyses of 
samples from other fields .for comparison. 

The sampling was done according to the regulations of the 
Bureau of Mines,1 which in brief requires that the face to be sampled 
must be cleared of weathered coal, powder stains, and the like, and 
then a channel cut across the bed to obtain the sample, at the same 
time large partings and lumps of impurities being rejected. . The 
sample is collected on a sampling cloth, broken up to pass through a 
half-inch mesh sieve, mixed thoroughly, quartered, mixed again, and 

a For a detailed discussion of the method of coal sampling, see Holmes, J. A., The sampling of coal in the 
mine: Bur. Mines Technical Paper 1,1911. 
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finally the sample is placed in . a sealed can, to be forwarded to the 
chemicallaboratory. · 

Analyses of coal samples from the Horseshoe Creelc district, Teton Basin coal field. 

[Made at the Pittsburgh laboratory of the Bur00:u of Mines, A. C. Fieldner, chemist in charge.] 
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A 11.5 37.2 47.0 4.30 0.54 5.94 68.09 1.4019.73 6,72012,090 
B 3.4 40.6 51.3 4.69 .59 5.47 74.25 1.53 13.47 7,32513,190 
c .... 42.0 53.1 4.86 .61 5.27 76.89 1.5810.79 7,59013,660 
D ..•. 44.2 55.8 ..... .64 5.54 80.82 ·1.66 11.34 7,97514,360 

r 
I ./ Horseshoe mine........ 15116 4. 3 ~ 7. 7 39.7 50.4 2.2 

3.6 41.5 52.6 2.3 
. . .. 43. 0 54. 6 2. 4 
.... 44.1 55.9 ..... 

.38 ....................... 7,15512,880 

.40 ....................... 7,47513.460 

Union Pacific mine, 
No.1, Rock Springs, 
Wyo. 

Diamondville No. 1 
mine, Kemmerer, 
Wyo.-. 

Wasatch mine, Coal­
ville, Utah. 

c 
D 

.41 ....................... 7,75513,960 
• 42 ....................... 7,94514,300 

5358 2.3 A 8.5 35.6 50.4 5.48 .78 5.36 66.15 1.19 21.04 6,57511,830 
B 6.4 36.4 51.6 5.61 .80 5.22 67.71 -1.2219.44 6,73012,110 
c .... 38.9 55.1 5. 99 . 85. 4. 82 72.32 1. 30 1:4.72 7,185 12,940 
D - 41.4 58.6..... . 90 5.13 76.93 1. 38 15.66 7, 645 13,760 

2284 1. 3 A 5. 1 40. 5 49. 8 4. 61 . 49 5. 63 72. 95 1. 18 15.14 7, 200 12,960 
B 3.9 41.0 50.4 4.67 .50 5.56 73.91 1.29 14.16 7,29513,140 
c .... 42.7 52.4 4.86 .52 5.33 76.89 1.24 11.16 7,59013,660 
D .... 44.9 55.1 ...... 54 5.61 80.82 1.31 11.72 7,98014,360 

2408 6. 9 A 13. 9 38. 0 43. 7 4. 4 1. 03 . .. .. . .. . • . .. . .. . . . . . • . 6, 080 10,940 
B 7. 5 40.8 46.9 4. 8 1.11 ....................... 6,53011,750 
C 44.1 50.7 5. 2 1. 20 ....................... 7,0CJO 12,710 
D .... 46.5 53.5 ..... 1. 27 ....................... 7,44513,410 

a The form of analysis represented by A, B, C, and D is as follows: A, coal as obtained in the mine; B, 
coal dried at a temperature of 30° to 35 o C.; C, moisture-free coal; D, coal free from moisture and ash. 

Sample No. 15115, from the Brown Bear mine, was taken from the 
end of the north entry, 950 feet from the portal, where mining had 
been done recently· and where the coal was unweathered. The 

·sample is believed to represent the coal in its norm~l condition. 
For section of coal bed where sampled see page 387. 

Sample No. 15116, from the abandoned Horseshoe mine, was 
moderately weathered. It was taken at a point about 200 feet from 
the portal~ from a face which had been exposed for more than a year. 
The surface was cleaned until apparently fresh coal was obtained, 
but it seems probable that some change, which ·did not alter the 

-physical appearance of the coal, must have taken place, because the 
mine is in a dry climate and had remained open to the unrestricted 
circulation of the air for a long time. It seems most probable that 
this exposure. to the air had resulted in partial oxidation :which 
decreased the heat value below that of unaltered coal. Nevertheless 
the sample gave a higher calorific value than the unweathered coal 
from the Brown Bear ·mine. This is probably tp · be explain~d in 
part by the smaller amourit .. of. p,f'Jl ~P:. th~ __ Hor&~sP,oe .$~mple. ___ .For 
section of bed where sampled see page 387. . .. --

. 36'5° -Bull. 541-14-25 
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DEVELOPMENT. 

There are two producing mines in the field, the Brown Bear mine 
(location 9) and the Boise (location 8) .1 Mining and prospecting have 
been done at other places but at present no development work is in 
progress. At the northern end of the field, along Packsaddle Creek, 
there are several abandoned openings, and in the southern part there J, 
are two abandoned mines. 

Location 1.-At location 1 there is a caved drift. The bed is ~ 
reported to be 9 feet thick and to terminate at a fault. It is probable 
that the report of the thickness is exaggerated or that it is abnormal, 
the coal being squeezed into a pocket. A bed exposed at one place 
near the portal of the drift is 14 inches thick, but this may not be 
the bed reported to have been encountered farther back. 

1 

Location 2.-At location 2 there is a dump composed -in part of \ 
coal. The opening from which the coal came is caved, hence no 
data as to the character of the bed were obtained. 

Location 3.-At location 3 there is a prospect pit 6 feet deep in 
which a coal bed is exposed. The coal occurs in two benches sepa­
rated by 10 inches of shale, the upper bench being 19 inches thick 
and the lower 11 inches. The character of the bed is shown by sec­
tion 3 on Plate XXII. 

Location ,4.-At location 4 there is an abandoned entry in which 
40 inches of badly crushed coal is exposed. At this place the bed 
appears to have been distorted, hence the normal thickness could not 
be determined. 

Locations 5, 6, and 7.-At locations 5, 6, and 7 there are prospect 
pits in which sections of ~he coal beds exposed are as follows: At 
location 5, 40 inches of coal; .at location 6, 13 inches of coal; at loca:­
tion 7, in. two benches of coal, 8 inches thick, separated by a 3-inch 
parting of very impure coal. Graphic sections of these beds are 
shown in Plate XXII. 

The Boise mine (location 8).-The Boise mine consists of a rock 
tunnel 150 feet long, crosscutting the strata, and an entry 200 feet 
long extending along the bed from the point where the tunnel enters 
the coal. The bed (see section 8, Pl. XXII) is 38 inches thick and 
lies between beds of shale. It is cut by several small faults which 
displace the beds from 6 inches to 2 feet. At the time of examination 
no coal was being produced,. though preparations had been made to 
mine a few tons daily. 

Brown Bear mine (location 9) .-The Brown Bear mine consists of 
a horizontal rock tunnel 325 feet long from the surface to the coal 
bed and two horizontal entries, one to the n<?rth and the other to the 
south, following the bed. The plan <?f this mine is presented in Plate 

l Location numbers refer to correspon~gnumbers on Pl: XXII. 
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(
, XXII. Stopes are worked above the entries and the coal is taken 

down through chutes into the mine cars. The Brown Bear, which 
J is the chief producing mine in the field, has an output of a few tons a 

day during busy seasons in the fall and spring. Sections of the bed 
at opposite ends of the mine are as follows: 

1 Sections f].f coal bed in Brown Bear mine. 

South end of mine. \ N' orth end of mine. J Shale. Ft. in. Shale: , Ft. in. 

Coal 1 •••••••••••••••••••••••• 3 11 CoaL ....................... 2 10 
Shale.......................... ·3 Coal, crushed ............... 1 7 
Coal 1......... .. .. • • • .. • • • • .. 1 1 Shale. 

Shale. 4 5 
5 3 

/ Location 10.-At location 10 a bed of coal represented by section 
./ 10, Plate XXII, is exposed in a surface opening. This is believed 

to be the bed worked at the Brown Bear mine and is without doubt 
the one worked at the Horseshoe mine. 

Locations11 and 12.-Atlocation 11 there is an abandoned entry 50 
feet long and at location 12 a surface opening on the same bed. A 
section on this bed is as follows: 

Section of coal bed at location 11. 
Sandstone. Ft. in. 
Shale, carbonaceous... . . . .. . . . . .. .. .. . . .. .. . . . .. . .. . .. . . .. .. . 2 

CoaL ................. ~................................. 2 2 
Shale. 

2 4 

Location 13.-The Horseshoe (abandoned) mine (location 13, Pl. 
XXII) consisted of a single entry 500 feet long extending north .from 
the side of a steep hill where the bed was exposed. Though badly 
caved, the ~ne can be entered for a distance of 200 feet. At that point 
the following section, shown graphically in Plate XXII, is exposed: 

Section of coal bed exposed in the Horseshoe mine. 
Shale. Ft. in. 

Coal 1 •••••••••••••••••• ~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 11 
Sandstone............................................... 10 
Coal, crushed 1 ••••••••••••••••••••••••••••• , • • • • • • • • • • • • • 3 4 
Coal, bony. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 
Coal, crushed 1••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 3 

Shale. · 
11 1 

Location 14.-At location 14 there is a small prospect in some slump 
material which contains fragments of coal. 

Location 15.-The extent of the coal encountered in the two pros­
pects at location 15 was not determined, because the openin~s are 

1 A sample of these benches was analyzed with the results shoWn in the table on p. 385. 
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now caved and the coal is concealed. The size of the dumps indi­
cates that considerable work has been done and some coal taken out. ) 

I 
It is reported that the bed is thin, and the fact that this work was 
abandoned for locations farther from market and where the strati­
graphic conditions were less favorable indicates that the prospect 
was not promising. Th1s prospect lies in a valley with lava-covered 
hills to the north and debris-strewn hills to the south. About one- (' 
half mile east of the prospects lava caps the hills to the south also 
and forms the mountain slope· on both sides of the creek. ·The ex- -
posed area of coal-bearing rocks is therefore small and co~ned to the , 
valley of Horseshoe Creek. 

CONCLUSIONS. 

The Horseshoe district contains beds of excellent coal thick enough\ 
to be mined profitably if they were horizontal, but the steep dip of \ 
the beds and the numerous faults render mining expensive, difficult, 
and uncertain. The beds are irregular _in thickness and extent. One 
of them most probably extends throughout the district, but others 
are certainly less extensive. Timber and water are abundant, espe­
cially water, the supply of which far exceeds the requirements for 
mining. The district is situated in a region where there is consider­
able local demand for coal for domestic fuel that now is supplied from 

·mines at a distance. Fro.m the data obtained the writer concludes 
that this district can profitably supply a domestic trade for a long 
time, but that it can not be reckoned as a factor in_ the great coal 
trade of the Rocky Mountain region. 
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( THE GLACIER COAL FIELD, WHATCOM COUNTY, 
WASHINGTON. 

} 
·1 By E. G. WooDRl!FF . 

.J 

INTRODUCTION. 

The Glacier coal. field of Whatcom County is not a producing field · 
',but has attracted considerable attention because it contains anthra­

/' cite. in at least one place and thiJ?, beds ·of bituminous coal in several 
/ other places. The inf.ormation upon which this report is based was 

50 0 50 100 MILES 

FIGURE 13.-Map showing location of ti . .l Glacier coal field, Whatcom County, Wash. 

obtained by the writer in the fall of 1912, but the data for the map 
(Pl. XXIII, p. 398) were supplied chiefly by Prof. Henry Landes, 
director of the State Geological Survey of Washington, who also 
advised the writer concerning th~ geology of the area and the field 

· methods best adapted to the work. 
The Glacier coal field lies in the north-central part of Whatcom 

County, Wash., in the vicinity of the village of Glacier, which is the 
terminus of the Bellingham Bay & British Columbia Railroad. (See 
£g. 13.) The coal-bearing rocks are reported to extend westward 
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from Glacier toward Bellingham Bay, but it was not practicable to 
extend the present survey in that direction as far as the boundary 
of the field; consequently the report was not verified. · The area 
considered here embraces about 25 square miles in the western part 'l 

C?f T. 39 N., R. 7 E., Willamette base and meridian, and sec. 24 of 
the township to the west and sec. 31 of the township to the north. 

SURFACE FEATURES. 

The Glacier coal field lies on the west face of the Cascade Range, 
where the slope rises at the rate of nearly 1,000 feet to the mile. 
The lowest point in the field is on North Fork of N ooksak River 
near the northwest corner of the field, at an altitude of about 900 
feet, and the highest point is on the southern border at an altitude ot 
about 5,000 feet. In the part of the field described· in this paper,\, 
the difference in altitude is about 4,000 feet. The only level ground 
is the narrow, bowlder-strewn valleys of N ooksak River and Glacier 
Creek; elsewhere the slopes are steep and cliffs are not uncommon. 
The mountain sides are so steep and uneven that they can be trav­
ersed only on foot or with pack animals along a few trails. 

The area is drained by N:orth Fork of Nooksak River, which 
crosses the northern edge, and by Glacier Creek, which enters near 
the southeast corner, follows the east side for a distance of 4 miles, 
then turns northwest to its junction with the main stream near the 
village of Glacier. Normally these streams are perenll.ial and contain 
a moderate quantity of swiftly flowing, clear, cold water, but at 
times of freshet they become torrents. Numerous brooks rise high 
on the mountain slopes and flow in steep-sided vall~ys and over 
cascades at short intervals. 

Except where the timber has been cut the mountain slopes are 
covered by a thick growth of splendid trees, some of which are as 
much as 5 feet in diameter and 250 feet high. ·These trees are so· 
large and have grown so closely together that the traveler can seldom 
see more than a few hundred feet. The ground is covered by vege­
table matter composed of fallen twigs, cones, and needles from the 
trees, and fragments of underbrush. 

GEOLOGY. 

GENERAL CONDITIONS IN THE AREA. 

The dense forests which cover most of the field, together with the 
thick layer of vegetable mold, render geologic examination difficult. 
The problem is additionally complicated by the prevalence of land­
slides, which constitute a large part of the surface debris. These 
slides are not, as is sometimes popularly supposed, masses of rocks 
which have been loosened from the mountain side and precipitated 
into the valley below, but they are large masses of rock which have 
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moved slowly and are now at rest or are very slowly moving down 
the mountain side. In some of these slides the rocks have ·been 
broken up and the fragments intermingled, whereas in others the 
mass has moved as a unit and in many places it is impossible to tell 
whether the rocks in an outcrop are in place or not. 

A satisfactory study of the geology of the field is impossible on 
account of the dense forests, thick vegetable mold, and rock debris 
concealing the beds, except on the steep slopes and along the stream 
channels; hence conclusions must rest mainly on inference. 

~ 

STRATIGRAPHY .. 

During the examination here described no new stratigraphic 
, ·information was obtained. Smith and Calkins, in 1~01, made a 

/ reconnaissance across the Cascade Range and published the earliest 
report 1 on this general region. A good collection of Eocene fossih; 
had been obtained at Keese, about 8 miles down the river from 
Glacier, and they therefore referred the strata in that locality to the 
Eocene. They state that the strata on the river a few miles above 
Glacier do not resemble the Eocene rocks lithologically, but are very 
similar to the Cretaceous strata to the west, and on these grounds 
they doubtfully referred them to the Mesozoic. They collected no 
fossils in the immediate vicinity of Glacier, but hav:e stated to the 
writer that the coal-bearing strata closely resemble the Eocene beds 
farther down the river. Landes, 2 however, states that Upper and 
Lower Cretaceous fossils were found on the Mount Baker trail at a 
point about 4 miles southeast of Glacier. This place is about a mile 
east of the coal field and directly on the strike, so that unless a fault 
intervenes the coal-bearing strata would seem to be Cretaceous. If 
they are Cretaceo'us, however, the Glacier field is the only· one known 
in Washington in which the coal is older than Eocene, and further­
more it is reported that the coal-bearing rocks extend from Glacier 
southwestward, probably at least as far· as the area in which the 
rocks are definitely known to be Eocene. Finally, despite the 
presence of Cretaceous fossils a short distance from the coal field, the 
lithologic resemblance between the actual coal-bearing strata and 
the beds known to be Eocene must also be considered. Owing to 
the complexity of the geologic structure in this area and to the 
probability of faulting, it is impossible definitely to· assign the coal:. 
bearing rocks either to the Eocene or to the Cretaceous, although the 
evidence seems to indicate that they are Eocene. 

\ 

The coal-bearing rocks are sandstone and shale, which rest on 
crystalline igneous rocks or schists. The sandstone is by far the 

1 Smith, G. 0., and Calkins, F. C., A geolog~cal reconnaissance across the Cascade Range near the forty­
ninth parallel: U. S. Gaol. Survey Bull. 2351 1904. 

2 Landes, Henry, Notes on the Glacier coal field: Pacific Min. Jour., vol. 2, No.4, p. 61, 1913. 
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most abundant. A few measurements made by the writer in the 
coal-bearing portion of the .formations showed about 90 per cen,t of 
the strata to be composed of sandstone and 10 per cent of shale. 
These measurements, however, were not extensive and possibly did 
not encompass representative sections of the strata. Prof. Landes 
has done considerable work in the region and estimates the shale to 
comprise about 60 per cent and the sandstone 40 per cent of the 
different formations. The sandstone occurs in massive beds, which 
are separated from one another by thinner beds of shale containing 
coal at some places. This relation of thick beds of sandstone and 
thinner beds of shale has had an important bearing on the metamor­
phism of the coal and the deformation of the bed as explained on a 
later page. The shale is generally very sandy, but some of it has 
evidently been derived from fine silt intermingled with vegetable 
debris and is therefore very carbonaceous and consequently brown or 
black. At some places the black shale has been mistaken for coal 
or "coal blossom" or "leads" and the bed prospected. In fact, 
many of the prospects in the field have followed these so-called coal 
leads, but have found no coal. 

STRUCTURE. 

· The field lies on the north flank of the mountain ridge which ex­
tends westward from Mount Baker. The general dip of the beds is 
northwest in the eastern part of the field but is slightly east of 
north in the western part. The dip is steep, being about 45°, except 
on the extreme west edge of the field, and locally is as much as 68 °. 
Measurements at different places are shown in Plate XXIII. No 
faults or local folds were worked out, but undoubtedly some exist, 
though probably none are very extensive. The coal-bearing strata 
are so concealed that it is impossible to determine the details of 
structure, but the discordance in the dip and strike in sees. 18, 19, 
and 20 points to the conclusion that the beds are probably faulted at 
several places. Unquestionably, :however, great ·movem~nts of the 
strata have taken place in the'region, and there has been profound 
folding and faulting. These disturbances were not pr~duced by a 
sudden heaving, twisting, and bre.aking of the strata, but by move­
ments continued through a considerable time, during which the coal 
beds were squeezed and diStorted and the coal transformed from low 
to high grade. 

THE COAL. 

GENERAL CHARACTER OF THE BEDS. 

The field contains a large number of thin beds of coal that is mostly 
dirty, though locally free from impurities. During the movements 
of the strata discussed above the coal beds have been pinched out at 
some places and forced into abnormal shapes at others, and the coal 

( 
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has been fractured or crushed. In fact, at some places the beds 
seem to have been subjected to a kind of kneading action, as indi­
cated by the directions of the slickt:msiding. This variety in direction· 
of movement is shown at Discovery tunnel, where on a few square 

1 feet of exposed surface the slickensides are horizontal in some layers, 
inclined '70° from the horizop.tal in other layers, and 30° in the oppo­
site direction in others. Within a space of a few square yards almost 
every direction is indicated by. the strire in the coal or· shale. The 
effects of the compression seem to have "been concentrated or accen­
tuated in the more plastic shale and coal because they are soft and 
yielding and comprise a minor part of the strata. AB a result of the . 
preponderance of sandstone, as determined by the writer, the shale 
and coal beds have been forced to conform to new spaces between 
the more resistant beds because the shale ·and coal are softer than 
the inclosing rocks, and consequently the coal has been squeezed into 
pockets, some of which-have considerable thickness but small extent, 
whereas at other places the beds are pinched and broken. 

CHARACTER OF THE COAL. 

The coal of this field ranges in quality from subbituminous to 
anthracite. At a few places there are thin seams of subbituminous 
coal and at other8 beds of bituminous coal and anth.Tacite, but both 
the low and high grades are not found in the same strata. Only the 
bituminous and anthracite are abundant enough to be considered. 
Complete chemical analyses have not been made because unweathered 
material could not be obtained, but from physical appearance the coal 
a·t the Discovery and No. 2 tunnels is a good grade of anthracite. 
Elsewhere in the field, however, it is bituminous, generally impure, 
and almost ·everywhere badly crushed and slickensided. Selected 
specimens are reported to compare favorably with the best grade of 
Pennsylvania anthracite, but it is tlie opinion of the writer .that a 
rep:resentative sample of any bed will fall considerably below that 
standard in calorific value, because the amount of impurities is 
greater than in Pennsylvania anthracite. Three partial analyses 
with a field chemical testing outfit showed the ash to be 35 per cent 
in one sample, 54 per ce;nt in another, and 74 per cent in another. 
The strata are saturated with water, which has prevented atmos­
pheric weathering from extending to any considerable depth . 
. AB the coal differs from place to place, further details of its charac­

ter are presented under the description of. the prospects. 

PROSPECTS. 

Considerable prospecting and some fairly deep exploration work 
have been done in the field, but as previously explained the surface 
in many places is composed of slide material which covers and con-
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ceals the rocks in place. This disturbed condition of the surface 
causes prospecting to be uncertain. Some of the tunnels have been 
started in regularly bedded rocks, which were erroneously thought to 
be in place, and have terminated in zones of broken rock at the botr 
tom of the slide or entered entirely different strata, over which the 
prospected beds are found to have slid. Some of these unbroken 

. masses include coal beds which seem to the superficial observer to be 
in place, but prospecting shows that the bed terminates a short dis- 1 
tance below the surlace. This condition has led to the unsuccessful 
ending of several prospect tunnels. In. considering this field it 
should be borne in mind that drill holes or even prospect tunnels c~n 
not determine the coal resources, because the beds are so irregular 
that a test at one place does not indicate the conditions that may be 
found a short distance away. 

As a result of the steep dip of the strata prospects have been opened 
to follow the beds, which are highly inclined from the horizontal, as 
in most metalliferous veins. Entries have been driven along the. 
beds and stopes opened or crosscuts dug at promising points. 

The following detailed description of prospects begins with those 
in the northeast corner of the field and proceeds southward by tiers 
of sections, each tier being considered from east to west. The loca­
tion of each prospect is shown by the corresponding number on 
Plate XXIII (p. 398). 

Hurst prospect.-The Hurst prospect (location 1), in the south­
eastern part of sec. 31, T. 40 N., R. 7 E., is about a mile from Glacier. 
It consists of a prospect rock tunnel200 feet long and a slope 75 feet 
deep, which starts in a coal bed about midway of the tunnel. It is 
possible that the tunnel penetrates only an unbroken rock slide and 
terminates in country rock at the back. At any rate, the tunnel 
ends in non coal-bearing rock. A possible explanation for this condi­
tion is that the coal-bearing strata are cut off by a fault. The coal 
bed lies between two thick-bedded sandstones dipping 35° N. It is 
extremely irregular, occurring in small lenses, the largest being 6 
inches in greatest thickness and 10 feet in length. The bed followed 
by th~ slope consists mainly of shale, but contains some coal. The 
coal is bituminous. At the time of examination no work was in 
progress, and apparently the. prospect had been abandoned. 

Hinton prospect.-The Hinton prospect (location 2)~ in the NW. 1 
sec. 6, T. 39 N., R. 7 E., comprises a tunnel 250 feet long, entirely in 
thick-bedded sandstone, except through about 8 feet of its length, 
which is in soft slickensided shale. This shale contains a lens of 
bituminous coal 4 inches thick and less than 10 feet long. The bed 
dips 45° N., and strikes N. i5° E. At the time of examination this 
tunnel was abandoned. 

/ 
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Location 8.-At location 3 there is a tunnel which penetrates sur­
face debris to a depth of 1!t5 feet and terminates in a distorted bed 
of slickensided shale and bituminous coal 5 feet 2 inches thick. The · 
bed is so much distorted that its normal condition ca~ not be fairly 
inferred. A most liberal interpretation of t4e indications of coal, 
however, points to the conclusion that the bed is valueless . 

.Armstrong prospect.-The Armstrong prospect Oocation 4) con­
sists of a tunnel penetrating loose debris to a depth of 7 5 feet and ter­
minating in a bed of carbonaceous shale 2 feet thick. No coal was 
found. 

Brooks lJrospect.-At the Brooks prospect Oocation 5) there is an 
entry 125 feet long on a coal bed between beds of sandstone which dip 
45° S. The following section is exposed at the end of the entry: 

Section of beds exposed at the end of Brooks entry. 

Top, sandstone. Ft. in. 

Shale, carbonaceous, badly crushed............................ 4 5 
Coal, badly crushed...................................... 1 8 

Sandstone, thick bedded. 
6 1 

The coal appears to be of good q:uality, but contains impurities 
disseminated through it. A determination with the field-testing 
outfit showed 54 per cent of ash. If the coal in this bed were good 
and the bed easily accessible, or ii the bed were moderately impure 
and the impurities associated with the coal in such a way that they 
could be washed out, the bed mignt be mined, but as such conditions 
do not exist, and as the coal is in pockets, it is believed that sys­
tematic and economic mining can not be carried on. 

Powers prospect.-The Powers prospect Oocation 6) consists of an 
entry 115 long in strata that dip 65° N. The prospect presents an 
excellent sample of the pockety character of beds and the crushed 
condition of the coal in this field. At one place in the entry the bed 
reaches a maximum thickness of 23 inches, but 2 feet from that point 
it is 17 inches thick, and 5 feet away only 13 inches. Thus, in a dis­
tance of 7 feet, the bed has decreased from 23 inches ·to 13 inches. 
The coal is very much crushed and slickensided, and eontains 35 per 
cent of ash, some of which is not intimately mixed with the eoal. 
Probably the co~ could be improved to a marketable grade by wash­
ing if the bed were thick enough and continuous enough to be mined. 

Location 7.-At location 7 there is a tunnel 250 feet long, in which 
an 18-lnch bed of shale, containing some crushed coal, is exposed. 

Location 8.-At location 8, on the opposite side of the creek and a 
little to the south from location 7, a tunnel 125 feet long exposes a 
bed of crushed coal 20 feet long with a maximum thickness of 6 
inches. The coal lies between thick beds of sandstone. 
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Location 9.-A test hole was sunk with a diamond drill at location 
9 to a depth of 500 feet. It is reported that no coal was found. The 
drill, which was vertical, formed an angle of 25 ° with the bedding 
planes and thus went diagonally instead of directly through the 
strata. Consequently the hole, although drilled to a depth of 500 
feet, tested only a little more than 200 feet of strata. 

Location 10.-At location 10, near the middle of the north line of 
the NW. ! sec. 20, a tunnel runs S. 20° W. for a little more than 150 
feet and then southeast 100 feet. In this tunnel are exposed two 
lenses of black carbonaceous shales and one bed of carbonaceous 
shale in which there is a seain of_ crushed lignite 2 inches thick. 

Location 11.-At location 11 a tunnel 50 feet long has been driven 
chiefly in sandstone. A few feet from the portal a 4-inch seam of. 
highly carbonaceous shale has been altered locally to an impure 
graphite. About 100 feet southwest from the portal of the tunnel 
in the bottom of the valley, a small prospect in lower strata contains 
a very irregular pocket of crushed bituminous coal less than 3 feet in 
greatest thickness. Elsewhere along the outcrop of this bed the 
maximum thickness was found to be 3 inches, but the coal bed 
appeared to have been squeezed below its normal thickness. 

Location 12.-The following section of strata is exposed at loca­
tion 12: 

Section of strata exposed in theSE. t sec. 19. 

Top, sandstone, gray, massive; contains impressions of plants. Ft. In. 

Shale, carbonaceous, slickensided ................................ 1 2 
Sandstone, black, shaly; contains impressions of plants; greatest 

thickness ................................................... 1 8 

2 10 

Locatio"n 13.-An entry has been dug to a depth of 45 feet at loca· 
tion 13. In this prospect a bed of crushed carbonaceous. shale con-

-tains seams of coal. The thickness of the shale bed is very irregular. 
It is thin near the portal, increases to 36 inches at a depth of 30 feet, 
decreases to 14 inchesL9 feet from that place, and is absent at the end 
of the entry. The thickest seam of coal in the bed has a maximum 
thickness of 4 inches, but even that appears to be in a pocket. The 
coal is bituminous. · 

Location 14.-At location 14, in sec. 19, a tunnel 40 feet long cuts 
the edge of a lenticular pocket of coal. A cross section of the tunnel 
is a broad oval in outline, about 6 feet high and 4 feet broad. The 
coal bed cuts diagonally across the face of the tunnel. Near the 
floor the coal seam is less than 1 inch thick, but it increases to 8 
inches at the top of the tunnel. In a distance of a little more than 
6 feet the bed changes from 6 inches in thickness· to 1 inch. The 
coal, which lies between beds of massive sandstone that are much 
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more resistant than the coal,. is badly slickensided and appears to 
have been squeezed into its present form. A partial analysis of the 
coal showed it to contain 7 4 per cent of ash. 

Hinton's prospect.-The Hinton prospect (location 15) consists 
of two entries, one 50 feet· above the other, on a bed of coal lying be­
tween thick bed,s of sandstone which dip 56°. The lower entry is 15 
fee't long and contains a stringer of slickensided coal which ranges 
from a feather edge to 6 inches thick. The upper prospect is 50 feet 
long and contains crushed shale but no coal. 

Bellingham Bay & British Oolumbia mine.-The Bellingham Bay 
& British Columbia mine (location 16), is reported to have been ex­

, tended more than 1,000 feet along the strike of.a coal bed before it 
( was abandoned, but only the first 150 feet was examined by the 
i writer. At the portal the following section is exposed: 

Section of strata exposed at the portal of the Bellingham Bay & British Columbia tunnel. 

Sandstone. Ft. in. 

Shale, shattered ................................................ 2 
·Coal, slickensided, bituminous ............................. 1 5-

Shale, crushed ................................................ 3 6 
Coal, slickensided, bituminous ............................. · 6 

Shale, crushed. 
7 5 

At two other places carefully examined, namely, 50 feet and 150 · 
feet from the portal, no coal was found. On the mountain side, about 
100 feet above the portal, the bed is thinner; 200 feet above the portal 
its thickness is still more diminished; and a little higher up it has dis­
appeared. Evidently the bed consists of a small lens or pocket. This 
coal is fairly good. A partial analysis gave 5.3 per cent ash. 

Tunnel No. 2.-Tunnel No. 2 (location 17) is reported to be 700 
feet long. The writer examined the first 325 feet, which is believed 
to fairly represent the whole entry. In that distance the beds are 
crushed, slickensided, distorted, and locally" metamorphosed. The 
thickness of the bed differs so that measur~ments do not represent 
conditions 100 feet away. At a point 325 feet from the portal the 
coal appears to lie in a pocket ·3 feet thick, containing bright anthra­
c~te in the upper part and finely crushed bituminous coal in the lower 
part. Because the strata are badly disturbed no good dip measure­
ment could be obtained, but a fairly reliable reading gave 69°. At 
the time of the examination the entry was deserted and workmen were 
starting a new one a short distance to the west but had not passed 
through the thick surface debris. · 

Discovery tunnel.-Discovery tunnel (location 18), reported to be 
. between 750 and 780 feet long, is the most promising prospect in th~ 
field. At the time. ~f examin~tion the tunnel was closed and was 
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filled with inflammable gas. It is said that the following section is 
exposed at the end of the tunnel: 

Section of coal bed reported to be exposed in Discovery tunnel. 

Slate. J!t. in. 

Coal .................................................... ~ 2 2! 
Bone ..................................................... 1 1 
Coal ............................. · ................. · ....... 6 9 

Slate. 
10 ! 

Along the outcrop, about 100 feet from the tunnel, the bed is thin­
ner ~han in the tunnel, but in the short distance that it is exposed it 
seems to increase abruptly downward, indicating that the tunnel 
enters a pocket.· The coal, which is anthracite, is badly crushed and 
slickensided and in general breaks into small, irregular lumps. It is 
estimated that more than 50 per cent of the .coal is crushed into 
pieces less than 1 inch by 3 inches. Some pieces are 6 or 8 inches in 
diameter and a few are as much as 1 foot. It is believed that this 
tunnel enters an exceptionally thick lens of coal, but it is inferred that 
the lens is not extensive, because 100 feet above the tunnel it is thin-· 
Iier than it is reported to be in the tunnel and it seems to decrease in 
thickness upward. This conclusion ·is strengthened by the fact that 
there is only a little coal in the Smith tunnel a mile west at the same 
stratigraphic horizon. 

Smith tunnel.-The Smith tunnel (location 19) is about 300 feet 
long in rocks which are so badly disturbed that a fair estimate of the 
amount of coal can not be made. The coal is found in a distorted 
bed of shale which ranges from 4 feet to a feather edge within a hori­
zontal distance of 100 feet and in general is less than 6 inches thick. 

CONCLUSIONS. 

The :field has been prospected extensively but contains no mine except 
Discovery No.2 and the Bellingham Bay & British Columbia mine, 
abandoned some years ago. The beds have been tested by prospects 
at various stratigraphic horizons, especially in the lower part of the 
sedimentary rocks, which seem to contain the most coal. These pros­
pects have shown that the coal occurs in pockets that differ greatly 

, in size. The largest pocket fcund is at Discovery tunnel No. 1, but. it 
is probable that even larger ones may be found. The coal is mostly 
anthracite or high-grade bituminous, but some of it is lower grade. 
Generally the percentage of ash in the coal is very high, especially 
when the whole of the bed is considered. From the data obtained the 
writer. concludes that the field contains coal in pockets, some of which 
are large enough to furnish a small supply of fuel, but as yet the pros­
pecting has not developed coal enoug:P. to warrant the expectation that 
the field will produce coal in commercial quantities. 
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THE EDEN RIDGE COAL FIELD, COOS COUNTY, OREGON. 

By c. E. LESHER. 

INTRODUCTION. 
I 

! It has long been known that Eden Ridge, Oreg., is underlain by 
(coal, and a large amount of prospecting has been done on the ridge 
and more recently in the Squaw Basin, immediately to the south. 
The beds first discovered are so bony that their ultimate workability 
has been questioned and considerable litigation has resulted because 
of their doubtful value. Furthermore, owing to the fact that the 
Eden Ridge coal occurs in the same formation as that of the neigh-

' boring and better-known Coos Bay field, which is subbituminous in 
grade, the United States Geological Survey and others have incor­
rectly assumed that the Eden Ridge coal is also subbituminous and 
that, being thus of low grade and also bony in character, it is prob­
ably of little value. In 1912 M. ~. Campbell, of the Geological Sur­
vey, made a brief examination of the coal and his work showed that, 
contrary to the previous assumption, it is bituminous in grade. In 
view, however, of the recent extension of prospecting and the dis­
covery of less bony coal beds in the Squaw Basin district, the writer 
made the examination here described. This work was detailed in 
character and was undertaken for the purpose of ascertaining the 
extent and character of the field and of classifying the land as coal or 
noncoal. The field work has not been completed, but the results 
obtained are published in this preliminary report partly in order. to 
aid in the prospecting now in progress and partly because of the 
interest attaching to this field as the only area, so far as known, of 
bituminous coal' of commercial importance in Oregon. 

The field lies whoily within the Siskiyou National Forest. It is 
35 miles west of the station of West Fork (Dothan post office), on the 
Southern Pacific Railroad, and 35 miles south of. the terminus of the 
Coos Bay, Roseburg & Eastern Railroad at Myrtle Point. The field 
is not easily accessible at the present time, travel from these railroad 
points being confined to saddle horses and pack trains.· Figure 14 
shows the geographic position and known extent of the field. . 

The Eden Ridge field is comparatively free from complicated struc­
ture, and the field work consisted principally in determining the· areal 

399 
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distribution and stratigraphic position of the various coal beds. 
Because of the dense underbrush and heavy timber locations could 
be made only by compass traverse, either paced or measured with 
tape, and tied to established land corners. Altitudes were deter­
mined with the aneroid barometer. In the unsurveyed portion of 
the :field corners established by private surveys were used for hori­
zontal controt Every prospect was visited and the section of the 
coal bed measured; 26 prospects were sampled. Twenty-six ·float 
and sink tests and 80 ash determinations were made in the :field with 

FIGURE 14.-Map of southwestern Oregon, showing location of the Eden Ridge and neighboring coal 
fields. 

a portable analytical outfit. Five samples were taken for check 
analysis by the Bureau of +v.fines. 

The field examination on which- this report is based occupied six 
weeks during the ~mmmer of 1913. Assistance in the field was 
rendered by M. J. Anderson throughout the examination and by 
Harry Hillis for a week at the end of the season. The writer wishes 
to acknowledge his indebtedness to W. B. Meyers, Timothy Billings, 
Lee Emerson, and others for aid and many courtesies during the field 
work, and toM. R. Campbell and G. H. Ashley, of the United States 
Geologica.! Survey!· for _a<;l~ce and co~~~ in preparing the data. _ 

\ 
l 
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SURFACE FEATURES. 

The Eden Ridge :field is characterized by a very uneven surface. 
Eden Ridge, Squaw Basin, and the area between Ash Swamp and the 
Bluff constitute three distinct topographic units, all drained by 
South Fork of Coquille River. (See Pl. XXIV; p. 404.) 

Eden Ridge has a general northeast-southwest direction. Its 
highest point, about 3,500 feet above sea level, is 1,300 feet above 

1 
the river at the mouth of Bear Creek on the east and 2,900 feet above 
the river at the mouth of Delta Creek on the west. ·The slopes of the 

. ridge are very steep and are incised by·. the sharp canyons of the 
smaller streams. At the southern end of the ridge a vertical sand­
stone cliff 100 feet high and half a mile long is known as the "Big 
Slide," as it is 'the result of comparatively recent slumping. Another 
prominent escarpment, known as the "Bluff/' is 150 to 200 feet high 
and extends from Forty Foot Falls on South Fork of Coquille River 
eastward to the Rogue River divide. Between Ash Swamp and the 
"Bluff" the surface has a more or less uniform slope from the same 

i divide to Coquille River. (See Pl. XXIV.) Squaw Basin comprises 
J 

I the area south of tJhe "Bluff" and east of Squaw Creek, extending 
from Coquille River to the Rogue River divide. Here the topography 
is rougher and dissection is well advanced; the smaller streams have 
cut sharp canyons 50 feet to 100 feet deep. . 

The possibility of developing· water power under high head on 
South Fork has long been recognized. · The water might be taken 
from the south side of the ridge near the Billings homestead either by 
tunnel through the ridge or by flume or high pressure pipe around it 
to the mouth· of Delta Creek on the north side. It is estimated that 
with the excellent storage facilities offered by Ash Swamp, in which 
the river might be impounded and the flow of water thus equalized, 
not less than 7,000 continuous horsepower could be generated. · 

The area is heavily forested and contains much merchantable 
timber. The common varieties, named in ·the order of their value, 
are Port ·Orford white cedar, Douglas fir, and hemlock. The quan­
tity of timber is said to range from 50,000 to 200,000 board feet to 
the acre. Madrona, salal, vine maple, tanbark oak, ferns, chin­
quapin, and buck brush are common and abundant fDrms of under­
growth. . The climate is that typical of the west slope of the coast 
ranges, a rainy season lasts from October to June and a comparatively 
dry season from July to September. . The total precipitation in 1912 
is reported to have been 112 inches, but this is probably much higher 
than the yearly average. · 

365° -Bull. 541-14-26 
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GEOLOGY. 

STRATIGRAPHY. 

ARAGO FORMATION. 

The rocks that outcrop in the Eden Ridge :field are conglomerate, 
coarse yellowish sandstone, dark-colored shale, in part carbonaceous, 
and coal. They were studied by J. S. Diller in connection with the 
geologic mapping of the Port Orford quadrangle, 1 which includes the ( · 
west half of Eden Ridge. According to Diller these rocks, to which ). 
he has applied the name Arago formation, are characterized by 1 

Eocene marine fossils.· The coal-bearing rocks of the Coos Bay :field·) 
belong to the same formation, but in that :field the coal is of lower\\ 
grade. The Arago lies unconformably on the Myrtle formation, 
of Lower Cretaceous age, which contains no coal. >~ 

Exposures in the Eden Ridge :field are insufficient to afford a com­
plete detailed stratigraphic section of the Arago formation. The 
strata above a blue conglomerate, which is a conspicuous horizon 
marker, are fairly well exposed on the slopes of the ri_dge, but rela.- \ 
tively little is known of the character of the rocks, which underlie it or \ 
of the positions of the coal beds. The following is a generalized sec­
tion of the rocks above the blue conglomerate: 

Generalized section of rocks above the blue conglomerate exposed in the Eden Ridge coal field. 

Sandstone and shale .......... · ............................... . 
Sandstone ......................... ~ ...................... :. 
Sh~le ...............•...................................... 

Coal bed, Lockhart ..................................... . 
Shale ...................................................... . 
Sandstone, gray ........................................... . 
Shale, in part carbonaceous ................................. . 
Sandstone, yellow ........... ~ .............................. . 
Shale ...................................................... . 

Coal bed, Carter ........................ ~ ............... . 
Shale .... : ................................................. . 
Sandstone and shale ........................................ . 
Shale, some sandstone ........ · .............................. . 
Sandstone, massive ...... : . ................................ . 
Shale ........ : .............................................. . 

Coal bed, Anderson .................................... . 
Shale ...................................................... . 

Coal bed, Meyers ...................................... . 
Shale .................................. · .................... . 
Sandstone and shale ........... · ............................. . 
Sandstone, massive, conglomeratic near middle ............... . 
Shale, green .......................... ·.· ................... . 
Conglomerate, blue ........................................ . 

Feet. 
400 . 

50 
5 

4-6 
2 
8 

lP 
22 
10 

5-13 
15 

'240 
50 

100 
10 

6 
25+ 
9 

10 
150 
100 
10 
40 

1,287+ 

1 Diller, J. S., U.S. Geol. Survey Geol. Atlas, Port Orford folio (No. 89), 1903. 
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The above section is compiled from measurements made at several 
places in the field, and inasmuch as the strata overlying the conglom­
erate are known to differ in thickness and character the section can 
not be considered as representing correctly" all the strata at any one 
locality. 

The blue conglomerate is the only characteristic horizon marker in 
the field. It is about 40 feet thick and is composed of small pebbles 

, of altered volcanic rock, chiefly andesitic in character, and fragments 

I) 

of fine-grained quartzites and slates ranging in size from one-eight 
of. an inch to 2 inches in diameter. Outcrops of the conglomerate 

I above water level along the river in the N. t sec. 33 are light gray, 
\ although some fragments are red and others are light green. Wher-

~vcr it is thoroughly wet, as in stream beds, it has a characteristic 
bluish color, and for this reason it is here referred to as the blue 
conglomerate. 

STRUCTURE. 

The strata. in this field dip toward a point near its center, thus 
forming an ellipitcal basin.- The longer axis of the basin has a general 
north-south direction and the shorter axis is at right angles and has 
a slight pitch to the east. On the west side of the field the dip is 10°-
17 ° E. and on the. east side there is a similar dip to the west. The 
north-south axis of the basin passes through the center of sees. 20, 29, 
and 32, T. 32 S., and to the east of Squaw Camp in T. 33 S. On the 

' north side of the :field a southerly dip of 5°-15° prevails. .Along 
Squaw Creek in T. 33 S. the rocks dip 12°-15° NE., a~d in the east 

' half of the Squaw Basin· district the dip is to the northwest at slightly 
greater angles. 

Four faults were mapped: The Ash Swamp fault in sees. 22 and 23 
has a vertical displacement of 800 feet. South of the fault the blue 
conglomerate is 800 feet above the river on the slope of Eden Ridge, 
and north qf the fault it is at river level. The Bear Creek fault crosses 
sees. 31, 32, 33, and 34. At the. mouth of.Bear Creek in the north 
half of sec. 33 the displacement is 300 to 400 feet, with downthrow 
on the south side; in the west half of sec. 31 the displacement is 150 
feet, with downthrow on the north side. The fault in sec. 28 has a 
vertical displacement of 200 feet, with downthrow on the south side. 
The fault south of sec. 32, at Little Falls, is of small but undetermined 
extent. A small fault in the NE. i sec. 29 was not mapped. · 

As shown on the map (Pl. XXIV, p. 404) the outcrop of the blue· 
conglomerate has been greatly displaced by t~ese faults. South of 
the Bear Creek fault the outcrop of the conglomerate crosses Boulder 
and Bear creeks, forms the face of th~ ttBluff," crosses. the river at 
the Forty Foot Falls, and swings around the south end of Eden Ridge. 
Between the Bear Creek fault and the fault in sec. 28 the conglomerate 

· is exposed on both sides of the river near water level, and north ·of 
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the fault in sec. 28 and on the north side of Eden Ri~ge it outcrops 
on the side of the ridge. In the SW. i sec. 23 it is brought to river 
level by the Ash Swamp fault, but northward it rises and forms a rim 
rock possibly surrounding Ash Swamp. 

THE COAL. 

GENERAL CHARACTER. 

The coal in the Eden Ridge field is bituminous in grade, and some \/ 
of it is believed to possess coking qualities. It does· not slack on 
exposure to the air, and· when fairly pure has a heating value of over \ 
11,000 British thermal units. . \ 

· Three beds, the Lockhart, Carter, and Anderson, are known to 1 

underlie Eden Ridge, and the Anderson bed is also found in a portion 
of the area south of the river. (See map, Pl. XXIV.) The Meyers 
bed has been found only south. of the ridge, although it may ~e 
coextensive with the Anderson bed. In the Squaw Basin district 
three coal beds outcrop but were not mapped. They are believed 
to be stratigraphically. lower than the beds oil Eden Ridge, but this 
fact has not been definitely established. If lower than the ,Anderson 
bed they underlie ·an of Eden Ridge, Ash Swamp, and probably a 
large part of the area between Ash Swamp and the Bluff. 

As shown by the graphic sections on Plate XXV 1 (p. 408), all tliese 
beds are· badly broken by shale and bone partings. Moreover, ill . 
ne~ly all the sections measured in the field the bed contains numerous 
lenses of dirty coal or bone, so. that it is impossible to state accurately 
the thickness and value of the bed in general terms. In the following 
descriptions 'of the occurrence and distribution of these beds frequent 
reference will therefore be made to the graphic sections,. the char­
acter and purity of the coal being more extendedly discussed afterward. 

The Lockhart bed is mainly carbonaceous shale and -bone with 
layers of coal of a maximUm. thickness of 3 inches. A sample from 
location 1 of all this bed except the clay partings was analyzed in 
the field and found to contain 54 per cent of ash. The Squaw Creek 
beds, on the contrary, are mainly coal, with a few thin layers of bone. 
The Carter, Anderson, and Meyers beds are intermediate in quality 
between the Lockhart and Squaw Creek beds. The quality of the 
Anderson and Carter beds is very much better at the south end of 
the field than it is at the north end. 

DISTRIBUTION. 

The Anderson bed may be readily identified ·by its position 300 
feet st!atigraphically above the blue conglomerate and by the 
presence near its middle of a characteristic white clay parting. (See 

IAll the prospects at which sections were measured are numbered on the map (Pl. XXIV), and the 
sections measured at these points are numbered correspondingly on PI. XXV ~d in the text. 
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sees. 14 and 15, and 17 to 28, Pl. XXV, p. 408.) The outcrop of this 
bed is cl~arly marked on the north side of the ridge and on the 
south side from sec. 22 to the Bear Creek fault. In sec. 21, in the 
S. 1 sec. 33, T. 32 S~, and in T. 33 S., the location of the outcrop, as 
shown .on Plate XXIV, is only approximate. Prior to th~ examina­
tion by Mr. Campbell in 1912 the Anderson bed had not been foUn.d 
on the north and west sides of the ridge, and it was generally sup­
posed that it was not continuous under Eden Ridge. It now seems 

l certain, however, that the Anderson bed underlies about 5 square miles 
of Eden Ridge and approximately 1 square mile south of the rive_r 

I adjacent to the ridge. 
! The Carter bed is 400 feet stratigraphically above the Anderson 
( bed. It has been opened in six places on the north side of the ridge, 
; and the position of its outcrop for a distance of 2 miles is :well estab-
. lished. On the south side of ·the ridge two openings have been 

made on this bed north of the Bear Creek fault and three south of 
the fault. Approximately 3 square miles along the crest of Eden 
Ridge are underlain by the Carter bed. The greatest thickness 

·measured on this bed is about 8 feet, at location 7, and the smallest 
is 3 feet 7 inches, at location 12. Just above the section measured 
at location 9 (Pl. XXV) there is between 7 and 8 feet of bone and 
carbonaceous shale with numerous layers of clean coal one-fourth to 
one-half inch thick. If this material be considered part of the bed, 
the thiclmess here is nearly 13 feet. Location 4 is a shallow pit with 
several feet of- water in the bot toni, so that the lower part of the sec-· 
tion and the total thickness could not be measured. 

The Lockhart bed is 50 feet above the Carter. It is exposed in 
five prospects on the north side of the ridge in sees. 21, 28, and 29, 
and in three on the south side in sec. 32. The bed is everywhere 

· composed of carbonaceous shale and bone with numerous thin layers 
of clean coal from a fraction of an inch to 3 inches thick. At loca­
tions 1 and 2 this bed is about 6 feet thick and it is probable that it 
is of equal thiclmess elsewhere .. (See sees. 1 and 2, Pl. XXV.) 
The distinctive character of the bed and its stratigraphic position 
with reference to the Carter bed render it easily recognizable in the 
field. The bed has been prospected only in the areas noted above, 
and its outcrop was not mapped elsewhere, but the bed is :believed to 
be coextensive with the Carter bed. · 

The Meyers bed has been opened at only two prospects, locations 
13 and 16. It is 9 feet thick at location 16. (See sections on Pl. 

·XXV.) Owing to the fact that the coal-bearing shale south of the 
river is badly slumped, except possibly at these prospects, the exact 
stratigraphic position of the bed is doubtful. The Anderson bed at 
location 15 is about 25 feet above the horizon of the Meyers at loca­
tion 16, but the distance between-these beds at locations 13 and 14 



406 CONTRIBUTIONS TO ECONOMIC. GEOLOGY, 1912, PART II. 

could not he ~etermined, owing to the Little Falls fault. On the 
other hand coal which may represent the Meyers bed is exposed on 
Eden Ridge about 50 feet below· the Anderson, so that the true dis­
tance between these beds may be 50 feet instead of about 25 feet. 

In .Squaw Basin 18 exposures of coal were observed. Only 2 of 
them, at locations 29 and 30, had been sufficiently prospected in 
August, 1913, to permit the determination of the thickness and char­
acter of the coal. At these two places the bed is .5 feet and 8 feet 
thick, respectively, but it is reported that on the Rogue River side ' 
of the divide south of Squaw Camp a prospect has recently been 
opened in which the bed is 13 feet thick. The prospecting is not 
sufficiently advanced to admit of satisfactory correlations of these \ 
exposures, but it is probable that there are at least three beds, the 
two lowest of which are not over 75 feet apart and the third or upper­
most several hundred feet higher. The exact relation of these beds 
to those on Eden Ridge could not l;>e positively determined. It is 
certain, however, that, unless there vis a fault of greater magnitude 
than any now known in the area between Big Falls and the outcrop 
of the blue conglomerate immediately to the north, the Squaw Basin 
coal bed~ are 600 to 800 feet stratigraphically lower than the Anderson 
bed. No surface indications of such a fault have yet been observ~d, 
and it is believed that these coal beds are in reality lower than the 
Anderson bed. If they are lower, they must, if continuous, underlie all 
of Eden Ridge, Ash Swamp, and the greater part of the area between 
Ash Swamp and the bluff. The rocks exposed in Squaw Basin outcrop 
on the south slope of Rogue River divide, and this divide, therefore, 
marks the approximate limit of the coal field on the south. 

QUALITY. 

The coal in the Eden Ridge field is bituminous, and in the Squaw 
Basin district is believed to have coking qualities. It commonly has 
a bright luster, though in places it is somewhat dull. There is a poor 
vertical cleavage, but no pronounced lamination parallel to the 
bedding. The coal does not slack or disintegrate on exposure to the · 
air, and, though thoroughly wet in many of the outcrops of the field, 
it does not appear to be readily affected by the weather. These 
physical properties, together with the low moisture content, averaging 
4 per cent, the high heat value, about 12,000 British thernial units 
for coal with 10 per cent or less ash, and the possible coking quality, 
warrant the classification of the Eden Ridge coal as bituminous. 

LOCAL FEATURES OF COAL BEDS. 

The coal beds in this field (see sections on Pl. XXV) contain mate­
rial of all grades from clean bituminous coal with ash as low as 10 
per cent to bone with 60 per cent ash and carbonaceous shale. The 
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lenses of coal, bony coal, and bone 1 are from a fraction of an inch to 
several inches in thickness and grade into one another both vertically 
and horizontally. The gradation from coal through ·bony coal and 
bone to carbonaceous shale is in most places almost imperceptible .. 
Although in the graphic sections (Pl. XXV) parts of a bed as much 
as 3 feet thick are shown as coal, it should be understood that at no 
place is there so much as 1 foot of coal that does not contain at least 
a perceptible amount of bone or bony coal. Much of the material 
can not he accurately classified without a determination of its ash 
content, and the same portion of the bed may be differently described 
and classified by different observers. In addition to the difficulty of 
determ.4ring in the :field what should be the designation of the different 
parts of a bed is the difficulty of showing the condition of the bed graph­
ically. For instance, in the middle of the section at location 3 (see Pl. 
XXV) is a layer 1 foot 9 inches thick which is a mixture of carbona­
ceous shale, bone, and bony coal that can not be differentiated. This 
has been shown graphically by the symbol of bone superimposed upon 
that for carbona~eous shale. . 

So great is the variability of the beds that no two sections of a 
bed exactly agree, even though measured in the same opening, and 
the same section measured by different observers may be classified 
differently. To illustrate this difficulty, several sections measured 
by M. R. Campbell in the same prospects measured by the writer are 
given on Plate XXV. For purposes of discussion the sections of the 
Carter bed at location 7, measured by Mr. Campbell and the writer, 
may be taken as a typical example. These sections were measured 
at the face of a prospect drift 110 feet long at points not over 10 feet 
apart. Comparison of the sections measurement by measurement 
indicates that in the upper 5! feet, although each section shows 
approximately the same total number of inches of coal-45! inches 
and 47 inches, respectively-the coal is differently distributed, and 
where one section shows three layers of carbona~eous shale the other 
shows bone. Furthermore, the total thickness of the bed between 
shale roof and floor in one section is 8 feet 1! inches and in the other 
6 feet 1! inches. Perhaps a more striking example of the irregularity 
of the beds is derived from a comparison of the sections of the Ander­
son bed measured by Mr. Campbell and the writer. at location 21. 
These sections were measured at the face of a ·prospect drift 103 feet 
long at points about 5 feet apart. One section shows a total of 45 
inches of coal in nine laye.rs which range in thickness from 2 inches 
to 10 inches; the ot~er has but one stratum of coal, and that is 14 

t Tb,e material here described as bone is a black compact and coherent mixture of carbonaceous and 
noncarbonaceous material and is not considered a fuel in the ordinary sense of the term. It contains 33 ' 
per cent or more of ash; its luster is dull; its streak is dark brown; its texture is dense; its fracture is even; 
and it is usually harder and decidedly heavier than the coal with which it is associated. It is generally 
tough and when struck with a hammer gives a dull impact. "Bony coal" is a coal containing a large 
percentage (less than 33) of ash, either as a coherent mixture or as thin alternating layers of coal and bone. 
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inches thick. The 10-inch and 5!-iri.ch layers of coal above the 
parting in the section measured by Mr. Campbell are represented by 
11 inches and 5! inches of bony coal in the section measured by the 
writer. The 11-inch and 5!-inch layers of bony coal were sampled 
·separately and found to contain 30 per cent and 29 per cent of ash, 
respectively. · 

Under such conditions it is manifestly impossible properly to deter­
mine the true character and quality of a coal bed except by making 
chemical analyses of numerous samples. Accordingly, the beds at all 
prospects, with the exception of those at locations 2, 4, 8, and 24, were 
sampled for analysis.1 Fifteen samples of coal from this field have 
been analyzed by. the Bureau of Mines and the heat value of the coal 
experimentally determined. Five of these samples were taken by 
yv. M. Stephens, mineral examiner of the Forest Service, five by M. R. 
Campbell, of the Geological Survey, and five by the writer. Analyses 
Nos. 9151 and 9187 of two samples taken by M.A. Pishel in the Coos 

'Bay coal field are also given.2 

\ 

r 
1 

On Plate XXV the parts of each bed sampled are bracketed and 
lettered, and the corresponding analyses in the table (pp. 411-413) are l 
denoted by a combination of the number of the prospect and the letter,· ' 
showing the part sampled. Thus one sa~ple was taken of the bed at 
location 6 and its analysis is designated in the table as 6A; No. 22 was 
sampled in two parts, of which the analyses are represented by 22A 
and 22B; No. 27 was sampled by both the writer and Mr. Campbell 
and the analyses are numbered 27 A and 27B. The sections of the 
Anderson bed represented by samples 23B and 23C are not shown on 
Plate XXV but are given below, as are also the sections measured by 
W. M. Stephens, the corresponding samples being numbered 50, lOB, 
18D, 21B, and 210 (laboratory Nos. 14048, 14049, 14047, 14045, and 
14046, respectively). 

Sections of Anderson coal bed at location 23, NE. t sec. 28, T. 32 S., R. 11 W. 

Section measured 20 feet from section 23 shown Section below white clay parting, measured 5 
on Pl. XXV. feet from preceding section. 

Shale. Ft. in. Clay, white. Ft. in. 

Coal and bone mixed 3 .......... 2 6 Coal 4 ••••••••••• : •••••••••••••• 9 
Clay, white ............... ~ ..... 3 Bone 4 ••••••••••.•••••••••••••• 3 
Coal and bone mixed 3 .......... 2 10 Coal 4 •••••••••••••••.•••••••••• 1 4 

Shale. Shale. 
5 7 2 4 

1 The samples for analysis were taken according to the standard method of the United States Geological 
Survey, which briefly is as follows: The face to be sampled is cleaned and squared up and a cut made across 
that part of the bed to be sampled of such size as to yield about 6 pounds of coal to the foot of thickn,ess of 
bed, all partings of clay over three-eighths of an inch thick being rejected and the whole sample being caught 
on a piece of oilcloth. The sample is then reduced in size to pass a screen with openings one-hal finch square 
and cut down by quartering to a final sample of 3 to 4 pounds, which for transmission to the Bureau of Mines 
is sealed in a galvanized-iron can. 

• 2Diller, J. S., and Fishel, M.A., Preliminary report on the Coos Bay coal field, Oregon: U.S. Geol. 
Survey Bull. 431, p. 190, 1911. 

a Included in sample 230 (float and sink test, p. 417). ~ 
4 Included in sample 23B (float and sink test, p. 417). A sample of the 9 inches of coal in this section was 

analyzed separately and found to contain 22 per cent of ash. · 
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Sections of Anderson coal bed at locations 18 and 21. 
[Measured by W. M. Stephens.) 

409 

Location 18, NE. 1 sec. 32, T. 32 S., R. 11 W. Locatlon21, SW.fSE.f sec. 28, T.32S.,R.ll W. 

Sandstone, shaly. Ft. in. Sandstone, shaly. Ft. ln. 
Shale and bone ............... 4 Shale, carbonaceous .......... 1! 
Coal, hard, some bone ........ 7 Coal, bright ........ ' ........... 3! 
Bone ...... _ ...... · ............. 1 ~hale, carbonaceous .......... i 
Coal, hard, bony.-.- ........... 9 CoaL ......... · ................ 7 
Bone ......................... 1 Shale and bone ............... · 1 
Coal, bright ................... 3 Coal. ................ ,. ........... 3 
Coal, bony .................... 3 . Coal and shale interbanded ... 1 
Coal, hard, bright ............. 6 

-CoaL ......................... 3. 
Shale, carbonaceous .......... 1 

Shale, brown .................. 1 
Coal, bright ................. 3 
Shale, carbonaceous .......... i Coal with shale bands ......... 11 

3 3 2 9 

Shale, light sandy, main part- Shale, main parting, light 

ing 1 ••••••••••••••••••••••• 2.:..3 sandy. 2 ••••••••••••••••••••• 2-3 

Coal, bright ................... , 2 Coal and shale ............ " .. 9 
Coal, shaly .................... 2 Shale, carbonaceous .......... 2 
Coal, hard, bright ............. 4 Coal ............. · ............. 4 
Shale, carbonaceous .......... 3 Shale and bone ............... 3 
CoaL ....................... .'. 2 CoaL ......................... 5 
Shale, carbonaceous .......... 3 Coal and shale, soft.. .......... 10 
Coal, some bone ............... s Shale .......................... 1 
Shale, soft carbonaceous .. ~ .... 2 Sandstone, shaly. · ---
Coal, hard, bony .............. 5 2 10 

Clay, dark, soft ................. 2 
Sandstone, shaly. 5 9-10 

2 9 

6 2-3 

Sections of Carter coal bed at locations 5 and 10. 

[Measured by W. M. Stephens.] . 

Location 5, SW. l NE. i sec. 29, '!'· 32 S., R. 11 w. Location 10, SE. l SE. l sec. 29, T. 32 S., R. 1t w. 

Sandstone, shaly. Ft. ln. Shale and shaly sandstone.4 Ft. in. 
Coal, bony, and shale inter- Shale and bone ... · ............ . 10 

banded 3 ................. . 3 CoaL ........................ ·. 5 
Coal, bright .............. _. ... . 
Shale, parting ............... '. 
Coal ......................... . 
Bone ........................ . 
CoaL ........................ . 
Coal, bony ................... . 
CoaL .................... _ ..... . 
Coal, bony ... : ... .- ........... . 
CoaL ........................ . 

7 
2 

'6 
2 

12 
3 

12 
1 
6 

Coal, shaly .. .' ..... : ........ . 
Coal, hard and bony ....... .. 
Coal, bony .................. · .. 
Shale, light .................. . 
CoaL ........................ . 
Shale, soft .................. . 
Coal, shaly, and shale, soft .... . 

Shale, sandy. 

3 
28. 

5 
t 

7 
3 

12 

6 1! 
Shale, sandy. ---

7 6 

I All of bed betweeu roof and floor except this parting was included in sample 18D (laboratory No. 14047). 
'Portion of bed between roof and this parting was included in sample 21B (laboratory No. 14045), and por­

tionofbed between this parting and floorwasincludedinsample21C (laboratory No.l4046). 
a All of bed between this bony coal.and inter banded shale and the shale floor was included in sample 5C 

(laboratory No.14048). _ · 
'All of bed between roof and floor was inchided in sample lOB (laboratory No.l4049). 
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CHEMICAL ANALYSES. 

In the accompanying table the analyses are given in four forms, 
marked A, B, C, and D. Analysis A represents the composition of 
the sample as it comes from the mine. This form is not well suited 
for comparison, because the amount of moisture in the sample as it 
comes from the mine is largely a matter of accident, and consequently 
analyses of the sallie coal ·expressed in this form may vary widely. 
Analysis B represents the sample after it has been dried at a tempera­
ture a little above the normal until its weight becomes constant. This 
form of analysis is best adapted to general comparisons. ·Analysis C 
represents the theoretical condition of the coal after all the moisture 
has been eliminated. Analysis D represents the coal after all moisture , 
and ash have been theoretically remov~d. This is supposed to rep- ~ 

'l._ 

resent. the true coal substance, free from the most significant impuri-
ties. Forms C and D, which represent theoretical conditions that do 
not actually exist, are obtained from the others by recalculation. 

In the analytical work chemists generally recognize that it is not 
pos'sible to determine the proximate constituents of coal or lignite 
with the same degree of accuracy as the ultimate constituents. 
Therefore the air-drying loss, moisture, volatile matter, fixed carbon, 
and ash are given to one decimal place only. It is also understood ' 
that calorific determinations to individual units are not reliable; 
therefore in the column headed "Calories" the heat values ~regiven 
to the nearest five units, and in the column headed "British thermal ' :. 
units" they are given to the nearest tens, as the value of a British 
thermal unit is about one-half that of a calorie. 



Name of pros-
pect or mine. 

Hammond .....•. 

Do ........... 

Reeves .......... 

Johnson .....••.. 

Everett Associil.-
tion. 

W. B. Meyers ... 

O.L. Hillis .•.••. 

~----- :_ ----------------------~--
Analyses ojcoalsamplesjrom the Eden Ridge and Coos Bay coalfields, Coos County, Oreg. 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.) 

Eden Ridge coal field. 

Location. Thickness. Proximate. 
No. Labor- Air- Form 

Collector. Coal bed. on a tory drying of 
R. Part Pl. anal-Quar- Sec. T. Coal sam- XXV. No. loss. ysis. ,Mois- Volatile Fixed Ash. ter. s. w. bed. pled. ture. matter. carbon. 

- - - --- --- --------------------
Ft. in. Ft. in. 

W. M. Stephens ..... Carter •.... SW.t 29 32 11 7 6 4 6 5C 14048 3.3 A 8.1 32.5 29.2 30.2 
NE.t B 5.0 33.6 30.2 31. 2· 

c ................ 35.4 31.8 32.8 
D ............... 52.7 47.3 . ......... 

M. R. Campbell ..... ... do ....... SW.t 29 32 11 6 1 3 5B- 14831 3. 7 A 8.0 35.0 37.1 19.9 
NE.i B 4.5 36.3 38.6 20.6 

c ................... 38.0 40.4 21.6 
D ................. 48.5 51.5 .. ........ 

C. E. Lesher •.••.... ... do ....... NW.t 28 32 11 8 ~~ 4 9! 7A 17704 2.9 A 8.3 26.7 27.7 37.3 
NW.i B 5.6 27.5 28.5 38.4 

c ................ 29.2 30.1 40.7 
D ............ 49.2 50.8 . .......... 

W. M. Stephens ..... .. ~do ....... SE.t 29 32 11 6 1! 6 1~ lOB 14049 2.5 A 7.2 34.1 28.9 29.8 
SE.i B 4.8 34.9 29.7 30.6 

c ................. 36.7 31.2 32.1 
D .............. 54.1 45.9 . ....... 

C. E. Lesher ........ Meyers .... ............ ........... a33 11 511 5 2 13A 17708 12.0 A 15.1 33.2 31.4 20.3 
B 3.5 37.8 35.6 23.1 
c ............ 39.2 36.9 23.9 
D .................. 51.4 48.6 . ...... 

..... do ............... ... do ....... ............ ...... a33 11 8 9 8 5 16A 17705 5.5 A 9.2 34.2 32.3 24.3 
B 4.0 36.2 34.2 25.6 
c ............. 37.7 35.6 26.7 
D .................. 51.5 48.5 . ........ 

W. M. Stephens ..... Anderson. SE.t 32 32 11 6 3 6 18D 14047 3. 7 A 7.6 36.0 25.8 30.6 
NE.i B 4.0 37.3 26.8 31.9 c ................ 38.9 27.9 33.2 

D ............... 58.2 41.8 ······ 

Sui-
phur. 

0.35 
.36 
.38 
.57 

.58 

.60 

.63 

.so 

.57 

.59 

.62 
1.05 

.81 

.83 

.87 
1.28 

1.29 
1.47 
1.52 
2.00 

1.68 
1. 78 
1.85 
2.52 

1.24 
1.29 
1. 34 
2.00 

Heating value. 

British Calo- thermal ries. units. 

4,610 8,300 
4, 765 8,580 
5,015 9,030 
7,470 13,440 

5,460 9,830 
5,670_ 10,210 
5,940 10,690 
7,575 13,630 

3,900 7,020 
4,015 7,230 
4,255 7,660 
7,175 12,910 

4, 720 8,500 
4,840 8, 720 
5,090 9,160 
7,500 13,500 

5,020 9,040 
5, 705 10,270 

. 5,910 10,640 
7, ~70 13,990 

5,110 9,190 
5,400 9, 720 
5,625 10,130 
7,675 13,810 

4, 700 8,460 
4,880 8, 780 
5,080 9,150 
7,605 13,690 

l:;j 
t::::l 
l:;j 

z 
~ 
t:; 
0 
t;j 

a 
0 
> 
~ 

b:j 
1-1 
l:;j 

..b 
0 

~ 
~ 

~ 
,_..:.& ..... 



Analyses of coal samples from the Eden Ridge and Coos Bay coalfields, Coos County, Oreg.-Continued. 

Eden Ridge coal field-Continued. 

Name of pros­
pect or mine. Collector. 

Location. I Thickness. 

Coal bed. I I I I I Part Quar- Sec. T. R. I Coal sam-
tar. s. W. bed. pled. 

No. 
on 
PI. 

XXV. 

Proximate. Heating value. 
Labor-\ Air- 1Form1 ___ 

1 
__ 1 __ ---;-_ ___:. ___ _ 

atory drying of 1 No. loss. ~~- -------
ysJS. 

British 
thermal 
units. 

Mois- jVolatilej Fixed j Ash.j Sul­
ture. matter. carbon. , phur. 

Calo­
ries. 

----------------1 1 1--1--1--1---1---1---1---1---1--l---r---t---t--t---t 1----

Ft. in.\ Ft. in. 
0. L.Hillis ...... l M. R. CampbelL. ... ] Anderson.] SE.i I 32 I 32111 I 610 1 3~ I 18C 

. NE.i 

Do •••........ l ..... do ••.••.......... l ... do ••••••. l SE.i I 32 I 32 I 11 1'6 10 
NE.i 

Gant ............ l W. M. Stephens ..... 1 ••• do ....... 1 SW.i I 28 I 32 Ill I 5 10 
SE.i 

Do ........... l. .... do ............... l. .. do ....... ! SW.i 128 I 321111510 
SE.f 

J. H. Flanigan ... ! M. R. CampbelL. ... ! ... do ....... , NW. i I 28 I 32 I 11 I 5 6 
•NE.f 

Vanderpool. ..... l ..... do ............... l ... do ....... l NW.t I 30 I 32111 I 5 10~ 
NE.i 

2 9! 

2 9 

210 

5 4 

1 10 

G. W. Donnell .. 1 C. E. Lesher ........ ! (?) ........ ! ........ ! .... !a33 Ill !5 1i I 4 3! 

18B 

21B 

21C 

23D 

27B 

29A 

14827 6. 7 

14830 3.3 

14045 3.6 

14046 6.2 

14828 6.2 

14829 3.3 

17706 6.8 

_.r----:-"' 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

10.0 
3.5 

6. 7· 
3.5 

7.3 
3.9 

10.2 
4.2 

10.1 
4.2 

7.3 
4.1 

10.8 
4.3 

38.5 
41.2 
42.7 
51.4 

35.5 
36.7 
38.1 
56.4 

33.5 
34.7 
36.1 
56.2 

33.3 
35.5 
37.0 
56.2 

31.3. 
33.4 
34.8 
55.7 

37.6 
38.9 
40.6 
57.7 

30.9 
33.2 
34.7 
49.3 

-- .... _~ __ ____,...,..-_.,...~-

36.3 15.2 
39.0 16.3 
40.4 16.9 
48.6 ...... 

27.4 30.4 
28.4 31.4 
29.4 32.5 
43.6 .•.... 

26.1 33.1 
27.1 34.3 
28.2 35.7 
43.8 .•.... 

26.0 30.5 
27.6 32.7 
28.9 34X 
43.8 ...•.. 

24.9 33.7 
26.5 35.9 
27.7 37.5 
44.3 ...... 

27.6 .27.5 
28.5 28.5 
29.7 29.7 
42.3 ...... 

31.8 26.5 
34.1 28.4 
35.6 29.7 
50.7 ------

0.631 5,850 
.68 .6,270 
• 70 6,495 
.84 7,820 

~2 
~3 
~4 
~5 

~5 
~6 
~7 
~2 

1.1 
1.2 
1.2 
1.9 

1.1 
1.2 
1.2 
~0 

4, 750 
4,910 
5,090 
7,550 

4,530 
4, 700 
4,890 
7,605 

4,485 
4, 780 
4,990 
7,580 

4,150 
4,420 
4,615 
7,375 

2. 61 4,915 
2. 7 5,085 
2. 8 5,305 
4.0 7,540 

1.0 
1.1 
1.1 
1.6 

4,820 
5,170 
5,405 
7,690 

10,530 
11,280 
11,690 
14,070 

8,550 
8,840 
9,170 

13,590 

8,160 
8,460 
8,800 

13,690 

8,070 
8,610 
8,990 

13,640 

7,470 
7,960 
8,310 

13,280 

8,850 
9,150 
9,550 

13,580 

8,680 
9,310 
9,720 

13,840 

foJ::.. 
1--' 
t-o 

a 
0 z 
~ 
td 
c:: 
~ 
0 z 
U2 

8 
0 

t;j 
a 
0 z 
0 e 
a 
0 
t-;1 
0 t-'. 
0 

... ~ 
~ 
J~ 

~ 
~ 
~ 



·....,__ ___ _ 

Sqoaw c,, •... r ... do .•••...•...• "I (?) •••... ·r· .. ··r·-r33111 16 I' "I aoA 1177071 9. 31 A 112. 61 ~ ----~:~. 
D --------

Coos Bay coalfield. 

Beaver Hill mine M.A. Pishel.. ...... .................. NE.l 17 27 13 6 3 5 5 . ........... 9151 7.0 A 14.3 
B 7.8 
c ................. 
D .... -... -... 

Smith & Power ..... do ...•........... ...................... SE.l 36 26 13 3 3 211 .. ........... 9187 8.6 A 18.9 
mine. B 11.3 

c --------
D· ................. 

---~ 

a Unsurveyed. 

35.0 I 38.7 
40.0. 
48.2 

34.4 
37.0 
40.2 
44.4 

28.6 
31.2 
35.2 
44.6 

37.7114.71 "41. 5 16.2 
43.1 16.9 
51.8 ------

43.2 8.1 
46.5 8. 7 
50.4 9.4 
55.6 . ......... 
35.4 17.1 
38.8 18.7 
43.7 21.1 
55.4 .. ........ 

1.3

1

5. 750 I 1.4 6,340 
1.5 6,575 
1.8 7,910 

. 74 5;350 

.80 5, 750 

.86 6,240 

.96 6,885 

.54 4,315 

.59 4, 720 

.67 5,325 

.85 6, 750 

10,350 
11,410 
11,830 
14,230 

9,63, 
10,35< 
11,231 

12,40 

7, 77 
8,50 
9,59 

12,15 

0 
0 
0 

t;l 

~ z 

~ 
~ 
a 
0 

E:; 
~ 
t;l 
.. b 
0 
~ 
t;l 
P-

..;::... 
f--l 
Cl:l 
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':!'he analyses· illustrate the great variability of these coals ·from 
place to place. Sulphur determinations by the Bureau of Mines on 
26 samples from all the beds in the field show a minimum of 0.36 per 
cent, a maximum of 3.51 per cent, and an average of 1.26 per cent. 
In 25 samples the moisture in the air-dried condition ranged from 
2.9 .to 7.3 per cent, the average being 4 per cent. In 15 samples of 
the Anderson bed the ash ranged from 16.3 to 40.2 per cent, the 
average being 31 per cent. In 9 samples of the Carter bed the ash. 
ranged from 20.6 to 45.9 per cent, the average being 34.5 per cent. 
The Meyers bed contains about 24 per cent ash; the two analyses of 
Squaw Basin coals show 16 and 28 per cent ash. 

The analyses differ widely in respect to ash content and heating 
value, as stated above. A study of form D, however, which repre­
sents the coal material free from moisture and ash, shows that the 
heating value of the material itself is very uniform and averages over 
13,000 British thermal units. This suggests that if coal beds con­
taining less bone and shale could be discovered in the :field, or if the 
coal in the beds here discu.ssed could be mechanically purified, the 
resulting fuel would be of high grade. 

Con1parison of the analyses with those of the Coos Bay coals shows 
that the latter are lower in ash and in heat value and higher in mois­
ture than the coals in the Eden Ridge field. The Coos Bay coals 
contain on an average less than half the amount of ash and from 
two to three times the amount of moisture found In the Eden Ridge 
coals. The heat value of the coals calculated on the ash and mois­
ture-free basis, form D, shows that the Coos Bay coals contain 12,150 
and 12,400 British thermal units as compared with the Eden Ridge 
coals, which contain on an average between 13,500 and 14,000 Brit­
ish thermal units. A study of the analyses of the Eden Ridge coals 
shows that the heat value of the samples in the air-dried condition 
is nearly in inverse proportion to the ash content. This relation is 
e:xpressed graphically in the accompanying diagram (fig. 15). 

The empirical formula of Parr and Wheeler for "unit coal" 1 was 
applied to ten analyses, Nos. 14045-14049 and 14827-14831, and the 
results averaged to-determine the lineA-Bon this diagram. Analy­
ses Nos. 17704-17708 have since become available and have been 
plotted on this diagram. By means of the diagram the heat value 
(within 200 British thermal units) of an unweathered sample of coal 
from this field can be ascertained directly from the -percentage of 
ash, so that only the latter need be determined.by analysis. For ex-

1 Parr, S. W., and Wheeler, W. F., Unit coal and the composition of coal ash: University of Illinois 
Bull. No. 37, 1909. 

Formula for beat value of unit coal: 
. . . Indicated British thermal units-·5,000 Per ce~~ulpbur 

Bntish thermal units of unit coal= (·per cent moisture per cent ash 22 per cent sulphur) 
1- 100 +l.OS 100 +40 100 
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ample: To determine the approximate heat value of a sample con:..: 
taining 30 per cent ash, follow -the horizontal line corresponding to 
30 per cent on the left-hand vertical scale to its intersection with the 
line A-B. From this intersection follow the vertical line down to 
the horizontal scale at the bottom. Th~ result is 9,000 British ther­
mal units. That .is, if a sample in the air~dried condition contains 
30 per cent ash it may be confidently inferred that it yields approxi­
mately 9,000· British thermal units. In like manner a sample con­
taining 10 per cent ash has approximately .12,000 British thermal 
units. Because of this practical value the diagram is given in the pre­
liminary paper, but a description of the calculations involved in locat­
ing the line A-B and a discussion of the interpretation of the results 

~ obtained will be reserved for a final report, to be published later. 

-
Ar-... 

40 ~ 

'f--:.f "" ~<;) "' ~"' \' 
-~ '" J ' ~'I> f-<t ,~~ 

Cf) 
0 c rZ ;n ao 

< ltr>~ .. I'), ...,~ ~ 
CD ~ ~ ......... " co ~ I', L,C.Il 11.1 

0: ~p' 
a ci" I 20 

'IJ"" " #i.o" a:: 

< ..... 
'r.' 
~ 

~ . X -" Cf) 10 
< ........ 

~ r-.... 
~ 

.......... 
........ 

0 
7,000. s,ooo 9,000 10,000 11,000 lZ,OOO J3p00 B 

BRITISH THERMAL UNITS AI~~-.DRIED BASIS 

FIGURE 15.-Diagram showing relation between percentage of ash and heating value of coal from the 
Eden Ridge field, Oreg. Numbers along lineA-Bare laboratory numbers of analyses. 

The high ash content in the Anderson and Carter beds, averaging 
about 30 per cent, is of course a decided detriment, and if not at 
least partly removable would probably prohibit their use for domes­
tic fuel or _for making steam. It is doubtful whether or not they 
could be profitably utilized as mined, even in the gas producer. An 
examination of the Eden Ridge coal beds shows that their high ash 

\ content is primarily due to the presence of bone and bony coal 
occurring in layers between the benches of coal. This bone contains 

' 40 to 50 per cent of ash, and its removal would leave a coal material 
much lower in ash than the average of the bed as mined. A common 
method of separating bone frorn coal and thus improving its quality 
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'is washing. Bone ·and impure coal have a higher specific gravity 
than coal, and it is this physical fact ·on which the successful washing 
depends. As the Eden Ridge coals have not been commercially 
washed, the only means by which to judge of their adaptability to 
this method of cleaning is by float and sink tests. The results of 
investigations of the United States Geological Survey and .Bureau of 
Mines 1 and the Canada Department of Mines 2 are considered to have 
demonstrated the adequacy of float and sink tests, properly inter­
preted, as an index of the adaptability of coal to commercial washfug. 
The results of the float and sink tests and field analyses of coal in the 
Eden Ridge field made by the writer are given in the following table: 

1 Belden, A. W., Delamater, G. R., Groves, J. W., and Way, K. M., Washing and coking tests of coal 
at the fuel-testing plant, Denver, Colo., July 1, 1908, to June 30, 1909: Bureau of Mines Bull. 5, 1910. 

,-Porter, J. B., and Durley, R. J., An investigation of the coals of Canada with reference to their eco­
nomic qualities: Canada Dept. Mines, Mines Branch, vol. 1, 1912. 
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Results of float and sink tests and field analyses of coal in the Eden Ridge coal field, Oreg. 

(TestS and analyses by C. E. Lesher.] 

i 
1·0 
t:d No.on 
t::: Pl. 
~ XXV. 

~ ...... 

Name of prospect. 

Quarter. 

Location. 

Sec .. T. 
s. 

R. 
w.· 

Coal bed. 

Thickness. 

Coal 
bed. 

Part 
sam­
pled. 

Float and sink test (per 
cent). 

Material 

Ash (percent). 

Float. I Sink. I through lin float. lin sink.lln bed.a 
60mesh . 

I ·---·---·---·---·---·---
t-l Ft. in. Ft. in. 

T 
1A Ell Pierson............ . . . . . . SE. t SW.! . 21 32 11 Lockhart. . . . . . . . . . . . . . . . . . .. 5 9 4 10 
3A Williams.; ................... SW.tNW.t · 29 32 · 11 Carter, upper bench.......... 6 t 1 6t 
3B ..... do ....................... SW.tNW.t 29 32 11 Carter,lowerbench .......... 6 ?; 1 9 

~ 5A Hammond ................... SW.t NE.t. 29 32 11 Carter........................ 6 3~ 2 7 
6A K. Pierson ................... SE.iNE.t,. · 29 32 11 ..... do....................... 5 6! 2 9t 
7A Reeves ....................... NW.lNW.t 28 32 11 ..... do....................... 8 1~ 4 9;! 
9A CecilCarter .................. SE.tSW.f.. 28 32 11 ..... do....................... 4 9 211 

lOA Johnson .................. · .... SE.tSE.t.. 29 32 11 ..... do ....................... 4 6~ 4 5! 
llA Hillis ........................ NE.t SE.t.. 32 32 11 ..... do....................... 5 4 4 5 
12A Z. P. Pierson ................ SE.t SE.t.. 31 32 11 ..... do....................... 3 7 1 4t 
14A Everett Association.......... (b) .. ...... 33 11 Anderson, upper bench...... 5 6 2 9 
14B ..... do....................... (b) .. ... .. . 33 11 Anderson, lower bench....... 5 6 1 8 
15A W. B. Meyers................ (b) .. • .. . .. 33 11 Anderson.................... 6 2! 5 
16A ..... do ............ ·........... (b) .. . .. .. . 33 11 I Meyers....................... 8 9 8 5 
17A H. E. Meyers ................ SE.t SE.!.. 33 32 11 Anderson.................... 5 7 3 10! 
18A 0. L. Hillis .................. SE.tNE.t.. 32 32 11 ..... do....................... 5 5 5 2 
19A GeorgeJohnson .............. SE.tSW.t.. 28 32 11 ..... do....................... 5 10 5 3 
20A Gant.. ....................... NW.tSE.t. 28. 32 11 ..... do....................... 5 10?; 5 8 
21A ..... do ....................... SW.tSE.t.. 28 32 11 ..... do....................... 5 3t 5 
22A ..... do ....................... NW.tSE.t. 28 3,2 11 Anderson, upperbench...... 5 1 2 9 
22B ..... do....................... NW. t SE. t. 28 32 11 Anderson, lower bench....... 5 1 2 1 
23A Flanagan .................... NW.tNE.t 28 32 11 Anderson,upperbench ...... 5 8t 2 7! 
23B ..... do ....................... NW.tNE.t 28 32 11 Anderson,lowerbench....... 5 8~ 2 4 
23C ..... do ....................... NW.tNE.t 28 32 11 Anderson ................. :.. 5 8i 5 4 
25A Pulford ...................... NW.tSW.t 22 32 11 ..... do....................... 3 1 2 11 
26A Mrs. Pulford ................. SE.tSW.t.. 20 32 11 ..... do .......... " .. ~......... 5 2! 4 3 
27A Vanderpool. ................. NW.tNE.t 30 32 11 ..... do....................... 5 4 2 6! 
28A Peck ......................... NE.tNW.t 31 32 11 Anderson,upperbench ...... 5 3! 2 2 
28B ..... do ....................... NE.tNW.! 31 32 11 Anderson,lowerbench ....... 5 3! .2 7 
30A Squaw Creek Association..... . (b) . .. • .. .. 33 11 Seven Foot.................. 6 5 8 

_ .... 
58

_ . _ ... 
32 

....... io· .... 
20 

....... 
43

. 
. 51 39 10 26 43 
71 16 13 15 38 
55 37 8 40 56 
48 42 10 36 48 
55 35 10 25 42 
36 54 10 . 21! 42 
50 40 10 25 48 
37 53 10 40 . 56 

..... 46- ..... 37· ...... i7 ..... i5 ....... 4o·j: ..... ~~ 
51 39 10 24 32 ...... .. 

25 ..... ~-~----·:r ...... ~8- ~ .. -~~- ..... !r 
58 32 . 10 29 47 
40 50 10 20 42 
42 48 10 26 45 
67 23 10 27 44 
36 54 10 21 42 
47 43 10 26 ................ . 
42 48 10 25 45 
56 34 10 40 51 
52 22 26 32 49 
55 35 10 25 34 
54 36 10 25 35 
68 22 10 . 15 25 

54 

16 

a No float and sink test. b Unsurveyed .. 

l;j 

~ 
~ 

~ 
~ 
l;j 

a 
0 
P> 
t"'f 
l'!lj 
1-4 
t;l 

jj 
0 

~ 
? 

~ 
1-' 
-l 



418 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II. ·, 

In taking each sample for these tests the. writer endeavored to f 
obtain if .possible a sample that would represent a minable portion of 
the bed. The tests were made on approximately 1 pound of. coal 
broken into fragments one-fourth of an inch or less in size. All 
material finer than 60 mesh was screened and discarded, and the 
remainder was separated into float and sink in a calcium-chloride 
solution of 1.35 specific gravity. The, column of liquid in which 
the separation was mad~ was 8 inches high, and the division between 
float and sink was made 2! inches from the bottom; that_ is, after 
the sample had come to rest in the apparatus all the material in the 
upper 5! inches was taken out and treated· as float, and all the mate­
.rial in the lower 2! inches was treated as sink. 

The average thickness sampled in each prospect on the Anderson \ 
bed on the· south side of Eden Ridge (see sees. 14, 15, 17-23, and 
28, Pl. XXV) is 59 inches, and the results of the tests as given above 
show in these samples an average of 54.2 per cent float with an 
approximate heating value of 10,000 British thermal units, and 45.8 
per cent sink, which is prpbably worthless. The average thickness 
sampled on the Anderson bed on the north side of the ridge in pros­
pects 25, 26, and 27 is 35 inches, and of the material in the saniples 
54 per cent was float with an approximate heating value of 8,500 
British thermal units. The average thickness sampled in eight pros­
pects on the Carter bed (see sees. 3, 5, 6, 7, and 9-12, Pl. XXV) is 
36 inches, and. the average of the results of the float and sink tests 
of these samples show that 50 per cent of the material is float with 
an approximate heating value of 9,500 British thermal units. 

The tests thus indicate that in the greater part of the field the 
Anderson and Carter beds, though very bony, will yield to mechanical 
purification and will give a washed product, representing, 50 to 60 
per cent of the tonnage mined, whic~ will contain from 15 to 25 per 
cent ash and have a heat value of 9,500 to over 10,000 British thermal 
units. Inasmuch, however, as the ·material must be broken into 
fragments less than 1 inch in diameter before being washed it is evi­
dent that the marketable coal will be in small fragments. Abundant 
water, a prime necessity in coal washing, is available in this field. 

The best coal so far found in the field is at location 30 in Squaw 
Basin. Analysis No. 17707 shows it to contain 16 per cent ash and 
to have. a heating value of more than 11,100 British thermal units. 
Although coldng tests by the Bureau of :Mines on samples from loca­
tions 29 ~nd 30 gave negative results, selected portions of these beds 

· were coked by th~ writer in a blacksmith forge. It is very probable 
that if the bone, though small in amount, were cleaned from the coal 
it could be commercially coked. 
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GEOLOGY AND COAL RESOURCES OF THE SIERRA 
BLANCA COAL -FIELD, LINCOLN AND OTERO COUN­
TIES, NE~ MEXICO~ 

By CARROLL H. W~GEMANN. 

INTRODUCTION. 

OBJECT OF THE INVESTIGATION. 

Coal in the vicinity of the Sierra Blanca, N. Mex., has for the 
last 20 years· attracted the attention of mining men. -The coal 
is of good quality and has been mined in considerable quantity, 
but the broken character of the beds and the great number of igneous 
dikes and sills which have been intruded into them are serious draw­
backs to .mining .. The work here reported was undertaken as a 
detailed study of the White .Oaks district an4 a :rapid reconnaissance 

· of the coal basin as a whole, with special reference to the relations of 
the beds mined and prospected at several localities, the quality of 
the coal, and ·the extent to which it has been injured by faulting, 
squeezing, and the intrusion of igneous material. The problem 
proved to be very complex, and the time which could be spared for 
the work-was all too short·. Much still remains to be done, but it is 
hoped that the results embodied in this brief report may be of value 
to the general reader and may form the basis of future more extended 
studies when these are undertaken. 

LOCATION AND EXTENT OF THE SIERRA BLANCA COAL FIELD. 

The Sierra Blanca coal field occupies an are~ 32 miles in length 'and 
24 miles ip. width, extending from White Oaks on the north to Ruidoso 
and Three Rivers on the south, and from Capitan on the east to the 
line of the El Pa.so & Southwestern Railroad on the west. (See Pl. 
XXVII, p. 446.) · Broadly, the area is a structural basin surrounded 
by; older sedimentary rocks and intruded along its axis ·by a mass of 
igneous material which forms the Sierra Blanca, the culminating point 
of which is the peak known as Sierra Blanca. 

The coal beds on the west side of the Sierra Blanca have thus 
far -not· proved equal in economic importance. to those on the east 
side. Coal has been mined in large quantity at Capitan and at 
White Oaks, on the east side of the r~nge, and the output of these 

419 
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mines in 1901 made Lincoln County the third in the State in the 
production of coal. Mining has now ceased; however, except to 
supply local demand. · 

The districts of Capitan and of White Oaks, although parts of the 
one large coal field, are practically cut off one from the other by the 
igneous masses of Patos Mountain and Carrizo Peak, so that in the 
pass between .. these mountains the coal-bearing rocks form a strip 

FIGURE 16.-Map of .New Mexico, showing location of the Sierra Blanca coal field. 

but a few r~ds in ~idth. Of the two districts that of Capitan, o as 
here considered, is many times the larger, extending from the Tucson 
Mountains on the north to the valley of the Ruidoso on the south. 
Future work may show that this part of the field should be rega:.;ded 
rather as three districts-the Tucson, the Capitan, and the Ruidoso­
but in the present discussion it. may be· considered as. a unit. ·The 
White Oaks district comprises an area of about 3 square miles south-
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east of the little gold-mining town of White Oaks. It lies in a valley 
hemmed in on ·the east, south, and west by mountains of igneous 
rock, and is· at the extreme northeast side of the Sierra Blanca coal 
basin. ' 

FIELD WORK AND LAND SURVEY.S. 

In carrying out the field work for the present report a detailed 
examination of the White Oaks district was first made, this being 
followed by a ra,pid reconnaissance of the entire Sierra Blanca coal 
field. The time spent on the work was one month, from .the middle 
of October to the middle of November, 1912. The treatment of the 
subject matter in the report is twofold; the broader studies in general 
geology apply to the region as a whole, whereas the detailed obser­
vations on the coal beds are confined for the· most part to the White 
Oaks field. . · 

The general map of the Sierra Blanca field is based on a map of the 
Lincoln National Forest, published in 1908 by the Forest Service. 
Locations. on it were made for the most part with reference to the 
land surveys.1 In the White Oaks district the mapping was detailed 
and was· done. with a telescopic alidade on a 15-inch plane table. 
Locations were made by a system of triangulation expanded froin a 
measured base line.2 Section corners were located when found, the 
land net being afterward drawn from them. The east tier or-sections 
in T. 6 S., R. 11 E., is represented on the map as unusually wide, 
the lines being drawn on the basis of the location of a supposed town­
ship-line corner a little less than a mile south of Baxter Mountain. 
This tier of sections is recorded on the township plat of the General 
Land Office as ·1 mile in width, and it is possible that in the present 
work the identity of the corner mentioned was mistaken. T. 6 S., 
R. 12 E., and T. 7 S., R. 13 E., were originally surveyed in 1882 by 
Hall and Brown and ·T. 6 S., Rs. 11 and 13 E., the following year 
by John Shaw. 

ACCESSIBILITY. 

The ELPaso & Southwestern Railroad traverses the western border 
of the Sierra Blanca coal field, and from the town of Carrizozo a branch 
line extends to Capitan. $tage lines run from Carrizozo to both Capi­
tan and White Oaks. The field may also be reached from Roswf!ll on. 
the Atchison, Tope~a & Santa Fe Railway by way of Lincoln,. but . 
the distance from Roswell is much greater than that from Carrizozo. 

1 The author is indebted to Mr. 0. E. Meinzer, of the U.S. Geological Survey, for free use of his unpub­
lished notes and maps of the region west of the Sierra Blanca. This material w·as gathered in the 
preparation of a report on the water resources of the Tularosa Basin, N. Mex. (Water-Supply Paper 343), 
soon to be published. 

2 For a. detailed discussion of the method see Wegemann, C. H., Plane-table methods as adapted to geo­
logic mapping: Econ. Geology, vol. 7, pp. 621-637, 1912. 
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mSTORY OF DEVELOPMENT. 

Coal was mined in the vicinity of Capitan in the middle eighties to 
supply Fort Stanton, but it was not until 1899 that the large mines 
of the New Mexico Fuel Co. were opened. ·The development.of the 
coal mines at White ·oaks was dependent ·on the growth of the gold­
mining industry in that field, as the coal was used chiefly to supply 
power for the mines and mills. The history of the White Oaks dis-· 
trict therefore begins with the discovery of gold at the North Home­
stake property on Baxter Mountain in 1879.1 The location of the 
South Homestake and other gold properties soon followed, the town 
of White Oaks being settled by the miners. In 1890 development 
was begun on the Old Abe gold mine on Baxter Mountain. The mine 
is well known for the value of its ores, the unusual association of its 
minerals, and the depth (1,300 feet) of its practically dry workings. 
The value of the output to January 1, 1904, is given by Jones 2 as 
$875,000. Since that date the production has been small.3 A com­
pany known as the !Vild Cat Leasing Co. is at present operating the 
North and South Homes take properties, and both the Old Abe and 
Wild Cat companies operate coal mines. 

Many of the details oi the developJJ;lent of cqal mj.ning in the Sierra 
Blanca coal field are not on record, but the following notes/ given in 
chronologie order, present the main facts of the history: 
1882-83. White Oaks district: The official. reports of the Territory of New Mexico for 

· the years 1882 and 1883 state that "In the region of White Oaks there are large 
bodies of coal," and J. V. Hewett, president of the Old Abe Co., 5 referred in 
1896 to the increase in coal mining as the White Oaks gold camp developed 
during the 15 years previous. 

1885.6 Capitan district: Coal mined about 3 miles west of Capitan for use at Fort 
Stanton. 

1895. White Oaks district: Wells & Parker mine, 3 miles southeast of White Oaks; 
slope 425 feet in length; bed 4 feet thick; production, 3,506. tons, valued at 
$16,000. Apparently other mines were in operation at this time, for J. V. 
Hewett, writing in this year, makes the following statement: 7 "The total 
output of coal at White Oaks has resulted in 6,000 tons for the past year, this 
production being limited by local consumption only for milling and mining 
service and custom service.'' 

1896. White Oaks district: Wells & Parker mine, production 4,910 tons, valued at 
$19,640. 

1897. No information obtained. 
1898. ·white Oaks district: Old Abe coal mine opened December 19, 1898. 

1 For the quaint story of this discovery see Jones, 1',. A., New Mexico mines and minerals, 1904. 
2 Op. cit. 
a For a full description of this and other mines in the White Oaks district see Graton, L. C., The ore 

deposits of New Mexico: U.S. Geol. Survey Prof. Paper 68, pp. 17!H82, 1910. · 
• Much of the information here presented is taken from the reports of the U. S. coal-mine inspector for 

the Territory of New Mexico. 
o Hewett, J. V., Mines of New Mexico, Bureau of Immigration, Santa Fe, pp. 71-72, 1896. 
e Date uncertain; approximate. 
1 Hewe~t, J. V., op. cit. 
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1899. White Oaks district: Old Abe coal mine up to June 30 produced 1,469 tons, 
valu~d at $2,672. · 

Capitan district: Akers & Ayers mines, 1 mile north of Capitan, were opened by 
the New Mexico Fuel Co., W. P. Thompson, general manager, operating 
for the New Mexico Railway & Coal Co., of New York City. Two beds of 
coal were worked, the Akers 3! to 6 feet in thickness and the Ayers 2! to 
3! feet. _ · 

1900. Capitan district: Akers No. 1 mine (afterward known as Capitan No. 1), pro­
duction 41,260 tons, valued at $82,520. Akers No.4 mine (afterward known 
as Capitan No. 2), production 29,327 tons, valued at $58,654. These mines 
were on the same bed and about 1 mile apart. Ayers Nos. 2, 7, and 8 W<:Jre 
about 3,000 feet from Akers No. 1 and on a different bed. Production of 
these mines, 13,227 tons, valued at $26,454. 

White Oaks district: Old Abe coal mine, production 4,246 tons, valued at 
$9,649.58. 

1901. Lincoln County ranked third in the territory in the production of coal. 
Capitan district: Production 169,440 tons, valued at the mines at $2~ a ton. 

Ayers bed no longer worked. Akers No. 1, slope 800 feet long. Akers No.4, 
slope 1,250feet long. Linderman mine, 3 miles west of C~pitan, J. J. Blow, 
general manager. The slope, 450 feet in length, was put down near the site 
of the old mine worked in 1885 to supply Fort Stanton. Many faults were 
encountered and the coal differed greatly in thiclpless. No production. 

White Oaks district: Old j\.be coal mine, production 3,342 tons. 
1902. Capitan district: Capitan No. 1 (Akers No. 1), production 54,417 tons; slope 

1,200 feet. Capitan No.4 (Akers No.4), production 60,978 tons; slope 1,500 
feet. Capitan Nos. 6, 7!, 8, and 10 mines were suspended, th:J coal being 
worked out.1 The beds were much broken by intrusive igneous rock. No. 7 
produced 4,116 tons, but was closed down because a dike was encountered. 
The output of the Capitan district was less than that of the preceding years. 

White Oaks district: Old Abe, production 2,391 tons. 
1903. Capitan district: Production 96,000 tons, the marked decrease in comparison 

to the previous year's production being due to the difficulty of minirig because 
of the disturbed character of the beds. 

White Oaks district: Old Abe, production 2,096 tons. 
1904. Capitan district:· Production 90,995 tons. 

White Oaks district: Old Abe mine, production 1,500 tons. 
1905. Capitan district: Production, 42,250 tons. ·The last shipment of coal from 

mine No.2 was made April27 and the mine abandoned. The last shipment 
from mine No.1 was made June 3, but a small amount of coal was afterward 
mined to supply Fort Stanton. 

·White Oaks district: Old Abe mine, production 890 tons. 
1906. Capitan district: Mine No. 1, produced 1,895 tons and was abandoned. 

White Oaks district: Old Abe mine, production 650 tons. 
1907. Capitan district: Mine No. 1, production 796 tons. 

White Oaks district: Old Abe mine, production 1,160 tons. 
1908. Capitan district: Production 842 tons. 

White Oaks district: Old Abe mine, production 1,530 tons. 
District west of the Sierra Blanca: :Willow Springs mine, in sec. 3, T. 9 S., 

R. 10 E.; coal bed 2! to 5 feet thick, dip 16° SE.; depth of slope 320 feet; 
production 150 tons, sold in Carrizo_zo; ,closed down December 14 and not 
reopened. 

t The exact locations of these mines and the years in which they were opened are not given in the 
lnspector's reports and were not ascertained. 
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1910. Capitan district: Gray mine (near the old Linderman mine, unsuccessfully 
·opened in 1901), a slope 250 feet long sunk by S. T. Gray, of Capitan. Coal 
bed 3 feet 6 inches thick; dip 8°; output 250 tons. 

White Oaks district: Old Abe mine, production 2,065 tons. 
District west of the Sierra Blanca: Conner & Smith mine, 6 miles south of 

Carrizozo, coal bed 4 feet 10! inches thick, including four shale partings. 
1911. White Oaks district: Old Abe mine, production 1,658 to:v.s. 
1912. White Oaks district: Old Abe mine, production 538 tons. Wild Cat mine, 

opened about March I; production to December 31, 2,012! tons. · 
1913. White Oaks district: Old Abe mine, production 124 tons. Wild Cat mine, 

production 2,656 tons; 8 men employed; length of slope, .250 feet. 

TOPOGRAPHY. 

The trend of the Sierra Blanca, which occupies the middle of the 
Sierra Blanca coal field, is approximately north and south. Its 
highe$t point, Sierra Blanca Peak; attains an altitude of 11,882 
feet. Nogal Peak, 9 miles north of Sierra Blanca, is ·over 9,000 feet 
above sea level, and Church Mountain, 3 miles farther north, over 
8,000 feet. Church Mountain forms the end of the unbroken range. 
North of it rise, through the surrounding sedimentary strata, great 
masses of igneous material which form more or less isolated moun­
tains. These. were probably contemporaneous in origin with the 
main range and are the virtual continuation of it. Such are Vera 
Cruz and Tucson mountains, Carrizo Peak south of White Oaks, 
Patos Mountain east of the town, and, in part, Baxter Mountain, 
which lies west of White Oaks.. Vera' cruz and Tucson mountains 
lie somewhat east of the line of the main range and are in alignment 
with the Capitan Mountains, which extend from a point 7 miles 
northeast of Capitan eastward for 20 miles at right angles to the 
Sierra Blanca. The position of Vera Cruz and Tucson mountains 
suggests their possibie relation to both ranges. 

The crest of the Sierra Blanca is comparatively narrow. Only 
10 miles west of it lies a great undrained arid plain known as the 
Tularosa Basin, down the center of which in comparatively recent 
times a' mass of basaltic lava has been poured. This has formed 
what is known to the Mexicans as the "malpais," or badland, an 
area of jagged lava destitute of soil and so broken by crevices and 

· pits that it is extremely difficult to cross even o:o. foot. Along the 
eastern edge of the plain, near the foot of the range and. at an altitude 
of about 5,000 feet, the coal-bearing rocks, which dip 'eastward, 
appear at the surface. In this vicinity the country is treeless and 
semiarid, but the land supports abundant native grasses which 
cure on the stem at the close of the rainy season and furnish excellent 
feed for stock. 

On the east of the Sierra Blanca the coal beds outcrop at eleva­
tions of 6,000 to 7,000 feet above the sea. The land is for the most 
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part timbered and is much better ·watered than the country to the 
west of the mountains, particularly in the southern. part of the coal 
area, where perennial streams head in the main range. As is to be 
expected, the temperature decreases very noticeably with increase 
in· altitude, so that within comparatively short distances marked 
differences in climate are encountered. 

One of the largest streams in the area is the Rio. Ruidoso, a 
beautiful mountain torrent which flows eastward from Sierra Blanca 
Peak and is .. joined on the north by Eagle Creek, which also heads 
in the highest. part of the range. The Rio Bonito, a stream equal in 
size to the Rio Ruidoso, heads between Sierra Blanca and Nogal peaks, 
draining the slopes of both, and flows eastward ·to join the Rio 
Ruidoso, the two streams forming the Rio Hondo, a branch of the 
Pecos. Salado Creek joins· the· Rio Bonito from the north, but does 
not flow from so high land nor have so good water as that stream. 

Over the rest of the coal basin the streams are intermittent and 
water is obtained from scattered springs, wells, or cisterns. 

The principal railroad town in the a.rea i'3 Carrizozo, which lies in 
the .wind-swept semiarid plain at some distance from the n1ountains. 
White Oaks has a much more pleasing situation, lying in a valley shut 
in on all sides by timbered hills. · In the nineties it was one of the 
famous gold camps of the Territory, but it is now h11lf deserted, most 
of its business having gone to its more prosperous rival on the railroad. 
Capitan, to which on certain days a train runs over the branch line 
from Carrizozo, was once a thriving coal town. With the closing of 
the mines its business activity was lessened, but it still supplies a con.:. 
siderable area of country and is the headquarters of the supervisor 
of the Lincoln. National Forest. The former gold camp of Bonito on 
the Rio Bonito is deserted and the post office has been discontinued. 
However, post offices are located at the gold properties at Parsons 
and at Angus, and on the Rio Ruidoso there is a store and post office 
called Ruidoso. Fort Stanton is now used as a United States marine 
hospital. 

GEOLOGY. 

SEDIMENTARY ROCKS. 

GENERAL CHARACTER. 

The geology of the Sierra Blanca field has not hitherto. been studied 
in detail, and the correlation of its strata with those of other fields in 
the State in which geologic work has been done is not an e~;tsy task, 
inasmuch as n1any of the fossils found in the beds are representatives 
of undescribed species concerning the stratigraphic range, of which 
but little iS known. 
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The strata of the Sierra Blanca field may be divided on lithologic 
grounds into seven formations, as follows: 

Stratigraphic section, .Sierra Blanca coal field, N. Mex. 
. Feet . 

. 1. Coal-bearing formation; shale, sandstone, and thin beds of lime­
stone containing two to eight beds of bituminous coal that differ 
greatly in thickness; a few leaf impressions; fresh water ........ 630 

2. s,hale, sandstone, and limestone; the upper third of this division 
· consists of shale interbedded with impure limestone, weathering 

buff and containing n urn erous fossils; below are interbedded sand­
stone and shale beds; and at the base lies a heavy stratum of sand-
stone, which usually forms an escarpment.-- ... -........ -.: .. - 440 

3. Shale, dark gray and bluish, having near its base two or more thin 
beds of bentonite and a bed of blue limestone; fossils collected 
near the base identified as Benton; estimated thickness ......... 500 

4. Dakota (?) sandstone; buff, coarse sandstone, interstratified at its 
top with thin beds of shale resembling that of the Benton; con­
tPins plant impressions but nothing sufficiently well preserved 
for identification; possible represent~tive of the Dakota sand­
stone (Upper Cretaceous) and Comanche series (Lower Ore- · 
taceous) ............................... ~ . . . . . . . . . . . . . . . . . . . . . 17 5 

5. Morrison(?) formation, shale, variegated pink and green, contain­
ing thin beds of limestone, shale, conglomerate, and beds of white 
sandstone; possible representative of the Morrison formation; 
estimated thickness ........................................ 590 

6. Limestone (Carboniferous), gray; estimated thickness .......... 700 
7. Red beds (Carboniferous). 

Coal-bearing formation (No. 1 of general section).-The following 
section, measured in the vicinity of the Wild Cat mine, White Oaks 
district, is given as typical of the coal-bearing formation: 

Section of coal-bearing rocks near the Wild Cat mine, White Oaks district. 

Shale. Ft. ·in. 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Shale ................................ ·_ . . . . . . . . . . . . . . . 1 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 

Shale .......................................... · . . . . . . . . . . 23 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Covered (shale?) ........................................... · 115 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Shale and sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Bone ............. · .......................... · ......... . 
Coal (Wild Cat mine) ....................... , .......... . 
Coal, bony ............................................ . 

Shaie ................................................... . 
Coal.' ................................ ~ ............... . 

Shale ........................... · .................. ·_ ..... . 
Limestone ............................ : ................. - .. 

3! 
1 10~ 

1 
2 6 

8 
4 

6 
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Ft. in. 

Cov~~~~~~~,~~~~-?:.~.·-·_ ~-~::::::::::::::::::: :·~ ~ ~ ~-~:: ~ ~::: ~ ~ ~ ~ ~: 24 
1 G 

Shale ................................................. . 6 
CoaL .................................................. . 4 

Covered (shal~?) ................................ · ........... . 9 8 
Limestone, blue .................................... : ...... . 5 
Sandstone, white .......................................... ,~ 15 
Shale ..................................................... . 4 

CoaL .................................................. . JO 
Shale and sandstone ..... : ................................. . 15 

CoaL.-................................................. . 1 "8 
Shale ........ .- ............................................. . 11 
Sandstone, white ........................................... . 2(i 
Shale ....................................................... . 36 
Sandstone, irori stained ..................................... . 2 
Shale ........... · .......................................... . 18 
Sandstone ..... -............... _ ................................ . . 4 
Shale .............. -....................................... . 4 

Coal ..................................................... . () 

Covered ................... · .................................. . 150 
Sandstone .............................................. · .. . 15 

Coal. ................................................... . 1 10 
Shale, iron stained .......................................... . 25 
Limestone bed at top of formation 2, p. ~0. ---

630 62 

All the . strata of this form~tion, including the coal beds, are 
exceedingly variable in character and thickness and the me~sure­
ments here given· would not hold for any other locality. 

The formation has yielded but few fossils. These repr~sent a land 
flora and the formation containing them was doubtless deposited in 
fresh water. At the old ·williams mine, about 3 miles southeast of 
White Oaks, some specimens of fossil fruit were obtained from a hard 
shale stratum about 5 feet above the eoal bed: These specimens are 
discussed by F. H.· Knowlton as follows: 

This locality was visited -by Mr. Stanton in 1889 and the only specimens he obtained 
were fruits like the present specimens and probably from the identical place. I 
identified the first specimens as Nyssa lanceolata Heer, as determined by Lesquereux, 
and I can see no reason to change· the identification. Lesquereux's material was 
from the Denver formation of the Denver Basin, and I should presume these to be of 
the same approximate age; but obviously a single species, and that a fruit, is an inse-
cure basis for an age deternunation. ' 

Two. leaf in1pressions were obtained from the sands-tone immedi­
ately overlying the coal at the abandoned opening of the Old Abe 
mine, 2! miles southeast of White Oaks, which were not sufficiently 
well preserved for identification. Leaves collected by M. R. Camp­
bell 1 in 1906 "from a sandstone bed closely underlying the eoal at an 

1 Campbell, M. R., Coal in the vicinity of Fort Stanton Reservation, Lincoln County, N.Mex.: U. 8. 
Geol. Survey Bull. 316, pp. 431-434, 1907. 

··~-... . ' 
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abandoned mine about a mile west of the village of Capitan" (Capi­
tan No. 2) were determined by F. H. Knowlton as probably of 
Laramie age: 

From this small b:it interesting collection I have been able to identify the following 
forms with a considerable degree of certainty: Cinnamomum affine Lesquereux, Platanus 
raynoldsiif Newberry, Populus sp.? cf. P. melanarioides Lesquereux. The most 
abundant form in the collection is the Cinnamomum, which appears to be the C. 
affine of Lesquereux, but theleaves are rather smaller than the norinalleaves of that 
species and not all of them quite agree with the types. It may be that it is a 
new but closely related species, though if correctly determined-and I believe it is­
it would indicate a Laramie age for the beds. The specimen identified with Platanus 
raynoldsii is a mere fragment from the base of the leaf, but it can hardly be another 
species. The Populus is a smaller leaf than the type specimen of P. melanarioides, 
but is otherwise indistinguishable. My opinion is that the beds .in question are 
Laramie in age. 

Since this determination was made much new information has. been 
gained concerning Tertiary floras. Mr. Knowlton stated recently in 
converl:!ation with the writer that he now considers the collection here 
described to belong in all probability to the flora of the post-Laramie 
rather than to the l.;aramie, the species being similar to those from 
the Denver formation of the Denver Basin/ or its probable equivalent, 
the Raton formation of northern New Mexico.2 

There is no lithologic indication that the coal-bearing strata in the 
White Oaks field belong to more than one formation. The lowest 
coal bed which is found in the field outcrops in the NE. t NW. ! 
sec. 5, T. 7. S., R. 13 E., 318 feet stratigraphically below the coal bed 
at the Wild Cat mine. Fossil collection 8073 was obtained 25 feet 
below this lowest coal. (See p. 430.) The stratigraphic position of 
this collection with reference to other collections indicates that it is 
probably to be considered as of Montana age, although Mr. Stanton 
states that the Inoceramus is suggestive of the Colorado. The 25 
feet of strata between the coal bed. (which, with the overlying forma­
tion is believed to be of post-Larami~ age) and the bed carrying 
Montana ~ fossils consists of dark ferruginous shale apparently 
conformable with the strata ·above and below. Its age is indetermi­
nate, alt:Q.ough on lithologic grounds it would be classed with the 
overlying beds. There is thus no physical indication of a great 
time break, such as is represented by the post-Laramie unconformity 
in the Denver. Basin. 

Shale and sandstone formation {No.2 of generalsection).-A detailed 
section of the strata of the formation underlying the coal-bearing 
rocks was measured northwest of the Wild Cat mine and is a con­
tinuation downward of the measured section on page 427. 

1 Emmons, S. F., Cross, Whitman, and Eldridge, G. H., Geology of the Denver Basin in Colorado: U.S. 
Oeol. Survey Mon. 27, 1896. 

2 Knowlton, F. H., Results of a paleobotanical study of the coal-bearing rocks of the Raton Mesa 
region. of Colorado and New Mexico: Am. Jour. Sci., 4th ser., vol. 35, pp. 526-530,1913. 

\. 
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Section of the rocks underlyin~ the coal-bearing rocks northwest of the Wild Cat mine, 
White Oaks district. 

Shale of· coal-bearing formation. Feet. 

Limestone, impure, bluish gray, weathers buff (fossil collection 
8073; seep. 14). · ........................................... , 2 

Shale, gray ...... · ................................... ~ .· . . . . . . . . 55 
Sandstone, yellow.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Limestone, thin-bedded, bluish gray; weathers buff; fossiliferous. 5 
Shale and sandstone .......... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Limestone, impure, bluish gray; weathers buff; fossiliferous...... 4 
Shale, gray ................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Limestone, impure, bluish gray; weathers buff; fossiliferous...... 5 
Shale, gray ............................... : . . . . . . . . . . . . . . . . . . . 28 
Sandst<;>ne ....... · ............................. ~ . . . . . . . . . . . . . . . 10 
Shale, gray .... · ................................. · . . . . . . . . . . . . . . 25 
Sandstone, coarse, cream-colored ................... ; .. . . . . . .. . 27 
Covered (shale and limestone?) ..... ~ ....................... :.... 15 
Oyster bed, small shells....................................... 1 
Covered (shale?) ................................. 7 •••••••••••• 48 
Sandstone, gray, calcareous; many oysters at top............... 5 
Covered (shale?); oysters near top............................. 40 
Sandstone, cream-colored and pink, coarse.. . . . . . . . . . . . . . . . . . . . . 18 
Covered (shale?) .......................... ; . . . . . . . . . . . . . . . . . . . 21 
Shale, weathers brown, contains near top great numbers of Turri-

tella and. Ostrea. . . . . . . . . . . . . . . . .. .. . . . . . . . . .. . . . . . . . . .. . . . . 16 
Sandstone, white, cream-colored, and pink, large Inoceramus found 

on surface................................................... 50± 

444± 

Some of these strata, especially the limestone beds, are very 
fossiliferous, the fossils being of marine or brackish-water types.· 
The determinations in the following list of collections were .made by 
T. W. Stanton: · 

8069. Blanchard Gulch in Tucson Mountains, 6 miles northeast of Nogal, N.Mex.: 
Ostrea sp. Young shells. 
Cardium sp. related to C. curtum M. and H. 
Tellina sp. 
Mactra sp. 
Pugnellus sp. related toP. fusiformis (Meek). 

It is possible that this lot !Jlay be of Colorado age; but in my judgment 
it represents a horizon of early Montana age. There is a lack of distinctive 
types and the species are probably undescribed. 

R070. One-half mile north of White Oaks, N.Mex., from brown.sandylimestone near 
top of formation 2: 

Ostrea sp. Young shell. 
Inoceramus sp. Fragment. 
Cardium sp. 
Turritella sp . 

. Gyrodes sp.· 
Pugnellus sp. 

Same.fauna as 8069. 
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8071. Two miles east of White Oaks, N. Mex., and 65 feet above the base of formation 2: 
Ostreasp. 
Corbula sp. 
Turritella sp. 

Apparently same fauna as 8069 and 8070. 
8072. Saine locality ·as 8071, near top of formation 2, in calcareous bed below the 

highest sandstone: 
Ostrea sp. 
Cardium sp . 

. Same fauna as 8069-8071. 
8073. Two miles south of White Oaks, N.Mex., and 1,000 feet southeast of Wild Cat 

mine; 24 feet below lowest coal: 
Ostrea sp. 
Inoceramus sp. Fragment of a thick-shelled species. 
Cardium. 
Shark's t9oth. 

The Inoceramus in this lot is suggestive of upper Colorado. 
8074. At Well's ranch; 2 miles southeast of White Oaks, N.Mex., from limestone layers 

between sandstone series and coal group: · · 
Ostrea soleniscus Meek. 
Modiola sp. 
Cardium sp. 
Veniella sp. 

· Tellina? sp. 
Turritella? sp. 
Shark's teeth. 

Probably belongs to same fauna as 8069-8072. 
The Pugnellus in the fauna from White Oaks resembles but is not identical withP. 

jusijormis (Meek), and the same may be said of the Caa-dium as ·compared with Car­
dium curtum M. and H. These .forms suggest possible correlation with the Colorado 
group, but there are other elements in the fauna that indicate a higher horizon. Pre­
vious collections from the region obtained by me in 1889 and by Mr. 0. E. Meinzer 
in 1911 have been tentatively referred to the Montana group, and I still think that 
this reference is correct, though it must be admitted that in the collections examined 
there is lack of ammonoids and other definitely characteristic forms such as are most 
depended upon in stratigraphic determinations. 

The cliff-forming sandstone beds in the lower part of this forma­
tion and their asso.ciated shales, although fossil bearing, do not pre­
serve the shells as perfectly as the overlying limestone beds. The 
small collection No. 8071 was obtained 65 feet above the base of the 
formation, but unfortunately the species have a wide range· and ·are 
thus of little value in age determination. A large Inoceramus was 
collected a little below the horizon of No. 8071, and of this speci­
men Mr. Stanton states that it suggests the thick-shelled forms char­
acteristic of the upper part of the Colorado group. 

Shale formation (No.3 of general section).-A complete section of the 
strata of this formation was·not measured by the writer. The beds 
are for the most part gray shale, resembling that of the Benton of 
Wyoming .. A 10-foot bed of fine-grained bluish-gray limestone, 

. which when struck with a hammer gives off an odor of brimstone, lies 

\ 
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25 feet above the base.. Above the limestone occurs a·10-inch bed of 
bentonite (hydrous silicate of alumina) anq 20 feet higher a second 
bed of bentonite 2 inches thick. No analysis was made of the ben­
tonite, but it is so similar to the bentonite characteristic of the Ben­
ton formation in the north that there seems little question of its 
identity. The shale below the lime;stone just described is interbedded 
with sandstone similar to that of the underlying formation, so that 
there is no sharp line of division between the sandstone below (sup­
posed Dakota) and the overlying shale.· The preceding observations 
were made at exposures along Salado Creek, 2 miles south of Capitan. 

M. R, Campbell/ in his study of the Fort Stanton Reservation, 
estimated the total·.thickness of the shale (No. 3 of general section) 
to be about 500 feet. He obtained a small fossil collection on which 
T. W. Stanton in 1906 reported as follows: 

The lot from near the upper gate o£ the Fort Stanton Reservation consists of dark 
calcareous shale, with many specimens of Inoceramus labiatus S_chlotheim and some 
imperfect imprints o£ two species o£ ammonites, probably belonging to the genus 
Prionotropis. The horizon is in the Benton group. 

Dakota (?) sandstone (No. 4 of general section)._..:._The cliff-forming 
sandstone, here designated as Dakota 0), is well exposed 4 or 5 iniles 

· northeast of White Oaks, where its thickness, as measured by the writer 
' is 175 feet. It also forms an escarpment east of Capitan and at 

many other localities surrounding the coal area. No recognizable 
fossils have been obtained from it, although it carries fragmentary 
plant impressions and is therefore apparently of fresh-water origin . 

. It may be the equivalent of the Dakota sandstone (Upper Cretaceous) 
~r it may be in part Comanche (Lower Cretaceous). The 3-foot bed 

· of carbonaceous shale at its base is suggestive of the Lower _Cre­
taceous coal farther to the north, although there is no indication 
here of "the coarse conglomeratic bed below, which underlies the coal 
in that locality. 

Morrison(?) formation (No. fi of general section).-The shaly strata 
here tentatively correlated with the Morrison formation generally 
outcrop in this area in a valley outside the ridge formed by the sand­
stone bed of formation 4. They consist principally of shale but con­
tain. also thin sandstone and limestone beds and beds of shale con­
glomerate in a calcareous matrix. The colors are soft in tone anrl 
vary from white to yellow, green, gray, blue-gray, and purple, being 
wel1 described as variegated. The beds were classed by Campbell 1 

tentatively as Morrison and there is no reason to change this tentative 
classification. So far as known they are unfossiliferous in this 
locality and except for their stratigraphic position anci lithologic 
character there is Fttle evidence bearing 'On the subject of their age. 

1 Campbell, M: R., Coal in the vicinity of Fort Stanton Reservation, Lincoln County, N.Mex.: U. 8. 
Gaol. Survey Bull. 316, p. 434, 1907. 
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Carboniferous limestone and red. beds (Nos. 6 and 7 of general sec­
tion).-The Carboniferol!s limestone and red beds which outcrop as 
a rule some distance beyond the coal area were given but little study 
in the present investigation. No. 6 is probably to be correlated with 
the San Andreas limestone, the uppermost formation of the Pennsyl­
vanian as described by Lee.1 

COMPARISON OF THE WHITE OAKS SECTION WITH THE CARTHAGE 

SECTION. 

The division of the section at White Oaks into formations (see 
columnar section, Pl. XXVII) is to be regarded as tentative only, as 
the paleontologic evidence is by no means conclusive. In a report 
on the Carthage coal field, which lies 60 miles west-northwest of 
White Oaks, James H. Gardner 2 gives· the following stratigraphic 
section, which appears to be very similar lithologically to the section 

·at White Oaks: 

* 
Part of general section of roclcs in the Carthage region. 

* * * * * 
Montana: Feet. 

Sandstone, tan-colored and drab shale with traces of coal... . 600 
Shale and thin beds of sandstone. Top contains Ostrea sp., 

Anomia micronema Meek?, .Modiola related to Jf. regularis 
(White), Corbicula? sp., Corbula sp., Melania sp., and 
Admetopsis? sp................. . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Coal, Carthage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Shale, drab ... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

· Sandstone, brown, massive ................... -.. _............ 20 

685 

Colorado: 
Shale, drab, with yellowish lime concretions................ 120 
Shale, yellowish, with brown sandstone ........... ·........... 45 
Sandstone, brown, massive, soft, fossiliferous, containing 

Ostrea sp., Ostrea lugubris var. belliplicata Shm;nard, Pinna 
sp., Pholadomya sp., Fasciolaria? sp., Prionotropis wool-
gari (Mantell)? and· Coilopoceros colleti Hyatt ...... -........ 15 

Shale, drab.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Shale, drab, with thin brown sandstone..................... 135 
Sandstone, gray, massive................................... 10 
Sandstone and shale; in center fossiliferous sandstone con-

taining Inoceramus labiatus, Cardium sp., Cyprimeria. sp., 
Psilomya sp., Gyrodes sp., Fasciolaria? sp., and· Voluto-· 
derma? sp ................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . ·30 

Shale, drab ................ · ..................... :......... 500 

895 

* 

. 1 Lee, W. T., and Girty, G. H., The Manzano group of the Rio Grande valley, N.Mex.: U. S. GooL 
Survey Bull. 389,1909. 

z U. 8. Geol. Survey Bull. 381, p. _455. 
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Dakota(?): Feet. 
· Sandstone, gray, hard, in bold hogback, some thin shale ..... · 200 

Triassic(?): 
Sandstone, dark red, with red and drab .shales .............. 1, 300 
Shale, gray, with pinkish chert inclusions, niinute bone 

fragments................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Shale, red, and some sandstone............................... 260 
Sandstone, red, and red shale ............................ :. H)O 
Conglomerate, with coarse quartz pebbles,· dark, white, and 

yellow ............................................ : . . . . . . 15 
Shale, variegated, and red sandstone ..... .-................... 300 

Carboniferous: 
Limestone, bluish gray, weathers yellowish; could possibly 

be used with higher shale for manufacture of Portland ce-

1,995 

ment.................................................... 200 

[Total thickness of this part of section. . . . . . . . . . . . . . . . 3, 975] 

433 

The coal-bearing rocks of the Carthage section were provisionally 
referred by Gardner to the Montana, although they appear to occupy 
the same stratigraphic position as the coal-bearing rocks in the White 
Oaks field. At Carthage fossils of undoubted Colorado age were col­
lected 205 feet below the coal; whereas at White Oaks- the distinctive 
collections, on the evidence of which the beds below the coal-bearing 
rocks are regarded as of Montana age, come from horizons less than 
200 feet below the lowest coal bed. The fossils from White Oaks are 
less characteristic than ~re those from the Carthage field. It is not 
impossible that the strata which carry the doubtful Montana fauna in 
the White Oaks field represent the 205 feet of strata below the coal at 
Carthage from which no fossils were collected, and that the sandstone 
beds of Colorado age at Carthage are the equivalent of those in the 
lower part of formation 2 in the White Oaks section. 

TERRACES . 

. The Sierra Blanca, like· most of the ranges of this general region, 
is flanked by terraces, the gravel cover of which constitutes one of 
the more recent deposits of the area. The terraces are a serious 
hindrance to the tracing of the coal beds, as the soil and gravel which 
usually cover them effectually conceal all underlying strata. A de­
scription of the terraces in the vicinity of White Oaks will serve to 
illustrate their character throughout the area. 

The town of White Oaks is situated at the junction of the three 
forks of an intermittent stream. The valley of this stream is compara­
tively narrow and is .cut in bedrock. Its bluffs rise steeply a hundred 
feet or more to the·level of a broad terrace whose slopes rise toward the 

365° -Bull. 541-14-28 
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mountains. The soil cover of this terrace is but a few feet thick, and the 
bedrock outcrops at many places in the small valleys which trench it. 
Some 200 or 300 feet above this terrace a second terrace slopes up­
ward to the base of the mountains and is covered with gravel, some 
of the bowlders being a foot or more in diameter. The thickness of 
the gravel was not measured, but it is probably not great, for this 
terrace, like the first, has been cut ·by stream action from the under­
lying rocks rather than built up by outwash from the mountains. 
Similar terraces are developed 25 miles southeast of White Oaks, near 
Fort Stanton, on the east side of the Sierra Blanca. They are the 
result of erosion by streams heading in the mountains, but the con­
ditions which produced them are not well understood. Regional 
uplift, after a period of erosion in which the streams had time to 
reach grade and to widen their valleys into broad flats, would reju­
venate the streams, causing them to intrench their courses and leave 
the flat~ as terraces. As suggested by A. C. Spencer 1 a similar 
result might follow marked climatic change with decrease in rainfall, 
which by decreasing the load furnished the streams at their heads, 
would increase their down-cutting power, enabling them to intrench 
themselves in fiats which they had previously formed. In the White 
Oaks region this hypoth~sis is perhaps the more. probable one. 

IGNEOUS ROCKS. 

In any consideration of the Sierra Blanca coal field the igneous 
rocks play a most important part. Not only do they compose the 
main range of the Sierra Blanca and the isolated peaks which extend 
that range northward, thus cutting OUt the CO!tl beds from fully 
one-third of the area, but as dikes and sills they ~trude the coal­
bearing rocks which surround the mountains, mterrupting the coal 
beds at unexpected places and rendering :mining difficult. The 
precise relation of the dikes and sills to the main intrusion. is not 
easily determined because of the gravel-covered terraces which 
surround the igneous mass of the main range and effectually conceal 
the underlying rocks. Some portions of the rock of the dikes are 
closely related in composition to the rock of the mountain mass, 
but other portions of it are distinct. The igneous_ rock of the main 
range is not 4omogeneous in composition, but differs considerably 
from place to place and appears to be the· result of several epochs 
of intrusion, the later rocks cutting the earlier. 

In the present work no attempt was made to study the igneous 
rocks except as they affect the coal beds, and because of the lack of 
good exposures even such study was far from satisfactory. The fol­
lowing list of specimens collected at different places throughout the 

1 Spencer, A. C., U.S. Geol. Survey Geol. Atlas, LaPlata folio (No. 60), p. 10,1899. 
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area and their. determinations will give a general idea of the character 
of the igneous rocks: 1 

· · · 

1. Diorite (?), much altered, gray, with a large amount of magnetite, from the 
Hopeful gold mine 1 mile southeast of Nogal Peak. The country rock at this locality 
is classed by Graton 2 as monzonite-porphyry, to which this diorite is probably closely 
related. He considers it as one of the oldest igneous rocks exposed in the range and 
states that it is probably related to the main intrusive of the White Oaks district, 
namely, that at the gold mines on the east side of Baxter Mountain. · 

2. Soda rhyolite, light gray-brown, from the north side of Carrizo Peak about 300 
feet above the base of the mountain. This rock, which appears to be representative 
of the mass composing the north flank of Carrizo Peak, is probably intrusive like the 
diorite, but has many of the characteristics of a rapidly cooled surface flow. 

3. Soda rhyolite 3 from the SE.! sec. 21, T. 7 S., R. 11 E. This rock forms several 
buttes in this locality, the largest of which is several hundred feet in height. 

4. Trachyte, yellowish brown, stained and banded, one-half mile north of White 
Oaks, from a sill intruded into the coal-bearing formation. 

5. Granodiorite porphyry, light-colored to yellowish brown, porphyritic with dense 
fine groundmass, 1 mile north of White Oaks, from a dike 50 feet in width which cuts 
the Cretaceous sediments. This rock, although but one-half mile from the trachyte 
sill represented by specimen No. 4, is very different from it. 

6. Rhyolite, light to purplish in color. About 1 mile northwest of old Three Rivers 
post office on west side of tbe Sierra Blanca. Rock probably from a dike cutting 
sedimentary rocks beneath an igneous flow or sill which caps the high "palisades" in 
this locality. · 

7. Basalt, reddish, iron stained, porphyritic, vesicular. Same locality as No. 5. 
This rock was collected from a bowlder which had apparently fallen from the top of 
the cliff. It is probably from a surface flow .. 

8. Basalt porphyry, dark porphyritic rock from a sill in sec. 21, T. 11 S., R. 9! E.,· 
northeast of headquarters of Fall's ranch. 

9. Lamprophyre, probably a monchiquite, dark, fine-grained porphyritic. Wells 
& Parker coal mine, White Oaks field, from a thin· sill 6 feet above the coal bed. 

10. Monchiquite type of lamprophyre, dark, dense, porphyritic rock, resembling 
No.8, 1! miles north of White Oaks, from a thin dike cutting beds which are probably 
those of formation 6 of the section given on page 10. · 

11. Basalt, dark, vesicular, amygdaloidal, porphyritic, 10 miies north of Carrizozo 
from the recent b.va flow of the "malpais." 

12. Augite kersantite, 3 dark gray, from a sill several hundred feet in thickness 
which caps Milagro Hill 1 mile northeast of Oscuro. The sill is underlain by the 
coal-bearing beds of formation 1. 

From the diversity of the rocks contained in the foregoing list it 
is reasonable to suppose that they represent several epochs of intru­
sion, and the field relations bear out such a supposition. As shown 
under the discussion of structure, the oldest igneous rocks in the 
region were probably iri.truded during the Tertiary after the deposi­
tion of the coal.:.bearing rocks. From that time on almost to the 
present there have been successive epochs ·of intrusion and volcanic 

1 The writer is indebted to E. S. Larsen and J. F. Hunter, both of the U.S. Geological Survey, for deter­
minatiom of rock specimens. 

2 Graton, L. C., Ore deposits of New Mexico: U.S. Geol. Survey Prof. Paper 68, p. liS, 1910. 
a Collected by 0. E. MPinzer. (See note, p. 421.) 
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a~tivity. In some places the molten rock cooled before reaching 
the surface, forming dikes and sills which have been in part uncov­
ered by subsequent erosion; in others it welled 'out on the surface in 
flows. The most recent of these flows is the great lava flow known 
as the "malpais," west of Carrizozo, which was formed in all likelihood 
but a few hundred years ago. The surrounding topography has not 
changed since the rock cooled, and near the cinder cones at the north 
end of the. flow, which apparently mark the site of the last volcanic 
activity, may be seen the fissures in the lava from which the cinders 
and pumice were ejected, their walls reddened by oxidation due to 
the intense heat. 

STRUCTURE. 

The Sierra Blanca coal field, as outlined by the coal beds which 
outcrop around its margin, is a broad syncline 32 miles from north 
to south by 24 miles from east to west. Along the axis 9f this 
syncline has been intruded a great mass of igneous rock, which 
forms the Sierra Blanca and its outliers to the north. The timber 
that clothes most of the surface, and the gravel-covered terraces, 
which practically cover all bedrock for many miles in a zone border­
ing the igneous mass, present serious obstacles to the study of the 
structure of the region. However, excellent key rocks are present. 
The Dakota ( ~) sandstone with the. variegated shale below it, the 
fossiliferous limestone and sandstone strata below the coal-bearing 
rocks, and the coal beds themselves are easily recognized. at different 
places throughout the field and form the basis for the determination 
of the structure. In the following discussion of the structure many 
data that would ordinarily be given under the head of coal are 
included, as the deterillination of the structure is often dependent 
on. the tracing of the coal beds. 

The town of White Oaks, on the northeastern edge of. the coal basin, 
lies in a much-faulted area. Less than half a mile north of the town 
the coal-bearing rocks, which dip to the west, are cut off one-fourth· 
of a mile from their outcrop by a fault with downthrow on the east, 
which brings the shale of Benton age almost on a level with them. 
A little farther west a second fault throws the shale below the Dakota 
0), which here dips to the west and js cut off by the igneous mass 
which 'forms the east flank of Baxter Mountain. The fault zone can 

. be traced north and northeast across sec. 24, T. 6 S., R. 12 E., where 
there has been considerable intrusion of igneous rock along the fault 
planes. ·The Dakota 0) sandstone is cut out by the fault in the 
SE. t sec. 24, T. 6 S., R. 11 E., and the underlying Morrison 0) 
formation appears west of the stream valley which ·apparently fol­
lows the fault zone. These beds also dip to the west toward the 
mountain. East of the creek in the SW. i sec. 24, T. 6 S., R. 12 E., 
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the fossiliferous shale and limestone underlying the coal-bearing for­
mation outcrop, the dip being to the southeast at an angle of 12° . 

. The same beds, duplicat'ed by faulting, outcrop on the east side of the 
same section and dip southeast at an angle of 6°. 

Baxter Mountain is formed only in part by igneouc:; rock. The 
crest appears to be composed of sandstone belonging to formation 2 
of the section on page 426, which is underlain by shale. The strata 
dip to the southwest and were probably brought to this position by 
the upthrust of the intrusion which forms the east flank of the 
mountain.1 

The mountain in the NE. i sec. 13, T. 6 S., R. 12 E., and the 
NW~ i sec. 18, T. 6 S.; R. 13 .E., was not examined in detail but 
appears to be synclinal and coal is reported on its crest. There is 
a coal mine in the valley east of the mountain in the NE. i sec. 18, 
and a little west of the mine mouth a rather large fault trends approxi­
mately north and south with downthrow on the east. If the report 
of coal near the mountain crest is correct it is probably the same bed 
or one near it, the difference in elevation being due to the displace­
ment along the fault plane. It is not unlikely that this fault may 
be connected with the zone of displacement in sec. 24 mentioned 
above. 
~he escarpment facing the northwest in theSE. i sec. 24 is formed 

by the beds of the formation underlying the coal, which here dip 6° 
SE. This dip would carry the beds below the· escarpment formed 
by" them in the central part of sec. 30, T. 6 S., R. 13 E., were it not 
for a fault with downthrow on the northwest which apparently 
corresponds with the valley in this locality. 

The escarpme:p.t in sec. 30 outlines a gentle syncline which opens 
to the southwest as shown on the map, the strike of the beds chang­
ing from N. 58° E. near the southwest corner of sec. 30 toN. 46° W. 
in the NE. i sec. 31. Part of this change in strike takes place along 
the line of the igneous dike which runs northeast from the center of 
sec. 31, cutting at right angles across the beds. For almost 1 mile 
southeast of this dike the strike of the beds (N. 46°- W.) is constant, 
but it changes abruptly in-the SW. i sec. 32, T. 6 S., R. 13 E., where 
a fault with downthrow on the southeast cuts across the beds at 
right angles to the strike. The line of this fault, like that of many 
others in the region, is occupied by a stream valley. Southeast of 
the fault the strike of the coal beds is north-south and the beds are 
apparently unbroken as far as Old Abe mine No. 1, now abandoned. 
Just south- of the opening of this mine the coal bed is cut by a fault 
trending N. 53° E., with downthrow on the. southeast, which shifts 
the coal outcrop 400 feet to the east. The bed can be traced for 

t See cross section by Jones,~· A., New Mexico mines and. minerals, fig. 31, p. 174, 1904.' 
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one-fourth of a mile south of this place, but in the center of sec. 5 
is concealed by gravel. A group of coal beds is exposed in the SE. i 
of the same section, one of which p:tobably corresponds to the Old 
Abe bed. If such correlation .is correct the outcrop ·of the bed has 
been thrown some distance to the east, presumably by faulting in 
.the area covered by the gravel. In the vicinity of the old Wells & 
Parker mine, which is situated in the SE. l sec. 5, occur several 
igneous dikes and sills, and a short distance south of the mine the 
outcrop of the coal-bearing rocks is narrowed to a strip but a few 
rods in width in the pass between the igneous masses of Carrizo Peak 
and Patos Mountain. Southeast of the pass the outcrop of the 
sandstone and limestone ·beds of the formation between the coal­
bearing rocks and the J!akota ( ~) ·sandstone appears to bear to the 
east. Farther south they are either·faulted or bent back to the west 
again, as the coal group that occurs a short distance stratigraphically 
above these 'rocks outcrops in sec. 26, T. 7 S., R. 13 E., on the east 
side of the Tucson Mountain~. The strike of the beds i~ here N. 25° 
E., and the dip 19° NW., toward the· igneous mass of the mountains. 

Between the Tucson Mountains and the Capitan field the structure 
was not studied .. In ·the latter area, as described by Campbell/ the 
coal-bearing rocks which dip to the northwest are broken by a con­
siderable fault which passes just west of Capitan and follows for so:r;ne 
distance the valley of Magado Creek, trending west of south. The 
downthrow is on the west, the coal being brought to a level with the 
strata of the underlying formation. A second fault was observed by 
the writer which parallels the first and lies northwest of it but has its 
downthrow on the east, thus duplicating the outcrop of ·the coal beds 
about 2 miles west of Capitan, where the bed~ are opened in the Gray 
mines. The fault just west of Capitan was traced by Campbell 2 

southwest to the west ·side of sec. 29, T. 9 S., R. 14 E., and was also 
observed by him where it crosses Bonito Creek, 2 miles east of Angus. 
It may possibly be connected with the great fault on Carrizo Creek, 
described below. The outcrops of .the coal beds, which southwest of . 
Capitan are cut out by the fault, are apparently brought to the sur­
face again farther west by faulting, as coal is reported in sec. 36, 
T. 9 S., R. 13 E. 'This second displacement may be a continuation 
of that which duplicates the coal outcrop 2 miles west of Capitan. 

There is a fault or upturn of the strata against the igneou_s mass of 
the mountains about one-half mile northwest of Angus, on the road 
from Parsons to Capitan, for coaly shale, which apparently belongs 
to the coal-beari.Jig formation, is exposed at this locality close to the 
co;ntact of the sedimentary and ign~ous rocks, a_~d red shale, which 

1 Campbell, M. R., Coal in the vicinity of Fort Stanton Reservation, Lincoln County, N.Mex.: U.S. 
Geol. Survey Bull. 316, p. 433, 1907. · 

2 Op. cit. 
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lies some distance stratigraphically below the coal-bearing formation, 
is exposed just north of Angus. It is to be regretted that time would 
not permit more detailed e·xaminations in this locality. ·On Eagle 

·Creek, 4 miles south of Angus, coal-bearing rocks are exposed, the 
dip being in general toward the mountains. 

On Carrizo Creek, in socs. 33 and 34, T. 11 S., R. 13 E., occur -the 
most.southerly exposures of the coal-bearing rocks: These are broken 
in many places by igneous dikes. Along the valley of Carrizo Creek 
:in sec. 34 a great north-south fault throws the Dakota ( ~) sandstone 
on the west far belo'Y the top of the Carboniferous limestone that 
stands in a bold cliff on the east bank of the stream. It is worthy of 
note that the downthrow here is on the west side of the fault like 
that of the east fault at Capitan, with which this fault may possibly 
be connected. This condition is in accord with the fact that the dip 
of the strata along the east side of the r~nge is in .general toward the 
mountains. It is the reverse of the movement in the second fau~t 
.west of Capitan and in that noted 3 miles northeast of White Oaks, 
where east of the synclinal mountain the downthrow along the fault 
line is to the east. · · 

South of Carrizo Creek there are no exposures ot the coal-bearing 
formation, the beds belonging for the most part to the Carboniferous. 

Across the Sierra Blanca to the west the coal-bearing rocks out:.. 
· crop in the neighborhod of Three Rivers. In the NW. t sec. 28, 

T. 11 S., R. 9!- E.1 the strike is N. 9° W., and the dip 14° E. Farther 
southeast the strike changes rather abruptly until it is ~lmost east and 
west and the dip is to the north. Coal is reported in sec. 20, T. 11 S., 
R. 10 E., and in sec. 12, T. 11 S., R. 9! E., which probably represents 
the same bed or one at about the same horizon. Northwest of old 
Three Rivers post office two flows or sills of igneous rock which cap a 

· prominent mesa show the effect of folding, which has bent them into 
a shallow syncline, pitching to the north. The position of this syn­
cline, together with the change in strike of the beds in sec. 28, T. 11 S., 
R. 9! E., as noted above, suggests that the coal beds are involved in 
the structure, and that the beds reported to outcrop near the moun­
tains may be the same as those in sec. 28 and may have been brought 
to the surface on the east limb of the narrow syncline. Their position 
may, however, be due· entirely to faulting. 

North of Three Rivers the exposures were not examined by the 
writer. It appears, however, from Meinzer's work 1 that fossiliferous 
beds which belong to the formation underlying the coal outcrop along 
the railroad 4 miles south of Oscuro, the strike being approximately 
north-south and the dip 30° E. If the strike of N. 9° W., observed 
on the beds in sec.- 28, T. 11 S., R. 9! E., northeast of the Fall ranch, 
remained unchanged to the north, it would carry them 1! miles east 

1 See note on p. 421. 
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of this outcrop near the railroad. Whether the strike changes or 
whether the outcrop is shifted to the west by faulting is uncertain. 

From the above-mentioned outcrop on the railroad the structure 
appears to be regular to a place about 1 mile northeast of Oscuro, 
where a thin coal bed is e~posed, the strike at this locality being 
approximately north-south and the dip. 20° E. Soft yellow sandstone, 
probably underlying the coal, is exposed along the railroad one-half 
mile northwest of the coal outcrop, and a sandstone bed, probably 
the Dakota ( n, occurs 2 miles farther west near the "malpais." This 
sandstone ledge can apparently be traced for about 6 miles and beds 
of red and yellow sandstone, supposedly of Morrison age,· are exposed 
stratigraphically below it on the west. One reading taken on the 
Dakota ( n sandstone 6 miles north of Oscuro gave a dip of 10° SE. 

The same succession of rocks may be recognized west of Carrizozo, 
the dip being to the southeast. Between Carrizozo and Oscuro, 
however, the strata appear to have been considerably disturbed by 
faulting and intrusion. Several sills of igneous rock, which appear 
to have been originally intruded along bedding planes, have been 
tilted from the horizontal by subsequent earth movement and now 
form hills with escarpments_ facing to the northwest. As an example 
may be cited Wi.pow Hill, 6 miles south and 1 mile west of Carrizozo. 
Halfway down the steep westward-facing escarpment of this hill is an 
outcrop of coal which is doubtless the same bed as that exposed north 
of Oscuro or one very nearly at the same horizon. To judge, how­
ever, from the outcrops of the Dakota ( n and higher beds of sand­
stone which appear west of the railroad, the coal outcrop should lie 
about 5 or 6 miles due west of Willow Hill. It seems almost certain 
that the bed at Willow Hill is brought into its present position by a 
fault with downthrow to the west which lies just west of the coal out­
crop and trends a little east of north. Willow Hill is therefore a block · 
mountain, its steep western escarpment being marked by a fault, 
whereas the more gentle eastern slope corresponds to the surface of 
the igneous sill which was bent by .earth movement subsequent to its 
intrusion. The two mountains south of Willow Hill appear to be of 
the same type. How many more faults traverse the region it is 
impossible to say from the meager data at hand. 

Four miles west and 1 . mile north of Carrizozo a sandstone ridge 
rises in a series of three islands above the black surface of the recent 
lava flow and is continued to the southbeyond the lava area. This 
sandstone is probably Dakota ( ~) and the ridge midway between its 
outcrop and Carrizozo is probably composed of 'the formation that 
underlies the coal, as limestone is here recorded by Meinzer. This 
outcrop can be traced northeast to the south side of sec. 6, T. 7 S~, 
R. 11 E. It seems likely that north of this place the beds are broken 
by a fault, which throws the outcrop 3 miles to the west, near the edge 
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of the lava flow, where the stratum dips 4 o SE. Meinzer collected 
fossils at both localities and, the beds are believed to be identical. 
The Dakota (~)is exposed 1 t miles farther northwest. The Dakota ( n 
and the fossiliferous beds of ·the formation below the coal aTe also 
exposed on the north and south sides respectively of sec. 5, T. 6 S., R. 
11 E., but the strike has here changed to northwest-southeast, the dip 
being 25° SW. These outcrops appear to be close to the point of a 
syncline the axis of which pitches to the south. From sec. 5 the out­
crop of the Dakota ( ~) swings more and more to the south past Lone 
and Baxter mountains. One mile south of the Baxter Mountain the 
beds examined by the writer strike N. 15° W. and dip 10° SW. .It 
is worthy of note that the dip is here away from Baxte:r Mountain 
rather than toward it, the reverse of the condition north of White 
Oaks on the east side of the mountain. 

The structure of the Sierra Blanca coal field as a whole, as stated 
at the outset, is evidently synclinal; the beds on either side of the 
mountain mass dip toward it and are succeeded by older and older 
formations as distance from the mountains increases. Whether the 
syncline· existed prior to the formation of the mountains, which were 
intruded along the line of we'akness of its axis, or whether it had its 
origin in the earth movements which produced the .mountains, or 
whether it is due to subseq}lent folding o~ the sedimentary strata by 
pressure against the rigid igneous mass is impossible to determine 
from the data at hand. The presence of the end of a syncline opening 
to the south in the area northwest of Baxter Mountain, and a possibly 
similar structure opening to the north near Three Rivers, together 
with the slight synclinal structure exhibited southeast of White Oaks 
on the east side of the range, are suggestive of an upturn of the beds 
adjacent to the intrusion. This is more apparent on Baxter Moun­
tain, where the crest and western flank of the mountain are formed 
of sedime;ntary strata tilted to the west apparently by the intrusion 
of the igneous rock which forms the east flank of t4e mountain. 

The time of the mountain uplift is suggested by the intrusion by 
dikes and sills of the coal-bearing rocks, which are believed by 
Knowlton to be of post-Laramie age. This fixes the time of the part 
of the earth movement from which the intrusions doubtless resulted 
as later . than the d·eposition of the coal-bearing sediments. The 
absence of any unconformity, so far as observed, in the recognized 
Cretaceous formations, or between them and the coal-bearing forma­
tion, would seem to preclude the possibility of mountain-building 
movements during ·the deposition of these formations. We may 
therefore assume that the formation of the Sierra Blanca took 
place after the ·deposition of the coal-bearing f9rmation. This con­
clusion is somewhat at variance with that of Graton, 1 who conside~ed 

1 Graton, L. C., The ore deposita of New Mexico: U. S. Geol. Survey Prof. Paper 68, pp. 168 et seq., 1910. 
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the monzonite porphyry of Nogal Peak to have been intruded in late 
Cretaceous time .. It is probable, however,- that in making this state­
ment he regarded the coal-bearing rocks as undoubtedly Cretaceous 
mage. 

THE COAL. 

WRITE OAKS DISTRICT. 

The coal-bearing area at White Oaks is ·very small. It is cut off 
from all other areas of the coal-bearing rocks by igneous intrusions 
on the northwest, southwest, and southeast and is bounded on the 
northeast by areas of barren rock below the coaL It is impossible 
to trace the coal beds for any considerable distance across the field 
because of the deep cover of gravel which overlies most of the area. 
The coal has been prospected in many places and the ~eds can be seen 
only at these prospects and at a few natural outcrops in the beds of 
dry gulches. As the coal beds themselves differ greatly in thickness 
from place to place, correlation can. be made only by means of the 
associated rocks and by comparison of the stratigraphic distances 
between the beds. Such correlation i_s necessarily unsatisfactory. 

So far as known the highest bed exposed in the field is near the 
township line in the SW. i SW. i sec. 32. (See Pl. -XXVI.) The 
coal lies in two benches that are separated by 12 inches of shale, the 
upper bench measuring 9! inches and the lower 25 inches, including a 
3-inch bone parting 2! inc4es from the top. At a distance of 249 feet 
stratigraphically below this bed lies the coal worked at the Wild Cat 
mine, the section of whiGh is as follows: - · 

Section of coal bed at the Wild Cat mine. 1 

Shale. Ft. in. 

Coal. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Bone ..••....... ·,-........................................ 2 
Shale, dark.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Bone ................................................. _... 3! 

Coal. ....... ! j 8! 
Bone .. ." .... M' d 1! 
Coal ... : . . . . lne · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · : · 11 

Coal, impure 1 
Shale, black ............. , ........................... : .- . . . . . . . 2 6 

Coal .......................................... -.......... 8 

7 5 

The bed mined is indicated by the brace in the section, and this 
part was sampled at the place whe~e the section was· measured. ·The 
analysis is given as No.15054on page 451. In the north entries of the 
mine the bed is only 12 or 14 inches thick. The mine is a slope run 

1 This section was measured in the west entry near the main slope. The section given on Pl. XXVI 
was measured at the top of the slope. 

\ 
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on the dip of the bed and side entries driven from it, the rooms being 
driven up the rise from tlie entries. The coal cars are brought to 
the-surface by a hoisting engine and the coal is used in the produc­
tion of electric power for the Homestake gold properties west of 
White Oaks, which are operated by the Wild Cat Co. A few rods 
north of the Wild Cat mine is a second opening made by the same 
company on abed which appears to be the same as that just described, 
though it is only 12 inches thick. There has been considerable slip­
pmg along the bedding planes o~ the strata in this locality and it 
may be that the difference in the thickness of the coal is due entirely 
to this cause. At a point 300 feet northwest· of the north opening 
~he company drilled a test hole in 1912 to the depth of 134~ feet. 
A record of this test has been furnished through the courtesy of the 
company and is given below. · Coal was found at the following 
depths: 

At 61 feet: 14 inches of coal, doubtless representing the bed opened at the 
Wild Cat mine. 1 

At 67!- feet: 6 inches of coal. 
At 75 feet: 2 inches of coal. 
At 92 feet: 18 inches of coal. 
At 94 feet: 4 inches of coal. 
At 128 feet: 10 inches of coal. 

At a distance of 375 feet stratigraphically below the coal bed of 
the Wild Cat mine lies a bed 22 inches thick which is exposed in the 
NE. i NW. i sec. 5, T. 7 S., R. 13 E. Twenty-four foot below it 
fossil collection 8073, comprising marine Cretaceous invertebrates, 
was obtained. The coal bed appears to occupy the same position 
with reference to the underlying Oretaceous sandstones as the bed 
20 inches thick exposed in the SW. i NE. i sec. 31, and is probably 
to be correlated with it. The thin beds about one-fourth mile north­
east of .the Wild Cat mine are probably to be correlated as shown 
on Plate XXVI. . . 

Near the middle of the NW. i sec. 5, T. 7 S., R. 13 E., is the open­
ing of the abandoned mine, Old Abe No.·l. The coal here measures 
46 inches in thickness and has a thin streak of bone 2 inches from its· 
top. The bed is overlain by sandstone and 32 feet above the_ coal 
lies a second bed 12! inches in thickness and 15 feet above that a 
third bed 9 mches thick. The strike of the bed in the Old Abe mine 

·is approximately north-south, and corresponds with the· strike at 
the Wild Cat mine. If there is no fault between the two mines tlie 
Old Abe bed lies considerably below the Wild Cat bed, and it seems 
not improbable from a comparison of the sections that the 9-inch 
bed 4 7 feet above the Old Abe· bed is to be correlated with the 

1 This record makes note of several small beds which were not observed in surface outcrops and is proba­
bly more accurate than sections 6, 7, and 8 on Pl. XXVI, which were compiled from surface observations. 
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10-inch bed 65 feet below the Wild Cat bed. It seems strange, how­
ever, if these beds are really the same, that the thick bed exposed at 
the Old Abe mine does not appear in some of the gulches which cut 
the strata· northeast of the Wild Cat mine. Whether the bed is 
thinner in this locality or is merely concealed -by· the overlying 
gravel, or whether a fault actually exists between the two mines, it 
is impossible to say .. Just south of the Old Abe No. 1 mine a fault 
trending in a northeast direction with downthrow to the southeast 
shifts the coal outcrop 400 feet to the east. Five hundred feet 
south of the fault the bed is opened in the present workings of the 
company, Old Abe No. 2. A slope is run on the dip of the bed, which 
is here about 20°, and side entries driven from it, the rooms being 
driven up the rise from the entries and the coal cars. hoisted to the 
surface by a whim. The coal is used in White Oaks and vicinity. 
A section of the coal bed in this mine is as follows: 

Section of coal bed at the Old Abe No. 2 mine. 
Sandstone. Ft. in. 

Coal...................................................... 2 
Bone .......................................... ·.·......... 1 
Coal. ........................................ ~ ............ 1 t 
Bone..................................................... i 
Coal...................................................... lOt 
Bone ............................................. ·.·...... t 
Coal. ................. -~-.................................. 4 
Coal, tough ......... ,..................................... 1 
Coal. ............................................... : ..... 1 4 

Shale. 
4 i 

A sample of the entire bed was here. taken and the analysis is given 
as No. 15053 on page 451. The Old Abe bed may be traced one­
fourth mile south of the mine, but farther south for one-third mile 
there are no exposures. · 

Coal is exposed on the road in the NW. l SE. l sec. 5, where a bed 
32 inches thick is overlain by a 30-foot bed of sandstone. The strike 
of this coal bed would carry it ab.ove the bed exposed at the aban­
doned Williams mine 600 feet farther southeast, and the Williams bed 
is above another bed 26 inches thick, which is exposed on the road 
375 feet east of the Williams mine. There are, therefore, three beds, 
measuring 32, 30, and 26 inches, exposed at this lo'cality, which may 
represent the three principal beds that appear to .be present farther 
north, in the vicinity of the Old Abe and Wild Cat mines. The. 
stratigraphic distance, however, between tlie two upper beds appears 
to be only about 70 feet, whereas that between the Wild Cat and the 
principal bed above it is almost 250 feet. There is a possibility that 
the structure may be complicated· by faults which are not apparent 
at the surface and that the stratigraphic distances, as computed from 



SIERRA BLANCA COAL FIELD, N. MEX. 445 

surface measurements, may not represent the true distances between 
the beds. The coal at the abandoned Wells & Parker mine is sepa­
rated from the exposures near the Williams mine by an intrusive sill 
or dike and its correlation with the coal at the Williams mine is there­
fore uncertain. No thick beds are exposed south of this point and 
north of the d~vide, though some thin streaks of coal appear in the 
pass which lies between the two mountains to the south. 

Half a mile no1~th of the Wild Cat mine the strike of the country 
rock changes from north-south toN. 62° W., and the sandstone bed· 
which forms a prominent escarpment in the NE. i NW. t sec. 32 out-

. crops in the· NW. 1 NE. 1 of the same section with a marked change in 
strike. As stated previously it is evident that a fault exists some­
where along the bottom of a valley which enters the main valley from 
the northeast. The down throw of this fault is on the southeast side. 
Northwest of this fault coal is· exposed at only three localities. The 
first locality is in the SW. 1 NE. 1 sec. 31, where a bed 20 inches 
thick appears in the bottom of a dry gulch. About one-third mile 
south of this locality a shaft 30 feet deep has been sunk by Mr. Price 
in the same gulch. A coal bed was penetrated which measures 14 
inches in thickness at the shaft but which differs greatly from place 
to place along the short e:r;1tries run from the base of the shaft. It 
is doubtful whether this bed is workable. A third prospect, which 
is separated by an intrusive dike from the bed just described, was 
formerly opened in the NE. i SW. i sec. 31 but is now so concealed 
by the caving of the overlying rocks. that a measurement of the coal 
can not be obtained. It is reported that in one of the wells on the 
south side of the creek in the town of White Oaks a bed of coal 5 or 
6 inches thick was encountered. One-half mile north of the town, on 
the west side of an intrus~ve dike, a bed of carbonaceous shale has 
been prospected and a third of a mile farther to the north several 
beds of the same material outcrop on the north side of the creek. 
No coal as much as 14 inches thick was found. The area of the coal­
bearing rocks in this locality is very small, for in the NE. 1 NE. 1 sec. 
25, T. 6 S., R. 11 E., dark-blue limestone, believed to be that near 
the base of the shale of Benton age, is exposed. There is evidently 
a fault between this exposure and the coal-bearing rocks east' of it, 
the downthrow being to the east. A sandstone bed bearing plant 
impressions, which probably is the Dakota 0) sandstone, outcrops 
a little southwest of the exposure of the dark-blue limestone. 
This exposure must be separated by a fault from the exposure of the 
limestone just mentioned, · as normally the Dakota ( n sandstone 
occurs below the limestone of Benton age. All sedimentary rocks 
are cut off a little west of the Dakota ( ~) outcrop by the intrusive ' 
mass that forms the east flank of Baxter Mountain, but the Dakota ( ~) 
sandstone again appears at the surface in sec. 35, T. 6 S., R.11 E., where 
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its strike is N. 15° W. and its dip 10° W. From this place the Da­
kota ( n sandstone swings to the northwest, west, and south, outlining 
a synclinal basin situated east of the great lava flow that lies west of 
Carrizozo. This syncline may contain near its middle a small area of 
coal land. 

On the east flank of a synclinal mountain, 3! miles northeast of 
White Oaks, two beds of coal have been mined in a small way. The 

. lower is 16~ inches and the upper 17! inches thick, and .the two beds 
are 115 feet apart stratigraphically. A few rods west of the opening of 
the mine there appears to be a north-south fault having an upthrow 
on the west which brings the rocks underlying the coal to the sur­
face. It is reported also that at the top of the synclinal mountain 
which lies west of the fault there are outcrops of coal, but this area 
was not examined in detail. No coal is reported in the general 
region north of this locality. · 

COAL BEDS OF THE REMAINDER OF THE SIEF,RA BLANCA FIELD. 

The following notes were made during a rapid. reconnaissance. of 
the entire coal field, no attempt being made to trace coal beds from 
one locality to another .. It is practically certain, however, that the 
beds described are all members of the coal group in the coal-bearing 
formation described on pages 10-12. 

In the Tucson Mountains, 4 miles southeast of the pass between 
Patos Mountain and Carrizo Peak, two beds of coal are exposed in 
theSE.! SW. i sec. 26, T. 7 S., R. 13 E. They dip 19° to the north­
west and strike N. 25° E. The section of the beds is as follows: 

Section of coal beds in theSE.! SW.! sec. 26, T. 7 S., R. 13 E. 

Shale. Ft. in. 
Coal .................................. : . . . . . . . . . . . . . . . . . 3 6 

Shale, covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Coal ..... : .. -.......... : . .................. , . . . . . . . . . . . . . 2 
Bone................................................... 5 
Coal, reported....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Sandstone, shaly. · 
48 10 

These two coal beds outcrop well up· on the side of the. Tucson 
Mountains. As the core of the mountains is apparently igneous 
rock, the coal area is cut off by it on the northwest. 

The mines at Capita·n lie about 8 miles southeast of the Tucson 
Mountains. The fact that two coal beds- are exposed at each place 
suggests that they are probably to be correlated with each other, 
although the beds were not traced through the intervening area. 

The mines known as Capitan Nos. 1 and 2 were opened on the 
thicker of the two beds. Both mines are now abandoned, but a 
section of the coal bed was measured near the mouth of mine No.2. 
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MAP OF THE WHITE OAKS DISTRICT, SIERRA BLANCA COAL FIELD, N. MEX., AND SECTIONS OF THE COAL. 

By Carroll H. Wegemann. 
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Section of coal bed at the Capitan No. rm~ne .. 

· Sandstone, white. Ft. in .. 

Shale, carbonaceous .......... :.............................. 2 
Coal ..... , ......... · ............................... ·........ 10 
Sandstone, white. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Coal .... ~ ..................... ~ .................. · ... · .... ·g 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 
Coal .................................................... 1 9 

3 9% 

In the report of the coal-mine inspector for 1899 the thickness of 
this bed, called· the Akers, is given as 3! to 6 feet and that of the 
bed known as the Ayers as 2! to 3! feet. (See p. 421.) Campbell 1 

also gives the thickness of the bed at mine No. 2 as greater than that 
recorded in the section here. given. The two beds have been opened 
in mines and prospects for about 3 miles along their outcrop, which 
lies on the west side of a consld~rable fault. This fault 1 passes 
about half a mile west of the village of Capitan in a nearly north­
south direction, turns a little to the west up the valley of Magado 
Creek, and then south, crOS$ing the west side of sec. 29, T. 9 S., 

· R. 14 E. The downthrow is to the west, the coal beds being brought 
down to a level with the underlying formation, which forms an 
~scarpment southeast . of them, about one-half mile southwest of 
Capitan. 

A second fault, parallel to the fust and about 1 mile northw:est of 
it, brings the coal outcrop to the surface about 3 miles west of Capi­
tan, w~ere it was opened in 1885 in one of the first mines of the 
region to supply coal for ·Fort Stanton. The actiVity of the mine 
was apparently of short duration. ·In 1901 a slope kno'Yll as the 
Liriderman mine was opened near the site of the former mine, but 
was soon abandoned because of the faults and the irregularity of 
the coal bed. From the arrangement of the old openings which 
may still be seen it is probable that both beds of coal exposed near 
Capitan are here present and were prospected. 

S. T. Gray, of Capitan, is now operating a mine northeast of the. 
old openings. 

In 1899 the large mines at Capitan were opened by the New 
Mexico Fuel Co. They reached their greatest production, 169,440 
tons, in 1901, after which year the output steadily decreased until 
1905, when the mines· were practically abandoned. It is reported 
that many intrusive dikes were encountered in the mines and that. 
because of the difficulty of mining the coal could not compete with 
that from the mines at Dawson in Colfax County.1 

1 Campbell, M. R., Coal in the vicinity of Fort Stanton Reservation, Lin.coln County, N. Mex.: U. S • 
. Gaol. Survey Bull. 316, pp. 431-434, 1907. · 
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On Eagle Creek, in the SW. i sec. 35, T. 10 S., R. 13 E., a thin 
bed of coal is said to outcrop, but it was not seen by the writer. 

Above Charles Wingfield's ranch on the Rio Ruidoso, in the 
NE. i NW. i sec. 28, T. 11 S., R. 13 E., 8 feet o{carbonaceous shale 
containing a thin seam of coal outcrops and has been prospected. 
The shale is overl.ain by a bed of sandstone which ranges from 4 to 
8 feet in thickness. In the SW. i NE. i of the same section 3 feet 
10 inches of coal was reported in a well at a depth of 180 feet. 

On a branch of Carrizo Creek in the NW. i NW. i sec. 34, T. 11 8., 
R. 13 E., a bed of coal o·utcrops on a claim belonging to Paul Herman 
and has been prospected in a slope. The bed dips 13° NW. and strikes 
N. 65° E. A section measured at this locality is as follows: 

Section on Paul Herman's coal claim in the NW. t NW. ! sec. 34, T. 11 S., R. 13 E. 

Ft. in. 
Sandstone,white .......................................... 15 
Shale ..................................................... ~ 20 

Coal ............................ ~..................... 3 
Sandstone, partly covered, green and white .................. 20± 
Shale...................................................... 3± 

Coal.................................................. 1! 
Bone................................................. i 
Coal; opened in slope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 

Shale, black, carbonaceous....... . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale, gray................................................ 3± 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Shale, gray................................................ 3 
Shale, black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . 1 
Shale, gray ........ ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale, black. 

Near the base of this section is a peculiar shale conglomerate in 
'·sandstone matrix similar to that observed above one of the coal 

beds prospected near Capitan. 
The coal bed giVen in the above section as 2 feet 7 inches thick is 

decidedly irregular. Another measurement, taken only 10 feet 
from the first, gives a thickness of 3 feet 3 inches. At the mouth 
of the prospect slope the coal bed is ove_rlain by a basic intrusive 
rock, which sends a "stringer" 6·to 10 inches in width down into 
the coal. The strata in the vicinity seem to be much broken by 
intrusive dikes. In the next canyon south of the Herman pros­
pect the Dakota ( ~) sandstone, . the overlying shale of Benton age, 
and the fossiliferous beds between the Dakota ( ~) and the coal­
bearing formation are exposed. On the west these be9s are cut off 
by an igneous dike intruded along a fault plane; the down throw 
in this locality is on the east, for the same beds outcrop at a higher 
elevation on the west of the dike. 
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Coal is exposed and has been prospected on the S.M. Johnson coal 
claim in theSE. l sec. 33, T. 11 S., R. 13 E., but an exact. measure­
ment of the bed at this place was not obtained. 

No coal is known south of Carrizo Creek, that region being occu­
pied for. the most part by rocks of Carboniferous age. 

On the west side of the range, east of the Fall ranch, in the NW.l 
sec. 28, T. 11 S., R. 9! E., several thin coal beds are exposed, the 

1 section being as follows: · 

Section showing coal beds near the Fall ranch, in the NW t sec. 28, T. 11 S., R. 9! E. 

Ft. ·in. 
Uoal .................................. ·.................... 5 

SandstOne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15± 
Covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10± 

Coal. .......................................... ·............ 1 2 
Shale .................................................. .-. 1 

. Coal............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Shale.·"- ........................... :....... . . . . . . . . . . . . . . 1 4 
Coal ................. , .............. _·_.................... 4 

Shale .. 

The dip of the beds at the locality of this section is 14° E. and the 
strikeS. 11 o E. This strike changes abruptly, for in the SW. l sec. 
22, one-half mile northeast of this locality, the dip is 24 o N. and the 
strike S. 80° E. · 

Whether the coal beds reported in sec. 12, T. 11 S., R. 9~ E., and 
in sec. 20, T. 11 S., R. 10 E., were brought to their present position 
by folding or faulting it is impossible to say without more detailed 
study. 

The coal·reported in sec. 16, T. 11 S., R. 9~ E., is probably the 
same bed as that which outcrops in sec. 28 of the same township. 
Coal-is repQrted by Meinzer and also by Jones 1 It miles north of 
Oscuro, on the west slope of Milagro ij:ill. Jones gives the thickness 
as 14 inches. The bed has been prospected by a slope. 

Coal is reported in a drill record at Carrizozo at depths of" 115, 220, 
and 300 feet. From the outcrop of the fossiliferous beds west of 
Carrizozo the coal outcrop of the overlying formation should lie 
about 1 mile west of the town. A mile west of Carrizozo and 6 miles 
to the south a bed has been prospected on the west side of Willow 
Hill and in the valley southeast of it. This bed dips eastward toward 
the intrusive core of the hill and as it probably represents one of .the 
beds found at Carrizozo it is probable that a fault exists a little west 
of the coal outcrop. This fault, like that noted on the e.ast side 
of the.Sierra Blanca, wo.uld have its downthrow·on the west_. North-

I J ~nes, F . .A., ~e'W' Mexico mines ~nd miner~l~, p. 105; i904. 
365·o -Bull. 541-14_.....:--29 
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east of Carrizozo a narrow synclinal basin, which .probably contains 
coal, lies between the outcrop of the Dakota ( ~) sandstone, which 
dips to ·the west on the west side of Baxter Mountain, and the out­
crop of the formation underlying the coal, which dips to the east on 
the east side of the "malpais." The probable extent of the coal in this 
basin is indicated on the map, its outcrop being drawn by inference 
from that of the underlying beds. The coal beds are broken by 
intrusions in sec. 21, T. 7 S., R. 11 E., and doubtless at other places, 
and it seems probable that the fault mentioned on page 440 also affects 
them. The quality and thickness of the coal beds in this area can 
only be ascertained by drilling, as there are no surface outcrops. 

COAL ANALYSES. 

The following table gives analyses of two samples of coal from the 
White Oaks field. Sections of the beds from which these samples 
were taken are given on pages 442, 444, under the descriptio:q. of the 
coal beds from which the samples were obtained. · 

· In the tables the analyses are given in four forms, marked A, ·B, 
C, and D. Analysis A represents the composition of the sample as 
it comes from the mine. This form is not well suited for comparison, 
because the amount of moisture in the sample as it comes ~rom the 
mine is largely a matter of accident and consequently analyses of the 
same coal expressed in this form may ·vary widely. Analysis B 
represents the sample after it has been dried at a temperature a 
little above the normal until its. weight becomes constant. This 
form of analysis is best adapted for general comparison. Analysis 
C represents the theoretical condition of the coal after all the moisture 
has been eliminated. Analysis D represents the coal after all mois- . 
ture and ash have been theoretically removed. This is supposed to 
represent the true coal substance; free from the mos~ significant 
impurities. Forms C and D, which are obtained from the'others by 
recalculation, represent theoretical conditions that do not exist. 

In the analytical work.it is not possible to determine the proximate 
constituents of coal or lignite with the same degree of accuracy as 
the ultimate constituents. . Therefore the air-drying loss, moisture, 
volatile matter, fixed carbon, and ash are given to one decimal place 
only, whereas the ash (in the ultimate analysis), sulphur, hydrogen, 
carbon, nitrogen, and ·oxygen are given to two decimal places.· The 
determination of the calorific value to individual units is not reliable, 
hence in the 'column headed ''Calories''. the heat: values are given to 
the· nearest five miits, and in the column ·headed ''British thermal 
units" they are· given to the nearest tens; as the value of a .British 
thermal unit is about one-half -that of a calorie. 
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Analyses of coalsamplesfrom the White Oaks district of the Sierra Blanca co.al field. 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.] 

Proximate. 

I 
· Ultimate. Heating 

-~ value. 
0 gi z ~ 

1>. 
,g Cil ~ ~ ~ . N arne of mine . . s § g s - ~ a 0 

~ 
g g ~~ ~ 

~ 0 E ~Iii l=i ~ l=i gi 
-9 a 'do 0 b.O 

·~ ...,..., .a 0 ~ ~Cil .0 -~ «< G:>.O ~ ~ 
.0 b «< J:l s 0 '0 .::l Cll ~ til z ~ .a ~a ...:l -< f:r.l ~ :> f:r.l -< Cl.l ~ 0 0 0 

- --------------------
15053 Old Abe No.2 .. 0.9 A 2.5 37.9 44.9 14.70 0.83 5.15 68.06 1.23 10.03 6,815 12,260 

B 1.6 38.2 45.4 14.83 .84 5.10 68.68 1.24 9.31 6,875 12,380 
c ..... 38.8 46.1 15.07 .85 4.99 69.80 1. 26 8.03 6,985 12,580 
D ..... 45.7 54.3 ······ 1.00 5.88 82.18 1.48 9.46 8,225 14,810 

15054 Wild Cat ....... 1.3 A 2.5 34.6 46;0 16.86 . 76 4.97 66.65 1. 32 9.44 6,640 11,960 
B 1.2 35.1 46.6 17.08 . 77 4.89 67.53 1. 34 8.39 6, 730 12,110 
c ...... 35.5 47.2 17.30 . 78 4.81 68.38 1.35 7.38 6,815 12,270 
D .... 43.0 . 57.0 ······ .94 5.82 82.69 1.63 8.92 8,240 14,830 

Proximate analyses of bituminous and semibituminous coal in .the air-dried form (B) for 
comparison with that of coal from the White Oaks district. 

[Made at the Pittsburgh laboratory of the Bureau of Mines.] 

British 
Mine and field. Ash. thermal 

units. 

--~-------------1---------------

Mine No.2, Dawson, N.Mex ••.............. .' ...... . 
Sugarite No.1, Raton, N.Mex •.••.................. 
Buck mine, Buck, Okla ............................ . 
Cainesville mine, Cainesville, Mo ................... . 
Baby mine, Pocahontas, Va ........................ . 

1.5 
1.7 
1.2 
5.6 
1.0 

38.2 
39.0 
34.9 
43.1 
18.2 

45.4 
50.2 
56.2 
38.4 
77.1 

14.9 
9.1 
7. 7 

12.9 
3. 7 

12,670 
13,350 
13;920 
11,450 
15,350 

The White Oaks coal does not "slack" or crumble on exposure 
and hence is above subbituminous in grade, and its calorific value 
of a little over 12,000 British thermal units on an air-dried sample 
places it in the class of bituminous coal. As will be seen from the 
table of comparisons given above, it compares well with the Daw­
son coal but is inferior in heating value to the coal from Raton. It 
is better coal than that from Carnesville, Mo., but is inferior to some 

. of the Oklahoma coal. It is low in sulphur but high in ash and in 
oxygen, both of which reduce its heating value.1 A general idea of 

'· its heating value in comparison with that of the semibituminous coal 
of the East may be obtained from the analysis of the Pocahontas 
coal·given· in the above table. · 

DIFFICULTIES OF MINING. 

The principal drawbacks to mining in the Sierra Blanca coal basin 
• are the interruption of the coal beds by intrusive. dikes of igneous 

rock, the presence of numerous faults, and the thinning of the beds 
in many .places owing to movement along bedding planes. 

1 White, r>av~d, The etroot of oxygen in ~al: u. s. OeOl. sw-vey BUll. 382, i900. 
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Intrusive dikes encountered· in mining are difficult to penetrate; 
they may be many feet in thickness and the coal bed which they inter­
rupt may have undergone movement along the plane of the intru­
sion, so that the coal on one side of the dike may not be directly 
opposite that on the other. 

Some intrusions are said to have injured the coal adjacent to 
them. C. A. Fisher mentions an example in the Capitan mines of 
the alteration of the coal adjacent to an igneous intrusive to "a 
so-called coke or slag, which is noncombustible." 1 · 

In the present examination the writer did not observe this phe­
nomenon. At one of the prospects near Carrizo Creek a bed of coal 
is cut by a small intrusive dike about 12 inches wide, but no altera- , 
tion of the coal adjacent to the dike ·seemed to have occurred. At the 
Wells & Parker _coal mine, southeast of White Oaks, the presence of 
the igneous sill does not appear to have materially· affected the coal 
4 feet below it. · 

The location of intrusive dikes may often be detected, even on a 
soil or gravel covered surface, by the presence of igneous bowlders 
and pebbles which weather out of the underlying rock. The occur­
rence of a few igneous pebbles has little significance, but their presence 
in great numbers in certain well-defined bands can usually be relied 
on as an evidence of an underlying igneous rock. 

The larger faults can as a rule be recognized at the surface, but 
many of the smaller ones are concealed. They make mining difficult 
not only by displacing one part of the bed with.reference to the other, 
and ending the coal abruptly against a face of rock, but also, where 
the displacement is slight, by fracturing the coal, and thus increasing 
greatly the percentage of slack in the product of the mine. 

In many places the coal beds are locally thinned by earth move­
ments which have caused the sedimentary strata to slide one over the 
other. As the coal beds are relatively soft and easily crushed they 
have furnished planes of easy movement along which much of this 
readjustment of the strata has taken pl~ce. As a result the coal is 
in many places so crushed as to increase greatly the amount of "slack" 
and the thickness of the bed is rendei:ed inconstant, the coal being ·' 
''bunched" in some places and in others practically obliterated.· 

1 Fisher, C. A., Coal fields of the White Mountain region, N. Mex.: U. S. Geol. Survey Bull. 225, p. 
294,1904. . 



COAL NEAR THOMPSON, GRAND COUNTY, UTAH. 

By FRANK R. CLARK. 

INTRODUCTION., 

The area here described lies about 5 miles north of Thompson, 
Utah, and comprises about 4 square miles of the Book Cliffs coal · -
field,. which lies north of the Denver & Rio Grande Railroad. Owing 
to the recent commercial developme~t. of the coal this examination 
was made in the early part of July, 1913/ for the purpose of col­
lecting data for an intelligent, well-founded classification and valua­
tion of the land. Most of the coaJ lies in three beds, which range 
in thickness from 1 foot to 6 feet. The lower and middle bec~s are 
very irregular in thickness and character, being badly split by shale 
and bone partings, but the upper bed ls comparatively free from 
these impurities. The distance between the three principal toal beds 
that are present -in this area differs greatly from place to place, show-
ing no definite increase or decrease in any particular direction. 

The Book Cliffs coal field extends in a general northwestward 
direction from· Grand River, Colo., to Castlegate, Utah, a distance 
of about 175 miles. Thompson, Utah, a station on the Denver & 
Rio Grande R.ailroad (see fig. 17), lies about midway between Sunny­
side, Utah, and the Colorado State line,. The area here described 
consists of sees. 27, 28, 33, and 34, in T. 20 S., R. 20 E., Salt Lake 
base and meridian. The coal, which is bituminous, is mined under 
the trade name of Bear coal by the American Fuel Co. of Utah, 
which began its operations in March, 1912. The post office~ estab­
lished at the mine, is Neslen. 

The writer was assisted in the field examination by H. Clark, of 
Thompson, Utah. Ml'. Thomas, the superintendent, and other mine 
officials were very courteous and gave many interesting facts con­
nected with their n1ining operations and the difficulties they have 
had to overcome in the development of their properties. 

1 Although this work was done in 1913, the unavoidable delay in the publication of the Survey's annual 
volume -including short reports on work done during that year has made it desirable to' include this report 
fn the volume for 1912. 

453 
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PREVIOUS WORK. 

The previous geologic reports 1 on the Book Cliffs coal field, or 
portions of it, dating as far back as 1878, deal with the geology and 

FIGURE 17.-Map of Utah, showing location of Thompson and Wales coal fields. 

coal resources in a broad way and contain no mention of this small 
·area, G. B. Richardson 2 in 1909, however, published a report of a 

1 Peale, A. C., Geological report on the Grand River district: U.S. Geol. and Geog. Survey Terr. Tenth 
Ann. Rapt., pp. 170-185, 1878. Hillis, R. C., Coal fields of Colorado: U. S. Geol. Survey Mineral Resources, 
1892, p. 353, 1893. Eldridge, G. H., Asphalt and bituminous rock deposits of the United States: U.S. 
Gaol. Survey Twenty-second Ann. Rept., pt. 1, p. 332, 1901. Storrs, L. S., The Rocky Mountain coal 
field: U. S. Geol. Surirey Twenty-second Ann. Rept., pt. 3, p. 436, 1901. Lakes, Arthur, The Book Cliffs 
coal mine: Mines and minerals, vol. 24, pp. 289-291, 1904; ·The Grand River coal field: Min. Reporter, 
vol. 51, pp. 379-38~, 1905. Taff, J. A., The Book Cliffs coal field west of ~reen River, Utah: U.s .• Geol. 
Survey Bull. 285, pp. 289-302, 1906. 

I Richardson, G. B., Reconnaissance of the Bqok Cliffs coal field between Grand River, Colo., and Sunny­
side, Utah: u .. S. Gaol. Survey Bull. 371, p. 37, 1909. 
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very rapid reco1maissance survey of the Book Cliffs coal field from 
Grand River, Colo., to Sunnsyide, Utah, which deals with the broader 
features of the geology and coal resources of thi'l area. He states 
that ·more development had been done in this area than in any other 
part of the Book Cliffs in Utah considered in his paper, but this 
early development amounted to little n1ore than propsecting. 

FIELD WORK. 

The field examination was made by the writer in great detail and 
with considerable care. The coal-bearing strata were very thor­
oughly prospected with pick and shovel and the beds were opened 
at many points, at each of which the character of the coal was noted 
and careful measurements of the thickness of the bed and the various 
partings were made. ~e coal outcrops were meandered with plane 
table, telescopic alidade, and stadia rod, and all points at which the 
coal was examined, as well as many intervening points on the out­
crop, were carefully located. The horizontal control -was furnished 
by corners established by the General Land Office. The altitude of 
all points located was also determined by vertical angles. The 
initial altitude, 5, 730 feet, was taken from a bench mark on ·the 
railroad just south of the coal jigs or washers, ~o that the elevations 
are all referred to the sea-level datum plane. 

LAND SURVEYS. 

The four sections (27, 28, 33, and 34) included in this area are the 
orily subdivisions that have beeu made in T. 20 S., R. 20 E. 'I'he 
survey was made in October, 1907; the corner stones are plainly 
marked, and the writer's traverses indicate that they were accurately 
located. No discrepancies were found between the actual position 
of the corners and the position shown by the Land Office plat. 

The American Fuel Co. of Utah, whose coal mine is located in 
sec. 27, have recently completed a very careful transit and chain 
survey of their lands in this vicinity and have set posts at all of the 
"forty" corners embraced within their property. A number of 
these private posts were located during the investigations covered 
by thi" report and are shown on the map (Pl. XXVIII, p. 468). 

TOPOGRAPHY. 

RELIEF. 

The topography of the Book Cliffs is characterized by a series of 
nearly perpendicular sandstone ledges alternating \vith sloping shale 
benches. Here and there the bold southward-facing escarpment has 
been deeply trenched by streams, forming rnore or less narrow steep­
sided canyons that range from one to several miles in length. The 
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area herein described lies in the drainage of Thompson Creek,· a· 
typical canyon stream,. which with its branching short steep-sided 
gulches has very thoroughly dissected the Book-Cliffs. 

The Book Cliffs north of Thompson are divided topographically 
into two. parts, a lower and an upper escarpment, separated by a 
broad shale bench. Near the railroad on the north is the lower per­
pendicular sandstone escarpment, about 7.5 feet high, which forms 
an impassable barrier except where erosion has worn it away. Above 
and back of this ledge extends a nearly flat s·urface which is sparsely 
covered by "scrub" cedars, sagebrush, and some grass. North of 
this bench rises very abruptly the upper escarpment of the Book 
Cliffs in which the coal beds are found. At the base of this escarp­
ment throughout this area occurs a nearly perpendicular ledge about 
100 to 150 feet high, above which alternate.relatively thick, nearly 
perpendicular sandstone ledges and thin sloping shale benches. 

The elevations above sea level in the area under discussion range 
from about 5,300 feet in the bed of Thompson Creek to about 8,000 
feet on the divides. The total relief is thus about 2, 700 feet. 

DRAINAGE. 

This area is drained primarily by two main southward-flowing 
streams, Thompson Creek and the Right Fork, together with numerous 
short gulches which contain running water only during heavy rains 
or the season of melting snows. The two main streams are, however, 
perennial, though the water se\dom flows, except in time of floods, 
beyond a point just below the south line of sec. 33. 

The Denver & Rio Grande Railroad owns the water of Thompson 
Creek, and has a 7-mile pipe line which carries the water from its 
source in the canyon to storage tanks on the railroad at Thompson. 
The water from the Right Fork of Thompson Creek is owned and 
used by the American Fuel Co. of Utah for their coal-mining camp 
at Neslen, in sec. 27. 

STRATIGRAPHY. 

The beds exposed in this region are considered fron1 the best 
evidenee now available to be of Upper Cretaceous age, and to belong 
to the Mesaverde formation and the Mancos shale. The coal is 
found in the lower part of the Mesaverde formation. 

The columnar section shown on Plate XXVIII (p. 468) gives the 
general character of the beds exposed in this area. The section, 
except that part containiilg the coal beds, which is drawn from meas­
urenlent.s made between locations 14 and 61 in the center of sec. 27, 

. is reproduced from Richardson's report on the Book Cliffs coal field, 
Utah. The section as a whole is more or less generalized, but that 
part which includes the coal-bearing strata was measured in this 
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area. The amount of coal shown in this section is doubtless too 
great, as all these beds are probably not present in all parts of the 
N eslen district. 

The Mesaverde formation, which overlies the Mancos sh~e, is 
essentially of brackish or fresh water origin and consists of a series 
of alternating beds of buff sandstone and gray shale with the amount 
of sandstone gTeatly in excess of the shale except in the coal-bearing 
portion. The sandstone is composed of quartz grains with some 
mica .. The shales are more or less sandy, but in the vicinity of the 
coals contain some carbonaceous m·aterial. 

The Mancos shale, which possesses certain well-defined character­
istics, lies beneath, and in this area outcrops to the south of the coal­
bearing strata. It is a marine clay shale, bluish gray to drab in color, 
and differs but little either in color or character except in its upper 
part, where it is more sandy and in places contains lenses of impure 
liinestone. 

Richardson, in his report on the Book Cliffs coal field, draws the 
contact between the Mesaverde formation ·and the l\1ancos shale at 
the base of the lower sandstone cliff s~own on the map. 

STRUCTURE. 

The structure of that part of the Book Cliffs field discussed in this 
paper is very simple and regular. The beds dip gently (2°-3°) north 
or slightly northeast.. The dips and strikes recorded on the map ·are 
based on actual measured differences in elevation of points along the 
outcrop of the same coal bed and not on mere generalized observations. 

The area is practically free from faults, only one having been 
observed, a block fault, w~ich extends across the SW. ! sec. 28 in a 
northwest-southeast direction. The fault planes inclose a small 
lenticular block, one edge of which is broken off and the other edge 
appears at location 5 in theSE. t SE. t SW. ! sec. 25. The maximum 
width of the block as shown 300 feet west of location 29, in the NE. i 
SW. t sec. 28, is 200 feet. Northward from this locality the width 
of the block decreases until at location 2, in the 1\TE. l NW. ! SW. t 
sec. 28, it is but 40 feet. This block has dropped with reference to 
the adjoining strata, and the vertical throw was measured at a 
number of points as follows: At location 5 the throw is but a few 
feet, and the fault disappears not far south of this point.· The throw 
on the west side of the block at location 4, in theN. t SE. ! SW. l 
sec. 28, is 10 feet, whereas at location 31 it is 20 feet on the west side 
and only 5 feet on the east side of the block. The maximum throw is 
not far north of these points and probably does not exceed 30 feet. 
At location 2, in the NW. t SE. t SW. t sec. 28, there is practically 
no vertical throw, the fault planes being marked simply by _brokeJ?. 
or crushed sandstone, and. beJond this point northward there. is no 
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evidence whatever ofany displacen1ent. 'fhe presence of this fault 
can have little effect on the future development of the coal, as prac­
tically all the coal that is under sufficient cover to be of economic 
value lies east of the fault. ·· 

THE COAL. 

GENERAL FEATURES. 

The coal beds lie nearly flat and hence _they have smuous outcrops 
which retreat far into the plateau where they c_ross the ·stream 
valleys and which project on every spur out to the extreme front 
of the cliffs. Three continuous coal beds are exposed throughout 
the area, and the outcrop of each is represented on the map (Pl. 
XXVIII, p. 468) by a full line. These. outcrops were meandered 
with a plane table, Gale telescopic alidade, and stadia rod. Altitudes 
of most of th~ coal sections measured were obtained by vertical 
angles. A list of these altitudes is given below: 

Altitudes of bottom of coal bed at localities where sections were measured in area near 
Thompson, Utah. · 

BedA .. 1 · BedB. 

No. of locality: 1 Feet. No. or locality: 1 Feet. 
L •.................•.. 5, 743 26 ..•................... 5, 784 
2 ...................... 5,772 27 .••................... !i,835 
3 ...................... 5,797 28 .•.•.................• 5,856 
4 ..... - 0 0 ••• 0 0. 0. 0 ••• - 0 5,834 29 ...... 0 •••••••••••• 0 •• 5,890 
5 •...... -.- ..... 0 0 •• 0-- 5, 845 30 .•.... 0. 0.-.-. 0 0-0.0. 0 5,880 
6 .. --. 0 0 •• - 0 ••• - 0 •••• -- 5, 848 31 •••• -- 0 - - 0 0 • 0 •• ----- - - 5, 923 
7 ...................... 5,878 32 .•.................... 5,917 
8 ••.................... 5,903 33 •..•.................• 6,005 

10.------ ... --------.--- 5, 852 34 .• ------- 0.---.- .. ---- 5, 911 
1121._._-_ ·_ ._·-_ ·. -_ -_ -_ -_ ·. -_ ·_ -. -_ -_ -_ ·_ ·_ ·_ -_ 55', 838328 35 .••. - 0--0- ••• 0--0----- 5, 919 

36 .••.................•• 5,881 
13 ..... _ ................• 5,810 37 ...................... 5,876 

. 14 .....................• 5,779 ~6:::::::::::::::::::::: ~:~~ 
~L::::::::::::::::::::~:~ 
17 ...................... 5,917 !t:::::::::::::::::::: g;~!~ 
18 ...................... 5,961 43.. ....... · ....... · .....• 6,012 

~t:::::::::::::::::::: ~:i~~ !t:::::::::::::::::::: i: ~~ 
22 •.•.....•....•.•...... 6,047 47 ...................... 6,102 

~~::: : : : : : : : : : : : : : : :: : : : ~: g~~ :~::: : :: : : : : : : : : :: : : : : : : ~: ~~~ 
25 .... -- •. - ---- •.. -.--- 0 6,143 50 .... -.-- •••. -.- •••• --. 6,167 

Bed C. 

No. or locality: I Feet. 
51. •.•.. ----.--- .. --.--. 5, 786 
52 •.•...............•... 5,857 
53 ...................... 5,883 
54 ... -- 0 • 0 - - 0 - •• - -. -- •• - 5, 913 
55 .............. ; ....... 5,914 
56 ... - .. 0 - -- -- •• - - -- • -. - 5, 938 
58 .... - . - . - -- - - .. -.. - -- - 5, 964 
li9.- ... --- 0---- 0 •• -. 0--. 5, 955 
60 ... -- .. - . -- -- . -- - . - . -. 5, 894 
61. .•................... 8,854 
62 ••...•................ 5,908 
63 •• -.-.- 0 •• 0 • --. 0 ----.- 5, 947 
64 ...................... 5,975 
65 •...............•....• 5,974 
66 ...................... 5,967 
67 ....... - .............. 6,071 
68 .... - .. - ... 0. 0 0. --· 0-- 6,064 
69 ...................... 6,083 
70.---- .. -; 0-- 0- .. --.-.- 6, 118 
71...~----------·------· 6,123 
72 ..•..................• 6,142 
73 .••... - .• -.- .. --.----. 6,1.55 
74 .............. ; ....... 6,207 

The three beds are here designated by the letters A, B, and C, A 
being the lowest and C the highest bed. Measurements of the coal 
in these beds were made at many places on the outcrop and the 
results are shown graphically on Plate XXVIII. The locations of 
the coal sections on ·the map are numbered consecutively from left 
to right along the outcrop, beginning with No. 1 on bed A at the 
extreme northwest corner of the area. The numbers used' to· mark 
the location of the coal sections on the map are also used to designate 
the corresponding graphic section. 

1 Sl'e map, Pl. XXVIII, p. 468. 
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At a number of places local thin, seemingly isolated lenses of coal 
occur above and below each of the three principal beds, but the avail­
able information regarding these lenses does not justify an attempt to 
correlate one exposure with another or to assume the bed to be con­
tin~ous between any two. 

The presence of rocks ni.ore or less altered by the burning of the 
coal is very common in many localities in the Book Cliffs field, but in 
the area under discussion only three places were found where· the 
coal has been burned. Beds B and C are burned for a short distance 
north of locations 27 and 52 in sec .. 28. Another burnt area lies 
south.of location 57, in sec. 28, and in the NE.! sec. 33. Evidence of· 
local burning was also found in the E. ! SE. 1 sec. 34. 

COAL BED A. 

Bed A is stratigraphically the lowest bed whose outcrop is shown 
on the map (Pl. XXVIII), and it is believed from the evidence 
at hand to be a continuous bed throughout the area. The exposures 
are good and a casual examination creates the impression that the 
bed maintains a fairly constant thickness o_ver the entire area. A 
detailed study of the graphic sections, however, demonstrates great. 
irregularity in the thickness of the coal and the character of the. bed. 

Twenty-five detailed sections of coal bed A were measured and are 
designated on the map by numbers 1 to 25, inclusive, arranged con­
secutively along the outcrop from north to south. They show a 
range in thickness 'from 2 feet 7 inches at location 1 to 6 feet 2 inches 
at location 14, including partings at both places. The coal bed is 
generally overlain by shale or sandy shale, which in turn is overlain 
by a buff sandstone, but in places this sandstone rests dir~~tly on 
the coal. This sandstone contains niany joint planes, is indurated 
and thinly bedded, but is extremely irregular in thickness and char­
acter as well as occurrence. Where the sandstone is thinnest it 
weathers into rectangular blocks, ranging from 3 to 6 feet long 
by 2 to 8 inches on the side; in the thicker parts of· the sandstone 
these blocks weigh several tons. The floor of bed A is almost uni­
versally shale or sandy shale, but in some places the coal rests on _a 
few inches of bone or carbonacequs shale. The variations in the 
character of the roof and floor of bed A are very well shown in the 
sections on Plate XXVIII. 

Bed A is generally separated into two or more benches. In many 
places the upper bench, containing from 5 to 10 .inches of coal, is 
separated from the rest of the b~d by 3 to 10 inches of yellow clay. 
South and east along the ~mtcrop from location 1 to location· 9 the 
bed shows a wide range in the number and arrangement of partings 
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and in the total thickness of coal, even between adjacent sections. 
There is no apparent regularity in this change in any direction. 
The difference shown in three sections measured in a single continuous 
exposure at location 9 affords a good example of what may be 
expected to occur in any of these coal beds. The coal bed in this 
exposure, which is about 60 feet in length, contains a shale parting. 
that increases toward the south from 4 inches to 4 feet, but the two 
benches of coal remain approximately of the same thickness. Sec~ 
tions 10 and 11 both show bed A to be split into two benches by 
6 inches of shale. The total thickness of coal in sections 9, 10, and 
11 ranges from 3 feet 6 inches to 3 feet 11 inches. Southeast of 
location 12 the coal bed consists of two benches. The lower bench 
ranges in thickness from 3 feet 10 inches to 4 feet 11 inches and as 
far southeast as a point in the vicinity of location 23 is only locally 

. split by partings. The upper bench of bed A, between locations 12 
and 22, is separate-d from the lower by 6 to 10 inches of clay or 
shale. This part of the bed is variable in character and thickness, 
being represented in many places by only a thin bed of carbonaceous 
shale. The coal in this bench at no place exceeds 10 inches in 
thiclmess. South of location 23 the sections measured at locations 
24 and 25 show bed A to be very badly split by partings. (See Pf 
XXVIII.) 'rhe chemical. composition of this coal is shown in the 
table of analyses on page 470 (No. 17578). 

LOCAL TIDN LENSES ABOVE AND BELOW COAL BED A . 

. At several localities thin beds of coal (6 inches to 1 foot 8 inches 
in thickness) are exposed at distances ranging from 3 feet 6 inches 
to 16 feet below bed A. At location 9 coal 6 inches in thickness is 
exposed, representing, it is believed, the same bed as the 20-inch · 
bed below bed A at location 11. The exposures at location ·15 do 
not ~how any coals below bed A, but several streaks of carbonaceous 
shale are exposed below it at location 17. One or more of these shale 
beds may be the equivalent of the 10-inch bed of coal at location 16, 
or of the 17-inch coal at loca.tion 18, both of which lie below bed A. 
At location 24 the 15-inch bench o{ coal at the top of the section is 
overlain_ by 2 inches of ash, .showing that part of this. bench has been 
locally burned. At a distance of 1 foot 2 inches above this 2-inch 
ash bed another bed of ash one-half inch thick outcrops an!f is overlaiD. 
by shale and clay. The foll~wing list of sections gives the character 
and thickness of the thin beds below bed A and also the distance 
between· bed A and certain other local lenses not ·mentioned in the 
above· discussion·: 
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Sections of coal beds or lenses below bed A in sees. 27, 28, and 84, T. 20 S., R. 20 E. 

Location 3. Location 18. 

Coal bed A. Ft. in. Coal bed A. Ft. in. 

Interval........................ 8 
Shale. 

Coal, impure............... .. 1 
Shale. 

Total coal..... .. . .. .. .. .. . . 1 

Location 11. 

Coal bed A. 
Interval. ....................... 6 
Clay. 

Coal, bright ...... · ......... : .. · 1 

Total coal. . . . . . . . . . . . . . . . . . 1 

Loca tiou 12. 

Coal bed A. 
Interval. .. . . . . . . . . . . . . . . . . . . . . . 15 
Clay. 

Coal......................... 1 
Bone ................... : ....... . 
. Shale........................... 2 

Total coal....... .. .. .. .. .. . 1 

Location 14. 

Coal bed A. 
Shale, carbonaceous ............. . 1 
Shale, sandy ................... . 2 

Coal, bright ............. ~ .. .. 
Shale, sandy ................... . 4 
Shale, clay ...................... . 5 

Coal, bright ................. . 1 
Bone ...... : ..................... . 
Shale .......................... . 3+ 

Total coal ................. . 1 

Location 16. 

Coal bed A. 
Shale, sandy.... . .. . . . .. . . . .. .. . 4 

Shale, sandy.... . .. . . . . . .. .. . .. . 4 
Coal. ........................ 1 5 

4 Shale. 
Total coal. . . . . . . . . . . . . . . . . . 1 5 

4 Location 20. 

Coal bed A. 
Shale, sandy ................... . 3 

8 Clay ............................ . 3 
Coal, bright ................. . 1 1 

8 Shale, sandy .............. : . ... . 2 
12 

11 8 
Interval. ..................... .. 

Coal ....................... ·~. 
Shale, sandy ................... . 3 

6 
Total coaL ................ . 2 

Location 21. 

8 Coal bed A. 
3 Shale ..................... · ..... . 1 6 

Clay .................. , ......... . 6 
4 

6 8 San~=-~'-~~~:.·.·~---_·_·_·_·_·_·~~~:~~~ 
Shale .......................... . 3 
Shale, sandy ............ · ....... . 14 . 

2 3 
5 

Clay ......................... · ... . 
Shale, carbonaceous ............ ·_ 

8 Coal .................... _ ... . 4 

6 Shale .......................... . 3 

3 
10 Totaf coal. ..... ~ .......... . 

9 . Location 23. 

Coal bed A. 

11 
Clay ......... ·.................... 3 6 

Coal ... · ................. .".... 10 
Shale. 

Total coaL............ . . .. . 10 

Coal......................... 10 
Shale, slightly_carbonaceous..... 5 
Clay ........................... ·... 4 
Shale, carbonaceous......... . . . . 1 8 

Coal ... .-..................... 6 
Shale. 

Total coaL................ . · 1 4 

From the· available qata i.t is impossil;>le to s.ay with c.ert~ty 
wh~ther or ·~ot "the bed$ give.~· ip. · ~l;lls· li~t repr~sent "splits" ~om 
bed A- or whet~er they" are . ~ere1y lQCal thin ~e~ses w~ch h~ve no 
direct connection with bed ··A. or :With one anotJ.:ter. lt is believeq," 
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however, that some of the sections of coal below bed A represent the 
same bed, which is· probably local and of very little economic 
importance. 

There are only two places (locations 14 and 20) where coal was 
found in outcrops between beds A and B. At location 14 coal 1 
foot 8 inches in thickness is exposed 16 feet 9 inches stratigraphically 
above bed A, and at location 20 the following section was measured 
15 feet stratigraphically above bed A: 

Section of coal measured at location 20, 15 feet above bed A, in the NW. t SE. t NE. t 
sec. 34, T. 20 S., R. 20 E. 

Ft. in. 
Clay .. .'............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Coal. .............................................. : . . . . . . . 7 
Bone................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Coal.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Shale. 
4 2 

These sections may or may not belong to the same bed, but no 
other exposures were observed in this area at this horizon, and it 
seems probable ths.t they represent only lqcallenses. They have no 
immediate commercial value. 

COAL BED B. 

Coal bed B is the first continuous coal bed above bed A. The 
distance between beds A and B ranges from 45 to 100feet, with the 
maximum at locations 27, 33, and 43, and the minimum at locations 
36, 39, and 44. There is no apparent constant change in this inter­
val in any given direction but merely an irregular variation from 
place to place. Bed B is overl~n by a massive sandstone, but most 
of the coal sections show an intervening layer of softer material 
which ranges in thickness from a few inches to 1 or 2 feet. This roof 
material is in some places bone, in others a mass of alternating thin 
lenses of shale and coal, and in others carbonaceous shale, clay, shale, 
or sandy shale. The sandstone is massive or heavy bedded, buff to 
gray in color, and from 5 to 20 feet in thickness. It does not every­
where lie in a perfect plane but locally shows slight undulations or 
rolls. It rests directly on the coal at a few places and in others it 
may cut out parts of the coal. 

The floor material of bed B is universally a shale or sandy shale, but 
the coal in a few of the sections exarrilned is separated fro:r;n the shaie 
floo·r. by a few inches of bone.· · 

•The coal of bed·B is black in. mass and m .places shows ari. ·apparent, 
banding; .. which· is due to.:the alternating' beds of Vitreous and dill~ 
co'al. :Jt is characterized by the mo're or less 'ieglilar 'right-'angled' 
joint planes, which show very distinctly wherever the coal is freshly 
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exposed. Bed B is sometimes known as the Ballard coal, receiving 
this name from the fact that several years ago a man named Ballard 
opened a local mine in sec. 27 which produced some coal. 

Twenty-three detailed sections (Nos. 26 to 50, inclusive, on Pl. 
XXVIII) were measured on this bed at points along the outcrop 
from north to south at distances ranging from 500 feet to one-half 
mile apart. They are all, except sections 31 and 33, given on Plate 
XXVIII, and show that the bed is very badly split by partings of 
bone and shale. As the expo.sures are very good the true character 
of the bed is probably indicated by these sections. Out of all the 
measurements made no two are identical, and the thickness of the 
coal ranges from 1 foot 8 inches at location 46 to 6 feet 6 inches at 
location 40, with many different thicknesses between these limits. 
The bed is so irregular in thickness and character, and the thickness 
and extent o£ the partings so changeable, that mining it becomes a 
very uncertain and expensive operation. 

Bed B at loc~tion 28 consists of two benches. The upper bench, 
containing 2 feet 8 inches of coal, is separated from the heavy­
bedded sandstone above by 8 inches of coal and shale occurring in 
interbedded "knife-blade" lenses. The lower bench, consisting of 
4 inches of coal underlain by 3 inches of bone, is separated from the 
upper bench by 2 feet 4 inches of brown shale. At location 29 the 
brown shale separating the two benches is 4 feet 6 inches thick, and 
the lower coal bench is here represented by only 9 inches of bone 
underlain by brown shale. For those reasons only the upper bench 
at locations 28. and 29 is shown graphically in the sections on Plate 
XXVIII, but it is believed that the lower bench at these localities is 
the same as the lower 9-inch bench of coal at locations 30 (in theW.! 
NW. i SE. i sec. 28) and 32 (in the NW. i SW. i SE. i sec. 28). Sec­
tion 32 (Pl. XXVIII) is a characteristic section of bed B. The top 6 
inches of impure coal is made up of many "knife-blade" lenses of 
coal and shale interbedded, a material associated with bed Bat many 
places throughout this area, in some places forming the roof of the 
coal and in others occurring as partingg between benches. The upper 
bench, which constitutes the main part of bed B, has been burned out 
at location 33, leaving only the lower bench of 10 inches of coal 
exposed, which is probably the same as the.16-inc4 bench at the base 
of the section at location 34. · · · 

The. extremely variable character of bed B · is well illustrated by 
the exposures in the vicinity of locations 48 and 49, where the bed 
is split into two main benches, the upper of whicli is again divid~d 
by thin partings into three benches. This latter splitting,· Jloweyer, 
!Jl;.ay be entirely locaL Section 48 is shown on 'Plate .XX'VIIL ._. -.-:~.-.. 

The upper bench diminishes in thickness toward the east from 
location 48 until it wholly disappears some 700 feet from that point, 
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the position of the coal being occupied by a heavy bedded sandstone. 
The upper bench reappears at location 49 but is only 4 inches thick. 
The outcrop of bed B between locations 49 and 50 does not show a 
continuous exposure, but at location 50 the bed contains two benches, 
the upper 14 inches thick and the lower 2 feet 1 inch thick, the two 
being separated by 1 foot 9 inches of brown· shale. 
- The.developments_of the American Fuel Co. of Utah prove the bed 

to possess the same irregular character under cover that it is shown 
to ~ave along the outcrop by the sections on Plate XXVIII. The 
chemical properties of this coal are shown in the table of analyses on 
page 470 (No. 17577F). The sample from bed B was taken from 
mine No. I....:A on the east side of the creek in the NE. l SW. l NW. l 
sec. 27, at a point 1,200 feet east and slightly south from the mouth 
of the mine. The point in the mine from which the sample was taken · 
is designated on ~he map by locati~n 38. 

COAL BED C. 

Bed Cis the next bed stratigraphically above bed B. The distance 
between beds B and C ranges in extreme cases from 15 to 50 feet, 

. but at most places it is between 30 and 50 feet. This irregularity 
may be expl~ined in part by the change in thickness from place to 
place of the heavy bedded sandstone overlying bed B. Where this 
sandstone attains it" greatest thickness it makes up fully half of this 
interval (the other half being shale and sandy shale), whereas at 
other points it is not more than 4 or 5 feet thick. Bed C, at most 
places where sections were measured, ig overlain by a shale or sandy 
shale, but at a few places sandstone rests immediately on the coal or, 
within 2 or 3 feet of the top of the coal. The coal is black, massive, 
jointed, and stands up under weathering for a considerable length of · 
time. Although there was no opportunity to obtain an unweathered 
sample for chemical analysis, the physical properties s·uggest that it 
is as good a grade of fuel as the coal from either bed A or bed B. 
Twenty-four detailed sections (Nos. 51 to 74, inclusive) of this bed 
were measured along its outcrop and 23 of these are shown on Plate 
XXVIII. 

Bed C differs decidedly from beds A and Bin the absence of shale 
and bone partings and in the more nearly constant thickness of the 
coal, which averages about 4 feet. · At location 64 it is only 1 foot 
11 inches thick, but the bed at every other point measured contains 
not lesr;; than 3 feet 6 inches, and at s.everallocaliti_es as much as 5 feet 
or mere o~ good, clean coal. The (1harac_ter .apd t:Q.ickness of this bed 
are so well sl.lewn. on Plttte XXVII.I that littl~ need 'be said here. The 
only section omitted, from the plate is section. 62, whic4 .is practically 
identical with section 63. The_ .one _condition likely to hinder ·the 
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·development of this coal is the generally shaly character of the roof, 
which is less stable. than tlie sandstone roof of beds A and B. The floor 

·material of bed 0 is everywhere shale or sandy shale. It is believed, 
however, that bed 0 holds out more favorable inducements for exten­
siva future development than either bed A or bed B. 

LOCAL COALS ABOVE BED C. 

At many places exposures show a number of coal beds lying above 
bed C at distances ranging from 1 foot 5 inches to 16 feet. The coal 
in these lenses ranges in thickness from 7 inches to 3 feet 11 inches. 
At location 51 a thickness of 1 foot 3 inches of bone is exposed above 
l?ed C, which is believed to be the equivalent of the 15-inch bed of 
coal outcropping 10 _feet 8 inches stratigraphically above bed C at 
location 52. At a distance of 20 feet stratigraphically above bed C, 
at location 55, bony coall foot 2 inches in thickness is exposed. The 
interval between bed C and the bony coal is occupied by shale and 
clay except for a 6-foot bed of friable sandstone separated from bed 
C by 2 inches of clay. About 300 feet west along the outcrop from 
location 56 coal 1 foot 2 inches in thickness is exposed about 8 feet 
st~atigraphically above bed C. The intervening material here is com­
posed of gray clay. At location 61 the following section, containing 
two thin lenses of coal, was,measured 50 feet·stratigraphically above 

· bedC: · 

Section of coal beds measured 50 feet stratigraphically above bed C at location 61. 

Ft. in. 

Sh~~~:~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 3 
Clay, gray ......................... 0 •••••• 0. 0 0 •••••••••• 0 0 0. 0 ••• 8 

Coal .......... 0 ••••••••• 0 ••• 0 • 0 ••••••••••• 0 ••••• 0 • 0 • • • • • • 10 
Shale, brown. ··o···········o···~---·························· 1 6 

13 7 

Several beds of carbonaceous shale are exposed at location 63 above 
. the 14-inch bed in the list given below. These shale bands probably 
represent some of th~ topmost coals exposed above bed Cat location 
61. The following list gives the thickness of these beds at each local­
ity and the distance between bed C and the coal above it~ 

365° _:Bull. 541-14-30 
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Sections of coal beds stratigraphically above bed·C in sees. 27, 28, and 34, T. 20 8., R. ~0 E. 

Location 52. Location 61. 
Ft. in. Shale. Ft. in. 

Sandstone, buff, massive .•....... 10 Bone ............................ 6 
Shale and coal interbedded ..... 3 Shale, sandy .................... 1 

Coal, bright ................. 6 Coal .............. ~ ....... .- 1 6 
Shale and coal lenses interbedded. 3 Shale, sandy .................... 5 6 
Shale ........................... 3 Coal ....................... 1 9 
Clay ........................... 3 Shale, sandy .................... 2 7 
Sandstone, massive ............. 7 Coal bed C. 
Shale, sandy .................... 1 Total coal. ............... 3 3 
Shale, carbonaceous ............. 8 

Coal ....................... 1 3 Location 62. 
Shale, sandy .................... 4 Sandstone ......... · ............. 5 
Bone ......................... : .. 1 Clay ............................ 12 
Interval, clay ................... 5 8 Sandstone ...................... 1 6 

Coal bed C. Clay ........................... 1 3 
Total coal ................ 1 9 Shale, carbonaceous ............. 1 6 

Location 54. Clay, gray ....................... 24 
Clay. Coal. ........ · .............. 1 2 

Coal ....................... 4 Clay, gray ....................... 2 2 
Bone ............................ 6 Bone .................. · .......... 10. 
Shale, brown ................... 1 Shale, gray ..................... 1 8 
Clay, gray ....................... 5 Coal bed C .................. 3 6 
Shale ........................... 2 

Coal ....................... 7 
Shale. 

Total coal. ............... 4 8 

Interval. ....................... 5 Location 63. 
Coal bed C. 

Clay, gray ....................... 8+ Total coal ................ 11 
Shale, carbonaceous ............. 1 3 

Shale. 
~ocation 58. Coal ....................... 1 2 

Clay, gray ....................... 8 Shale, carbonaceous ............. 7 
Coal bed Q. Coal ....................... 9 

Total coal ................ 1 2 
Bone ............................ 8 
Shale ..•........................ ' 1 5 Location 67. 

Coal bed C. Clay, gray. 
Total coal. ........ ~ ...... 9 Bone ............................ 6 

Location 59. Coal.· ...................... 3 
Shale. Shale. 
Bone ............................ 5 Interval. ....... ~ ............... 12 2 

Coal. ........... .- ............. 7 Coal bed C. 
Shale. Total coal. ............... 3 
Interval. ....................... 6 4 

Coal bed C. Location 68. 

Total coal. ............... 7 Sandstone, thinly bedded ........ 2 
Location 60. Clay ........................... 3 

Shale ........................... 2 Shale, carbonaceous ............. 2 
Shale, carbonaceous ............. 6 Clay ........................... 5 
Bone ............................ 2 Coal, impure ............... 2 

Coal ....................... 2 3 Bone ............................ 1 
Shale. Clay. 
Interval. ....................... 7 4 Interval. ....................... 16 

Coal bed C. Coal bed C. 
Total co~l. , ... , . , ... , . , .. ~ 3 ';rc;>tal coal. , . , . , , , , , , , , , .. ~ 
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Location 69. 
Ft. 

No coal exposed above this shale. 
Shale, slightly carbonaceous ..... 2 
Clay ................ , ............ 3 

Coal .. ~ ..................... 1 
Bone ........... ~ ................ 
Shale. 
IntervaL~ ...................... 7 

Coal bed C. 
Total coal. ............... 1 

Location 70. 

Shale. 
Coal .. ; ................... ~ 1 

Shale. 
Interval. ....................... 5 

Coal bed C. 
Total <.:oal ................ 1 

ln. 

4 
10 

2 

4 

6 

6 

Location 71. Ft. in. 
Sandstone...................... 6 
Shale, sandy...... . . . . .. . . . . . . . . . 4 

Coal, impure............... 4 
Shale, gray ......... 7 ....... 2 
Coal....................... 11 
Shale, carbonaceous.... . . . . . 4 
Coal....................... 6 

IntervaL....................... 4 
Coal bed C. 

Total coal. . . . . . . . . . . . . . . . 1 9 
Location 72. 

Sandstone ...................... 15 
Coal....................... 7 
Shale, sandy.... . . . . . . . . . . . . 2 
Coal....................... 4 

Shale, carbonaceous............. 8 
IntervaL ........ ~ . . . . . . . . . . . . . . 6 11 

Coal bed C. 
Total coal. . . . . . . . . . . . . . . . 11 

The available data are not sufficient to warrant a definite correla­
tion of these local beds, but it is suggested that the coals exposed 
above bed Cat locations 58 to 63, inclusive, may really belong to one 
bed, although there is no definite rock stratum traceable at the sur­
face which assures such a correlation. Between locations 63 and 67 
none of these beds are exposed, but from locations 67 to 72, inclu­
sive, there is another series of coal exposures above bed C which may 
also all belong to the same lens or bed, though they may or may not 

. belong to the beds above bed Cat locations 58 to 63. AU this, how­
ever, is mere speculation and is made merely as ·a tentative suggestion. 

PHYSICAL CHARACTER AND CHEMICAL COMPOSITION. 

The coal of this area is bituminous in grade and black in color.· 
Much of it exhibits a banded appearance, due to the presence of 
alternating dull and vitreous layers. In many exposures the coal 
is a hard massive bed with no evidence of bedding or cleavage planes 
within the coal itself. In general, however, it is cut by a system of 
prominently developed right-angled joints, which aid much in pro­
ducing ·a high percentage of "lump'' when the coal is mined, many 
of these "lumps" being too large to be easily handled by one man. 
The coal contains hard and soft layers in places, but as a rule it is 
dense and hard· to pick. The common feature of beds A and B is 
.the bone and shale partings, which split the coalbed so as to mate­
rially reduce its value. Bed C is characterized by the absence of 

~ partings. The marked jointing present in the coal is best developed 
along its outcrop, and on weathering it breaks into small cubical 
blocks and finally into a dark-brown to black powder. 

The coal is relatively low in moisture, ranging from 6 to 7 per cent 
as mined, The low moisture content is responsible for the slow 
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weathering or disintegration of the coal on exposure to the atmos­
phere. Coal which had been. lying in heaps exposed to the weather 
for a year or ·more was practically unaltered in appearance. It is· 
therefore of very good stocking quality. 

The coal of bed A in the ground is black and massive but breaks 
into large blocks when mined; its powder is brown, and it showed 
coking qualities when the Pishel 1 coking test was applied. · 

The following analyses give the . composition of samples from 
beds A and B. Sample No. 17577F from bed B was ta}{en in 
a mine in active operation, No. 1-A (in the NE. i SW. i NW. i sec .. 
27) of the .American Fuel Co. of Utah. Sample No. 17578 from bed 
A was taken in a prospect which had just been opened at location 14, 
at a point 85 feet fro\Dl its mouth. This place is probably beyond 
the zone of appreciable weathering and therefore these- two samples 
represent the freshest coal available. The samples were obtained by. 
cutting a channel across the bed and excluding those portions so 
indicated in the following sections: · 

Sections ·of. coal bed sampled in mine No. 1-A and in prospect at location 14. · 

Mine No. 1-A, 1,200 feet east of opening. Location 14. 

Sandstone, massive. · Ft. in. Sandstone. 2 Ft. in. 

Shale 2 •••••••••.••••••••••••••• 6 
Coal, bright, blocky.. . . . . . . . 1 3 
Coal, dull, probably high in 

ash ...................... 1 1 
Coal, bright, massive. . . . . . . 1 

Shale 2 •••••••••••••••..• ~ •••••• 

Coal 2 ••••••••••••• · •••••••••• 

Shale 2 •••••••••.•••••••• ~ •••••• 

Clay 2 •• ~ •• , •••••••••••••• _·_ ••••• 

Coal, bright, massive ........ 4 
Shale ...................... . ·-! Shale.2 

Coal, bright, massive, hard .. 1 
Bone, low in :ish .......... . 
Coal, bright, massive, hard .. 1 

Shale, sandy 2 •••••••••••••••••• 

Shale.~ 

2 
1 
1 
4 

6 6! 

6 

10 
8 
4 
3 
3! 

After cutting the sample, collecting it on a waterproof cloth, and 
breaking it into pieces small enough to pass through a half-inch mesh 
screen, it was mixed and quartered down to about 4 pounds, sealed 
in a can, and 1nailed. to the laboratory of the Bureau of Mines, at 
Pittsburgh, Pa.:, where the ·analysis was made by standard methods. 
The analysis of each sample is given in four forms, marked A, B, C, 
and D. Analysis A represents the condition of the coal at the point 
in the mine frmn which the sample was cut, where the amount of 
moisture is largely an accident. This form is therefore not well 
suited for comparison, as analyses of the same coal made in this way · < 

may differ greatly. Analys_is B shows the condition of the sample 

I Pishel, M.A., The Pishel coking test: Colliery Engineer, pp. 674-679, July, 1913. 
s Exclud~ from. sample, 
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after dfying at a temperature slightly above the normal until its 
weight remains constant. ·This form. is the one best' adapted for 
comparison. Analysis C gives the theoretical condition of the coal 
after all the moisture has been expelled. Analysis D represents the 
coal free from both moisture and ash. This is supposed to represent 
the true coal substance free from the most important,. impurities.· 

· Forms C and Dare obtained from the others by recalculation. They 
should not be used for ordinary comparison, as they represent theo­
retical conditions that never exist. 

In analytical work it is not possible to determine the proximate 
constituents of coal with the same degree of accuracy as the ultimate 
constituents. Therefore the air-drying loss, moisture, volatile mat- . 
ter, fixed carbon, and ash are given to one decimal place only, whereas 
the ash (in an ultimate analysis), sulphur, hydrogen, carbon, nitro­
gen, and oxygen are given to two decimal places. It should also be 
understood that the calorific determination to individual units is not 
reliable; therefore,_ in the column headed "Calories." the heat values 
are given to the nearest five units and _in the· column headed "British 
thermal units" they are given to the nearest tens (the value of the 
British thermal unit being about one-half that of the calorie). 

It will be found, on comparing the analyses of the Bear coal of the 
area under discussion with analyses of other bituminous coals from 
some of the active mines in the Book Cliffs field, that the Bea:r; coal 
is comparatively high in ash but low in sulphur, arid that it is slightly 

· higher in moisture but lower in heating value. The volatile matter 
and fixed carbon are .accordingly lower in the Bear coal. 

I'. 



Analyses of coal samples from the district north of Thompson and from other parts of the Book Cliffs coalfield in Utah and Colorado. 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.] 

Coals from the vicinity of Thompson, Utah. 

0 Location. ~ "' 
-~ Proximate. I Ultimate. Heating value 
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17577F I Abeed~~~-~~~~-~~::~.~i~~-1---~-~~~~~~.l NW. I 21 I 20 s.l 20 E. I 381 2.0 I A 7.1 37.1 45.4 10.4 0.66 5.59 65.9S 1.45 15.88 6,510 11,720 
B 5,3 37.8 46-3 10.6 .67 5.48 67.29 1.48 14.43 6,640 '11,950 
c 39.9 48.9 11.2 .71 5.17 71.05 1.56 10.27 7,010 12,620 
D ....... 44.9 55.1 ........ .80 5.82 80.04 1. 76 11.58 7,895 14,210 

17578 I Prospect(lowerbed)---················-1 NW. I 27 I 20 s'.l 20 E. I 141 1. 3 I A 6.4 37.8 45.2 10.6 .61 ....... .......... ........ ......... 6,590 11,860 
B 5.1 38.3 45.9 10.7 .62 ...... ......... -- ... -.. 6,680 12,020 
c ........ 40.4 48.3 11.3 .65 ......... 7,040 12,670 
D ...... 45.5 54.5 • 73 ....... ......... ...... ........... 7,935 14,280 

Coals from the Sunnyside district, Utah. a 

12630 U tab Fuel Co.'s mine No.3 (upper bed) •• sw. 4 15 s. 14 E. .......... 1.5 A 5.1 38.4 48.7 7.8 0.51 5.54 70.72 1.58 13.84 7,010 12,620 
B 3.6 39.1 49.4 7.9 .52 5.45 71.80 1.60 12.70 7,120 12,810 
c ......... 40.5 51.3 8.2 .54 5.25 74.49 1.66 9.83 7,385 13,290 
D ......... 44.1 55.9 ......... · .59 5. 72 81.17 1.81 10.71 8,045 14,490 

12631 Utah Fuel Co.'s mine No. 3 (lower bed) .•• sw. 4 15 s. 14 E. ......... 2.1 A 5.1 39.9 47.7 7.3 1.37 ...... ........... ....... ........... 7,095 12,770 
B 3.0 40.8 48.7 7.5 1.40 ······ ........ ···-·· ............ 7,245 13,040 
c ........ 42.1 50.2 7. 7 1. 44 ....... ......... .......... ............ 7,475 13,450 
D_ ........ 45.6 54.4 ........ 1.56 ....... ........... ......... ............. 8,095 14,570 

12632 UtahFuelCo.'smineNo.t(Iowerbed) ..• SE, 32 14 s. .14 E. .......... .3. 4 A 5.9 38.7 48.8 6.6 1. 73 5.43 71.28 1.52 13.45 7,135 12,840 
B 2. 7 40.0 50.5 6.8 1. 79 5.23 73.79 1.57 10.80 7,385 13,290 

I 
c .......... 41.1 51.9 7.0 1.84 5.07 75.80 1.62 8.66 7,585 13,660 
D .......... 44.2 55.8 ......... 1. 98 5.45 81.52 1. 74 9.31 8,160 14,680 

--

.~ 
-.:r 
0 

a 
0 
z 
8 
~ 
b:t 
0 
8 ..... 
0 
z 
Ul 

8 
0 

l:ti a 
0 
z 
0 
~ ..... 
a 

~ 
0 
t-' 
0 
Q 

.. ...q' 

...... 
co 
J~ 

~ 
~ 

;::: 



2097 I Castlegate (Castlegate bed) ••••........•.••••..••. 

3550 Cameo (Cameo bed) .....•...•.•....•..... NW. 

3541 Palisades (Palisades bed) .•.•. · ....•...... sw. 

3490 Book Cliffs (Cameo? bed) ................ sw. 

aU. s·. Geol. Survey Bull. 471, pp. 648-649, 1912. 

Coal from Castlegate, Utah. b 

2l13S.I 9E. 1 •••••• 1 3.51 A 
B­
e 
D 

6. 1 I 40. 1 

1

45. 5 
2.7 41.5 47.1 

42.7 48.4 
46.9 53.1 

Coals from the vicinity of Palisades, Colo. c 

34 10 s. 98W. ........... 4.3 A 8. 4 33.3 47.6 
B 4.3 34.8 49.7 
c .......... 36.4 51.9 
D ........... 41.2 58.§ 

3 11 s. 98W. ........... 2.0 A . 7.5 36.0 50.5 
B 5.6 36.8 51.5 
c ........... 39.0 54.5 
D ............ 41.7 58.3 

8 10 s. 99W. ........... A' 11.4 34.3 44.5 
B 6. 2 36.3 47.1 
-c ........... 38.7 50.2 
D .......... 43.5 56.5 

b Bur. Mines Bull. 22, pt. 1, p. 190, 1913. 
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cU. S. Geol. Survey Bull. 371, pp. 44-45,1909. 
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No. 17577F: Sample from mine No. 1-A of American Fuel Co., of Utah, taken by 
F. R. Clark from bed R (middle seam Bear coal) at point 1,200 feet east of mine 
opening. Coal unweathered. The entire bed, containing .5 feet 8! inches of coal 
from floor to roof, was sampled. , 

No." 17578: Sample from prospect at location 14, taken by F. R. Clark at point 85 
feet east of opening on bed A (lower seam Bear coal). The sample was cut from . 
fresh face, but coal may be slightly weathered. The entire lower bench of 4 feet 
3! inches of coal waa sampled. 

Nos. 12630 and 12631: Samples from mine No.3, at Sunnyside, Utah. No. 12630 
was taken by F. R. Clark from upper "vein" at ~ point lf miles southwest of 
mouth of mine, being cut from face of second crosscut· off first right entry of No. 1 
rise. The entire bed, 4 feet 8 inches in thickness from roof to floor, was sampled. 
No. 12631 was taken by F. R. Clark from lower "vein" at a point 1! !piles from mouth 
of mine, from "the dips" (entries going down the dip from the main haulage way). 
The upper 6 feet 10 inches of the 8-foot bed of coal wa,s sampled. 

No. l2632: Sample from mine No. 1, at Sunnyside, Utah, taken by F. R. Clark 
from lower "vein" across face of the Fowler slope. The lower 5 feet 5 inches of the 
7-foot bed was sampled. These analyses of the Sunnyside coals are here included as 
a. basis for comparison with the coals north of ThompsoR. 

No. 2097: Sample of coal from Castlegate mine, Castlegate, Utah, taken by J. A. 
Taff in 1905 from the east part of mine, 10-foot cut. 

No. 3550: Sample from Cameo mine of the Grand Junction Mining & Fuel Co., 
taken by G. B. Richardson in August, 1906, from the Cameo bed in room No .. 5 off 
main entry. The entire bed, 8 feet 7 inches in thickness from roof to floor, was sam­
pled, except a l-inch parting about 2.feet from roof. 

No. 3541: Sample from the Palisades mine, Palisades, Colo., taken by G. B. Rich­
ardson, in August, 1906, from the Palisades bed in room No. 1, west entry. The 
entire bed, 3 feet 10 inches in thickness from roof to floor, was sampled. 

No. 3490: Sample from the Book Cliffs mine of the Book Cliffs Coal Co., taken by 
G. B. Richardson in Juiy, 1906, from the Cameo (?) bed in the west entry. The 
whole bed, 8 feet 6 inches in thickness from roof to floor, was sampled, except £.n 

8-inch parting near the middle. . 
Nos. 3550, 3541, and 3490 were taken from mines in active operation and therefore 

they probably represent unweathered coal. These analyses are here given for the 
purpose of .?omparison with the coals mined at' Thompson, Utah. 

The moisture and ash are important factors in reducing the com- · 
mercial value of coals. They not only displace their own weights 
of combustible matter, but actually use up part of the heat available 
during the combustion of the coal. The rapidity with which coal 
slacks on exposure. to the weather depends chiefly on its percentage 
of moisture. The higher the percentage of moisture the soon~ the 
coal disintegrates and is. reduced to slack, .so that the lower the 
moisture in a coal the better is its stocking quality. The high 
percentage of ash not only increases the cost of handling ·coal in 
a power plant, but also decreases the efficiency of· the furnace. The 
composition of the ash as well as its percentage in the coal has an 
effect on the furnace. _Ash is composed largely of silica, alu~na, 
iron, and lime, and an ash high in iron and lime is easily fusible 
and is likely to clinker badly. 
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The ratio of volatile matter to the fixed carbon indicates in a 
general way the type of furnace best adapted for burning any coal. 
The common type of furnace will burn a coal low in· volatile matter 
without throwing off much smoke (unburned -carbon), whereas the 
smokeless burning of a highly volatile coal requires a specially con­
structed furnace. 

The theoretical heating value of the coal is the total amount of 
heat developed by the complete combustion of a unit weight of fuel. 

·The calorie is the quantity of heat required to raise the temperature 
of 1 gram of water 1° C. at its maximum density. The British 
thermal unit is the amount of heat required to raise the tempera­
ture of 1 pound of water i ° F. at its maximum density, 39.1° F. 
With these suggestions in mind, a close study of the analyses (p. 470) 
will give the relative commercial value of the coals represented in 
this table, so far as their chemical composition affects this value. 

ESTIMATED TONNAGE. 

All coal beds in this area measuring 14 inches and upward were 
mapped and a few thin beds were also examined. From the data thus 
collected the tonnage of each bed and of each of the smaller lenses 
was estimated, and the results added to give the total' tonnage for the 
area. ·The tonnage of the local thin lenses of coal adds comparatively 
little (less than 7 per cent). to the total' tonnage of coal, most of the 
coal within this area being contained in the three principal beds 
(A, B, and C). 

The data available for making this estimate relates only to the con­
dition and the character of the coal at the surface, as shown by sec­
tions measured along the outcrops. The difficulty of making such an 
estimate is further increased by the fact .that the beds are badly 
a split" by partings, which materially affect· the thickness of the 

· clean coal from place to place, even between near-by sections. 
For the basis of this estimate of tonnage any two or more benches 

of a coal bed are considered as two or more individual beds if the 
parting between benches exceeds in thickness the thinner of the two 
benches which it separates. The minimum workable thickness for a 
bed· of coal of this grade is 14 inches, and therefore a,ny bench of coal 
less than 14 inches in· thickness, which by the above rule is reduced 
to an individual bed, is not considered in computing this tonnage. 
· The figures herein given were computed by obtaining the general 

average of all the coal in each of the beds over 14 inches thick and 
considering this general average to be the equivalent of the solid coal 
in any bed throughout the are·a if the beds were not split by partings. 
These figures give approximately the total coal underlying this area. 
without considering how much of this quantity may in practice be 
mined. 
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Bed A, by the above method of computation, contains approxi­
mately 8,020,080 ,short tons of coal, on the assumption that bed A is 
the equivalent of a uniform bed of solid coal 4 7 inches thick through­
out this area; bed B contains approximately 5,644,800 short tons, on 
the assumption that this bed is the equivalent of a bed of solid coal40 
inches thick underlying the entire area; bed C, by the same computa­
tion, is assumed to be the equivalent of a bed of solid coal 49 inches 
thick over the whole area, which gives 6,307;480 short tons of coal. 

The total tonnage of all the local lenses over 14 inches thick and not 
included in bedt' A, B, and Cis approximately 1,368,800 short tons, 
less than 7 per cent of the quantity contained in the three principal 
beds. · 

Estimated to?{nage by beds in area north of Thompson, Utah. 

Short tons. 
Bed A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 020, 080 
Bed B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 644, 800 
Bed C.................................................. 6, 307,480 
Local thin lenses............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 368, 800 

21,341,160 

In general a bed of coal of this grade 1 foot thick contains approxi­
mately 1,800 tons to the acre, 1,500 tons of which may be mined under 
favorab]e conditions and a minimum of 1,000 tons under very poor 
conditions. 

HISTORY AND DEVELOPMENT OF MINING. 

Coal has been reported in the Book Cliffs since the time of the 
earliest explorers o~ this region, but there are only a few localities 
along the gTeat length of coal outcrop where any development on a 
commercial basis has been carried on. At a number of places, how­
ever, the beds have been prospected and worked to supply ranchers 
and small towns. 

The coal in the area under discussion attracted little attention or 
economic interest until some time in 1900, when Mr. Ballard and 
others opened a mine on bed B at location 39 and sold coa1 under· the 
name of the Ballard Coal Co. This mine had no railroad connection,· 
and in order .to place the coal on the market it had to be hauled by 
wagon a distance of about 5 miles to Thompson, on the Denver & Rio 
Grande Railroad. This company, however, did practically nothin·g 
in the ·way of real development, their mine never advancing beyond 
what would ordinarily be called a prospect. 

·Early in March, 1912, the American Fuel Co. of Utah began opera­
tions on the property on which the Ballard Co. had its workings. 
They shortly afterward built good substantial . buildings to house 
their employees, and they now have a company store, post-office and 
office building, a clubh,ouse, a hotel, shops, and buildings ·for the. 
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workmen, as well as barns for the mine stock. They also built a. 
branch railroad from Thompson to the minec:; iu sec. 27, T. 20 S., R. 20 
E., which gives them an easy outlet for the coal mined. 

This company gave the name of "Bear coal" to the coal which they 
contemplated mining in this region, ·and named the beds lower, mid­
dle,·and upper, which correspond respectively to beds A, B, and C of 
this report. They first started development on bed B (the mid.dle 
bed) on both the east (mine No. 1-A) and west (mine No. 1-B) sides 
of the Right Fork of Thompsou Creek, in the NE. i SE. i NW. i sec. 
27.. T!I.e company shipped their first coal to the market in October, 
1912, but did not reach their average daily output of 150 tons until the 
beginning of January, 1913. From the time the mines were opened 
in October, 1912, to November, 1913, they mined approximately 
4 7,500 tons of coal. . 

The development has probably be~n greatly retarded and the 
expense of mining the coal increased by reason of the impurities in 
the coal in the form of bone and shale partings. The measurements 
along the outcrop of bed B show the coal to be badly "split" by bone. 
and shale, the occurrence of which is both irregular and uncertain, and 
the underground development has proved the existence of the same 
conditions away from the outcrop. The workings toward the west in 
mine No. 1-B proved.the bed to be o.f less value in that direction than 
toward the east, a fact which is very well shown by the ~easurements 
along the outcrop. The development in the west workings was con­
tinued for several months, but the company finally abandoned this 
mine on account of the occurrence of a thick parting of shale, which 
separated the coa~ into two benchef?, neither of which was thick 

· enough to be profitably mined by itself. 
The ~ccurrence of th~se bone and shale parti;ngs in considerable 

quantities in bed B throughout the mine, together with the fact that 
the coal is generally "frozen" to the bone or shale, make three indi­
vidual operations necessary for the removal of ~nough of the impuri­
ties to place the coal on the market in competition with other Utah 
and Colorado coals. First, after the coal is shot from the face the 
miner's pick ie. used to cleave the coal loose from the bone or shale; 
second, the heap must be hand picked to remove the large pieces of 
waste; and third, the coal is washed by the Standard Stewart jigs to 
remove the fine particles of bone and shale. 

It is estimated that by these operations about 12 to 15 per cent of 
the total mine production is removed and discarded as waste material, 
and that the average reduction in the ash content is about 25 per 
cent. As the removal of these ·impurities is an expensive operation 
the company abandoned their west workings when their advancing 
developments showed an increasing deterioration in the coal bed. 
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There is_· a wide difference in the amount of the impurities, even 
over local areas. A.t the point from which the sample for analysis 
17577F was cut, the whole bed from floor to :r;oof was being mined 
and the ash content is only 10.6 per cent; this, ho~ever, is probably 
an exceptional condition, and possibly within a very short distance 
more than half of the same total thickness would have to be excluded 
0 0 0 

1n nnmng. 
At the time of the writer's visit the company were just beginning 

the development of bed A. Gower bed), which they considered could 
be mined much more economically than bed B. It appears from the 
development since July, 1913, up· to Dece;m.ber, 1913, that bed A. is 
thicker and freer from bone and shale partings than is bed B. The 
workings were run to the nort_h and east from the point of entry (just 
west of location 14, Pl. XXVIII). Toward the east the showing was 
very good; to the north it was rather poor for a considerable distance, 
beyond which 6 feet of good coal appeared. It may be noted that 
the measurements ·on the outcrop show this bed to be more constant 
in thickness . and to contain fewer partings toward the east than 
toward the north and west. 

So far as the surface exposures reveal the true charact~r of a coal, 
bed C holds out more inducements for extensive profitable _develop­
ment than either of the two lower beds. It "M"erywhere maint.ains- a 
.fair workable thickness and is characterized by the absence of partings. 

The "Bear" coal makes a very good steam fuel and finds a ready 
market for locomotive use ·on the main line of the Denver & Rio 
Grande Railroad. It is of good stocking quality, and wherever it has 
been tried has proved to be a good domestic fuel. .There is little -
doubt that if it can be profitabiy mined the coal from the Neslen dis­
trict will find a place in the markets· of Utah, Idaho, Nevada, and 
California. 

STONE AVAILABLE FOR RAILROAD CONSTRUCTION AND 
OUTSIDE MINE BUILDINGS. 

The sandstone beds of this region have been extensively used in the 
construction of the railroad to the coal mines and for mine and other 
buildings at Neslen. They have also attracted some attention and 
interest outside . of the local use as a source of building material. 
These beds occur in the upper part of the Mancos shale and· in the 
Mesaverde formation and form vertical cliffs from 5 to 75 feet in 
height. They are massive, more or less friable, quartzose sandstones· 
with some mica, and are generally free from serious jointing except 
locally. The rock is predominantly gray in color, though some of it ~ 
weathers to buff. 

Besides the stone quarried for local construction, one shipping 
quarry had been in operation previous to the writer's visit, but at that 
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tin~e work was suspended. The quarry is located in the NE. i SW. i 
SE. 1 sec. 33·, T. 20 S., R. 20 E., and the claim is owned by Walker 
Bros. and others. It is reported that some of the product from this 
quarry has been shipped to Salt Lake City for building stone. The 
total thickness of the sandst.one at the quarry is over 7 5 feet. The 
upper 10 to 15 feet.is bedded, the individual beds ranging from 2 to 6 
feet in thickness. Approximately the next 60 feet of the ledge is 
massive and contains only one bedding plane near the middle. Below 
this massive portion occurs another bedded deposit, ranging in thick­
ness from 10 to 20 feet or more, in which the beds differ from a few 
inches to a f~w feet. This grades into the underlying typical Mancos 
shale. The massive character of the 60-foot bed changes from place 
to place, being locally cut by bedding and joint planes. 

The stone when quarried breaks into blocks weighing several tons. 
In the yard at the time of the writer's visit were blocks ranging from 
7 feet by 1· foot by 3 feet, through many shapes and dimensions, to 
cubes 4 feet on the side. The blocks break with clean-cut edges and 
the fresh surfaces have a pleasing gray color. · 

The outcrop of this bed extends for many miles in both directions, 
and an inexhaustible supply of the· ston~ is available. There are also 
many other sandstone ledges, accessible for local use, highe.r in the 
geologic section, which probably contain just as· good building material 
but are not so accessible to the ;railroad. 



COAL NEAR WALES, SANPETE COUNTY, UTAH. 

By FRANK R. CLARK. 

INTRODUCTION. 

The :field here described was examined to determine whether or not 
coal occurs in a small area lying west and southwest of Wales, near 
the base of the east face of the Gunnison Plateau. Co::l was found 
in two zones. The lower coal zone outcrops near the base of the 
east face of the plateau and the upper near the top. The lower zone 
contains bituminous coal of .some economic value, but the· coal is · 
probably irregular in thickness, ranging from 1 foot to 5 feet, and al§O 
n character, being badly split by bone and shale partings. The upper 

· zone contains only very thin lenses of coal interstrati:fied with cai_'­
bonaceous shale and clay and is of no economic value. 

Sanpete Valley trends· northeast to southwest acro~s Sanpete 
County, in central Utah. (See fig. 17, p. 454.) It lies between two 
great upland masses, Wasatch Plateau on the east and Gunnison 
Plateau on the west, and is drained by San Pitch River, t:Jle principal 
northern tributary of Sevier River. 

Wales, one of the smallest of several thriving towns in Sanpete 
Valley, is in the western part of the 'valley at the base of Gunnison 
Plateau. The area here described includes the eastern parts of Tps. 
15 and 16 S., R. 2 E., Salt Lake base and meridian, and lies ·west and 
southwest of Wales. (See Pl. XXIX, p. 484.) 

The :field examination, made by the writer in the early part of . 
September, 1913/ was of a reconnaissance nature and was made for 
the ·purpose of obtaining general information regarding the quality 
and quantity of the coal and of determining the probable limits of 
the land containing coal of economic importance. The writer w-as. 
assisted in the field examination by G. W. Clark. The citizens o( 
Ephraim, Utah, courteously gave much information regarding· the: 
roads and. trails as well as the coal and coal prospects. · The writer\ 
wishes also to acknowledge the assistance rendered by H. R. Thomas, 
of Wales, who gave so:r;ne interesting facts relating to the coal and made 
possible the notes herein given on the history of its early development. 

I Although this work was done in 1913, the unavoidable delay in publishing the Survey's annual volume 
including short reports on work done in that year bas made it desirable to include this report in the volume 
for 1912. 
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FIELD WORK. 

Owing to the reconnaissance nature of the examination no attempt 
was mad:a eit;her to meander or to map accurately points 'on the 
outcrops of t4e coal beds. The only points at which the coal was 
studied are shown on the map (Pl. XXIX, p. 484) by the numbers' 
1 to 11 and the approximate position of the lower zone at which coal 
occurs is sho'Wn by a broken line. This positi~n in T. 15 S., R. 2 E., 
was inferre·d from data given on the General Land Office plat, whereas 
the po-sition fu T. 16 N., R. 2 E., was roughly located by the writer 
from tl9-e near-by Government land corners. The position of the 
outcroJ)! as sh;own on the map is therefore only approximately correct. 
The di~ and' strike observations recorded on the map are based on 
oibserv~tionsfmade with a Brunton compass at these points. 

The ~eld work also included visiting as many mines and prospects 
as t,im~ wouid permit and collecting a number of samples for analysis. 

;' 1 
1
1 

1 PREVIOUS REPORTS. 
) 

Th~ area here described is sh9wn on the map. made by the Wheeler 1 

Surv~ ~d.lies at the northern extremity of the country studied and_ 
}liapp~d by/ Dutton.2 E. D. Cope 3 in 1880 published a short discus­

/ silon the Manti beds of Utah. 
T ~e&e rdports deal only with the broad geologic features of the 

reA :. m.t and make no mention of the presence of coal or other geologic 
ph . ~omena of local interest. 

,.1}. Rjchardson,4 however, in 1906 published a report which not 
OI;l y deals with the general geology of Sanpete Valley but also treats 
o coal near Wales, in the northern part of the valley, and at Sterling, 
i. the southern end of the valley. Richardson published a second 

eport 5 in 1907, which deals with the ge~eral geology in its relations 

)

Ito underground water. · 
TOPOGRAPHY. 

I Sanpete Valley is a long, narrow, comparatively flat valley that 
!. lies between the Wasatch Plateau on the east and the Gunnison 

Plateau on the west. The general level of theW asatch Plateau above 
the valley floor is about 5,000 feet and that of the Gunnison Plateau 
is about 3,000 feet. The west face of the Wasatch Plateau is a 
steeply dipping monocline, and the slopes in _.general follow the 
bedding planes of the underlying rocks except where they have been 

1 Wheeler, G. M., U.S. Geog. Surveys W.100th Mer., atlas sheets, expeditions of1872 and 1873. 
I Dutton, C. E., The geology of the high plateaus of Utah: U.S. Geog. and Geol. Survey Rocky Mtn. 

region, 1880. 
a Cope, E. D., The Manti beds of Utah: Am. Naturalist; vol. 14, p. 303, 1880. 
• Richardson, G. B., Coal in Sanpete County, Utah: U.S. Geol. Survey Bull. 285, pp. 280-284, 1906. 
6 Richardson, G. B., Underground water In Sanpete and central Sevier valleys, Utah: U. S. Geol. Survey 

~.ter=Supply Paper 199, 1907. 
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deeply cut by erosion. The east front of the Gunnison Plateau ri~es 
abruptly from the valley and is thoroughly dissected ·by numerous 
drainage channels, many of which are deep canyons. 'I'pe valley 
fl?or slopes gently southward as well as toward its center, along 
which San Pitc};l River meanders. There are several small perennial 
streams in the dissected portion of the Gunnison Plateau, but only a 
few flow beyond the mouths of their canyons except during periods 
of flood. · 

STRATIGRAPHY. 

The oldest rocks .exposed in the vicinity of Wales ar~ ·the ~bedi~S ~f 
coarse reddish to gray conglomerate, which outcrop al<;mg tJte base 
of the east face of the Gunnison Plateau. ·This rock is ,comy~·osed of 
well-rounded pebbles of quartz, quartzite,· and limestone of )varying 
colors embedded in a well-cemented matrix of coarse san&. The 
rocks immediately associated with the coal are in general cal~ar~ous 
sandstone, calcareous shaJe, sandstone, shale, or clay. The)::;tr~ta 
exposed in the east face of the Gunnison ~lateau above the ciQ-al are 
for the most part limestone, shale, and sandstone. The. i~@d1ate 
association of coal with calcareous sandstone and shale both )above 
and below it, ~hough generally an unusual occurrence, is very~® ~~lDlli®'ml 

in this area. In Cqal Canyon and so_uthward the calcareou~ "'~Rd­
stone immediately associated with the coal is .overlain by m;mlB&ive 
beds of conglomerate and conglomeratic sandstone aggregatin~ 2:00 
to 300 feet in thickness . 
. According to Richardson the rocks associated with the coal are 
Wasatch (Tertiary), whereas the heavy beds of conglomerate t ·at 
underlie them arc probably Mesozoic and may prove to be restrict -d 
to the Cretaceous. In the writer's study of the coal and the roc~s 
associated with it no fossils or. other evidence of ~h~ age oft~~ roc~ 
were found, but some doubt 1s thrown upon th1s InterpretatiOn byt 
the fact that in Coal Canyon, in sec. 14 arid southward, heavy ·bed~ 
of conglomerate, 100 to 200 feet in thickness, occur above· as well as '-t 
below the coal-bearing rocks. Although it is not definitely known \ 
it is believed that the coal occurs in only one general zone; if so, the · 
occurrence of similar conglomerates above and below the cpal sug­
gests that these rocks are probably all of the same ag~, and m~y be 
Wasatch. · 

STRUCTURE: 

In this area the rocks exposed in the east face of the Gunnison 
, Plateau dip westward at angles ranging from a few degrees near the 

summit to about 15° near the base. Several places were noted(. 
along the base of the plateau where the structure changes abruptly\ 
from gently westward dipping strata to beds either perpendicular or 
overturned and dipping steeply to the east, making an almost rigl...._ 
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a*gled turn. The structure of the rocks was examined in detail only 
near the mouth of Coal Creek, where a thrust fault from the east, 
resulting. from the breaking of a partly overturned fold, is very 
apparent. (See structure section A~B in Pl. XXIX.). It was not 
possible to .determine the displacement of the strata at this point. 

According to RiGhardson a well-defined fault extends along the 
base of the Gunnison Plateau on the west side of Banpete Valley. 
This fault will not affect the development of the coal because all the . 
coal lies on the west side of the fault plane. The abrupt fold in the 
strata near the base of the plateau above mentioned, however, has 
produced dips as steep as 64° in the coal bed at the outcrop, but these 
dips decrease to 15° and less within a short distance to the west. 

THE COAL. 

GENERAL CHARACTER. 

The coal at the base of the Gunnison Plateau is bituminous and is 
locally supposed to possess coking qualities. It is black and in some 
places exhibits banded structure due to the alternation of dull and 
vitreous layers. The coal at some of the points . visited occurs in 
hard and soft layers, but in general it is massive and hard to pick. 

~ The bed is usually badly split by bone and shale partings, as is well 

\

shown in the graphic sections (Pl. XXIX, p. 484). · 
The horizons at which coal is found are here designated coal zones 

for the reason that it is not definitely known whether the coal is 
present in one continuous bed or in a series of lenses, the points of 
whiGh may or may not overlap at some places. The evidence at 
hand, however, seems to ·favor the assumption that the coal is mote 
or less lenticular. 

Ten detailed coal sections were measured along the outcrop of .the 
lower coal zone, which is near the base of the mountains. The loca­
tion of each section and its graphic representation are shown on 
Plate x;xiX. ·The locati9ns are numbered consecutively (1 to 10) 
from soitth to north. . 

MINES AND PROSPECTS. 

At location 1 the coal bed had been 'faced up, but no development 
work has been undertaken. The coal· herft occurs in four benches as 
shown in the section in Plate XXIX. The upper bench is overlain 
by sandy shale and the lower b~nch is underlain by shale containing 
more or less carbonaceous matter that occurs as small lenses or as 
particles disseminated· through the shale. Southward from a point 
about 1,500 feet south of location 1 the outcrop of this coal bed is 

.----concealed by material recently deposited near the foot of the moun-
_,.t!l!TIS. 

365° -Bull. 541-14-31 
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Location 2, on the north side of the gulch, marks the mouth of an 
old drift prospect, which follows the strike of the coal bed for about 
60 feet. The coal is here 2 feet 3 inches thick and contains only two 
l-inch shale partings. It is underlain by shale and overlain by 
carbonaceous shale.· 

The only locality in which the outcrop of t]:l.e coal was actually 
meandered lies ·between locations 3 and 5, where the following facts 
were observed : The exposures at location 3 are poor and the coal is 
badly wea~hered at the surface, where. only coal "smut" (coal highly 
disintegrated) is exposed. Northward from this point the exposures 
are good and midway between locations 3 and 4 the coal is replaced 
by bluish-gray clay. At location 4, about 500 feet north of location 3, 
the coal appears at the surface in two beds separated by 9 feet of 
bluish-gray, highly sandy, calcareous shale. The lower bed, 2 feet 
thick, is composed of layers of coal and bone interbedded. The 
upper bed is composed of 12 inches of good coal and has a l-inch 
shale parting 4 inches from the bottom .. 

Location 5 marks the mouth of a mine in Coal Canyon which is 
operated during the winter by John Reese and others, the coal being 
hauled by wagon to supply the needs of near-by settlers. A sample 
for analysis representing the ·entire bench of clean coal was collected 
in this mine at a point 300 feet northeast from the mine mouth. The 
results of the analysis (No.17715) are given on page 486. The coal at 
the point sampled (see ~ection 5, Pl. XXIX) occurs in one bench 
1 foot 8 inches thick, overlain by shale and nnderlain by 11 inches of 
bone that is mined but discarded when the coal is loaded into the 
mine cars. As may be inferred from the foregoing observations, made 
at near-by points along the outcrop, this coal is lenticular and uncer-
tain in· its occurrence. 

At locations 6 and 7 in Indian Pete Canyon, in sec. 2, T. 16 S., R. 2 
E., there are two abandoned mines, one on either side of the canyon. 
The bed in this vicinity is very irregular in thickness and character as 
shown by coal s·ections 6 and 7 (Pl. XXIX). The total thickii.ess of 
coal at location 6 is 5 feet 2 inches, whereas at location 7, just across 
a narrow canyon bottom, it is only 3 feet 5 inches. The mine on the 
south side, at location 6, was one of the first coal mines opened in 
Utah and perhaps more coal has been removed from it than from any 
other mine in this area: The development was continued, it is 
reported, until the mine was floode-d by water, when it was closed 
down and has never been reopened. Water almost completely filled· 
the workings of the mine at the time of the writer's visit. The 
section of coal at location 6 was measured near· the mouth of the mine 
just above the upper edge of the water. The mine at location·7 was 
opened some time after the one at location 6 aud the development 
has not been so extensive. A sample for analysis was taken- at· 
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· location 7 and the results of this analysis (No. 17717) are given in 
the table on page 486. · That portion of the bed included in the sample 
is shown in section 7 (Pl. XXIX). 

The mine at locations 8 and 9, operated by H. R. Thomas, of Wales, 
is situated in sec. 35, T. 15 S., R. 2 E., in what is locally known as Old 
Canyon. The coal here mined is sold to the people· of Wales and 
near-by small towns. The total production has been rather large 
for a local mine. Location 8 marks the mouth of this mine and 
location 9 the point in the mine at which the sample for analysis 
was collected. The results of this analysis (No. 17718) are given in 
the. table on page 486 and that part of the bed included in the sample 

·is shown in section 9 (Pl. XXIX). The sections measured at-loca­
tions 8 and 9 show a great difference in the thickness of the coal, as 
well as in the thickness and arrangement of the coal benches and 
the partings between them, as is at once apparent on comparing 
them. The total thickness of coal at the mouth of the mine is about 
5 feet, whereas ·at the point sampled it is only about 3 feet. The 
rocks immediately above and below the coal are calcareous sandstone 
and calcareous sandy sh_ale. 

At location 10, in sec. 26, T. 15 S., R. 2 E., the coal was examined 
in an unworked mine on the south side of what is locally called New 
Canyon. This mine is now abandoned and it is not known how 

·much coal was removed. A mine has also been opened on the north 
side of the canyon, but the opening has been closed by caving. At 
practically all.the mines and prospects visited the coal bed possesses 
a good roof, either a sandy shale, calcareous sandstone, or calcareous 
sandy shale. It is very firm and requires little or no propping. In 
mines which have been abandoned for years the roof is apparently as 
firm as ever. 

The present examination, which terminated at location 10, suggests 
that the c9al-bearing zone contains beds of workable thickness as far 
south as Coal Canyon. It is reported by H. R. Thomas that a coal 
bed of this zone is of similar thickness and character for a mile or two 
northward from New Canyon, but that beyond a point a few miles 
north of location 10 the coal decreases in thickness until in the 
vicinity of sec. 3, T. 15 S., R. 2 E., it is too thin to be of any econo~c 
importance. 

It may be inferred from the foregoing observations made at points 
along the outcrop that this coal is more or less lenticular in character 
and UL.~ertain in its occurrence, as well as badly split by partings. 
It is believed by some who are not wholly familiar with coal mining 
that any ..lrind of surface "showing" of coal is sufficient to develop 
into ~~O'od bed if it be penetrated far enough. The chances are about 

__ ~~-however, of its being either thinner or thicker or containing 
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~fewer or more impurities than at the outcrop. It is much safer to 
' consider that the bed will be no thicker inward from the outcrop than 
: to assume that it may greatly increase in value. 

The coal which outcrop~ near the summit of Gunnison Plateau may 
- belong to a coal-bearing zone composed of a series of lenses or it may 
~represent a single stratigraphic horizon .. It is here designated a zone. 
'Only one measurement of the coal in this zone was obtained. Thi~ 
'measurement was made at location 11 in sec. 18, T. 16 S., R. 2 E., in 
: an old drift prospect which extended a few hundred feet into the hill 

. :: along the supposed coal bed. It is reported that the prospectors 
·hoped that as the bed was penetrated it would increase in thickness, 
.· improve in quality, and contain fewer and thinner partings. At the 
~ time of the writer's visit the -drift was in places almost wholly filled 
.. with material that had caved from the sides and roof, and the presence 

~ of water prevented an examination of the drift at its farther end. 
: Section 11 (Pl. XXIX) gives the character and thickness of the bed 
~-near the mouth of the drift. The shale near the middle of the section 
. and overlying the l-inch bench of coal contains many fragments of 
i fossil shells which are too fragile to admit of collection for identifica­
. tion. The 10-inch bed of shale in the section also contains many 

fragile fossil shells. The coal is of poorer ,quality than that of the 
lower zone. The total thickness of coal here does.not exceed 9 inches 
and this thin.bed is split by partings into four benches. It occurs in 
such thin lenses that it gives little promise of ever being of economic 
value. 

, It was reported by residents of this region that another drift was 
·: opened a few miles~ in Axhandle Creek, in a bed of coal 
; supposedly belonging to this same. zone. Opportunity was not 

afforded to the writer to visit this prospect, hut· it was said that the 
indications of coal are not nearly so good as they are at location 11. 
If this report be·true it is safe to assume that coal of economic im­
portance will probably not be found at either of the above prospects. 

The area south and east of location 11 was v:ery hurriedly examined 
in search of additional outcrops at the horizon of the coal described 
above, but no signs of coal were found and it is qUite probable that 
no coal of any commercial value will be found at this upper horizon. 

CHEMICAL COMPOSITION. 

The analyses given on page 486 show the composition of sa:J;Uples _ 1 
collected from three mines, which are well distributed over t:Je area 
west and southwest of Wales. The analyses of coals Irq·m Carb-on 
County, Utah, are also included in this table for conv~ience in 

, making compariso~. The samples from the vicinity of W a·~ were 
made by cutting a channel across the bed and excluding'thos~or-
tions so indicated in the following sections: ~-. , .,_ 
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Section of coal sampled (No. 17715) in mine of John Reese, in sec. 14, T.16 S., R. 2 E., • 
at a point 300 feet northeast from opening. · 

Shale, calcareous. 
Coal, bright, hard, and blocky ............................. . 
Coal, dull, flinty, and massive ............. ~ .............. . 
Coal, bright, lustrous ...................................... . 
Coal, dull, flinty, and massive ............................ . 

Bone 1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ft. in. 
5 
5 
2 
8 

Shale, brown ................................. : .............. ·. 1 
11 
6 

Total· coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 

Section of coal sampled (No. 17717) in North Tunnel mine, in Indian Pete Canyon, in : 
sec. 2, T. 16 S., R. 2 E., at a point 300 feet from opening. ·: 

·Sandstone, calcareous. Ft. in. 
Coal, bright. ................ : ............................. 1 3 
Shale, brown, sandy 1................ • .. • • .. .. • • • • • • • • • • • • 4 
Shale, thinly laminated, containing thin coal lenses 1 ••••••• 1 6 
Coal...................................................... 3 
Shale, sandy 1 •••••.•. ·. . • . . • . . . . . • . • . • . . . . . . . . . • . • . • • • . • . 1! 
Coal.................................................... 4 
Shale, sandy 1 ••••••••••••••• : ~.. • • • • • • • • • • • • • • • • • • • • • • • • 1 
Coal, bright ....................... : . . . . . . . . . . . . . . . . . . . . . . . 6 
Shale, grayish brown, sandy 1........ .. .. .. • .. .. .. .. .. .. .. 6 
Coal, bright~............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 

Bone 1 ••••••••• ~............................................. 3 
Shale. · 

Total coal................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 

Section of coal sampled (No. 17718) in mine of H. R. Thomas, in Old Canyon, in sec. 35, 
T. 15 S .• R. 2 E., at a point 1,4-00feet northfrom opening. ·· 

Sandstone, calcareous. Ft. in. 
Coal, alternating dull and light bands............ . . . . . . . . . . 6 
Coal, hard, massive, with fe'o/ very bright bands.:.... . . . . . . 1 t 
Bone ............. ·........................................ ! 
Coal, bright ............................ ~. . . . . . . . . . . . . . . . . . 5! 
Bone .................. ""· ................... ·.............. ! 
Coal, bright, massive ........... ~.. . .. . .. . .. .. . . . . . . . . .. .. .. 1 2! 
Bone 1 ••••••••••••••••..•.•••••••.•••.•••...••••••• ~..... 8 
Coal, bright 1•••• •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 
Shale, sandy, calcareous 1 .................................. · 1 2 

Totalcoal .......................... ! ...•....•......... 3 4 

After cutting the sample from the face of the bed, collecting it· on" 
a waterproof cloth, and breaking the coal small enough to pass a :!. 

half-inch mesh screen, it was quartered down to about 3 or 4 pounds,~­
sealed in an air-tight can, and mailed to the laboratory of the Bureau 
of Mines at Pittsburgh, Pa., where the analysis was made by standard · 
mciho&. ~ 

1 Exclude4 from sample. 

. ·• . 
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The analysis of each sample is given in four forms, marked A, B, 
C, and D. Form A represents the character of the coal in the mine 
at the point from which the sample was cut. The moisture in this 
form is l~rgely a matter of chance, and analysis A is therefore not . 
well suited for comparison. Form B gives the composition of the . 
coal after air drying at a temperature slightly above the normal 
room temperature until its weight remains constant. This form is 
the one best adapted for the comparison of two or more coals as 
regards their fuel value. Forrp. C represents the condition of the 
sample after all the moisture has been expelled.. Form D repre­
sents the coal free. from both moisture and ash, and is supposed to 
represent the true coal substance free from the most important 
impurities. Forms C and Dare obtained from the others by recalcu­
lation and should not be used for ordinary comparison, as they rep­
resent theoretical conditions that do not exist. 

In analytical work it is not possible to determine the proximate 
constituents of coal with the same degree of accuracy as the ultimate 
constituents. Th~refore the air-drying los~, moisture, volatile 
matter, ~ed carbon, and ash are given to one decimal place only, 
whereas in the ultimate analysis the ash, sulphur, hydrogen, carbon, 
nitrogen, and oxygen are given to . two decimal places. As the 
calorific determination to individual units is not reliable, in the 
column headed ''Calories" the heat values are given to the nearest 
five units and in the column headed ''British thermal units" they 
are given to the nearest 10 units. 

Analyses of coal samples from the coal near. Wal~s, Sanpete County, Utah, and adjacent 
coal fields. 

0 
z 
I>. ,... 
£ 
"' ~ 
.0 

"' 1-=l 

17715 

17717 

17718 

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, ~hemist in charge.] 

Coal from mines near Wales, Utah. 

Location. Proximate. I Ultl: Heating 

k mate. value. 
...., 

- ~ .~ 
~ Cil ~ ~ ~ 

Mine and bed. Q) .9 Cil ::3 ~ s 
~ "' 0 Iii 
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~ .~ Q) .d A 0 
::s t,) 0 .!:l ~ 0 '0 :.< 'S Cil ~ Q) 

~ ~ C1 rn 8 ~ z ~ ~ ::!l > rn 0 -- - - - - - - - - - ----
. John Reese ......... NE. 14 16 s. 2E. 5 0.1 A 3.6 29.2 44.7 22.5 6. 79 5, 715 10,290 

B 3.6 29.2 44.7 22.5 6.80 5, 720 10,300 
c 30.3 46.4 23.3 7.05 5,935 10,680 

D 39.5 60.5 9.20 7, 740 13,940 

North Tunnel ...... BE. 2 16 s. 2E. 7 .2 A 2.4 32.4 46.0 19.2 3. 71 6,220 11,200 
B 2.2 32.5 46.1 19.2 3. 72 6,235 11,230 c 33.2 47.1 19.7 3.80 6,375 11,480 
D 41.3 58.7 4. 73 7,935 14,290 

.H. R. Thomas ...... NE. 35 15 s. 2E. 9 .• 8 .A 2. 7 35.7 45.9 15.7 4.63 6,585 11,860 
B 1.9 36.0 46.2 15.9 4. 67 6,635 11,950 
c 36.7 47.1 16.2 4. 76 6, 770 12,180 
D 43.8 56.2 5.68 8,075 14,530 
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Analyses ojcoalsamplesjrom the coal near Wales, Sanpete County, Utah, and adjacent 
· coal .fields-Continued. 

Coal from adjacent fields in Utah. 

Location. Proximate. I mu- Beating 

~ mate. value. 
H 

ci 
~ .f!i ..: -; ~ li <ll z 1>. .& l=i El Mine and bed. ~ ,.g 1 ~ ~ ~ 0 .... 

.... .e. bJ) s -e ~!i .s ..: 
.~ 1 

P-t .s - a) 
~ 

~ 

~ .~ ;;·§ 
~ 1>. 0 ~ C) 

~ a) 1=1 
~ :a ~ ..c:l 0 bJ) 0 ~ 

...., 
J~ 

.!!l 
§ ~ § .!!l ~ 

~ A ~ ~ Q) 0 ci .!:l 0 ::a "0 .~ "a ~ ~ ..:l· Cj m ~ ~ z -< ~ :>- ~ -< m 0 
- ------ - - - -,-- -----

12631 Utah Fu~l Co. mine sw. 4 15 s. 14 E ..... 2.1 A 5.1 39.9147.7 7.3 1.37 7,095 12,770 
No.3, Sunnyside B 3.0 40.8 48.7 7.5 1. 40 7, 245 13,040 
(lower bed). I c 42.150.2 7. 7 1. 44 7, 475 13,450 

D 45.6 54.4 1. 56 8,095 14,570 

2097 Castlegate (Castle- ...... 2 13 s. 9E. . ... 3.5 A 6.1 40.1 45.5 8.3 .56 6, 785 12,220 
gate bed). B 2. 7 41.5 47.1 8. 7 .58 7,035 12,660 

c ..... 42.7 48.4 8.9 .60 7,230 13,010 
D ..... 46.9 53.1 ..... .66 7,935 14,290 

2541 Winte~ u arters N.~ 7 13 s. 7E. ..... 3.9 A 8.1 40.2 45.9 5.8 .86 6, 760 12,160 
mine o. 1 (Win- n 4. 4 41.8 47.8 6.0 .89 7,030 12,660 
terquarters bed). c -··· 43.7 50.0 6.3 . 94 7,355 13,240 

D 46.7 53.3 1. 00 7,845 14,130 

No. 17715: Sample of coal from the John Reese mine in Coal Canyon, taken by F. 
R. Clark in September, 1913, at a point .300 feet north of mouth of mine. The coal 
in this sample may have been slightly weathered. Total thickness of bed, 1 foot 8 
inches, was included in the sample. 

No. 17717: Sample of coal from the North Tunnel mine in Indian Pete Canyon, 
taken by F. R. Clark in September, 1913, at a point 300 feet north of opening of the 
mine. The coal in this sample may have been slightly weathered. Section on page 
485 shows part of bed included in sample. 

No. 17718: Sample of coal from the mine of H. R. Thomas in Old Canyon, taken by 
F. R. Clark in September, 1913, from working face of room 6, about 1,400 feet north 
of mine mouth. The coal in this sample was fresh and unweathered and that part 
of the bed included in the ~ample is shown in the section on page 485. 

No. 12631: Sample of coal from the Utah Fuel Co.'s mine No. 3, at Sunnyside, 
Utah, taken by F. R. Clark from the upper 6 feet 10 inches of the 8-foot bed of coal. 

No. 2097: ·Sample of coal from Castlegate mine, Castlegate, Utah, taken by J. A. 
Taff in 1905 from the east part of mine, 10-foot cut. 

No. 2541: Sample of coal from the Winterquarters bed, in the Winterquarters mine 
of the Pleasant Valley Coal Co., taken by J. A. Taff in 1905 from the southeast part of 
mine at a point 6,000 feet from mine mouth. The entire bed, 16 feet in thickness, 
was sampled. 

It will be found on comparing the analyses of the coal near Wales 
with those of the coals from Carbon County, that there are marked 
differences in ~orne of the constituents, namely: The air-drying loss 
and the moisture are very low in the Wales coal and much less than 
they are in the others; the volatUe matter is appreciably less; and 
the fixed carbon is only 1 to 3 per less cent, showing probably an 
equal rank for the Wales coal; but its efficiency is impaired by the 
higher percentage of sulphur and ash. The ratio of the air-drying 
loss in the samples from the Wales coal is significant because as the 
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degree of weathering of the coal increases the ak-drying loss decreases. 
For· instance, in sample 17715, the ·niost highly weathered coal of 
the three samples, the air-drying loss was only 0.1 per cent, whereas 
in the perfectly fresh sample, 17718, the air-drying loss is 0.8 per cent. 
The ash and sulphur, however, are very much greater in the Wales 
coal than in the coals from Carbon County, and the heating value of 
the Wales coal in forms A, B, and Cis much less than that of the other 
coals, but if found low in ash at some. point it should show' a high 
calorific value. 

The rapidity with which a coal disintegrates and is reduced to 
slack depends largely on the percentage of moisture that it contains-. 
Therefore a coal with a lower percentage of moisture has stocking qual­
ities superior to those of a. coal higher in moisture. · On this basis the 
Wales coal, being lower in moisture, probably possesses better stock­
ing qualities than any of the Carbon County coals here given. A 
high percentage of moisture in a coal is also objectionable because 
the moisture replaces its weight of comb_ustible ma~ter, and also the 
evaporation during the combustion of the coal uses up part of the 
available heat. . 

The ratio of the volatile matter to the fixed carbon indicates in a· 
general way the type of furnace best adapted for burning a coal with 

. a maximum efficiency. A coal low in volatile matter may be burned 
in the common type of furnace without throwing off much smoke 
(unburned carbon), but the smokeless burning of a coal high in 
volatile matter requires a specially constructed furnace. 

·The percentage of ash in a coal also materially affects its commer­
cial value. The ash not only displaces its own weight of combustible 
matter; J?ut during combustion a part of the available heat is used in 
heating the ash. The high percentage of ash increases the cost of 
shipping as well as the cost of handling the coal in a power plant, and 
also de9reases the efficiency of the furnace. 

A high percentage of sulphur is objectionable in coal used for the 
manufacture of coke and gas as well as for ordinary steaming uses. 

The relatively lower heating value of the Wales coal as compared 
with the Carbon County coals is chiefly due to the fact that in the 
Wales coal the percentage of impurities is as much as three times that 
in the Carbon County coals. Thus in form D, which represents the 
composition and heating value of the coal as it would be if it contained 
neither moisture nor ash, the Wales coal is fully as good as the Carbon 
County coal, but in its actual impure condition it is much inferior. 

The high percentage of impurities, including sulphur, in the Wales 
coal is the principal factor which may affect its commercial value 
and future development as a shipping coal. 
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DEVELOPMENT. 

Although the production of coal at Wales is very small, the occur­
rence is perhaps of morv than local interest. The coal at Wales and 
that in the vicinity of Coalville, Utah, was, it is reported, the first 
discovered by white men in the State. Wales, however, claims the 
distinction of having produced the first coal mined in Utah. It 
is reported that J. E. Reese and Jolin Price, who had been coal 
miners in Wales, learned of the coal from an old Indian chief who 
called it ''rock that would burn." These two men in 1857 founded 
the town of Wales, Utah, and were the pioneers in coal mining in the 
State. It was soon learned that this coal was a good blacksmithing 
coal, and in 1858 Reese and Price manufactured some coke, which 
they hauled by ox team to Salt Lake City. In 1873 the coal property 
passed into the hands of a Salt Lake company which in 1874 and 
1875 built several coke ovens and manufactured coke, freighting it 
by team to York, the terminus of the Utah Central Railway, about 25 
miles south of Provo. This company, after spending much money 
in experimental work, sold out to an English company, which in 
1880 to 1882 built the first railroad to enter Sanpete Valley. This 
railroad connected the coal mines in Indian Pete Canyon, via Wales, 
with Nephi, the terminus at that time of the Utah Central Railway. 
It is reported that the English company also spent much money in ex­
perimenting with different types of coke ovens and in the develop­
ment of the coal, but finally abandoned the work through lack of funds. 
Mr. Thomas reports that the coke from the Wales coal is one of the 
strongest he has ever seen, but that probably the quality of the coke 
might beimprovedifthecoal were washed before going to the coke ovens. 

No information is at hand regarding the length of time this railroad 
was in operation, but after a number of years it was extended toward 
Moroni down Sanpete Valley and was known as the California Short 
Line. The spur from Moroni to Wales was then abandoned and 
to-day only the remnants of the grade remain to show where the road 
once existed. 

This early development work for one cause or another lasted only 
a few years and exploitation on a large scale has since been given 
little serious thought. This is probably due to the extensive devel­
opment of the coals of Carbon County, Utah, as well as those of the 
adjoining States of Colorado and Wyoming. In all of these places 
the coals are much more extensive, occur in much thicker beds, and 
are freer from impurities than is the coal near Wales, and for these 
reasons they can be mined much more economically and at a greater 
profit than can the Wales coal. Local interest in the Wales coal 
has, however, never entirely died away, and some coal is mined each 
winter to supply the local demand. At present the principal activity 
in mining is in Old Canyon at location 8, where H. R. Thomas operates 
the mine and practically supplies the people of Wales with their fuel. 





ANALYSES OF COAL SAMPLES FROM VARIOUS FIELDS IN 
THE UNITED STATES. 

By MARI:Us R. CAMPBELL. 

INTRODUCTION. 

The accompanyillg table gives the analysis of all coal samples col~ 
lected by the United States Geological Survey during the year 1913. 
The analyses were made at the Pittsburgh laboratory of the Bureau of 
Mines by the same methods as those employed in all previous work by 
that bureau ~nd by the Geological Survey, and consequently the 
results are comparable in every way with those already published by 
the two organizations. • 

In the. course of a year many coal fields are examined in detail or 
reconnaissance by members of the United States Geological Survey. 
Those fields located in the eastern part of the United States are sur­
veyed for the purpose of determining the amount and quality of the 
coal contained in them and of making public the facts concerning them 
in order to assist in their development. In the public-land States of 
the West the examinations are made in part for a similar purpose, but· 
also (and.in late years this has come to be the controlling motive) to 
gather data for the classification of the land as mineral or nonmineral 
according to its coal content.· If the land is classed as coal land a 
valuation must be assigned it i:t:l accordance with certain rules and 
regulations adopted by the interior Department, which take into 
account the amount of the coal and also its quality. The amount of 
the coal is determined from field data which are sufficiently complete 
for making a fairly reliable tonnage estimate; the quality of the coal is 
determined largely by chemical analysis. In determining the quality 
it is necessary' to have not only the ordinary chemical analysis but 
also calor~eter determinations of the heating value. The analyses 
here given·, as well as those previously published by the Bureau of 
Mines and the Geological Survey, generally give both of these. fac- · 
tors for determining the value of a coal and afford a reliable basis for 
the valuation of the public land. In addition they present a vast 
amount of information by whlch almost any coal in the United States 
may be compared with others to determine its relative value for com­
mercial uses. 

491 
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Most of these analyses will be published in the descriptions of the 
fields to which they pertain, but as such reports will necessa:rily be 
delayed until·all the data gathered in the :field have been thor,)ughly 
classified and digested, they may not appear for several m·onths or 
even a year.· In order, however, to make the analyses immediately 
available to the public, they have been grouped according to States 
and counties and are herewith published in advance of the reports to 
which they relate. As a result of this mode of publication it is impos­
sible to discuss and compare the analyses in order to show the relative 
grades of the coal samples, but it is believed that from the description 
of the samples that is given those wishing to make such comparisons 
can do so and can determine for themselves the relative efficienQies of 
the particular coals in which they are interested. This use is believed 
to be sufficiently great to justify the publication of th~ analyses in 
advance of the report on the :field in which the samples were collected. 

Many of the samples, especially those from public-land States, 
were collected in :fields in which mining either has not been begun or 
has attained only negligible development. In these fields it is diffi­
cult, if· not impossible, to secure fresh material, and hence the analy- _ 
ses show the coal to be of a lower grade than would appear were the 
sample made up of strictly unweathered coal. In the table all the 
weathered samples that have been recognized as such are marked. 
Their analyses should be taken with considerable allowance, and no 
important comparisons should be made with them or developments 
of the coal bed undertaken until they have been checked by the 
analysis of freshly mined coal. The analysis of weathered coal is 
valuable only until it can be supplanted by more reliable results. 

In taking a. sample of coal for analysis the geologist is instructed 
. to make every endeavor to procure fresh unweathered material. He 
is supposed to face up the bed. in the mine or prospect until fresh rna-· 
terial i~ available, and then to obtain his sample by making a uniform 
cut across the bed from roof to floor, including all such benches and 
partings as an experienced and careful miner would include in com­
mercial coal and throwing out such impurities as would certainly 
be excluded in practical operation. He is supposed to cut sufficient 
coal to give at least 6 pounds .to the foot of coal bed sampled. The 
sample is hastily pulverized in the mine until it will pass through a 
!-inch mesh and then is quartered down until ab~ut 4 poundS remain. 
This sample is placed in a galvanized-iron can, sealed with adhesive 
tape or paraffin, and mailed to the laboratory for analysis. The sam­
pling is done _on the principle that' a coal mine should be sampled as 
carefully as a gold mine and that the sample should be even more 
carefully handled after it has been taken. The object of sealing is to 
prevent Change in the moisture Cont.Ant, SO that the COal may reach the 
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laboratory in practically the same condition in which it exists in the. 
mine. Coal is a very unstable substance, and great care must be exer­
cised to prevent oxidation in the course of preparation and in traD:sit. 
It.is also important that the sample should consist of neither the best 
·nor the poorest coal, but that i~ should be representative of the output 
of the mine, if one is. in operation, or, if the field is undeveloped, it 
should represent as nearly as possible the merchantable coal that 
may be secured at some time in the future when mining is carried on. 

Although the aim of the geologist in obtaining a sample by the 
method specified above is to obtain coal that is representative of the 
output of the mine, practical experience has shown that this is seldom 
or never accomplished: Almost invariably the sa¥lple obtained in the 
mine contains a lower percentage of impurities than does the coal 
which reaches the consumer. This is largely due to carelessness in 
mining and handling and probably could be largely eliminated were 
the conditions of mining more nearly ideal. By comparing ·a large 
number of samples taken in a mine with those taken· at the point of 
consumption it has been found that there is a fairly constant though 
small difference in the percentage of moisture, ash; and sulphur, and 
that almost invariably the amount of these substances in the mine 
sample is less than it is in the coal as it reaches the market. For this 
reason a small amount should be added, especially to the ash given in 
the accompanying table, to correctly represent the ash in merchantable 
coal frqm the same mine. 

During the early stages of land classification all the analytical 
work was done by the Geological Survey, but with the establishment 
of the Bureau of Mines "the analyzing and testing of coals, lignites, 
and other mineral-fuel substances" of the United States passed by 
law to that bure~u. Accordingly all the analyses listed in this paper 
were made at the Bureau of 1\fines and to that bureau should be given 
the responsibility and credit. Although the ana~ytical work has 
passed from one bureau to another, the laboratory and many of the 
chemists engaged in the work have remained the same and conse­
quently the results are strictly comparable. 

In the table the analyses are given in four forms, marked· A, B,· C, 
and D. Analysis A represents the sample as it comes from the mine. 
This form is not well suited for comparing one coal with another 
in order to determine their relative merits as a fuel because· the 
amount of moisture in the sample as it comes from the mine is 
largely ~matter of accident, and consequently analyses ·of the same 
coal expressed· in this form may vary as widely as the analyses of 
coal from different beds or from different fields. Analysis B repre­
sents the sample after it has been dried at a temperature a little 
above the normal until its weight becomes constant. This form of 
analysis probably represents the coal in its most stable condition 
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and one approaching most closely its· condition as it. reaches the 
market. Therefore it is the form best adapted to the general pur­
poses of comparison.-· Analysis C represents the theoretical con­
dition of the coal after all the moisture has been eliminated. Analy­
sis D represents the coal after all moisture and ash have been theo­
retically removed. This is supposed to represent the true coal 
substance, free from the most significant impurities. Forms C and D 
are obtained from the others merely by recalculation. They are 
useful in a study of the pure coal substance, free from· impurity, 
but as this substance is not the same as the coal that reaches the bin 
of the consumer neither form C nor form D should be used in practical 
work. 

In the analytical work it is not possible to determine the proximate 
constituents of coal or .lignite with the same degree of accuracy as 
the ultimate constituents. Therefore the air-drying loss, moisture, 
volatile matter, fixed carbon, and ash are given to one decimal place 
only; whereas the ash (in the ultimate analysis),. sulphur, hydrogen, 
carbon, nitrogen, and oxygen are given to two decimar places. The 
determination of the calorific value to individual units is not reliable, 
hence in the column headed "Calories" the values are given to the 
nearest five units and in the column headed "British thermal units" 
they are given to the nearest tens, as the value of a British thermal 
unit is about one-half that of a calorie. 

CLASSIFICATION OF COAL. 

The cla~si:fication of coal into various grades, such as bituminous, 
semibituminous, and lignite, is arbitrary and not at all satisfactory, 
but it is in common use in the United States and it seems desirable 
to give the class for each sample, because from· the analysis one could 
not always determine this important point. The classes generally 
used in the United States are as follows: Anthracite, semianthracite, 
semibituminous, bituminous, subbituminous, and lignite. 

Anthracite.-Anthracite coal is generally well known, but in a sys­
tematic classification it is generally defined as a hard coal having a fuel 
ratio (fixed carbon divided by volatile matter) of not less than 10. 
Most of this coal comes from the- anthracite fields of eastern Pennsyl­
vania, but small areas are known in some of theW estern States where 
the coal has been changed to anthracite by the heat and pressure of 
masses of igneous rock. 

Semianthracite.-Semianthracite coal has a fuel ratio ranging from 
6 or 7 to 10. There is only a small amount of this coal in the United 
States, found in local basins or in close proximity to igneous rocks. 

Semibituminous.-Semibituminous coal is of great commercial 
importance, but is not widely distributed. Its fuel ratio ranges from 
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3 to 6 or 7. It is the best steam coal in the country, and some of it can 
be utilized in the manufacture of coke. The centers of production are 
the Pocahontas and New River fields of Virginia and West Virginia, 
Georges Creek field of Maryland, Windber field of Pennsylvania, and 
the western end of the Arkansas field in the vicinity of Fort Smith; 
Though small areas containing this grade of coal have been found in 
W a~hington and Colorado, th~ amount of suoh coal "in these fields is 
small. 

Bituminous.-Bituminous coal is the most important grade in the 
. country and includes most of the coals east of the Rocky Mountains. 
In the Western States there are large areas of bituminous coal, such 
as the Trinidad~Raton field of Colorado and New Mexico; the Grand · 
Hogb~ck field of Colorado; the Book Cliffs field of Utah; the Rock 
Springs, Kemmerer, and Black Hills fields of Wyoming; the Great 
Falls field of Montana; and many districts of Washington. This 
grade furnishes most of the coking coal of the country, and it is largely 
sold for steam raising and for domestic use. 

Subbituminous.-The term "subbituminous" has been adopted 
by the Geological Survey for what has generally been· called "black 
lignite." The latter term is objectionable, for the reason that the 
coal is not lignitic in the sense of being woody, and the use of the term 
seems to imply that the coal is little better than the brown, woody 
lignite of North Dakota, whereas many of the coals of this class closely 
approach the lowest grade of bituminous coal. In fact, it is extremely 
difficult to separate this class from the one below and the one above. 
It is generally distinguished from the lignite by its color and freedom 
from apparent woody texture and from bituminous co.al by the 
slacking it undergoes when exposed to the weather. As the latter is 
an important diff~rence in commercial use, it has been adopted by the 
Geological Survey as the criterion for the separation of sub bituminous 
and bituminous coals. · 

Subbituminous coal is found in most of the western fields, being 
well known in the field about Boulder and Denver and in North Park, 
Colo.; Gallup, N.Mex.; Hanna, .Douglas, Sheridan, and the Bighorn 
Basin, Wyo.; Red Lodge and Musselshell, Mont.; and in many of the 
districts of Washington and Oregon. 

Lignite.-.!s used by the Geologi·cal Survey the term "lignite" is 
restricted to the coals that are distinctly brown and generally woody. 
They are intermediate in quality between peat and subbituminous 
coal. Lignite is abundant in theN orth in east·ern Montana and North 
Dakota and in the northwest corner of South Dakota. In the South 
it is present in all of the Gulf States~ but it has been developed 
commercially only in T~xas. 
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AN.ALYSES.a 

[Made by the Bureau of Mines.·· A. c. Fieldner, chemist in charge.] 

ALABAMA. 

DEXALB COUNTY. 

Proximate. Ultimate. Heating value. 

Labo- Air- Form 
ratory ~y- of Vola-mg analy- Fixed Hy- British No. loss. sis. Mois- tile car- Ash. Sui- dro- Carbon. Nitro- Oxy- Calo- thermal ture. mat- bon. phur. gen. gen. gen. ries. units. ter. 

18230 2.6 A.... 3.6 19.0 65.9 11.5 1.44 
B.... 1.1 19.5 67.6 11.8 1.48 
c............ 19.7 68.4 11.9 1.49 
D........... 22.4 77.6 ...... 1.69 

18233 2.8 A •••. 3.4 18.7 63.4 14.54 1. 22 4.29 72.86 1.27 5.82 7,055 12,700 
B •••. .6 19.2 65.2 14.95 1.25 4.09 74.92 1.31 3.48 7,255 13,060 
c ..... ........ 19.3 65.6 15.05 1. 26 4.05 75.41 1. 31 2.92 7,305 13, 150 
D .••• ....... 22.7 77.3 1. 48 4. 77 88.77 1. 54 3.44 8,595 15,480 

18234 2.9 A •••. 3.8 19.0 64.4 12.8 1. 52 ......... ......... .......... .......... 7,215 12,980 
B •••. 1.0 19.6 66.3 13.1 1. 56 .............. .......... ........ .......... 7425 13,370 
c ..... ....... 19.7 67.0 13.3 1. 58 .......... .. ............. .......... .......... 7:500 13,500 
D •••. ······· 22.8 77.2 ....... 1. 82 ............ ............ .......... ......... 8,645 15,560 

18231 2.2 A.... 2.8 20.2 60.6 16.4 4.43 
B.... .6 20.7 62.0 16.7 4.53 
c..... . .. .. . . 20. 8 62. 4 16. 8 4. 56 
D........... 25.0 75.0 ...... 5.48 

18232 3.0 A •••• 3.5 20.6 64.811.1 2.64 
B .. • . • 5 21. 3 66. 8 11. 4 2. 72 
c..... .... .. . 21.3 67. 2 11.5 2. 74 
D.... .. .. .. • 24. 1 75. 9 . . .. .. 3. 09 

COLORADO. 

LA PLATA COUNTY. 

17745F 1.3 A .... 4. 7 36.8 45.0 13.52 0.86 5. 47 66.56 1. 51 12.08 6,640 11,950 
B .... 3.4 37.3 45. (t 13.70 . 87 5.39 67.46 1.53 11.05 6, 730 12,110 c ..... .......... 38.6 47.2 14.18 .90 5.19 69.81 1. 58 8.34 6,965 12,540 D .... ....... 45.0 55.0 . ...... 1.05 6.05 81.34 1. 84 9; 72 8,115 14,610 

17747 1. 4 A .... 11.6 31.4 40.1 16 .. 9 .61 ........ ............. ............ ........... 4,615 8,300 
B .... 10.3 31.8 40.7 17.2 . 62 ........... ............ .......... .......... 4,680 8,420 c ..... ........... 35.5 45.4 19.1 .69 . ............ ............. ........... .......... 5,220 9,400 
D .... ........... 43.9 56.1 ........ .85 ............ ............ ............ ............... 6,455 11,620 

17748 .7 A .... 4.2 . 36.1 44.6 15.1 .69 .......... ........... "'i'" ......... 6,500 11,700 
B .... 3.6 36.4 44.8 15.2 .69 6,545 11,780 
c ..... .......... 37.7 46.5 15.8 • 72 .. ........ .......... . ....... .......... 6,890 12,220 
D .... .......... 44.8 55.2 ......... .85 . ....... ............. ........ . .......... 8,055 14,500 

17855 2.5 A .... 5.8 37.2 50.3 6. 71 .58 5.67 71.41 1. 61 14.02 7,025 12,650 
B .... 3.3 38.2 51.6 6.88 .59 5. 53 73.27 1. 65 12.08 7,210 12,980 
c ..... ······· 39.5 53.4 7.12 .62 5. 34 75.81 1.71 9. 40 7,460 13,430 
D .... ........ 42.5 57.5 .. ......... .67 5. 75 81.62 1. 84 10.12 8,030 14,460 

a Description of samples is given on pp. 508-526. 
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COLORADO-Continued. 

MOFFAT COUNTY. 

Proximate. I Ultimate. Heating value. 

Air- Form Labo- <!IY· of ratory analy- Vola- Fixed Hy- British No. mg Mois- tile Sul- Nitro- Oxy- Calo-loss. sis. ture. mat- car- Ash. phur. dro- Carbon. gen. gen. ries. thermal 

ter. bon. gen. units. 

--------------------------------
17592 7.8 A .... 23.3 a29.6 40.0 7.13 0.65 5. 79 54.00 0.68 31.75 4,925 8,870 

B .... 16.8 32.1 43.4 7. 73 . 70 5.35 58.55 . 74 26.93 5,340 9,610 
c ..... ······· 38.6 52.1 9.29 .85 4.18 70.37 .89 14.42 6,420 11,550 
D .... ....... . 42.5 57.5 ...... .94 4.61 77.58 .98 15.89 7,075 12,740 

17593 5.1 A .... 22.1 a31;6 42.0 4.34 . 72 6.01 55.39 1.18 32.36 5,165 9,300 
B .... 17.9 33.3 44.2 4.57 . 76 5. 73 58.37 1. 24 29.33 5,445 9,800 
c ..... ....... 40.6 53.8 5.57 .92 4.56 71.10 1. 51 16.34 6,630 11,930 
D .... ....... 43.0 57.0 ....... .97 4.83 75.29 1. 60 17.31 7,020 12,640 

17686 b2.4 A •.•. 11.7 38.0 44.3 5.96 .92 5.84 63.99 1.14 22.15 6,210 11,180 
B ..•. 9.6 38.9 45.4 6.10 .94 5. 71 65.54 1.17 20.54 6,360 11,450 
c .. t •• ........ 43.0 ,50. 2 6. 75 1.04 5.14 72.48 1.29 13.30 7,035 12,670 
D .... .· ...... 46.2 53.8 .. ..... 1.12 5.51 77.73 1.38 14.26 7,545 13,580 

17696 6.1 A .... 18.9 a30.4 44.4 6.29 .64 5. 71 57.47 .82 29.07 5,400 9 720 
B .... 13.6 32.4 47.3 6. 70 .68 5.36 61.22 .87 25.17 5, 755 10:360 
c ..... ....... 37.5 54.7 7. 76 . 79 4. 45 70.90 1.01 15.09 6,665 11,990 
D .... ....... 40.7 59.3 ...... .86 4.82 76.86 1. 09 16.37 7,225 13,000 

17782 bl.8 A .... 11.9 36.8 45.6 5. 72 .55 5.83 64.36 1. 40 22.14 6,240 11,230 
B .... 10.2 37.5 46.5 5.83 .56 5. 73 65.56 1. 43 '20.89 6,355 11,440 
c ..... ······· 41.7 51.8 6. 49 .62 5.12 73.03 1. 59 13.15 7,080 12,750 
D .... ........ 44.6 55.4 ...... .66 5.48 78.10 1. 70 14.06 7,575 13,630 

17840 b2.2 A .... 14.2 36.3 45.3 4.18 .59 5.82 63.54 1.22 24.65 6,100 10,980 
B .... 12.2 37.1 46.4 4.28 .60 5. 70 64.98 1. 25 23.19 6,235 11,230 
c ..... ....... 42.2 52.9 4.87 .69 4. 94 74.06 1. 42 14.02 r 7,105 12,790 
D .... ....... 44.4 55.6 ······ . 73 5.19 77.85 1. 49 14.74 7,470 13,450 

ILLINOIS. 

McDONOUGH COUNTY. 

15119 10.1 A .... 13.3 37.7 42.6 6. 41 2.88 5.91 63.84 1. 20 19.76 6,495 11,700 
B .... 3.5 42.0 47.4 7.13 3.20 5.33 71.01 1. 34 11.99 7,225 13,010 
c ..... ....... 43.5 49.1 7.39 3.32 5.11 73.61 1. 38 9.19 7,490 13,490 
D .... ....... 47.0 53.0 . ..... 3.58 5.52 79.48 1. 49 9.93 8,090 14,560 

KENTUCKY. 

PIXE COUNTY. 

17459F 1.4 A .... 3.2 33.0 58.7 5.08 0.62 5.33 78.45 1. 40 9.12 7, 710 13,880 
B .... 1.9 33.5 59.5 5.15 .63 5.25 79.53 1. 42 8.02 7,815 14,070 
c ..... ....... 34.1 60.6 5.25 .64 5.14 81.05 1. 45 6.47 7,965 14,340 
D.· ... ........ 36.0 64.0 . ..... .68 5.42 85.54 1. 53 6.83 8,410 15,130 

17460F 1.0 A .... 2.5 34.8 58.4 4.26 .59 5.22 79.89 1. 45 8.59 7,915 14,250 
B .... 1.5 35.2 59.0 4.30 .60 5.16 80.69 1. 46 7. 79 7,995 14,390 
c ..... ....... 35.7 59.9 4. 37 .61 5.07 81.94 1. 49 6.52 8,115 14,610 
D .... ....... 37.4 62.6 . ..... .64 5.30 85.68 1.56 6.82 8,490 15,280 

17461F 1.3 A .... 2.8 36.2 56.7 4.30 1. 35 5.39 79.25 1. 47 8.24 7,875 14,180 
B .... 1.5 36.7 57.4 4.35 1. 37 5.32 80.25 1. 49 7.22 7,975 14,360 
c ..... ······· 37.2 58.4 4.42 1. 39 5.22 81.50 1.51 5.96 8,100 14,580 
D .... 39.0 61.0 ...... 1. 45 5.46 85.27 1.58 6.24 8,475 15,260 ,. 

a Volatilematterdetern;tined by themodifiedofficialmetho.d. (See Bureau of Mines Bull. 22, p. 29.) 
b The small air-drying loss indicates that the coal was weathered. 

365° -Bull. 541-14-32 . 
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Labo- Air-
ratory ~ry-

No. mg 
loss. 

17711 3. 7 

17841F 10.1 

17842F 1.2 

17892 19.1 

17586F 2.2 

17587 3.4 

17588 2.1 

17589. 2.0 

17703 0.9 

17746F 1.6 

17781F .4 

Form 
ot 

analy-
sis. 

A •••. 
B •.•. 
c ..... 
D .... 

A ..•. 
B .... 
C .... 
D .... 

A .... 
B .... 
c ..... 
D .... 

A .... 
B .... 
c .... ~ 
D .... 

A .... 
B .... 
c ..... 
D .... 

A .... 
B .... 
c ..... 
D .... 

A .... 
B .... 
c ..... 
D .... 
A .... 
B .... 
c ..... 
D .... 

A .... 
B .... 
c ..... 
D .... 

A .... 
B .... 
c.~ ... 
D .... 

A .... 
B .... 
c .... ·. 
D .... 

MONTANA. 

BIGHORN COUNTY. 

Proximate. Ultimate. 

Vola-
Mois- tile 
ture. mat-

ter. 

22.6 31.9 
19.6 33.1 

........ 41.2 

.......... 44.6 

24.1 a29.2 
15.7 32.5 

......... 38.5 
------· 43.9 

7.2 34.0 
6.0 34.4 

......... 36.6 

........... 40.2 

31.4 a30.4 
15.2 37.6 

44.4 
......... 56.2 

13.4 32.4 
11.5 33.1 

........... 37.4 

......... 40.4 

14.5 31.5 
11.6 32.6 

............ 36.9 

........... 39.9 

13.6 32.6 
11.7 33.3 

........ 37.7 

........ 41.1 

13.4 33.2 
11.7 33.9 

........... 38.3 

........ 42.1 

2.6 36.0 
1.7 36.4 

........... 37.0 

......... 44._3 

5. 7 37.4 
4.1 38.0 

........ 39.6 

........ 45.6 

2.0 35.7 
1.6 35.9 

36.4 
......... 42.1 

Fixed Sul- Hy-
car- Ash. phur. dro- Carbon. 
bon. gen. 

39.5 6.0 0.51 ......... ......... 
41.1 6.2 .53 ........ ......... 
51.1 7. 7 .66 ......... 
55.4 • 72 .......... ········ 

HILL COUNTY. 

37.4 9.28 1.15 5.98 50.03 
41.5 10.32 1. 28 5. 40 55.63 
49.3 12.23 1. 52 4.35 65.95 
56.1 1. 73 4.96 75.14 

50.5 8.33 1. 77 5.13 67.62 
51.2 8. 43 1. 79 5.06 68.45 
54.4 8.97 1. 91 4.66 72.84 
59.8 2.10 5.12 80.01 

23.8 14.4 1. 35 .......... .......... 
29.4 17.8 1. 67 ........ .......... 
34.7 20.9 1. 97 .......... ·----··· 
43.8 2.49 . ....... ......... 

:MUSSELSHELL COUNTY. 

47.6 6.58 0.39 5.59 63.89 
48.7 6. 73 .40 5.46 65.34 
55.0 7.60 .45 4. 74 73.79 
59.6 .49 5.13 79.86 

47.5 6.5 .80 ······· -----··· 
49.1 6. 7 .83 ........................... 
55.5 7.6 .94 .......... ............ 
60.1 1. 02 . ..................... 
46.8 7.0 .58 ........................ 
47.8 7.2 .59 .......................... 
54.1 8.2 .67 .......................... 
58.9 • 73 .. ......................... 

45.6 7.8 .51 ......................... 
46.5 7.9 .52 .......................... 
52.7 9.0 .59 .. ........................ 
57.9 .65 . .......................... 

NEW MEXICO. 

COLFAX COUNTY. 

45.3 116.08 0.56 5.35 67.63 
45.7 16.23 .57 . 5.30 68.25 
46.5 16.51 .57 5.19 69.43 
55.7 .. ...... .68 6.22 83.16 

44.6 12.28 1.09 5.47 • 66.31 
45.4 12.48 1.11 5.38 67.41 
47.4 13.02 1.16 5.13 70.33 
54.4 ······ 1.33 5.90 80.86 

49.2 13.10 • 78 5.24 70.71 
49.4 13.15 • • 78 5.22 70.99 
50.2 13.36 .80 5.12 72.13 
57.9 .. ....... .92 5. 91 83.25 

Nitro- Oxy-
gen. gen. 

---···· .......... . ...... ........... 
. ........ ·······-
........ .......... 

1. 02 32.54 
1.13 26.24 
1. 34 14.61 
1. 53 16.64 

1. 42 15.73 
1. 44 14.83 
1. 53 10.09 
1. 68 11.09 

. ........... ........... 
------- . .......... 
........ -----··· ........ --------

0.98 22.57 
1.00 21.07 
1.13 12.29 
1. 22 13.30 

.............. .............. 

............. ................ 

. ........ .. ............ 

.......... ~ ............. 

.............. ............. 

............. .............. 

.. ........... .......... 

............ ........... 

.............. ............... 

............ ............. 

............. ........... 

............. .............. 

1. 56- 8.82 
1. 57 8.08 
1. 60 6. 70 
1. 92 8.02 

1.40 13.45 
1. 42 12.20 
1.48 8.88 
1. 70 10.21 

1. 32 8.85 
1. 33 8.53 
1. 35 7 .. 24 
1. 56 8.36 

a Volatile matter determined by the modified official method. 

Heatilig value. 

Calo- British 

ries. thermal 
units. 

4,895 8,810 
5,085 9,150 
6,325 11,380 
6,855 12,340 

4, 705 8,470 
5,230 9,420 
6,205 11,170 
7,065 12,720 

6,540 11,770 
6,620 11,920 
7,045 12,680 
7, 740 13,930 

........... ........... 

........... ......... 

............ ........... 

......... ........... 

6,175 11,120 
6,315 11,370 
7,130 12,840 
7, 720 13,890 

5,750 10,350 
5,9.50 10,710 
6, 725 
7,280 

12,110 
13,100 

6,105 10,990 
6,235 11,220 
7,065 12,710 
7,690 13,840 

6,050 10,890 
6,175 11,120 
6,990 12,590 

. 7,685 13,830 

6, 750 12,150 
6,810 12,260 
6,930 12,470 
8,300 14,940 

6,655 11,980 
6, 765 12,180 
7,055 12,700 
8,115 14,600 

7,035 12,670 
7,065 12,720 
7,180 1?,920 
8,285 14,910 
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NEW MEXICO-Continued. 

SAN JUAN COUNTY. 

Proximate. Ultimate. 

Labo- Air- Form 
ratory dry- of Vola-

No. ing analy- Mois- tile Fixed Sui- Hy- Nitro- Oxy-loss. sis. car- Ash. dro- Carbon. ture. mat- bon. phur. gen . gen. gen. 
. ter. 

17749 1.6 A .... 6.6 35.4 44.9 13.1 0.66 .......... .......... ............ ............. 
B .... 5.1 36.0 45.6 13.3 .67 .......... ............... ............... . ............. 
c ..... ........... 37.9 48.0 14.1 .71 ............ .............. .. ......... .. ............. 
D .... ........... 44.1 55.9 .83 .. ........... ............... ........... ............. 

17750 1.8 A •••. 10.6 36.7 49.6 3.1 .64 ............ ............. .. ........... .............. 
B .... 9.0 37.4 50.5 3.1 .65 ........... ............... ............ ........... 
c ..... ............. 41.1 55.4 3.5 • 72 .. ......... ........... ............ . ............. 
D .... ........... 42.6 57.4 . 75 .. ......... ............... ............ ............... 

SOCORRO COUNTY. 

!7602 1.3 A .... 6.5 34.5 51:9 7.09 0.50 5.32 69.35 1.17 16.57 
B .... 5.3 34.9 52.6 7.18 .51 5.25 70.24 1.19 15.63 
c ..... ............ 36.9 55.5 7.58 .53 4.92 74.16 1. 25 11.56 
D .... .......... 39.9 60.1 .57 5.32 80.24 1.35 12.52 

17728 6. 7 <:::A .... 18.5 a31. 7 39.0 10.8 .43 ........... ............... .. ......... ......... 
B .... 12.6 34.0 41.8 11.6 .46 ............ ........... . ............ 
c ..... .......... 38.9 47.9 13.2 .53 ............ .. ............ ............ .. .............. 
D .... .............. 44.8 55.2 .61 .. ......... ............... .......... . ................ 

OREGON. 
GRANT COUNTY. 

18125 27.4 A .... 34.7 a20.0 14.2 31.1 1.41 
B .... 10.1 27.6 19.5 42.8 1.94 
c..... .. . . . .. 30.6 21.7 47.7 2.16 
D........... 58.5 41.5 .... · .. 4.13 

WHEELER COUNTY. 

18126 7. 2 A .... 13.8 22.8 29.2 34.2 0.47 
B .... 7.1 24.6 31.5 36.8 .51 
c ..... ............ 26.5 33.9 39.6 .55 
D .... .......... 43.9 56.1 .. .......... .91 

18127 6.6 A .... 13.4 23.7 32.1 30.8 .46 
B .... 7.3 25.4 34.3 33.0 .49 
c ..... ......... 27.4 37.0 35.6 .53 
D .... .............. 42.5 57.5 . ........ .82 

PENNSYLVANIA. 
CENTER COUNTY. 

17444F 2.1 A .... 3.4 22.8 61.4 12.40 o:88 4.69 74.44 1. 45 6.14 
B .... 1.3 23.3 62.7 12.67 .90 4.55 76.07 1.48 4.33 
c ..... ........ 23.6 63.6 12.83 .91 4.46 77.05 1. 50 3.25 
D ••.. .......... 27.1 72.9 .. ......... 1.04 5.12 88.39 1. 72 3. 73 

17445 2.2 A .... 3.5 22.1 66.6 7.8 1. 79 ........... ............ ............. .. ............. 
B .... 1.4 22.5 68.1 8.0 1. 83 ........... .............. ......... . ......... 
c ..... ............ 22.9 69.0 8.1 1.86 .. ........... ........... .............. ............... 
D .... ........ 24.9 75.1 ............ 2.02 . ........ ............. ............ .............. 

17446F 2.1 A .... 3.5 23.7 61.6 11.24 2.66 4. 78 73.51 1. 34 6.47• 
B .... 1.4 24.2 62.9 11.48 2. 72 4.64 75.11 1. 37 4.68 
c ..... .......... 24.6 63.8 11.64 2. 75 4.56 76.13 1. 39 3.53 
D ••.. ........... 27.8 72.2 .. .......... 3.11 5.16 86.16. 1. 57 4.00 

17447F 1.2 A .... 1.9 22.0 61.5 14.57 .99 4 .. 43 73.26 1. 26 5.49 
B .... .6 22.3 62.3 14.75 1.00 4.34 74.18 1.28 4.45 
c ..... ............. 22.4 62.7 14.85 1.01 4.30 74.67 1.28 3.89 
D .... ............ 26.3 73.7 .. ......... 1.19 5.05 87.69 1. 50 4.57 

a Volatile matter determined by the modified official method. 

499 

Heating value. 

Calo-
ries. 

6,380 
6,485 
6,835 
7,950 
6,115 
6,225 
6,840 
7,085 

6,660 
6, 750 
7,125 
7, 710 
4, 710 
5,050 
5, 780 
6,665 

4,040 
4,320 
4,665 
7,235 

7,245 
7,400 
7,500 
8,600 
7, 700 
7,875 
7,980 
8,685 
7,255 
7,415 
7,515 
8,505 
7,095 
7,185 
7,235 
8,495 

British 
tnermal 
units. 

11,490 
11,680 
12,300 
14,310 
11,010 
11,210 
12,310 
12,750 

11,990 
12,150 
12,820 
13,870 
8,480 
9,090 

10,400 
11,990 

7,270 
7,780 
8,390 

13,030 

13,040 
13,320 
13,500 
15,480 
13,860 
14,170 
14,370 
15,630 
13,060 
13,340 
13,530 
15,310 
12,780 
12,940 
13,020 
15,290 



500 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II." 

PENNSYLVANIA-Continued. 

CLEARFIELD COUNTY. 

Proximate. I Ultimate. Heating value. 

Labo- Air- Form 
ratory ~Y- of Vola-

No. mg analy- Mois- tile Fixed Sui- Hy- Nitro- Oxy- Calo- British 
loss. sis. ture. mat- car- Ash. phur. dro- Carbon. gen. gen. ries. thermal 

ter. bon. gen. units. 

--------------------------------
17441F 1.4 A .... 2.4 22.4 66.4 8. 75 3.15 4. 71 78.05 1.36 3.98 7,660 13,790 

B .•.. 1.1 22.7 67.3 8.87 3.19 4.62 79.14 . 1.38 2.80 7,770 13,980 c ..... ......... 23.0 68.0 8.97 3.23 4.55 80.01 1.39 1. 85 7,855 14,140 
D •... ........... 25.2 74.8 .. ...... 3.55 5.00 87.89 1.53 2.03 8,625 15,530 

17442F 1.9 A ••... 2.8 20.2 63.9 13.10 3.04 4.66 72.98 1.27 4.95 7,215 12,990 
B ••.. .9 20.6 65.1 13.35 3.10 4.54 74.40 1.29 3.32 7,355 13,240 c _____ .......... 20.8 65.7 13.48 3.13 4.48 75.10 1.31 2.50 7,425 13,370 
D •... ........... 24.0 76.0 .. ....... 3.62 5.18 86.80 1. ~1 2.89 8,580 15,450 

17443F 1.0 A ••.. 2.0 31.1 58.3 8.65 2.01 5.04 76.99 1. 60 5. 71 7,630 13,730 
B ••.. 1.0 31.4 58.9 8. 73 2.03 4.98 77.73 1. 62 4. 91 7, 705 13,870 
c .... - ........... 31.7 59.5 8.82 2.05 4.92 78.54 1. 63 4.04 7, 785 14,010 
D .... .......... 34.8 65.2 .. ........ 2.25 5.40 86.13 . 1. 79 4.43 8,535 15,370 

ELX COUNTY. 

17455 1.5 A .... 2.9 34.7 52.7 9.66 3.92 5.19 72.67 1.41 7.15 7,380 13,280 
B .... 1.5 35.2 53.5 '9.80 3.98 5.10 73.75 1. 43 5.94 7,490 13,480 
c .... - ............ 35.7 54.3 9.95 4.04 5.02 74.86 1.45 4.68 7,600 13,680 
D .... ........... 39.6 60.4 . ...... 4.49 5.57 83.13 1.61 5.20 8,,440 15,200 

17456F 1.3 A .... 2. 7 32.4 58.6 6.32 2.52 5.22 78.10 1.45 6.39 7,785 14,020 
B-.... 1.5 32.8 59.3 6.40 2.55 5.14 79.10 1. 47 5.34, 7,885 14,200 
c .. --- .............. 33.3 60.2 6.49 2.59 5.06 80.26 1.49 4.11 8,000 14,400 
D .... ............ 35.6 64.4 ....... 2. 77 5.41 85.83 1. 59 4.40 8,555 15,400 

17457 1.8 A .... 3.1 30.6 57.0 9.3 3.45 ............. ............... ............. ............... 7,440 13,390 
B .... 1.4 31.1 58.0 9.5 3.51 .......... ............. ............. ............ 7,570 13,630 
C.---- .. ...... .. .. .. 31.5 58.8 9. 7 3.56 .......... ............. ............. ............... 7,675 13,820 
D .... .............. 34.9 65.1 ........ 3.94 . ........... ............ ........... .............. 8,495 15,300 

17458 1.0 A .... 2. 7 33.7 54.9 8. 7 2.89 ........... ............. ............ ............... 7,480 13,470 
B .... 1.7 34.0 55.5 8.8 .2.92 .............. .............. ........... ............... 7,560 13,600 
C ... -- ........... 34.6 56.5 8.9 2.97 . ........... ............... ........... .............. 7,690 13,840 
D .... .............. 38.0 62.0. .......... 3.26 .......... ............. ........... ............ 8,440 15,190 

JEFFERSON COUNTY. 

17448F 1.2 A .... 1.9 34.6 53.2 10.28 2.91 6.00 72.73 1. 61 7.57 7,305 13,150 
n .... . 7 35.0 53.9 10.40 2.9.5 4.93 73.61 1.53 a. 58 7,395 13,310 
c .. -- ......... 35.3 54.2 10.48 2.97 4.88 74.11 1.54 6.02 7,445 13 400 
D .... ······· 39.4 60.6 ······ 3.32 5.45 82.79 1.72 6. 72 8,315 14:970 

17449F 1.2 A .... 3.1 32.3 54.9 9.67 1.a9 4:.99 73.71 1.60 8.34 7,345 13,220 
B .... 1.9 32.7 55.6 9. 78 1.71 4.92 74.58 1.62 7.39 7,430 13,370 
c .... ....... 33.3 56.7 9.98 1. 74 4.80 76.07 1.65 5. 76 7,580 13,640 
D .... ····- .. 37.0 63.0 . ...... 1.93 5.33 84.51 1.83 6.40 8,420 15,150 

17450F .5 A~ ... 1.9 34.5 53.2 10.40 3.38 5.03 74.08 1. 51 5.60 7,385 13,290 
B .... 1.4 34.7 53.5 10.45 3.40 5.00 74.46 1. 52 5.17 7,425 13-,360 
c .... ······· 35.2 54.2 10.60 3.45 4.91 75:54 1. 54 3.96 7,530 13,550 
D .... ······- 39.3 60.7 ....... 3.8a 5.49 84.50 1. 72 4.43 8,425 15,160 

I 



ANALYSES OF COAL SAMPLES. 501 

PENNSYLVANIA-Continued. 

SOMERSET COUNTY. 

Proximate. I Ultimate. Heating value. 

Labo- Air- Form 

ratory dry- of Vola-
No. ing analy- Mois- tile Fixed Sui- Hy- Nitro- Oxy- Calo- British 

loss. sis. car- Ash. dro- Carbon. thermal ture. mat- bon. phur. gen. gen. gen. ries. units. ter. 

--------------------------------
17689 2.9 A .... 4.2 19.8· 63.9 12.12 0.67 4. 70 74.31 . 1.27 6.93 7,175 12,920 

B .... 1.3 20.4 65.8 12.48 .69 4.51 76.51 1.31 4.50 7,385 13,300 
c .... ........... 20.7 66.7 12.65 . 70 4.42 77.55 1.33 3.35 7,490 13,480 
D .... ......... 23.7 76.3 .. ...... .80 5.06 88.78 1. 52 3.84 8,570 15,430 

17690 2.4 A .... 3.2 17.1 64.6 15.11 1.47 4.38 72.65 1.31 5.08 7,165 12,890 
B .... .8 17.5 66.2 15.48 1.51 4.22 74.42 1.34 3:03 7,340 13,210 
c .... ......... 17.7 66.7 15.61 1.52 4.15 75.06 1. 35 2.31 7,400 13,320 
D .... ............. 20.9 79.1 . ..... 1.80 4.92 ~.95 1.60 2. 73 8, 770 15,790 

17691 2.0 A .... 3.1 18.9 67.1 10.88 1.52 4.60 76.38 1.29 5.33 7,455 13,420 
B .... 1.1 19.4 68.4 11.10 1. 55 4.47 77.95 1.32 3.61 7,605 13,690 
c .... ............ 19.6 69.2 11.22 1. 57 4.40 78.80 1. 33 2.68 7,690 13,840 
D .... ........... 22.0 78.0 . ......... 1. 77 4.96 88.76 1.50 3.01 8,6GO 15,590 

17692 2.1 A .... 2.9 21.7 64.5 10.92 1.16 4.69 76.60 1.39 5.24 7,475 13,460 
B .... .8 22.1 65.9 11.15 1.18 4.56 78.24 1.42 3.45 7,635 13,750 
c .... .......... 22.3 66.4 11.25 1.19 4.50 78.91 1.43 2. 72 7, 700 13,860 
D .... .......... 25.2 74.8 . ....... 1.34 5.07 88.92 1.61 3.06 8,680 15,620 

17693 1.4 A .... 2.1 21.1 65.0 11.82 2.44 4.57 76.40 1.30 3.47 7,465 1~,430 
B .... . 7 21.4 65.9 11.98 ·2.47 4.48 77.45 1.32 2.30 7,565 13,620 
c .... ........... 21.5 66.4 12.07 2.49 4.43 78.00 1.33 1. 68 7,6?0 13,710 
D .... ........... 24.5 75.5 .. ....... 2.83 5.04 88.71 1. 51 1.91 8,665 15,600 

17694 2. 7 A ••.. 3.6 17.6 69.5 9.28 1.63 4.-61 77.72 1.20 5.56 7,515 13,530 
B .... 1.0 18.1 71.4 9.53 1. 67 4.44 79.84 L23 3.29 7, 720 13,900 
C .... ............ 18.3 72.1 9.62 1.69 4.37 80.60 1.24 2.48 7, 795 14,030 
D .... .......... 20.2 79.8 .. ........ 1.87 4.83 89.18 1. 37 2. 75 8,625 15,520 

17695 1.7 A .... 2.9 18.7 73.2 5.19 .63 4.82 82.90 1.42 5.04 7,975 14,350 
B .... 1.2 19.0 74.5 5.28 .64 4. 71 84.36 1.44 3.57 8,115 14,610 
c .... ........... 19.3 75.4 5.34 .65 4.63 85.37 1.46 2.55 8,210 14,780 
D .... ........... 20.4 79.6 .. ....... .69 4.89 90.18 1.54 2. 70 8,675 15,620 

17831 6.0 A .... 11.5 20.1 55.2 13.2 • 78 ......... ........... .......... . ........ 5,680 10,230 
B .... 5.9 21.3 58.7 14.1 .83 ........... ............... .. .......... . ............ 6,045 10,880 
c .... ............. 22.7 62.3 15.0 .88 ......... ........... .. ........... .. ........... 6,420 11,560 
D .... .......... 26.7 73.3 ........ 1.03 ............ .. ............ ............ .. ........ 7,555 13,600 

17832 2.4 A .... 3.5 20.4 67.9 8.2 .83 ............. ............. ........ .............. 7,610 13,700 
B .... 1.2 20.9 69.6 8.3 .85 ........ ........... .. ........ .. .......... 7, 795 14,040 
c .... ......... 21.1 70.4 8.5 .86 .......... . ......... . ......... .. ............ 7,890 14,200 
D .... ......... 23.1 76.9 ....... .94 ....... . ........ . ....... . ........ ·8,620 15,510 

TIOGA COUNTY. 

17451F 0.8 A .... 1.7 21.5 67.6 9.23 1. 73 4.54 78.50 1. 38 4.62 7,670 13,HO 
B .... .9 21.7 68.1 9.30 1. 74 4.48 79.11 1.39 3.98 7,730 13,920 
c .... ....... 21.9 68.7 9.39 1. 76 4.43 79.83 1.40 3.19 7,800 14,040 
D .... ......... 24.1 75.9 ...... 1.94 4.89 88.10 1.55 3.52 8,610 15,500 

17452 1.5 A .... 2.4 19.7 65.2 12.7 2.47 ....... ········ ....... ········ 7,285 13,120 
B .... .8 20.1 66.2 12.9 2.51. ....... ........ ....... ········ 7,400 13,320 
c .... ....... -20.2· •66.8 13.0 2.53 . ...... ········ ....... ········ 7,465 13,430 
D .... ........ 23.2 76.8 ...... 2.91 ....... ......... ....... ········ 8,575 15,440 

17453 1.1 A.: .. 1.9 20.6 65.0 12.5 2.87 ....... ········ . ...... ········ 7,305 13,150 
B .... .8 20.8 65.7 12.7 2.90 ....... .......... . ...... .......... 7,385 13,300 
c .... ....... 21.0 66.2 12.8 2.92 ······· ········ ....... ········ 7,445 13,400 
D .... ........ 24.1 75.9 .. ..... 3.35 ....... ········ ······· ········ 8,535 15,370 

17454F 1.5 A .... 2.3· 20.9 66.9 9.88 1.28 4.52 78.15 1.43 4. 74 7,565 13,620 
B .... .8 21.2 68.0 10.03 1.30 4.42 79.32 1.45 3.48 7,680 13,820 
c .... ....... 21.4 68.5 10.11 1. 31 4.37 79.98 1. 46 2. 77 7, 745 13,940 
D .... ........ 23.8 76.2 . ...... 1.46 4.86 88.98 1. 62 3.08 8,615 15,510 



S02 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II. 

Labo- Alr- Form: 
ratory dry- of 

ing analy-No. loss. sis. 

-------

17901F 1.9 A •••. 
B •... 
c .... 
D .... 

17604F 1.1 A .... 
B .... 
c .... 
D .... 

17605 1.2 A .... 
B .... 
c .... 
D .... 

17577F 2.0 A .... 
B .... 
c .... 
D .... 

17578 1.3 A .... 
B .... 
c .. ~. 
D .... 

17715 0.1 A .... 
B .. · ... 
c .... 
D .... 

17717 .2 A .... 
B .... 
c: ... 
D .... 

1771's .8 ·A .... 
B .... 
c .... 
D .... 

PENNSYLVANIA-Continued. 

WESTMORELAND COUNTY. 

Proximate. I Ultimate. 

Vola- Fixed Hy-Mois- tile car- Ash. Sui- dro- Carbon. Nitro- Oxy-
ture. mat- bon. phur. gen. gen. gen. 

ter. 

--------------------

2.6 21.4 64.4 11.59 1. 94 4.63 75.81 1.25 4. 78 
. 7 21.9 65.6 11.82 1. 98 4.51 77.29 . 1.27 3.13 

........... 22.0 66.1 11.90 1. 99 4.46 77.84 1.28 2.53 

........ 25.0 75.0 ....... 2.26 5.06 88.36 1. 45 2.87 

UTAH. 

CARBON COUNTY. 

4.0 aas.o 49.9 8.06 1.15 5.66 71.91 1. 47 11.75 
2.9 38.4 50.5 8.15 1.16 5.59 72.74 1. 49 10.87 

.......... 39.6 52.0 8.40 1.20 5.43 74.95 1. 53 8.49 

........ 43.2 56.8 ......... 1.31 5.93 81.82 1. 67 9.27 
., 

4.4 38.2 50.5 6.9 .82 ............ ............... .......... .. ........ 
3.2 38.6 51.1 7.1 .83 ............ ............ ........... .. ......... 

........ 39.9 52.8 7.3 .86 .............. . ............ ........ . ........ 

......... 43.0 57.0 ............ .93 .. .......... ............. ......... .. ......... 

GRAND COUNTY. 

7.1 37.1 45.4 10.44 0.66 5.59 65.98 1. 45 15.88 
5.3 37.8 46.3 10.65 .67 5.48 67.29 1. 48 14.43 

....... 39.9 48.9 11.·24 .71 5.17 71.05 1. 56 10.27 

............ 44.9 55.1 .so 5.82 80.04 1. 76 11.58 

6.4 37.8 45.2 10.6 .61 .............. .............. .......... .. ........... 
5.1 38.3 45.9 10.7 .62 ............ ................ ........... .. ............. 

........... 40.4 48.3 11.3 .65 ............. ............. ......... . .......... 

............ 45.5 54.5 . 73 ............ ............. ........ . ......... 

SANPETE COUNTY. 

- 3.6 29.2 44.7 22.5 6. 79 ........ ......... ....... . ....... 
3.6 29.2 44.7 22.5 6.80 ....... ......... ....... . ....... 

....... 30.3 46.4 23.3 7.05 ........ ......... ....... . ....... 

........ 39.5 60.5 9.20 .......... .......... ........ ........... 
2.4 32.4 46.0 19.2 3. 71 ............ ............. ........ . ........ 
2.2 32.5 46.1 19.2 3. 72 ......... .............. ........... .. ............. 

............ 33.2 47.1 19.7 3.80 .. .......... ............ ......... ............... 

.............. 41.3 58.7 4. 73 .. ........... ............. ............ .. ........... 

2. 7 35.7 45.9 15.7 4.63 .............. ............ ......... .............. 
1.9 36.'0 46.2 15.9 4.67 .:. ........ ............. .. ........... .. ........ 

............ 36.7 47.1 lo. 2 4. 76 .. ......... ............. ............. .. ............. 

............ 43.8 56.2 5.68 ------- .............. ........... .............. 

a Volatile matter determined by the·modified official method. 

Heating value. 

Calo-
ries. 

---

7,425 
7,570 
7,625 
8,655 

7,130 
7,215 
7,435 
8,115 

7,090 
7,180 
7,420 
8,000 

6,510 
6,640 
7,010 
7,895 

6.590 
6,680 
7,040 

. 7,935 

5, 715 
5, 725. 
5,935 
7, 745 

6,225 
6,235 
6,375 
7,935 

6,585 
6,635 
6, 770 
8,075 

British 
thermal 
units. 

---
13,370 
13,630 
13, 720 
15,580 

12,84 
12,98 

0 
0 

13,3 80 
0 14,61 

12,76 
12,92 
13,35 
14,40 

0 
0 
0 
0 

11,720 
11,950 
12.620 
14,210 

11;860 
12,020 
12,670 
14,280 

10,290 
10,300 
10,680 
13;940 

11,200 
11,230 
11,480 
14,290 

11,860 
11,950 
12,180 
14,540 



ANALYSES OF COAL SAMPLES. 503 

VIRGINIA. 

DICKENSON COUNTY. 

Proximate. Ultimate. Heating value. 

Labo- Air- Form 
ratory dry- of Vola-

No. ing analy- Mois- tile Fixed Sui- Hy- Nitro- Oxy- Calo·- British 
loss. sis. car- Ash. dro- Carbon. thermal ture. mat- bon. phur. gen. gen. gen. ries. units. ter. 

17559 1.8 A .... 2.6 25.5 61.0 10.9 o. 70 ........... ............ . ....... ........... 7,470 13,440 
B .... .9· '25.9 62.1 11.1 .71 ........... ............ .. .......... 7,605 13,690 
c.· ... ........... 26 1 62.7 11. 2. . 72 ........... ............. ............. . .............. 7,670 13,810 
D •... .......... 29.5 70.5 .81 ............ ............. .. ......... .. ............ 8,640 15,550 

17560 1.7 A .... 2.6 26.0 63.2 8.2 . 73 ........... .............. ........... .............. 7·, 725 13,910 
B .... .9 26.5 64.3 8.3 . 74 ............ ............... .. .......... ............... 7,860 14,150 
c .... .............. 26.7 64.9 8.4 . 75 . .......... ............. ............. ............... 7,935 14,290 
D .... ........... 29.2 70.8 .82 . ............ .............. ............ .............. 8,660 15,590 

17561F 1.8 A .... 2.6 26.2 61.7 9.48 . 74 4. 75 77.60 1. 57 5.86 7,575 13,640 
B .... .9 26.6 62.8 9.65 . 75 4.64 78.98 1. 60 4.38 7, 710 13,880 
c .... ............ 26.9 63.4 9. 74 . 7!3 4.58 79.70 1. 61 3.61 7,780 14,010 
D .... ............. 29.8 70.2 .84 5.07 88.30 1. 78 4.01 8,620 15,520 

17743 1.7 A .... 2.8 31.6 58.2 7.4 1. 45 ........... ········ ······· .......... 7,685 13,840 
B .... 1.1 32.2 59.1 7.6 1. 47 ............ ............. ............ 7,815 14,070 
c .... ............ 32.5 59.8 7. 7 1. 49 .. ........... ................ .............. ............. 7,905 14,230 
D .... .......... 35.2 64.8 1. 61 .. ........... .......... .............. .............. 8,565 15,410 

17744 1.8 A .... 3.0 32.4 58.4 6.2 1. 62 .......... ............ .......... ............... 7,795 14,030 
B .... 1.2 33.0 59:5 6.3 1. 65 ......... ............. .......... ............... 7,935 14,290 
C ..•. ........... 33.4 60.2 6.4 1. 67 . ......... .............. ............ ............... 8,030 14,460 
D .... 35.7 64.3 1. 78 ............ ............ ............ .......... 8,575 15,440 

17751 1.3 A .... 2.3 29.4 62.2 6.1 . 76 .......... .......... ........... ............ .......... . ........ 
B .... 1.0 29.8 63.0 6.2 .77 .......... ............ ........ ......... .......... ............ 
c .... ........... 30.1 63.6 6.3 . 78 ....... ........... ........... . ........ ............. .. .............. 
D .... ............ 32.1 67.9 . 83 ............ ........... .. ........ ............ ............. .. ............ 

17752 1.6 A .... 2.5 29.2 63.2 5.1 . 80 ......... ............. ........... ............. .. ........... 
B .... .9 29.7 64.2 5.2 . 81 .......... ............. ............ .............. .. ......... ......... 
C .... .......... 29.9 64.8 5.3 . 82 . ........... ........... .......... ......... ........... ........... 
D .... ........ 31.6 68.4 . 87 . ........ ............. .......... ········!········ .. ........... 

RUSSELL COUNTY. 

18121F 1.9 A .... 2.9 31.9 57.8 7.4 1. 78 ........... .............. .......... . ........ 7,655 13,780 
B .•.. 1.0 32.5 58.9 7. 6 1. 81 .......... ............ ............ .. ............ 7,800 14,040 
c ..... ......... 32.8 59.6 7.6 1. 83 . .......... ............. .......... ........... 7,880 14,190 
D .... 35.5 64.5 ........... 1. 98 ............. .......... ........ ............ 8,535 15,360 

18122 1.6 A .. c. 2.5 35.6 56.2 5. 7 .66 ......... ........ ......... . ....... 7,930 14,280 
B .... .9 36.1 57.2 5. 8 .67 ........... ........ ....... .. ......... 8,060 14,510 
c ..... ......... 36.4 57.7 5.9 .68 .. ......... ........... ............. .. ........ 8,135 14,640 
D •... 38.7 61.3 .......... • 72 ......... ........ ······· ......... 8,640 15,550 

18123 1.1 A •... 2.0 35.7 54.5 7.8 .66 ............ ............ ........ ········ 7,685 13,830 
B .... .9 36.1 55.1 7.9 .67 ......... ............. ........ ............. 7, 770 13,990 c .. · ... .......... 36.4 55.6 8.0 .67 .. .......... ............ .......... ........... 7,840 14,110 
D .... 39.5 ~0.5 .......... • 73 ........ ........... ........ .......... 8,520 15,330 

18124F 1.4 A .... 2.3 35.5 55.5 6. 71 .67 5.26 78.84 1. 69. 6.83 7,780 14,000 
B .... .9 36.0 56.3 6.80 .68 5.18 79.94 1.71 5.69 7,890 14,200 
C ..... .......... 36.3 56.8 6. 87 .69 5.13 80.66 1. 73 4.92 7,960 14,330 
D •... 39.0 61.0 ...... • 74 5.51 86.61 1.86 5.28 8,545 15,390 

18128 1.0 A .... 1.8 35.3 55.8 7.1 ,58 ........... ............ ............. .. ............. 7,800 14,040 
B .... . 8 35.7 56.3 7.2 .58 ............ ............. .......... .. ......... 7,875 14,180 
c .... ........... 35.9 56.8 7.3 .59 ......... ........... ........ . ........... 7,945 14,300 
D .... .......... 38.8 61.2 ........ .64 ······· .. ........ .......... ............ 8,565 15,420 

18129 1.4 A .... 2.4 36.3 55.1 6.2 .52 ......... ........... ......... ........... 7,840 14,110 
B .... 1.0 36.8 55.9 6.3 .53 ......... ........ .......... 7,945 14,300 
c .... ........... 37.2 56.4 6.4 .53 .......... . ......... .......... ......... 8,025 14,450 
D .... .......... 39.7 60.3 ........ .57 . ....... ......... ......... .......... 8,570 15,430 



504 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II .. 

VIRGINIA-Continued. 

RUSSELL COUNTY-Continued • 

Proximate. . I Ultimate. Heating value. 

Labo- Air- Form 
ratory dry- of Vola-

No. ing analy- M:ois- tile Fixed Sul• Hy- Nitro- Oxy- Calo- British 
loss. sis. car- Asb. dro- Carbon. thermal ture. mat- bon. phur. gen. gen. gen. ries. units. ter. 

---------------------------------
18130 0.8 A .... 1.6 36.7 55.3 6.4 0.58 ........... ............. ........ ......... 7,870 14,170 

B .... .8 37.0 55.8 6.4 .58 ....... .......... ........ . ......... 7,935 14,290 
c .... ........ 37.3 56.2 6.5 .59 . ...... ........ . ...... .......... 8,000 14.400 
D .... ........ 39.9 60.1 .63 . ...... .......... ........ ........ 8,550 15,390 

18131F 1.1 A .... 1.8 36.2 5.5.5 6.53 .54 5.25 79.28 1. 49 6.91 7,830 14,100 
B .... .8 36.5 56.1 6.60 .55 5.18 80.12 1,. 51 6.04 7,915 14,250 
c .... ......... 36.8 56.5 6.65 .55 5.14 80.76 1. 52 5.38 7,980 14,360 
D .... ....... .39.4 60.6 .59 5.51 86.51 1. 63 5.76 8,545 15,380 

18235 2.4 A .... 3.3 35.7 55.0 6.0 .55 ······· ......... ······· ........ 7, 760 13,970 
B .... 1.0 36.6 56.3 6.1 .56 ....... ........ ······· . ....... 7,945 14,310 
c ..... ....... 37.0 56.8 6. 2 .57 . ...... ......... ······· ........ 8,030 14,450 
D .... ....... 39.4 60.6 .61 . ...... ......... ....... . ........ 8,555 15,400 

18236 2.4 A .... '3.2 35.4 55.1 6.3 .59 ........ ........ ........ ........ 7, 760 13,970' 
B .... .9 36.3 56.4 6. 4 .60 ....... ......... ......... ........ 7,945 14,300 
c ..... ........ 36.6 56.9 6.5 . 61 .. ...... ......... ........ ........ 8,020 14,430 
D .... ....... 39.1 60;9 .65 . ...... ......... ........ ......... 8,575 15,440 

18237 2.4 A .... 3.3 35.1 56.9 4. 7 .50 ......... .............. .......... . ........ 7,925 14,270 
B .... .9 36.0 58.3 4.8 • 51 .......... .............. ......... .......... 8,115 14,610 
c ..... .......... 36.3 58.8 4.9 .52 .. ....... .............. ......... .......... 8,195 14,750 
D· .... ......... 38.2 61.8 .55 . ......... ......... . ......... 8,615 15,510 

18238 2.4 A .... 3.3 35.1 55.9 5. 71 .55 5.37 78.72 1. 37 8.28 7,820 14,080 
B .... 1.0 35.9 57.2 5. 85 .56 5.23 80.62 1. 40 6.34 8,010 14,420. 
C ..... ........... 36.3 57.8 5.91 .57 5.17 81.44 1. 42 5.49 8,095 14,570 
D .... ......... 38.5 61.5 . 61 5.49 86.55 1. 51 5.84 8,600 15,490 

18239 1.0 A .... 1.8 31.4 60.3 6.5 .52 ........ ......... ......... .......... 7,880 14,180 
B .... .8 31.8 60.9 6.5 .53 ............. ........... . ......... 7,960 14,330 
c ..... ........... 32.0 61.4 6.6 .53 .. ....... ............. ......... ........... 8,025 14,440 

.D .... .......... 34.3 65.7 . 57 ........... ............ . ....... . ......... 8,590 15,460 

18240 1.8 A .... 2.5 31.9 59.5 6.1 .44 ......... ............ ........... . .......... 7,820 14,070 
B .... .8 32.4 60.6 6.2 .45 .......... ............ ........ .......... 7,960 14,330 
c ..... .......... 32.7 61.1 6.2 . 45 .. ....... .......... .......... .......... 8,020 14,430 
D .... ......... 34.9 65.1 .48 . ......... .......... .......... ......... 8,555 15,400 

18241 1.9 A .... 2.4 32.5 58.4 6. 7 .49 ........ ........... ........... ········ 7, 790 14,020 
B .... .6 33.1 59.5 6.8 .50 ······· ........ ......... ········ 7,940 14,290 c ..... ........... 33.3 59.8 6.9 .50 ............ ............ .. ........... .. ........... 7,985 14,380 
D .... ............ 35.7 64.3 ......... .54 .. ........ ............. .......... ......... 8,575 15,440 

18242 1.6 A .... 2.2 31.9 59.4 6.50 . 46 5.11 79.69 1. 04 7.20 7,840 14,110 
B .... .6 32.5 60.3 6.60 .47 5.02 80.94 1. 06 5.91 7,960 14,330 
c ..... .......... 32.7 60.7 6.65 . 47 4.98 81.48 1. 06 5.36 8,015 14,430 
D .... .......... 35.0 65.0 .50 5.33 87.28 1.14 5. 75 8,585 15,460 

18243 2.4 A .... 3.1 33.7 57.3 5.9 • 79 ......... ............. ............ .......... 7,860 14,150 
B .... . 8 34.5 58.7 6. 0 .81 ......... ........... ............ ........... 8,050 14,490 
c ..... ........... 34.8 59.1 6.1 .82 . ...... ........... ........ ............ 8,115 14,600 
D .... .......... 37.0 63.0 .87 ........... ........... .......... ............ 8,640 15,550 

18244 1.6 A .... 2.4 34.6 57.3 5. 7 .83 ........ ............. .......... ........ 7,945 14,300 
B .... .8 35.2 58.3 5. 7 .84 ......... ............. .......... .......... 8,075 14,540 
c ..... ........... 35.5 58.7 5.8 .85 .. ......... .......... ......... ............ 8,140 14,660 
D .... ........... 37.6 62.4 .90 .......... .......... ........ ........... 8,645 15,560 

18245 2.0 A .... 2. 7 33.7 57.9 5. 7 • 78 ........... ............. ........ . ........ 7,920 14,260 
B .... .8 34.4 59.0 5.8 .80 ........ ............. .......... .. ........... 8,080 14,540 
c ..... ........ 34.7 59.5 5.8 .so .. .......... ......... .......... .......... 8,145 14,660 
D .... ......... 36.8 63.2 .85 . ......... ........... .......... .......... 8,650 15,570 

18246 2.0 A .... 2. 7 33.8 57.7 5. 78 .83 5.27 79.33 1.29 7.50 7, 915 14,250 
B .... .7 34.5 58.9 5.90 .85 5.15 80.93 1.32 5.85 8,075 14,530 
c ..... ......... 34.8 59.3 5.94 .85 5.11 ·81. 55 1. 33 5.22 8,135 14,650 
D .... .......... 37.0 63.0 .90 5.43 86.70 1. 41 5.56 8,650 15,570 



AN ALYSBS OF COAL SAMPLES. 505 

VIRGINIA-Continued. 

WISE COUNTY. 

Proximate. Ultimate. Heating value. 

Labo- Air- Form 
ratory dry- of Vola-

No.- ing analy- Mois- tile Fixed Sui- Hy- Nitro- Oxy- Calo- British 
loss. sis. ture. mat- car- Ash. phur. dro- Carbon. gen. gen. ries. thermal 

ter. bon. gen. units. 

--------------- ----------------
18226 1.5 A .... 2.4 33.4 59.4 4.8 0.58 ............ ............... .......... ........... 8,035 14,460 

B .•.. .9 33.9 60.3 4.9 .59 ........... ........... ........... ......... 8,160 14,680 
c ..... ........ 34.2 60.9 4.9 .59 ......... ............. ......... ......... 8,235 14,830 
D .... ......... 36.0 64.0 .62 ........... ........... ........... . ......... 8,660 15,590 

18227 1.5 A .... 2.3 32.9 59.9 4. 9 .53 ........ .......... ............ .. ........... 8,035 14,460 
B .... .9 33.4 60.7 5.0 .54 ........ ........ ........ ........... 8,150 14,670 
c ..... ......... 33.7 61.3 5.0 .54 ........ ........ ....... ........ 8,225 14,810 
D .... ........ 35.5 64.5 .57 ........ ........... ............ ......... 8,665 15,600 

18228 1.4 A .... 2.3 32.7 59.2 5.8 .51 ....... ········ ......... .......... . 7,985 14,370 
B .... .9 ,33. 2 60.1 5.8 .52 ....... ········ ......... ········ 8,100 14,580 
c ..... ......... 33.5 60.6 5.9 .52 ....... ......... ....... ........ 8,170 14 710 
D .... .......... 35.5 64.5 .55 ........ ........ ......... ........ 8,685 15,630 

18229F 1.5 A .... 2.3 32.9 59.6 5.22 .54 5.18 80.78 1. 57 6. 71 8,010 14,420 
B .... .8 33.4 60.5 5.30 .55 5.09 81.97 1. 59 5.50 8,130 14,630 
c ..... ......... 33.7 61.0 5.34 .55 5.C5 82.67 1. 61 4. 78 8,200 14,760 
D .... ............ 35.5 64.5 ....... .58 5.33 87.33 1. 70 5.06 8,660 15,590 

WEST VIRGINIA. 

McDOWELL COUN:TY. 

17469 1.0 A .... 1.8 19.7 71.1 7.4 0.50 ........... ............ .......... ......... 7,850 14,130 
B .... .9 19.9 71.7 7.5 .50 ........... ......... ······· ········ 7,925 14,270 
c ..... ........... 20.0 72.4 7.6 .51 .......... .......... ......... ......... 7,995 14,390 
D .... ............ 21.7 78.3 .55 .......... ............. ......... ............. 8,650 15,570 

17470 1.4 A .... 2.2 20.2 69.8 7.8 .77 ........... ............ .......... ............. 7,820 14,070. 
B .... .8 20.5 70.8 7.9 . 78 ............. ............. .. .......... ........... 7,930 14,270 
c ..... ......... 20.7 71.3 8.0 .79 .......... ............. .......... ............. 7,995 14,390 
D .... ......... 22.4 77.6 .86 ........... .......... . .......... .......... 8,690 15,640 

17471F 1.2 A .... 2.0 19.9 70.4 7. 71 .69 4.47 80.95 1. 53 4.65 7,835 14,110 
B .•.. .8 20.2 71.2 7.80 .70 4.39 81.92 1. 55 3.64 7,930 14,280 
c ..... ........... 20.3 71.8 7.87 . 70 4.34 82.60 1. 56 2.93 7,995 14,400 
D .... .......... 22.1 77.9 . 76 4. 71 89.65 1. 69 3.19 8,680 15,620 

MINGO COUNTY. 

17462 1.8 A .... 4.0 37.3 53.8 4.9 0.68 .......... .......... ......... . ~ ...... 7,610 13,700 
B .... 2.2 38.0 54.8 5.0 .69 .......... .......... ....... ............ 7, 750 13,950 
c ..... .......... 38.9 56.0 5.1 .71 .. ........ ......... ....... ............. 7,925 14,270 
D .... ......... 40.9 59.1 ........ .75 .. ....... ........... ........ ......... 8,350 15,030 

17463 1.8 A .... 4.1 36.8 51.3 7.8 .80 ............ ............ ........ ......... . 7,310 13,150 
B .... 2.3 37.5 52.3 7.9 .81 ........ ......... ....... ......... 7,440 13,400 
c ..... ........ 38.4 53.5 8.1 .83 . ........ .......... ........ ............. 7,615 13,710 
D .... ........... 41.8 58.2 .......... .90 .. ........ ........... ......... ......... 8,290 14,930 

17464 2.3 A .... 4. 7 36.2 51.4 7. 7 .65 ........... ............ ....... .......... 7,260 13,070 
B .... 2.4 37.1 52.6 7.9 .67 ........... ............ ........ ......... 7,430 13,380 
c ..... ......... 38.0 53.9 8.1 .68 . ........ ........... ......... .......... 6, 715 13,710 
D .... .......... 41.4 58.6 ........... .74 . ........... .......... ........ ......... 8,290 14,920 

17465F 2.0 A .... 4.2 37.3 51.7 6.81 .73 5.22 75.47 1.55 10.22 7,395 13,310 
B .... 2.3 38.0 52.7 6.95 .74 5.10 76.99 1.58 8.64 7,545 13,580 
c .... ......... 38.9 54.0 7.11 .76 4.96 78.80 1.62 6. 75 7, 720 13,900 
D .... ......... 41.9 58.1 . ....... .82 5.34 84.83 1. 74 7.27 8,315 14,960 

17466 2.1 A .... 4.5 35.5 51.3 8.7 .so ......... ............ .. ......... .......... 7,195 12,950 
B .... 2.4 36.3 52.4 8.9 .82 .......... .......... ......... .......... 7,350 13,230 
c .... ........... 37.1 53.8 9.1 .84 . ....... ....... -. ... . ....... ......... 7,535 13,560 
D .... .......... 40.9 59.1 ....... .92 . .......... ............ .. ......... ........... 8,290 14,920 
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WEST VIRGINIA-Continued. 

<MINGO COUNTY-Continued. 

Proximate. 
I 

Ultimate. Heating value. 

L•bo-1 A;,. Form 

rat.ory %~- of Vola-analy- Mois- tile Fixed Sui- Hy- Nitro· Oxy- Calo- British 
No. loss. sis. tore. mat- car- Ash. phur. dro- Carbon. gen. gen. ries. thermal 

ter. bon. gen. units. 

-------------------------------
17467 2.4 A ... ~ 5.5 32 8 50.0 11.7 1.02 .......... ........... .......... ............ 6, 795 12,230 

B .•.. 3.1 33.6 51.3 12.0 1.04 .......... .............. . ........... . ............ 6,960 12.530 
c .... ........... 34.7 52.9 12.4 1.08 ............. .. ........... .. .......... .............. 7,185 12,940 
D •••. ........... 39.6 60.4 .......... 1.23 . ............ . ........... .. ........... .. ............. 8,205 14,770 

r-

1'l468F 2.3 A .... 5.0 33.8 50.9 10.31 .85 5.15 71.13 1. 51 11.05 6,975 12,550 
B .... 2. 7 34.6 52.1 10.55 .87 5.01 72.77 1.55 9.25 7,135 12,840 
c .... .............. 35.6 53.6 10.85 .89 4.84 74.84 1.59 6.99 7,335 13,210 
D .... ......... 39.9 60.1 . .......... 1.00 5.43 83.95 1. 78 7.84 8,230 14,810 

17472F 1.7 A ..•. 3.6 35.6 56.5 4.33 .66 5.41 79.67 1.51 8.42 7, 775 13,990 
B .... 1.9 36.2 57.5 4.40 .67 5.31 81.04 1.54 7.04 7,910 14,230 
C .••• ......... 36.9 58.6 4.49 .68 5.19 82.61 1.57 5.46 8,060 14,510 
D .... ........... 38.6 61.4 .. ....... .71 5.43 86.49 1.64 5. 73 8,440 15,190 

17473F 1.5 A .... 3. 7 33.6 59.1 3.64 .64 5.46 79.79 1.53 8.94 7, 780 '14,010 
B .... 2.2 34.1 60.0 3. 70 .65 5.37 81.00 1.55 7. 73 7,900• 14,220 
c .... ............ 34.8 61.4 3. 78 .66 5.24 82.85 1.59 5.88 8,080 14,550 
D .... ........... 36.2 63.8 .. ......... .69 5.45 86.11 1.65 6.10 8,400 15,120 

1'T474F .8 A-.•.. 2.2 36.0 54.3 7.54 1. 65 5.00 76.45 1.58 7. 78 7,650 13,770 
B .... 1.4 36.3 54.7 7.60 1. 66 4.96 77.03 1.59 7.16 7, 705 13,870 
C ..•. ............. 36.8 55.5 7. 71 1. 69 4.86 78.12 1. 61 6.01 7,815 14,070 
D .... ........... 39.9 60.1 .. ....... 1.83 5.27 84.64 1. 74 6.52 8,470 15,250 

17475F .8 A ...• 2.4 32.8 60.5 4.30 . 74 5.06 79.82 1.53 8.55 7,955 14,320 
B ••.. 1.6 33.1 61.0 4.33 . 75 5.01 80.45 1.54 7.92 8,015 14,430 
c .... ........ 33.6 62.0 4.41 . 76 4.91 81.78 1. 57 6.57 8,1fi0 14,670 
D ••.. ........... 35.2 64.8 .. ........ .80 5.14 85.55 1.64 6.87 8,525 15,350 

17476 1.4 A .... · 2.8 31.5 61.1 4.6 1.39 .............. ............ ........... .. ............ 7,905 14.230 
B ••.. 1.4 32.0 62.0 4.6 1.41 ............. ................ ............. .. ............ 8,020 14,430 
C .... .......... 32.4 62.9 4. 7 1.43 . ......... ........... ....... ........... 8,140 14.650 
D .... ............ 34.0 66.0 ........ 1.50 . ........ . ........ .. ............. 8,535 15,360 

17477 1.9 A .... 3.3 31.0 60.4 5.3 1.14 .......... .......... ........... ............. 7, 765 13,980 
B .... l.4 31.6 61.5 5.5 1.16 .......... ............ ............ ............... 7,915 14,240 
C .... ......... 32.1 62.4 5.5 1.18 .. .......... ........... ........ ........... 8,030 14,450 
D ..•. ......... 33.9 66.1 ........ 1.25 . .......... . .......... .. ........ ............. 8,500 15,300 

17478 1.9 A •... 3.3 30.9 58.9 6.9 1.11 ........... ............ ........... . ......... 7,680 13,830 
B .... 1.5 31.5 60.0 7.0 1.13 .......... ........... ........... ........... 7,830 14,090 
C .... ........... 32.0 60.9 7.1 1.15 . ......... ............ .............. ........... 7,950 14,310 
D .... ........... '34.4 65.6 ........... 1.24 . ....... .. ........... ......... . ............. 8,555 '15,400 

17479F 1.7 A ..•• 3.1 31.4 59.9 5.60 1.18 5.12 79.51 1.60 6.99 7,805 14,050 
B ...• 1.4 32.0 60.9 5. 70 1.20 5.02 80.90 1.63 5.55 7, 945 14,300 
C ..•. .......... 32.4 61.8 5. 78 1. 22 4.93 82.09 1.65 . 4.33 8,060 14,510 
D .... .......... 34.4 65.6 . ..... 1.29 5.23 87.12 1. 75 4.61 8,555 15,400 

17480 2.0 A.· •.. 4.5 38.8 50.9 5.8 2.01 ............ .............. .............. .. ............ 7,425 13,370 
B .... 2.5 39.6 52.0 5.9 2.05 ............. ............... ............. ............ 7,580 13,650 
C .•.• ........... 40.6 53.3 6.1 2.10 .. ....... ............. ......... . ......... 7, 775 13,990 
D .•.. .. 43.2 56.8 .......... 2.24 .. .......... ........... ............. .. ............ 8,275 14,900 

17481 2.8 A ••.. 5. 7 37.0 49.5 7.8 1.87 ......... ........... ......... . ........... 7,100 12,780 
B •••. 3.0 38.1 50.9 8.0 1. 92 ............ .............. ........... ............. 7,300 13,140 
c .... ....... 39.2 52.5 8.3 1. 98 . .......... ............... ........... ............... 7,530 13,550 
D ••.. ......... 42.8 57.2 ........ 2.16 . .......... ........... .......... ............. 8,210 14,780 

17483 1.3 A •••• 3.0 34.7 58.9 3.4 .66 .......... ........... .......... ............ 7,920 14,250 
B •••• 1. 7 35.1 59.7 3.5 . 67 ........... ............ ......... ........... 8,025 14,440 
c ..... ....... 35.7 60.8 3.5 .68 .. ....... ............. ........... .. ........ 8,165 14,700 
D •••• ........ 37.0 63.0 ...... • 70 . ....... ........... ......... .. ......... 8,460 15,230 



.ANALYSES OF COAL SAMPLES. 

WYOMING. 

CONVERSE COUNTY. 

Proximate. I Ultimate. 

labo- Air- Form 

Fixed! ratory qry- of Vola-
No .. mg a;n~ly- Mois- tile Sui-. Hy- Nitro- Oxy-loss. SIS. car- Ash. dro- Carbon. ture. mat- bon. phur. gen. gen. gen. 

ter. 
---------- ----------------

17657 7.0 A ••.. 22.8 34.7 37.0 5.52 0. 71 6.07 . 54.68 1.02 32.00 
B ••.. 17.0 37.3 39.8 5. 93 76 5. 70 58.77 1.10 27.74 
c ..... ......... 44.9 48.0 7.15 .92 4.58 70.79 1.32 15.24 
D •... ....... 48.4 51.6 . ...... .99 4.93 76.24 1. 42 16.42 

17658 5.5 A ••.. 21.1 a31. 5 41.3 6.1 . 73 ........... .......... ........... . ............ 
B •••. 16.5 33.3 43.7 6.5 . 77 ............ .............. .......... .. ........... 
c ..... .......... 39.9 52.3 7.8 .92 ........... .. .......... ........... . ............ 
D .... ............ 43.3 56.7 ....... 1.00 .......... .. ......... ........... ............. 

17722F 5.6 A ••.. 25.1 a32.0 38.1 4. 77 . 73 6.31 52.81 1.16 34.22 
B ••.. 20.6 33.9 40.4 5.05 .77 6.03 55.94 1. 23 30.98 
c ..... ....... 42.7 50.9 6.37 .97 4. 70 

70.00 I 
1. 55 15.91 

D •... .......... 45.6 54.4 .. ......... 1.04 5.02 75.29 1. 66 16.99 

17723F 5.5 A .... 23.5 a34.3 35.2 7.00 .59 5.85 51.19 .99 34.38 
B •... 19.1 36.3 37.2 7.40 .62 5.54 54.15· 1.05 31.24 
C .•.•. ........... 44.9 46.0 9.15 . 77 4.23 66.90 1.29 17.66 
D ••.. ......... 49.4 50.6 ........... .85 4.66 ·73.64 1.42 19.43 

17902 14.1 A .... 27.2 a29. 7 36.1 7.0 .40 ............ ........ . ....... ......... 
B .•.. 15.3 34.6 42.0 8.1 .47 ........... .............. ............ ............. 
c ..... ............ 40.8 49.6 9.6 .55 ............ .. ........... ........... ............. 
D.-... ......... 45.2 54.8 ......... .61 ........... . .......... ............ .. ........... 

FREMONT· COUNTY. 

17584 b2.1 ~:::: H:~ ~~J ~~:~ ~~:g ~J~ ::::::: :::::::: ::::::: ::::::::1 
£·:::: ::::::: M:i ~~:~ 15.s t~~ ::::::: :::::::: ::::::: ::::::::1 

HOT SPRINGS COUNTY. 

17709 2.0 A •••• 13.7 35.8 41.7 8.8 0.60 ............ ............ ............. .. ......... 
B .... 11.9 36.6 42.6 8.9 . 61 ........... ............. ............ ............... 
c ..... ....... 41.5 48.3 10.2 . 69 .............. ............ ............. ................ 
D .... .......... 46.2 53.8 .77 ........... . ......... .......... .. ........... 

17830 2.2 A •••• 11.5 34.3 40.0 14.2 . 45 ........... ............... ............ . ......... 
B .•.. 9.5 35.0 40.9 14.6 . 46 ........... ........... .......... .. .............. 
c ..... ........ 38.7 45.2 16.1 . 51 .......... ............ ............. .............. 
D~ ... ........... 46.1 53.9 .61 ............ ............... .. ............ . ............ 

17731 11.6 A .... 25.2 33.1 36.0 5. 7 . 98 .......... ............... .......... .. .......... 
B .... 15.3 37.5 40.7 6.5 1.11 .............. ............... ........... .. ............. 
c ..... .......... 44.2 48.1 7. 7 1. 31 . ........ ............. ............... 
D .... ......... 47.9 52.1 1. 42 .............. ............ ............ .. ............. 

NATRONA COUNTY. 

17778 6.1 A .... 24.1 a33.6 36.8 5.5 o. 70 ............ .. ~ ......... ........ .. .......... 
B .... 19.2 35.8 39.2 5.8 . 75 ............. ............ .......... ............ 
c ..... ........... 44.3 48.5 7.2 . 92 ........... . ............ ............ ............. 
D .... ......... 47.8 52.2 .99 . .......... ............... ............ ........... 

17895 10.0 A .... 24.9 a30. 7 39.3 5.1 . 40 ........ ............. ............. . ............. 
B .... 16.5 34.1 43.7 5. 7 .45 .......... ............. ......... ........... 
c ..... ............ 40.9 52.3 6.8 .53 ........... . ........... .. ............ 
D .... ......... 43.9 56.1 .57 .......... . ........... . .. --· .... ................ 

a Volatile matter determined by the modified official method. 
· b This small air-drying loss indicates that the coal is weathered. 
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Heating value. 

Calo-
ries. 

---
5,150 
5,535 
6,670 
7;180 

5,105 
5,400 
6, 470 
7,015 

4,980 
5,275 
6,650 
7,100 

4, 755 
5,030 
6, 210 
6,835 

4,275 
4, 975 
5,870 
6,495 

5,445 
5,560 
6,270 
7,450 

5,800 
5, 915 
6, 720 
7,480 

5,545 
5,675 
6,270 
7,475 

4,180 
4, 730 
5,580 
~,045 

4,840 
5,155 
6,380 
?,875 

4,830 
5,370 
6,435 
6,900 

British 
thermal 
units. 

---
9,270 
9, 960 

12,000 
12,930 

9,190 
9, 720 

11,640 
12,630 

8,970 
9,500 

11,970 
12,780 

8,560 
9,050 

11,180 
12,310 

7, 700 
8,950 

10,570 
11,690 

9,800 
10,010 
11,280 
13,410 

10,440 
10,650 
12,090 
13,460 

9,990 
10,210 
11,280 
13,450 

7,520 
8,510 

10,050 
10,880 

8, 710 
9,280 

11,480 
12,370 

8, 700 
9,670 

11,580 
12,420 
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DESCRIPTIONS OF COAL SAMPLES. 

ALABAMA. 
DEKALB COUNTY. 

18230. Semibituminous coal from Yel­
low Creek mine of W. C. Hill, sec. 24(?), 
T. 7 S., R. 9 E., 3 miles northwest of 
Blanche. Sample cut in mine 300 feet 
south of mouth, from surface of coal 
weathered for 10 months, on November 
20, 1913, by Charles Butts. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed in Yellow Creek mine. 

COLORADO. 
LA PLATA COUNTY. 

17745F. Bituminous coal from Mormon 
mine in sec. 17, T. 33 N., R. 11 W. Sam­
ple cut at end of main entry, 50 feet from 
mouth of mine, on August 6, 1913, by 
M. A. Pishel. Section at point of sam­
pling is as follows: 

Section of coal bed in Mormon mine. 

CoaL .......................... . 
Ft. in. 

7 
Ft. in. Shale 1 •••••••••••••••••••••••• ! 

7 Coal 1 
• 

2 
••••••••••••••• - - - - - - - - - - 1 1 CoaL .......................... . 

Clay 2 
•••••••••••••• ---- -·--------- ! Shale ......................... . !. 

1 9 Coal 1• 2 ••••••••••••••••••••••••• 3 
Clay z............................ ! 
Coal 1, 2 • • • • • • • • • • • • • • • • • • • • • • • • • • 4 

Coal, bony" .................... . 
Shale 1 

•••••• ~ ••••••••••• ~ ••••• 
CoaL ................ ~ ......... . 

1 
11 

Clay 2 •••• ~ ••••••••••••••••••••••• 1 Shale 1 ••••••••••• ·_ •••••••••• · •• ! 
1 5 Ooal 1• 2 •••••••••••••••••••••••••• 3! CoaL ______________ ............ . 

2 1! 
18233. Semibituminous coal from same 

locality as No. 18230. Sample cut 20 
inches below surface of coal weathered for 
10 months. Sample dry. 

18234. Semibituminous coal from same 
locality as No. 18230. Sample cut 1 foot 
below surface of coal weathered for 10 
months. Sample dry. 

18231. Semibituminous coal from Bee­
son Gap mine of McSpaden & Baker, T. 
7 S., R. 9 E., 1 mile northeast of Fort 
Payne. Sample cut in mine 200 feet 
northeast of mouth on November 20, 1913, 
by Charles Butts. Coal bed at point sam­
pled is 1 foot 1 inch thick. Sample repre­
sents entire thickness of bed. Sample dry. 

18232. Semibituminous coal from pros­
pect pit of W. T. Underwood, sec. 31 (?), 
T. 7 S., R. 10 E., 1 mile west of Blanche. 
Sample cut in pit 10 feet from mouth on 
November 20, 1913, by Charles Butts. 
Sample dry. Section at point of sam­
pling is as follows: 
Section of coal bed in prospect pit of W. T. 

Underwood. 

5 51 
17747. Bituminous coal from Cinder 

Butte mine in sec. 14, T. 32 N., R. 12 W. 
Sample cut at end of entry on August 5, 
1913, by M. A. Pishel. Coal weathered. 
Section at point of sampling is as follows: 

Section of coa( bed in Cinder Butte mine. 
- Ft. in. 

Coal, bony.............. . . . . . . . . 5 
CoaL........... . . . . . . . . . . . . . . . . 8 
Shale 1

• • • • • • • • • • • • • • • • • • • • • • • • 1 
CoaL ................. ·. . . . . . . . . . 3 
Bone........................... 5 
CoaL ____ -- -- -- -- -- . ~ . . . . . . . . . . . 5 
Coal, bony ______________ .. .. . .. . 9 
Bone ....... --.--............... 2 
CoaL ......... -- . . . . . . . . . . . . . . . . 1 10 

5 
17748. Bituminous coal from Soda 

Spring mine in sec. 1, T. 32 N., R.12 W. 
Sample cut in mine 100 feet .west of 
mouth on August 5, 1913, by M. A. 
Pishel. Section at point of sampling is 
as follows: 

Coal. ........... ~ .............. . 
Ft. in. Section of coal bed in Sodq, Spr.ing mine .. 
1 9 Ft. in. 

''Rash'' 3 •••••••••••••••••••••• 2 Coal, bony 1••• • • • . . • . • . . • • • • . • • • 2 6 ---
1 11 Coal ............... :.. .. .. .. .. . 2 10 

1 Part sampled for Nos. 18230 and 18234. 
s Part sampled for No. 18233. 
a Not included in sample. 

Shale 1 •.••...•. : • • • • • . • • • • • • • • • 11 

1 Not included in sample. 
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Ft. in. 

· Coal........................... 1 10 
Bone 1 •••••••••••••••••••.•••••• 

Coal .......................... . 
Bone 1 ••........•.....•....••... 

Coal .................. ········· 

1 
8 
1 
·s 

Bone 1••••••••••••••••....•...•• 2 1 

11 8 

17855. Bituminous coal from Wheeler 
mine in Hay Gulch in sec. 31, T. 35 N., 
R. 11 W., 7! miles southwest of Hes­
perus, Upper No. 5 bed. Sample cut 
near end of entry, 75 feet from mouth of 
mine, on September 12, 1913, by M. A. 
Pishel. Section at point of sampling is 
as follows: 

Section of coal bed in Wheeler mine. 

Ft. in. 
Coal........................... 1 8 
Bone 1•• •••••••••••••••••••••••• 1 
Coal........................... 3 

Section of coal bed in Kimberly mine. 

Ft. in. 
Coal, impure....... . . . . . . . . . . . . . 2 1 
Coal........................... 2 1 
Coal, impure..... . . . . . . . . . . . . . . . 1 5 
Coal........................... 2 1 

7 8 

17686. Bituminous (?) coal from Lay 
mine of Wisconsin Coal Mining Co., 1 
mile south of Lay, in sec. 31, T. 7 N., R. 
93 W. Sample cut in mine 270 feet south 
of mouth on August 21, 1913, by E. T. 
Hancock.· Sample weathered (?). Sec­
tion at point of sampling is as follows: 

Section of coal bed in Lay mine. 

Ft. in. 
Coal .......................... . 
Coal, with streaks of shale ..... . 
Sandstone .................... . 
Coal, with thin streaks of shale .. 
Coal ........... · ................. 1 

11~ 

5 
1! 
4 

Coal, bony .............. · ...... . 10 Shale, sandy .................. . 1! 
6! 
7 
7 

Coal, with thin streaks of shale .. 
5 7 Coal 1 •• : . •.••.............•.•.. 4 

MOFFAT COUNTY. 

17592. Subbituminous coal from Seick 
mine in sec. 2, T. 7 N., R. 92 W., 8 miles 
northwest of Craig. Sample cut in mine 
120 feet N. 80° E. of mouth on July 24, 
1913, by E. T. Hancock. Mine ha<;l not 
been worked for two years. Sample 
weathered (?). Section at point of sam­
pling i11 as follows: 

Section of coal bed in Seick mine. 

Ft. in. 
Coal (not mined )1• • • • • • • • • • • .. • • 2 · 3 
Coal........................... 5 3 

Shale, sandy .................. . 
Coal. ..... ~ .................... . 10 
Coal, with some streaks of shale .. 1 11 

11 5 

17696. Subbituminous coal from Blev­
ins mine in sec. 28, T. 8 N., R. 93 W. 
Sample cut in mine 140 feet N. 50° E. of 
mouth on August·19, 1913, by E. T. Han­
cock. Sample weathered (?). Section 
at point of sampling is a11 followe: 

Section of coal bed in Blevins mine. 

. Ft. in. 

Coal........................... 1 5 
7 · 6 Shale......................... 1 

17593. Subbituminous coal from Kim­
berly mine (riot operated) in sec. 32, T. 7 
N., R. 90 W. Kimberly bed. Sample 
cut in mine 120 feet N. 12° E. of mouth 
on July 25, 1913, by E. T .. Hancock. 
Sample was wet (weathered ?). Section 
at point of sampling is as follows: 

1 Not included in sample. 

CoaP ......................... 9 11} 

11 

17782. Subbituminous coal from Hart 
mine in T. 4 N., R. 91 W. (not subdi­
vided). Sample cut in mine 100 feet N. 
39° W.. of mouth on September 22, 1913, 

1 Part sampled. 
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by E. T. Hancock. Coal bed at point 
sampled is 6 feet 9 inches thick, and 
sample represents entire bed. Sample 
wet. 

17840. Bituminous (?) coal from Roby 
~e in T. 4 N., R. 91 W. (not subdi­
vided). Sample cut in m1ne 75 feet N. 
56° W. of mouth on September 24, 1913, 
by E. T. Hancock. Sample represents 7 
feet 1! inches of coal, entire thickness of 
bed. Sample wet and weathered .. 

ILLINOIS. 

McDONOUGH COUNTY. 

15119. Bituminous coal from mine of 
Frank Bu.rdick in NE. !-sec. 16, T. 4 N., 
R. 2 W., 1 mile northwest of Industry. 
Murphysboro bed. Composite of samples 
15117 and 15118.1 

KENTUCKY. 

PIXE COUNTY. 

17459F. Bituminous coal from No. 2 
mine of Burnwell Coal & Coke Co., 2 miles 
west of Matewan. No. 2 or {ias bed. 
Sample cut in room 9 off fourth left entry 
off main entry, 2,000 feet from mine 
mouth, on June 3, 1913, by Eugene Steb­
inger. Sample dry. Section at point 
of sampling is as follows: 

Section of coal bed in No.2 mine. 

Section of Alum coal bed in Little Thacker, 
mine. 

Ft. in. 
Coal, bony ................ ~ ...... ·. 1! 
Coal. ............................. 2 5 
Clay 1

••••••••••••••••••• •• •• • • • • • . 4 
Coal, splint ............. :. . . . . . . . 1 8 

4 6! 

17 461F. Bituminous coal from Little 
Thacker mine of Thacker Coal Co., 1! 
miles southwest of Thacker. Thacker 
bed. Sample cut at last right entry off 
No. 2 drift, 3,000 feet from mine mouth, 
on June 5, 1913, by Eugene Stebinger. 
Sample dry. Section at point of sam­
pling is as follows: 

Section of Thacker coal bed in Little Thacker 
mine. 

Ft. in. 
Coal, lustrous ..................... 1 4 
Coal, splint ... _. ............ , . . . . . 1 4 
Coal, gray, splint.................. 7 
Coal, lustrous ..................... 1 10 

5 1 
MONTANA. 

BIG HORN COUNTY. 

17711. Subbituminous coal from loc~l 
strip pit in sec. 30, T. 1 N., R. 38 E., 36 
miles south of Sanq.ers. Sample cut 6 
feet deep under heavy sandstone on 

. Ft. in. August27,1913,byG.S.Rogers. Sample 
CoaL.... . . . . . . . . . . . . . . . . . . . . . . . . . 5 dry. Section at point of sampling is as 
Bone 2••••••••••••••••••••••••••• 7 follows: 
CoaL ............................. 1 2 
Clay 2 

••••••••••••••••••••••••• :. • 2 Section of coal bed in local bank. 

Coal .....•........................ 2 
Coal, splint ..................... . 9 Bone ......................... . 

Ft. in. 
2 

5 1 
Coal 2 •••••••••••••••••••••••••• 7 
Coal (weathered)................. 3 4 

17460F. Bituminous coal from Little 
Thacker mine of Thacker Coal Co., 1! 
miles southwest of Thacker, Alum bed. 
Sample cut at face of first right' entry off 
mainair course, 700feetfrom mine mouth, 
on June 5, 1913, by Eugene Stebinger. 
Sample dry. Section at point of sam­
pling is as follows: 

lSee U.S. Geol. Survey Dull. 53l,pp. 338-339,1913. 
s Not included in sample. 

Coal, reported, in drill record ...... 21 

31 6 
HILL COUNTY. 

17841F. Subbituminous coal from old 
mine of A.M. Banks and Charles Severn·, 
in NW. !- ~ec. 28, T. 37 N., R. 9 E. No. 
1 bed. Sample cut in first room on right, 

1 Not included in sample. 
~ Part sampled. 

\ 
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75 feet from mine mouth, on September 
30, 1913, by. Eugene Stebinger. Sample 
dry. Section at point of sampling is as 
follows: 

Section of coal bed in old mine of A. M. 
Banks and Charles Severn. 

Ft. in. 

Coal .. ~ ........................... 3 2 
Shale, coaly 1 • • • . • • • • • • • • . . • • • • • . 5 

3 7 

17587. Subbituminous coal from mine 
No. 4 of Davis Coal Co., in SE. t sec. 17, 
T. 8 N., R. 25 E., 3 miles southeast of 
Roundup. Roundup bed. Sample cut 
in mine 3,000 feet S. 5° W. of mouth on 
July 21, 1913, by C. T. Lupton. Sample 
damp. Section at point of sampling is as 
follows: 

Section of coal bed in mine No. 4-. 

Ft. in. 

17842F. Bituminous coal ·from West Coal. ... ········ ... · ... ·........... 2 
Butte mine of P. J. McDermott, NW. i Bone 1

--· ••••••• :................ 2 
sec. 6, T. 36 N., R.· 2 E. Sample cut j Coal. .. · ... · ...................... 3 2 · 
in mine 100 feet west of shaft on Septem- 36 
ber 11, 1913, by Eugene Stebinger. 
Sample dry. Section at point of sampling 17588. Subbituminous coal from mine 
is as follows: 'No.3 of Roundup Coal Mining Co., NE. t 
Section of coal bed in West Butte mine. sec. 22, T. 8 N., R. 25 E., one-half mile 

west of Roundup. Roundup bed. Sam-
Ft. in. ple cut in room ~. off seventh entry west, 

Coal..···························· 2 1 3,000 feet west from mouth of entry, on 
Shale 

1
•••••••••••••••• · · · • • • • · · · • • 4 July 21, 1913, by C. T. Lupton. Sample 

2 5 represents 5 feet 8 inches of coal, entire 

17892. Subbituminous coal from out­
crop in SW. t sec. 2, T. 37 N., R. 9 E., 35 
miles north. of Rudyard. No. 1 bed. 
S~mple cut September 28, 1913, by 
Eugene Stebinger. Sample dry a:O.d 
weathered. Section at point of sampling 
is as follows: 

Section of coal bed on outcrop. 

Ft. in. 
Coal. ............................. 2 8 
Shale, coaly 1•••••••..••...••..•• 4 

3 
MUSSELSHELL COUNTY. 

17586F. Subbituminous coal from mine 
No. 2 of Republic Coal Co., in SE. t sec. 
36, T. 8 N., R. 25 E., 3! miles southeast of 
Roundup. Roundup bed. Sample cut 
in mine 800 feet east of shaft on July 21, 
1913, by C. T. Lupton. Sample dry. 
Se?tion at point of sampling is as follows: 

thickness of bed. Sample dry. 
17589. Subbituminous coal from Keene 

mine of Pine Creek Coal Mining Co., in 
NE. t sec. 28, T. 8 N., R. 25 E., 3t miles 
southwest of Roundup. Roundup bed. 
Sample cut in mine 500 feet northeast of 
mouth on July 19, 1913, by C. T. l-upton. 
Sample represents 3 feet of coal, entire 
thickness of bed. Sample dry. 

NEW MEXICO. 

COLFAX COUNTY. 

17703. Bituminous coal from Brilliant 
mine of St. Louis, Rocky Mountain & 
Pacific Co., T. 31 N., R. 23 E. Tin Pan 
bed. Sample cut in first east enti·y off 
No. 5 main south entry of Tin Pan Canyon 
on August 30, 1913,-by W. T. Lee. Sec­
tion at point of sampling is as follows: 

Section of coal bed in Brilliant mine. 

Ft. in. Section of coal bed in mine No.2. 
Ft. in. Coal. . ....................... . 

Coal. .... : .................. ; . . . . . 4 3 Shale 1 ••••••.••••••••••••••••• 

6 
2 
9 
8 

Bone 1 ••••••••••••.••••••••..••.. 

Coal ............................ :. 1 

1 Not included in sample. 

1 Coal ......................... . 

6 Shale 1 •••••••••••••••••••••••• 

Coal.......................... 1 
5 10 Bone 1 ••••••••••••••••••••••••• 

1 Not included ill ea.mple. 

9 

! 
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Ft. in. 
Coal.......................... 1 2 
Shale 1••••••••••••••..•••••••• 2 
·coal. . . . . . . . . . . . . . . . . . . . . . . . . . 8 

5 10~ 

17746F. Bituminous coal from mine 
of Yankee Fuel Co., in sec. 35, T. 32 N., 
R. 62 W. Highest bed. Sample cut in 
mine 570 feet N. 20° E. from mouth on 
September18, 1913, byW. T. Lee. Sam­
ple dry.· Section at point· of sampling is 
as follows: 

Section of coal bed in mine of Yankee Fuel 
Co. 

Coal ......................... . 
Shale 1 •••••••••••••••••••••••• 

Coal ......................... . 
Shale 1 ••••••••• ~ •••••••••••••• 

Coal ••........................ 

Ft. 

1 
1 
1 

5 

.in. 
7 

11 
7 
1 
9 

11 

17781F. Bituminous coal from Koehler 
No. 3 mine of St. Louis, Rocky Mountain 
& Pacific Co., at Koehler. Raton bed. 
Sample cut in room 71, off second east en­
try, on September 23, 1913, by W. T. Lee. 
Sample dry. Section at point of sampling 
is as follows: 

Section of coal bed in Koehler No. 9 mine. 

Ft. in. 
Coal •.......................... 10 
Coal, bony .. · ................... . 4 

ple dry. Section at point of sampling is 
as follows: 

Section of coal bed in New Mexico mine. 
Ft. in. 

Coal, bony. . . . . . . . . . . . . . . . . . . . . . 4 9 
Shale 1• • • • • • • • • • • . • • • • • • . • . . . • • • 2 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 

7 

17750. "Bituminous coal from Govern­
ment mine-in sec. 21, T. 30 N., R. 16 W., 
20 miles northwest of Farmington. Hog- · 
back bed. Sample cut in nrine 100 feet 
southwest of mouth on August 22, 1913, 
by M. A. Pishel. Sample represents 6 
feet 3 inches of coal, entire thic.kness of 
bed .. 

SOCORRO COUNTY. 

17602. Bituminous (?) coal from pros­
pectin sec. 18, T. 1 N., R. 6 W., 20 miles 
northwest of Magdalena. Sample cut in 
face of entry, 30 feet from mouth, on July 
28, 1913, by D. E. Winchester, Sample 
dry. Section at point of sampling .. is as 
follows: 

Section of coal bed in prospect. 
Ft. in. 

Bone 1 ••••• ~ •• ·• • • • • • • • • • • • • • • • • • • 2 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4! 
Shale, carbonaceous 1 • • • • • • . . . . • . 2 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale 1• • • • • . . . . • . . • . . . • . • . • . . . . • ! 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 7 

2 7i Coal •............ · ......... : ... . 
Bone 1 •••••••••...•••.•••.•...•• 

6 
1 17728. Bituminous coal from prospect in 

5 SW. i !ec. 20, T. 3 N., R. 9 W., 65 miles Coal. . ........ ~ .......... , . . . . . 1 
Bone 1 •••••••••••.•..•••.•.••..• 

Coal ••......................... 1 
Bone 1••••••• • • • • • • • • • • • • • • • • • • • 1 
Coal .......................... . 
Bone 1•••••• • • • . . • • • • . . • . • • . . • • • · 

Coal ........................... 3 

.9 
SAN JUAN COUNTY. 

! northwest of Magdalena. Sample cut in 

1 face of entry, 8 feet from mouth, on Sep­
tember ·5, 1913, by D. E. Winchester. 
Sample dry and slightly weathered. 
Section at point of sampling is as follows: 

4 
9 
1 
2 Section of coa_l bed in prospect. 
7! Ft. in. 

Coal............................ 6 · 

17749. Bituminous coal from the New 
Mexico mine in sec. 22, T. 32 N., R.l2 W., 
28! miles southwest of Durango. Bed A. 
Sample cut in mine 75 feet east of mouth 
on August 5, 1913, by M. A. Pishel. Sam-

Bone 1 ••••••••••••••••••••••••••• 

Coal ........................... . 
Bone 1 ••••••••••••••••••••••••••• 

Coal ............................ 2 

2 
6 

1! 
3 

3 6l 
lNot included in sample. 1 Not included in sample. 

., 
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OREGON. 

GRANT COUNTY. 

18125. Lignite from prospect on the 
Stewart ranch in NW.! NW.! sec. 11, T. 
'13 S., R. 27 E., 5! miles east of Dayville. 
Sample cut from face of old prospect. 
Lignite probably weathered. Section at 
point of sampling is as follows: 

Section of lignite bed in old prospect. 
Ft. in. 

Lignite 1 •••••••••••••••••••.••••• 1 
Sandstone 1 • • • • • • • • • • • • • • • • • • • • • • • 6 
Ligrii te . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 
Sandstone 1 • • • • • • • • • • • • • • • • • • • • • 4 
Lign'ite 1 • • • • • • • • . • • . • • • • • . . . . • • • • 1 8 

5 8 
WHEELER COUNTY. 

18126. Subbituminous (?) coal from 
prospect in Dry Hollow in SW. ! SE. ! 
sec. 28, T. 8 S., R. 21 E. Sample cut 20 
feet from mouth of drift 130 feet long. 
Secti.on at point of sampling is as follows: 

Section of coal bed in prospect in Dry 
Hollow. 

Ft. in. 

Coal and bone 2 • • • • • • • • • • • • • • • • • 1 
Coal and bone 2 3 ••••••••••••••••• 1 6 
Sandstone....................... 6 
Coal 3 •••••••••••••••••••••••••••• 1 6 
Coal 2 3 •••••••••••••••••••••••••• 5 6 

10 

18127. Sub bituminous (?) coal from 
same locality as No. 18126. 

PENNSYLVANIA. 
CENTER COUNTY. 

17444F. Bituminous coal frqm Macon 
drift, Poormansite mine of Lehigh Valley 
Coal Co., 1! miles northeast of Clarence. 
Lower Kittanning bed. Sample cut in 
side entry, 1,000 feet from mine mouth, on 
Ma:y 31, 1913, by M. A. Pishel. Section 
at point of sampling is as follows: 

&ction of coal bed in Macon drift, Poor­
mansite mine. 

Ft. in. 
CoaL.• .......... :. . . . . . . . . . . . .. . 8 
Bone 1•••••••••.••••••••••••••••• 3 
CoaL .......................... : 2 10 

1 Not included in sample . 
• 2 Parts sampled for No. 18127. 

a Parts sampled for No. 18126. 

365° -Bull. 541-14--33 

3 9 

17445. Semibituminous coal from Poor· 
mansite "High Coal" of Lehigh Valley 
Coal Co., 1! miles northeast of Clarence. 
Lower Freeport bed. Sample cut in side 
entry, 600 feet from mine mouth, on May 
31, 1913, by M. A. Pishel. Sample moist. 
Section at point of sampling is as follow:s: 

Section of coal bed in Poormansite ''High 
Coal" mine. 

Ft. in. 

Coal ............................ 2 7 
Bone 1•••••••.•.•••••.•••...••• .• 10 
Coal ............................ 2 6 

5 11 

17446F. Bituminous coal from mine 
No. 15 of L~high Valley Coal Co., one­
half mile northeast of GilFntown. Lower 
Freepor.t bed. Sample cut in main entry, 
500 feet from mine mouth, on May 31, 1913, 
by M.A. Pishel. Sample <,lamp. Section 
at point of sampling is as follows: 

Section of coal bed in mine lfo. 15. 

Ft. in, 
Bone 1 • • • • • • • • • • • • • • • • • • • • • • • • • • 10 
Coal ............................ 1 6 
Bone 1 ~......................... 2 
Coal ............................ 1 

3 6 

17447F. Bituminous coal from mine 
No. 22 of Lehigh Valley Coal Co., 1 t miles 
northwest of Clarence. Lower A bed. 
Sample cut in main entry, three-fourths 
of a mile fron:i mine mouth, on May 31, 
1913, by M. A. Pishel. Sample dry~ 
Section at point of sampling is as follows: 

Section of coal bed in mine No. 22. 

Ft. in. 
Coal, bony 1 •••••••••••• ~ •••••• ; • 8 
Fire clay 1 • • • • • • • • • • • • • • • • • . • • • • . 5 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2~ 
Clay 1•••••• • • • • • • • • • • • • • • • • • • • • • It 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

5 1 
CLEARFIELD COUNTY. 

17441F. Bituminous (?) coal from· 
Horseshoe mine of Potter, Bigler & Pot­
ter, one-half mile south of Karthaus. 
Lower Kittanning bed. Sample cut from 
room 3, second en try, 1, 000 feet from mine 

1 Not included in sample. 
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mouth, on June 2, 1913, by M.A. Pishel. 
Sample dry. Section at point of sam­
pling is as follows: 

Section of coal bed in Horseshoe -mine. 

Ft. in. 

Coal, bony 1•• • • • • • • • • • • • • • • • • • • 9 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 
Pyrite 1 ••.••••••••• ~ • • • • • • • • • • • ~ 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

3 10~ 

17442F. Semibituminous coal from the 
Shinola mine of Shadock & Kelly at 
Karthaus. Bed A. Sample cut in main 
entry, 600 feet from mine mouth, on June 
2, 1913, by M. A. Pishel. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed in Dagus mine. 

Ft. in. 
Coal, bony 1•••••••••••••••••••••• 1! 
Coal, good.. . . . . . . . . . . . . . . . . . . . . . . 2 
Pyrite 1 ••••.•.•••••.••.•••••• ·:.... t 
Coal ........ ·- . . . . . . . . . . . . . . . . . . . . . 1 6 

3 7f 

17456F. Bituminous coal from Byrne­
dale No. 31 mine of Shawmut Mining 
Co., at Byrnedale. Lower Kittanning 
bed. Sample cut in first left entry off 
main entry, 600 feet from mine mouth, 
on June 3, 1913, by M. A. Pishel. Sec­
tion at point of sampling is as follows: 

Section of coal bed in Byrnedale No. 31 
mine. 

Section of coal bed in Shinola mine. Ft. in. 

Ft. in. Coal, bony 1 ................... ·... 4 
Coal ........................... ~ 1 6 Coal... . . . . . . . . . . . . . . . . . . . . . . . . . . 2 10 

·Bone 1 • • • • • • • • • • • • • • • • • • • .. •.• • • • 4 Pyrite 1 ....................... ·• • • ~ 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 Coal. .............. · - .. · - . · · .. · . . 4 
.Bone 1 ••• ·••••••••••••••••••••••• 5 

_3 11 

l744gF. Bituminous coal from ·Eriton 
llline of Northwestern Mining & Exchange 
Co., 3~ miles south of Dubois. Lower 
Freeport bed. Sample cut in mine 200 
feet southwest of shaft on June 5, 1913, 
by M, A. Pishel. Sample dry. · Section 
at point of sampling is as follows: 

Section of coal ~ed in Eriton .mine. 
Ft. in. 

Coal, bony 1 ...................... 1 6 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 
·Shale 1............................ 1! 
Coal. ...... :. . . . . . . . . . . . . . . . . . . . . . 8 

. 7 8~ 
ELK: COUNTY. 

17455. Bituminous coal from Dagus 
:mine of Northwestern Mining & Exchange 
Co., at Dagus. Lower Kittanning bed. 
Sample cut in room off face heading, 
first right entry (Fleming section); 1 mile 
from mine mouth, on June 4, 1913, by 
M. A. Pishel. Sample dry. Section -a.t 
point of sampling is as follows: 

1 Not included in sample. 

3 G! 

17457. Bituminous coal from mine No. 
1 of Dents Run Mining Co., at Wilmere. 
Lower Kittanning bed. Sample cut in 
fourth left entry, 600 feet from mine 
mouth, on June 3, 1913, by M. A. Pishel. 
Sample dry. S~ction at point of sam­
pling is as follows: 

Section of coal bed in mine No. 1. 

Coal, bony ...................... . 
Clay ............................. . 
Coal. ......... : ................. . 
Clay ............................ . 
Coal 2 •••••••••••••••••••••• ~ • - •• 

Ft. in. 

10 
1! 
2 
7 

2 7 

4 3! 

17458. Bituminous coal from Elbon No. 
5 mine of S4awmut Mining Co., at Brandy 
Camp. Lower Kittanning bed. Sam­
ple cut in first left entry, No. 4 drift, 
1,000 feet from mine mouth, on June 4, 
1913, by M. A. Pishel. Sample dry. 
Section at point of sampling is as follows: 

tNot included in sample. 
• Part sampled. 

\ 
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Section of coal bed in Elbon No. 5 mine. 

Ft. in. 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9 
Mineral charcoal........ .. . . . . . . . . . ! 
Coal. ............... _ . _ . . . . . . . . . . . 1 2 

2 11! 
JEFFERSON COUNTY. 

17448F. Bituminous coal from West 
Clarion mine of Northwestern Mining & 
Exchange Co., 1 mile west of Brockway­
ville. Lower Freeport bed. Sample cut 
in second right entry, drift No. 8, 800 feet 
from mine mouth, on J.une 5, 1913, by 
M. A. Pishel. Sample represents 3 feet 
4 inches of coal, entire thickness of bed. 
Sample dry. 

17449F. Bituminous coal from West 
. Clarion drift No. 14 of Northwestern 

Mining & Exchange Co., 1 mile west of 
Brockwayville, Upper Freeport bed. 
Sample cut in second room off main 
entry on June 5, 1913, by M. A. Pishel. 
Sample represents 2 feet 6 inches of coal, 
entire thickness of bed. Sample dry~ 

17450F. Bituminous coal from West 
Clarion No. 1 mine of Northwestern 
Mining & Exchange Co., 1 n;tile west of 
Brockwayville, Lower Kittanning 'bed. 
Sample cut in third right entry off first 
entry, face drift No. 1, 4,000 feet from 
mine mouth, on June 5, 1913, by M. A .. 
Pishel. Sample represents 4 feet of coal, 
entire thickness of bed. Sample dry. 

SOMERSET COUNTY. 

17689. Semibituminous coal from. mine 
of Perry Wyand, one-half mile south of 
Bakersville. Sample cut in mine 300 
feet southwest of mouth on August 30, 
1913, by J. H. Hance. Section at point 
of sampling is as follows: 

Section of coal bed in mine of Perry Wyand. 

Ft. in. 
Shale 1 •••••••••• _ • __ ••••••• ___ • • 2 
Coal. ............................. 1 8 
Binder 1 ......... ;· .. _ •••••. _ . • • • • • 3 
Coal. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

2 7 

1 Not included ln 11ample. 

17690. Semibituminous coal from 
Ralphton No. 6 mine of Quemahoning 
Coal Co., at Zimmermaritown. Upper 
Freeport (E) bed. Sample cut in mine 
1,200 feet east of shaft on August 30, 1913, 
by J. H. Hance. Section at point of 
sampling is as follows: 

Seption of coal bed in Ralphto.n No. 6 mine. 

Ft. in. 
Coal. ................. _ ..... _ . . . . . 2 7 
Binder 1 •••••••••••• _ ••• _ ••••••••• 

Coal ............... _ ... _ ......... . 
Binder ......................... . 
Coal. ............................ . 

lf-
4 
1 
4! 

3 6 
17691. Semibituminous coal from mine 

of Levi Berkey, 1! ·miles northwest of 
Edie. Upper Freeport (E) bed. Sample 
cut in mine 400 feet N. 60° W. of mouth 
on August 30, 1913, by J. H. Hance. Sec­
tion at point of sampling is as follows: 

Section of coal bed in Levi Berkey mine. 

. Ft. in. 
Coal. ........................... 2 11! 
Binder 1••. .......... ........... l! 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4! 
Binder 1 ••••••••••••••.••••. _ ••• 

Coal ........................... . 
~ 

7! 
4 1 

17692. Bituminous (?) coal ;rom mine 
of Jake Miller, lf miles southwest of,Gil­
lette. Sample cut in mine 500 feet north­
east of mouth on August 30, 1913, by 
J. H. Hance. Section at point of sam­
pling is as follows: 

Section of coal bed_in mine of Jake Miller. 

Ft. in. 
Coal .................... · ........ 2 
Binder 1 ••••••.•.••••••••••••••• 2 
Coal............................ 4' 
Coal, dirty. ~ .. .. . . .. . .. . .. .. .. .. 5! 

3 

17693. Semibituminous coal from Neva 
mine of James McKelvey, three-fourths 
of a mile northeast of Somer8et. Sample 
cut in mine 400 feet from mouth on 

I Not included ln sample. 
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August 29, 1913, by J. H. Hance. Sec­
tion at point of sampling is as follows: 

Section of coal bed in the Neva mine. 

Ft. in. 
Shall3 1.'......................... 3 
Coal.· .................. · ......... 2 4 

mine 200 feet from niouth, on September 
29, 1913, by G. B. Richardson. Coal bed 
at the point sampled is 4 .feet 10 inches 
thick. Sample represents lower 3 feet 6 
inches. Sample weathered. · 

TIOGA COUNTY. 

Binder 1 •••••••••••••••••••••••• 

Coal ........................... . 
Binder 1 •••••••••••••••••••••••• 

1 17451F. Semibitum.inous coal from 
3~ New mine of Morris Run Coal Mining Co., 
t at Morris Run. Morgan bed. Sample 

3 
cut in fourth room, first entry, 1 mile 

t from mine mouth, on May 27, 1913, by 
M. A. Pishel. Sample dry. Section at 
point of sampling is as follows: 

17694. Semibituminous coal from mine 
ef Sanner & Sheffar, one-half mile south~ 
east of Somerset. Unidentified bed. 
Sample cut in mine 300 feet from mouth 
on August 29, 1913, by J. H. Hance. 
Section at point of sampling is as follows: 

Section of coal bed in Sanner & Sheffar 
mine. 

Ft. in. 
Bone 1 ••••••••••••••• -~.......... · 3 
Coal. ........... ; ............... · 2 8! 
Binder 1 •••••••••••••••••••••• •• 5 
Coal, dirty 1 ..................... 9 

4 1! 

17695. Semibituminous coal from the 
Stauffer No. 2 mine of Myersdale Coal Co., 
42- miles northeast ·of Somerset. Lower 
Freeport (D) bed(?) . .Sample cut in mine 
500 feet from mouth on August 29, 1913, 
by J~ H. Hance. Section at point of 
sampling is as follows: 

Section of coal bed in Stauffer No. 2 mine. 

Ft .. in. 

Shale 1••••••••••••••••••••.•.••• 2 
Coal. ........................... 4 1! 

4 3! 

17831. Bituminous coal from mine of 
Reuben Horner, 2 miles northwest of 
Boswell. Pittsburgh bed. · Sample- cut 
in mine 50 feet from mouth on Septem­
ber 29, 1913, by G. B. Richardson. Coal 
bed at the point sampled is 10 feet 6 
inches thick. Sample represents lower 
10 feet. Sample weathered. 

17832. Semibituminous coal from mine 
of J. G. Berkey, 2 miles northwest of Bos­
well. Pittsburgh bed. Sample cut in 

1 Not included in sample. 

Section of coal bed i'0 New mine. 
Ft. in. 

Coal, bony 1 •••••••.•... _.......... 6 
Coal ...•........................... 2 8 

3 2 
17452. Semibituminous coal from Bear 

Run mine of Blossburg Coal Co., one-half 
mile north of Landrus. Bloss bed. 
Sample cut in pillar in main entry 700 
feet from mine mouth, on May 28, 1913, 
by M. A. ·Pishel. Section at point of 
sampling is as follows: 

Section of coal bed in Bear Run mine. 
Ft. in. 

CoaL ............................. 1 1! 
Shale 1 

.......................... 3 
Coal, dirty 1......... .. .. .. .. • .. .. · 10 
Coal .............................. 1 2 
Pyrite (lens)1 •••••••.•••••••••••• 3 
Coal.............................. 6 

4 1! 
17453. Semibituminous coal from Anna 

S. mine of Fall Brook Coal Co., one-half 
mile west of Antrim. Bloss bed. Sam­
ple cut in room off side entry 1 inile from 
mine inouth, on May 29, 1913, by M. A. 
Pishel. Section at point of sampling is 
as follows: 

Section of coal bed in AnnaS mine. 
Ft. in. 

CoaL ............................. 1 11 
Bone 1 ••••••••••• ·•• •• • • • • • . • • • • • • 3 
CoaL .............. : .............. 1 0 
Bone 1 ••••••......•••••••••..••• : 5 
Coal ....................... ·....... 10 

4 5 

1 Not included in sample. 

... 
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17454F. Semibituminous coal from 
New mine of Morris Run Coal Mining 
Co., at Morris Run. Bloss bed. Sample 
cutin Sterling heading, 3 miles from mine 
mouth, on May 27, 1913, by M. A. Pishel. 
Sample dry. Section at point of sam­
pling is as follows: 

Section of coal bed in New mine. 
Ft. in. 

Coal, bony 1•••••••••••••• ..... • • • • • • 7 
Coal, good ........................ 2 5 

3 
WESTMORELAND COUNTY. 

17901F. Bituminous coal from mine of 
John Dyer, 3 miles southeast of Ligonier. 
Upper Freeport bed. Sample cut in 
end of entry, 200 feet from mine mouth, 
on October 15, 1913, by G. B. Richardson. 
Section at point of sampling is as follows: 

Section of coal bed in mine of John Dyer. 
Ft. in. 

Coal............................. 2 1 
Shale 1...... •• ................. 1 
Coal............................. 4 
Shale 1 •••••..••••..•••.•.•.•••• 1 

off second right entry, about 1 mile south 
of mine mouth. Sample represents 5 feet 
4 inches of cpal, entire thickness of bed. 
Sample dry. 

GRAND COUNTY. 

17577F. Bituminous coal from mine 
No. 1-A of American Fuel Co., of Utah, 
in the NW. ! sec. 27, T. 20 S., R. 20 E., 
5 miles· north of Thompson; middle bed 
of Bear coal. Sample cut in face of main 
entry, 1,200 feet east slightly southeast of 
mine mouth, on July 17, 1913, by F. R. 
Clark. Sample dry. Section at point 
of sampling is as follows: 

Section of coal bed in No. 1-A mine. 

Ft. in. 
Coal. .......................... . 1 3 
Coal,. bony ..................... . 1 1 

.Coal ....... : ................... . 1 
Shale ......................... . ~ 
Coal ........................... . 1 2 
Bone .......................... . 1 
Coal. .......................... . 1 1 

5 8! 

17578. Bituminous coal from prospect 
Coal. ........................... . 

UTAH. 

4 .of American Fuel Co. of Utah, in SE. t 
NW. t sec. 27, T. 20 S., R. 20 E., 5 miles 
north of Thompson. Lower bed of Bear 

2 11 

CARBON COUNTY. 

17604F. Bituminous coal from No. 3 
mine of Utah Fuel Co., in the SW. i 
SW. i sec. 4, T 15 S., R. 14 E., 1 mile 
southeast of Sunnyside. Lower bed. 
Sample cut in face of second left entry 
in dips, about 150 feet within room 1, 
1. mile northeast of mine mouth, on 
August 5, 1913, by F. R. Clark. Sample 
dry. Section at point of sampling is as 
follows: 

Section of coal bed in No. 3 mine. 

Ft. in. 

Coal 1 •••••••••••••••••••••••••• 1 
Coal .................. : ........ . 6 10 
Coal 1 •• _ •••••••••••••••••••••••• 2 

9 10 

17605. Bituminous coal, same as No. 
17604F. Sample cut in face of room 5 

1 Not included in sample. 

·coal. Sample cut in face of prospect, 85 
feet east from mouth, on July 17, 1913, 
by F. R. Clark. Sample dry and proba­
bly slightly weathered. , Section at point 
of sam~ling is as follows: 

Section of coal bed in pro.~pect. 

Ft. in. 

Coal 1.............. ... • • • • • • • • • 10 
Clay 1•••••••••••••••••••••••••• 5 
Coal............................ 4 3! 

5 
SANPETE COUNTY. 

17715. Bituminous coal from Coal 
Creek mine of Jop.nny Reese in SE. 1 
NE. t sec. 14, T. 16 S., R. ,2 E., 6 miles 
northwest of Ephraim. Sample cut in 
mine 300 feet N. 24° E. of mouth on 
September 4, 1913, by F. R. Clark. 
Sample dry. Section at point of sam­
pling is as follow:;: 

1 Not included in sample. 
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Section of coal b~d in Coql Creek mine. VIRGINIA. 

Ft. in. DICKENSON COUNTY. 

Coal, bright ... ·····.·······:······ 5 17559. Bituminous coal from Nora Mills 
Coal, dull ...... · · · · · · · · · · · · · · · · · · 5 mine of Clinchfield Coal Corporation at 
Coal, bright ................ ······· 2 Nora. Widow Kennedy coal bed. Sam-

. Coal, dull. ..... ·.················· 8 pie cut 300 feet eaSt of drift mouth on 
Bone 1 

•••••...• • · .·. · • · · · · · • · · • · · · 11 July 12, 1913, by Henry Hinds. Sam-

2 7 pie includes entire bed. Sample· wet. 

17717. Bituminous coal from aban­
doned mine ("north tunnel") in NE. ! 
SE. t sec. 2, T. 16 S., R. 2 E., 3! miles 
southwest of Wales. North tunnel bed. 
Sample cut beyond zone of weathering, 
300 feet N. 5° E. of mine mouth, on Sep­
tember 9, 1913, by F. R. Clark. Sample 
wet. Section at point of sampling is as 
follows: 

Section of ciJal bed in North Tunnel mine. 
Ft. in. 

Coal. ............................ 1 3 
Shale t ••••••••••••••••.•.•••••..• 1 10 
Coal............................. 3 
Shale 1••••••••••••••••.•.•••••.•. 1! 
Coal. .............. _............. 4 
Shale 1••••• •••••••••••...•.•••••• 1 

Section at point of sampling is as follows: 

Rection of coal bed in Nora Mills mine. 
Ft. in.·· 

Coal .. _......................... 6-i 
Bone.: ............ _............ ! 
Coal ..................... _ ...... 1 3 
"Rash" ...... _. __ . __ .. _ .. __ .. _. 
Coal ... __ .. _ .... __ .. __ ._ ....... . 
"Rash" ....................... . 
Coal .. _ .. _ ... :_ ................. · 
"Rash"._ .. _ ......... _ ........ . 
Coal ................ _ ..... __ ... . 

i 
3! 
t 

2i 
!" 

4 

2 8! 
17560. Bituminous coal from same mine 

as No. 17559. Sample wet. The section 
of the coal bed at point sampled, 300 feet 
northeast of drift mouth, is as follows: 

Coal. ...................... -..... 6 Section of coal bed in Nora lffills mine. 
6. Shale 1 ••••••••••••••••••.••....•• 

1 
. Ft. in . . Coal. ............................ 1 

Bone 1 ••••••••••••••••••••••••••• 
Coal............................ 5! 

3 Bone·........................... i 
6 2! Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6! 

17718. Bituminous coal from mine of 
Henry Thomas (Old Canyon) in N .- ~ 
NE. t sec. 35, T. 15 S., R. 2 E., 2 miles 
west of Wales. Sample cut frorri face of 
room 6, 1,400 feet north of mine mouth, 
on September 9, 1913, by F. R. Clark. 
Sample fresh and dry. Section at point 
of sampling is as follows: · 

Section of coal bed in mine of Henry 
Thomas. 

Ft. in .. 
Coal. ... , ...... _ . . . . . . . . . . . . . . . . 1 6 
Bone .......................... . 
Coal. ...... _ ................... . 
Bone .. · ........................ . 

i 
5! 

Coal. ........................... 1 
! 

2! 
8 
2 

Bone 1 •••••••.••••••.•..••••..• 

Coal 1 ••••••.••••••..••••••.•••• 

Shale 1 •••••••••••••••••• _ • ,. • • • • • 1 2 
Coal (not mined). 1 . 

5 3!+ 

1 Not included 1n sample. 

Shale 1•••••••••••••••••••••••••• 1i 
Coal............................ 5! 
Bone .................. - . . . . . . . . i 
Coal ......... ~ . . . . . . . . . . . . . . . . . . 8 

2 3i 
17561F. Bituminous coal. Composite 

of Nos. 17559 and 17560. 
17743. Bituminous coal from mine of 

Yellow Poplar Lumber Co., 4 miles north­
west of Prater, Buchanan County. Up­
per Banner(?) coal bed. Sample cut in 
mine 200 feet from mouth on September 
17, 1913, by T. K. Harnsberger. Sample 
dry. Section at point of sampling is as 
follows: 

Section of coal bed in Yellow Poplar Lum­
. ber Co. mine. 

Coal, pyritiferous 1 ••••••••••••••• 

Shale 1 •.••••.•••••.••••••••••••• 

Coal ................. · .......... . 

'1 Not included in sample. 

Ft. in. 
8 
7 
3 

\ 

\ 
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l 
9~ 
1 
1! 

Ft. in. 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 

~ Shale 1 ••• · ••••••••••••••••••••• 

Coal. ........................ , .. . 
1! Shale 1 •••••••••••••••••••••.•• 

2 
1 
3~ 3· Coal ........................... . 

4 10
i Shale and pyrite ............... . 

CoaL .......................... . 
t 

4 

17744. Bituminous coal from same mine 
as No. 17743. Sample dry. Section at 
point of sampling, 220 feet N. 85° E. of 
mine mouth, is as follows: 

Section of coal bed in Yellow Poplar Lum­
ber Co. mine. 

Ft. in. 

2 
RUSSELL COUNTY. 

18121F. Bituminous coal from mine 
No. 103 -of Clinchfield Coal Corporation, 
Widow Kennedy bed. Sample cut in mine 
260 feet N. 55° W. of. mouth on Novem­
ber .17, 1913, by T. K. Harnsberger~ 

Coal, pyritiferous 1 ............. . 

Shale 1 .-•••••••••••••••••••••••• 

9! Sample represents 5 feet 2 inches of coal) 
6! entire thickness of bed. 

Coal ................. _. ....... . 3 18122. Bituminous coal from mine 
"Rash " ............... : ....... . 
Coal ..... : .............. " ... · ... . 
Bone 1 •••••••••••••••••••••••• 

Coal ........................... 1 
Sandstone 1 •••••..• , •••..•.••.. 

Coal ............... ·- . . . . . . . . . . 1 

l No. 52 of Clinchfield Coal Corporation. 
8! Lower Banner bed. Sample cut 325 feet 
1 northeast of mouth of No. 0 drift on No-
2! vember 17, 1913, by T. K. Harnsberger. 
1 Sample represents 3 feet of coal, entire 
3! thickness of bed. 

4 llt 

17751. Bituminous coal from mine of 
· C. C. Owens, 1 mile portheast of Mart. 
Splash Dam coal bed. Sample cut 10 
feet north of main drift, 75 feet east" of 
mine mouth, on September 19, 1913, by 
T. K. Hatnsberger. Sample dry, coal 
slightly weathered. Section at point of 
sampling is as follows: 

Section of coal bed in C. C. Owens's mine. 

Coal. ............................ . 
"Rash" ......................... . 
Coal. ............................ . 
Shale .............. : ............ . 
Coal. ............................ . 
Shale 1 •••••••••••••••••••••••••• 

Coal. ............................ . 

Ft. in. 

8! 
l 

ll 

! 
2 
1t 
7! 

18123. Bituminous coal from same 
mine as No. 18122. Sample cut 1, 700 feet 
southwest of mouth of No. 1 drift. Sec­
tion at point of sampling is as follows: 

Section of coal bed in mine No. 52. 
Ft. in. 

Coal. . . .. . . .. . .. . .. .. .. . .. .. . .. . 2 6~ 

Coal and shale 1........... • • • • • • 2 

2 8i 
18124F. Bituminous coal. Composite 

of samples Nos. 18122 and 18123. 
18128. Bituminous coal from No.2 mine 

of Clinchfield Coal Corporation. Upper 
Banner bed. Sample cut 2,400 feet S. 
18° E. of mouth of drift No. 3 on Novem­
ber 18, 1913, by T. K. Harnsberger. Sec­
tion at point of sampling is as follows: 

Section of coal bed in No.2 mine. 
Ft. in, 

2 6! Coal............................ 1 10 
Sandstone 1 ••••••••.•.••••••••• - 1 i 
Coal............................ 1 2! 
Sandstone 1••••••••••••••••••••• i 

177 52. Bituminous coal from same mine 
as No. 17751. Sample dry, coal slightly 
weathered. Section at point of sampling, 
15 feet south of main entry and 75 feet east 
of mine mouth, is as follows: 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 

5 

1 Not included in sample. 1 Not included in sample. 
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18129. Bituminous coal from same mine 
asNo.18128. Samplecut2,750feetS. 78° 

· E. of mouth of drift No.5, tunnel line. 
Section at point of sampling is as follows: 

Section of coal bed in No. ~mine. 

Ft. in. 
Coal............................ 1 4 
Sandstone 1 ••••••••••••• · •• ·. • • • • • 1 
. Coal............................ 1 2 
Shale 1•••••••••••••••••••••••• 1 
Coal............................ 1 6 

4 2 

18130. Bituminous coal from same mine 
as No. 18128. Sample cut 3,400 feet S. 
85° W. of mouth of drift No.1, middle in­
cline. Section at point of sampling is as 
follows: 

Section of coal bed in No. t mine. 

Ft. in. 

Coal. ......... :................. 1 6 
Sandstone 1 .................... . 1 

1,250 feet S. 35° E. of No. 3 opening, on 
November 26, .1913. Section at point of 
sampling is as follows:. 

Section of coal bed in mine No. 6. 

Coal. .............. ~ ........... . 
Sandstone 1 ••••••••••••••••••••• 

Coal. ......................... . 
Coal and shale 1 ••.•••.•••••.••• 

Coal .......................... . 
Shale 1 •••••••••••••••••••••••• · •• 

Coal. .......................... . 
Coal and shale 1_ .............. .. 

Coal ...................... , .... . 

Ft. in. 
1 2. 

1 
1 61 

41 
41 
! 

1 5 
6 
8! 

6 1! 

18237. Bituminous coal from sa!Ile mine 
as No. 18235. Sample cut 4,000 feet ~-
100 W. of No.3 opening. Section at point 
of sampling is as follows: 

Section of coal bed in mine No. 6. 

Ft. in. 
Coal. .......................... . 1 5 Coal .......................... . 1 7 
Sandstone 1 ••••••••••••••••••••• 1 Sandstone 1 ••••••••••••••••••• 1 
Coal. .......................... . 1 10 Coal. ........................ . 1 8! 

4 11 

18131F. Bituminous coal. Composite 
of samples 18128, 18129, and 18130. 

18235. Bituminous coal from mine 
No. 6 of Clinchfield Coal Corporation, at 
Wilder. Upper Banner coal bed. Sam­
ple cut 3,000 feet S. 71° W. of mouth of 
No.1 opening on November 25, 1913, by 
T. K. Harnsberger. Section at point of 
sampling is as follows: 

Section of coal bed in mine No. 6. 

Ft. in. 
Coal............................ 1 6 
Sandstone 1• • • • • • • • • • • • . • • • • • • • • 1 
CoaL.......................... 1 6f 
Shale 1................... ..... .. 1 
Coal............................ 2 2 
Shale 1•••••.•.••.•••.••••••••• 3! 
Coal............................ 1 1! 

6 9i 
18236. Bituminous coal from same mine 

as No. 18235. Sample cut in room 5, 

1 Not Included In sample. 

Shale 1 •••••••••••••••••••••••• 1 
"Rash" 1 ..................... . 4! 
Coal .................. ~ ...... . 1 11 
''Rash'' and clay 1 ••..••••••••• 6 
Coal ......................... . 1 5 

7 8 

18238. Bituminous coal. Composite of 
samples Nos. 18235, 18236, and 18237. 

18239. Bituminous coal from mine No. 
201 of Clinchfield Coal Corporation, 1 mile 
northeast of Slemp. Bed No.4. Sample 
cut 5,200 feet N. 33° W. of shaft on 
November 26, 1913, by T. K. Earns­
berger. Section at_ point of sampling is 
as follows: 

Section of coal bed in mine No. 201. 

Ft. in. 
''Rash'' 1 ••.••••.••••.•••••.••• 9 
Coal ........ ·.·................ 2. 
Sandstone 1• • . • • • • • • • • • • • • • • • • • • 3 
Coal ............. : ... ,........ 3 1 

6 1 

t Not included in sample. 
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18240. Bituminous coal from same mine 
as No. 18239. Sample cut 1,600 feet N. 
.68° W. of f?haft. Section at point of 
sampling is as follows: 

Section of coal bed in mine No. 201. 

Ft. in. 
Coal.......................... 3 5 
"Rash" 1••••••••••••••••••••• 7 

6 6 

18245. Bituminous coal from same mine 
Ft. in. as No. 18243. Sample cut 1;300 feet N. 

9~ 35° W. of No.2 opening. Section at point Coal.......................... 1 

Shale 1
-···:··················· 

Coal .... ~...................... 2 
5 of sampling is as follows: 
3 

4 5~ 

18241. Bituminous coal from same 
mine as No. 18239. Sample cut 2,900 
feet N. 27° W. of shaft. Section at point 
of sampling is as follows: 

Section of coal bed in mine No. 201. 

Section of coal bed in mine No. 55. 

''Rash'' 1 ••••••••••••••••••••• 

Coal ........... · ............ . 
''Rash'' 1 ••••••••••••••••••••• 

Ft. in. 

~ 
3 6 

4 

3 10! 

Ft.' in. 18246; Bituminous coal. Composite of 

Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4! ·samples Nos. 18243, 18244, and 18245. 
Shale 1•••.••••••.••••••••••.•• 3'-
Coal.......................... 2 3 

3 11 

18242. Bituminous coal. Composite of 
samples Nos. 18239, 18240, and 18241. 

18243. Bituminous coal from mine No. 
55 of Clinchfield Coal Corporation, at 
Wilder. Lower Banner coal bed. Sam­
plecut900feetS. 60°W. of No.3 opening 
on November 25, 1913,. by T. K. Hams­
berger. Section at point of sampling is as 
follows: 

Section of coal bed in mine No. 55. 

Ft. in. 
Coal.......................... 3. 4 
"Rash" 1• • • • • • • • • • • • • • • • • • • • • 3! 

WISE COUNTY. 

18226. Bituminous coal from Cranesnest 
. No. 1 mine of Clinchfield Coal Corpora­
tion, near Caney (Dickenson County). 
Upper Banner coal bed. Sample cut 
1,500 feet southwest of entrance to main 
entry on Novemb~r 22, 1913, by T. K. 
Harnsberger. Section at point of sam­
pling is as follows: 

Section of coal bed in Cranesnest No. 1 
mine. 

Ft. in. 
Coal ......................... . 1! 
Sandstone 1 .................. . ! 
Coal ......................... . 2 
Sandstone 1 ••••••••••••••••••••• 1 
Coal ......................... . 1 

3 7 t Coal and shale 1 ............... .. 

7! 
2! 

18244. Bituminous coal from same mine Coal ................... ~ ...... . 3! 
as No. 18243. Sample cut 2,500 feet S. Shale 1 ....................... . 4 
35° E. of No.5 opening. Section at point Coal. ....................... .. 2 
·of sampling is as follows: Shale 1 •••••••.•••••••••••••••• 11 

Coal ................... ~ ..... . 
Section of coal bed in mine No. 55. 

10 
---

Ft. in. 
Coal. .............. ·........... 7 

5 10! 

''Rash'' 1 •...••••••••.•••.•.•. 2 18227. Bituminous coal from same 
Sandstone 1 ••••••••••••••••••••• 1 9 mine as No. 18226. · Sample cut 500 feet 

1 Not included)n sample. 1 Not included in sample. 
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northeast of mine moutl;t. Section at mine mouth. Sample dry·. Section at 
point of sampling is as follows: point of sampling is as follows:· 

Section of coal bed in Cranesnest No. 1 Section of coal bed of Central West mine. 
mine. 

Ft. in. Ft. in. 

1 10 Coal, lustrous ... · ............... .. 3 Coal· ......................... . 
Sandstone ·1 ••••• ~ ••••••••••.•.•• 1 Coal, fine-grained ........... : .... . 4 

5 Coal ............... ~ ......... . 2 2 Coal, splint... .. .. . .. .. .. . .. .. .. . 1 
Coal, lustrous................. .. .. 1 1 

4 1 3 1 

17471F. Semipituminous coal. Com­
posite of samples Nos. 17469 and 17470. 

MINGO COUNTY. 

18228. Bituminous coal from same mine 
as No. 18226. Sample cut 4,100 feet 
southeast of entrance. to main entry. 
Section at.point of sampling is as follows: 

17462.· Bituminous coal from Winifrede 
Section of coal bed in Cranesnest No.1 mine. mine of Williamson Coal & Coke Co., 1 

Ft. in. mile east of Williamson. Winifrede bed. 
Coal. .. . . .. .. .. . . .. .. . .. .. .. .. . 2 10 Sample cut 700 feet northeast of mine 
Sandstone 1 •••••••••••••••••••• 1 mouth ·on May 31, 1913, by Eugene Steb-
Coal ........................... 1 5! inger. Sample dry. Section at point of 
Shale ......................... . t sampling is as follows: 
Coal.~ ........................ . 
Shale 1 •••••••..•• _ •••••.••••.••• 

Coal .......................... . 
Shale ......................... . 

3 
5 
6 

i 

Section of coal bed in Winifrede mine. 
Ft. in. 

Coal, splint.... .. . .. . . . .. .. .. .. 2 4 
Coal, bony ..................... . 

Coal ............... ·.· ......... . 9! Coal, splint.... .. .. .. .. .. .. .. .. 1 
4 

1 

6 41 Clay 1 •••••••• ; ••••••••••••••••• 

Coal, splint.... . .. . .. .. .. .. .. . . 1 
2 
9 

18229F. BitUII'inous coal. Composite 
of samples Nos. 18226, 18227, and 18228. 

WEST VIRGINIA. 

McDOWELL COUNTY. 

17469. Semibituminous coal £rom mine 
of Central West Coal Co., 8 miles south of 
Iaeger. Pocahontas No. 5 bed. Sample 
cut in mouth of dip entry off main entry, 
500 feet from mine mouth, on June 7, 
1913, by Eugene. Stebinger. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed of Central West mine. 

Ft. in. 

Coal, lustrous .................... . 4 

5 8 

17463. Bituminous coal from Buffalo 
mine of Buffalo Collieries Co., 1 mile 
northeast of Chataroy. · Winifrede bed. 
Sample cut in NOm 1 on right, off drift No. 
12, 500 feet from mine mouth, on May 30, 
1913, by Eugene Stebinger. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed in Buffalo mine. 

Coal, splint ................... . 
Coal, bony 1 ........ : .......... . 

Coal, splint .................. .. 

Ft. in. 

3 1 
4 

2 
---

5 5 

Coal, laminated ................ .. 7 17464. Bituminous coal from the mine 

Coal, splint ..................... . 11 of E. L. Sternberger Coal Co., 1! miles 
6 northeast of Williamson. Winifrede bed. 

Sample cut in room 2 on left, off shop 
4 entry, 900 feet from mine mouth, on May 

17470. Semibituminous coal from same, 29, 1913, by Eugene Stebinge~. Sample 

Coal, lustrous................ . . . . . . 1 

. 3 

mine as No. 17 469. Sample cut in second 
left entry off main entry, 1,500 feet from 

1 Not included in sample. 

dry. Section at point of sampling is as 
follows: 

1 Not included in sample. 

..... 
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Section of coal-bed in Winifrede mine. 

Coal, splint ................... . 
Coal, bony .. ~ .................. . 
Coal, splint .................... . 
Coal, lustrous ........... · ........ · 
Clay 1 ••••••••.••••••••••••••••• 

Ft. ·in. 

2 7 
3! 
5 
7 

Coal, splint.... . . . . . . . . . . . . . . . . 1 
'10 

6 
5 . Coal, lustrous ... _. .............. . 

Ft. ln. 
Bone 1 ••••••••••••••••••••••• ·. . • • 2 
Coal, lustrous, soft................ 1 

5 
17468F. Bituminous coal. Composite 

of samples 17466 and 17467 .. 
17472F. Bituminous coal from mine of 

'White Star Mining Co., 3 miles northwest 
of Matewan. Alum bed. Sample cut in 
third left entry off main entry, 1,000 feet 

6 71 fro in mine mouth, on J un~ 3, 1913, by 
Eugene Stebinger. Sample represents 3 
feet 4 inches of coal, entire thickness of 
bed. Sampte dry. 

17465F. Bituminous coal. Composite 
of samples Nos.17462, 17463, and 17464. 

17466. Bituminous coal from mine of 
Howard, Jr., Coal Co., 2 miles northeast of 
Chataroy. Coal burg bed. Sample cut 
in first air course on main entry, 700 feet 
from mine mouth, on May 30, 1913, by 
Eugene Stebinger. Sample dry. Sec­
tion at point of sampling is as follows: 

Section of coal bed in Howard mine. 

Ft. in. 

Coal, splint.. . . . . . . . . . . . . . . . . . . 3 3 
3 Bone 1 ••••••••••••...•..•.•.... 

Coal, lustrous, hard ............. . 
Bone 1 ••••••••••.••••••••••.•.• 

Coal, lustrous .................. . 
Bone 1 ••••••••••••••.•.••••.••• 

Coal, lustrou~ .................. . 

5 

11 
1 
6 
1 
7 

8 

17467. Bituminous coal from Buffalo 
mine of Buffalo Collieries Co., 1 ~ile 
northeast of Chataroy .. Coalburg bed. 
Sample cut in r~om 3 on left off main 
entry, 700 feet from mine mouth, on May 
30, 1913, by Eugene Stebinger. Sample 
dry. Section-at point of sampling is as 

·follows: 

Section of coal bed in Buffalo mine. 

Coal, dull, hard ................. . 
Clay 1 ••••••••••••••.••••••••••••• 

Ft. in. 

1 4 
1 

17473F. Bituminous coal from mine 
of White Star Mining Co., 3 miles north­
west of Matewan. No. 2 or Gas bed. 
Sample cut at heading of main ~ntry, 700 
feet from mine mouth, on June 3, 1913, · 
by Eugene Stebinger. Sample dry. Sec-
tion at point _of sampling is as follows: 

Section of coal bed in White Star mine. 

Ft. in. 
Coal, splint.... .. . . .. .. .. . .. .. .. . .. .. .. .. .. .. .. 4 
Bone 1 • .-.............................. 9 
Coal, lustrous ................ : .... 2 6 
Coal, splint...................... 8 

4 3 
17474F. Bituminous coal from mine of 

Red Jacket, Jr., Coal Co., 4 miles northeast 
of Matewan. Red Jacket bed. Sample 
cut in room 15 on left off main entry, 
1,200 feet from mine mouth, on June 2, 
1913, by Eugene Stebinger. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed in Red Jacket, Jr., mine. 

Ft. in. 

Coal, lustrous .................... . 
Coal, splint ........ ·.. .. .. .. .. .. .. 1 
Coal, banded ... -.: .............. . 
Coal, bony ....................... . 
Coal, lustrous..................... 1 

4 

8 
8 
3 
2 

3 

Coal, lustrous, soft .... : ...... : . .. . 
Clay 1 •••••••••••••••• · •••••••••..• 

Coal, dull, hard .................. . 
Bone 1 •••••••••.••••••••••••••••• · 

Coal, splint ........... , ........ .. 

17475F. Bituminous ·coal from War 
Eagle mine of War Eagle Coal Co., 3 miles 
northeast of War Eagle. War Eagle No.2 

4 bed. Sample cut in first room on right 
off main entry, 200 feet from mine mouth~ 

6 
1 

·9 

9 

1 Not included in sample. 1 Not included in sample. 
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on June 6, 1913, by Eugene Stebinger. cours~,500feetfromminemouth,onJune 
Sample 4fy. Section at point of sampling· 6, 1913, by Eugene Stebinger. Sample 
is as follows:, · dry. _Section at point of sampling is as 

Section of coal bed in War Eagle mine. 

Ft. in. 

Coal, laminated ............ _...... 7 
Coal, lustrous ............. -........ 2 9 
Coal, bony............... . . . . . . . . . 2 
Coal, lustrous ..................... 2 8 

17476. Bituminous coal from Papoose 
mine of War Eagle. Coal Co., 2 miles 
east of War Eagle. War Eagle No.1 bed. 
Sample cut in fifth left entry off main 
straight entry, 600 feet from mine mouth, 
on June 6, 1913, by Eugene Stebinger. 
Sample dry. Section at point of sampling 
is as follows: 

Section of coal bed in Papoose mine. 

5 

follows: 

Section of coal bed in Mephisto mine. 

Ft. in. 

Coal, soft........................ 2 7 
Clay 1••••••••••••••.•••••••••.•• 6 
Coal, hard: ............. ,........ 1 
Coal, soft....... . . . . . . . . . . . . . . . . . 2 

6 1 

17479F. Bituminous coal. Composite 
of samples 17476, 17477, and 17478. 

17480. Bituminous coal from Buffalo 
mine of Buffalo Collieries Co., 1 mile east 
of Chataroy. Thacker bed. Sample cut 
in prospect entry 60 feet in on May 30, 
1913, by Eugene Stebinger. Sample wet. 
Section at point of sampling is as follows: 

Section of coal bed in Buffalo mine. 

~ 
9 

Coal, lustrous ................... . 
Clay 1 •••••••••••••••••••••••.••• 

Ft. in. 
2 7 

4 
6 

8 
9 
2 

5 7! 

17477. Bituminous coal from same 
mine as No. 17476. Sample cut at head­
ing No. 5 drift, 1,200 feet from mine 
mouth. Sample dry. Section at point 
of sampling is as follows: 

Section of coal bed in Papoose mine. 

Coal, lustrous ................... . 
Ft. in. 

1 1 

Coal, under water 1 ••••••• __ .•• :. 

3 5 

17481. Bituminous coal from Winifrede 
mine of Williamson Coal & Coke Co., 1 
mile east of Williamson. Thacker bed. 
Sample cut in new prospect drift 60 feet 
in on May 31, 1913, by Eugene Stebinger. 
Sample dry. Section at point of sam­
pling is as follows: 

Section of Thacker coal bed in Winifrede 
mine. 

Ft. in. 
Coal, dull....... . . . . . . . . . . . . . . . . . 7 

Coal, splint .................... . 
Clay 1 ••••••••••••• ~ •.••••••••••• 

11 Clay I_ •••••••• - - • - •••••• - • • • • • • • • ~ 

Coal, lustrous .................... . 
Conl, splint ...... ~ ............. . 
Coal, lustrous........... . . . . . . . . . 2 

5 Coal, lustrous........... . . . . . . . . . . 2 4 
4 Clay 1 : •••••••.....•.••.•.•.••...• 1 

8 9 Coal, lustrous .................... . 
7 

6 1 
3 8! 

17483. Bituminous coal from mine of 
17478. Bituminous coal from Mephisto Red Jacket, Jr., Coa1Co.,4niiles northeast 

mine of War Eagle Coal Co., 3 miles north- of Matewan. Thacker bed. Sample cut 
east of War Eagle, War Eagle No. 1 bed. in room 15 on left off main entry, 1,200 

\. 

Sample cut at heading of second left air feet from mine mouth, on June 2, 1913, by ~. 

1 Not Included In sample. 1 Not included in sample. 
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Eugene Stebinger. Sample dry. Section Section of coal bed in mine of Big Muddy 
at point of sampling is as follows: Consolidated Coal Co. 

Section of coal bed in Red Jacket, Jr., mine. 

Coal, lustrous .................. : . 
Coal, splint .................... . 
Coal, lustrous ................... . 

Ft. in. 
1 4 

8 
2 3 

Ft. in. 
Coal ......................•... :. 4 
Bone 1 ••••••••••.•..•.• · ..•. ~ ..••• 1 

4 1 

17723F. Sub bituminous coal from mine 
of Big Muddy Consolidated Coal Co., in 

WYOMING. 

CONVERSE COUNTY. 

4 3 NW. t sec. 36, T. 34 N., R. 77 W., at'Big 
Muddy. Lower Big Muddy bed. Sam­
ple· cut in mine 40 feet from mouth of 
unused slope on September 12, 1913, by 

17657. Sub bituminous coal from mine 
of Fairview Coal Co., in NE. t sec. 5, T. 
33 N., R. 75 W., at Glenrock. Sample 

·cut in mine 200 feet northeast of shaft on 
August 15, 1913, by J. B. Reeside, jr. 
Sample wet. Section at point of sam­
pling is as follows: 

Section of coal bed in Fairview Coal Co. 
mine. 

Ft. in. 

Coal ....... : .............. ·.·.... 1 
Shale 1 ....•.....••....•......•. 

Coal........................... 5 

4 
2 

J. B. Reesi.de, jr. Sample represents 4 
feet 3 inches of coal, entire thickness of 
b~d. Sample dry, hard, and unweath­
ered. 

17902. Subbituminous coal from a 
prospect in SE. t sec. 9, T. 33 N ., R. 75 
W., 2 miles south of Glenrock. Sample 
cut in prospect 40 feet from mouth, on 
October 15, 1913, by J. B. Reeside, jr. 
Sample dry Section at point of sampling 
is as follows: 

Section of coal bed in prospect. 

6 

Ft. in. 

4 6 Bone 1 •••••••••....••••••••••••• 

Coal........................... 3 
17658. Subbituminous coal from mine 

of Glenrock Coal Co., in NE. t SW. t sec. 
4, T. 33 N ., R. 75 W., one-fourth mile east 
of Glenrock. Sample cut in mine 75 feet 

'N. 34° E. of main entry on August 15, 
1913, by J. B. Reeside, jr. Sample dry. 
Section at point of sampling is as follows: 

Section of coal bed in mine of Glenrock Coal 
Co. 

Ft. in. 
Coal............................ 11 
Bone........................... 4 
Shale ........... :·................ 2 
Coal 2 ••••••••••••••••.•.••••••••• 5 · 4 

3 4 
FREMO.NT COUNTY. 

17584. Subbituminous coal from pros­
pect insec. 25, T. 42 N., R.108 W., 8 miles 
northwest of Dubois. Sample cut 10 feet 
from mouth of prospect by D. Dale Co,n­
dit. Sample wet and weathered. Sec­
tion point of sampling is as follows: 

Section of coal bed in prospect. 
Ft. in. 

Clay with lenses of coal. . . . . . . . . . 2 6 
Coal............................. 3 

6 9 
Clay .............................. 1 5 
Coal 2 ................... ·~... ... !0 

17722F. Sub bituminous coal from mine 
of Big Muddy Consolidated Coal Co., in 
SE. t sec. 26, T. 34 N., R. 77 W., at Big 
Muddy. Upper Big Muddy bed. Sam-· 
pie cut 300 feet down slope on: September 
12, 1913, by J. B. Reeside, jr. Sample 
fresh and dry. Section at point of sam­
pling is as follows: 

1 Not included in sample. 
2 Part sampled. 

Shale, gypsiferous ........... ~.... t 
Coal 2 •••• : ••••• .' •••••••••••••••• 1 1 
Coal, bony....................... 2 
Coal 2 ••••••••••••••••••••••••••• 7! 
Clay ............................. 1 7 
Coal............................. 6! 
Clay.............................. 4 
Coal..:.......................... 2! 

lNot included in sample. 
2 Part sampled. 
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10 4t 
HOT SPRINGS COUNTY. 

17731. Subbituminous coal from Owl 
4 Creek mine of Berry Bros. in sec.· 28, T. 
5! 44 N., R. 98 W. Sample cut in south 

wall of entry, 40 feet from mine mouth, on 
August 27, 1913, by D. F. Hewett. Sec­
tion at point of sampling is as follows: 

17709. Rubbituminous coal from mine 
of Vede Putney, in sec. 24, T. 44 N., R. 
99 W. Putney bed. Sample cut at face 
of room, 70 feet S. 65° W. from a point in 
the main entry 80 feet from the mouth, on 
August 27, 1913, by D. F. Hewett. Sam­
ple weathered (?). Section at point of 
sampling is as follows: 

Section of coal bed in mine of Vede Putney. 

Ft. in. 

Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
Coal, bony .......... ~ . . . . . . . . . . . 3 
Coal ...................... ." ..... 2 1 
Shale 1••.•••..........•..•••...•. 1 
Coal 1 •••••••••.••.••• : .•••..••••• 4 
Shale 1 . • . • . • . • . • . . . . . . . . . . . • . . . . 3 
Coal 1• • . • . . • • . • • . . . . . . . . . . . . . . . . • 6 

4 7 

17830. Subbituminous coal from ·pros­
pect of E. L. Gwynn in sec. 1, T. 45 N., 
R. 99 W. Bed B. Sample cut in prospect 
40 feet from mouth and 30 feet west on 
September 15, 1913, by D. F. Hewett. 
Section at point of sampling is .as follows: 

Section of coal bed in prospect of E. L. 
Gwynn. 

Ft. in. 
Coal ............................ 1 2 
Shale ........................... ~ . . 6 

· Coal............................ 2 
Shale...... . . . . . . . . . . . . . . . . . . . . . . 1 
Coal .. ~......................... 1 
Shale............................ 5 
Coal:~ ............................ 4 
Shale .......................... : . 1 6 
Coal............................ 4 

1 Not included in sample. 
2 Part sampled. 

8 3 

Section of coal bed in Owl Creek mine. 

Ft. in. 
Coal~ .......... ·_................ 3 
Shale............................ 2 
Coal ........................... . 
Shale ........................... . 

4 
2 

Coal 1• • • • • • • • • • • • • • • • • • • • • . • • • • • • 2 11 

3 10 
NATRONA COUNTY .. 

17778. Subbituminous coal from pros­
pect in SE. ! sec. 22, T. 33 N., R. 78 W., 
7 miles southeast of Casper. Sample cut 
in prospect· 40 feet from mouth on Sep­
tember 22, 1913, by J. B. Reeside, jr. 
Sample dry; weathered (?). Section at· 
point of sampling is as follows: 

Section of coal bed in prospect. 

Ft. in. 
Coal ........................... 2 
Bone 2 •••• ~ • • • • • • • • • • • • • • • • • • • • • • 3 

2 3 

17895. Subbituminous coal from pros­
pect in the SW.! SI;)C. 13, T. 36 N., R. 79 
W., 5 miles north of Casper. Sample cut 
20 feet in prospect on October 12, 1913, 
by J. B. Reeside, jr. Sample weath­
ered(?). Section at point of sampling is 
as follows: 

Section of coal bed in prospect. 

Ft. in. 

Bone.· .................. "'.......... i 
Coal ........................ · .... 2 3 
Bone 2 • . • • • • • • • • • • • • • • • • • • • • • • • • • 5 

2 8! 

1 Part sampled. 
2Not included in sample. 

'./ 
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