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GEOGRAPHY AND GEOLOGY OF A PORTION OF SOUTH-
WESTERN WYOMING.

By A. C. VeaTcH.

INTRODUCTION.

The area discussed in this report comprises the extreme southwest corner of
Wyoming and a small portion of Utah. Tts northern and eastern boundaries lie,
respectively, about 70 miles north of the southern boundary and about 35 miles
east of the western boundary of Wyoming. The immediate incentive to this work
was the decided economic need of more extended and accurate information regard-
ing the coal fields of the western United States.

Field work was commenced on Jane 30, 1905, near Evanston, Wyo., with
Alfred R. Schultz as chief assistant, Max A. Pishel as geologic aid and helper, and
William Longhurst as cook and teamster. Mr. Pishel was appointed in place of a
regular camp hand, and rendered considerable scientific assistance. In general, the
policy of employing student help in place of regular camp hands is believed to be
best for all parties concerned. During the illness of the writer, August 3 to Sep-
tember 3, Carl D. Smith, geologic aid, was added to the party. Field work was
closed at Evanston on October 10. Doctor Schultz’s eflicient aid, both in the field
and in the office, has contributed greatly to the results here presented.

METHODS OF FIELD WORK.

As this investigation was primarily economie, concerned principally with coaj
and oil deposits, it was carried on with special reference to the lines established by
United States land surveys rather than as an abstract picce of geologic and geographic
mapping. Inregions which have been covered by the surveys of the General Land
Office the section and its subdivisions are the units of economic interest for every-
thing except lode or vein deposits. All ordinary agricultural entries must conform
to these legal subdivisions. Coal lands can be entered only by legal subdivisions,
_and even placer locations, which in substance include all mineral locations except coal
and lode or vein deposits, must in general conform to those subdivisions. Land-
owners and investors, except those concerned only with lode deposits, are thus
primarily intcrested in the relation of economic deposits and geologic structure to
the land lines. Therefore, to be of the greatest economic value and to be imme-
diately available, surveys must be conducted primarily from the standpoint of
the lines established by the surveys of the General Land Office.
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Geologic mapping of this character, which is concerned principally with the
location of deposits with reference to the land lines, does not involve ideally exact
surveying. Il is merely a matter of finding land corners and of locating the geo-
logic details with reference to them. Were the land surveys ideally exact any
method of survey would be applicable. It would be possible to locate corners
from known land corners by ordinary road traverse or plane-table work, but, in
general, the land surveys are not exact. From a geodetic standpoint the ailowable
error is large, and the actual error is much larger.

In the search for land corners in any thinly settled region the most satisfactory
field method is to pace the section lines and search for corners every half mile,
This involves pacing north and south and east and west lines, which is simpler
and requires less skill than ordinary meanders. Since the principal lines require
no plotting of angles and involve fewer sights, there s consequently less chance
of error from these sources. Further, this method permits the work to be con-
stantly checked and corrected with reference to the land corners. In actual field
work a man “on line” will often fairly stumble over an obscure corner which he
could never discover in any other way, and in fact many corners not known to the
local people have thus been found.  Meander lines may often be used to supplement
this method, but they must in all cases be tied to the land corners, which in general
+ must be located by the rectangular work. [Rough triangulation can also be carried
on Lo advantage in connection with the section-line traverses as in ordinary meander
or traverse plane-table work. This method, supplemented as the needs of the case
may demand, by rough meander and triangulation work, will yield all the economic
results possible and a vast amount of purely scientific detail. The maps produced
will lack the geographic exactness of those made of areas carefully controlled by
triangulation and primary traverses, but the geographic inaccuracies will not
seriously affect the geologic conclusions, and the maps will be of greater economic
value than maps that have been carefully controlled but not properly tied to the
land lines. Work of this character may be conducted to yield geologic results only,-
or geologic results with enough topographic data to illustrate the geology. When
the geologist has any topographic skill the latter is preferable, and ail degrees of
work are naturally possible hetween these two extremes.

In preparing for this work copies ol all the plats of the Land Office surveys’
covering this region were obtained, as were profiles and alignment maps of the
railroads traversing the area and descriptions of the bench marks established by the
Coast and.Geodetic Survey and the Geological Survey along and south of the Union
Pacific Railroad.

" In the field such section lines were paced as were necessary to give the detail
and the lécations desired, and the geologic and topographic data obtained were
plotted on regular blank township plats on the scale of 2 inches to the mile. Lines
were not carried as continuous surveys, but only from corner to corner. Having
paced a half mile, the geologist hunted for the corner, and when he found it considered
it a new zero poini. Contours were drawn from anercid barometer readings based
on railroad profiles and on the bench marks of the United States Coast and Geodetic
Survey and the United States Geological Survey. Work was carried into the edge
of the region buried by the Eocenc deposits only so far as was necessary to clearly
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define the outline of the outcrops of the older deposits. Following the outerop of
these older beds, the party moved almost due north from Evanston to Sage, thence
up the valley of Twin Creek and over the Eocene beds between Nugget and Hodges
Pass tunnel, here of interest because of the Fossil oil fields, into the Cretaceous
exposures in the region of Oyster Ridge. These were followed southward to a
point south of Hilliard, where they disappeared beneath the Tertiary. The party
then completed the circle to Evanston, where the data collected were carefully
considered and the weak and uncertain places in the geologic and topographic
maps discovered. The party then went back over the same route and checked,
corrected, and to a large degree angmented the results of the work of the first trip.

PREPARATION OF BASE MAD ¥ROM FIELD SHENTS.

The combination of a number of separate plats of the Land Office surveys into
a single map is generally attended with many difficulties, for even the best plats
show many contradictory details ol measurement, and besides there have been
~many more or less fraudulent surveys. The maps will not check, and the larger the
area the greater the difficulty of satisfactory adjustment. Tt is always necessary
to make certain fundamental assumptions in order to get the separate parts of the
map together unless the region has been very accurately controlled by primary
triangulation and {raverse, and this region had not been so controlled. The
difficulty of combining and adjusting large-scale maps of this character to a refined
polyconic projection is evident. In this case it was felt that with the facts at hand
there was no justification for the expenditure of money in endcavoring Lo plot these
data on a polyconic projection. The map is therefors prepared on a square pro-
jection, and is presented without claim that it embodies exact geographic accuracy.

The compilation of the base map was cffected on the following assumptions
and in the manner indicated:

It was assumed that the western boundary of the State was a straight, north-
south line and that the southern boundary of the State was a straight cast-
west line and that the two meet at a plane angle of 90°.  No one of these assump-
tions is absolutely correct. Thus, it 1s known from the work of the United States
Geological Survey that the southern boundary of the State, which is theoretically
on parallel 41° north latitude, is, in this region, south of this parallel and is not a-
straight line.

The western boundary of the State wassurveved by A. V. Richards in 1874, who
was supposed to have established marks cvery mile. It was assumed thal these
original posts were exactly 1 mile apart and the township boundaries were plotted
accordingly. It was, however, found that in T.'21 N., R. 120 W., and T. 22 N,
R. 120 W, the actual distance is between three-tenths and five-tenths of a mile
greater than called for by the twelve mileposts, and this mismeasurement has
resulted in a slight distortion of the sections in T. 20 N,, Rs. 120 and 121 W, as
explained below. ]

The fourth standacrd parallel north was assumed to be exactly parallel with
the southern boundary line of the State. 'This assumption gives the exact irreg-
ularity of the townships exhibited by the I.and Office plats of this region, and these,
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as shown by the work of this survey and by the more accurate alignment surveys
of the Union Pacific Railroad, were very carefully made.

North of the fourth standard parallel north many difficulties in compilation
were encountered because of the inaccurate and in many cases fraudulent character
of the land surveys. The fraudulent returns are confined almost wholly to the
work of James . Woods and those associated . with him, and-affect T. 19 N., R. 120
W. (subdivisions and north and east boundaries), T. 20 N., Rs. 119 and 120 W.
(except west boundary), and all the original surveys in the region shown on PL
TIT north of the f{ifth standard parallel north. It appears that the immediate
cause of the subdivision of these lands was the proposed building of the Oregon
Short Line Railroad. The deputy surveyors followed the preliminary line of the
Oregon Short Line survey and established corners within a mile or two of this sur-
vey In a very rough and jnaccurate manner. Near the State line they appear to
have placed three corners in a haphazard fashion in T. 20 N., R. 120 W. At any
rate, the original corners discovered by William Newbrough county surveyor,
and marked lor the corners on the east side of section 8, are not related to the fifth
standard parallel north in the way called for by the original field plats. Accord- -
ing to Mr. Newbrough, no original corners have over been found on the west end
of the {ifth standard parallel north, although from R. 117 W. eastward there is con-
clusive evidence that the work of W. O. Downey, the surveyor of this line, wag
very accurate and reliable.  From the data thus far obtained it is beheved that .
the ‘original survey of the fifth standard parallel will be found to be about one-
fourth mile north of the corner established by Woods as the corner of secs. 4, 5,
8, and 9, T. 20 N, R. 120 W. Tn plotting this area the surveys of Rs. 115 and
116 W. between the fourth and fifth standard parallels —surveys which were found
to have been very carefully made—were assumed to be correct as shown, and a
line was drawn perpendicular to the fourth standard parallel at the point called
for in the original plat and the distance to the fifth standard parallel indicated on
the original plats measured off. This point on the fifth standard parallel was
shown on the alignment maps of the Orégon Short Line Railroad. It was assumed
that the north line of T. 21 N. had been dorrectly connocted with the 58-mile post
* on the State linc and that this post was cxactly 58 miles® from the southwest corner
of the State, and a line drawn perpendicular to the State line at this point pro-
longed 2 miles east. This gave a second point on the Oregon Short Line alignment.
"The railroad surveys were then plotted between these two known points, and the
direction and bearing of all corners found by the railroad survey were copied as
given on the alignment maps. From the points thus obtained the section and
quarter lines were drawn according to the best data obtainable.

The plats of the resurveys of T. 21 N., R. 1156 W.; T. 22 N, Re. 115 and 116 W_,
and T. 23 N, Rs. 115 and 116 W., made by Stahle and Van Orsdel in 1903, were
not in hand when the field work was being done, but all the work was tied to the
new corners established in this resurvey, all of which were found to be correctly
placed and well marked. Plats of these resurveys were obtained after return to the
office and were carefu]]y checked with the ﬁeld sheets of this survey.

aAs ulread\ :tared there is some evidence of error m the measurement of the State line.
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The compilation in several townshlps nee ds speciul C\DLLII&UOH, whu shis
given helow:

Adjustments in F. 20 N., Rs. 120 cmd 121 W.—No original corners were found in
T.20N., R. 120 W. by this burvey except the southwest corner of the township, which
was 1oca,ted without difficulty on the line brought up the west side of T. 19 N., R. 120
W. Lines were paced east from this point and then north, and oil stakes were found
in the following supposed positions, as shown on the base map: SE. corner, sec. 31;
quarter corner, south line, sec. 32; SI. corner, sec. 32; quarter corner, north line,
sec. 35; NE. corner, sce. 35; quarter corner, north line, sec. 36; center, soc. 25;
quarter, west line, see. 25; center, sec. 26; quarter, east line, sec. 32; center, sec. 28;
quarter, east line, sec. 28; NE. corner, sec. 29; quarter, east line, scc. 20; NW. corner,
sec. 20; guarter, north line, sec. 21; center, sec. 8; quarter, north line, sec. 8; center,
sec. 5. The distances and direclions between these oil-claim corners were found to be-
approximately correct, and no difliculty was experienced in locating them. The dil
stake found by this survey to represent the north center of sec. 8 was connected with
corner “A,”" established by William Newbrough. Corner “A” is a private corner
p]dced on fhe west side of the Bridger road near the mouth of Spring Creck to assist
in finding the three original corners discovered by Mr. Newbrough on the east line of
scc. 8. Corner “A” is S. 64° 45" E. 1,322 [eet from the original quarter corner, on
the cast line of sec. 8. This connection showed that the oil stake supposed to repre-
sent the quarter corner on the north line of sec. 8 (which is approximately 1.5 miles
east and 5 miles north of the known Government, corner at the southwest corner of
the township) is approximately 0.25 mile west and 0.05 mile north of the original
quarter corner on the east line of sec. 8. With relation to the known corners on the
south, the original southenst corner ot sec. 8 is thus approximately 0.25 mile too far
west and 0.45 mile too far north. Tn the compilation ot the base map the south line
ot T. 20 N., R. 121 W. and the north line of T. 2t N, R. 120 W. were plotted
according to their position with reference to the mileposts on the State line survey
given in the original township plats. The three original corners on the west side of
sec. 8 were then plotted from the position of the north line of T. 21 N.  The space
remaining between the north line'of T. 19 N. and the southeast corner of scc. 8 was
by this plotting 4.15 miles, while that required by pacing was 4.45.- The difference
is apparently due to errors in the State line measurement, but the method of cor-
recting the discrepancy is not evident with the data al hand, and the map has been
left as plotted. The topography has been drawn in this space in exact ratio to it and
is therefore relatively correct, but the north-south seale is slightly smaller than that
employed in the rest of the map. The section lines have been projected by con-
necting these original corners on the west line of sec. 8 with the real section corners
on the west township line, and with assumed corners, correctly placed, on the east
and south township lines, and the remaining positions inferred by the division of dis-
tances between known points. In T. 20 N., R. 120 W. there are, thercfore, the
following errors: The sections indicated are in all probability not'those established
by the nmgma,l survey, if indeed, any were then established. The scale employed for
the southern four tlers of sections is 0.93 of the scale employed in the remainder of
the map.
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As the west line of this township is a guide meridian, surveyed by Medary and

Grant, who ran the south-and west boundaries of T. 19 N., R. 120 W., which have

been found to be correct in every respect, this line was assumed to be correct and
was projected northward and laid off as deseribed by these surveyors. The accuracy
of the other work of these surveyors would indicate that no difficulty should be
experienced in finding the corners along this line. The [(ifth standard parallel was
placed in T. 20 N, R. 121 W, as located by Medary and Grant, and this is doubtless
its true position instead of that shown in T. 20 N., R. 120 W. and called for by the
Woods survey. The lower four tiers of sections in thls township are distorted in he
same ratio as the lower part of T. 20 N, R. 120 W.

Adjustments in T. 22 N., R. 117 . ——-The original survey of Woods in T. 22 N,,
RR. 116 W., appears to ha,ve been run only along the valley of Ilams Fork. The
work was very inaccurate, and the west line of the township was located one-fourth
mile too far east.  In letting the contract for the resurvey of T. 22 N., R. 116 W, no
provision was made for the reestablishment of the west line of the township, which
therefore remains one-fourth mile too far east. T. 22 N, R. 117 W., which was
probably never surveyed, has been divided regularly, and this error placed in the
west tier of sections. "This is clearly a hypothetical division and aflects the correct-
ness of the agricultural locations shown on PL XXVI, which are doubtless actually
located in the deep valley west and south of the point ahown on the map.

Cornersin T. 22 N., R. 118 W.—No original corners were found in this township
except the southeast corner of sec. 32, and no others are reported by Mr. Newbrough.
Mr. Newbrough has, however, surveyed northward along Rock Creek Valley for the
benefit of the lessees and owners, Beckwith, Quinn & Co., and established for their
convenience certain referonce corners. These reference corners are shown on the
base map.

This base map clearly lacks the geographic exaciness thai would have been
possible had it been carefully controlled by primary triangulation and traverse, but
the distortion is not sufficient to affect in any way the economic conclusions.  As has
been shown above, the unit of cconomic interest is here the section and its subdivi-
sions, and the map is as accurate as it can be made on the scale adopted in regard to
the geologic data shown in each section iu areas of economic importance.
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and filed in county court-house. 8cale, 2 inches to 1 mile. Evanston to Hilliard, Hilliard to
Altamont, Hilliard to Aspen, Lazeart to Spring Valley (Pionecr Hollow road), Evanston to Fort
Bridger, Kemmerer to Fontenclle, Frontier to upper ITams Fork bridge.

Canal maps: DBear ditch and West Side canals on Hilliard Flat.” Chapman canal in T. 16 N.,
R. 120 W.

Oregon Short Line Railroad Company:

Alignment, Beckwith to Opal; scale, 1 inch to 2,000 feet.

Profile, Granger 1o Border; resident cengincer’s office, Salt Lake Cily, Utah, Septemnber, 1902;
horizontal scale, 1 inch to 260 feel; vertical seale, 1 inch Lo 3 feet.

. Station plats; scale, 1 inch to 100 feet: Beckwith (December 14, 1904); Diamondville (January 7,
1904); Fossil (August 30, 1803); Kemmerer (October 17, 1802); Nugget (October 14, 1902); Sage
(August 30, 1903); Waterfall (April 1, 1903). n

Oregon Short Line'in vicinity of Waterfall quarry; scale, 1 inch to 200 feet.  January 21, 1902,

Union Pacific Coal Compuny:

Outcrops, Piedmont-Kemmerer, Uinta County, Wyo.; scale, 14 inches to 1 mile.  November, 1900,

Map of Cumberland mines, buildings, etc., in secs. 19, 30, 31, T. 19 N., R. 116 W., June 1, 1902,
scale, | inch to 200 feet. [Detailed topographic map with contour interval of 10 feet.}

Twin Creck mines and buildings; seale, 1inch to 300 feet.

Union Pacific Railroad Company' @

Map showing track to coal mines at Almy, Wyn"; scale, 400 feet to 1inch.  October 23, 1888.

Alignment, new line, Hampton, Wyo., to Wyuta, Utah; scale, 1 inch to 2,000 feet.

Alignment, old line, Leroy to Evanston: scale, 1 inch to 1,000 feet.

Prolile, new line, Antelope to Millis; horizontal scale, 1 inch to 400 feet; vertical scale, 1 inch to
30 feet.

Profile, old ling, Leroy to Millis; hurizontal scale. 1 incl to 400 feet; vertical seale, 1 inch to 30 fect.

Vnion Pacific Railroad Company, land department:

Map of contested Union Pacifie lands, Uinfa County, Wyo.; scule, 1 mCh to 1 mile. September 27,
1902. Extends north to north line of T, 19 N.

Plat of oil wells in T. 15 N., IR. 118 W., showing approximate location and depth and comparative
elevation above Union meciﬁc well. Tulv 1904.

e Received in part from chief enginesr of Union Pacific Rallro:ul .1!, Omuha, Nebr., and in purt from chief engineer oi
Oregon Short Line (under whose supervision the Union Pacific line west of Green River now eomes) at Salt Lake Crty.
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TInited States Coast and Geodetic Survey:
" Bench marks along new line of Union Pacific Railroad. Complete list, with descriptions, on
. 38,
UnitedpStatcs General Land Office:
Photographic copies of original township plats for whole area.
United States Geological Survey:
Coalville (Utah) and Hayden Peak (Utah-Wyoming) quadrangles, surveyed 1899-1901 by . T..

Baldwin, Jeremiah Alern, and W. J. Tloyd. Used on southern edge of base map.

Bench marks. Precise bench marks between Evanston and southwest corner of State. Complete

list, with descriptions, given on pp. 39-40.

Wyoming Western Railroad:
Alignment, Moyer Junction to Cumberland; scale, | inch to 2,000 feet. 1903. -
Profile, Moyer Junction o Cunberland ; horizontal scale, 1 inch to 400 feet; vertical scale, 1 ineh to

30 feet. January 1, 1904. .

For geologic data.—All the coal companies in this region have furnished mine
plats and in every way endeavored to further the work. The oil operators have to a
limited extent furnished well records, and the railroads have supplied tunnel sec-
tions. The sources of these duta are spetifically acknowledged where they are used
in the text. Tn addition to the assistance thus given, valuable aid was renderéd by
members of this Survey, particularly by Drs. T. W. Stanton and F. H. Knowlton.’

In general.—The Survey is particularly indebted to Mr. William Newbrough,
civil engineer and formerly county surveyor of Uinta County; Mr. Frank Manley,
chiefl engineer Union Pacific Coal Company; Mr. Thomas Sneddon, superintendent,
Diamond Coal and Coke Company; Mr. . J. Qucaly, manager Kemmﬂer Coal
Company; Mr. J. II. Martin, superintendent Rocky Mountain Coal and Iron Com-
pany; Mr. A. B. Taylor and Mr. D. H. MacMil'an, of the Pittsburg-Salt Lake Oil
Company; Mr. Charles O. Richardson, of the Standard Reserve Oil Company;
Mr. B. A. McAllaster, land commissioner of the Union Pacific Railroad; Mr.
Orlando Curtis; and Mr. Morris Morrison.



CHAPTER I.

HISTORICAT, REVIEW OF GEOGRAPHICAL AND GEOLOGICAIL
EXPLORATIONS.,

Until the Mexican cession of 1848 all the area treated in this report except a
very small portion north of the forly-second parallel, in T. 23 N., was Spanish or
Mexican territory. It then became parts of Cache, Summit, and Green River coun-
ties, Utah Territory. 1In 1868 all the former Mexican territory cast of longitude 34°
west of Washington and north of latitude 41° N. was made part of Wyoming Terri-
tory. In the early maps the meridian 34° west of Washington was placed about
10 miles too far east, and for several years after the organization of the Territory
of Wyoming, Evanston 1s referred to in the reports agin Utah, The small portion of
the area that lies north of latitude 42° N. was successively part of Oregon, Wash-
ington, and Tdaho Territories.

PERIOD OI" EARLY EXTITORATION, 1834-1858.

The earliest extended knowledge of the geographic features of this region
obtained by white men was doubtless that of the pioneer traders of the Rocky
Mountain Fur Company—Gen. William Ashley, Capt. William Sublette, Capt..
Robert Campbell, Capt. James Bridger, Louis Vasquez, and their associates—but
the first contribution to the world’s knowledge of the geography of this general
region was that resulting from the explorations of Captain Bonneville in 1834
and 1835. Although Bonnevﬂle s explorations were confined 1argel y toregions north
and west of this area, he passed across the northern part of it in April, 1835.¢ TTe
collected a large amount of fairly accurate data regarding the country to the south,
and his map (fig. 1) is the first to give cven the roughest approximation of the princi-
pal geographie features of this general region.

In 1837 Capt. James Bridger and Louis Vasquez established on Blacks Fork a
trading post named Fort Bridger, and so advantageously was this post situated with
reference to the natural central overland route that it became onc of the most i impor-
tant points on the emigrant route to Salt Liake and California, and for a time on the
Oregon emigrant road. Later if, was of importance as a point on the overland stage
route. Tn 1857 it was occupied by the United States Army as & military post, and
thus became the natural rendezvous of the scientific expeditions of the second period.
Southern Uinta County thus contained during the first period one settlement and
was crossed by the main central emigrant trail, by the Oregon emigrant trail leading
from Fort Bridger northwestward, and later by the Sublette Cut-off on the Oregon
Trail north of Twin Creek, and the early explorations were naturally largely confined
to these natural routes of travel.

a Trving, Washington, The Rocky Mountains, or Scenes, Incidents, and Adventures in the Far West: from Journal of
Capt. B. L. E. Bonneville, Philadelphia, 1837, vol. 2, p. 223. *‘Capt Bonneville and his party passed hy IHam’s Fork and
reached the Colorado nr Green River without accident.” . !

9
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on his map the words “Great Coal Basin,” extending from the west bank of Bear
River, near the present site of Evanston, to Point of Rocks, in Sweetwater County.
0il had been discovered on Sulphur Creek, and probably on the head of Twin Creek.
James Hall, to whom the specimens collected by Frémont had been submitted, com-
pared the fossils from the Tertiary beds east of Green River with those from the
Cretaceous greensands of New Jersey. He*described fresh-water shells from the
Eocene beds east of Cuimberland as marine species, and tentatively referred them to
the Oolitic, as he likewise did the leaves from the Benton Cretaceous. Engelmann,
who ac compﬂ.nled Simpson, recognized the three principal divisions of the Tertiary
of this region, and correctly assigned the outcrops of the Benton and Bear River
formations on Sulphur Creek to the Cretaceous. Meek, however, examined the
Bear River [ossils collected by Engelmann and regarded them as basal Tertiary,
and so started the long discussion of the age of the Bear River beds.

PERIOD OF THE HAYDEN AND KING SURVEYS, 18681877,

Shortly aftér the civil war, which had interrupted the Government exploration
of this region, and which was in large measure the cause of the long interval hetween
the first and second periods, two great Government scientific corps hegan the explo-
ration of the western United States —the King survey, under the auspices of the
War Department, and the Hayden survey, under the auspices of the Interior Depart-
ment. Two other important scientific corps worked in the western United States
before the close ol this period—the Wheeler survey (Geographical Survey West of
the One-hundredth Meridian) and the Powell survey (Geographical and Geological
Survey of the Rocky Mountain Region); the first did not touch this area, “and
although Major Powell visited the Sulphur Creck locality his visit was made Inamly
to examine the section described by Meek, to which description he added nothing.

The King survey began work in 1867 in California on- the famous Fortieth Par-
allel Survey, which was designed to furnish a complete section across the mountain
regions of the western United States between the Pacific Ocean and the east flank of
the Rocky Mountains. This survey was carried along the line of the Union Pacific
and Central Pacific railroads, which were completed in March, 1869, and greatly
[acilitated the explorations made during this period. The King survey completed .
its field work in 1874 on the eastern flank of the Rocky Mountains, having made a
geologic and topographic map 100 miles wide along the line of work.

The field work of the King survey in the area discussed in the present report
occupied portions of the years 1869, 1871, and 1872. In 1869 the arca as far east as

- the divide betwecen Bear and Green rivers was surveyed. The Gardiner party, with
Arnold Hague, geologist, surveyed the '‘portion lying north of the Union Pacifie
Railroad, beginning at Echo Canyon and continuing eastward to the Green River
divide. They surveyed the valley of Bear River and made highly valuable obser-
vations on the coal formation.””¢ King “weént eastward south of the Union Pacific
to -Bear River, and thence up Bear River into the Uinta Mountains.”+ In 1871,
with headquarters at ‘Fort Bridger, S. F. Emmons carried the work eastward as far
as Washakie, in Sweetwater County. In 1872 a general reexamination of the whole

2 Unpubrdished letters from Clarence King to Chief of Tngineers
3694—No. A6-—07
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region surveyed was made by the geologists of the King survey. Hague reached
LEvanston in August from a trip into the Bear River plateau, following practically
Hayden’s route of the preceding year. So far as is shown by the maps and text
composing its report the actual exploration made by the King survey in this region
appears to have been confined to a hasty examination along the line of the uuh oad
and along Oyster Ridge. The -greatér portion of the territory—that which lies
north and west of these lines of travel—was clearly never seen by members of the
King survey.

Members of the Hayden survey worked in this area in 1868, 1869, 1870, 1871,
1872, and 1877. In the fall of 1868, and again in 1869, Ilayden examined the
country along the route of the Union Pacific Railroad from Cheyenne to Great Salt
Lake, In 1870, with headquarters at Fort Bridger, he examined the upper part
of Bear River, Muddy Creek, Blacks Fork, and Smiths Fork, and in November
again examined the geology along the line of the railroad, particularly in this imme-
diate region. In this year James T. Hodge examined the coal mines at Almy, in
connection with his general study of the western coal fields for the TTayden survey.
Hayden and Peale, in 1871, “passed up the valley of Bear River, by way of Bear
Lake, to Evanston,” from which point, after examining the Almy coal mines, Peale
proceeded to Fort Budgel and Hayden again reviewed the geology along the railroad.

In 1872 several Ilayden parties worked in this area. Meek and Bannister
made detailed stratigraphic and paleontologic studies along the railroad, Lesquercux
collected leaves from the coal-bearing beds at Almy, and Cope conducted an expe-
dition up Green River to Fontenelle Creek, and thence to the source of that stream,
crossed Qyster Ridge divide, and descended Hams Fork to the Union Pacific, and
returned to Fort Bridger. He then studied the region between Hilliard and Evaus-
ton, collecting fossils in the Wasatch beds near the present railroad bridge over Bear
River.

In 1877 Gannett and Peale of the Hayden survey mapped geologically and
topographically, on a scale of 4 miles to the inch, with contour intervals of 200 feet,
all the arca north of the King map. In the same year Wilson visited Fvanston for
the purpose of connecting his triangulation with the triangulation station of the
Fortieth Parallel Survey on Medicine Butte, and White studied the Evanston and
Bear River localities.

The Land Office surveys were initiated in this region in January, 1871 when
Nathan B. Cook cxtended_the fourth standard parallel through this area to a point
near the Stule line. In the fall of the same year W. Q. Downey, starting from a
point. established by Cook, surveyed the fourteenth guide meridian southward to
the third standard parallel, the third standard parallel west to the fifteenth guide
meridian, and the fifteenth guide meridian north to the fourth standard parallel.
Before the close of this year the exterior boundaries of Tps. 13-16 N., Rs.119-120 W,
were established, and the subdivision of Tps. 13-16 N., R. 120 W., was completed.
Land Office surveys continued actively until 1875 and resulted in the survey “of
the southern boundary of the State in 1873 and the western boundary in 1874,
the complete subdivision of the whole area south of the fourth standard parallel,
the subdivision of Tps. 17-20 N., Rs. 115 and 116 W., and Tps. 17 and 18 N, Rs.
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while never published as such, was available in the office of the railroad coimpany,
and has been incorporated in many maps, notably, that of the Fortieth Parallel
Survey.

The King and Hayden surveys resulted in the production of maps of the whole
area on & scale of 1 inch to 4 miles, with contour intervals, in the Havden maps, of
200 feet and, in the King maps, of 300 feet. The ITayden maps, surveyed by Gan-
nett, covering approximalely the area north of the fifth standard parallel, are
wonderfuily accurate considering the rapidity with which the work was done. They
are in marked contrast with the maps of the Forticth Parallel Survey, made under
about the same conditions. Instead of the crude, expressionless topography of
the King maps. there are in this Hayden map the broad generalizations of a master
hand. -

The maps ot the Land Office, on a scale of 2 miles to the inch, which cover most
of the area mapped by the King survey, were available before the close of this period
in manusecript or, on a reduced scale, in the map of Wyoming published by the Land
Office in 1876, (Iig. 2.)

The geological results«of this period include the preparation of a geological map
of the whole area, in part by the King survey and in part by Peale, of the Hayden
survey. The line between the work of the two organizations was very near the
fifth standard parallel. The Peale map of this area, with the accompanying discus-
sion, was 4 distinet contribution to geologic knowledge, but that of the King survey,
with the exception of the crude and inaccurate representation of the geology along
Oyster Ridge and part of Mammoth Hollow, not only contained nothing new, but
was misleading. .

The period. as 4 whole is most noteworthy for its important paleontologic results.
Meeck and White made valuable contributions to Cretaceous faunas from a study of
collections made near Hilliard, at Carter Oil Spring, near Waterfall, and at Sage.
Both made detailed studies of the Hilliard, or old Bear River City locality, and
described many species from the Bear River formation, which, because they failed
to recognize the structural relations at Bear River City, they regarded as upper
Cretaceous or basal Kocene, the word ‘‘post-Cretaceous’” having been used by
White in describing this formation. The Benton Cretaceous was recognized in
outcrops near Aspen. Fossils collected in the vieinity of Hilliard from the forma-
tion described in the present report as the Frontier were incorrectly referred to the
Fox Hills, while fossils from the same beds at Carter Oil Spring were correctly
referred to the Benton. Lesquereux made extensive studies of the material col-
lected by himself, Hayden, and Peale near Almy. Cope described vertebrate
fossils from the Wasatch formation obtained by ITayden in the vieinity of Kvanston
in 1871 and by himself in 1872 and 1873.

Thus this region became one of the storm centers of the Laramie-Tertiary-Creta-
ceous discussion, since it contains the type locality of the Bear River formation, here
associated clearly with Crelaceous fossils, the leaf-bearing beds at Kvanston on which
Lesquereux based some of his conclusions, and, between the two, the type locality
of the first vertebrate fossils found in the Wasatch.

Cope also described a large amount of vertebrate material collected from the
Green River beds near the present town of Fossil, and Marsh described material
collected by his assistants from the Wasatch beds near Tovanston,

'
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The economic development during this period included the opening of important
mines near Evanston. An attempt was made to develop a mine at the present
site of Sage. Some work was done in the vicinity of the Carter and White oil springs,
and small amounts of oil were collected and sold. Fxtensive beds of coal were
discovered at IHodges Pass in the formation now called Adaville. Coal was reported
by Cope in the present Frontier formation, north of the site of the town of Frontier,
and by the Government Land Office surveyors in Tps. 17-20 N., R. 116 W.

PRESENT TPERIOD, 1881-1905.

The last work of the several early Government geological organizations in this
region was that of the Hayden survey in 1877. In 1879 the United States Geolog-
ical Survey was created as a successor to and in a way o combination of the four
Federal organizations which had been engaged in making topographic and geologic
surveys in the region west of the 100th meridian during the second period. Tt
was, however, not until 1881 that any work was done in this area by the United
States Geological Survey. In the fall of that year Dr. Lester F. Ward collected
fossil leaves at Hodges Pass tunnel, in the lower portion-of the beds described in
this report as the Adaville formation. In 1885 Dr. €. A. White visited Evanston
for the purpose of reexamining the coal-bearing beds at that point and comparing
them with the coal-bearing beds of Wales, Utab, which he regarded as of Wasatch
age. Doctor White again visited this portlon of Bear River Valley in 1891, and,
in company with Dr. T. W. Stanton, examined the exposures.of the Bear RlVCI
formation near old Bear River City &nd north of Evanston. Doctor Stanton then
continued the study of the Bear River formation at Waterfall, Sage, and Cokevilic.
Five years later Doctor Stanton and Dr. F. H. Knowlton, together studying the
Laramie beds, examined the exposures at Hodges Pass and Evanston. Edward
0. Hills, topographer of the United States Geological Survey, in 1897 aund 1898 ran
lines of precise levels and established numerous bench marks in the area between
and south of Evanston and Hilliard. In 1898 H. I.. Baldwin established triangula-
tion stations at Bridger Butte and Medicine Butte in connection with his work in
adjoining portions of Utah. Between 1899 and 1901 Messrs. Baldwin, Ahcrn, and
Lioyd surveyed the Coalville and Hayden Teak (Utah-Wyoming) topogmphm
sheefs, which extend a fraction of a mile north of the south boundary of the State,
from the southwest corner to a point 30 miles east. In 1901-2 E. W. Glafcke ran
lines of precise levels and established beneh marks ecast and southeast of Hilliard.
In addition to these actual field examinations, members of the Survey studied
material collected during the second period and gathered statistics regarding the
mineral resources.

Two State officials examined and published geologic reports on portions of this,
area during this period. Territorial Geologist Louis D. Ricketts visited the oil
springs at Carter and Hilliard in 1887 and made a detailed study of the Evanston
coal mines in 1889. Prof. Wilbur C. Knight, of the State University, in 1893 col-
lected coal samples at Almy, and in 1898 made a preliminary investigation of the
Hilliard, Carter, and Twin Creek oil springs. In 1901-2, after the Spring Valley
oil dlscovery, he again studied this region. :

The Coast and Geodetic Survey line of precise levels connecting the Atlantic
and Pacific oceans was run through this region along the line of the Union Pacific



16 GEOGRAPHY AND GEOLOGY OF SOUTHWESTKRN WYOMING.

Railway in the summer of 1903 by Ralph L. Libby, and numerous bench marks
were established.

The survey of the public lands in this area was supposedly completed by W, J.
Boland and James E. Woods and associates in 1881 and 18382. Boland surveyed
Rs. 117-119 W, Tps. 17 19 N.,Rs. 117-118 W, 1. 20 N.; Woods surveyed Tps. 19-20
N., Rs. 120-121 W, and all bf the townships here considered north of the fifth
standard parallel. The surveys made by Woods are wholly fraudulent and inaccu-
rate, and the Land Oflice is now engaged in resurveying the areas covered by his
work., Tps. 22-23 N., Rs.115-118 W.,and T. 21 N., R.115 W., were thus resurveyed
by Edward . Stahle and John P. Van Orsdel in 1903.

The important geologic results of this period include, besides valuable paleonto-
logical contributions by Lesquereux, Cope, and Marsh, based on collections near
Fvanston and Twin Creek during the second period, and various more or less statis- -
tical papers: (1) The detcrmmatlon by Dr. T. W. Stanton of the true stratigraphic .
position of the Bear River formation at the base of the marine Cretaceous of this
region; (2) the determination, again by Doctor Stanton, of the Colorado age of much
of the strata mapped as Fox 1lills by the early explorers; (3) the publication of a
detailed paleontologic report on the Bear River {formation by Doctor White, and
{4) the publication by Doctor Ward of deseriptions of fossil leaves from the Laramic
at Hodges Pass. -~

The knowledge of the geography of the region was advauced by the Land
Office surveys of Bnla,nd and to a very liniited extent by those of Woods. TIn the
last fow years much precise elevation data has been obtained by lines of levels of the
Coast and Geodetic Survey run along thé Union Pacific Railroad, and of the United
States Geological Survey betwsen that line and the southern boundary of the State.
“‘The exact position of Medicine Butte, Bridger Butte, the southwest corner of the
State, and the southeast corner of Uinta County were determined by the latter
organization preparatory to making detailed topographic s surveys of this area.

In this period the Almy coal mines reached their maximum development and
then declined to the almost total desertion of to-day. Coal mines were opencd at
Twin Creek and Spring Valley and abandoned, in e,a('h case, in a few years. The
development of thé Benton coals commenced in the early nineties and, receiving
impetus both from the high quality of the coal and from favorable treatment by the
Oregon Short Line Railroad, has proceeded rapidly, until now there are important
private mines at Frontier, Diamondyville, Oakley, and Glencoe and railroad mines
at Cumberland. The discovery of oil at Spring Valley in 1900 attracted many to
this region, but as no large strikes were made the excitement soon died out, leaving
a few well-supported, persistent companies to complete the development Of a very
promising field. -
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) BIBLIOGRATPITY.

The development of the geographic and geologic knowledge of this area, which
has been outlined above, is given in detail chronologically in’the following list. ..In
the preparation of this bibliography an effort has been made to restrict it for the
most part Lo articles based on original work in this area or containing unpublished
material. A few exceptions have been made in cases where the articles seemed to
be of particular importance or value from a historical standpoint or as-works of
reference.  Separate editions have, for the most part, been discussed under the date
of the first issue. -

GEOLOGICAL AND CARTOGRAPHICAL BIBLIOGRAPHY OF THE PORTION OF
SOUTHERN UINTA COUNTY, WYO., TREATED IN THIS REPORT.

1834. 3. Frémont, Capt. J. C. Map of an cxploring
expedition to the Rocky Mountains.in the
year 1842 and to Oregon and north Califor-
nia in the years 1843-44, |Scale, 1:2,000-

1. Bonneville, Capt. B. L. E. A map of the
sources of the Colorade & Big Salt Lake,

Platte, Yellow-Stone, MuscleShell, Mis-
gouri; & Salmon & Snake Rivers, branches of
the Colimbia River. [Scale, 23.3 miles to 1
inch. Generalized hachure topography.]

In Washington Irving’s The Rocky Mountains, or
Bcenes, Tneidenty, and Adventures in the Far West;
from the Journal of Capt B.L E Bonneville. Vol.1,
Philadelphia, 1837.

The first map to show any of the geographic feu-
tures of this region. -

1845,

2. Frémont, Capt. J. C. Report of the explor-

ing expedition to the Rocky Mountains in
the year 1842, and to Orcgon and California
in the years 1843-44. Washington, 1845.

Published as Senatc Doc. No. 174 and House Doc,
No. 166, 28th Cong., 2d sess., pp. 130-132. Many sub-
sequent editions,

On August 17, 1843, Frémont crossed Green River
near the mouth of Big Sandy und followed the usual
emigrant road up Black Fork nearly to Fort Bridger.
Here ke turned northward slong the emigrant’s road
to Oregon, crossing Muddy Creck {(which he describes
as ‘'a salt creek') near Carter, and struck Little
Muddy Creek, * one of the heads of IHam’s Fork,
called Muddy,” & few miles east of Cumberland Gap.
Turning westwant up this creek he passed nround
the big hend of the old Soda Sprnngs road north of
Reservoir Gap and then up Little Muddy Creek and
over the divide to the headwaters of Bridger Creek,
which he names Muddy Creek on his map. He fol-
lowed this to Bear River bottoms, along which he
turned northward.

He collected a few shells in the Wasateh Deds east
of Cumberland and found leaves in the Fronticer for-
mation nenr Cumberland Gap, both of which he
regards as Jurassic. Lle reports coal beds here and
north of Reservoir Gap and deseribes the varicgated
Wasatch beds near the head of Little Muddy Creek.

-~

000; hachure topography by Charles Preuss.]

In Frémont’s Rept. Bxplg. Txped. to Rocky Moun-
tains, etc., Senate Doc. No. 174, House Doce. No. 165,
28th Cong , 2d sess., 1845,

On odge of map is: Profile of the ronte from the
mouth of the Kansas to the Pacific, horizontal scale
1-3,000,000. {The horizental distances on profile arc
not plotied to this scale.]

Onthis map the parallels are approximately correct,
but the meridians are shout 10 miles too far east.
The general geographic features along the route ara
well shown and the map 18 to be regarded as the first
important contribution to the detailed knowledge of
the 1nterior geography of thisaren. “ Blacks Fork’*
and an unnamed tributary (Smiths Fork) nre repre-
sented. Muddy Fork, which s not named, ts shown
as a tributary of Little Muddy Fork, and Lhe umied
stream. instead of entering Blacks Fork near Church
Bultes, 18 connected with the Jower part of Hams
Fork and the whole named *‘Muddy Kork.” 'The
dunld character of the head of Bridger Creek is cor-
reetly shown, and I'win Creek 15 indieiled butb not
named,  THlls are represented along Bear-River elose
to the cast bank south of Twin Creek and a mile or
more east of the river from that point to * Smiths
Fork.”

{Map of Bear Riverfrom Bridger Creek,
Wyo., tor Suda Springs, Idaho. Scale, 44
Jniles to 1 inch.]

In Rept. Expl. Exped. to Rocky Mountains, cte.,
1845, p. 132. :

On this map Bridger Creck is named ‘‘Muddy
Creek ¥ The bluffs between T'win Creek and Beck-
with runeh house are represented, as is the outlying
il 2 miles north. . -

5. Hall, James. Nature of the geological for-

mations occupying the portion of Oregon
and north California included in = geo-
graphical survey under the direction of
Captain Frémont.
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5. Hall, James—Continued.

In Rept. Expl. Exped. to Rocky Mountains, ele.,
by Frémont, House Doc. No, 166, 28th Cong., 2d sess.,
1845, pp. 297-298; alse Senate Doc. No. 174, 28¢h Cong.,
2d segs., 1845, and mnny subsequent editions,

Discusses leaves and shells eolleeted by Frémont,
“Long! 1119, lat. 411°, Muddy River” just east of
Cumberland, and provisionally refers them to the
Oolitic. ’

6. —— Descriptions of organic remains ¢ullecied

by Capt. J. C. Frémont in the geographical
survey of Oregon and North California.

In Rept. Expl. Exped. to Rocky Mountains, ele.,
by Frémont, Ilouse Doc. No, 166, 28th Cong., 24 scss.,
1845, pp. 304-307, 309. PL I-1T1; also Scnunte Doc.
No. 174, 28th Cong., 2d sess., 1845, and many subse-
quent cditions.

Describes and figures, from beds, now ealled the
Frontier formation, just cast of Cumberland Gap,
nine species of plants, elght of them new; and from
the Wasateh beds a few miles farther east two new
speciés of shells, Both ef these loealitics he regards
provisionally as of Qolitic age.

1848.

7. Clayton, W. Laticr-Day Saints’ Tmigrants’

8. Preuss, Charles.

Guide; being a table of distances, showing
all the springs, creeks, rivers, hills, moun-
tains, camping places, and all other notable
places from Council Bluffs to the Valley of
the Great Salt Lake. Also, the latitudes,
longitudes, and altitudes of the prominent
points on the route. Together with re-
marks on the nature of the land, timber,
grass, ete. The whole rouie having been
carefully measured by a roadometer, and
the distance from point to point, in English
miles, accurately shown, St. Louis, 1848,
24 pp.

Anecxtremely minule deseription of the wagon road
followed by the Mormons in 1847 and for many yedrs
after the principal stage road. It passed up Pionesr
Tlollow, over the divide near Aspen tunncl, crossed
Sulphur Creck at the site of Bear River City, and
thenee ran westward past the Needles into Echo
Canyon. Of particular interest is the note regnrding
the coal and oil spring near the crossing of Sulphur
Creek (. 24). -

1850.

A topographical map of the
road from Missouri to Oregon, commencing
at the mouth of the Kansas in the Missouri
Eiver, and ending at the mouth of the
Walla-Walla in the Columbia, in seven sce-
tions, from the field notes and the Journal
of Capt. J. C. Frémont and from sketches
and notes made on the ground by his assist-
ant, Charles Preuss. Scction V. [Scale,
10 miles to 1 inch; hachure topography.]

8. Preuss, Charles—Continued.

House Com. Kept. No. 145, 30th Cong., 24 sess.,
vol. 2 [1850].
This map, though on a moch larger scale than the
*map accompanying Frémont’s report, adds nothing
to the detail there shown. The geographic posi-
tions are less aceurats thanthose given in the eaxlier
map.

1852.

9. Btansbury, Capt. Howard. Exploration and

Survey of the Valley of the Great Salt Lake
of Utah. Philadelphia, 1852, pp. 72-79,
925 9227, 976, 280.

On his outward journey {August 9-22, 1849) Stans-
bury followed the ususl etnigrant road, which crossed
Green River at the mouth of the Sandy and followed
Black Fork to Fort Bridger. Turning westward he
pussed up Ploneer Iollow and over the divide near
Aspen timnel to the sito of Rear River City. At the
ford of Beur River he turned northwestward snd fol-
lowed the cast hank of the river to a point ncar the
site of Evanston, where he forded the river snderossed
the divide into Lost or Plumber Creek, Utah. On
his return he followed the usual emigrant road up
Echo Creek, pussed the Needles on Yellow Creek, up
Needle Creek and acress Bear River to the sile of
Bear River City; thence along the road which pusses
through the present sites of Aspen and Piedmont to
Fort Bridger.

A portion of his uecount of August 20, 1849 (pp.
T7-78), was clearly written after his feturn home and,
muking allowances for 8 laulty memory, it appears
that he observed the perpendicular strata at Bear
River City and the horizontal Wasatch beds 1o the
west; the former he referred to the Carboniferous,
the latier to the Lias, probably because of the carlier
reference of Deds o this vicinity to the Oclitic by
Frémont. He noted the eastward and westward
dipping beds oneither side of Bear River Valley helow
Evanston und regarded the whole as indicating an
anticlinal axis. Except that the older beds are
referred to the Carboniferous, there is no indication
that he found coql at this point. Tn his account of
his return trip (pp. 226-280) he deseribes the Needles,
the coal beds near old Bear River City, and the Brig-
hem Young Qil Spring. In his introdoction (p. 5}
he speaks of *the coal basin of Green River,” which
is shown on the map (No. 10) as extending from
Bear River near Ewvenston to Point of Rocks in
Sweetwater County. )

10. —— Map of 8 reconnaissance between Fort

Leavenworth on the Missouri River, and the
Great Salt Lake in the Territory of Utab
madein 1849 and 1850, [Scale, 1 : 1,000,000,
hachure topography. 1852.]

Accompanying Stanshbury's Exploration and Sur-
vey of the Valley of Great Sult Lake, but 1t a separate
volume.

This map shows n number of points 1n this areus nol
given on the carlicr map of Frémont. The longitude
determinations are more nearly correct though the
111th meridian is still too far east in the region of
Evanston. Muddy Creek (here nemed ‘‘Muoddy
Fork”) is cortectly shown as cmptying into Black



10. Stansbury, Capt. Howard-—Continued.

Fork above the mouth of Hams Fork, but the up-
perend of Little Muddy has been connected with the
lower end of Ham’s Fork and the whole labeled
‘‘Hams Fork.” Details are added to the upper por-
tions of Black and Muddy forks. Smiths Fork, Sul-
phur Creek, and Yellow Creek are named, and the
Needles and Medicine Butte are shown, though the
latter is very incorrectly located. Of geological in-

terest on this mapisthe ' Tar Spring’’ near Sulphur

Creck (Brigham Young Od Spnng), the **Copper-
ash 8pring’’ in Ploneer Hollow, and the words ‘' Greal
Coal Basin,” which extend from the west hank of
Bear River, near the present site of Evanston, to
Point of Rocks on Bitter Creek,

1858.

11. Marcou, Jules. American Geology. Letter

on some points of the geology of Texas, New

.Mexico, Kansas, and Nebraska; addressed to
Messrs. F. B. Meek and F. V. Hayden,
March, 1858, 16 pages. .

Page 12: **Professor Heor thinks # # % {hat
the Muddy River ¢oal discovered by Colonel Frémont
is of Tertinry nge instead of Jurussic as 1t was pro-
nottnced by Jumes Hall,” Tage 13: ** Professor Ilcer
thinks, # * * as to the ferns, no one of Hall’s
figures is charactenstic of the Jurassic period or any

~other special fTormation.”

1859. .

12. Engelmann, Henry. Preliminary repori on

the geology of the country befween Foift
Bridger and Camp Floyd, Ulah Territory,
and southwest of the laticr place, along
Capt. J. H. Simpson’s rouics, 1858,

Report of the Secretary of Waf, commumeating
Simpson’s report and map of wagon-road routes 1n
Utah ‘Territory, Scnate Ex. Doc, No. 40, 35th Cong.,
24 sess., 1859, pp. 45-75.

This is the first important contribution to the sys-
tematic geology of this arca. The three main divi-
sions of the Tertiary of the Green River Basin are
recognized and' deseribed as is the unconformity
Dbetween the Tertinry and Cretaveous. The eoal-bear-
ing beds of the Green River Basin, as well as the
atrata of the Rear River and present Frontier forma-
tiong on Sulphur Creek, he referred on palcontologic
grounds to the Cretaceons, and was thereiore the
first to prove the existence of Cretaceous in this
region.

13, Lander, F. W. Prelimina.ryreport' *oRox

upon * ¥ ¥ explorations west of the
South Pass, for a suitable location for the
Tort Kearney, South Pass, and Tloney Lake
wagon road. :

Senate Ex. Doe. No. 36, 35th  Cong., Qd’scss., 1859,

pp. 33

““They (the ronds) ore very favorable passuges of
the grand Wasatech mountain chain and principal
divide,of the Amcrican continent near latitude 42°.
They are well timbered and abundantly supphed
with pure water and cxcellent building stone. Beds
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13. Lander, F. W.—Conlinued.

of coal iron, and salt, and a spring of peculiar min-
eral oil, which, by chemical process, may he made
suitable for lubrieating machinery, are found in their
vicinity.”! The mup showsthat in 1847 Lander passed
up Twin Creek and over ITodges Pass, and it is be-
liaved that he refers to the Twin Creek oil springs.

‘14. Simpson, Capt. J. H. Preliminary map of

routes reconnoitered and opened in the Ter-
ritory of Utah by Capt. J. H. 8impson in the
fall of 1858. Scale, 5 miles to an inch.

In Sumpson's Report on Wagon Roads in Uteh
Territory, Senate Ex. Doe. No. 40, 35th Cong., 2d
sesg., vol. 10, 1869,

This map shows a new road west of Fort Bridger,
south of the regular emigrant road. It ¢rossed the
divide near the site of Aspen, turned southward up
Hilliard Flat at the fork of Sulphur Creek and pussed
into the present State of Utah in the valley of **White
Clay’’ (Chalk) Creek. This map correetly shows Lhe
headwalers of Yellow Creek, incorrectly represented
on the maps of the Beckwith survey of 1854 (No. 18).
The geographical details north of the road are the
satne shown on Stansbury's map of 1854, from which
it was evidently copicd.

15 Wagner, W. H. Preliminary map of the

central division of Fort Kearney, South Pass,
and Honey Lake wagon road, surveyed and
worked under the dircction of I'. W. Lander,
superintendent, 1857-58. Department of
the Interior.  Pactfic Wagon Roads.  Scale,
1:600,000. [Hachure topography.]

In Report on Pacific Wagon Roads, Senate Fx.
Doe. No. 36, 35th Cong., 2d sess., 1859,

This ig the first map giving any definite informa-
tion regarding the geography between Green and
Bear rivers i the northern part of this ares, aiter the
carly map of Bonneville (No. 1), Lo which compilors
evidently nitached too little weight, and it remsained
the most accurate map of this region up to the lime
of ths publiciiion of Gannett’s maps Nos. 85 85 hy
the Hayden survey. The true head of Hams Fork i
sliown on Lhis mup for the first time since the early
Donneville map. Rock Creek is correctly shown as
flowing southward at the ¢rossing of Sublette’s road,
but 1s incorrectly made to empty into TTams Fork.

1860,

16. Meek, F. B. Descriptions of new fossil re-

maing collected in Nebraska and Utah by
the exploring expeditions under the com-
mand of Capt.'J. H. Simpsen, of U. 8. Topo-
graphical Enginecers (extracted fromn that
officer’s forthcoming report).

Proc. Phila, Acad. Sei. for 1860, 1860, pp. 311-315,

Describes, without figuring, new species from the
madtorial collected by Engelmann on Sulphur Creek—

one from the Oyster Ridge sandstone and six from
the Bear River lormation.

17. Meek, F. B., and Engelmann, H. Notice

of geological discoveriesmade by Capt. J. H.
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17. Meek, F. B., and Engelmann, H.—Cont’d.

Simpson, Topographical Engincers, T. 8.
Army, in his recent explorations across the
continent.

Proe. Phila. Acad. Sci. for 1860, 1860, pp. 126-131.

Inletter dated Aprd 2, 1R60. Meck and Engelmann
give brief notes on the collections made by Engel-
mann in 1858. The fosstls from ihe Frontier forma-
tion on Bulphur Creek are regarded as Cretaccous
No. [ or Dakota, and the Bear River fossils from the
same locality nre.considered to indicate an estuary
deposit of Koccne age. ‘The fresb-water character of
the beds, at present eonsidered Eocene, is recognized
for the first time.

1861.

18. Egloffstein, F. W. [Muap of a railroad route

near the 41Ist parallel} Map No. 1. From the
valley of Green-River to the Great Salt Lake
from explorations and surveys by Capt. k. G.
Beckwith, F. W. Fgloffstein, topographer
for the route. Surveyed in 1854. Scale, 12
miles to 1 inch. |Hachure topography.]

Pacific Railtoad Reports, Senaté Ex. Doc., 36th
Cong., 2d sess , vol. 11, 1861.

This expedition passed up White Clay Creek (Chalk
Creek) and thence slmost directly to Fort Bridger.
It returned by way of the emigrant road as far as
Bear River Gity, where it turned southwest to the
headwaters of Chalk Creek. This map adds some
new feutures to the geography of the southern por-
tion of Uinta County, but 1s misleading because of
lack of care in compilation and unwarranted Infer-
cnces.  The meridians nre 10 miles too far east, ns in
Frémont's map. The headwaters of Yellow Creek
have been made to drain inlo Chalk Creek by way of
Tie Creek. Bear IRuver 1s shown as following Mill
Creek and the main channel is not shown al all,
although it is described in Beckwith’s journal.
Smithg Fork is incorrectly made tributary to Blacks
Forkat Fort Bridger. Many cats are added regard-
ing Cottonwood Creek and Ilenry's Fork, hoth of
which are mwmed. Muddy Fork is correctly named
and Little Muddy is marked “‘Ham's Fork’ and
the strenm formed by their union wade Lo enpty
into Blacks Fork at the mouth of 1Iams Tork, as
ont Frémont’s map. from which this was tuken. The
name Medicine Butte is applied to the isolated hill he-
tween Stove Creek, Bear River, and Sulphur Creck.

19. Warren, G. K. Map of the territory of the

Uniled States from the Mississippl to the
Pucific Ocean to accompany the reports of
the explorations for a railroad route. Com-
piled by Lieut. (x. K. Warren, 1854-1857.
Scale, 1:3,000,000. [Hachure topography,
with occasional barometric elovations.]

Pacific Railroad Reports, Scnate Ex, Doc., 36th
Cong., 2d sess., vol. 11, I86L,

This map, though ostensibly a eompilation, shows
the following new points' Little Muddy (called
“‘Ham's Fork’”’) aml Muddy Fork are shown toemply
into Blacks Fork at the proper point, and the true

19. Warren, G. K.—Continued.

Hams Fork is approximdtely shown as an unnuined
ereek emplying into Blacks Fork helow the mouth ¢f
Muddy Fork. In this respect 1t differs Irom the
Eglofatein (Reckwith) map accompanying the same
repo rt, This map, in point of time of drawing, ante-
dates (he Tander map (No, 15), although of later

. date of publica tion, and the delinestion of the true

Hams Fork is evidently based on the Bonneville mup
(No.1). This is the most neearate map of this region
up to the time of the Land Oflice map of 1876 (No.
711, which was based on detailed surveys.

1866,

20. United States General Land Office. Map

of the Territory of Utah to accompany the
Annual Report of the Commissioner of the
General Land Office. Scale 18 miles io an
inch. October 2, 1866.

I maps eccompanying Report of the Commis-
sioner of the (eneral Land Office, 1866, pt. 2, No. 18.

This ernde compilation shows the termiory dis-
cussed in this report as parts of Green River, Cache,
and SBummit eountics, Ulah, Green River County
Lying cast of the divide between Bewr and Green riv-
ers. ‘*Proposed rounle of Union Puecific Railroad’ is
shown, and Little Muddy Creek 1s marked **1lnms
Fork,” though a trihutary from the north, roughly in
the position of the true Hams Fork, is indicated.

21. — Map of the United States and Territo-

rics, showing the extent of public surveys
and other details, constructed from the plats
and official sources of the General Land
Office, by Theodore Iranks, 1866. [Scale, 60
miles to 1 inch.] :

In maps sccompanying Rc_port of the Commis-
gsioner of the General Land Office, 18668, pt. 2, map
No. 23.

Shows the greater part of 1his area as part of Utah
and indicates coal on Green River above the mouth

of Big Sandy and on Bear River near the present
town of Cokeville. L

1869.

22. Hayden, F. V. Review of leading groups,

ctc.

[Third Annual] Preliminary Field Report of the
United States Geolugical Survey of Colorado and
New Mextco, 1869, pp. 90-92, 68,

Reprinted in First, Second, and Third Ann. Repts.
T. 8. Geol. Burvey Ter. for 1887, 1868, and 1869, 1873, pp
190-192, 168,

Names and briefly describes Green River shales,
Brulger group, Wasateh group, and Bear River
group. The type locality of the Wasatch group is
given as the territory hetween Aspen and the head
of Echo Canyon. The Bear River group, named fromt
old Besr River City; 13 here made to include the coal-
bearing strata at Bear River City, Evanston, and
Coalville, and js doubtfully referred to the lower
Tertiary.
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23, Hayden, F. V. Noles on the geology of
Wyoming and Colorade Territorics, No. 2.

Proe Am. Thilos, 8oc., vol. 11, 1869, pp. 45-48.

Account of observations of Flayden in this area in
1868, Itefers black shafes below Ogster Rudge to
Cretaceous No. 2 (Benton), Suggests that Medicine
Butte s for the most part composed ol strain of the
coal series, whieh he doubtfully regards (p. 46) as of
older Tertiary age, hut later stutes (p. 48), in connee-
tion with discussion of the fossils found at Coalville
that it must be of Cretaceous age

1870.

21. Hayden, I'. V. Sections of strata belonging
to the “Bear River group’ near Bear River
City, Wyoming Territory.

Proc. Am. Philos Soa, vol. 11, 1870, pp 420425,
pl. xii.

Gives deimiled seetion of Foesil Cut, by 1. R. Dur-
Yes, afterwurds published in Fourth Ann, Rept. U. 8.
Geol. Survey Wyoming. 1871, pp. 150-152, 153 (No. 29).

25, —— Sun Pictures of the Rocky Mountain
Scenery, with & description of the geograph-
ical and geological features and some account
of the resowrces of the great West, ete. 150
pages, 30 plates. New York, 1870

Pages 106-111,

Describes the geelogy along the line of the Union
Pacific Raflroad in this area, This wasg reprinted,
with some modifications and addilions, in [Fourth
Ann ] Rept. U. 8. Geol. SBurvey Terr. for 1870, 1872,
pp. 147-156 (No 29).

26. King, Clarence. The Green River coal basin,

Rept. U. 8 Geol. Expl. 40th Par., vol. 3, Mining
Industry, 1870, pp. 457, 470, 473

Uses ** Green River Tertiaries’” to inelude all hori-
zontal beds above the folded Cretaceous from the
Wasateh Mountains to Green River,

Contains no new dala of importance on the ares of
this report. other than three analyses of Evanston
coal.

27. Meek, F. B, A preliminary list of fossils
collected by Dr. Hayden in Colorado, New
Mexico, and California, with brief descrip-
iions of o few of the new species.

Proe. Awm. Philos. Boe., vol. 11, 1870, pp. 430-431.

Describes Qstren soleniscus, agsociated with ecoal
hed ot Benr River City, as & Tertiary species, bul re-
marks that 1t may be Cretaccons. Gives list of five
gpecies with desenptions of fwo new speeies from the
Besr River formation, from *'Limestone TIiil, Bear
River,” evidently Fossil Cut.

28, —— Collections from the Bear River estuary
beds.
Rept. U. 8. Geol, Expl. 40th Tar, vol. 3, Mining
Induastry, 1870, pp. 462-4686.
Lists four species from Sulphur Creek and discusses
the age of the beds, regurding them as uppermost
Cretaceous or lower ‘Pertiary, preferably the latter,

1871,

29, Hayden, K. V. [Fourth Annual] Prelimi-
nary Report United States Geological Sur-
vey of Wyoining and portions of contiguous
Terrilories (being u second annual report of
progress), 1871, pp. 40, 45, 52, 147-152, 153.

Perhaps the most important of Huyden's personal
reporls on this region, embodying, as it does, the
most complete published statement of the results of
his hasty trips neross this aren in 1868, 1869, and 1870.

30. Hodge, James T. Onthe Tertiary coals of
the Wesl.
{Fourth Annual] Prelim. Rept. U. 8. Geol. Sorvey
Wyoming, 1871, pp. 319, 321, 328,
Describes mines at ‘* Evanston, Utah,” agd gives
analysis of coal.

31. Meek, Y. B. Preliminary paleontological
report. ’

tFourth Annuall Prehm, Rept. U. 8. Geol. Sur-
vey Wyoming, 1871, pp. 200, 202-204, 286, 207, 298, 306,
316, 317.

On page 200 refers fossils from light-colored sand-
stour at Bear River and Coalville to the Cretaceous.
Discusses the fossils from the Bear Ttiver beds on
Sulphur Greek and eoncludes that they are Tertiary.
Lists Qstrea solenisers from the Cretaceons near Tiear
River, eight species from the Bear River formation
from **Limestone Hill, Sulphur Creek, and Bear River
City, Utah.,” Diseusses the specios deseribed by Hall
from cast of Cumberland Gap (No. 6), and describes
(p. 300) Cardivm pavprreulym n. s, from the “Ofl
Springs, twenty miles west of Fort Bridger, \Wyo.
Terr.”, and Goniobasis chrysalis n. s. from * Near
River, near Sulphur Creek, Utah

82. —— Descriptions of new species of fossils from
Ohio and other Weslern States and Terri-
tories.

Proe. Phila. Acad. Sci. for 1871, 1871, pp. 159, 181-
182,

Deseribes Campeloma (Meclantha) macrospira . 8.
from ¢ Gilmore, Wyo.,” " Bear River near mouth of
Sulphur Creek, Utah,” “at various localities in the
Bear River country,” all referrimg to the locality on
Sulphur Creek near old Bear River City.

1872,

33. Cope, Edward D. On Bathmodon, an ex-
tinct genus of ungulates,
Proc. Am,. Philes. Soe,, vol. 12, No. 88, Feb. 16, 1872,
Dp. 417-422,
Deseribes, from material diseovered by Dr. Hayden
in Tertiary beds of the Wasatch group near Evans-
ton, B. radians snd B. semicinctus.

34.

Bathmodon, a new genus of fossil mam-
mals.

Am. Jour. Sci., 3d ser., vol. 3, 1872, p. 224,

Reports B. radians and B. semicinctus from Ter-
tiary beds of tha Wasaleh group near Evanston,
Utah, obtained by Dr, T, V. Hayden.
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35. Cope, Edward I). On a new genus of Pleuro-

dira. from the Eocene of Wyoming.

Proc, Am, Philos. Soc., vol. 12, No, 88, 1873, pp. 472-
477 .
Describes the Wasaich group along Bear River in
the victuty of Evansion and lists species found on
the porth hunk of Bear River *'11 miles 8. E. of Evan-
ston,”’ and in the ridges adjacent. Describes new
specics of Nothrrclu$ and Notomorpha.

36, —— On the vertebrate fossils of the Wahsatch

strata.

{Fifth Aun.) Trelim. Rept. U. 8, Geol{. Survey
Montuna, 1872, pp. 350-353, .

Describes vertebrates ( Coryphodon radians, o,
semicinctug) from material colleeted by Dr. Hayden
“in Wasatch beds near Evanston, Utah,”” and refers
beds to qldest Tertiary.

37. —— [On the age of the Wyoming coal.]

Proe. Phila. Acad, Sei., vol. 24, 1872, pp. 279, 280,
Regards Evanston coal as Cretaceous by analogy
with Bitter Creek beds.

38. Elliott, Henry W. DTrofile along the line

of the Union Pacific from Cheyenne (o Sali
Lake Valley, north side.  Scale, 14 inches to
the mile. U. 8. Geol, Survey Terr., 1870.

Profiles, sectinns, and other illustrations designed
to accomnpany the first report of the chict geologiat
of the Survey and sketehed under us direction. Dept.
Interior, U. 8. Geol. Survey Terr., F. V. Hayden,
geologist in charge, New York, 1872,

Pls. XVIIT and XIX cover this region, showing
Wasatch group extending a few mules east of Bridger
Station, ¢‘Cretaccous clnys' between Rock Cut and
White Sandstone Cut east of Beat River City, coal
cast of Brear Luver City, at. Millis, and coal mines
at Evanston.

39. Hayden, I". V. (Tifth Annual] Preliminary

Report United States Geological Survey
Montana, 1872,

On puge 158 states that coal has béen reported in
Bear River narrows.  Mentions coal beds at Bvans-
ton, and states that the coal group 18 lower Tertinry
or upper Cretaceous.

40. Lesquereux, L. Fossil Qora,

[Fifth Ann] Prelim. Rept. U. 8, Geol. Survey
Montana, 1872, pp. 201-293 307-300.

Describes, without figuring, 19 species, 3 new,
from below thecoal at Kvanston (Almy), and 4 from
above the coal. These he regurds as Eocene.

An enumcration, with descriptions, of
some Tertiary fessil plants from specimens
procured n the explorations of Dr. T, V.
Hayden, in 1870.

Suppl. to Fifth Ann. Rept. U, 8. Geol. Survey Terr.,
tor 1871, 1872, 1872, pp. 16-12, 1x.

Describes 17 species, thres ol them new, from abova
the coal at Evanston (Almy).

42, Meek, F¥. B. Prcliminary list of the fussis

collected by Dr.aHayden's exploring expedi-
tion of 1871, in Ufah and Wyoming Ferri-
tories, with descriptions of"a few new spacies.

(Fifth Ann.] Prélim. Rept. . 8. Geol. Survey Mon-
tang, 1872, pp. 376, 317,

Lists two specics from the ** Cretaceous between
Evanston and Fort Bridger:” 3 specics from the Bear
River * Tertiary.” Conclades that there isa gradunl
passage of the Crotaceons into the Tertiary at Bear
River City and Coalvilie.

43. Peale, A. C. Report of A, C, Peale, M. D,

on minerals, rocks. thermal springs, cte.

[Fifth Ann.] Prelim. Rept. U. 8. Geol. Survey Mon-
tans, 1872, pp. 194-196,

Describes mining and gives section of coals devel-
oped at Evanston, Utah.

44. Thomas, Cyrus.‘ List of elevations and dis-

tances in that portion of the United States
west of the Mississippi River.

U. 8. Geot, Survey Terr., 1872, 31 pp.
Elevattons on Umon Pacific In this area stated on
page 17. The town of Evanston is not given.

1873.

45. Bannister, H. M. Report of a geological

reconnaissance along the Union Pacific
Railroad.

Bizth Ann. Rept. U. 8. Geol. Survey Terr. lor 1872,
1873, pp. 519-541.

Summary of resuits of examination made 1n sum-
mer of 1872 10 company with Meek,

46. Cope, Edward D. O the short-footed Un-

gulata of the Focene of Wyoming,

Proe, Aml. Philos. Soe., vol. 13, 1875, pp. 67-70,

Description of genus Bathmodon and apecies B. ta-
diang, B, semucincrus, B. legpes, from veds of Green
Taver epech tear Evahston, Utah (how Wyeomng},
obtained by geclogiesl surveys conducted doring
1871-72 hy Prof. F. V. Hayden.

47. —— On some Focene mammals obtained by

Hayden's Geological Survey of 1872,

Paleont, Bull. No, 12, 1873, p. 3.

Describes Eohippus (Oratherium) vasac¢tenge n, s,
from ** Green River'! (Wasateh) beds near Evanston
and Black Bubte, Wyo.

On the extinct Vertebratd of the Focene
of Wyoming observed by the expedition of
1872, with notes on the geolopy.

Stxth Ann. Rept. U. S, Geol. Survey Terr. for 1872,
1873, pp. 545, HBG-589, 425, (26-628,

Deseribes Bathmodon, § species, and Emys, 2 spoctes,
from QGreen River epoch newr Evanston.

49, —— Fourth notice of extinet Vertebrata rom

the Bridger and Green Raver Tertiaries.
Paleont, Bult, No, 17, Octoher, 1873, pp. 3-4.
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49. Cope, Edward D.—Continued.

Deseribes Phenacodus primavus from  Bathmodon
bohe bed near Evanston, Wyo." Also Hohippu-
(Orotherium) indez from this place. 'T'he locality is
not given in this artiele.

50. Gannett, Henry. List .of clevations prin-
cipally in that portion of the United States
west of the Mississippi River. (2d edition.)

U. 8. Geol. Survey Tert. Miscel. Na. 1, 1873

No. 44 i1s regarded as the first edition. The third
edition was pubhished 1 1875 and the fourth in 1877.
The last only was seen. It contains, on pp. 45 and
1M, elevations along the.Union Pacific in this area

5L, Lesquereux, Leo. On the age of certain

beds of Wyoming reforrad ta the Tertiary by
Professor Hayden, and to the Cretaceous hy
others.

Am. Jour. 8ei., 3d ser., val. 5, 1873, pp. 308-200.

Corrects Cope’s statement that he mga-rdct} the
Evanaton beds as Miocene.

52. Lignitic formation and fossil flora.

“Gixth Ann Lept. U. 8. Ceol. Survey Terr. for 1872,
1873, pp. R47-330, 368, 371, 401-403, 410 -417.

Describes the beds al Almy and gives sections of
strata, above eoal, wilh dats regarding g and
Ilodge's analyses of coal, Lists 38 species and de-
seribes 14 spocios of planis, 2 of them new, from
Evanston, conclnding that the coal-bearing beds are
Focene.

5. Meek, F. 5. Preliminary paleontological
report, consisting of lists and descriptions of
fossils, with remarks on the ages of the rocks
in which they were found.

Sixth Ann. Rept. U. 3. Geol. Survey Terr. for 1872,
1873, Pp. 436, 450-454, 402, 477, 478, 487485 493, 494-495,

Gives results of personal examinations during 1872,
with detailed sections (p. 451) on Sulphur Creek, « De-
scribes 4 new species from thus loeality and gives
lists of species from the Cretaceous coal- bearing
heds (Frontier) and the Bear River Estuary beds.

1874. .

54. Cope, E. D. Review of the Vertcbrata of the
Cretaceous period found west of the Missis-
sippl River.

Bull. U. 8. Geol. and Geog. Burvey Terr., vol. 1,
No. 2, 1874, pp. 13-16.

Qives some of the details of his explorations in thus
region in 1872, with_ lists of Wasateh wvertebrate
fossils,

b6, —— Report on the vertebrate palcontology of
Colorado.

Seventh Ann. Rept. U. 8. Geol. and Geog, Survey
Terr. for 1873, 1874, pp. 441-442,

Discussion, so far as uffecting this region, an exact
reprint of the foregoing.

56. Yones, Capt. Williamm A Map of the Mili-
tary Department of the Platte. Sheet 3,
Wyoming. Compiled under the direction of

56. Jones, Capt. William A.—Continued.

‘apt, William A. Jones, Corps of Engineers,
Oniaha, Nebr.,1873. Scale, 1:2,000,000,18.94
miles o 1 inch. [Hachure topography.]

Twin Creek 1s here named “ Washakic Creck,”

57. Lesquereux, Leo.
and its fossil flora.

Seventh Ann. Rept. U. 8. Geol. and Geog. Survey
Lerr., 1874, pp. 306, 384-385, 385, 407, 421.

This is fargely an argument against the conclusions
of Newherry, Cope, and Marsh that the lHgmtic de-
posits of the Rocky Mountain region are in part Cre-
taceous. ~

Refers to the Eocene (lower American Eocone) the
coals of Bear River, to American upper Eocene (or
lower Miocene) the coal strata of Evanston, to the
muddle Miocene the ecoal basin of Carbon and Wash-
akic group. Lists 40 species from Evansion. De-
seribes Laurus { Tetranthera) sessiflora from shale
above the coal.

The Lignitic formation

58. —— On the age of the Lignitic formations of the
Rocky Mountains.

Am. Jour. Bei., 3d ser, vol. 7, 1874, p. 556
Refers the Evanston coal to the upper Eocenc.
59. Newberry, J. 8. Ou the lignites and plant

beds of western America.

Am. Jour. Sei., 3d ser., vol. 7, 1874, p. 400,

Refers to the Cretaceous, the Lignitic hedsin Wyo-
ming and Utah at Carhon 8talion, Roek Springs,
Coalville, Hallville, Evanston, Bear River, ete.

1875, -

G0. Cope, K. I). The Vertebrata of the Creta-
ceous formations of the West.
Rept, U. 3. Geol. Survey Terr., vol. 2, 1875, pp. 364t
Contains exact reprint of geological diseission and
lists of Wasateh fossils published in Nos. 54 and 55

1876.

1. Engelmann, Henry. Report on the geol-
ogy of the country between Fort Leaven-
worth, K. T.. and the Sierra Nevada ncar
Carson Valley.

Report of exploration across the Great Basin of the
Territory of Utah 1n 1850, by Capt. J. 1I. Stmpson,
1876, pp. 287-293, 300.

Sectlon IV, The Green River Basin, does not differ
greatly in the discussion of this aren from the pre-
liminary report of 1839, The fresh-water character
of the Tertinry beds is, however, recognized. Not-
withstanding Meek’s conclusion tothecontrary, the
author nubersles s former conclusion that the Bear
River hedsare Cretaceous. He remarks that thecon-
glomerates and sandstones so common in this region
represent different epochs—Tertiary, Cretaceous, Ju-
rassie, and Triassic—and that he has not heen able
to separate them.

62. King, Clarcnce. and others.  Atlas of topo-
graphical and geological explorations of the
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62. King, ('larence, and others—Continued.

63. Lesquereux, Leo.

{ortieth parallel, 1876. Scale, 4 milcs to 1
inch: contour inierval, 300 feet.

The aréa deseribed in the present report south of
about the cenler of T, 21 N. is hetre shown on ‘" Green
River Basin, Map II, west half,” and *'Ulah Basin,
Map 111, east half.”

The subdivisions shown are: Upper Coul Measures,
Dakota, Colorado, Fox Hills, Laramie, Vermillion
Creak, Bridger, and Rhyolte. The map is evidently
based on a hasty survey along Qyster Ridge and the
Union Pacific Railroad. The rest of the map iz con-
jectural, particulurly so the Curhoniferous area de-
seribed north of Bear River Natrrows and the region
west of the ITilliard shale vglley,

A review of the [ogsil
flora of North ‘America.

Bull. U. 8. Geol. and Geog. Burvey Terr., vol. 1,
2d ser., 1876, p 244.

Divides Tertiary of Kueky Monntains into lower
Lignitic {Eocens), Evanston group (upper Focene
or lower Miocene), Carbon group (middle Miocene},
Green River group (upper Miocene).

¢4. — On the Tertiary flora of the North
American lignitic, considered as ewidence
of the age of the formation.
Fighth Ann. Rept. U. 8. Geol. and Geog. Survey
Terr. for 1874, 1870, pp. 313-314.
Describes Ficus pseudo-populus . s. from Evans-
tom.
5. —— On some new species of fossil planis from

the lignitic formnation,

Buli. U. 8. Geol. and Gceog. Survey Terr., vol. 1,
1876, pp. 387.

Describes Ficus pseudopopulus n. §. from Evans-
Lot .

¢6. Marsh, O. ¢, On some characters of the

genus Coryphodon.

Am, Jour. Sc1 , 3d ser., vol. 11, 1876, pp. 425-428, with
one page of figs. -

Points out that Bathmodon of Cope is reslly Cory-
phodon Owen, and deseribes €. hamalus from the
vicinity uf Evanston.

67. Meek, F. B. Report on the paleontological

68.

collections of the expedition.

Report of exploration across the Great Basin of the
Terntory of Utah in 1859, by Capt. J. T1. Simpson,
1876, pp. 342, 343-344, 358-350 (1. TV, 1he, 3), 360-364
(PL. V), 372, 375. :

Describes and figures nine speeies from the Bear
River beds on Sulphur Creek, and seven species from
the present Frontier formation of the same locality,

Report on the invertebrate Crefaceous
~and Tertiary fossils of the upper Missouri
country.

Rept. U. 8. Geol. and Geog. Survey Terr., vol. 9,
1876, pp. xxx, lvil.

Refers beds at Aspen and sandstone at **old Bear
River mine’’ to the Benton; und by inference the
Evansion and Carbon beds to the Tertiary.

69. Peale, A. C.

70. Powell, J. W.

71. United States General Land Office.

. White, C. A.

WYOMING,.

Stratigraphy, Cenozoic forma-
tions.

Eighth Ann. Rept. U. 8. Geol. and Geog Survey
Terr, for 1874, 1876, pp. 144-145

Excellent tabular stabements of views of different
authorities on the Bear River group (EHayden 1860
p. 192, including coal sirata at Bear River, Coglville,
and Evanston) and Wasatch in this area

Geology of the castern por-
tion of the Tinta Mountaing and a region of
country adjacent thereto

U. 8. CGeol. and Geog. Survey Terr., seconid division,
1876, pp. A0, 158-159.

Describes Sulphur Creek group, giving as type
localily ‘‘Sulphur Creek near Hilliard ™" Repeats
Meek’s Bulphur Creek section, corrclating portions
of it with hia Point of Rocks, Sult wells, and Sulphur
Creek groups.

Ter-
ritory of Wyoming. Compiled by €. Roeser
frem the official records of the Land Oflice

and other sources. Seale, 15 miles to 1
inch. 1876.

In ‘*General Land Office Geographical and Polit-
ical Atlas of the States and Territories ot the United
States of Amerlea in which the Publie Lund Surveys
ate now in operation. 3. 8. Burdett, Commissioner,
Washington, 1876.”

First publication of the results ‘o1 the first.lot of
Land Ofice surveys in this region. Another map
was issited in 1879, on the same scaly, based on exactly
the same original data hut showing more ereek names
and topographic features.

Invertebrate paleontology of
the Plateau provinee.
Geology of the Umnta Mountains, Powell, 1876,
pp. 97, 08, 99, 100, 101, 105, 117, 118-110, 122-123, 128, 132.
Lists species from the present Bear River and
TFronticr formations on Sulphar Creek, and deseribes
six now species from this ares.

1877.

73. Cope, . D. A contribution to the knowl-

edge of the ichthyclogical fauna of the
Green River shales.

Byll. U. 8. Geol. and Geog. Survey Terr., vol. 3,
No. 4, 1877, pp. 807-814.

Deseribes, without figuring, 16 forms irom Green
River beds near Fossil.

74. Emmons, S. F. Green River Basin: De-

seriptive geology of the Basin region.

Rept U, 3. Geol. Explor. 4ith Puar,
Descriptive Geology, 1877, pp. 250-253.

vol, 2,

75. —— Utah Basin: From Aspen to Echo City.

Rept. U. 8. Geol. Explor. 40th Par., vol 2.
Descriptive Geology, 1877, pp. 326-330, 337-338.

Inthis and the preceding title, arens slong Oyster
Ridge from Aspen to Evanston and north nlong Bear
River Valley are discussed.
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76. Meek, . B. Paleontology.

Roept. U. 8. Geol. Explor. 40th Par., vol. 4, Orni-
thology and Paleontology, 1877, pp. 10-12, 143 ('L
XTI, 2, 243, 163-182 (Pls. XV I, XVIT).

So far as this report relates to this area it is based
wholly on muterial collected by Engelmann in 1848.
Inoceramus problematicus is figured and described
from Oyster TLdge sandstone near Old Bear River
City, as well as muny species of Bear River fossils
from the same loculity.

1878.

77. Cope, E. D. Descriptions of fishes from the

.

Oretaceous and Tertiary deposits west of
ihe Mississippi River.

Ruil. U. 8. (eol. and Geog. Survey Terr., vol. 4,
MNo. L, 1878, pp. 7477 -

Descnbes Prescarare oxyprion from “‘a deposit of
Green River shales on Dear River, Wio.,” P. peali
“from Creen River formufion of Wyoming,” P.
clivosa, and Dapedoglossus xquipinnis. All of these
except P. peali, which came from a point just west
of Mams Fork on the old Sublette ‘L'rall, came from
the vicinity of Fossil. '

78. King, Clarcnce. ' Sysiematic geology.

79. Lesgquereux, Leo. The Tertiary flora.

Repl. U, 8§ Geol. Explor. 40th Par., vol. 1, 1878,
pP. 304, 325-326, 870, 372-373, 375-376, G08.

Gives portion of detailed data alrcady published
in Nos, 74 and 75,

Con-
tributions o the fossil flora of the Western
*Territories, Part 11. .

Rept. U. 8. Geol. and Geog. Survey Terr., vol. 7,
1878, pD. 19, 73-74, 92 (PL. IX, fig. 2), 138 (Pl XV1I,
figs. 21-23), 130 (P1. XVTII, fign. 1-5), 140-141 (PL
MVIIL figs. 6-8), 161 (P1: XX, fig. 2, (73 (TPL. XXIV,
fig. 7), 177-178 (P1. X X1V, fig. 3), 203-204 (PL. XX XTI,
figs. 1-3, Pk LXI11, fig. 8), 204-205 (11 XXXIV, figs.
1a, 2), 218214 (PL XXXVI, figs. 14, 7), 214 (Pi.
XXXVI, figs..5, 6, 8), 217-218 (Pl XXXI1V, figs. lc,
13; Pl XXXV, lige. 8, 9, 219 (PL XXX V1, fig. 12),
228-22" (F1. XT.. fig. 1), 233 (). LIX, fig. 13), 241 (Pl
XLI, fig. 8, 244 (P1 XLIT, figs. 4, 5), 270, 281289,
985-286 (Pl LIV, flg. 13), 286 TPL LV), 239-290 (PL.
LVTT, figs. 1-5, P1 LVIII, fig 2),291-202 (PIL. L, fig.
4; Pl. LVIII, figs. 5-8), 299 (Pl. LIX, figs. g, 8a), 301
(PI. LIX, figs. 13, 14}, 302 (PL. LX, figs, 1-1a), 304,
304 (1. LX, figs. 20, 21, 305 (PL LX, fig. 22).

Gives section at Almy and Dby inference includes
heds of eoal at Coalville nnd on Sulphur Creek in the
Lignitic Tertiary. Lists, deseribes, and figures 28
species of plants from Evanston. Concludes that
Evanston beds are distinet from snd older than the
Carbn beds, bul, younger than the Bitter Creek beds.
Age is provisionally considered Miocene.

80. White, C. A. TPaleontological papers No. 6.

Description of new species of invertebrate
fossils from the Laramie group.

Bull. U. 8. Geol. and Geog Survey Terr., vol. 4,
No. 3, 1878, pp. 714, 715, 716.

. Gannett, Henry.

Lo
o

A

80. White, C. A-——Continued.

Describes Acella haldemani, Neriting naticyforms
from Bear River beds on Sulphur Creek; Heliz erans-
tonensis from the Evanston coal beds, and Genio-

basis endlichi from Bear River beds, 7 miles north-
west of Evanston. v

. — Paleonfological Papers No. 7; on the dis-

tribution of molluscan speciesin the Laramie
group.
Bull. U. 8. Geol. and Geog. Burvey ‘Lerr., vel. 4,
No. 4, 1878, p. 722. .
Inclades ** Evanston Coal Beries’ in the Laramie
and gives list showing [our species common
with Judith River beds.

1879.

. Bannister, . M. Noteon theage of the Lara-

mie group or Rocky Mountain Lignitie for-
malion.

Am. Jour. S¢1., 3d ser., vol, 17, 1879, pp. 243-245. -

Criticises King’s statements (No. 78) regarding the
Evanston locahty. .
Additional lists of eleva-
tiona.

Bull, U. 5. Geol. und Geog. Survey Terr., vol. 3,
No. 3, 1879, pp. 493-444, 447, 4bd.

Gives corrected elevations of stations on Union

Pacific Railroad and elevations on preliminary line
Evanston, Wyo., to Fort 11all, fdaho,

84. —— [Report on topographic work of Green

River division for 1877, with topographic
maps.]

Eleventh Ann. Rept. U, 8. Geol, and Geog. Suryey
Terr., 1879, pp. 87, 708-710, Pls. LI, LXII.

CGives hrief account of early exploration of that
region, and topographic data regarding this area.
Topographit maps, sealé 5.5 inches to the mile, con-
tour interval200 feet, afterwards published 13 No. 85.

85. Peale, A. C. Report on the geology of the

Green River district,

Eleventh Ann. Rept. U. 8. Geol. and Geog. Burvey
Terr., for 1877, 1879, pp. 533-536, 538, 530, 574-5706, 626,
631632, 639, Pls T.TI, LIII Q-Q, LXVTIL.

Discussion, with topographic maps by Tlenry Gan-
nett, of all the region deseribed in this reporl north
of T, 20 N. The broader structural features of the
region-—the Meridian antichine, the Rock Creck anti-
cline, and the Absaroka fault—are recognized. Coal
18 reporied near OQakley, at Hodges Pags (ealled here
“Bell’s Pass’"), and on Twin Creek at Sape. Lists
of Bear River fossils are given from east of Waterfall
and it Sage.

The Laramie group of western Wyoming
and adjacent regions.

Bull. U. 8. Geol. and Geog. Survey Terr, vol 5,
1879, pp. 196-197. -

Gives list of Bear River fossi}s colleeted near pres-

ent sites of Waterfall and Sage, also published in
No. 8.
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87 White, C A. Repori on palcontological ficld

work for the seagon of 1877

Eleventh Ann Rept. U S Geol and Geog. Surwy
Terr., 1879, pp 170-171, 240-250.

Gives detailed results of examnations neur Dear
River City and Almy in the summer of 1877, with
detailed hist of Iossils

88 —— Contributions to nvertebrate paleon-
tology No. 1. Cretaceous fosstls of the west-
arn States and Territorics

Eleventh Ann Rept. U. 8. Geel. and Geog. Survey
Terr, 1876, pp. 278-279 (P1. V11, 14a), 289 (P1 III, 2a,
B, e}, 201 (Pl IX, da), 203 (Pl X, 5a), 308-309 (Pl
VII, 6u, b, e)

Deseribes and figures four spectes from the Falhard
TEgIon.

89, Wilson, A.D. Report on primary triangula-
tion of 1877 and 1878

Eleventh Ann Rept U 8. Geol. and Geog Survey
Terr for 1877, 1879, pp 0A4-655. Gi1-0LY.

Reporta viaiting Evanston, 1877, for the purposc of
connecting Ltriangilation avith latitnde station near
Evanston estabitshed Ly Boundary Survey, and with
trangulation station on Meditine Butte  Gives
results of observations, with maps

1880.

90 White, C. A
paleontology No 4
group.

Jontributions to invertehrate
Fossils of the Laramie

Qeparate, 1880 (sec Am  Jour Ser, vol. 25, 1883,
P 208).

Twelfth Ann Rept U, 8 Geol. and Geog Survey
Terr , pt 1, 1883, pp 53-55, 71, 79, 82, 84, 87, 89, 01-93
(Pl XXX, 95, 102 (Pl XXX)

Discusses stratigraphy north of Evanston, Wyo
(hives list of mvertebrate fossds from * coul-bearing
beds near Evanston” and describes and figures
numerous forms from Bear River formation on Sul-

phur Creek and 7 miles north of Evanston
1881.

91 White, C. A Descriptions of new inverte.
brate fossils from the Mesozoie and Cenozoie
rocks of Arkansas, Wyomimg, Colorado, and
Utah.

Proe U 8. Nut Mus, vol 3, 1881, pp 160
Describes Helix (Patula) sepulte n s from coul-
hearng sertes at Evanston, Wys

1883.

92 Cross, Whitman Ores,
Wyoming .
Mineral Resources U 8 for 1882, 1883, p 75y

Reports ' sulphtur 1in Uwmnta Monntans, Uinta
County, undeveloped. 0 nules southwest of Evans-
ton.” Thias s also mentiwohed in Min Res for 1883
and 1884, p. 864, Mun. Res for 1885, p. 497, Min Res for

mnerals, ete,, 1n

AND GEOLOGY OF SOUTHWESTERN
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92 Cross, Whitman- -Continued

1830, p 645, Min Res for 1887, p 810, and by Knight
{No. 129), hut without any additional details or
fucts

93. Molt, G L. Holt’s new map of Wyoming
Compiled by permlssmn from official rec-
ords 1n United Slates Land Office.  Frank
and. Fred Bond, draftsmen. Engraved and
printed by G. W & C B Colton & Co.
New York Scale, 12 mules to 1 inch
Cheyenne, Wyo , 1883,

See note under No. 96

4, Lesquereux, Leo Cretaceous and Tertiay
floras  Contmbution io the Tertiary flora of
the western Territories; Part TIT

Repl. U, 8 Geol Burvey Terr, vol 8, 1883, pp
127-128, 140-141 (Pl XXIIY, figs 1-3a), 141-142 (Pl
XXXIM, fig 44a), 144 (P1 X X1V, figs 1-23), 154
(Il XXVIII, fig 12, 155 (P1 XXVIII, fig 10y, 155
(Pl XXXI, fig 12), 150-160 (Pl XXXII, fig 1), 163
(Pl XXXVIIL fig 7, 8, 175 {P1 XXXIV, figs 10,
i1), 180 (Pl XXXVI, figs. 6, ), 183 (Pl XXXVITI,
fig 13), 197 (P1 XL, figs 6,7),199 (Pl XLIV, fig ),
204 (P! XL, figs 20, 21), 205, 206-212

Dolines Green River group to wnelude Wasatch,
Green Raver, Bridger, Uwnta, and White River beds
Dusceribes and figures 14 specles of plants from Green
Raver beds * in Randolph County, Utal’’ (n two
places given as Colorade), which Ward and Knowlton
rogard as meuaning the headwaters of Twin Creek in
Unta County

95 Peale, A (., and Gannett, Henry [Geolog-
vical and topographical] Map of | western
Wyoming, southeastein Idaho, and .north-
vastern Utah  Scale, 4 miles to 1 mch; con-
toure 1nterval, 200 fect, geology, by A. C.
Peale, topography, by Henry Gannett.

Twelfth Ann Rept U S Geol. and Geog Survey
Terr, 1878, 1883, maps and panoramas

Used in compiling ' Geologieal map of portions of
Wyoming, Idaho, and Utah, scale, 81mlesto 1 inch,”
and ‘ General map of area explored und mapped by
Dr. F V Hayden, 1869-1880, scale, 41 03 mules io 1
inch,’” published by Tayden Survey

In the geology the one notable error s the map-
pmng of the melined Cretaceous between Bell's (now
Hodges) I'ass and ITanvs Fork as Wasatch The
geologic subxlivisions mapped in this arca are Car-
bomferous, Red Beds (Trnassic), Jura-Tnas, Juras-
gie, mucddle and lower Crotaceons, Fox Flills, Laramie
or post-Cretaceous, Wasateh, Green River, Bridger,
Quaternary drift.

. United States General Land Office. Ter-
ritory of Wyoming, compiled from the official
records of the General Land Office and other
sources under superviston of G P. Strum
Scale, 15 miles to 1 1nch; 1883

First publication of the resualts of the Woods and
Boland surveys of 1881 and 13882, which were supposed
to complete the subdivision ef the area under diseus-
ston  Shows Oregon Short Line Railroad and pro-
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96. United StatesGeneralLand Office—Cont'd.

jected road leading south fromn the site of Hodges
Puss tunnel along the crop of the Adaville coal
marked “W. I, & C.C. R. R.” (Wyoming Lron and
Coal Company's Rallroad). Bear River is indicated
ag fowing south.

All the subsequent editions of the Land Oflice map
are, 80 far a8 this ures is coneerned, based on exactly
the same original township plats, but vary in detail
aceording o the individual {deas of the compilers.
There atre also minor changes in the railroad stations
and the indication of projected railroads. Editions:
1888, scale, 12 mules to 1 inch; 1892, scale, 12 miles to |
inch; 1900. seale, 12 miles to 1 inch: 1903, scale, 12 miles
to 1 inch,

97. Ward, Lester F. Administrative report.
Third Ann. Rept. 1. 8. Geol. Survey, 1883, pp.
28-29.
Reports making collections around Hodges Pass
and at Bell’s Fish Cliff in September, 1881,

98, White, 0. A. A review of the nonmarineg
fossil Mollusca of North America.
Third Ann. Rept. U. 8. Geol. Burvey, 1833, pp. 440,
454, 498, Pls. VI, XX, figs. 14, 15; XXVI11, fig, 3%;
XXVII, figs. 29-31.
Figures of fossils from Bear River and Fvanston.

New molluscan forms from the Laramie
and Green River groups, with discussion of
some assoclated forms herctofore known.

Troc. U. 8. Nat. Mus,, vol. 5, 1883, p. 48,

Coneludes Pyrgulifere Meek, from Bear River beds
of southern Wyoming, the same genera as farame-
lania Smith, a recenl form found in Lake Tangan-
yiki, Africa.

100, Williams, Albert, jr.  Coal: Wyoming.
Mineral Resources U. 8. for 1882, 1883, pp. 87-89.
Yeurly production of Central Pacific (Roeky Moun-

tain Coal and Iron Company) and Union Pacific Coal
Company munes zt Almy from 1869-1870 to 1882,
Analysrs of Twin Creek coal.

1884,

101. Cope, I. D. The Vertebrata of the Tertiary
formations of the West.

Rept. U. 8. Geol. Survey Terr., vol. 3, 1884, pp. 6-10,
71-77 (Pls. V, VII, VII1I, X}, 84, 87-98, (I'ls. VIII,
XIIT, XIV), 126, 134-135 (Pl. XXIII, figs. 12-13),
143-144 (Pl, XXXIII, figs. 14-16), 524, 5206-530 (Pl.
XXIXb, figs. 4-5, Pi. XLVII, (ig. 7, Pl. XLVIII,
figs. 7-14), 544549 (T1s. XLV, XLVI, XLVTIL, figs.
1-6, PL. XLVIIT, figs. 1-6), 634,

Discusses Wasatch beds in this area. Doescribes
and figures vertebrates from the Wasatch (here
sometimes called Green River) beds near Evanston
and fish from the Green River shales on Twin Creek,
near Fossil.

102. Gannett, Henry. A dictionary of altitudes
in the United States.

Bull. U. 8. Geol. Survey No. 5§, 1884, pp. 445-449.
Subsequent editions have appeared as DBulls. 76
(1801}, 160 (1889), and 274 (1906).
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99.

27
1885.

103. Emmons, S. F., Geological sketch of Wyo-
ming.
Geological sketeh of the Rocky Mountain division,
Tenth Census U, 8., vol. 13, 1885, pp- 8(-84.
104, Ward, Lester F. Synopsisof the Floraof the
Laramie group. -
Sixth Ann. Rept. U. 8. Geol. Survey, 1885 pp. 122,
441, 443-514, 541, B51, 553; Pl XXXVII, figs. ¢-7;
Pl. XXXIX, fig. & PL XLVI, fig. 12; Pl. XLVII,
fig. 7.
Gives lists of speeies from Evanston beds and dis-
cusses (p 541) and figares material from1lodges Pass.
Samne figures, with detaled deseriptions, appear in
No. 112.
105. White, Charles A. The genus Pyrgulifera
Meck, and ity assoclates and congeners.
Am. Jour. Sci., 3d ser., vol. 20, 1885, pp. 277-280.
(Sec No. 09.)
106. Williams, Albert, jr. Coal: Wyoming.
Mineral Resources U. 8. for 1883 and 1834, 1885,
pp. 102-114.
Gives yearly production of two companies at Almy
from 1869-1870 to 1884, and Twin Oreck mines fot years
1882 to 1834,
Analyses of Almy and Twin Creek coals.

1888.

107. Ashburner, Charles A. Coal: Wyoming.
Mineral Resourees U. 8. for 1885, 1886, pp. 71-73. )
Products of Union FPacific wines at Almy from

1869 to 1885, Cenlral Pacific mines at Almy from 1870
to 1835, Twin Creek mines from 1882 to 1885,

108. Aughey, Samuel. Annual Report Terri-
torial geologist of Wyoming for year 1885,
1886,

On p. 35 refers to oil sceps near * old Bear City and
at and near Bridger,” but states that he hus explored
this distriet’’ too wnperfectly to venture a descrip-
tion.’? .

109. Stowell, 3. H, Petrolewun.

Mineral Resources U. 8. for 1885, 1886, p. 154.

Note on Twin Creek oil fleld, which was persenally
vigited by Mr. Stowell in summer of 1885, with analy-
sls of oil.

110. White, Charles A. TRelalion of the Laramie
mollusean and fresh-water Focene fauna to
that of the succeeding fresh-water Focene
and other groups.

Bull. TJ. 8. Geol. Survey No. 34, 1886, pp. 8-12, 23,
29, 30 (PI. 11, fig. 21).

Discugses age of Evanston ¢oal beds and concludes
that they are basal Wasateh.

1887,

111. Chisolm, F. F. Coal: Wyoming.

Mineral Resources U. 5 for 1886, 1887, pp. 375-377. ,
Analysis of Aliny eoal. ‘Yearly production of
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"11%. Chisolm, F. F.—Continued.
Unien Pacific mines at Almy 1869-1886, Central Pa-
cific mines at Almy 1870-1886, Twin Creek mines
1883-1885.

112. Ward, Lester F. Types of Laramie flora.
Bull, U. 8. Geol. Survey No. 37, 1887, pp. 27 (PL X,
figs. 7-8), 27 (PL X1, fig. 1), 20 (PLXIV, fig. 1),49-50
(PL. XLV1, fig. L1}, 53-54 (I'L. XXV, fig. 4).
Describes and figures five species of plants from
Hodges Pass, foar of them new.

1888,

113. Bailey, Gilbert F. [Economic geological
map of Territory of Wyoming. Scale, 12
miles to 1 inch.]

An 1888 cddigion of the Land Office map of the Ter-
ritory of Wyomurig, showing conl flelds, oil flelds, uud
mineral districts, and indotsed ** Geological features
from surveys by Gilbert E. Bailey, F. M., Ph. D.,
late geologist of Wyoming.” In this atea are shown
© Kvanston coal field,” ¢'Bear River coul field,”
*Yams Fork ecal field,” and **Bublette coal feld.”
The outlines of these coul fields are mmnch more
accurate on this map than on Storrs’s map (No. 170).

114. Chisolm, F. F. Coal: Wyoming.

Mineral Rescurees U. 8. for 1587, 1888, p. 380.

Produetion of Union Lavific mines at Almy 1369-
1887; Central Paclfie, 1870-1887; "I'win Creek, 1882-1885.

115. Lesquereux, Leo. Recent deierminations
of Jossil plants from Kentucky, Louislana,
Orcgon, California, Alaska, Greenland, etc.,
with descriptions of ncw species.

Proe. U. 8. Nat. Musg., vol. 11, 1888, pp. 37-38.

Desceribes specimens in the National Museum which
Frémont collected 1h 1843 on Little Muddy Fark, near
Cumbhberland Gap, and which were originally desenibed
by Tall in 1845. e is morc posifive of the Oolitic
character of this muatorial than Hell (Noa. 5, 6).

116. Ricketts, Lonis D. Annual Report of Terri-
torial geologist of Wyoming for 1887, 1888.

Pages 9-10, 22-24, 41-43. .

Gives data regarding coul mines at Almy and Twin
Creek based largely on the “* Mineral Resources of the
Tnited States,” Discusses the oil springs at Carter
and Hilliard, evidently from neinal study in the field,
and the oil spring on Twin Creek frotn report.

117. White, C. A. [Administrative Report Meso-
zoic division of Invertcbrate paleontology.]

Seventh Ann. Rept. U, B. Geol. Burvey, for 1885-
1886, 1888, pp. 118-119. .

Reports that in Augnst, 1885, he studied the coal

at Evanston and concluded that it belongs to the
Wagatch group (No. 110).

- 1889.

118, Ward, Lester F. The peographical distribu-
tion of fossil plants.

Eighth Aro. Rept. U. 8. Geol. Survey, for 1386~1857,
pt. 2, 1889, pp. 906008,

GEOGRAPHY AND GEOLOGY OF SOUTHWESTERN WYOMING,

118. Ward, Lester F. —Continued.
Mentions » Frémont c¢ollection on Liltle Muddy
Creek cast of Cumberiand, the collection of the Hay-
den parties at Livanston, the materizl obtained hy
Ward at Todges Pass, and the material described
by Lesquereux from **Randolph Co., Utah.”

1830,

119. Chisolm, ¥, F. Coal: Wyoming.
Mineral Resourees U. 8. for 1888, 15890, pp. 392-394.
Yearly coal production of two companics at Almy
from 1869-1870 to 1888, together with number of men
employed in 1888.
120. Ricketts, Louis D. Annual Report of Terri-
torial geologist of Wyoming [ior 1888 and
1889], 1890.
Yogos 6-12, Tabla No. 4, pp- 51, 63, 65, 'L 1.
Contains detailed description of Almy mines, with

gections of eon) scanms, based on examination made in
September, 15889,

1891.

121, Clark, W. B. Correlation papers—Focvene.
Bull. U. 8. Geol. Burvey No. 83, 1591,

122. Scudder, Samucl H.  Administrative Report
for 1889-1890.
Eleventh Ann. Rept. U], 8. (ieol. Burvey, pt. 1, 1841,
p- 123
. Reports that be vimted Fossil in 1880 in senrch of
fossil insects, but that ‘' little was obtained.”

123. White, CG. A. Corrclution papers—()rcta:-

ceous.
Bull, U, 8. Genol, Survey No. 82, 1881, pp. 153.
1892. :
124. Chisolm, F. ¥. Coal- Wyoming, Uinta

County.

Mineral Resources U. 8. for 1889 and 1800, 1892, p. 254,
Gives production of the two companies at Almy
from 1869-1870 Lo 1800,

. .
125. Earle, Charles. Revision of the species of
Coryphodon.
Bull. Am. Mus. Nat. Mist., vol. 4, 1892, p. 151.
126. Stanton, T. W. The stratigraphic position
of the Bear River formation.

Am. Jour. Bel., vol. 13, 1892, pp. 98-115.

Discussion of field examination of the Bear River
formation at Bear River City, on Bear River 7 miles
north of Evangton, at Waterfall and Sage, and other
points outside of ihis areg, which resulted In the im-
portant deterttination that the Bear River formation
is the lowest rather thau the highest member of the
fossiliferons Cretaceous of this region.

127. White, C. A. Administrative Report of divi-
sion of Mesozoic invertebrates.

Thirteanth Ann. Rept. U. 8. Geol. Survey, for
1891-1892, pt. 1, 1892, pp. 140-141,
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127. White, C. A —Continued.

Reports that ne and Mr. T. W, Stanton worked in
southwest Wyoming on the ' so-called Bear River
Laramis in July and August, 1891,

128. —— On the Bear River formation, a series of
gtrata hitherto known as the Bear River
Laramic, '

Am. Jour. Sci., vol. 43, 1892, pp. 91-97.

Tristorical review in connection with Stanton’s
article (No. 126).

1893. :

129, Enight, Wilbur C.
resources of the State.

Notes on the mineral

Bull. Wyo. Exp. Station No. 14, Oct. 1893, pp. 130,
137-139, 146-148, 154, 189, 107-168.

Contains data regarding sulphur (see No, 92), oil
and coal in southern Uinta County, for the most part
compiled. Gives data regarding Red Canyon and
Almy, Twin Creek, and Hams Fork mines.

130. Marsh, 0. C. TRestoration of Coryphodon.
Am. Jonar. Sci., 3d ser., vol. 45, 1893, p. 321, P1. V1,
Gives historieal data regarding finding of Corypho-
don near Evanston and plate showing -restoration
of C. hamatus. '

131. Parker; E. W. Coal: Wyoming, TUinta
County.
Mineral Resources U. 8. for 1891, 1843, pp. 3543565,

Gives yearly production of two companics at Almy
from 1869-1870 1o 1801,

Coal: Wyoming, Uinta County.
Mineral Resources U. 8. for 1802, 1808, pp. 548-540.

Gives yearly production of two companies at Almy
from 1869-1870 to 1892.

133. Stanton, Timothy W. The Colorado forma-
tion and its invertebrate fauna.

Bull. U. 8. Geol. Survey No. 106, 1893, pp. 45, 56-57
(PL 1L, fig. 1, PL.ITL, fig. 12), 67 (Pl VIIL, fig. 7, 68-69
(PL VIIT, fig. 11y, 89-9% (P1. XX, hgs. 1, 2), 99100
(PL XXIT, fig. 10}, 101-102 (PL. XXT1L, figs. 1,2), 110
(PL XXV, iig. 1), 123-124 (PL. XXVTII, figs. 7, 8, 128
(Pl. XXVITL, figs. 4, 5), 130, 149, ’

Dosoribes and figures all the species found, up to
that time, in the beds ealled in this paper the ** Fron-
tier formation,” and called the “Fox Hills” by the
early geologists.

132.

1894.

134, Hewitt, G. C. The coal ficlds of Wyoming.
Mineral Resources U, 8. for 1893, 1894, p. 414.
Gives brief note on Hums Fork and Bear River
(Almy) flelds. Regards coal as Laramie.
135. Parker, kK. W. Coal: Wyoming,
County.
Mineral Resources U, 8. for 1893, 1894, p. 410.
Gives yearly production of two companiesnt Almy
from 18(9-1870 to 1883,

Uinta,

29
1895.

Knight, Wilbur C.
of Wyoming.

136 Coal and an,l Measures

Sixteenilh Ann. Rept. U. 8, Geol. Survey, pt. 4, 1895,
pp. 208, 210-211, 212.

Gives tubles by Slosson and Celburn (No. 138) and
states that coal-bearing rocks are found at ' *Henrys
Fork, Almy, Twin Creek, Hams Fork and Coalville
[Cokeville]l. The last four localities are probably in
the same coal field, which belongs to the lower Cre-
taceous, and has been kuown as the Dear Ttiver
group.” This erroncons conclusion is  probably
based on a misinterpretation of the facts collected
by Dr. Stanton (i24). '

137. Parker, E. W. Coal: Wyoming.

Sixteenih Ann. Rept. U. 8. Geol. Survey, pt. 4, 1805,
pr. 216-217.

Coal statistiea for Uwmta County for 1893 and 1804,
Annual coal production for Uinta County from
1869 to 1894. '

138. Slosson, Edwin E.,and Colburn, L. C. The

heating powera of Wyoming coal and oil.

Univ. of Wyo. Special Bull., Tan., 1895, pp. 7-11,
Gives tests and analyses of three samples of coal
from Hams Fork and four from Almy.

139. White, C. A. The Bear River formation and
its characteristic fauna.
Bull. U. 8. Geol Survey No. 128, 1895. 108 pp.,
11 plates. .
Contains figures and descriptions of the Bear River
fossils found at Hilliard, north of Evanston, at
waterfall and Sage. TEmbodies material given in
- Nos. 125 and 127

1896,

140. Darton, N. H. Catalopue and index of
contributions to North American geology,
1732-1891. .

Bull. U. B. Geol. Burvey Ne. 127, 1806, pp. 1041-1095.

141. Enight, Wilbur C.
Wyoming.]

{Petroleum fields of

Nineteenth Ann. Rept, U. S. Geol. Survey, pt. 3,
1896, pp. 704, 706,

Condensed from paper in American Manufacturer,
Gives nmong oil fields of State Sulphuor Creek, Carter,
I'win Creek, and Fossil. As the last two are the
same, it is evident, that he had not at this time visited
this area. The Bulphur and Twin Creek oil is re-
garded os Laramie? and the lagt as Wasatch?

142, Parker, E. W. Coal: Wyoming.

Beventeenth Ann. Rept. U. 8. Geol. Survey, pt. 3,
1896, pp. 537-538. . ’

Coal sintistics for Uints County for 1894 and 1805.
Yearly preduction of ¢oal for Uinta County, 1869 to
1895.

o

P
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1897.

Knight, Wilbur C.
Wyoining.

Mincral Industry for 1896, 1807, pp. 442-450. Essen-
tially the same as No. 138,

Parker, E. W, Wyoming: Coal.

Eighteenth Ann, Rept U. 8. Geol. SBurvey, pt. 5,
1847, pp. 629-630.

Coul statisties of Uinta County for 1895 and 1896.
Yearly coal production for Uinta County from 1869 to

1806, !

Stanton, T. W_, and Enowlton, F. H. [Ad-
ministrative report on explorations in
Wyoming by Sfanton-Knowlton party in
1896.]

Eighteenth Ann. Rept. 1. 8. Geol. SBurvey for 1806
1897, 1897, pp. 63-64,

Stanton, T. W.,und Knowlton, F, H. Stra-
tigraphy and paleontology of the laramie
and related formations in Wyoming.

Bull. Geol, Soc. Am., vol. 8, 1897, pp. 148-148.

Qives ghort discussions of Evanston and Hodges
Pass localities, which the authors visited in 1806.
Conecludes that Wasateh is uneonformable on coal-
beating beds. Ilora upper Laramie. Suggests that
Hodges Pass materlal represents downward con-
tindation of the Evanston heds.

1898.

Knight, Wilbur C.
clays of Wyoming.

Eng and Min Jour., vol, 86, 1898, pp. 546-547.
Reports sandstone guarry and brickyard at Evan-
ston.

143. The petroleum fields of

144.

145,

146.

147, The bulding stones and

148. Knowiton, F. H. A calalogue of the Creta-
ceous and Tertiary plants of North America,
Bull. U. 8 Georl. Survey No. 152, 1898,
. Parker, BE. W. Coal: Wyoming. . .
Nineteenth Ann. Rept. U. 8. Geol Sarvey, pt. 6,
1868, pp. 540, 541.
Coual statistics for Uinta County for 1896 and 1807
Yearly coal production for Ulnta Coumty from 1869
to 1897,

1899,
Knight, Wilbur C., and Slossen, K. L. The

oil fieclds of Crook and Uinta counties,
Wyoming.

160,

Bull School of Mines, Univ. Wyoming, Petrolenm
Beries, No. 3, 1899, pp. 11-25, 30-31, 1 map, 3 cross sec-
tions.

A husty reconnaissance yvielding int this aren inac-
curitbe and erroneons conclusions.

151. Matthew, W. D. A provisional classifica-
tion of the fresh-water Tertiary of the West.

Bull. Am. Mus. Nut. Hist., vol. 12, 1899, pp. 33-34.
Gives location of type specimens of vertebrates
from the Wasatch beds at Evanston, Wyo.

GEQOGRAPHY AND GEOLOGY OF

SOUTHWESTERN WYOMING.

152. Parker, B. W. Coal: Wyoming.

Twentleth Ann. Rept. U. §. Geol. Survey, pt. 6,
1899, pp. 505, 500.

Coal slatisties for Uinta County for 1897 and 1898;
yearly coal produetion for Uinta County froni 1895
to 1805 :

153. Baldwin, H. L. [Triangulation stations,
Utah-Wyoming.]

Fwentieth Ann., Rept. U. 8 Geol. Burvey, pt. 1,
1809, pp. 275-277.

Describes and gives longitude and lutitude of tr-
angulation stafions at Medicine Butte and Bridger
Butte, estallished in 1898, (3es No. 161 for correeled
valueg.)

1900.

154. Gannett, Henry. Boundaries of the United
States and of the several States and Terri-
tories, with an outline of the history of all
important changes of territory. (Second
adition.}

Bull. U, B. Geol. Burvey Nuo. 171, 1900, p. 130, Pls. L,
L1I, LI11.

First edition published as Bali. U. 8. Geol. Survey
No. 13, 1885

Enight, Wilbur C. A preliminary reporton
the artesian basing of Wyaming.

Bull Wyo. Univ. Exp. Station No. 45, 1900, pp. 146,
157, 160, 225-228, 245-246. See. XI, gealngie map.

155.

156. —— Untversity of Wyolning reconnaissance

geclogical map of Wyoming., Scale. 12
miles to 1 inch {1900].

Accompanying Boll Wyo. Exp. Station No. 45,
1200, i

Modified in this arca from King and Hayden maps,
and on the whole, though very crudely drawn, a dis-
Linct ndvnnece on the geological cartography of this re-
gion, Shaowsthefollowing subdivisions. Carbonifer-
ous, T'rinssic, Jurassio, Cretaceous, Tertiary, Eruptive
The latter is a limited area south of Sage, evidently
based op one of the outerops of the Fowkes farmation
in Dry Hollow.

1901

157. Xnight, Wilbur ¢. The petroleum fields of
‘Wyoming,
Eng. und Min. Jour., val. 72, 1901, pp. 3568-359, and
map.
Contains map showing limiicd areas marked Hil-
. liard, Carter Spring Valley and Twin Creek fields.
Eecords one pumping well in the Carter field (1) and
one pumping well in the SBpring Valley field The
Twin Creek oil 1swegarded as Lararnie, the Carter ag
Laramie? and the Spring Valley as Bear River?,
158. Parker, E. W. Coal: Wyoming.
Twenly-first Ann. Rept. U. 8. Geol Survey, pt. 4,
1401, pp. 515, 51§,
Coal statistics for Uinta County for 1898 and 1399;
yeurly coal production for Uinta County from 1895 to
1899.



BIBLTOGRAPHY.

159. Parker, E. W. Coal: Wyoming, Uinta
County.
Mineral Resources U. 8. for 1900, 1901, pp. 455-456.
Coal statistica for 1899 and 1900. Coal production
1895 to 1900,

160. Warman, P. C. Catalogus and index of the
* publications of the United States Geological
Survey, 1880-1901.

Bull. T. 8. Geol. Sarvey No. 177, 1001, pp. 851-855.

"Wilson, H. M., Renshawe, J. M., Douglas,
E. M., and Goode, R. U. Results of pri-
mary trispgulation and primary traverse,
figcal year 1800-1901.

Bull. U, 8, Geol. Survey No. 181, 1901, pp. 195, 198,
202.

Gives recomputed longitude and latitude values for
Medicine Butte, Bridger Butie, nnd southwest corner
stone of Wyoming. (See No, 153.)

1802,

Gannett, Henry. Origin of certain place
names in the United States.

Bull. U. 8. Geol. Survey No. 197, 1002.
Second edition published as Bull. No. 258, 1905,

161.

162,

183, Hay, Oliver Perry. DBibliography and cata-
logue of the fossil Vertebrata of North Amer-
ica.

Bull. U. 8. Geol. Survey No. 179, 1602, 838 pages.
164. Knight, Wilbur C. Petroleum in Wyoming.

1802,

Proc. Wyoming Industrial Convention,
pb. 42-43, 47, with smull-scale text map.
Essentially the samo as No. 157,
-——— The petroleum fields of Wyoming, L11.
The fields of Uinta County.
Eng. and Min. Jour., vol. 73, 1902, pp. 720722, 4 figs.
Presenis geologic cross section of Thilliard, Spring
Valley, and Carter and Twin Creek oil fields. Names
Hilliard and Frontier formations
Oliphant, ¥, . Petrolecum: Wyoming.
Mineral Resources U. S, [or 1801, 1802, p. 563.
Records discovery at Spring Valley and action of
* General Land Offiee.
Parker, II. W. Coal: Wyoming.
Mineral Resources U. 8. for 1901, 1902, p. 448.
Coal statistios for Uinta County for 1900 and 1901.
Quealy, P.J. Coal mines and mining.
Proc. Wyoming Industrial
pp. 90-9L. -
QGives data regarding phenomenul developient, of
coal mines at Dinmondville and Kemmerer.
Storrs, L. 8. The Rocky Mountain coal
fields.
Twenty-second Ann. Rept. U: 8. Geol, Burvey,
pt. 3, 1902, pp. #44-446, P1. XXX
Discusses briefly *‘HMams Fork, Almy, and Sub-
lette’s conl fields,” evidently from ecmpiled data.

165.

166.

167,

168.

Convention, 1902,

169.

31

170. Storrs, L. §. Northern Rocky Mountain coal
fields, showing Cretaceous coal-bearing
arcas.  Scale, 40 mileg to 1 inch. ‘

‘I'weniy-second Ann. Rept. U. 8. Geol. Survey,
pt. 3, 1902, Pl, XXX,

Shows "“Hams Fork field’’ and ‘‘Suablette ficld’’
and indieates Evansion and Bear River fields. Bvi-
dently a compilation. On the whole ouich less accu~
rate than No. 113.

171. Weeks, F. B. North American geologic for-
mation names; bibliography, synonymy,
and distribution.

Bull. U. 8 Geol. Survey No. 191, 1902, 448 pp.

172. - Index to North Amecrican geology, pale-
ontology, petrology, and mineralogy for
1892-1900, inclusive.

Bull. U. 8, Geol. Survey No. 189, 1802, pp. 334-337.

Index to accompany abliography for syme peried
published as Bull. No. 188, which is 2 combination of
the yearty biblicgraphles published as Bulls. No. 130
(1892-1893), 135 (1894), 146 (1895, 149 (IBYL), 156
(1867), 162 (1898), and 172 (1899), with additions for
the year 1900.

173.

Bibliography and index of North Ameri-
can geology, paleontology, petrograpby,
and mineralogy for the year 1901.

Bull. U. 8. Geol. Burvey No. 208, 1902, pp. 44.

1203.

174. Hufford, V. Map of the oil field, Uinta.
County, Wyo. [Scale, 4 miles to 1 inch.]
Pacific 0il Reporter, vol, 4, June 6, 1903, pp. 13-14.

A crude compilation of Government land plats
showing claims of eertain companies. .

175. Knight, Wilbur C. Coal fields of southern
Uinta County, Wyo.
1 Bull. Geol. Soc. Am., vol, 13, 1903, pp. 542-544,
Names Frontier and Hilliard fermations, the for-
mer containing the coals worked gt Frontier, Dia-
moendville, and Cumberland, and the latter including
the shales extending from thesc coal-hearing beds to
the coal-besring beds containipg the Adaville and
Twin Creek coals.

-176. Pacific 0il Reporter.
ming.

Pacifie Oil Reporter, vol. 4, June 6, 1903, pp. 2-19.

Deseription of southern Unta County field, with
numerous half-tones and sketch map, by V Hulford.

177. Richardson, Charles O. Uinta County,
Wyo., oil fields, Spring Valley district.
Copyright, April 19, 19803, by Chas. 0.
Richardson. {Scale, 3 miles to 3 inches.
Hachure topography.]

Covers aren, Tps. 13-17 N, R, 114-121 W.and is a
very careful and faithful copy of the original town-
ship plats with some minor additions. Tf is decid-
edly the most accurate published map of this area.

The oil fields of Wyo-
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77

178.

179.

180.

181.

182,

183.

184.

185.

186.

187.

GEOGRAPHY AND GEOLOGY OF SOUTHWESTERN WYOMING.

. Richardson, Charles O.—Continued.
A broad helt of color extends northeast and south-
west across the map, presumably showing valuable
oil territory. In margin is given diagram showing
““Approximate log of the Union Pagcific oil well near
Spring Valley,” cte.

Warman, P. C. Caialogue and indexof the
publications of the United States Geolog-
ical Survey, 1901 to 1903.

Bull. U. 8. Geol. Burvey No. 215, 1803, pb. 232-233.

Weeks, F. B. Bibliography and index of
North American geology, paleontology,
petrology, and mineralogy for the year 1902,

Bull, U. 8. Geol. Survey Ne. 221, 1903, p. 200,

1904.

Hayford, John ¥. Precigse leveling from
Red Degert, Wyoming, to Owyhee, Idaho.
Rept, Supt. U. 8. Coust and Geodetic Survey for
- 1004, Appendix 6, 1904, pp, 401-430.
Qives results, with description of beneh marks of

line run through this arca along the Union Pacific
Railroad by Ralph L. Libby in May-July, 1903.

Oliphant, F. H. Petroleum: Wyoming.

Mineral Resources U, 8, for 1902, 1904, pp. 563, 565,
Analyses of Spring Valley petroleum by Dr. F.
Salathe and Wilhur C, Knight.

Parker, E. W. Coal: Wyoming.
Mineral Resources U, B. for 1902, 1904, pp. 445-446
Coal statistics for Uinta County for 1901 and 1902.

Wyoming: Coal.
Mineral Resources U. §. for 1903, 1904, pp. 536-537.
Coal statistics for Uinta County for 1902 and, 1903

Bchmeckebier, L. F. Catalogue and index
of the publications of the Hayden, King,
Powell, and Wheeler surveys.

Bull. U. 8. Qeol. Survey No. 222, 1904,

Weeks, F. B. DBibliography and index of
North American geology, paleontology,
petrology, #nd mineralogy for the year 1903.

Bull, U. 8. Geol. Survey No. 240, 1004, p. 243.

1905.

Hayford, John F. Precise leveling from
Red Desert, Wyoming, to Seattle, Wash.,
1903-1904.

Rept. Supt, U. 8. Coast and Geodetic Survey for
1905, 1905, p. 203.

Gives corrected elevations of benth marks in this
region described in No. 180,

Parker, E. W. Wyoming: Coal.
Mineral Resources U. 8. for 1904, 1905, pp. 575-576.
Coal statistics for Uinta County for 1003 and 1904.
Coal products for Uinta County from 1900 to 1904,
inclusive. .

i88.

189.

190.

Potter, Alberi F. Grazing lands, western
United States (general location and area).
|Scale, 37 miles to 1 inch. Portion of Land
Office base of United States.]

Accompanying Grazing on the Public Lands. Ex.
tracts from the report of the Public Lund Commis-
sion, Senate Doc. No, 180, 58th Cong., 3d sess., 1905.
Reprinted as Buall. 1. 8. Forest SBervice, No. 42, 1905,

Represents the whole area west of Oyster Ridge
excepl a narrow strip along Twin Creek as *‘wintor

range only.”  The map shows no irrigated land in
this arca.

Schuchert, Charles, aud others. Catalogue of
type and figured specimens of fossils, min-
erals, rocks, and ores in the department of
geology, United States National Museum.
Part 1. Fossil Invertebrates.

Bull. . 8. Nat. Mus. No. 53, pt. 1, 1905, 704 pp.

Trumbull, L. W. A preliminary report upon
the coal resources of Wyoming.
Dull. Unjv. of Wyoming Sehool of Mines No. 7, 1905,
pp. 8-13, 41, 47, B7-02. .
Abs. Mimng Mag., vol. 13, 1906, pp. 246-248.
Production, analyses (given in No. 135), and short
descriptions of Uinta County field with view of Kem-
mnerer Coal Company’s mine at Frontier.

191. —— A map of Wyoming showing the coal- |

192.

193.

194.

195.

hearing areas, 1905. Bcale, 34.3 miles to 1
inch. .

Accompanying Bull. Unfv. of Wyoming School of
Mines No. 7, 1905, .

Map roughly shows *‘Cretaceous’” and **Cretaceous
covered with Fertiary’’ and certain unshaded areas
for the most part clearly pre-Cretaceous. In south-
ern Ulnta County largely the same a8 No. 158, from
which it was evidently compiled.

1306.

Veatch, A. . Coal and oil in southern
Uinta County, Wyoming.

Bull. U. 8. Geol. Survey No. 285, 1906, pp. 331-333,
Pls, X-XII. ‘

Preliminary statement of results discussed in the
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CHAPTER II.
GEOGRAPHY.

T.OCATION.

With relation to political subdivisions the area discussed in this report is in the
southern part of Uinta County, Wye. Its northern and castern boundaries lie,
respectively, about 35 miles east of the western boundary of the State and 70 miles
north of the southern boundary, and on the south and west sides it- includes an
inconsiderable portion of Utah. With relation to the globe, it extends roughly from-
latitude 41° to 42° N., and from longitude 110° 24’ to 111° W. of Greenwich. (See
index map on PL IIL.) Precise knowledge regarding the location of several points
in and near this area has been obtained by the United States Geological Survey in
connection with its work on the Coalville and Hayden Peak (Utah-Wyoming)
topographic sheets, and the values determined for certain poinfs, together with
descriptions of tr mnéulatlon stations, are given below:

Geographic positions in southern Uinta County, Wyo.

[From observations by United States Geological Survey.a)

Locality. Latitude. Longitude,

Medicine Butte b, -
Bridger Batte....

Mue%)ost 314, south houndary Wy()m
Uinfa-Sweetwater county lite (initial pont on south line of Wyomung). R . .
Milepost 315, south boundary Wyormng . .. ..o .l ... o] 40,59 51,20 110 02 58.92
Sougiwvﬁst corner stone of State. .. ...l 40 59 53.48 | 11t 02 56.67

o Twenticth Anm. Rept. U. 8. Geol. Burvey, pt. 1, (800, pp. 272, 373, 275, 277; Bull. U. 8. Geol. Survey No. 181, 1901, pp.

- 195, 196, 198, 202.
& The valuo of Lhis point given hy A. D. WlIaon of the Hayden survey, is: T.atitude 41° 21/ 6.5, 1ongitude 110° 54’ 42.5”.
Elevation 8,769 feet. The elevation, corrected according to revised elevation of Evanston, is 8,742 feet— Fleventh Ann.
Rept. U. 8. Geol. Survey Terr., 1877-1879, p. 661.

f

Medicine Butte.—Station is situated on butte of same name (also called “Almy Mountain”), a
fow miles east of Almy, and about 6 miles north of Evanston, Wyo.

Station mark: Copper bolt cemented in limestone rock on the summit.

Refercnce point: A rock monument, 3.8 feet distance, the true azimuth of which is 173°.

Bridger Butte.—This station is at the northeast corner of the butte locally known as Bridger Butte,
about 4 miles west of the site of the abandoned Fort Bridger.

Station wark: Copper boli cemented in rock set in ground.

Milepost 814 (Sweetwaler County).—This point was occupied 28 an aid in markmg a point on
meridian 33° wesf, of Washington, it being the three hundred and fourteenth milepost on the Utah-
Wyoming line. It lies on high rolling ground about threc-eighths of a mile west of Burnt Fork Creek.

Station mark: Aluminum tablet cemented in 500-pound water-worn granite bowlder,

' 33
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Uinta-Sweetwater eounty line.—On the State line between Wyoming and Utah, about on meridian
83° west of Washington (the old Naval Observatory), that meridian being, according to statute; the
line dividing Uinta County, Wyo., on the west, from Sweetwater County, Wyo., on the east, It falls
on ground genily sloping to the north, and was established by measuring 312.14 feet eastward from
milepost 315 on the line to milepost 314, and the point marked by a bronze tablet cemented in a
watdr-worn granite bowlder. The howlder weighs about 1,200 pounds, and projects 6 inches above
ground, with a light-red surface measuring 1% by 2 feet. It was established in the field from pre-
liminary computations, and is 7.63 fect too far east. Hlevation about 8,000 feet above sca.

This position is as near to the thirty-third meridian west of Washington as conld be determined
from the incomplete data at harid. It is based on positions of certain stations near Salt T.ake in the
transcontinental belt of triangulation run by the United States Coast and Geodetic Survey, furnished
in 1896 for use of thoe Geological Survey before the final adjustment of the whole belt was complete.
The longitudes given were west of Greenwich, and in changing them to Washington longitudes the ~
difference between Washington and Greenwich was taken as 77° 037 0.60” west, being the value given

. in all editions of the American Ephemeris prior to 1896.

Milepost 815.—On the Utah-Wyoming State line, and supposed to be 1 mile west of milepost 314,
but, in reality 82 feet greater. It stands on the side of a hill fucing north and about 312 feet west of
the county line between Ulnla and Sweetwater counties, which line was established by measuremenits
from this wnilepost and also from milepost 314.

Station inark: Aluminum bolt cemented in top of 500-pound water-worn granite howlder, marked

8.G.

U A8

Wyoming, southwest corner.—This iz the stone originally set by A. V. Richards. It is a cut
sandstone (red) projecting 5 feet above ground, with rocks piled 3§ feet high around the base. It is
also a bench mark on the level circuit from Evanston, Wyo., via Hilliard, Mill City, Weber River to
Coalville, thence to Evanston.

TOTPOGRAPHY AND DRAINAGE.

This area has an clevation ranging from 6,200 to 8,750 feet. It lies north and
east of prominent mountain ranges, and on the line of the southern extension of two
other ranges, which, though geologically passing through it, are of very little topo-
graphic importance because they are so deeply buried by Tertiary deposits. On
the south the Uinta Mountains, an east-west range, rise to a height of over 12,000
feet. Forty miles to the west this Uinta uplift joins the north-south Wasatch
Range, which is from 8,000 to 12,000 feet higch. The Wyoming and Salt River
ranges north of this area have elevations ranging from 7,000 to 10,000 feet. To the
east is the great plain-like Green River basin, whose mean eclevation is somewhat

“less than 7,000 feet. ~ '

The divide between the Green River and Great Salt Lake drainages separates
this area into an eastern and a western half, but although the waters to the east flow
directly into Green River, the streams to the west, with one exception, join Bear
River and flow over 100 miles away to the north, around the northern end of the
Bear River and Wasatch ranges, and then 100 miles to the south to Great Salt Lake,
which they enter at a point only 50 miles west of Evanston. The Eocene deposits
which characterize the Green River basin extend beyond this modern divide to
the Wasatch Mountains, and this area thus lies in the southwest corner of the old
Green River basin: In places the mantle of nearly horizontal Tertiary deposits
laid down in this old Green River basin has been worn away and the underlying,
highly inclined older beds have been exposed. The difference in the dip of these
two series has resulted in the production of two very unlike tvpes of topography.
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The upper horizontal beds produce relatively flat table-like forms, some of them
bounded by escarpments of considerable length (PL. I, A), and in some places where
the beds dip gently in one direction the harder layers produce bench after bench in
regular succession. The creek and river systems have the dendritic form.that is
characteristic of streams which flow over nearly horizontal rocks, and their branches
show no regular arrangement. On the other hand, where the older rocks are exposed
the steeply dipping harder layers produce long ridges with corresponding valleys
of the same trend, the hills and valleys showing a parallel arrangement quite different
from the irregular distribution of the hills and valleys of the younger series. So
striking is this difference that a.mere glance at the topographic features of a hill
will do much to inform the observer whether or not it is underlain by the younger
or older rocks.

As shown on.the geologic map (PL. I1I}, the older rocks arc exposed in two belts
extending through this area, an eastern and a western one. The eastern belt, except -
that portion in the immediate vicinity of Hilliard, lies for the most part east ot the
Green River-Great Salt Lake divide, and extends from near Hilliard through Cumber-
land and Kemmerer and northward beyond this area. On the east side of this eastern
belt there is o series of pronounced hogbacks, produced by the harder beds of the
Aspen and Frontier formations, the most conspicuous of which is Oyster Ridge.
This line of elevations lies on the west side of an anticline, which to the nerth rises
and produces the Meridian and Wyoming ranges. West of these hogbacks, having
the same trend, there is a broad valley, known as Mammoth Hollow, beyond which
on the west lie the hogbacks of the Adaville formation (Pl I, B) and of West
Oyster Ridge, and, in the extreme northern part of the area, Absaroka Ridge, a
southern extension of the mountain ranges to the north. The western belt lies
west of the topographic divide, and is separated from the eastern belt by the central
Tertiary plateau area. It extends from the point where Yellow Creek crosses the
State line northward along the east side of Bear River Valley beyond the limit of
the map. In it are exposed disturbed beds which represent the southern extension
of the lines of disturbance that produced the Salt River Range to the north, and
although there are in this western belt important elevations, like the Tunp Range,
Bridger Hill, the Cockscomb, and Medicine Butte, they lack the continuity necessary
to constitute a mountain range. Along the western edge of this western belt
of older rocks, where Bear River cuts out a strip of northeastern Utah along -
the Wyoming-Utah boundary line, there is a rugged area of folded Carboniferous
rocks, 2 or 3 miles wide and 15 miles long, rising 1,500 feet or more above Bear
River bottoms, known as the Crawford Mountains. This is geologically the
southern extension of the Sublette Range, although not at present connected with it.
topographically.

The divide between the Green River and Interior basins where it is crossed by
the Union Pacific Railroad has been called Aspen Divide. Farther north it is part
of the Aspen Plateau; still farther north it is crossed by the Oregon Short Line at
Hodges Pass; and north of that point and for some distance beyond this area it is a
part of Hams Fork Plateau. At the old crossing of the Union Pacific Railroad this
divide has an elevation of approximately 7,500 feet. Toward the south it rises rap-
idly, merging into foothills of the Uinta Mountains, beyond the area studied. To the
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north, in the Aspen Plateau, it reaches elevations of over 8,000 feet, but at Hodges
Pass it lowers to a little aver 7,100 feet, north of which point it again rises and passes
out of this area at an elevation of about 7,800 feet.

Immediately west of this hydrographic dividé, which is for the most part located
on relatively horizontal Tertiary deposits, there is a disconnected line of elevations,
in places towering above the hydrographic divide. This line of elevations, distinctly
connected geologically, represents the remnants of an old mountain chain, which in
the geologic past was one of the important divides of this region. The remnants of
this chain are found to-day in the Tunp Range along Rock Creek, 7,500 to 8,500 feet
high, which distinetly rises above the present divide on Hams Fork Plateau, north of
Hodges Pass tunnel; in Bridger Hill, 8,100 feet high; the Cockscomb, 8,000 feet; and
Medicine Buttbe, 8,750 feet, which is perhaps the most striking landmark of the whole
region (Pl. X1II1, A.) The present divide is situated where there was then a deep
depression, now filled with Tertiary deposits. It is not in any way connected with
the structural mountain chains revealed by geologic study. A detailed knowledge
of the geology and the geologic history is, however, necessary to understand fully
these changes, and their complete elaboration must be held in abeyance until after
the geological discussion.

The streams tributary to the Green River basin include Muddy Creek, Little
Muddy Creek with its important branch Albert Creck, from the southern part of
Mammoth Hollow, and Hams Fork. These are all tributary to Blacks Fork. The
flow of all these streams except Hams Fork is very small, sufficient only for the irriga-
tion of limited spots near the headwaters. Hams Fork, a clear mountain stream
that contrasts sharply with the muddy creeks to the south, rises in the mountains
just north of this area. It furnishes water to irrigate portions of the adjacent bottom
lands (P1. II), is utilized to float mine‘timbers down from the mountains to the mineg
at Fronticr and Diamondville, and furnishes the water supply for the, towns of
Frontier, Kemmerer, Diamondville, Oakley, and Glencoe. - It is second in impor-
tance only to Bear River. North of this Blacks Fork drainage, m the extreme north-
east corner of the area here considered, are the headwaters of Slate Creek, another
tributary of Green River. .

Bear River, the master stream of this region, rises in the Uinta Mountains about
15 miles south of the State line, enters the area at an elevation of 7,800 feet, and
leaves it at an elovation of 6,200 feet. . It flows northward through bottom lands,
which are generally about a mile wide, but which reach a width of 3 miles near the
gouthern boundary of the State and perhaps as much at a point just west of the
Crawford Mountains in Utah. The bottoms are almost entirely absent where the
river passes through a narrow gorge just above the Union Pacific Reilroad bridge,
and again at the Narrows, 18 miles below Evanston. The river furnishes water to
irrigate a large portion of the adjacent bottom and terrace lands and a portion of
Ililliard Flat—an area extending southward from Hilliard to Bear River and repre-
senting & former course of the river—and is also the source of the water supply of
Tvanston. This town has a gravity system with an intake about 7 miles above
dits site. .

With the exceptlion of Twin Creek, the tributaries of Bear River in this area are
of little importance. . Yellow Creeck, which joins it at Evanston, furnishes water



ELEVATIONS IN REGION. 37

sufficient only for the irrigation of very limited spots, as does Sulphur Spring Creek,
just north of Evanston. Little Bridger Creek in its upper portion carries running
water, but in dry seasons it flows but a short distance beyond its junction with
Bmdgm Creck. Twin Creek reccives considerable water from its principal tributary,
Rock Creek, and this is used to irrigate a portion of the Bear River bottoms near
Beckwith. The headwaters of Twin Creek yield but little water, only sufficient to
irrigate relatively small areas of grass at a few points (P1. II). Twin Creek is inter-
esting topographically because of the great variation in the width of its valley.
Where it has excavated the soft Tertiary beds in the region of Fossil 1t has a broad
amphitheaterlike valley, 2 miles wide. This contracts to a narrow gorge where it
crosses the southern extension of the Tunp Ra.nge but again expands to a broad
valley in the Tertiary deposits to the west. It is contracted by the Bear River
hogback at Sage, and again by the Carboniferous rocks 2 miles to the west.

Along nearly all these streams theré are several terraces. At Evanston four were
observed in a height of 200 feet above the river. Southwest and west of Hilliard and
in the region of Kemmerer, pronounced gravel-covered terraces oceur 400 feet above
the present stream level (sec pp. 99-100).

ELEVATIONS.

On the topographic base the approximate elevations in a large part of this area
are indicated by contours. The elevations at the railroad stations and of the bench
~marks of the United States Coast and Geodetic Survey and the United States
Geological Survey are given in figures, as are the clevations of railroad stations
where there are no Government bench marks. Descriptions of the bench marks are
given below,

RESULTS OF THE PORTION OF THE TRANSCONTINENTAL LINE OF PRECISE
LEVELS BETWEEN WYUTA UTAH, AND CARTER, WYO,, BY UNITED STATES
COAST AND GEODETIC SURVEY.«

The elevations in the following list are based upon precise lines of levels con-
necting Cheyenne, whose elevation was determined by interlocking precise circuits
described in Appendix 3, United States Coast and Geodetic Survey for 1903, and the
Pacific Ocean. The elevations are given in meters and in the reduction to feet the
value of 1 meter has been taken as 3.280833 feet.? The leveling through this area
was done by Mr. Ra,lph L. R. Libby, in 1903. The bench marks established are of
two types:

1. A copper bolt set horizontally in stone or bnck flush with the surfm,e and

martked on the head
(U] 8\
\B| M/

a2 Ann. Rept. U, 8. Coast and Geodetic Survey for 1904, 1904, pp. 405, 409 413-414, 419-47G, 423—424 Ann. Rept. U. 8. Coast
and Geodotie Survey for 1905, 1905, p. 203.
bA.nn Rept. U, 8. Coagt and Geodetic Survoy for 1893, p. 265.

Bench is intersection of cross lines.
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2. Red sandstone post, 3 feet long and 6 inches square, projecting 6 inches above
the ground, the top dressed and lettered
U 8
O
B M -

Bench is bottom of square hole.

WYUTA, UTAH, TO CARTER, WYO., ALONG TRACK OF UNION PACIFIC RAILROAD.

Feet.
Wyum a square cut in stone culvert, 200 yards west of station rslgn 26 feet south of Union
Pacific Railroad tracKa. ... e oo it it et i ceeeasaasesamccaasaraseonraaaaaaaann 6,731.374
Evanston, clevation of top of rail in front of railroad station. ... ... ... .. ... ...oo..L. 6,743.9

Evanston, in front yard of Pacific Hotel, in corner of yard, west of walk, about 19 feet south

of south rail of south track; an iron post, established by United States Geological Survey.. 6,743.526
Evanston, in south part of court-house grounds, 6 feet north of scuth fence, nearly in ling

with cast face of court-house; a tablet sct in the top of astone post, established by United

States Geological Survey. . ... e aliiiil.... 6,752,244
Evanston, In stone corner post on sonutheast corner of railroad station, in east face, a few

inches from the corner and 4 feet from the ground; copper bolt. .. ... . o .. . 6, 747.930
Knight, elevation of top of rail in front of railroad station...... ... ... 7,086.3
Knight, 100 yards east of station and in line with front of section house, 150 paces south of

mail stand and Union Pacific Railroad tracks; red sandstone post..........o.o........... 7, 060: 581
Altaumont, elevation of top of rail in front of railroad station.. .. ... . ... ... 7,224.6

Altamont, near west entrance of “ Aspen tunnel,” south of tracks, opposite a point on the
track halfway between station and scetion house, about 100 yards from track, near the

right-of-way fence; red sandstone post ... ... ... ..., 7,218.020
Spring Valley, clevation of top of rail in front of railroad station ... ... ... . ....__: . 7,009.1
Spring Valley, 100 feet west of water tank, 40 feet north of Union Pacific Railroad tracks;

red sandstone post. ... e e 7, 010. 6586
Leroy, elevation of top of rail in front of railread station ... ... oot 6,708.3

Leroy, 200 yards east of section house, in Union Pacific right of way south of tracks, 2 feet

from fcuce, and nearly opposite the rdadway that leads up the hill on the other side of

the tracks; red sandstone pust ........................................................ 6, 693,176
Bridger, elevation of top of rail in front of railroad station. ... . . . .. ... 6,628.3
Bridger, 200 feet northwest of milepost 914, in the right of way, 80 feet north of Union Pacific

Railroad tracks and north of station sign, 6 feet from fence; red sandstone post . _... ... __ 6, 628.209
Bridger, 3 miles east of; in culvert at mile-pole 911; a square cut in top stone on arch north

OF SRS . . L L e 6, 580. 520
Carter, elevation of top of rail in front of railroad station.... ... .. ... . i ooL.. 6,496.6
Carter, west of station and opposite mile- pole 904; a squarc cut in the south-southeast base

stone of Waber tank. . . ... ... 6,498.272
Carter, on west side of roadway leading up the hill, 400 feet north of Union Pacific Railroad

tracks, b feet west of s telephone pole; red sandstone post.. ..., .. ... .. . ..., 8, 500, 887

RESULTS OF SPIRIT LEVELING BY UNITED STATES GEOLOGICAL SURVEY IN
AND ADJACENT TO AREA OF PLATE III.

The elevations in the following list are based upon bronze tablet in top of stone.
post stamped ‘6752 EVAN,” at the south side of the court-house yard in Evanston,
6 feet north of property line and on south extension of east line of court-house.
The elevation of this is now accepted as 6,752.244 feet above mean sea level, which
is the adjusted elevation by the completed transcontinental orecise-level line of the
United States Coast and Geodetie Survey. -

The leveling between and south of Evanston and ITilliard was done in 1897 -98
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by Edward O. Hills, levelman, and that lying east and southeast of Hilliard was
done in 1901-2 by E. W. Glafcke, levelman.

The standard bench marks are now stamped with the letters “EVAN " in addi-
tion to figures showing elevation, most of them 26 feet less than the former stamping;
which was based upon railroad datum.

The standard bench marks arc of two types:

1. Iron pdsts: These are hollow, wrought-iron posts 4 fect 3 inches in length, 3.5
inches in outer diameter, split at the bottom and expanded to 10 inches to prevent
the casy subsidence of the post or malicious disturbance. The reduced height is 4
feet. In the top is riveted a bronze tablet 3.9 inches in diameter, onc-fourth inch
thick, marked ““U. 8. Geological Survey B. M.;”” with figures showing the clevation
of the top of the bench mark. These posts are buried in the earth, with only 1 foot
of their length projecting above the surface. The intersection of the cross on the
tablet is taken as the bench mark.

2. Tablets: Metal tablets fastened with Portland cement into rock or masonry
structures, lettered in same way as the one just described.¢ The bench mark is the
intersection of the cross lines.

EVANSTON SOUTHEAST TO IIILLIARD, THENCE SOUTIl VIA BEAR RIVER TO MOUTH -

OF WEST FORK.
Feet.

Evanston, in front of Union Pactfic Railroad station; top ofrail . ... . ... .. ... ... . 6,743.3
Evanston, south side of court-house yard; 6 feet north of property line and south of east 1me

of court-house, in top of stone post, bronze tablet stamped “6762 EVAN>” ... .. ...... 8,752, 244
Evansion, in front yard at Depot Hotel, iron post stamped 6744 EVAN? .. ... ... 6, 743523
Evanston, 3 wiles southeast of; west side of Union Pacific Railway track, 1 foot cast of wire

fence, opposite milepost 952, iron post stamped “6812 EVAN" . ... . ... 6, 841. 639
Evanston, 6 miles southeast of; west side of old grade of Union Pacific Railroad, 1 foot east

of fence, 200 yards south of point where hench comes down to grade, iron post stamped

CR942 BVANT . [ 6, 941, 765
Evanston, 9 miles southeast of, east side of old Umon Pacilic Railroad, outside of fence

corner, at old side track, iron post slamped 7046 EVAN . . L.l 7,045. 985
Hilliard, 0.75 mile northwest of, s{mth side of 0ld grade of Union Pacific Railroad, iron post .

stamped “7179 EVANY .. 7,179,063
Hilltiard, 75 feet northwest of postlofhre 600 feet. northwest of old Unien Pacific depot, iron

post stamped 7246 BV AN L i 7,245,524
Hilliard, 2 miles south of, opposite Bell’s ranch, about one-half mlle south of first cabin on

west side of road, iron post stamped “7333 EVANY . ... ittt ieacciaiaaenns 7,333, 067
Hilliard, 5 miles south of pust-office; cast side of road opposite Robinson’s ranch, iron post

btamped AL BV AN e et maaa e aaaa- 7,191.349
Hilliard, 8 miles southwest of post-office; 0.1 mile from Goodwman’s ranch, corner of fence, ’

900 feet southwest of original Mill Creck channel, iron post stamped #7609 EVAN" ... 7,608. 747
Hilliard, 11 miles southwest of post-office; 450 feet helow Goodman road ford, east side of

Bear River, ai point where Iiiliard Tlat ditch reached hmght of east bank, iron post

stamped CTT73 BV AN e eaaeaiaa e 7,772.676

ALONG YELLOW CREEK VALLEY NORTH FROM BOUNDARY TO EVANSTON.

HEvanston,.21.5 miles south of; 150 feet west of old Emigrani road crossing of Yellow Creek,

5.5 miles northeast of southwest corner of Wyoming, iron post stamped °7218 EVAN® ... 7,217.590
Evanston, 16.5 miles south of; 8 feet west of wagon road along Yellow Creek, 100 feet west

of creek, 1.5 miles north of J, Johnson’s ra,nch iron post stamped 7056 EVAN® _ . 7,055. 846

a F!wures showing the lettermg on these tablets are given in mghteenth Ann. Rept. U 8, Geol. Burvey, 1896-97, pt. 1,
1897, PL. IV; also in Prof Paper U. 8. Geol. Survey No. 46, 1908, p. 334,



40 ' GEOGRAPHTY AND GEOLOGY OF SOUTHWESTERN WYOMING.

Evanston, 13.5 wmiles south of; 5 feet from wagon road, 200 yards west of shecp bridge and  peet.

ford across Yellow Creck, 100 feet south of road fork, iron post stamped 7009 BVAN’’ .. 7,008. 838
Evansgton, 10.25 miles southwest of; 20 feet northwest of northwest corner of Wripht’s ranch

house, west of Yellow Creck, 0.5 mile west of south group of Needle Rocks, iron post stamped

BB TV AN T L e e 6, 891. 661
Evanston, 9 miles southwest of; about 3.75 niiles southwest of Yellow Creek bridge, 0.25

mile northwest of Necdle Rocks, iron post stamped “6860 EVAN> ... ... ... ... .. 8, 868, 629
Evanston, 5.75 miles southwest of; 15 feet west of wagon road, 150 fect southwest of bridge

across Yellow Creek, iron post stamped “6747 EVAN™ . . . . ... ... ... 6,747,371
Evansiorn, 2.5 miley southwest of; 1 mile cast of Yellow Creek, 30 feet south of forks of road,

irom post stamped “6816 BV AN 6, 815, 648

YELLOW CRFEFK SOUTHWEST TO SOUTHWEST CORNER OF WYOMING.

Evanston, 23.25 miles south of; 2.5 miles north of southwest corner of State of Wyoming, 10 feet
north of old Emigrani road, about 1.75 miles southwest of Yellow Creck crossing, summit
of divide between Yellow Creek and Chalk Creek, iron post etamped 7507 EVAN? .. 7, 506. 677

Evanston, 24 miles south of; 2 miles north of southwest corner of State of Wyoming, 12 feet
west of old Fmigrant road, at junction with another road running north and crossing divide
to west of emigrant crossing of divide, 1% miles east of Chalk Creek, 4 miles northeast of
Porcupine Mountain, iron post stamped 7069 EVAN™ . e 7, 068. 914

Wyoming, at southwest corner of; 37 miles south of Evanston, in top of State corner stone, a
red sandstone monument 12 by 12 inches square, bronze tablel stamped 7150 EVAN

SLAK”

A

HILLIARD EAST TO ASPEN, THENOE SOUTHEAST ALONG MUDDY CREEK TO DIVIDE WEST
OF MOUTH OF WEST FORK OF BLACK FORK OV GREEN RIVER.

7,149, 747

Aspen, 500 feet west of old Union Pacific station; 56 feet north of old grade, top of cut bank,
Jarge sandstone with large mound of rock alongside, bronze tablet stamped <7387 TVAN . 7, 386. 661
Aspen, 3.25 miles southeast of; 60 feet north of road, 400 feet west of gate io Mouselander's
Meadow, near top of small divide, sandstone ledge with mound of rock alongside, alum-
inum fablet stamped © 7681 BV AN . L 7, 880. 627
Aspen, 9.80 miles southeast of; top of first divide going over into East Muddy Cresk, 0.75
mile southeast of ford, 40 feet east of road, west slope of divide, large bowlder with mound
of rock alongside, aluminum tablet stamped “8299 EVAN” _ .. .. ... i iieiiii.. 8, 299. 215
Beeksteads corrals, 3.80 miles southeast of; 26 feet south of road, 400 yards north of old saw-
mill site, north side of creek, large bowlder, alumintm ilablel stamped 8906 EVAN.”
{Could not be found to re-mark). .. .. .. . iiiiaeiieaann 8, 878, 870
Divide between Muddy Creek and Blacks Fork, top of, 10 feet south of road, 300 fcet west
of interseetion of road to Piedmont, 100 feet east of Bigelow’s ditch, m large bowlder, alum-
inum tablet stamped “8214 VAN 7. 9, 213. 763

PINE GROVE NORTHWESTWARD TO PIEDMONT.

Piedmnont bench, 20 feet south of top of; 300 feet east of west edge of road, 75 feet east of cross-

ing of Bigelow ditch No. 2; iron post stamped “7910 EVAN” . . ... ... ... 7,910. 339
White dip pens, 300 feet east of cablin, at forks of road; 3.40 miles southeast of Piedmont,

iron post stamped 7310 TBVAN.” (Notremarked) ... . ... ... ... ... ...... 7, 283. 200
Picdmont, 75 feet cast of old section house, 275 feet east of old siation; 200 feet west of old

grade of Unjon Pacific Railway, iron post marked “7048 EVAN” . ... .. ... _...... 7,048, 277

PIEDMONT WEST TO ASPEN. *
Piedmont, 3.1 miles west of; on county road to Aspen, 15 feet south of road, at northwest .
corner of Easton's pasture fence; iron post stamnped “7125 EVAN” .................... 7, 125. 000
Piedmont, 6.5 miles west of; 300 feet south of old railroad grade, 20 feet north of county road,
top of divide between Piedmont and Aspen, iron post stamped “7490 EVAN” .. _........ 7,489. 615
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CLIMATE.

The location of this section in the central part of the western mountain region,
ab an elevation of 6,000 to 8,000 feet, gives it a semiarid and semiboreal climate.
That the climatic conditions here may be readily understood, the more salient
features have been arranged in tables, with similar data from Salt T.ake, Utah, and
Des Moines, lowa. Salt Lake was chosen as representing a well-known locality in
the semiarid region noted for its agricultural products. Des Moines was chosen as
a representative point in the great agricultural section west of the Mississippi, well
within the belt where irrigation is not required. These three points are in about the
same latitude and have the following relative elevations: Des Moines, 861 feef;
Salt Lake, 4,366 feet; Evanston, 6,750 feet. As shown by. the tables, the length of
the growing period at Evanston is about one-half that at Des Moines and less than
one-half that at Salt Lake. The maximum yearly temperature at Evanston ranges
from 7° to 10° lower than that at Salt Lake and from 3° to 17° lower than that at
Des Moines. The minimum yearly temperature at Evanston is from 10° to 34°
below that at Salt Lake and from 2°to 21° below that at Des Moines. The average
rainfall at Evanston is but 2 inches less than that at Salt Lake, but the shori length
of the growing season very greatly restricts the agricultural possibilities.

First and last killing frosts and len‘gth of growing period at Evanston, Wyo., Salt Lake, Utah, and Des Moines,
Towa,

fCompiled from reports of Unitnt.i States Wenther Burean j

Length of
] . st , - : growing
\ Year and station. Lanst in spring. First in gutuinn, period in
days.
Sall Lake. el .. May 4. 2 Oetober-1. . 150
1808 Evnnston . . .. .. dJune 4 .| Seplember 1 98
Des Motnes J| April 4., -] October 4.. 193
BaltLake.......ocoooooi0 0 ciiiiol ieaai o May 3....... Ooteber 24... 174
1890 Evanston . - June 7 ... August 21__ . 75
Des Moines.. ... ...l April 10 September 29 ... 166
Balt ke . . . L i iiiiieieeeeaas April 14 . ... ... October 7 176
1660{Evanston September 17. - 112
D8 MOIMGR . it i arr e Qctober 8oL ] 187
J
Balt Lake. . ..o i e i i April 27 Novewberd. .. ... .. 100
1903 Evanston .. ... .. ... June 156 . September 2. .. 79
Des Moines April 20 Octoherd. ._.____... .. 167
‘
. |

L LA 7 X O April 10.............. November 2....._.... > 206

19024 Evanston Eveéry month In year.
- |Des Momes................. ettt e April 5. .. 00 Ootober 14, ... i 103
Salt Lake ' Apnlid. ... ... .. October30............ z 200
1603 Evanston _ . .. .---| May 29, .. | September 9 . 10%
Des Momes___ A MayS..ooeoin el Qctober 38....eoo oo ! 168
Salt Lake... . ..} April 8 ] Cetober 18. 103
1904/ Evanstou ... _.{ June 5. .| August 21. 57
Decs Moines .| April21. .| October2i. .. 183
Salt Lake..... October 10..... 192
18051 Evanston ... . ... ...| September 14. 107
BT T Octoher 2. ... 177

Average for period 1898-1905:

Sait Lake........._.. ... April 18 ... ..., October20............ 186
Evanston ... .. ... Juneéa _ . ... . ... September 4a..., ... 90
Des Moines Aprit1s....... ... . | October 1l.. ... ... . 179

o In these averages the year 1902 has been omitted. They are therefore somewhat too high.



Extremes of temperature for each month of the year ai Evanston, Wyo., Salt Lake, Utah, and Des Moines, Iowa, expressed in degrees Fahrenheit,

[Compiled from Reports nf United States Weather Bureau.]

Year and statlon.

Salt Lake..........
1898¢Evanston _, . _

Des Moines. ...... .

18%9{ Evanston.. .

Des Moines_ ...

Salt Lake, . ... _....

{S&]L Lake.
\Qm{ﬁmnston
Des Mongs.
Saly Lake (... ... ..
1901: Evanston, ... . ..
Des Moines. _...... .

Evanston. , .

Salt Lake............
1902 ..
Des Momes
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Rainfall date for each month of the year at Evanston, Wyo., Salt Lake, Utah, and Des Moines, Jowa.

[Compiled from Reports of United States Weather Buteau.)

January. | February.| March. April, May. Tune. July. August. | ¢ ég'm' ‘ October. N%‘e’if"' Dgierm- Year
Year and station. ., . f L. P L. b L. 1. 5 . . 3 s N ]
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Salt Lake,........ o3! 91038 317 11 ] 1,30 5| 418 14 | 1.45 6] 0.18 4 [1.85 410,15 21 1.57 41 1.85 31 Lz8 g 16. 09 79
1808 EFSI’.IStﬂ_D ................ T S [P cee o] 80O 4 12,83 | 13 ]1.29 6] .99 a .07 51 .50 411,94 7 2. 10 41,50 | I PR,
Des Moines..... .. 1.59 ) 82 71135 7] 2.64 11| 4.22 12 | .85 13| 1.86 7| 1.09 5(1.91 9] 3.56 10 | 1.87 10 .57 [3] 28.33 106
Sull Lake ... ..... L84 8 (2098 14 | 2.93 16 .81 5] 2.5 10 a6 4 .42 61 1.06 3 T 0| 2.85 12| 1.52 i} L6l 11 17.57 a5
189 Evanston. ... ... 1. 48 T12.10 | 10 5,12 | 13 |1.88 42,00 | 11 .18 8| .61 4).78 o .04 12,87 0! .87 9|75 711989 85
Des Moines........ .29 5 .57 4104 8222 91671 1613331 10820 91353 9117 3 .56 51 1.76 71212 a 26.73 94
Salt Lake . . PR R T 4130 9 .33 2120 14 .44 4 08| 8 .32 3 .12 31 1.44 4| 1.0% 71 1.40 8 .16 1 11.53 62
14 Evanston . . ...l .30 111,83 9|.11 1(2.28 | 14| .85 81 .86 17 .87 3| .52 81,60 6 11.80 6 [2.13 8| .86 2] 11.48 62a
Des Moines. _...... .20 3 .8bY 6] 3.07 71382 10]|476| 14| 4.8% 7] 515 | 12| 8.02 9 9. 3. 08 7 .96 7 .35 7| 38.46 08
Salt Lake......... . 5 L7 12 2. 48 9 BT 6|42 7 .49 2 W31 2122 11 .66 1 .98 5 .92 5 1.16 14 16.08 79
1901 Evanston. . ... ol 4 |1. 82 2| .86 5 11.28 6(1.97{ 6| .22 27 .82 2 (1. 00 71 .18 1/1.82 ] 10| .75 2 |1.81 7 (15.01 LY
Des Moines i 1.1l ¢ | 3.02 11 | 2,26 6| 1.40 5| 2.41 9| 1.72 4 .67 7| 2.60 812,14 3 LAD 1] 1.03 9| 19.77 76
Salt Take......... . 80 511.17 8122 12| 360 9| .38 8 37 4 .56 4 .15 2 .05 2 .52 4]1.24 81131 9 11.41 75
1602« Evanston. . ___ ST 8! .74 b [1.24 9 11.86 711.25 | 10| .78 2 |1.08 6 .21 3 1. 00 3 .40 6| .68 51 .84 6 | 10. 52 65
Des Molnes........ o1 5 .52 711,151 10| 1.55 61469 141727 17 | 5.95 13| 7.82 13 | 5.03 81| 3.70 8| 1.65 91 1.77 1 10, 42.01 i21
Salt Lake......... 21 11 .82 9(1.35 | a1l 81 3855 1Y .74 2 14 1 .43 5 .84 7 .81 221 8 Nl [} 14,62 77
1903{Evanston. . ... 6| .80 6| .44 2 11.22 7 i1.481 &1 .19 5 1. 18 H| .05 1] .96 8| .87 8 [1.62 71 .30 4 i11.08 87
Des Moines... .... A1 1.12 6100 11 | 1.64 O[10.64 7 20| 3.06! 121 3.62 10, 6.72 13 | 1.62 12 | 1.32 [} A1) .2 3 31.43 109
Balt Lake_ ... .. ... 1.456 | 12 (1 2.25| 14 [ 3.99 | 18 | 220 T1!3.08 8 27 N .59 4 28 6 .12 2| 1.18 8 .00 0 .90 8 16.31 91
1904{Evanston . 6 |l.661 10 (2,60 | 14 (1,18 5 (2,88 7:.80 6 .47 4 1,91 9, .05 11.23 6 - 00 0 .53 3113 69 71
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-
COMMON PLANTS AND ANIMALS.

As shown by the climatic table, the genegral conditions here arc essentially semi-
arid, and the common vegetation is that which is characteristic of the semiarid
regions of the West—the never ending sagebush (Artemisia) and its associated
plants. The general character of the vegetation of this country is well shown in
the views accompanying this report. InPls.I, 4,and V, B, the most, evident plant
is the sagebush, but there is a sparse amount of grass between the individual
bushes. Pl XXII, B, shows, in addition to the sagebush, a few clumps of haw-
thorn bushes, and, in the foreground, near the head of a deep ravine where there
is a little water seep,a clump of quaking aspen, or “quakin’ asp.” InPL T, B, a
few clumps of greasewood show in the foreground, and on the second pronounced
hogback and the hill to the extreme left there are a few clumps of rock cedar.
Rock cedar is well shown also in P1. XTIT, B.

In the extremc southeast corner of this area, in the foothills of the Uinta Moun-
tains, there is some small timber representing the northern extension of the ever-
green forests of the Uinta Mountains, and again in the northern extremity of the
area, along Rock Creek and on Absaroka Ridge, there are occasional outliers of the
forests which cover the mountains to the north.

The economic value of this natural vegetation at present may be briefly sum-
marized as follows: Along Bear River and Hams Fork and near important springs
there are palches of wild grass which is occasionally cut for hay. A sparse amount
of grass, sufficient with the sagebush for a relatively poor range, is found over the
hills. Tt is reported that this hill grass was formerly abundant, but with the over-
stocking of the range and the introduction of sheep it has been almost destroyed.
If properly protected it would, however, in most of the area, recover its former value,
Rock cedar grows sparingly over much of the area and is ent for fence posts and
firewood. Quaking aspen is found in limited spots, generally near the head or on
the sides of deep valleys, where there are spring seepages, and cottonwood occurs
on some of the waterways. These irees have been largely cut away and only a few
small poles remain. T.ogs and timbers, except those shipped in by rail, are obtain-
able only in the Uinta Mountains or in the southern extension of the Salt River and
Wyoming ranges.

The large guine has been for the most part killed or driven oul of this ares. A
few deer and antelope were, however, seen by this party in the summer of 1905.
Sage chickens or sage grouse arc common, and at times ducks are abundant along
the waterways. Fish are common in Hams Fork and Bear River, and a few small
trout were seen in Rock Creek. Rabbitls, both common and jack, gophers, kangaroo
rats, and badgers are everywhere, and coyotes are by no means rare. Several
beaver and two new beaver dams were seen on IHams Fork, a family of mink was
observed near the Cumberland reservoir, and two porcupines were encountered in
the Crawford Mountains

IRRIGATION ANT CROPS.

Becanuse of the small amount of ruinfall the land in this area is of value for
farming only when irrigated. The amount of water available for irrigation is, how-
ever, very limited. It is practically all appropriated, and, with the exception of
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certain evident areas in the bottom lands which will undoubtedly be irrigated, there
seems little chance of greatly increasing the reclaimed arca. The land now irri-
gated, as well as all that which can probably be irrigated with the water now in
sight, is shown on PL II. From this map it will be seen that the irrigable lands
represent an extremely small proportion of the whole—roughly about 6 per cent, or
132 square miles out of 2,027 square miles. Of this amount only about one-half
.is now irrigated. *The possible irrigation of Yellow Creek Valley is indicated, not
because water is available under present conditions, but because it seems prac-
ticable to irrigate this area by building storage reservoirs on the headwaters of Bear
River. Whether this would pro‘ve a remunerative undertaking could be determnined.
only after an exhaustive examination. Thece appears to be no important difficulty
in the way of leading the water over the low divide crossed by the Emigrant road.
Similarly water may perhaps be obtained to irrigate the whole of Hilliard Flat and
a portion of the lowland along Willow Creek to the east. A storage reservoir built
at the Narrows, where there is a favorable dam site, would supply water to irrigate
the lower part of Dry Hollow, but the area reclaimed would be rather small and
there would be some difﬁujlty in determining and assessing for the good which
might accrue to'the farmers in Bear River bottom below the dam site, Who do not
now have sufficient water during the 1rr1gat10n season.

The very short length of the growing period at this place, as shown in the
climatic tables on page 41, ranging from fifty-seven ¢ to one hundred and twelve days
in the last eiglit years, restricts the crops which it is possible to raise on these irrigated
lands. The common crops are wild-grass hay, alfalfa, oats, and potatoes. Wheat
has been raised at a few points, and in 1905 experiments were being conducted
with sugar beets. :

K

GRAZING.

The products of these irrigated areas are for the most part utilized in feeding
stock. "The area is in greater part agriculturally valuable only as grazing land, and as
a whole is distinctly a stock-raising country, in which most of the farming is only a
necessary accessory to stock raising. The free range has here, as at other points in
the West, had an important influence on stock raising, and the gradual introduction
of sheep has here, as elsewhere, proved a serious menace to the horse and cattle men,
resulting in & great overstocking and serious depreciation of the range. Many stock
men have recently acquired large holdings of railroad lands,” and by posting trespass
notices have practically preempted to themselves the intervening Government secc-
tions, since it is considered practically impossible to use the Government sections
without trespassing upon the odd sections purchased from the railroad. Tt is thus
held locally that the purchase of a number of sections of railroad lands gives the buyer
exclusive control of almost twice that much range. Beyond the northern limit of
the railroad grant the old plan of controlling the free range by acquiring the water
has been tried to some extent. In this area beyond the railroad lands the larger
stock men have agreed on certain division lines of the range. Thus it was stated
that Bridger &nd Cottonwood crecks, on which there are a number of important

@ In 1902 the minimum temperature for all the summer months Was below 32° F.
bThe Union Pacific Railroad was granted every odd section ol land for 20 miles on each side of the track 1n thus area.

anABCRTV O 11 € BURCAU OF MINES
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springs and very good grazing, arc controlled by certain cattle and horse interests
and that no sheep are allowed on them. This area is open Government land, on
which no entries of any kind have been made.

Although the winters are severe, this whole area is regarded as an all-year range
for cattle and horses. The shecp men use it for the most part only in the spring
during the lambing season and for a limited time in the autumn.

RESOURCES.

As has been pointed out above, this section is' to be regarded as essentially a
stock-raising country, with a fair to poor range and very severe winters. The range,
never very good, has been seriously impaired by overstocking. Farming in this
region is limited in area and in number of crops by the climatic conditions, and is
for the most part a mere accessory to stock raising. At the coal-mining towns the
writer found oats and hay, the ouly important agricultural products of this region,
being shipped in from the oufside. The agricultural value of the land ranges from
50 cents to §1 per acre for grazing land and is about $10 per acre for bottorn land
with good water rights. The railroad facilities are as good as those in many other
parts of the West where lands with good water rights are worth much more, and the
values represent the true low farming worth of this land. The great wealth of this
section is in its coal fields, which are described at length in the chapter on economic
geology, page 113.

' TOWNS AND VILLAGES.

The first settlement in this general region was at Fort Bridger, where a trading
post was established on Blacks Fork by Capt. James Bridger and Louis Vasquez, of
the Rocky Mountain Fur Company, in 1837. Ilere therc was abundant water for
irrigation and good broad bottoms covered with natural grass. The locality was
chosen after many years trapping in this section and was, therefore, located on the
natural routes of travel. It thus became an important point on the early Emigrant
road to Salt Lake and California and later on the overland stage route. During the
early Utah troubles, “the Utah invasion,” it was occupied by the United States
Army and continued a military post for many years. At the time of the building
of the Unisn Pacific Railroad it was the principal settlement in this general region,
and it remains to-day one’of the most important agricultural localities in Uinta
County. :
With the building of the Union Pacific Railroad in 1868-69 many new settle-
ments were established. A number of these were only temporary construction
camps, like old Bear River City; others have persisted fo this day. The principal
town was naturally built at the site of Evanston, where there was an ample water
supply and a considerable area of bottom land and, most important of all, very
valuable coal deposits, which for many years supplied the fuel for the greater part
of the transcontinental railroad line west of Evanston. Railroad shops were natu-
rally built at this point, and Evanston quickly became an important town, At
the zenith of its coal development there was in Evanston and the near-by tributary
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coal towns, Almy and Red Canyon,® a population of over 5,000. When extensive
coal mining at the neighboring coal mines ceased, as it did about 1900, Evanston
was so firmly established that even the cessation of the industry. which made it did
not rob it of its supremacy. It is still the business center of this section, has two
banks, & new stone Federal building, and Carnegie library, two brick school buildings,
and the State asylum for the insane. It is a division point on the railroad, with
large shops and railroad ice houses, which are filled each winter from Bear River.
The present population is apprommately 2,750.

Hilliard was the second town of importance in this region nnmedlately after
-the construction of the railroad. A large timber flume was construeted by the
Hilliard Lumber Company up Hilliard Flat into the [oothills of the Uinta Mountains,
beyond the State line, and large sawmills erected. The building of the Aspen
cut-oll has left this town without a railroad, and its present population is but a few
families. For years a considerable territory along the railroad has been supplied
with charcoal from this point, and there are still several charcoal kilns operated
here, the product of which is hauled by wagons to Altamont.

At Carter a small settlement sprang up, as this was the railroad point for
Fort Bridger and for a considerable territory to the north. A stage line now
runs south from this point to Iort Bridger and Henry’s Fork and north to
Cumberland. Trade naturally tributary to this point has been cut off by the
building of the Oregon Short Line, and the settlement is now ol much less impor-
tance than formerly.

With the building of the Oregon Short Line in 1881-82 settlements were made
at Hams Fork, Fossil, and Twin Creek. Hams Fork was the early shipping point
for the upper Hams Fork basin, but has been abandoned 'since the growth of
Kemmercr. Twin Creek was a coal-mine town of several hundred which had no
excuse for existing after the abandonment of the mines, and there is nothing there
to-day to indicate a town but a few stone and brick foundations. A town was
also built at Adaville mine, but was soon abandoned. TFossil, from a ¢combination
of causes, has developed into a town of perhaps 100. The railroad must maintain
a tank at this point to supply water for the extra engines needed to help heavy
freights over the Hodges Pass divide. It is a natural shipping point, and was
boomed slightly by the attempts to develop the Fossil oil ficld during the last excite-
ment. Sillem is another coal settlement which has entirely disappeared. This
antedated the railroad, and all the bricks used in the construction of coke ovens,
which still remain, are reported to have been hauled 40 miles from Evanston. The
only houses at this point now are the railroad buildings at the stalion of Sage.

The valuable coal beds which outcrop just west of Oyster Ridge have caused
several towns to be built along it in the last ten years—Diamondville, Qakley,
I'rontier, Kemmerer, Glencoe, Cumberland No. 1, and Cumberland No. 2. All
thess towns except Kemmeler are coal-mining towns—‘‘company towns’’—pure
and simple. Their population varies with the demand for coal and the energy with
which the mines are worked, but was reported on January 1, 1506, as follows:

a These two towns really formed a continuous settlement, but were separate post-offices, because their mnes were oper-
ated by different cornpanies, who were thus individually benefited by the postal repulations.
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. Population of codl towns in inta County, Wyo.
Digmondville ... . . o [ e e e e e 840

LT 500
Fromtier S, ... ... e 1, 200
L1637 S QS @ 450
Cumberland No. 1 . . L e 1,300
Cumberland No. 2 . oo e et e et e e e el 1,000

Kermmerer is something more than a coal fown. It has natural advantages of
location similar to those of Evanston, and is second in importance only to that
- place, although its population on January 1, 1906, was only about 700. It is a
division point on the railroad, with extensive yards and a roundhouse. It has a
bank and hotel, built of local sandstone, a large school, and several large mer-
- eantile establishments.

With the building of the Aspen cut-off in 1800, the Union Pacifie Coal Company
Opened a mine at Spnng Val]ey and built a regular company mine town. This
mine was abandoned in the spring of 1905 and all the company buildings were
removed. The town now consists of three or four buildings besides the station and
section house of the railroad company. '

In southern Uinta County there are thus two important towns, Evanston and
Kemmerer, favorably located and containing considerable railroad improvements,
which, though owing their present importance largely to coal mining, are yet some-
thing more than coal towns. The other principal settlements of the region at
present—Frontier, Diamondville, Oakley, Glencoe, and the two Cumberlands—
are regular coal-mining towns, and will when the mines are abandoned sufler the
fate of Twin Creek, § pnntr Vn]]ey, and Almy .

a In summer of (905 the populamon of Clencos was between 50 mld 100, but the mine was then shut down.
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"CHAPTER ITI,
STRATIGRAPHIC GEOLOGY.
‘ INTROP1TCTTON.

The oldest rocks exposed in this area are of Pennsylvanian or Upper Carbonif-
erous age. From this time until late Cretaceous there was no profound disturbance.
The strata, so far as can be seen, are entirely conformiable and the series is complete,
but the absence of beds found in other portions of the Rocky Mountains suggests
that there were land periods during this interval, produced by broad orographic
movements without pronounced deformation in this area. In late Cretaceous time
the vast thickness of beds deposited during the Carboniferous, Triassic, Jurassic,
and Cretaceous periods was profoundly faulted, folded, and eroded. This period of
disturbance was succeeded by one of shallow fresh-water deposition, during which
a scrics of beds, coal-bearing and conglomeratic near the base, were deposited on the
eroded edges of the older rocks. This second cpoch of deposition was closed by a
period of velcanic activity, when beds of volcanic ash were deposited in partsiof
this area. This voleanic activity culminated in orographic movements, acting here
along lines of disturbance determined by the initial late Cretaceous revolution, and
the deposits of the second series were faulted, folded, and eroded, though by no
means so profoundly as the first. . In the succeeding deposition thick beds contain-
ing fresh-water and land forms accumulated to a large degree in lake basins.  After
these beds had been laid down there was a long epoch of erosion, which was suc-
ceeded by a time when an extensive gravel sheet was spread over this region by
water action. From this gravel-covered plain the present topographic features have
been developed in late Quaternary time almost solely by erosion. This erosion, as
pointed out in the discussion ol topography (pp. 34-35), has in places cut away the
younger beds, and thus enabled geologists to examine the older strata and to deter-
mine the succession and relation of the beds underlying this region. These strata
are given in the accompanying table, and are treated in detail, beginning with the
oldest, in the succeeding discussion.

" CARBONIFEROUS.

WEBER QUARTZITE.

The oldest rocks in this area occur along Rock Creek. They consist of gray and
white quartzitic sandstones, often considerably breccialed, and are exposed along
the rather uneven ¢rest of a sharp, and in places overturned, anticline.

49
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The field work of Doctor Schultz in 1906, northward of this area, showed these
beds to be underlain by Mississippian limestone, and the stratigraphic position of
thig quartzitic sandstone is, therefore, that of the Weber quartzite, which has been
recognized as such in the near-by section at Cokeville by Mr. F. B. Weeks. Tndeed,
the reference of this quartzitic sandstone to the Weber is entirely due to Mr. Weeks's
suggestion in the matter, which carries great weight because of his intimate knowl-
edge of the Paleozoic section of this portion of the Rocky Mountain region.

PARK CITY FORMATION. 2

Overlying the Weber quartzite at this locality, and in an earlier report?
included with it, is a series of very arcnaceous thin-bedded limestones which, from
its straligraphic posilion, approximalely represents the upper coal measures lime-
stone of the Fortieth Paralle] Survey. WNo fossils were found in these beds other
than a few Lingula, which occur in the uppermost layers. The best exposure of this
formation occurs near the mouth of Sheep Canyon immediately west of the locality
shown in P1. V, B. The thickness of the formation was not accurately determined
in this section, but on the east side of Absaroka Ridge, 12 miles north of the north
end of Pl. II1, Déctor Schultz in the summer of 1906 found it to be 1,000 feet thick.

WOODSIDE FORMATION.«

The Woodside formation consists of red sandstones and sandy shales, typically
exposed in Sheep Canyon and along the road on Rock Creek just north of Sheep
Canyon. The formation is here about 500 feet thick and is limited below by the sandy
limestones just described and above by the fossiliferous limnestones of the Thaynes
formation (Pl. IV, section C). These beds were not seen at the western ond of
Watercress Canyon, 34 miles above Sheep Canyon, because they have here been
cul out by a slight fault (P1. IV, £). This formation was found by Doctor Schultz
in the summer of 1906 on the east side of Absaroka Ridge, where it.has a thickness
ranging from 300 to 500 feet.

THAYNES FORMATION. ¢

The Thaynes formation is composed of very fossiliferous gray limestones and
thin-bedded yellow sandstones and is here exposed on the sast and west sides and
around the southern end of a steeply southward-pitching anticline, which is in
places somewhat overturned (PL. IV, section C, and PL. V). ’

The same beds were found on the east side of Absaroka Ridge and in a limited,
very much disturbed exposure northwest of Reservoir Gap on Muddy Creek (P1. ITI
and PL IV, section E).

a This formation, as well as the Woodside and Thaynes, has been named by Mr. J. M. Boutwell from a locality near Park
City, Utah, where 1t is cxtensively exposed and wherc it has been exhaustively studied by Mr. Boutwell in connection with
an investigatioh of the Park ('ity mining district. A preliminary report on the stratigraphy of this Park City ares, in which
this formnation {s named and found, will be published in the Journal of Geology, vol. 15, 1907. A complete report will sub-
sequently be published by the Survey as a professional paper.

v Bull. U. 8. Geol. Survey No. 285, 1608, p. 334. ** Gray to white sandstones sometimes calcareous and often brecciuted.”
The expression ** sometimes calcarcous ” refers only to the upper portion of the beds deseribed or to the portion here srparated
as the Park City formation.
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FOSSILS.

The fossils collected at several localities have been studied by Doctor Girty,
who has furnished the following list of species from the Rock Creek region:
Two miles southeast of Nugget station, tn SE. + SW 4 sec. 15, T. 21 N., R. 118 W.
Near top’ of formation.

Aviculipecten weberensis. Edmondia all, E. nebraskensis.
Aviculipecten curtocardinalis. -~ : Bakewellin ? sp.
ILU immerh'af,ely,nortl’mr‘mt of Nugget staiion.

4

Near top of formation.

Lingula sp. Myalina sp.

Aviculipecten parvulus. Schizodus ovatus.

Aviculipecten oecldancus. Myacites inconspicuus ? -
Aviculipecten sp. Sedgwickia concava.
Aviculipecten ? (Amusium ? sp.) Naticopsis sp.

Myalina permiana. Bakewellia ? sp.

Three miles north of Nugget station in Sheep Canyon, in NW. L NW. } sec. 28, T. 22N, K. 118 W.

At base of formation.

Aviculipecten parvulus, - Aviculipecten weberensis,
Aviculipecten unear curtocardinalis. Myalina permiana ?
Aviculipecten near A. interlineatus.

8ix and one-half miles north of Nugget station on hill west of Watercress Canyon.
A About 600 fect from basc of formation.
Aviculipecten curtocardinalis. Aviculipecten sp. 7
B. 950 [eet from bage of formation.

Seminula ? sp. . Aviculipecten 2 ap.
Aviculipecten parvulus ? Bakewellia ? sp.

C. 1,550 feet from base of formation.

l&viculipccten weberensis ? ' Schizodus sp. -
Bakewellia ? sp. Sedgwickia concava.
. 1,850 feet from hase of formation.

-

"Aviculipecten sp. : Bakewsllia ? sp.
Myalina permiana. . Schizodus ovatus.

Seven and one-half miles north of Nugget, ut fork of Rock Creek cut, in center of sec. 32, T. 28 N., R, 118 W.

Pugnax, near P. utah, Aviculipecten parvuius.
Terebratula (N, gen.? ) n. sp. Myalina permiana.
Aviculipecten curticardinalis,

Ten males north of Nugget, on Rock Creek, in sec. 29, T. 28 N., R. 118 W.

Avienlipecten sp. ' Myaling permiana.
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In addition to-this material a small lot, collected by Mr. Schultz, supposedly
near the northwest corner of sec. 3, T. 21 N:, R. 118 W., was found to contain Aviculi-
pecten curtocardinalis, Myaling permiana, and Awiculipecten sp., together with char-
acleristic Jurassic forms found in the Twin Creek formation. A fault had been
located near this point on the field maps and it was supposed at first that the fossils
were perhaps collected on both sides of a faulted zone, more complex than had been
originally supposcd.¢ A careful consideration of the field notes made at this point,
together with those covering adjacent sections, has led to the conclusion that this
supposed fault is merely an overturned syncline, and in view of the possibility that
material collected in the ThHaynes formation just west of the point given on the label
was mixed with that found in the Twin Creek beds, it has not been thought advisable
to show on the sections the complexity of faulting which this association, if ecorrect,
would involve. The following material has been identified by Doctor Girty from
localities near Cumberland reservoir and in Absaroka Ridge.

Seven miles west of Cumberland, tn NW. Lsec. 50, T. 19 N., R. 117 W.

Aviculipecten curtvcardinalis. Myalina permiana.
Aviculipecten sp.

Fust side of Absaroka Rudge, wn STV. } NW. L sec. 16, T. 28 N., R 116 W.

Lingula sp. Aviculipecten occidaneus.
Aviculipecten webcrensis. Schizodus ovalus.
Avieulipecten curtocardinalis. Goniatites ? sp.

Doctor Girty adds the following discussion of this material:

All thegse collections belong to the same faunal group and clearly represent the horizon which is
called Permo-Carboniferous in the account ol the geology of the fortieth parallel. This fauna is to a
considerable extent undescribed. Awweulipecten curlocardinabis, Aviculipecten weberensis, Aviculipecten
parvulus, Aviculpecten occiduneus, Sedgwickia concava, and Myacites tnconspicuus have been described
from these beds, and Myaline permione and Myelina aviculoides identified, probably incorrectly, from
them, Tt will be clear Irom consulting the foreguing lists that all or m,arly all of thesc species have
been found in Mr. Veatch’s material, and there can he no question that they indicate an cxtension into
Wyouung of the Permo-Carboniferous of the Wasatch Range, which in its extension loward the south-
west is probably to be correlated with the Permian of Walcott’s Grand Canyon section.

Several of these characteristic fossils are shown on P1. VI :
This is the first time that this fauna has been recognized in this region. Doctor
Peale, in 1877, collected from these beds on the hill immediately west of the mouth of
Shecp Canyon, and the material was referred to Dr. C. A. White, who reported® the
following Jurassic forms, which caused Doctor Peale to map this outcrop as Jurassic:
Fumicrotis curta? ] Myacites?

Myalina whitei? ‘ Aviculopectén idahoensis?
Modiola (Volsclla)?

These are all doubtful identifications, and both Doctors Stanton and Girty are
of the opinion that the original specimens were Permo-Carboniferous forms.

a The character of the fault suppesed to exist'at this point, as represented befdre reports on these collections were
received, in P, XTI, Bulletin No. 285, would not bring up the Thaynes formation st this point.

b Lleventh Ann. Rept. U, 3, Geol. and Geog. Survey Terr, for 1877, 1879, pp. 575, 626. '
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Stems of Pentacrinus are common throughout these beds, and as they closely
resemble Pentacrinus asteriscus, which has been repeatedly published as a character-
istic Jurassic form, care must be taken not to confuse them. Five-sided crinoid
stems are more common in this region in the Thaynes formation than in the Twin
Creek beds. ~
' UNDIFFERENTIATED CARBONIFEROUS.

IN ABSAROKA RIDGE.

On the east side of Absaroka Ridge a small area has been indicated on P1. IIT
as undifferentiated Carboniferous. The area so colored probably contains cutcrops.

of Park City formation and Woodside forma- ; e

tion, but they are not separated here, as this Scale i mites
seetion was not studied in deiail. . ez ¢
IN CRAWFORD MOUNTAINS. : : @7 (
> in creek Sage
Crawford Mountains consist of a ‘very g:g 5
. n

rugged mass of cherty limestones, and repre- g!z Z
sentsin its broader features a somewhat broken ) @
anticline. The exposures in the Crawford

Mountains and their northern exiension, the
Beckwith Hills, were not examined in detail,
because not connected with any of the economie
problems studied in this area.

They were crossed on horseback in two
places, and the western border was skirted
rapidly. Fig. 8 shows the gencral outline of
the main mountain mass, whose northern ex-
tension only is shown on the geologic map of
. thig area (Pl. III). Fig. 4 is a rough section
prepared in riding hastily across the mountain
about on the line A-A of fig. 3. On this line
a few fossils were collected, approximately in
sec. 8, T. 11 N., R. 8 E.., which have becn ex-
amined by Dr. George JT. Girty, who reports:

N OZ L

Chonetes aff. C. geinitzianus.
Streblopteria sp.
Giasteropod indet.

Nl L

This collection is hardly ample enough to determine
the horizon with much'accuracy. 1t is clearly of upper
. Carboniferous age, and I suspect well up in the series, -
because smooth Chonetes, of which C. geinilzianus is an  F16. 3.—Sketch map showing Pennsylvanian (Upper

examuvle, usually appear only in the upper bart of the Carboniferous) rocks (shaded nreas) in the vieinity
. ple, A y app t PPEr P of Crawford Mountains, Utah-Wyoming,
Pennsylvanian,

R. 120 W.

The rock is predominantly a very cherty gray to blue-black limestone, entirely
too cherty, where seen, to be of much value for building stone or for lime burn-
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ing. At the southern end of the ridge the main anticline plunges down very

abruptly at an angle of about 60°. The eastern lermination of this outcrop.

against the Tertiary and Cretaceous is for the most part sharp and is believed to
indicate a large fault. . At one point, due west of sec. 30, T. 19 N, R. 120 W, a
small outcrop of very fossiliferous Bear River formation was seeh in contact with

the Carboniferous, and while the exposure was not sufficient in itself to prove

whether the relation was one of faulting or unconformity, other lines of evidence
indicate conclusively that it is due to faulting (P1.IV). It seems probable that
this fault is the southern continuation of the large fault observed by Stanton® in
the Cokeville section, which therc likewise brings the “Permo-Carboniferous” and
Bear River beds together. o

Crawford Mountains are structarally to be regarded as the southern continuation
of the Carbeniferous beds exposed around and north of Cokeville in the Sublette
Range. The general lithological character and the fossils collected indicate that the

¥15. 4.—~Sketch eross section of northern part of Crawford Mountains about on line AA, fig. 3. Cross shows where fossils
ware collected.

bods exposed contain representatives of the Park City and Thaynes formations.
No exposures of the Woodside were noted, but this is believed to be due to the fact
that the Woodside beds are inclined to weather down, and hence might not be noticed
in a hasty reconnaissance. No outcrops of the Weber quartzite were noted in the
Crawford Mountains. In a preliminary report on this region this group of limestone
was placed in the columnar section below the white quartzitic sandstones which are
now referred to the Weber., This was bused on the report by Doctor Girty that the
fossils collected in the Crawford Mountains appeared older than the typical ¢ Permo-
Carboniferous,” ahd the Crawford Mountain limestones were hence inferred to helong
below the sandstones. The identification of the sandstone with the Weber precludes
such a reference, and Doctor Girty’s studies of collections made by Mr. F. B. Weeks
from adjoining areas show that the fossils collected in the Crawford Mountains may
occur in the true “Permo-Carboniferous.”

A phosphate pit was noted in these beds near the mouth of Twin Creek, and
Mr. Weeks finds in the Cokeviile section that the phosphatic horizon occurs between
the calcareous beds, which he regards as roughly equivalent to the Park City and
just below very fossiliferous ““ Permo-Carboniferous’” limestones and sandstones.

Hayden observed this ridge in 1871 and described it as follows:®

About 5 miles below the village of Randolph, on the cagt side of Bear River, there is one of the
ruggedest walls of Carboniferous limestone I have seen on the trip.  The rocks seem t6 rise up from the

a Am. Jour. Sci., 3d ser., vol. 43, 1832, p. 111,
b[Fifth Ann.] Rept. Prelim, U. 8. Geol. Survey Montana for 1871,1872 p. 158.
L3



CARBONIFEROUS. . 5b

river bottom almost vertically, the summits arc weathered info jagged points, and the sides of the
wall, from summit to base, are gashed with dry canyons or gulches, which form splendid cross
sections of the strata. The trend of the ridge is about northeast and southwest; the dip northwest,
- 60° to 70°. The limestone is usually pure, light-gray color, full of fossils, mostly in a fragméntary
condition. Still these fossils show most clearly that the limestones are of Carboniferous age. This
range of mountains, as it might properly be called, forms a very singular exhibition of the dynamic
forces that have produced the remarkable folds in the older sedimentary rocks: It may be called an
oblong quaquaversal, or an isolated puff or bulge in the crust. The enlire range is not over 8 miles in
iength and not over 2 or3 miles wide. The limestones bend down from the summits like the sieep,
ftexible, convex roof of a house.  About 3 miles above Randolph, at the bend of the river, the lime-
stone ridge breaks off suddenly. - On the south end the strata seem to be inclined at a greater angle, in,
gome Instances passing 4 vertical. A fragment has been cut off at the south end, where a stream has at
some period very remote in the past made its way through. This section shows the strata clearly, and
as well the way they flex down around the end of the range.

This account, which in the main is correct, apparently escaped the notice of
both Emmons and Peale, who afterwards descrlbed portions of this ridge. Emmons,
on the geologic map accompanying the report of the fortieth parallel, shows the ‘
limestone bordering the Narrows on the north and gives the following description
ofit: @ ‘

-On_ the east side. [of Bear River], from the Narrows northward heyond the limits of our map
heavy dark-blue limestones come down to the water’s edge in steep, precipitous slopes which present
a rugged, broken surface cut through by deep rongh canyons. The formalion rises some 2,000 feet
above the river, cxtending to the eastward in irregular undulating ridges until concealed beneath the
Tertiaries. At the Narrows the limestone falls off abruptly, the beds standing nearly vertical, and
on the west side of .the river the Vermilion Creek beds come close up to the limestones. The river,
which has run due north for a long distance, is. curiously deflected on reaching the limestone, and
takes a due west course for 5 or 6 miles, then, bending sharply to the north again, hugs closely the
flanks of the hills. But little opporfunily was afforded for the examipation of this somewhat
- isolated body of limestone, and it has been referred to the Upper Coal Measures limestone, on no

paleontological or direct stratigraphical eviderce, but solely from its relalive position with regard
to the Silurian and Cambrian bodies on the west side of Bear River Plateau.

It should be pointed out in this connection that the last outerop of the limestone
is 6 miles west of the Narrows, as shown in fig. 3. It can hardly be held that Bear

. River is * deflected due west on reaching this limestone.””

Peale,? after quoting lmmons, states that on his map he has colored the lime-
stone Carboniferous to agree with the King map. He, however, materially corrects
the areal boundaries given by Emmons, who included in the “Carbonlfelous cer-
tain strata mapped by Peale as ‘‘Jura Trlas (Beckwith formation of the present -
report). On his cross section at the mouth of Twin Creek Peale marked the Carbon-
iferous Ilmestone ““ Jura Trias’’ evidently by mistake.

¢ Rapt. U. 8. Geol. Explor. 40th Par., vol. 2, 1877, p. 338,

5 Eleventh Ann, Repi. Geol. and Geog Survey Terr. for 1877, 1879, p. 576, P1. LXVII; geologic map of portion'of western
Wyoming, southeastern Idaho, and northeastern Utah accompanying Twelfth Ann. Rept U. 8. Geol. and Geog. Survey
Terr., 1883 .
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TRIASSIC.

NUGGET FORMATION.

The group of yellow, pink, and red sandstones, bounded below by the gray
fossiliferous limestones of the Thaynes formation and above by the dark-colored
fossiliferous shales and limestones of the Twin Creek formation, have been named the
Nugget formation, from Nugget station on the Orcgon Short Line, at and near which
these beds are well exposed. Along Twin Creek, in the vicinity of Nugget, this
formation is about 1,900 feet thick and shows two distinct members, a lower,
brightly colored red-bed member, 600 feet thick, and an upper light-colored sand-
stone member. The upper member is a thin-bedded sandstone, the individual layers
of which are perforated with holes at righi angles to the bedding planes, but are
otherwise without a suggestion of organic life. This sandstone is light yellow in
fresh exposures, and weathers to a dark brown. It forms a rugged topography, with
chéaracteristic dark-brown talus slopes.

In Absarcka Ridge these two divisions are not distinct, though the beds have the
same gencral features as the yellow and reddish tabular sandstones on Rock Creek.

~ These beds have been regarded as probably in whole or part Triassic, because of -
their position above Upper Carboniferous limestones and below beds containing
Jurassic fossils.
JURASSIC.

TWIN CREEK FORMATION.

The fossiliferous marine Jurassic, to which has been given the local name Twin
Creek formation, from the cxcellent exposures on that creek between Sage and
Fossil, here consists for the most part of dark, calcareous shales and thin-bedded
shaly limestones, though occasionally showing lighter colored sandstone layers. These
are sharply limited above by the thick red beds which mark the base of the Beckwith
formation. The thickness of the Twin Creek beds north of Twin Creek on two care-
fully measured sections was found to be 3,500 and 3,800 feet, respectively. Doctor
Stanton has identified the following fossils from this locality:

Two miles west of Nugget, in NW. 3 sec. 6, T. 21 N., R. 118 W.
Sandslone near hase of formation.

Camptonectes pertenuistriatus H. and W. - Pinna kingii Meek. )
Gervillia montanacnsis Meek.

Two and one-half miles west of Nugget stalion, in NE. § sec. 1, T. 21 N, R. 116 W.

. Near top of formation,

Pseudomonotis? sp. : ) - Oyprina iddingsi Stanton.
Mytilus whitel Whitficld. . Liyosoma sp.
Camptonectes pertenuistriatus H. and W. Nerinea sp.

Trigonia guadrangularis H. and W. . ~
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Eleven males northwest of Nugget station, in sec. 18, T. 23 N., R. 118 W.

Camptonecles sp. Pscudomonotis sp.
Pentacrinus asteriscus M. and H, A

The above three lots are from the marine upper Jurassic.

Maderial collected in the northwest corner of sec. 3, T 21 N, R. 118 W, by
Mr. Schultz, and ah"ea,dy mentioned (p. 50), yielded:

Pentacrinus asteriscus M. and IT.
Ostrea sp.
Cucullzra haguel Meek? |
Typical Twin Creek bads were found in the northeast corner of the area mapped
and arc helieved to occur on the western side of Absaroka Ridge, though this area
was not studied in great detail. Somec of the typical fossils of this formation are
shown on Pl. VL.

BECKWITH FORMATION.
DEFINITION AND DISTRIBUTION.

The Beckwith formation, which directly overlies the Twin Creek, has been so
named from its occurrence and extensive development on leased State lands now
forming part of the Beckwith ranch, situated just cast of Beckwith station on the
Oregon Short Line. Tt is here and throughout the westside of this area composed
of two rather distinet members, a lower red-bed member, composed of interbedded
sandy clays, sandstones, and conwlomcmtee =500 lect thu,]\ and an upper member,
composed of rather light-colored interbedded samdstones and clays. The sandstones
are comronly rather light yellow and the clays vary from yellow to light pinkish
red. The lower part is well exposed east of Beckwith station, at the Cockscomb,
and in the vicinity of Fowkes Canyon. The upper member is well exposed al the
Narrows, north of Fowkes Canyon, and on the east side of Dry Hollow. The upper
member has a thickness of 3,000 feet or more.

_ In the eastern belt of older rocks these two phases merge; in the arca along the
west, side of the great faull just west of Hilliard these beds, while having s pre-
dominant reddish cast, are all light in color. The conglomerates, which near
Beckwith arc deep red, are here white to yellow. These reddish beds are exposed
along the whole of the castern side of the castern belt just cast of the Cretaceous
exposures, and for the most part form the crest of the pronounced anticline which
skirts this region on the east. These beds here reach a total thickness of 4,000 feet.

AGE AND TIME EQUIVALENTS OF THE BECKWITH FORMATION,

This formation is lithologically distinet 1rom the very fossiliferous, dark-
colored beds which overlie and underlie it, and compared with them is essentially
unfossiliferous. Doctor Stanton has found marine Jurassic fossils at two points in -
beds which are regarded as in the lower part of the Beckwith formation. At old
Bear River City, just west of the great fault line and euast of the principal con-
glomerate bed at this point, Doctor Stanton found Belemnites densus M. and I,
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Trigonia quadrangularis H. and W., Myacites (Pleuromya) weberensis Meek?e In
the exposures north of this point this horizon appears to be distinetly underlain
by the characteristic unfossiliferous Beckwith beds, and unless it represents a por-
tion of the Twin Creck which has been faulted up—and this is nol regarded as
probable—it is distinctly in the Beckwith formation. This fossil-bearing layer is
here about 1,600 feel below the Bear River formation and 2,400 feet below the
Aspen shales. South of Rockport, on Weber River in Utah, Doctor Stanton found
a specimen of Trigonia quadrangularis M. and W.? about 2,000 feet above the
characteristic fossiliferous, blue, thin-bedded limestone and shale of the Twin
Creek formation and 3,500 feet or more below the lowest observed black shales
with fish scales, representing the Aspen formation, which here, in the absence of
the Bear River, is the base-of the known Cretaceous.? .

The lower part of the Beekwith formation is thus clearly upper Jurassic, and
the remainder probably contains time equivalents of the lower Cretaceous and
Dakota beds, if these occur in this area.

RELATION OF THE BECKWITH FORMATION TO THE ‘‘DAKOTA” OF THE FORTIETH
PARALLEL SURVEY.

Some of the conglomerate beds in the Beckwith formation, together with con-
glomerates clearly Wasatch, have been segregated by members of the King survey
and mapped as Dakota in the southern part of this area along the base of the Uinta
Mountains. The separation of the Dakota herc is evidently based on the assump-
tion that wherever a coarse conglomeratle is encountered between the fossiliferous
Jurassic and the Cretaceous it must be the Dakota. The basis of subdivision was
thus in part a lithologic one, but a stratigraphic corroboration was in general
required. On the Weber River, above Rockport, the lower 400 feet of a 2,400-foot
group terminated above by fossiliferous Cretaceous, has been mapped as Dakota;¢
on Chalk Creek both the mapping and description indicate that a portion of the
Wasatch conglomerate has been included in the Dakota with the conglomerate
beds in the Beckwith; at the Needles, where the Beckwith beds strike east of north
but contain no pronounced conglomerates and where there are large outerops of
almost vertical Wasatch conglomerates which strike a little west of north, there
is, it is stated, *‘a conglomerate similar to, though coarser than, that on Chalk Creek,
having a vertical position and strike a little west of north,” which is regarded as
Dakota. The conglomerate here mentioned is elearly Wasatch. On Medicine Butte
the conglomerate in the Beckwith has been mapped by the King survey as Laramie,
and at Bear River City conglomerate of the same age has been mapped as Fox Hills.
These data are adduced here merely to show the lack of the strikingly unique
lithological character which the Dakota beds were supposed by the King survey to -
possess. Regarding the value of the assumption that any pronounced conglomerate
beds occurring between the fossiliferous Jurassic and the fossiliferous Cretaceous
are in this region Dakota, and that the Dakota as thus determined has a thickness

& Am. Jour. Sci., 3d ser., vol. 43, 1892, p 103.

b Bull. U. 8. Geol. Survey No. 106, 1803, p. 44.

¢ Compare statenient of King (Rept. Explot. 40th Par,, 1878, pp. 303 and 304) with section given by Stanton in Bull,
U. 8. Geol. Burvey No. 108, p. 44. This scction is given in the present paper on p. 104,

]
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of from 200 to 500 feet, it should be pointed out that conglomerate beds having the
character of these Dakota beds oceur in many parts of the Beckwith formation and
have an extreme vertical range of perhaps 3,000 feet. Doctor Stanton has shown
that the Dakota conglomerate of the King survey south of Rockport, Utah, is
hetween 1,800 and 2,500 feel below the base of the Colorado, which is here the
local base of the marine Cretaceous so far as known at present. . East of Beckwith,
Wyo., the first pronounced conglomerate in the Beckwith formation is 3,000 feet
below the hase of the Bear River, and perhaps 8,000 feet below the base of the Aspen
(Colorado) formation. Just west of the Narrows, on Bear River, a very striking
conglomerate is developed at least 2,000 feet above a pronounced red conglomerate,
which occurs in the same group of red beds in which the conglomerate east of Beck-
with is developed. The most pronounced conglomerate in the section at Bear
River City is at least 1,600 fcet below the Bear River and 2,400 feet below the
Aspen, which is here tentatively regarded as the base of the Colorado. Doctor
Stanton has repeatedly expressed the view that the Dakota sandstone mapped by
the King survey in this region is not the time equivalent of the Dakota sandstone
of the eastern region, and it would certainly be undesirable to separate the different
conglomerates of the Beckwith, situated as they are at different horizons, and
call them Dakota.
CRETACEOUS.

The exact base of the Cretaceous in this region is not known. The lowest
fossiliferous Cretaceous beds are clearly near the base of the Upper Cretaceous, and
the Dakota, as well as the Cretaceous beds which Darion has found beneath the
Dakota in eastern Wyoming, if they exist in this region, are thus inferred to be
represented in the upper part of the Beckwith formation. The top of the Creta-
ceous is likewise in doubt, involving, as it does In other parts of the Rocky Mountains,
rather conflicting lines of stratigraphic and paleontologic evidence. Tn the present
discussion the Cretaceous is made Lo terminate with the great dynamic revolution
which interrupted the period of relative quiescence in this area, which extended with-
ouf, impaortant interruption from the earliest Carboniferous to late Cretaccous time.
These disturbances produced important folds and faults, involving the movement
of these sediments through thousands of foet. This known portion of the Upper
Cretaceous series has the enormous thickness of over 20,000 feet.. Its fossils indicate
that it contains the time equivalents of the Benton, Niobrara, Montana, and Laramie
groups of the eastern section, but the natural lithologic subdivisions do not corre-
spond with these faunal subdivisions and do not agree with those east of the Rocky
Mountains. There is in this section an entire new member—the Bear River forma-
tion—characterized by brackish- and fresh-water forms, which, although attaining a
great thickness, is essentially of local development.

3694—No. 56—07——H
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BEAR RIVER FORMATION.«
DEFINITION AND DISTRIBUTION.

The Bear River strata everywhere throughout this area overlie the Beckwith
beds and contrast very markedly with them in lithological aspect. The nonfossilif- -
erous light-colored sandstones and clays of the upper Beckwith are succeeded by
the dark-colored, very fossiliferous shales of the Bear River, containing thin beds
of sandstone and limestone and impure beds of carbonaceous madterial. The out-
crops of these very fossiliferous beds on Sulphur Creek, near the old overland stage
route and later on the line of the Union Pacific Railroad, early attracted attention
and large collections of fossils were made from this locality, which is variously
described as ““Limestone Hill, Bear River;” “ Bear River City, Utah;” ““ Gilmore,
Wyo.;” “Sulphur Creek, Utah;” “mouth of Bear River, Utah;"” Sulphur Creek
near Bear River, Wyoming,” and “Mellis, Wyo.”

This was for some time the only known locality of the Bear River formation,
and is naturally to be regarded as its type locality. The name was perhaps derived
from Bear River City, an early construction camp on the Union Pacific Railroad,
“ repeatedly mentioned by Hayden in the paragraph in which he proposed this
name,? although the location of these beds near Bear River may have also influenced
the selection of the name. White, in 1877, collected Bear River fossils “7 miles
north of Evanston,” at the locality now known as Shell Hellow. In the same year
Peale collected Bear River fossils near Waterfall and at Sage and found extensive
outcrops of the same beds to the north associated with the folds of the Wyoming
and Salt River ranges. To this day the Bear River beds have not been recognized
anywhere in this continent beyond this limited stretch extending from Bear River
City northward through the Wyoming and Salt River ranges to the northeast corner
of Idaho. '

a Synonymy and nsage of Bear River formation: )

=** Brackish water depesits on Bear River,”” Meek, 1860, Proc. Phila. Acad. Nat. Sci. for 1860, pp. 312-313.

< Dear River group (or Coal group), llayden, 1869, [Third Ann.] Prelim. Rept. U. 8. Geol. Survey Colorado and New
Mexieo, 1869, p. 92; Bull. U. 8. Geol. and Geog. SBurvey Terr., vol. 1, No. 2, 1874, p. 2; Eighth Ann. Rept. U. 8. Geol.
and Geog. Survey Terr. for 1874, 1876, pp. 144-145. This includes, besides true Bear River bods, coal-bearing strata
at Bear Town, Coalville, and Evanston, belonging to the ¥Frontier, Hilliard, amd Evenston formations.

=Decar River Lstuary beds, Meek, 1870, Rept. Expl. 40th lar., vol. 3, p. 462.

=The Esbtuary formustion on Beur River, Engelinann, 1878, Simpson’s Rept.” Explor. Great Basin, pp. 291-292.

ZI'oint of Rocks group, Powell and White, 1876, Geol. Uinta Mts., pp. 100-101.

=Reur River frosh or bravkish waler beds, Meek, 1877; Rept. 17, 8. Geol. Explor. 40th Par., vol. 4, pt. 1, 1877, p. 163.

< Laramie, While, 1878, Bull T. &. Geol. Survey Terr., vol. 4, No. 4, p- 721; King, Atlas of 40th Par. Survey, 1876, Hept.
U. 8. Geol. Explor. 40th Par., vol. 1, 1878,

= and < Post-Cretaceous or Laramie, Peale, 1879, Eleventk Ann. Rept. U. 8. Geol. and Geog. Survey Terr. for 1877,
1879, pp. 630-631; Bull. U. 8. Geol. and Geog. Survey Terr., vol. 5, 1879, pp. 196-197, Geol. map of western Wyoming,
southeastern Idaho, and northwestern Utah accompanying Twelfth Ann Kept. U. 8. Geol. s Geog. Survey
Perr., 1883; here referring only to true Bear River heds.

=Djear River Laratnie, White, 1883, Third Ann. Rept. U, 8, Geol. Burvey, p. 430 and iu titles of plates 6-8.

=Bear Rtiver formation, Stanton and White, 1892, Am. Jour. Sci., 34 ser., vol. 43, pp. 91-115.

=Dear River formation, Whits, 1845, Bull. U, 3. Geol. Survey No. 128, .

NoTE.—In thia and the several synonym tables following the symbols used have the following meanings:
= Fquai to in every respect. Ve
= Equal in n general way.

> Less than.

< Greater than.

# Not equal to.

B[Third Ann.] Prelim. Repl. U. 8. Geol. Snrvey of Colorado and New Mexiea, 1868, pp. 01-92,
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The Bear River strata on Sulphur Creek at the type locality are on the upper
side of an overturned syneline on the wost side of Absaroka fault. (Pl IV, sec, K;
PL VIL) On account of their overturned character these heds apparently dip
eastward and appear to be above the Millis coal, which has the same dip and is
apparently the western continuation of the westward-dipping coal just east of old
Bear River City. These strate were thus thought to indicate a syncline. This
natural misinterpretation of the.structural relations here led to the assignment of
the Bear River beds to & much higher stratigraphic position than they really occupy,
and this reference was ‘apparently corroborated by the nonmarine character of
the fauna, which naturally suggested their reference to that great catch-all, the
Laramie. This misconception prevailed until 1891, when Dr. T. W. Stanton, by
a series of careful paleontologic studies at old Bear River City, at a point 7 miles
north of Evanston, near Waterfall, at Sage, and on Smiths Fork, determined the
true stratigraphic position of these beds.® The outerops studied by Doctor Stanton
were either greatly disturbed or incomplete, and his correct conelusion in this mat-
ter is a marked evidence of his stratigraphic acumen.

The work of this party during the summer of 1905 merely added to the existing
kﬁowledgc many areal details and showed conclusively, from many complete
exposures with very simple structural relations, the correctness of his conclusions.

FOSSILS.

The fossils in this formation have been described and figured in detail in Doctor
White's bulletin on the “Bear River formation and its characteristic fossils’'® A
few very abundant and typical forms are shown on Pi. VIIT, and these will serve the
purpose of those who are interested in these fossils merely as guides in stratigraphic
studics.

The localities in this area from which type specimens have been ohtained,
together with lists of the species, are given below.

List of types of Bear River fossils obtained in this aren.

Between Millis and Old Bear River City, on Sulphur Creek, in see. 29, T. 14 N, R, 110 W,

[3pecics marked T were first described from this locality.]

1 Unio belliplicatus Meek. T Neritina naticiformis White.
t Unio vetustus Meck. t Pachymelania (Goniobasis) cleburni White,
T Corbicula durkeei (Mcek)., t P. chrysalis Meek. !
1 Corbula pyriformis Meek. T P. chrysalloide White.
T Corbula engelmanni Meek. + P.? macilenta, White.
t Rhytophorus (Melampus) priscus Meek. "t Pyrgulifera humerocsa Meek.
1 Tortacella haldemani White. T Campeloma macrospira Meck. .
Limnea nitidula Meek. Campeloma? sp. Meek (=Viviparus couesi White).

T Physa usitata White.

a Am. Jour. §ci., 3d sef, vol. 43, 1802, pp. 98-115.
b Bull. U. 8. Goeol. Survey No. 128, 1895, 108 pp., 11 pls.
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Seven miles north of Evanston, Shell Hollow, in sec. 7, T. 16 N., R. 120 W., sec. 12, T. 16 K., R. 121 W.

[Spreivs murked § ware first deseribed from this locality.]

sorbicula durkeel (Meek). . Pyrgulifera. humerosa Meek.
Pachymelania (Goniobasis) cleburni White. T Goniobasis (Lioplax?) endlichi White,
P. chrysalloides White.  Viviparus couesi White.

P? macilenta White.

'

Hage, sec. 7. T. 21 N.. R. 119 W.

T Modiola pealei White. Pachymelania chrysalis Meek.
1 Corbulomya tauschii White. P. turricala White, '
+ Neritina stantont White,

Waterfall, sec. 28, T 21 N., R, 115 W,

Corbula engelmanni Meek.

No attempt was made by this party to collect extensively from the Bear River
heds. The commoner fossils were readily recognized, and the mapping is based
on these. Small lots were, however, collected and forwarded to the National
Museum from SW. } sec. 5, T, 22 N, R. 119 W_; 750 feet west of center of south
line of sec. 20, T. 23 N., R. 115 W.; 7 miles north of Evanston; sec. 20, T. 18 N.,
R. 118 W.; just west of the Utah-Wyoming line due west of the northwest corner
of sec. 30, T. 19 N., R. 120 W. The last material is of particular interest because
found in contact with the Pennsylvanian limestone of the Crawford Mountains.
The exposure is not good, and it was not possible to make a detailed examination,
hut the relation is pr obab]y a fault contact analogous 'to that shown by the strata
at Cokeville.® ‘

One collection, from beds immediately in contact with the Beckwith formation,
3 miles east of Cumberland, and hence at the very base of the Bear River formation,
shows, according to Doctar Stanton, a distinct marine facies, and this, with the col-
lection made by Doctor Stanton at Sage in 1891, brings up the question of the posi-
tion of the Bear River formation with relation to the horizons recognized in the
Cretaceous section east of the Rocky Mountains.

Before taking up this question a further word is needed regarding the relation
of the Bear River to the overlying beds. Where exposed in the eastern belt of older
strata from near Hilliard to beyond this area, this formation is overlain by the
Aspen beds, a series of dark-colored sandy shales containing a few ammonites and
abundant fish scales. This weathers into small splintery fragments, quite different
from the ordinary Bear River formation, and has produced long rounded hills of a
peculiar silver-gray color. In the western belt of older rocks exposed along and
just east of the State line these Aspen beds do not occur. The highest beds of the
known Cretaceous serics, with the possible exception of certain layers near and north
.of Sage, clearly belong to the Bear River formation. At Sage Doctor Stanton
reports:?

Above the coal there is a considerable thickness of sandstones intersiratified with argillaceous and
siliceous shales, none of which yielded any fossils. In a thin hed of sandstone, 15 or 20 feet below

a Am Jour. Sei., 3d ser.. vol. 40, 1892, p 111 fig. 3.
3 Am. Jour. Sci., 3d ser., vol. 43, 1802 p. 108,
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the coal, Modiola wmultilinigera,e Barbutia coelvillensis, and w few other species of the Colorado Creta-
ceous were found. Four hunfired or 500 feet east of (below) this there are exposures of sandstones
and calcareous shales containing Bear River fossils, interstratified with thin seams of coal, on some
of which excavations have been made.

The oulcrops at this point are not over 750 {eet long and 50 feet wide, and the
relations of the heds are entirely concealed by the overlying Quaternary and
Tertiary deposits. Very limited exposures of the sandstones associated with the
coal were seen just north and south of Sage. Hast of Beckwith above the coal bed,
swhich is either the extension of the Sage coal or a higher horizon, a number of char-
acteristic Bear River forms were found by Doctor Schultz. This paleontologic
evidence, together with the fact that these beds contain marine forms and do not
in any way resemble the characteristic Aspen® outcrops a few miles to the east, has
led to the representation of these exposures as Bear River on the geologic map and
the accompanying cross sections. This gives to the Bear River at this point a
thickness excecding 5,000 feet. It is clearly over 3,000 feet thick, as shown by the
sections around and north of the Narrows and Stanfon’s studies near Cokeville,
and at neither of these points was the top of the {ormation seen, 'On the castern
side of the area this formation is thinner. It is over 1,000 feet thick north of Hams
Fork and decreases southward to 800, and it may be as low as 500. This rapid
decrease in the thickness ol this formation to the east has an important bearing on
the topographic relations of this region at the time of its deposition.

RELATION OF BEAR RIVER FORMATION TO HORIZONS IN THE CRETACEBOUS SECTION
EAST OF THE ROCKY MOUNTAINS.

Although the true stratigraphic position of the Bear River formation with relation
to the other beds of this region was determined by Stanton, the question ot its
relation or equivalence to other members of the Mesozoic is still but partially solved.
White¢ after considering this question concluded from the fragmentary plant -
material collected that it was Upper Cretaceous rather than Tower Cretaceous or
Jurassic.  This and its position below the Benton has led to the rather persistent
suggestion that it might be the time equivalent of the Dakota.

In this connection the marine species found on Little Muddy Creek 3 miles
southeast of Cumberland, on the line between secs. 3 and 4, T. 18 N., R. 116 W,
arc of interest. These lossils oceur only a few feet above typical Beckwith beds
at the very base of the Bear River formation and conclusively prove that the Bear
River is Upper Cretacoous. Doctor Stanton lists the following species:

Cardium sp. Liopistha {(Psilomya)? sp.
Muactra sp. ~ Lunatia sp.
Corbula sp.  Related to C. pyriformis Meek.

The whole assemblage of forms is unfamiliar, but the horizon is ¢learly Upper Cretaccous.
e 1n 1893 Dr. Stanton stated that this or & similar form occurred herc in the Bear River furmation, Bull. U. &. Geol.
Survey No. 106, 1893, p."88. Sce in this connection U. 8. Geological Survey Bull. No, 128, p. 33
& The Aspen is of uniform lithologic character throughiout the eastern partof this ares, and its extension many miles to
the southwrest is shown 1n the Chalk Creck and Rockport sections.  Thess facts give the lithologic argument just offered
more weight than it would otherwise have.
¢ Bull. U. 8. Geol. Survey No. 128, 1804, pp. 20-24.
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The restricted development of this formation, combined with the great thickness
of the beds and the relatively complete faunal isolation indicated by its fossils,
makes it of peculiar interest in the consideration of the geographic conditions at
this early time.. The beds along the northern part of the Uinta Mountains and the
west face of the Rockics show an apparently conformable series from the Jurassic
through the Cretaceous, yet this formation seems to be entirely abseni from these
sections. The rapid thiuning of the Bear River formation to the east suggests a
barrier even nearer than the Rocky Mountains, and its absence to the south shows
the importance of the Uinta uplift at this early time.

LY
ASPEN FORMATION.

Outcrops of the characterisiic dark-colored, splintery, somewhat arenaceous
shales eontaining abundant fish scales, which overhe the Bear River formation, are
recorded in the reports of Hayden, Bannister, Emmons, and King¢ near Aspen sta-
tion (named from Quaking Asp Divide or Quaking Asp Ridge) on the old line of the
Union Pacific Railroad. These outcrops were even™ at this early date correctly
referred to the Benton or Colorado. The name Aspen is thus historically appropriate
for this group of dark-colored shale beds, bounded below by the Bear River and above
by the coal-bearing Frontier formation.

The same beds were seen by Mr. Emmons near the present town of Cumberland,
and deseribed by him as follows:

_ In the little circular valley just west b of the ridge af this point are cxposed some clayey beds,
too much disintegrated to show a definite strueture; but as they are sueceeded un the east by the
same sand-rocks, dipping 25° to the eastward, with a strike of north 15° east, they have been colored
as helonging to the Colorado series.  The overlying striped red and white clays of the Vermilion geries
form a semicircular wall to this valley on the cast, dipping castward at an angle of 3° to 4°.

The sandstone described as dipping 25° eastward belongs to Wasatch, and the
main anticlinal crest, which is here eroded down to the Beckwith beds, occurs a
little farther east.

The Aspen beds are exposed along the east side of this anticline wherever not
covered by the Tertiary from Aspennorthward beyond the limit of themap. Thesame
beds are also exposed west of the fault line (Absaroka fault) in the vicinity of Old
Bear River City. Identical beds in the same stratigraphie position occur to the
southwest on Chalk Creek and at Rockport in Utah (see p. 103). These beds contain
the oil-bearing layers encountered in the wells near Spring Valley, and Knight recog-
nized that the “Spring Valley oil sands’ occur immediately below the Frontier
formation, but did not recognize the identity of these beds with the formation whose
outerops are described by the early explorers as Benton or Colorado shale. He
therefore presents a table showing an unnamed formation, No. 4, between his
Fronmer and his Benton, No. 5. Knight’s¢ formations No. 4 and No. 5 are the same,

a F. V. ITuyden, [Fourtic Ann] Prelim. Rept. U. &, Geol Suru) of Wyoming for 1870, 1871, p. 149, 1I. M. Bannister,
Sixth Ann. Rept. U. 8. Geol. Survey Terr., 1872-1873, p. 538; 8. K. Enunens, Repl. Explor. 40th Par., vol. 2, 1877, pp. 233,
326; Clarence Wing, Rept. Lxplor. 40th Pa.r., 188, vol. 1, p, 326. The Rmmons statement is apparently based entircly on
the Bannisier account, although no eredit is given.  1f the mup'iu the Geologic Atlus had followed the Bannister account
as closely as the text, it would have been more nearly correct.

& Should be eust, as shown by ump in gecompanying atlas.

¢ Knight, Wilbyr C., Eng. and Min. Journal, vol. 73, 1902, p. 721,
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the one referring to the beds encountered in the wells and the other to their surface
exposures. The quen formation ranges in thickness from 1,600 to 2 200 feet, but
its average thickness is about 1,800 feet AR

FRONTIER FORMATION. i
DEFINITION -AND DISTRIBUTION.

The Frontier formation was named by Knight in a paper presented to the Geo-
logical Society of America in December, 1901.¢ Lt was defined as essentially a coal-
bearing formation containing a marked sandstone layer and characterized by the
presence of Ostrea soleniseus,® a very long slender oyster, shown on Pls. IX, X. The
name Frontier was taken from the coal town of that name, near which these beds are
well developed. The pronounced sandstone layer or group of sandstone layers,
occasionally conglomeratic and containing numerous specimens of the elongate oyster
mentioned, produces a pronounced ridge, which was named Oyster Ridge by Hay-
den<in 1872. This name was adopted by the King survey and used on the maps and
reports of that organization. This group of sandstones has therefore been named
the Oyster Ridge sandstone member of the Frontier formation, and has been shown
by a distinet color on the geological map. At several places minor sandstones or
oyster-bearing ridges occur above the Oyster Ridge sandstone, notably about Cum-
berland, where they immediately overlie the important Kemmerer coal bed, and
again east of Crow Creek. These low ridges for the most part mark the divide
between the hogbacks of the Frontier formation and the broad valley produced by
the Hilliard shale, and have been accepted as the top of the Frontier formation.
Where thisridge is absent, the top of the Kemmerer group of coal beds is accepted as
the top of the Frontier formation. This dividing line is approximately 600 feet above
the base of the Oyster Ridge sandstone, which is generally about 200 feet thick.
Beneath the Oyster Ridge sandstone there are other sandstone layers, which produce
pronounced ridges, but these, except near the northern extremity of the map, are
definitely scparated from, and not readily confused with, the main Oyster Ridge
sandstone. The total thickness of this formation ranges from 2,200 to 2,600 feet.
It is exposed along the east side of Mammoth Hollow throughout this area, and on the
west side north of Hams Fork and between Little Muddy and Clear crecks. It out-
crops west of the great Absaroka fault from the Evanston-Fort Bridger road south
to Sulphur Creek.” '

FOSSILS.
INVERTEBRATES,

Engelmann @ in 1858, collected fossils from this formation on Sulphur Creek in
strata Nos. 12 and 5 of Meek’s section,® and in the sandstone at the bend of Sulphur

« Eng. and Min. Jour., vol. 73, 1902, p. 721; Bull. Geol, Soc. Am., vol. 13, 1903, pp. 542-544. -

b Although 0. soleniscus is common throughout this formation, it is not characteristic of it, as Knight asserts.. 1t
aceurs abundantly in this region in the Hilhard formation, at horizons 3,000 to 3,800 fect above the top of the Frontier.

¢ {Fourth Ann] Prelim. Rept. U. 8. Geol. Survey of Wyomng lor 1871, 1872, p. 149

4 Engelmann, TL., 8. Ex. Doc. No. 40, 35th Cong., 2d svss., 1859, pp. 51-52, accompanying Captain Simpson’s report on the
wagon roads in Utah Territory.

¢ 8ixth Ann. Rept. U. 8. Geol. Burvey Terr for 1872, 1873, p 451. Republished by Stanton, Am. Jour. S¢i., 3d ser , vol.
43, 1892, p 102  See p 101 of present report
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Creck (now called Rock Cut). From the specimen of /noceramus, which he compared
with 1. eripsic Mantell, but which was afterwards identified as 7. labiatus Schl., he
established the occurrence of the Cretaceous in this region. This locality was visited
by many of the earlier geologists, and because of their writings has become a locality
of particular interest to the geological student.

The following lists, prepared from the publications of Meek, White, and Stanton,
give the forms listed or deseribed from this point, together with additional geographic
and stratigraphic data.

Rock Cut, 1 mile southeast of Hiltiard, w sec. 2, T. 13 N., R. 119 W,

Horizon of Qyster Ridge sandstone,

{Where species are marked #, figures of specimens from this locality’have heen published; species murked t were first described
. from this locality.]

*Qstren soleniscus Meek. Cardium pauperculum (==Cardium subeurtum
*Cyrena seeuris Meck (=*fCyrena crecta White. ) Meck).
*tPlacunopsis? hilliardensis White. Corbula dubiosy, White,
Volsella i Brachydontes) mnltilinigers Meek. *Neriting incompin White,
Cardium enrtnm M. and II. Turbonilla (Chemnitzin) conlvillensis Meek,

¢ Belween Evenston and Fort Bridgee? (probably near Hilliard).c
Inoceramus (like I. problematicus®. Cardium curtum M and TT.
) At Carter Oil Spring, wn see. 81, T. 15 N.. R, 118 W.
500 feel below Oyster Ridge sandstone.
tCardium pauperculuin Meck.

Near Old Bear River Chty, in secs. 28,29, T. 14 N., R. 119 W.

Horizon of Oyster Ridge sandstone and a horizon whose positioen can not be deterinined exactly but
wlich ig thought to he near the Oyster Ridge sandstone.

Ostrea cf. glabra (probably Ostrea coalvillensis  *1Cyrena securis Meck (No 12 Meck section).

Meek). *tCyrena (Corbicula) squilateralis (Meek) (No. 12
*tAnomia concentrica Meek (Oyster Ridge sand- ~ Meek section).
stone). *tDonax cuneata Stanton (No, 12 Meck seetion).
¥1Ostrea soleniscns Meek (Oyster Ridge sand- ¥ Corbicula subtrigonalis ? M. and H. (No. 12 Meek
stone). ’ seetion).
* Inoceramus labiatus Schloth. {(¥I. problemati- Neritina (Velatella) patelhforinis Meek (No, 12
cus.) (No. 12 Meek’s section.) Meek section).
*tBarbatia (Trapezium) micronema (Meek) Oys- Pugnellus fusiformis (Meek) (No. 12 Meek sce-
ter Ridge sandstone. tion).

West side of Bear River b sec. 34, T 14 N., B. 119 W.

Near base of formnation.

Ostrea, ———? Cyrena securia Meek.
Volsella (Brachydontes) multilinigera Meck. Tellina ? modesta Meek.
Nucula ———? Tellina {Arcopagia?) utahensis Meek.

Barbatia coalvillensis White. +#Corbula dubiosa Whito.
Cardium trite White ?. .

a Meek, [Fifth Ann.] Prelim. Rept. U. §. Geol. Survey Terr. for 1871, 1872, p. 376.

& White, Fleventh Ann. Repi. U. 8 Geol. and Geog. Survey Terr. for 1877, 1879, p. 248.  The field sheets of our party i
1905 shows no outcrop of the Fronticrat this point, though its presence is clearly suggested to the west by the Bear River and
Aspen formations, and it is inferred Lhat Doetor White found some point of exposure 1n the area colored Wasateh which was
overlooked by this party. [The outcrep is on the bank of Bear River and shows thickness of nearly 150 feet T W 3.)
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1, 1a Ostrea sannionis White  {After White } 4, 4a. Cardium pauperculum Meek. (After Stanton.)
2, Ostrea seleniscus Meek.  (After White.) 5 Pugneltussfusiformis (Meek), {After Stanion.)
3, 3a Inoceramus labatus Schlotheim, (After Meek ) 6 Glauconia coalvillensis (Meek)  (After Stanton.)

{Specimens 1, 1a, & from Coalville, Utah, 4a, 5 from Huerfano Park, Colorado, 2, 3, 3a, 4 fram Bear River City, Wyo.)

FOSSILS COMMON IN FRONTIER FORMATION.
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Doctor Stanton in 1896 collected Ostrea coalvillensis Meek and Inoceramus
fragilis . and M., ““ just above the Diamondville coal near Kemmerer.”” «

Several small lots of shells collected by this party from the Frontier formalion
at different points in this area have been identilied by Doctor Stanton. The lists
of species are given below in their stratigraphic order:

Fossils collected from Frontier formation.

U, 8,
Leol. . - Position with refer-
Survey Loeality. enceto Oyster Ridge Species.
lot K . sandstone.
No. .
—|— [
3366 | SW.isec, 32, T.ION, R.IITW . Not known« Inoceramus labiatus Schl.
: - ) Cardium sp.
2380 | Cediter north lino see. 32, T 19 N, R. 17 W.I.___dod. ... ... ;{{{ﬁgﬁ?‘l;g’i“r‘ﬂg&“ﬁg&
Magtra emmoensi Meek
8ec. 20, T.19 N, R. 116 W (see Il XXIV).| 720'feet helow........ Unio sp..h related to U, vetusius Meek.
Bec. 8, T. I8N, Tz w. L 700 feet below. ... Unio sp.,* related to U. vetustus Meek.
Osatrea sp.
3374 | BE. 4sce. §, T.ISN,, R.117 W_ ... ... 650 -700 feed below | {lnum‘rumug labiatus Schl.
Unio sp
1,000 feet east of center of west line sec. 19, Ostrea sp.
3973 T.22N., R.116 W, Sandstone just helow ' 00 feet below . ....... Inoceratus sp.. apparently undescribed but
Willow Creek coal. ' related to L. erecius Meek.
st 1 B 118 W | (Jargllu]m paupercubiumn Meck.
Center east line see. 31, T. 15 N., K. [18 W. el T vorbulu sp.
371 { nenr Carter Oil 8pring. |}n()0 £ feel below..x.. Cyrena? sr
Spirorbis? ' sp
3357 | SW. §sec, 33, T 19N, R, 117 W., 5 miles west | 2507 feet below....... Unio sp.,b xelutcd 1o U. voiustus Meck.
of Cumberland. -
NE.jgee, 32, T 20N, B 116 W_........_.. 200 + feet below ______ Unio SP) , related to U. velustus Meek.
& nemaiophora Meck.

NW.lsec 28, T.23 N., K. 116 We, and 1.000
370

Y vaine Ridee Cuorbu
feel north of 8W. corner see. 16, T. 23 }Oggi)ln[(‘ Ridge sand- {Glaucoma coalvillensis (Meek).
NG RO16 W . T Admetopsis sukfusiformis Meek.
Meretrix? sp.

See. 31, T. 15 N., R. LIS W. ,jllst west of Uar- [Oyster Ridge sand- || QORax cunsata Stanton:

Anatina sp.
K i
tor Oil Sprmg stone? Muctra emmonsi Meck.

(See. 31, T \Y R 1S W ) Lot Pugnelius fusiforn;’is (évfeek).
- See. 31, TUIB N, RIS W, just wesl of Car- Ystrea soleniscus Meek.

3375 1 ter Oil Sprirg. }Same as FT. ... {Mrmlmﬁ sp.

3369

e Near center of sec. 33, T. I3 N., R. 118 W, 1} }OysLer Rldge sand- |[Ostrea soleniseus Meck,
33’7; miles southwest of Spring Valley. - stonc. \Inoceramus n. s. Same as No. 3373,

Osiren sp.

Cardium paupereuium Meck.

11,400 feel wost of N eornersee. 31, T 19N, [J8hell layer, {op of [|Corbula nematophora Meek? o
I R.o1e W . { Ovwgster Ridge. Gyrodes sp.

Fasciolaria? utahensis Meek.
Pyropsis? sp.

Ostren soleniseus Meek.

{500 fest whove base of [JAnomia sp.

3378

338

Oysior Ridge sand- | Modtola sp.

stone, Iroeerurnus lubiantus Scehl.?

Corbula subtrigonalis M. and H.

Center north line see. 1, T.21 N, R (16 W. | 500-600 fcet abowve | Inoceramusn. s. Same as No. 2373,
Sandstonc above Nemmercr coal. On hase of Oyster
parting Letween Frontier and Hilliard LRlidge sandstone.

i formations.

{(Ieutur north line see. 13, T'. 22 N, R. 11§ . }G()() feet, above base of |[OStres sannionis White.

merer coal.

2385 {houtle[, Wyo., umuedumtely above kKem-

3376

On parfmg between Frontier and Hilliard Oyster Ridge sand- é‘;;.né: S& p.
formations. sione, Maectra sp. cl. M. formosa M. and I,

a In greatly faulted region east of Absaroka fault; may e as high as Oyster Ridge sandstone. :
b Doetor Stanton says: *'This undescribed species is a simple form that might cecur nnywhere in the Cretaccous and on
to the present time. Ita resemblance to a Bear River species suggests a low horizon in the Upper Cretaceous.”

Doctor Stanton adds the following notes: -

Lots No. 3366, 3380, 3374, 3371,-3378, and 3387 indicate honzons that may he correlatccl with the
Fort Benton.
The species of No. 3370 indicate o low horizon in the Celorado group.
* Lot No. 3389 is from the horizon of the Thivd Ridge of the Coalville, Ulah, section, which is believed
to be in the lower part of the Montana group.

a Bull. Geol. Soc. Am., vol. 8, 1897, p. 145,
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The line between the Montana and Colorado was drawn by Doctor Stanton,
after considerable hesitation, in the Coalville, Utah, section, jusi above the sec-
ond ridge® (see section, p. 103), with the remark that there was a promising field
for a study of this question in western Wyoming, along the uplift of Oyster Ridge
and west of it. Numerous specimens of Inoceramus exogyroides were found 3,000
feet above the horizon of No. 3389, which oceurs at the top of the Frontier forma-
tion. These show not only that the Frontier formation helongs to the Colorado, but
strongly suggest that. the lower half of the Hilliard is also Colorade.

PLANTS.

The plants collected by Frémont in 1843 “on Muddy River, longitude 111°,
latitude 41.5°,"" and described by James Hall,* who doubtfully referred them to the
Jurassic, came from the Frontier formation on the south-bank of Little Muddy Creek,
about 1 mile east of the present town of Cumberland. A portion of this material
found its way into the National Muscum and was examined by T.esquereux, who,
while presenting a list in which Lhe age is given as “.Jurassic?” ¢ makes the following
positive statement regarding its age, which is much more conclusive than thatl of
Mall-@

The specimen representing fig. 4, of P1. IL, of Hall, is patt of an ovate leaf, Ianceolate pointed above
and dentate on (he borders, the seconduries entering the teeth, The figure is really that of a dicotyle-
donous leaf, but the specimen is not in the lot! .

What scems to me to he conclusive of the Oelithic age of the plants is the number of fragments of
small ferns referable to the genus Thyrsopteris, of which Heer has described o number of species from
the Jurassic in Jura Tlora of Siberia, Pls. 1, IT; also in Portugal flora, and which are also described as
TTymenophyllites lechenbyl in Zigno, PL TX, figs. 3-5, and PL. X1, figs. 1, 2. PL I, fig. 4. of Hall, is like
Cycadopteris heterophylla Zigno, and fig. 3 of PL. 11 ie like (. keerdr Zigno.  Those emall ferns, mixed upon
small specimens. are really Oolithic type. :

A collection of plants was made during the summer of 1905 from what was
afterwards determined, by a careful consideration of the accounts of Frémont and
Hall, tb be from exactly the same horizon as that yielding the above collection.
This material came from the southern part of see. 29, T. 19 N., R. 116 W., 1 mile
cast of Cumberland, at a point stratigraphically 1,200 feet below the base of Oyster
Ridge sandstone and near the base of the Frontier formation. Its stratigraphic
position is shown in PL. XXIV, p. 116. Dr. F. H. Knowlion, to whom this material
was referred, reports: )

Gleichenia. Two or three species, well preserved.
Equisetum? sp. Teculiar, probably now.

Aralia, ¢f. A. saporiana,

Dewalquea, near D. insignis.

Peculiar radiate plant of unknown affinity.

This is extremely intercsting material, as it is evidently from the same locality or hoerizon as that at
which Frémont obtained a small collection in 1842, which was worked up by James Hall, who referred the
beds to the Jurassic. The ferns here called Gleiehenia were named Pecopteris by Hall, but they scem indis-
tinguishable from this modern genus. The age, so far as I am able to {ix it, is the lower part of the Upper
Crataceous, about in the position of the Turonian, possibly a little lower.

o Bull. U. 8. Geological Survey No. 106, 1843, pp. 38, 39, 41.

4 Rept. Explor. Exped. to Rocky Mountains i the year 1842, and to Oregon and north California in the years 1843-44,
18435, pp. 130-132, 207-208, 304-307, 309, I’ls 11 and [11.

¢Proc. U. 8. Nat. Mus, vol. 1!, 1888, 1880, p. 11.

dIpid., p. 38,
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A collection made by Doctor Schultz from sec. 8, T. 18 N., R. 117 W., 2 miles
southwest of Cumberland Reservgir, from beds ’[h()ucrht in the field to b(‘ in the
Frontier formation and at or near the horizon just recorded, was reported on by
Daoctor Knowlton as follows: :

One leaf, much broken, seems to be.Quercus platama. Others are fragments. This is decidedly

younger than the beds from the old Frémont locality, and should be apprommfltely Laramie, but of
this T am obviously uncertain.

Two explanations suggest themselves for these apparently conllicting -data.
The last collections may have comne from a limited outlier ol the Wasatch beds, which
are exposed to the west, or they may have come from a horizon comparable to that
which yielded the supposed Laramiec at Coalville and which from data obtained
in this region T am inclined to regard as Colorado rather than Montana and as
probably the upper part of the Frontier formation. The first hypothesis is not
regarded -as probable. Doctor Schultz is positive that the fossils were collected
from a bed in the Frontier formation and suggests that they may have come from
8 horizon slightly higher than the Frémont leaf bed.  This would lend weight to
the scceond suggestion.

AGE OF THE FRONTIEE FORMATION.

Because of the prevailing sandy character of the formation and the pronounced
sandstone beds which it contains, it was referred to the Fox Hills by nearly all the
early geologists. .This reference was accepted until the careful work of Stanton on
the Colorado formation® showed that, these beds were for the most part clearly
Colorado. The work of this season has {furnished additional evidence of the cor-
rectness of Doctor Stanton’s conclusions. The discovery of numerous specimens of
Inoceramus exogyrovdes 3,000 feet above the top of this [ormation conclusively
proves its Benton age and indicates that the Colorado-Montana line is rather higher
than drawn by Doctor Stanton.

HILLIARD FORMATION.¢
DEFINITION AND DISTRIBUTION.

In a paper read before the Geological Society of America? in 1901, Prof. Wilbur
C. Knight proposed the name Hilliard for the group of dark-colored shales over-
lying the coal-bearing Frontier formation and underlying the coal-bearing Ada-
ville formation, saying:

1 propose the name Hilliard for this horizon, the name being derived from the town of Hilliard,
which is located on these beds of shale, and cite the shale beds west of Kemmerer and extending as
far ag the east portal of the Oregon Short Line tunnel as a typlcal section,

a Bull. U, 8, Geol. Burvey No. 106, 1893, p. 42.

b Stanton, T. W., The Colorado formation and s invertebrate fauna: Buil U. 8. Geol. Survey No. 106, 1893,

« 3ynonymy and usage of Ililhard formation:

= Sulphur Creek lormation, Powell (at type localily), Geology Uinta Mountasns, 1876, p. 50.

< or £ Sulphur Creek formation, Powell (at other points), Geology Uinta Mountains, 1876, pp. 50, 154, 157, Atlas

Geology Umta Mountains, 1876.

= Milliard formation, Kmght, Eng. and Min, Jour., vol. 73, 1302, p. 721; Bull. Geol Soc¢. Am., vol. 13, 1003, p. f43.

d Bull. Geol Soe. Am., vol 13,1903, p 543. In Eng. and Min. Jour,, vol 73, 1002, p. 721, he says: * For this shale for-
mation T propose the name Thilliard, on account of the great development near that place ™
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In the summer of 1905 the writer, not knowing of these earlier definitions,
mapped this group of shales in the field under the name *‘Moyer formation,” the
name being taken from Moyer Junction on the Qregon Short Line Railway between
Kemmerer and Hodges Pass tunnel on the section which Knight chose as a typical
section,

The Hilliard beds at the type locality were mentioned by Prof. J. W. Powell
in 1876 in the following WOI‘dS @

Sulphur Creek grou p.—'This group ot black shales can be well seen in the hills near Hilliard station
on the Union Pacific Railroad. Herd Sulphur Creck cuts through them for several miles. In Professor
Meel’s “8ection on Sulphur Creek ncar Bear River,” his “No. 17 is the summit of the group. The
locality does not present a good type. from the fact of the great displacements to which the beds have
heen subjected. Their relation to underlying beds can not be determined with certainty.

Powell’s interpretation of the stratigraphy of Meek’s Sulphur Creek section (see
p. 102) was altogether incorrect. He regarded the strata exposed from near Millis
to east of Old Bear River City as an unbroken section of conformable beds in which
the beds to the west (the Bear River formation) are at the top and the Sulphur
Creck (Hilliard) beds at the base. With this interpretation of the structure at
the type locality it is not surprising that the beds called Sulphur Creek in the Uinta
Mountain section are probably not at the same horizon as the beds at the type
locality. Part of the beds in the Uinta Mountain scction referred to the Sulphur
Creek by Powell are undoubtedly Aspen, and from the list of fossils given by White
from the ‘““Sulphur Creek group’’——mnone of them from the type locality— it may
be inferred that Powell applied the name Sulphur Creek group to any pronounced
exposure of Cretaceous black shales regardless of its stratigraphic position. On
account of this confusion it has been considered advisable to employ Knight’s
name rather than Powell’s.

This formation consists of dark- colored sandy shales, containing a few sand-
stone layers and limited below by the coal-bearing Erontier beds and above by the
coal-bearing Adaville beds. Tts ready weathering has produced a great depression
known as Mamimoth Hollow. It has a thickness ranging from 6,500 to 6,300 feet
in most of the area, but on Hilliard Flai it appears to be not over 5,500 feet thick.

Woest of Frontier this formation contains a series of pronounced white sandstone
lentils having an individual thickness of 50 to 100 feet and oceurring through about
800 feet of strata. These sandstone lenses have a longitudinal outerop of only
about 5 miles. No trace of them is seen to the south, and to the north they change
abruptly into a low clay ridge covered with large oysters (Pl. X). This formation
is not known to be coal bearing, but future discoveries are by no means improbable.
In the Baker well (p. 150) a coal bed was encountered 920 feet above the Kemmerer
coal, but this occurred near the line between the Wasatch conglomerates and the
Hilliard beds and is regarded as more probably helonging to the Evanston forma-
tion than to the Hilliard. The surface exposures of this formation are confined for
the most part to Mammoth Hollow. It is also exposed in a narrow band on Sulphur
Creek near Hilliard and its occurrence is inferred; on paleontologlc grounds, in a

a Cleology Uinta Moantaing, 1876, p. 50. On p. dl l’cmell states that the type locality of the $ulphur Creck group fallg
without the nrea deseribed, which in connection with the Atlas clearly shows that he regards Sulphur Creek near Iillard
as the type foculity.
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limited area just west of Altamont. Because of the soft character of the beds, good
exposures arc rare. The best occur on Sulphur Creek near Hilliard, along the rail-
road from Moyer to Glencoe Junction, and on Hams Fork.

FOSSILS.

Fossils were found only near the center of this formalion at the horizon of the
sandstone lentils exposed on Ilams Fork, from 3,000 to 3,800 feet above the base of
the formation. This group of sandstone lentils 1s very pronounoed on Hams Fork,
but cxtends only about 2 miles northward, to a point where it is replaced by a clay
ridge covered with very large Ostrea sohm,sau.x' (Pl. X), in no way suggesting the

sandstone layers, though grading directly into them. These fossils have been iden-
. tified by Dr. T. W. Stanton.

Fogsils from horizon of sandstone lendils in Hilliard formation,

U. 8.
(reol. Py ST
Survey Locality. Species.

lot No. .

3383 | Upper Hams Tork Liridpge, sec. 27, 1. 22 N, R, 116 W....] Inoceramus exogyroides M and TE (PL XT).

- Ostrea sp.
Inoceramus sp. (Fragments of thick-shelled {forms,
b2+ S N [ Y 1 probably 1. exogy roides.)

Tellina? ap.

Mactra sp. of. M, formosa M. and 1L
Cardium sp.

350 One-half mile northwest of above, insece. 22, T.22 N, R. {

Mactra sp.
F T 2

Corbuln sublrigonalis M. and 11.

Corbula sp.

3367 { SW._cornersee, 33, T. 23 N, R, 116 W....o.oioiiiaaiiiis Qstrea soleniscus Meek (Fl. X).

3368 | NE.cornersea. 8, T. 2N, R 16 W. ..ol Oastrea soleniscus Meel,
Incceramus erectils Meek.?

Cardiam.

Cyprimari.

‘Anomia.

llnoeeramus utnbronadirs M. sd H.

Tlams Fork statlone .. .. . . . . .. ...

Cardiun sp.
Mactra sp.

3370 |12 milus southwest of Altamont, Wyo.b. ... .....
: Corhula sp.

e Coliected by Doclor Stanton in 1896 (Bull. Geol. Soc, America, vol. 8, 1897, p. 149}, and thought, irom geographic posi-
tion, to be from this hanizon

b This onterop occurs in a badly faulted region, and the stroligraphic relation can not be determined. The area bas
een colored INliard on the geologic man beecause of the oceurrence of Tnocerumus wmbonulys.

Doctor Stanton gives the followmrr notes Iegmd.ulv the paleontologic aspects of
this material: :

No. 3383. This specics is known elsewhere only from the upper part of the Colorado group at abgut
the horizon of the Niobrara, and may be said to be characteristic of the base of the Niobrara or the top
of the Benlon. .

No. 3379. Inoceramus umbonabus occurs in the same horizon with 1. exogyroides.

No. 3388. Judging from the Mastra, I should think this Jot came from the Montana group, though
its horizon may be as low as the top of the Colorado.

No. 3390. Theso fossils are believed to have come from the Montana group.
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The forms Inoceramus wmbonatus and-1. exogyroides are highly specialized types
and belong to the class of fossils which are of the greatest stratigraphic value because
of their unique characteristics and limited time range. Of Inoceramus wmbonatus,
Doctor Sianton says:® :

In this country the species has heen found only al or near the oériginal locality (20 miles below
Fort Benton, on the Upper Missouri, from the Fort Benton group, or No. 2 of the Cretaceous series),
and in the Austin limestone of Texas.# Dr. C. Schliter {Palmontographica, vol. 24, p. 272) regards
involute specimens as belonging to 1. involulus and retains the name I wmbonatus for those (including
L exog _/Tov.des) in whiclt the beaks are not coiled. He slates, however, that as all three forms arc asso-
cialed in the same strate Both in Eluupe and Amecrica, it will probably be found that the greater or
less amount of colling in the beaks is not an essential specific character, Tt should he stated that
I involulus occurs in Germany, in Schliter’s ““ omscher Mergel,” and in equivalent strata in other parts
of Europe, at the base of Senonian, whete it is associated with Awmmonites teranus and Ammonites tri-
cartnatus. The relative position of these analegous if not identical forms, therefore, is not very different
on the two continents. * *  Larger collections will probably show that Fanceramus exogyroides.is
identical with I. umbonatus. :

Of the two forms collected in southwestern Wyoming, I. umbonatus alone is
entirely typical. It does not distinctly aid, however, in fixing the age of the different
formations, since it was obtained from a stratum in a greatly faulted area whose
stratigraphic position could not be determined. The specimens of I exogyroides
show some varietal characteristics, as may be seen by comparing the figures given
on Pl XTI, with the original figures of Meek, but these differences are not regarded
by Doctor Stanton as sufficient to justify their refegence to a new species.

These forms cast.of the Rocky Mountains are limited, according to Doctor
Stanton, to a horizon at the top of the Benton and to the Niobrara and its equivalents.
They have not before been found west of the Rocky Mountains and are believed to
conclusively fix the horizon at which they are found. The Colorado group at this
point thus reaches the ecnormous thickness of over 8,000 feet, including, as it does,
the Aspen formation, the Frontier formation, and the lower 3,800 feet of the Hilliard
formation.

No fossils were found in the upper 3,000 feet of the Hilliard formation, but from
the occurrence of fossils regarded as ncar the top of the Montana, aboul 300 feet
above the top of this formation in the Adaville, it is believed that the upper part of
the Hilliard is Montana and that the thickness of the Montana in this section may

be as much as 3 000 feet.
ADAVILLE FORMATION.

» DEFINITION AN DISTRIBUTION.

The group of strata immediately overlying the Hilliard shales has from the
earliest settlement of this region been noted for the great number and thickness of
the coal beds it conlains. At the Adaville mine, 2 miles south of the Hodges Pass
tunnel, on the Oregon Short Line, a bed of coal 84 feet thick has been cut, and ds
the whole formation shows a like phenomenal amount of coal and is, moreover, well
(wposed at this pomt it has been named the Adaville formation.

« Bull. U, S Geol. Survey No. 10(‘ 1893, pp. 89 83
b Since the above wus written Lhis speeies hag heen found in the upper part of the Benton shale iur Montana and elses
where pud in the Niobrata of southern Colorado,—T. W. Stanton,
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ADAVILLE FORMATION, 3

The Adaville formation consists of yellow, gray, and black carbonaceous clays,
with irregularly bedded brown and yellow sandstones, These beds do not weather
so readily as the Ililliard and risc distinetly above the arca underlain by the latter
formation. Mammoth Hollow is here a monoclinal valley bounded on the easi by
the hogbacks of the Frontier formation and on the west by the hogbacks of the
Adaville formation. In the vicinity of the Hinshaw ranch there are two distinet
hogbacks on the west side of Mammoth Tollow (Pl. I, B), an outer one formed of
dark-brown sandstone and an inner one capped by a white sandstone. The sand-
stone layer forming the first hogback, which is here the topographic boundary of the
Hilliard shale valley, was initially regarded as the upper limit of the ITilliard beds.
The overlying white sandstone was, however, found on further examination to
represent better the base of the lithological group containing the Adaville coal beds,
and it has therefore been defined as the base of this formation whenever present,
This white sandstone is not characteristically developed north of Hodges Pass
tunnel. Tt is exposed in the east portal of the tunnel and from Adaville south. It
attaing in places a thickness of over 200 feet and has been named the Lazeart sand-
stone lentil of the Adaville formation, from its typical exposure near the Lazcart
coal mine (PL VII).

The Adaville formation outcrops in a narrow belt just west of Mammoth
Hollow, between Hams Fork and Little Muddy Creek and between Clear Creek and
Lazeart coal mine. A very limited outcrop shows in the side of a little stream
valley just south of Carlton coal mine near Hilliard. Throughout the area it is
unconformably overlain by the Wasatch beds and in some places by the Green River.
Its relation to the Kvanston can be inferred only from the general stratigraphy of
the region. Its maximum thickness in the section along the Oregon Short Line is
between 4,000 and 5,000 feet,

FOSSILS AND TIME RELATIONS.

Fossils have thus far been collected only in the lower part of this formation
at Hodges Pass and Adaville. TIn 1881 Dr. Lester F. Ward made large collections

of fossil plants from Iodges Pass tunnel and described and figured the following
species (Pl XIT):e

§ Dryophyllum bruneri Ward. (=D. subfalcatum Lx.)b
T Dryophyllum falcatum Ward.

T Alnus grewiopsis Ward.

T Nyssa buddiana Ward.

Cinnamomum laneeolatum (Ung.) Heer.

Doctor Ward says regarding this locality:©

The coal formation was reached before leaving Hams IFork to enter the pass, and eontinues some
5 miles west of the divide, the strata dipping to the west and representing an immense thickness of coal
deposits. Fossil plants were found at nearly all horizons above the coal bed, and at two places they
were exceedingly abundant, yielding specimens of superior perfection and interest.

aThese were figured in the Sixth Ann. Rept. U. 8. Geol. Survey, 1885, and figured and deseribed in Bull. U. 8, Geol. Survey
No. 47, 1887, Species first described from this locality are marked |

b Knowlton, F. H | Bull. U. 8. Geol. Survey No. 152, 1898, p. 91.

¢Third Ann, Rept. U, 8, Geol. Survey, 1833, pp. 28-29.
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In the Sixth Annual Report he gives the following additional data:¢

The plant beds oceurred in the ridge through which the tunnel was being excavated, The place was
then known as Hodges Pass, and my specimensarcsolabeled. # % #  The ridge through which the tun-
nel was being constructed contained fossil plants at nearly all points.  The rock consists of o coarse, very
arenaceous limestone, or calearcous sandstone, the leaves being either scastered without much stratifi-
cation through the mass and lying at various angles to one another, often much crumpled or folded, or else
m matted layers upon onc another in parallel plancs, and sometimes so abundant that the rock seems
to consist almost wholly of them. In either case it was dillicult to obtain porfect specimens. The
impressions are very distinet, being of 4 dark color upon the light matrix and showing the presence of
the silicified leaf substance. Notwithstanding the coarseness of the muaterial, the finer details of nerva-
tion are often clearly exhibited. At first sight this flora seemed to be exceedingly monotonous, owing
to the prevalence of cerlain lanceolate or lincar willow-shaped forms, bul a close study of these reveals
considerable variety and the presence of several species and two or three gencra.  With these, however,
geeur numerous less abundant {orms, which lend considerable diversity to the flora “of this locality.
There are good reasons for helieving that these beds helong to the uppermost series of Laramie strata,
and until more 18 known of them thoy may be regarded as forming a northern member of the Tvanston
coal field. The plants, however, differ widely irom any found elsewhere.

Onc-half mile south of the Adaville mine and 2% miles from Hodges Pass tunnel,
at a point where the Adaville coal has burned out and baked the adjoining beds,
numerous well-preserved shell and leaf impressions were [ound in masses of baked
clay. The exact stratigraphic relation between the coal and the baked clay is not
known, but it is inferred that the clay formerly overlaid the coal. This horizon
is stratigraphically 200 or 300 feet above the base of the Lazeart sandstone, which
was traced from this point to the eastern end of Hodpes Pass tunnel. Dr. T. W.
Stanton makes the following report on the invertebrates:

Sections 29 and 30, T. 21 N., R. 116 W.. Aduville mine.

Anomia sp. ¢f A. micronemng Meel, Corbula perundaia M and H.
Modiola sp. «f M. laticostata White. Corbula sp.

Nemodon sp- Melania sp. ¢f. M. insculpta week.
Spheerium ? sp. Admetopsis ? sp.

Corbula subtrigonalis M. and [T.

With the exception of the Nemodon, which is a marine genus and the Spherium ?, which is fresh
water, all the species in lot 3381 are brackish-water forms and belong to types that have a great vertical
range in the upper Cretaceous.  Scveral of them have near relatives inlot 3385, which is probably from
a much lower horizon. I judge the horizon of this lot to he somewhat lower than the Laramie and in the
upper part of the Montana group, though nearly all the species ara represented in the Laramie by iden-

tical or closely similar forms

Doctor Knowlton reports regarding the leaves:

NW. t sec. 29, T. 21 N.. R. 116 W.—Beyond question this is the most puazzling lot in the col-
. lection. Tt consistsof alarge number of gpecimens inared, hard-baked shale. The following genera are
represented:

Populus Driospyros.

Quercus.  Two or three forms. Cinnamomu, etc.

By all tokens, it would seem that this flora should be the same as that ai Hodges Pass, namely, Lara-
mie, hut it cortainly is not.  Not o single form from this locality appears to be common to the beds at
Hodges Pass, nor are they Imniliar to me in the Laramic at other places. 1 am undecided as to the age
of these beds. At first T was inclined to call them Dakota, but they may be s late as the Montana T
do not think they can he later.

a8ixth Ann. Rept. U. S. Geol. Survey, 1885, p. 541.
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Of a few leaf fragments which were collected just south of the Carlton mine
near Hilliard and which came-from about the same horizon, Doctor Knowlton says:

Four specimens, one of which seems to be a species of Populites. This specimen is very poor, but
if it 18 really a Populites, the age should be Dakota. Tt is too imperfect to be of much value.

The apparent. conflict between the evidence furnished by the Ward collection
from ITodges Pass and the callection from a point 2} ruiles [rom the tunnel at a
horizon known to pass through the tunnel naturally demands an explanation.
The original field labels on a number of Ward's specimens were examined and
showed that they came from the west end of the tunnel.2 A section of this tunnel,
furnished by the railroad company and given in fig. 8 on page 133, shows a thick
bed of sandstone at the east end of the tunnel, which is believed to be the Lazeart
sandstone. Over this is a thin bed of coal and 65 feet still higher is a coal bed
more than 30 feet thick. This is about 300 feef from the base of the formation
and is the cxtension of the thick bed encountered in the Adaville mine. This
fixes the horizon of the fossils listed above with reference to the tunnel. The
beds exposed at the west end-of the tunnel are stratigraphically 338 feet above
this coal bed, and there is thus no distinct stratigraphic conflict between the two
collections. They merely suggest that the line between the Laramie and the
Montana lies somewhere between the two points, and that Ward’s collection 1s to
be regarded as from the very base of the Laramie.

DEPOSITS OF THE PERIOD BETWEEN THE KNOWN CRETACEOUS
AND THE KNOWN EOCENE,

So far as our observations have shown, all the older rocks in this arca are con-
formable—the sedimentary succession appears essentially unbroken from the
Carboniferous sandstone exposed on Rock Creek to the top of the Adaville coal-
bearing bed. The next deposits——the Evanston formation—are separated in time
from the Adaville formation by a long period .of folding, faulting, and erosion.
The Evanston beds rest upon Beckwith and Bear River beds, indicating an uncon-
formity of over 20,000 feet, These Evanston beds are conformably overlain by a
series of sandstone, clays, and conglomerates—the Almy formation-—and this in
turn by beds of volcanic ash—the Fowkes formation—both of which are included in
the Wasatch group of Hayden. The period of deposition of these two lower Wasatch
beds is separated from that of the upper Wasatch beds, or Knight formation—
the “Coryphodon beds’” of the vertebrate.paleontologists—by a period of faulting
and folding, and by erosion, amounting in the aggregate to several thousand fect.
There is thus isolated by pronounced periods of orographic movement and erosion
a group of beds over 6,000 feet thick, apparently conformable and certainly not inter-
rupted by any such periods of movement as preceded and succeeded them. The
unconformity at the base of this series amounts to over 20,000 fcet; that at the top to
perhaps 5,000 feet, but this is of much less relative significance than the {igures indi-
cate, because the movements of the second disturbance were along the lines of weal-
ness produced by the first. The physical break between this group and the known

a Al the omginal field lnbels were not examined, and the conclusion that all the material colleeted hy Ward eame from
the west end of the tunnel can not e held to be proved.

3694—No, 56—07—6
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Cretaceous beds is thus greater than the break between it and the known Focenc,
and on'purely physical grounds this group would scem to belong rather to the Kocene
than to the Cretaceous. The evidence from a paleontological standpoint is by
no means satisfactory, and is in some respects conflicting. On the one hand, the
paleontologists have regarded the Evanston beds as Laramie and referred them
to the Cretaceous; on the other, they have called them Wasatch and referred them
to the Eocene. The Almy beds have heen separated by some observers from the
Evanston, and by others included with them. The phenomena observed herc
suggest in many respects the relations observed in the Denver and Arapahoe
deposits of the Denver region, deseribed by Cross® and Eldridge, and the Livingston
beds of Montana, described by Weed ? and Peale, and the decision of the question
involves the determination of the dividing line between the Cretaceous and ocene
in the Rocky Mountains. It has therefore seemed best to present the data regarding
this group entirely separate from the discussion of the known Cretaceous and Tertiary
and as occupying a debatable ground between the two. .

EVANSTON FORMATION.
DEFINITION AND DISTRIBUTION.

The coal-bearing .beds which outerop in the bluffs on “the cast side of Dear
River just north of Evanston first attracted attention about the time of the building
of the Union Paecific Railroad. lmportant coal mings were then opened, and
geologists naturally found the names “ Evanston beds,” ¢ “Tvanston coal series,” ¢.
and ¢ Evanston coal-bearing strata’ ¢-convenient geographic designations. -Numer-
ous well-preserved fossil plants were found by the Hayden survey associated with
shese coals, and these were studied by Lesquereux, who referred to these beds as
the Evanston group.’ Although none of these geologists defined an Evanston for-
mation, the formation heré described consists of the same beds to which the geo-
grapbic term was applied by White dnd Lesquereux, and it thus seenis appropriate
to retain for it the name Kvanston.¢:

The Evanston formation is typically exposed in the viecinity of Almy. It
contains an abundant flora, which has heen regarded as upper Laramie, and its corre-
lation with the Denver beds is tentatively suggested.? It is regarded as separated
from the lower Laramic, represented by the upper part of the Adaville formation, by
a pronounced period of faulting and erosion, which is inferred on stratigraphic
grounds, not by actual contact of the two formations. In lithologic aspect it is

aMon. U. 8. Geol. Survey No. 27, 1586,

s Bull. U. 8. Geol. Survey No. 105, 1893.

¢ Emmons, 8. F., Rept. Explor. 40th Par., vol. 2, 1877, p. 337.

4 \White, C. A., Bull. U. 8. Geol. Burvey Terr, vol. 4, No. 4. 1878, p. 721; Eleventh Ann. Rept, U. 8. Geol. and Geog.
!Stlrvt‘y Terr., 1879, p.v2‘40.

¢ Bunmsier, T M., Am. Jour 8ci., 3d ser., vol. 17, 1879, p. M4,

7 Bull. U. 8. Geol. Burvey Terr., vol. 1, 2d ser., 1874, p. 244.

g Veateh, A. C, Bull. U. 8. Geol. Survey No. 285, 1906, pp. 332,

& Knowiton, F. H., Bull. U. S, Geol. Survey No. 105, 1863, p. 62. "' As the localities of Carbon and Evanston, Wyo., are
stall open to question ns to their age, it has been thought best to keep up the distinction by placing them i a separate col-
umn. They were regarded hy Lesqueretx as belonging to his Upper Lignitic, snd therefore possibly helong to what has
since been differentiated as the Denvor group, to which they have been referred in the above tabulation.” Bull. U. 8, Geol,
Survey No. 152, 1898, pp. 117, 123, 129,
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very similar to the Adaville, consisting of ycllow, gray, and black carbonaceous
shales and irregular brown and yellow sandstone beds, but differs from the Adaville
in containing pronounced conglomerate beds below the upper coals, suggesting
the initiation of the conditions which produced the overlying conglomerates. The
coals are much dirtier and less persistent than those found in the Adaville beds.
‘The upper limit of the Evanston is fixed by the pronounced sandstones and con-
glomerates which mark the base of the Almy. Because of the irregular character
of the beds composing both the Evanston and Almy formations, it is diflicult to
determine the exact line of partihg at every point, though it may be inferred within
relatively small limits. This difficulty is well shown in P1. XITT. The Evanston
is characterized by coal and by dark-colored clays and by a relatively small pro-
portion of sandy and conglomeratic material, while the Almy 1s more predominantly
arenaceous and conglomeratic, and in places shows a reddish tinge not seen in the
Evanston.

The Evanston formation is exposed in three limited arcas near Evanston:

[. Tt extends in a narrow belt along the foot of the hills from a point. 1 mile
north to a point about 7 miles north of Evanston. This is the Almy exposure.

2. Tt outerops again in secs. 26, 27, 34, and 35, T. 17 N, R. 120 W, around
the Michigan-Wyoming Oil Company’s oil well. '

3. It is exposed on the east side of the Medicine Butte-Ncedles fault in the
river bluffs and railroad cut just north of the insane asylum at Evanston and on
the south side of Medicine Butte north of the Evanston-Cumberland road.

OUTCROPS IN THE VICINITY OF ALMY,

"The bluff on ihe east side of Bear River north of Evanston represenis the
eroded remnant of the westward-facing fault scarp of an eastward-tilted Dlock.
It owes ils present topographic importance to the basal sandsiones and conglomer-
ates of the Almy formation which have thus been exposed. - The topographic
aspect of this feature is well shown in Pl. XTII, A. This bluff has been examined
by all the geologists who have worked in this region, and their almost unanimous
opinion regarding the relation between the Aluy and Evanston beds is of particular
interest. Detailed sections of the coal beds have been prepared by Peale and
Ricketts, and these are given in part in'fig. 9, page 135. Lesquereux and Bannister
‘have prepared sections of the bluff behind mine No. 1, represented by the pro-
nounced hill point in PL. XITI, These sections, although made very near the same
point, show considerable differences and are referrcd to here to emphasize the
irregular character of the bedding of these two series. '

Section of hill behind mine No. 1, Almy, Wyo.a

v [By H. M. Bannister, 1872.]

- . Feet
1. Coarse, pehbly conglomerate, with some intercalated sandstones and clays ... .. .___. 50
2. Yellowish and gray sandy clays, or soft, decomposing sandstone . . ... .__........ . .. ___ 70
3. Mussive gray sandslONE . . . .. . L e G
4. Yellowish and gray sandy shales or soft sandstone. . .. ... ..o oo L L. - 8
5. Coarse grayish sandstone weathering brown . . ... . ... .. .. ... .. .. ..., 25
6. Reddish and yellowish sandy clays orshales. .. ... .. .. 100

s Banmster, 1. M., Sixth Ann. Rept. U. 8. Geol. Burvey Terr. for 1872, 1873, pp. 539-540.
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Teet
7. Coarse grayish-brown sandstone and conglomerate . . ... ... ... o L. 15
8. Reddish and ash-colored sandy claysorshales. ... .. .. .. e 100
9. Massive light-grayish sandstone . o0 oo oo 0 .. 12
10. Yellowish sandy clays. . ... .. 15
11. Coarse, pebbly, reddish-gray sandstone . . . ... oo .. 15
12. Soft grayish sandstone, passing downward into decompesing veddish conglomerate. . ... .. 52
13. Yellowish sandy clays, some sandstone at base. .. ... .. e N 50
14. Sandstone and CONlOMErATE . . .. ... . e e e 25
15. Gray and yellowish-gray sandstones and sandy shales. . ... .. oo oo o oo L. 45
16 Coarse sandstone and conglomerate . . .. . . L. L e 8
17. Sandy clays or shales, some parts redduisly. . ... o oL e 50
18. Conglomerale pussing into coarse sandstone. - .. ... .. . .. .. ... e e 16
19. Yellowish sandy clays or soft sandstone™ .. ... ... ...... e 32
20. Conglomerate . . .. . .. il e ol 22
21. Yellowish or reddish sandy shales or ¢lavs . ... ... . a0
22. Conglomerate. .. . .., 13
23. Yellowish sandstone and sandy clays. .. .. ... . ... . .. ___ . 50
24, Coarse Conglomerate . . ... .ol 140
25. Yellowish and whitish sandstone with some sandy elays.. .. .. ... .. ... ... . 170
26. Dark-grayish sandsionc andshales. ... ... . il e a2
27. Light-colored sandy claysorshales. .. ... .. . 12
28, Grayish-buff sandstone . . ovoieiri it i it et it et e e 10
29. Grayish sandy shales with apparenfly some carbonaceous seams near base. . ... ... ..... 150
30. Reddish and gray sandstonc . . . . eiiiaeeaaa 12
31. Grayish shales or sandy clays . . ... ... 150
32, Reddish and gray sandstone . . .o o Yool 4
33. Light-colored sandy shales, perhaps some sandstone .. ... ... .o . 45
34. Light-gray or whitish sandstone . ... o0 o o oo . |
35. Dark and light-colored sandy shales. .. .. .o . ... a0
36. Dark grayish-brown sandstone. ... oL e 20 .
37. Dark-grayish shale with some carhonaccous layets and perhaps some thin seams of coal near
' 3T S 100
38, Hard reddish sandstone . . ... i e e 5
39. Boft argillaccous sandstone, some harder layers. ... ... ..... e 20
40, Coal. ........... e 44
41, Dark clay. ..o i 1
42, Mard, lmpure coal—"rock coal” o ... ... 2
43, Coal . _ ... . A il R e a1
44. Hard, impure coal—"rock coal FR PR £33
25 T 0 T2 1 10
46. Shale and clay . . oL 10
47, Coal . o e e N 04
48. Shaly clay, aboul . . . e 20
49. Iron ore (ferruginous sandstonc) . ... .. oo i e 3
50, Clay. -« - oveennn e e e e 15
51, Coal........ e e e il ]

Still above the highest meraher of this section we could see from 500 (o 700 feet of sandstones and
sandy clays or shales, which we did not examine closely. In fact, the whole of the upper part of the
section is only valuable togive an idea of the alternations and the general character of the whole series,
The sandstones afforded in no instance any trace of animal or vegetable remains, and the exposures
of the softer beds were such as to give no evidences of any fossil contents, being generally slopes more
or less covered with débris. The dip was throughoul nearly northeast, varying perhaps a little to the
castward. Its angle averaged from 17° to 20°. The first fossils found in place were scen in No. 32,
‘which contatned impressions of large leaves of dicotyledonous trees. About this horizon also we
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picked up a fragment of sandsione containing the cast of a Heliz, which, however, might, judging
from its appearance, have come froms bed No. 30. Farther down, bed No. 34 also contained leaf
- impressions, and in No. 35 we found imperfect casts of bivalve shells resembling Unio. In No. 37,
below its middle, we found a 2-foot band exposed in a prospecting ireuch almoest entircly made up
of small fresh-waler shells, Cyelas, Physa, cle., all crushed together and almost unrecognizable, excepi
as Lo genus.

; Comparative seetion of hill back of mine No. 1. dlmy, Wyo «

[By Leo Lesquereux, 1872.]

Feet.
L0701 Y= 1030 T 7 40
Tard yellow, line-grainced micaceous sandstone ... ... ... ... ... ... T e 32
Conglomerate, topped with coarse sandslone. . ... ... o oo L. 37
Fine-grained and intermediate layers of coarsc-graned sandstone . 32
" Conglomerate (lower banks)_ ... .. il 7
Bitwininous clay . ... 10
Shale and clay banks, mostly covered . _ oo oL oo 145
Sandstone In bank . 1
Alternating beds of shale and shaly sandstone. ... ... ool 106
Shaly sandstone, very hard, sometimes in bank, with dicotyledonouws plants.. ... ... .......0 11
Argillaccous shale, with ferruginous concretions and remaing of plants ... ... ... ... ... ... 98
L 1 O 5
Clay and shale - . ... ... 12
Coaloooo eIl 7
L 3
Main bed of coal, with four bands of slate. . .. ... o L. R 26
Shale and elay. ... ..l e 8
L 5
Clay and shale. ..o oo e e 15
1 5)-3 3K o]« T 3
Clay and shale . ... o e e 15

It should be noted that in essentially the same section one observer reports
the first pronounced conglomerate to be 400 feet above the coal and the other 800
feet. A detailed section was made by Mr. Pishel across this hill, along the line
shown by the dips on Pl. XIIT, B, to determine the total thickness of the Almy,
and it is dillerent from both of these sections, but the general results agreed more-
nearly with the Bannister record.

Detailed sections farther north show like dissimilarities. Tn sec. 18 pronounced
conglomerates were observed 225 feet beneath the main coal beds, and suggest the
condition observed in the railroad-cut section at Evanston.

The minor lithologic differences of these beds are clearly of less importance
than the general relation between the Evanston and Almy. Lesquereux,! Ban-
nister,© and Cope? all concluded that the two formations are entirely conformable.

-Emmons and King, of the Fortieth Parallel Survey, considered the conglomerate

a Lesquereux, Leo, Rept. U. 8. Geol. Survey Terr, vol. 7, 1878, Tertiary Florw, p. 19. The lower part of the section
was compiled by Professor Lesquercux from the report of Dr. A. C. Peale, Fifth Ann. Prelim. Rept, U, 8, Ueol. Survey
Montana, 1871, 1872, p. 195. .

b 8ixth Ann. Rept. U. 8. Geol. Survey Terr. 1872, 1873, p. 338, *'The conformability of the strata 19 especmlly rémark-
able at Evanston and casily recognized along the hills factng the river, ¥ ¥ ¥ 1f,as 1t has heen supposed, this conglom-
erate formation was more recent and had covered strata of differeni. groups, this alternance of eonglomerate with sandstone
strata in perfeet accordance with the soft bituminous clay beds which they overlie 1s unexplamable

¢ Sixth Ann. Rept. U, 8. Geol. Burvey Terr. 1872, 1873, p. 541.

d Seventh Ann. Rept. U. 8. Geol. and Geog. Survey Terr. for 1873, 1874, p. 441, Rept. U. 8, Geol. and Goog. Survey Terr.,
vol. 2, 1875, pp 306-40.
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and coal-bearing beds a unit and mapped the whole as Laramie. White likewise
considered the Evanston and Almy beds as belonging to the saine formation, but
referred them both to the Wasateh.? Stanton, in 1892, followed White in com-
bining the Evanston and Almy, and referred both to the Wasatch group,c but in
1896 expressed the view that the Evanston beds represent the upper part of the
Adaville and that the Evanston and Aliny, are perhaps not conformable® This
supposed unconformable relation was apparently inferred from the unconformable
relation of the Adaville and Wasatch beds at Hodges Pass. Examinations by
this party in the summer of 1906 led to the conclusion that the ‘Evanston and
Almy beds are conformable.  Additional evidence of their relation was obtained
in the extensive euts then being made by the railroad company just east of
Evanston.

The greatest thickness of the Evanston formation was found in the Almy
region, along the section running east from the southeast corner of sec. 13, T. 16 N,
R. 121 W. In the bed of the river at this point there are several impure carbo-
naceons beds of Evanston age, and between these and the Almy conglomerates
1,600 feet of strata occur. North of this the Evanston beds are observed in con-
tact. with the Bear River formation. These Bear River beds for the most part
dip eastward, and when viewed from a distance the two arc apparently conform-
able. However, many discordant details of dip and evidences of unconformity
are seen on more detailed examination. The difference between the Almy and
LEvanston beds is not very marked just east of this Bear River outerop; the con-
glomerates of the Almy largely disappear and a conglomeratic layer shows in the
Evanston below the coal horizon. The thick coal beds of the Almy mines are much
thinner in this section and apparently die out entirely a short distance to the north.
The areal boundaries here are therefore somewhat uncertain. The Evanston is
600 feet thinner in the center of sec. 18 tham half a mile to the south, and it is-
inferred that it gradually pinches out along the Bear River outcrop, as shown on
the geologic map. On the north end of this Bear River outcrop pronounced reddish
beds, apparently the middle Almy, rest directly on Bear River strata, indicating
that the pinching out is progressing along this line and affects the Evanston and
Almy beds alike. On the western side of the Bear River outerop at this point are
limited exposures of highly inclined strata, in part upper Almy and in part lower
Fowkes. The exact relation between these different beds is by no means evident.
The rough agreement of the dip of the Bear River and Evanston beds ai the south-
ern end of this exposure appeared to the early observers to corroberate the sup-
poscd position of the Bear River formation near the top of the Laramie, although
Doctor White questioned their truly conformable relation. When Doctor Stanton
determined the true stratigraphic position of the Bear River in 1891, he suggested

a In Rept. Explor. 40th Par., vol. 2, p. 330, Emmons says' “ On the east slde of Bear River Valley, a short distance
north of Evanston, the bluffs are formed of 2 serws of coarse sandstones not ditfering greatly in hthological habit from
some of the beds of the Vermilion Creck serics, They are, however, more compact in general, and dip from 13° fo 15° to
the northeast.”  King elearly did nob regard Lhe conglomersies as snfliciently separate to consider them Kecene, for he
says: ‘*At Evanston these coal-bearing Laramie beds dip at angles of from 18° to 25°, whereas the Vermillion Creek Ters
tinries are nearly homzontal over them.”  (Rept. Explor. 40th Par, vol. 1, 1878, p. 373.)

b Bull. U, 8. Geol. Survey No. 34, 1886, pp. 8-12, Seventh Ann, Rept, U, 8. Geol. Survey, 1888, pp. il8-119.

¢ Am. Jour. Sei., 3d ser.,, vol. 53, 1862, p. 113,

4 Bull. Geol. 8oc. America, vol. 8, 1897, pp. 148-149.
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that there was possibly a fault just east of this Bear River outerop. This view
was adopted when the locality was first seen, in the summer of 1905, but when
the work was reviewed on the return trip (see p. 3}, in the light of the knowledge
of the general relations of the whole region, the relalion was considered largely
one of unconformity. A fault here is not impossible, and it would be difficult
to prove conclusively from the surface exposures that a fault does or does not
oceur to the east of the Bear River exposures. Indeed, considering the numerous
small faults found in” the Almy mines, a small fault here would be quite probable,
and such a fault would, with a supposition of initial unconformity, assist in the
explanation of the relations observed at the north end of the Bear River outerop.
The suggestion that this fault could be of the magnitude required by the suppo-
sition that the Evanston beds are the top of the Adaville, as suggested by Doctors
Stanton and Knowlton, is, however, quite contrary to the structural relations
found in this area, and is believed to border on the impossible.  Such a fault would
have a throw of over 15,000 feet, a length of but a few miles, and would connect
with no other structural features of the same magnitude in this region. On the
west side of the Rock Creek-Needles anticline, which is for the most part capped
with Beckwith beds, none of the undoubted Cretaceous beds above the Bear River
are exposed in this area. Everywhere the Bear River and older beds are uncon-
formably overlain by the Almy and Fowkes, which are shown throughout the Almy
exposures to conformably overlie the Evanston. The Evanston and Bear River
beds at this point are involved in the minor folds and faults on the western slope
of this anticline, and the upper beds of the known Cretaceous series normally lic
many miles to the west, in the synclinal trough whose axis is near Echo City, Utah.
Tf the faults west of the Rock Creek-Needles anticline are of such a magnitude
as a Bear River and upper Adaville contact would involve—about 15,000 feet—one
would expect some portions of the other beds of the marine Cretaceous series
between the Bear River and Adaville to be exposed in this region along the State
line. None were seen at any point, but everywhere there is & marked unconformity
between the Bear River-Beckwith beds and the Evanston-Aliny beds.

The exposures just discussed are regarded as strongly suggestive of a marked
time interval between the Adaville and Evanston and as indicating an cssentially
unconformable relation between the Evanston and the known Cretaceous series.

OUTCROPS NEAR THE MICHIGAN-WYOMING WELL.

More direct, and hence more conclusive, evidence of the unconformable relation
between the Evanston and older beds is found in secs. 26, 27, 34, 35, T. 17 N,,
R. 120 W, near the Michigan-Wyoming well. Here there is a limited outcrop of
coal-bearing beds resting directly on the Beckwith beds and entirely surrounded
by them. This outcrop is situated on the crest of a pronounced anticline in the
Beckwith beds, and owes its preservation from erosion to a slight irregularity in
the crest of this anticline, partly structural and in part due to erosion. Tt lies
midway between two large faults, and with reference to the neighboring beds of
the same age is on an upraised block. East of the eastern fault there is a consid-
erable folded area of Almy beds, which farther east are unconformably overlain
by the upper Wasatch or Knight., Beyond the western fault are the lower layers
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of the Fowkes formation, which overlie the Almy and Evanston beds, 3 miles to
the southwest, at the type locality. An attempt was made to prove that these
coul-bearing beds were Bear River rather than Kvanston, but without success.
A narrow strip of Bear River outcrops along the east side of this anticline (see
geologic map, PL. III) and extends southward to Whitney Canyon. It was traced
for a short distance south of Whitney Canyon to a point within a quarter of a
mile of the coal-bearing beds, where it pinched out. These Bear River beds arc
extremely fossiliferous and in every way the same as the Bear River beds exposed
in Shell Hollow and at (he Narrows. No Bear River fossils were found anywhere
in connection with the coal-bearing beds, which are lithologically identical with
the Evanston beds and differ decidedly from the typical Bear River. An analysis
of & sample of coal from the mince opened by the Michigan-Wyoming Oil Company
.showed that the coal was of exactly the same type as the Almy coal, differing slightly
from the Adaville coal and very markedly from the older Cretaceous coals.

OUTCROPS AT THE RAILROAD CUT EAST OF EVANSTON. -

During the summer of 1905 the Union Pacific Railroad made improvements
in its track alignment just east of Evanston, which involved extensive grading
in the hill just north of the insane asylum. An unusually complete section of
the Evanston and Almy beds was thus exposed. The following section has heen
prepared by Doctor Schultz:

Section of Evanston wid Almy beds in raifroad cut fust east of Evanston.

Aliny: . Yeel.
1. Sandstene and conglomerate oo ... i 35
2. No exposures. ... ......... il 106
3. Drabcoloved shale ... .. .. .. .. ... e 9
1. Indurated calcareous clay .. ..o oL |
5. Clay. ol e e T
G. Dark, compact conglomerate; small pehhles .. . ... . .. . e R 17
7. Yellow indurated sandy clay ... ... ... ... ... e 40
8. Alternating bhands of hard and soft sandy shale ....__. N 20
9. Hard indurated blue elay ...t U e e 40

10. Indurated reddish clay interlaminated willy soft layers. ... . oo . o oL, 22
11. Sandy shale_ ... .. il e 12
12, Sandy bluish elay .. il 24
13. Coarse, light-colored conglomerate, also expaosed inriver bank ... ... .. . . 18
vanston: i

14. Bluish-gray shale with leaves and invertebrates. ... ... ... .. ... o . 13
15. Soft yellowish-gray sandstone ... ... ..., 16
16. Drab-eolored clay. .. ..o e 70
17. Bluish clay with bands of hituminous wmatlter . .. .. .. ... oo 25
18, Coal seain ......... R e B
19, Blue shale oo e 1
20. Bituminous shiale ... i D
21. Blueshale........... e e e, 2
22, Coal B e .0
23. Indurated bluish gray clay . .. .o L. 13
24. Coalscam ... ... ... .. i .3
25. Bluish-black elay ... . .. ... . .. ... .. i 2
26 :

CBlue elay L i 1
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Evanston—Coniinued. : Feet,
27. Coal seum .. .. ... il s 1.5
28. Bluish elay.. ... . ... ..o .. .. ... i 3
29. Compact sandy shale. . .. .. .. G
30. Impure coal; upper 7 inches good coal, the mmamdel poor with hands ot good coal [ to

Zinches thick . ... oo i il 4
" 31. Blue shale, very brittle . ....ooeeeneeeeoeen . e e el 16
32. Bituminous shale, with bands of poor coal varying in thickness from one-half to 2 inches. . 3
33, Bandy Bhale ... e e 5.5
34. Coarse light-colored conglomerate . ... ... ... et a7
36. Bluish clay. ..o o e PO b}
36. Coal seam; poor grade of coal_ .. e 7
87. Bluish gray clay, with a few thin bands of hituminous material. ... ... . ... .. e 35
88. Blue-gray clay ... ... 80

The strike of the beds here is N. 10° to 15° E. and the dip from 12° to 16°. Thig
cut shows that the Evanston and Almy beds are conformable in every respeet, and
corroborates the conclusions reached in the Almy exposures regarding the relation
of these two scries. The section is particularly interesting in showmg the closely
related lithological character of the upper Evanston and lower Almy, and notably
the oceurrence of pronounced conglomerate beds in the midst of the coals, corre-
sponding to the conglomeratié¢ sandstones observed beneath the coal in the northern
part of the Almy exposures, and clearly showing that the Almy conglomerates do not
indicate the beginning of a new series of events, but rather the culmination of one
already begun, and that they therefore have no significance as indicating an uncon-
formity between the Evanston and Almy. There is a limited exposure of the beds
Nos. 13 and 14 in the river blufl just west ol the cut which shows some distortion
by slipping.

) OUTCROPS AT SUUTH END OF MEDICINE BUTTE.

At the south end of Medicine Butte, in sec. 2, T. 15 N, R. 119 W., and on the
strike of the exposures in the railroad cut, there is a limited outerop of the Evanston
formation which is reported to be coal bearing. The overlying conglomerates
may be traced from this point to the railroad cut. The Evanston and Almy beds
along this line are separated from the exposures in the Almy locality by a pronounced
fault (Pls. X111, 4; XV, A; IV, sectionJ). Just south of this Medicine Butte outcrop
the displacement of the Evanston beds is about 5,000 feet, with the upthrow to the
east. Bannister, in 1872, suspected that the structure at this point was rather
complex. Ile says:@ :

We also visited the hills on the north side of Bear River, northeast of Evanston, which we found
to be composed of very similar strata to those in the upper part of the Almy section, viz, alternations
of coarse sandstones, conglomerates, and sandy clays, There seems to have been & considerable dis-
turbance here besides the mere tilting of the beds, and from the altered direction of the strike, which
is here nearly north and south, we were led fo suspect a considerable lateral displacement with fault-
ing, which might very possibly causc the appearance of the same beds In both these hills, and those
about Almy, although at first sight these would apnear much higher in geological position. We did

not attempt, however, to work out the geological structure to any great extent, as it would have required
more Lime and labor than we were well able to give for that purpoese.

4 Bixth Ann. Rept. U. 8. Geol. Survey Terr. {or 18372, 1873, p. 510-541,
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POSSIBLE EVANSTON BEDS IN THE BAKER WELL NEAR SPRING VALLEY,

A series of borings just west of Spring Valley suggests the possible extension of
the coal-bearmg beds of the Evansion formation in that region or the occurrence
of coals in the lower Wasatch beds. In the Baker well (Pl XIV and p. 150) a
coal bed 6 feet thick was found in a series of conglomerates at a depth of 230 feet,
intimately associated with the lower Wasatch beds. This record receives partial
corroboration from two near-by diamond-drill borings. In one the dark Iilliard
shales were encountered at a depth of 55 feet, while in another the red clays and
sandstones of the Eocene extend to a depth of 158 feet or more.  Coal was also found
in diamond-drill boring No. 2, a little farther east, above red clays which are regarded
as Wasatch or Evanston and which have been so considered by the Union Pacific
Coal Company in the cross sections given on PL. XXIV (p. 116).

FOSSILS.
PLANTS.

. This formation is noted from a paleontologic standpoint principally for the
large number of fossil plants obtained [rom itt These plant remains were first
studied by Professor Iesquereux, who published numerous preliminary reports
on them in the Annuals of the Hayden Survey,* and finally a detailed report accom-
panied by numerous plates.® Great difficulty would be experienced in preparing
satisfactory lists of species [rom these publications, since in several cases species
mentioned in the annual reports as from Evanston are not so described in the final
report, and a number of new specics established’in the annual reports are not men-
tioned again. Some of the species ficured and described in the final report from
certain localities are given in the catalogue of typesinTesquereux’s own handwriting
as being from entirely different localitics, and in view of the manifest carelessness
and resulting confusion in this work the only way of obtaining lists that will be
of scientilic importance is by a study of the original collections together with the
additional collections made since that time. Dr. F. H. Knowlton has very patiently
worked over all the collections of Laramic and related plants in the United States
National Muscum, which are supposed to contain practically all the material studied
by Tesquereux, and has very kindly prepared the [ollowing list, showing the species
obtained from Evanston and the stratigraphic place or range of cach.

a[Fifth Ann.} Prelim, Rept. U. 8. Geol. Survey Montana for 1871, 1872, pp. 291-293, 307-309, 3, Supplement to the Fifth
Ann. Rept. U. 8. Geol. Survey Terr. for 1871, 1872, pp. 10-12, 18; Sixth Ann. Rept. U. 8. Geol. Survey Terr. for 1872, 1873,
pp. 401-403, [Seventh] Ana. Rept. U. 8. Geol. and Geog. Sfurvey Terr. for 3873, 1874, pp. 384-385.

b Rept. U. 8. Geol Survey Terr., vol. 7, Tertiary Flors, 1878
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Preliminary st of planis from the Fuonsion formation

Dr. F. H. Knowlton.
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&5

at Almy, with thetr known geologic range, by

¢

[Species first deseribed from this locality are marked t.]

Rpecies,

Stratigraphic distribution.

|

Montana.
Laramie.
Ceratops beds.
Livingston.
Fort Union.
Lo-lignitic.
Green River,

Betuls stevensoni Lesg
1Curpites evanstonensis Kn
{Carpites utahensis Lesq
1Cassia concinna? Heer. ... ____.____..
Cinnamomum lanceolatum (Ung.) Heer
Cissus tricuspidata Lesq
Cyperus chavannesi? Ieer..
{Diospyros woodeni Unger.
{Ficus nervosa Newb
Ficus pseudo-populus Lesg.. ... .
?Fraxinus denticulata Heer.
Hicoria antiqguornm (Newh) Kn, .
Juglans crossii Kn
Juglans rugosa Les
Laurus primigenia U
Laurus socialis Lesq
Teguminosites? arachioides Lesq .
?Magnolia Lesleyana Lesq_ ,,,,,,,,,,
tMalapcenna sessiliflora (Lesq.) Kn
Palmocarpen palmaram (Lesq.) Kn..
Phragmites ceningensis Al Br.a....
‘+Quereus negundoides Lesq
Populus cuncata Newh
Topulus speciosa Ward
?Rhamnus oboratus Lesq. ...
. TRhus evansi Lesq
Vitis bruneri Ward. . .
Vitis olriki Heer. ... _.__. e e e el

@ Poor; wide range.

Small lots of leaves were collected by this
coal at mines Nos. 6 and 7 and from strata

party in the summer of 1905 below the
No. 14 in the Evanston railroad cuf.

Dr. F. H, Knowlton has furnished the following report on these collections:

< Mine No. 6, Almy.

Dryophyllum subfaleatum? Lesq.

Appears to he this species, but the leaf is poor and without margin. If correctly determined,

shonld he Laramic. or same age as beds at ITodges Pass.

Mine No. 7. Almy.

Betula stevensoni Lesq.
Laurus socialis? Lesq.
Laurus primigenia Unger.
Populus specivsa Ward.

This belongs to the upper part of the Laramie; is
Carbon. -

Populus cuneata? Newh.
Cissus? sp.
Corylus? sp.

aboul the same position as the plant beds at
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Union Pucific Railrogd cul just east of FEvanston,

(No. 14 of section un p. 82.)

Sequola sp. Cissites tricuspidata (ITeer) Lesq. -
Carpites n. sp.  Described  in manuscript  from  Teguminosites arachioides Tesq.
Carbon. Vitis bruneri Ward.

This is of the same age as the last—namely, upper part of the Laramic, and similar to the beds at
Carhon.

INVERTEBRATES,

The invertebrates from this formation have been listed dnd described by Dr. C.
A. White, who visited this Jocality in 1877 and 1885 and who studied the collections
made by the other Government parties at this point. The species reported are
given in the [ollowing list:

Species from the fvanston beds at Almy, listed by Dr. €. 4. While.e

| W here speeies are marked * figures of specunons from thuslocality have been published; species marked T were first described
from this locality.]

*+ Pisidium saginatum White, Maciecyclis spatiosa (1) M. and H.

Spheerium formosum M. and H. . Columna teres M and H. (Mcek?)
Planorbis ef. convolutus M. and H. * Hydrobia recls White.

Bulinus longiusculus M. and H. Cypris ?

Balinus disjunctus White. Goniobasis nebrascensis M. and H.
1* Helix evanstonensiz White, #* Helix {(Patula) scpulta White b

A collection from bed No. 14 of the Evanston railroad cut has been studied by
Dr.T. W. Stanton, who furnishes the following report:

3381. Unmion Pucific Ratlroad cut 1 mile south of Evanston.

Sphaerium formoswin M. and H. 7 Goniobasis tenuicarinata M. and H.
Columna teres M. and H. Bulinus disjunctus White.
Planorbis sp. a. R Campeloma multilineata M. and H.

Planorbis sp. b.

This lot is referred to the upper Laramie, though it may possibly'be as late as the Fort Union,
ACGE AND TIME RELATIONS QF THE EVANSTON FORMATION.

The Fvanston formation was considered by the geologists of the early Govern-
ment expeditions as Laramie. Laler Doctor White, after studying in detail its
invertebrate fauna and comparing it with that found at Wales, Utah, concluded
that these beds were undoubtedly Wasatch. Ward © and Knowlton ¢, because of its
flora, have regarded it as essentially the same as the Carbon beds, but, as the strati-
graphic position of the Carbon beds has never been determined,® this correlation does
not lead very lar. Knowlton reported that the leaves collected in 1905 are ““upper
Laramie.” As early as 1893 he suggested the possibility of their representing the

e Eleventh Ann. Rept. U. 8. Geol. Survey Terr. for 1877, 1870, p. 242, Bull. L1 8. Geol. Survey No. 34, 1886
b Proc. U. 8. Nat. Mus., vol. 3, 1851, p. 16iL

¢ Sixth Ann. Rept. U. 8. Geol. Survey, 1855, pp. 443-514.

d Bull, U, 8. Qeol. Survey No. 105, 1803, pp. 58-60.

¢ Bull, Geol. Soc. Amenca, 1897, vol. 8, pp. 149-130. 4
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Denver beds, and again, in 1898, doubtfully referred this locality to the Denver.?
Dr. T W. Stanton regards the invertebrates as Laramie or Fort Union, and the
question thus becomes involved in the larger one of the true age of the Fort Union,
which has been regarded both as Upper Cretaceous and Eocene. The paleontologlc
collections made at this locality do not prove conclusively that the beds are Upper
Cretaceous, or, on the other hand, show that they are basal Eocene. If a final study
of the fauna shows conclusively that these beds are of the same age as the Denver
beds, the weight of evidence allorded by the dinosaurian remains found in the Denver
beds, which Marsh regarded as proving their Cretaceous age, must be considered.
The stratigraphic ovidence strongly suggests that the line between the Focene and
the Cretaceous should be drawn at the base of the Evanston, and certainly shows no
reason for drawing it between the Evanston and the Almy. ()n the whole, the Evans-
ton formation may be lentatively regarded as Eocene.

WASATCH GROUP.®

The Wasatch group was named by Hayden in 1869.¢ In 1870¢ he published
.a more complete description, from which the following extracts have been taken:

We have passed the western rim of the Bridger Basin and near Quaking Asp surmit enteron the
borders of the great valley of S8alt Lake.  The geological character of the country is essentially changed.
Instead of the brown and light-gray sands and clays of the Bridger group we have the curiously varie-
gated beds of the Wasateh group, which present almosl every variety of shade of color from white and
yellow to a deep brick-red, the red and purple tints'so predominating that they give a singularly curious
aspect to the scenery. * ¥ * TFrom Aspen station to Wasatch, at the head of Echo Canyon, these
red beds are’ not so conspicuous along the immediate line of the road, bul in the distance they can be
seen on cither side. * * * The tunnel at the head of Echo Canyon is cut through the reddish and
purplish indurated sands and clays of what T have called the Wasatch group. T* % % As we descend
Ticho Valley we emerge from the canyon around “Pulpit Rock” and shoot our way with wonderful
rapidity down the picturesque valley of the Weber. We shall observe that as we descend the Echo

¢ Bull. U. 8. Geol, Survey No. 152, 1898, pp. 117, 123, 129.

b Synonymy and usage of Wasatch group .

. =Tlurd series[ of the Tertiary of the Green River ba,sm] Engelmann, Sen. Ex. Doc. No. 40, 33d Cong., 2d sess, 1859, pp.
45-73.

=Waasnleh group, [Hayden, 1869, [ Third Ann ] Prelim. Ficld Rept. U, 8, Geol. Survey Colorado and New Mexico, p 91,
Hayden, 15370, Sun Dictures of the Rocky Mountains, pp. 108, 107, 1H,113-114, Hayden, 1871, Fourth Ann.] Prelim-
Rept. U. 8. Geol. Survey Wyonnng for 1870, 147, 155, 156.

=Vermilion Creck group, King, Atlus Geol. Explor. 40th par., 1876, Marsh, Am. Jous. 8¢t., vol. 9, 1876, p. 428, Emmons,
U. 8. Geol. Explor. 40th pnr vol. 2, 1877, pp. 203, 225, 32¢, §55; King, U. 8. Geol. Explor. {0th par., vol, I, 1878, pp.
360-377.

=Wghsatoh beds, Wahsatch group, Cope, Am. Jour. Sei., 3d ser., vol. 3, 1872, p. 224, { Fifth Ann.] Prelim, Rept. U. 8. Geol.
Survey of Montana, ste., 1872, pp. 350, 352; Proc. Am. Philos. Soe., vol. 12, 1872, p. 473

—Whahsatch beds proper, Cope, Rept. 1. 8. Geol. Survey Terr,, vol. 3, 1884, p. 9.

< Green River epoch, Green River heds, Green River formation, Green River strata, Cope, Proc. Phil. Acad. Nat. Sei.
wol, 74,1873, p. 279, Sixth Ann. Rept. U. 8. Geol. Survey Terr. for 1872, 1873, pp. 589, 625, 627,%628; Seventh Ann. Rept.
U. 8. Geol, and Geog. Survey Terr., 1874, p. 441.  Here used to include hoth Wasateh and Green River (see following
‘nsage).

< Wasatch group, Cope, Rept. U. 8. Geol. Jurvey Terr., vol. 3, 1884, p. 7; vol. 4, 1889, tahle following p. 43, which includes
bath the Wasateh and Green River groups. .

< Green River beds, Comstock, Rept. Kecon, of Northwest Wyoming in 1873, by W. A. Jones, 1875; table following p. 103,

g 128 Includes both Wasatch and Green River beds.

7 Coryphodon beds, Marsh, Am. Jour. Sci., 4d set., vol. 12, 1876, pp. 401-402: Am. Jour. Sei., 3¢ ser., vol. 14, 1877, p. 354;
Proc. Am. Assuc. Adv. Sei., vol. 26, 1878, table facing p. 211, 230; Mon. U. 8. Grol. S8urvey, vol. 10, 1886, pp. 6, 7. Inthis
region Coryphadon reinins have been found only in the upper Wasatch or Knight formation

~>? Wahsatch, Osborn, Bull. Am. Mus. Nat. Hist., vol. 7, 1805, p. 73 Here used as an exact synonym of Coryphodon
beds.

¢fThird Ann.] Prelim. Field Rept. U. 8, Geol. Survey of Colorudo and New Mexico for 1864, 1869, p. 90.

da8un Pictures of the Roeky Mountaing 1870, pp. 106, 107, 111, §13-114,
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Canyon the more rugged picturesque scenery is exhibited on our.right hand, and as we descend the
Weber the same lofty perpendicular walls, weathered here and there into all sorts of fantastic forms,
continue to the “Narrows,” where the Weber River makes a bend to the left and the conglomerates
disappear. This formation, which In some respects is the most remarkable one which T have over scen
in the West, must have a thickness of 3,000 to 5,000 feet. The conglomerate portion above must be
1,500 to 2,000 feet in thickness. T have included in this group all the variegated beds which we have
observed west of Carters station, and we have noticed especially that some shade of red has prevailed in
the clays and sands as well as in the conglomerates of this group.  Seme of (he sandstones in the upper
portion of Ficho Canyon are noticeable for their deep yellow hue. T have called this series of beds the
Wasatch group.

The type locality of the Wasatch group of Hayden thus extends from Carter,
Wyo., to the Narrows on Weber River, 7 miles helow Echo City, Utah, and some 10
to 15 miles east of the crest of the Wasatch Mountains. The name ts derived from
Wasatch station, on the Union Pacific Railroad, in Summit County, Utah, situated
about midway between Carfer and the Narrows. '

It has been suggested, * and is very generally held, that the Wasatch group was
named by Hayden from the Wasatch Mountains, but there is apparently no basis -
for this supposition in this original deseription or in any other by Doctor Hayden.
The group is extensively and typically-developed in the vicinity of Wasatch station,
and the name in this respect is an entirely appropriate one.

SUBDIVISIONS.

In the Wasateh group as thus defined by Hayden the field work of the season
of 1905 showed_three divisions: (1) A basal member composed of reddish-yellow
sandy clays, in many places containing pronounced conglomerate beds, which has
been named the Almy formation; (2) a great thickness of hght—colored rhyolitic
ash, beds containing intercalated lenses of white limestones with fresh-water shells
and leaves—the Fowkes formation; and (3) a group of reddish-yellow sandy eclays
with irregular sandstone beds closely resembling (1) lithologically and scparated
from (1) and (2) by a pronounced period of folding and erosion. The lust group
has been called the Knight formation and is the horizon of the Coryphodon remains
found in this vieinity. The Almy and Fowkes formations helong, with the Evans-
{on, in the conformable series separated on the one hand by a pronounced period of
folding and erosion from the Laramie beds, and on the other from the Coryphodon
Wasatch beds by a period of folding and erosion of great magnitude though of much
less importance than the one between the Adaville and the Evanston. The fossils
from the Almy and Fowkes have, without exception, been considered Eocene, but,
the formations are treated with the Evanston because of their very intimate strati-
graphic relation to it and the stratigraphic isolation of the Lvanston, Alniy, and
Fowkes from the beds above and below. Whether it can ever be conclusively
proved from the limited paleontologic data available that the line between the
Cretaceous and FEocene should be drawn in this section between the IEvanston and
Almy, so that one great physical break will be thrown into the Cretaceous and the
other secondary physical break into the Tertiary, is very doubtful. Stratigraphic
geologists will, in the absence of very positive paleontologic data to the contrary,

e Clark, W. B., Bull. U. 8. Geol. Survey No. 83, 1891, p. 139; Celkie, Archibald, Text Book of Geology, 4th ed., 1903, p- 1243
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1. 1a, lc. Betula stevensoni Lesq.
2. guercus negundoides Lesq.

3. Fieus pseudo:f_mpuluﬁ Lesq.

4, Malapoenna {

5. Laurus secalis Lesq.
6. Laurus primigenia Ung,

7. Diespyros woudani Ung.
etranthara) sessilifiora (Lesq.) Kn.

(Copies of Lasguereux’s figures of specimens from Almy, Wyo.)

FOSSIL. LEAVES FROM EVANSTON FORMATION.
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and none such exist at present, favor taking one physical break or the other for the
line between the Cretaceous and Tertiary, preferably the earlier and greater one.
The Knight formation is not.in dispute and has therefow been treated under the

Eocene. -
ALMY FORMATION.

DEFINITION AND DISTRIBUTION.

This formation is named from the town of Almy, situated a few miles north of
Evanston., Tt is exposed at this point in the bluffs along the east side of Bear
River immediately above. the Evanston formation and extends eastward beneath
the white beds of the TFowkes formation, from which.it is readily distinguished
lithologically. It consists of yellow and reddish—yellow sandy clays with irregularly
bedded sandstones and near the base pronounced conglomerate beds. In the Aliny
section it has a thickness of 2,100 feet. The beds of the Almy formation are com-
monly exposed in this region on]y along lines of disturbance. The basal conglom-
erate beds were observed by Hayden at Almy and the Needles and correctly corre-
lated with the lower Wasatch conglomerates exposed in Echo Canyon. These beds
are well exposed in a narrow belt along the eastern side of the Rock Creek-Needles
anticlinal [rom Chalk Creck to Mcdwlne Butte. They have been brought up here,
and in places highly inclined, by movement along the thrust fault associiled wrth
this anticline. Tt was their high inclination at the Needles and the dip of 15° to
20° near Almy (P1. XIII, B) which led meémbers of the King Survey to regard the
first exposure as Dakot& and the second as Laramie. These lower conglomerates

- are along this line unconformably overlain by the almost horizontal Knight beds.
An unconformity of over 4,000 feet is thus indicated. KEverywhere these Almy
beds show pronounced disturbance, and at many places show very distinet angular
unconformity with the Knight beds. (PL XTII, 4) The folding of the Almy
beds is well shown at the head of Whitney Canyon (Pl. XVII, A4), where the hori-
zontal Knight strata rest directly on the folded Almy. Another point of great
disturbance and folding in the Almy beds is at Round Mountain. The great force
involved in the disturbance of the Almy strata is shown in the crushied character of
the pebbles composing the conglomerate. The conglomerates are composed of
light-colored, well-rounded quartzite and chert pebbles, but contain some sand-
stones of local origin. These pebbles, both quartzite and sandstone, are very often
crushed and recemented in the manner shown in PLL XVI, B. The matrix of the

 conglomerate is light colored, greatly resembling loose mortar.

FOSSILS.

Calcarcous beds belonging to this formation yielded fossils just west of the
fault line in sec. 15, T. 17 N., R. 120 W. These have been identified by Dr. W. H.
Dall as Physa, small multaspiral Planorbis, Aplexa, Valvata, and Planorbis.

Similar beds in sec. 12, T. 17 N., R. 120 W, have yielded Planorbis (2 species),
Physa, Vivipera, Ammicola, Pisidium, Spherium, and ganoid fish scales. These
are all fresh-water types. A small lot collected by Mr. Pishel on “crest of hill
east of mine No. 6,"” Almy, either in the lower part of this formation or the top of
the Evanston, showed PPhyse and Cypris.
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Leaves were found in a sandstone in contact with the Nugget and Twin Creek
beds in SW. § sec. 16, T. 21 N,, R. 118 W, This sandstone is in the lower part of
the Wasatch exposed in this section and may belong either tq the Almy or the
Knight. Doctor Knowlton reports regarding this collection:

A\ considerable number of large leaves of Platanus, apparently . raynoldsii Newb., but the margin
is lacking in most cases.  1f correctly determinerd, the age should be Fort Union or near it.

FOWKES FORMATION.
DEFINITION AND DISTRIRUTION.

Overlying the Aluy formation is a thick series of light-colored beds composed
largely of rhyolitic ash and containing thin layers of white limestones. These beds
are well exposed in the valley east of the Almy hills and thence northward to the
Narrows. This formation is named from Fowkes ranch, about 9 miles from Evans-
ton, around which these beds are well exposed. West of Bear River they occur
along the base of the hills and show in the numerous cuts on the Chapman canal.
South of Evanston along Yellow Creck there are limited exposures, here showing a
conglomeratic or agglomeratic phase and underlain by white limestones. Farther
north, along Dry Hollow, there are extensive exposures of almost pure ash. This
formation conformably overlies the Almy, though the minor movements which
occurred before the deposition of the Knight formation may have been initiated in
this period and may slightly affect the upper beds.

.The Fowkes formation is seen underlying the Knight on the wesl side of Bear
River, opposite Almy. The contact relation here is not sharp, but viewed from the
high hills south of Evanston appears distincetly unconformdble. It is entirely absent
between the Knight and the Almy east of the Rock Creck-Needles anticlinal.  Speci-
mens from this formation have been studied by Dr. Albert Johannsen, who reports
as follows: )

Near Utah- Wyoming line in Dry Hollow, 4 wiles north of the Narrows.

No. 1 is a volcanic tuff, probably rhyolitic. It consists mainly of angular particles of glass, exhib.
iting flow structure. The glass has been partially devitrified.  Mingled with the glass is a much smaller
amount of crystalline material, consisting of quartz and biotite with a very little feldspar.

No. 2 is a tuff, probdbly rhvolitic; very much like No. I, but somewhat more devitrified.

Sec. 5, T. 17 N., R. 7180 W., just south of the Nurrows.

No. 1 is o tuff, probably rhyolitic ur latitic. The greater part of the material consists of rounded

anisotropic particles, some of which arc devitrified glass, while vthers are altered rock fragments. Therc

- are also a number of irregular graing of plagioclase, orthoclase, quartz, and biotite. The mineral grains

and the devitrified particles are each surrounded by a thin film of chlorite. Ii-Is uot certain that the

mincral particles and the devitrified grains were derived from the same source, very probably they rep-
resent different sources.

Sec. 12, T. 14 N., R. 121 W., 5 miles southwest of Evanston.

No. 1 may be called a conglomerate, or possibly an agglomerate. The pebbles are secmingly latite
porphyry like the material which makes the finergrained matrix inclosing the pebbles. The larger
particles of the matrix have phenocrysts of plagioeclase and quartz and afew of biotite  The groundinass
is microgranular and consists of orthoclase and plagioclase with considerable chalecedony and possibly
some glass, the chalcedony being of secondary origin.
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No. 2. Material, 90 per cent or more of which is now calcite, with crystalline particles of quartz and
a little biotite and hornblende disseminated through it. A part of the calcite seems (o represent the
alteration of mineral or rock grains. Probably the occurrence will determine whether the.rock should
be considered an impure [resh-watcr limestone or a much-altered caleareous taff.

The last is regarded as an impure fresh-water limestone, and here underlies the
conglomerate.  The exposure of the conglomerate or agglomerate material is very
limited, covering only a few square feet, and its relations arc not clearly shown. It
suggests greater proximity to a volcanic vent than the material found at any other
point. This suggestion is, however, in part negated by the fact that no similar
deposits of volcanic origin are reported in the section on Echo Creek, a few miles to
the west, and Chalk Creek, a few miles to the south. This appears to indicate that
tHe source does not lie in that direction. There is no evident source for this material,
and it is supposed to have been derived from local cones, perhaps comparable to,
though older than, those penetrating the Cretaceous and Tertiary beds in the Leucite
Hills in Sweetwater County, ¢ situated in the region now buried by Knight deposits
south of the Crawford Mountains and immediately west of this region.

Owing to the pronounced volcanic aspect of these beds and the fact that detailed
examinations were not then made, they are represented as igneous rocks on the
geologic map of the Fortieth Pa,rallel Survey, which shows such rocks near the present
site of Fowkes ranch, and on the geological map of Wyoming by Knight, which shows
them in Dry Hollow. Emmons describes the occurrence near Fowkes ranch as
follows:?

About midway between Evanston and the Narrows of Bear River occurs an outhburst of rhyolitic
tufa, rising above the foothills of Aspen Plateau, which is of interest, since it is far separated from any
other known occurrence of this rock. In its physical habit it is a uniform finc-grained rock, of an afena-
ceous, pumnice-like texture, crumbling readily, and having a prevailing lavender tint. The ground-
mass is an intimate admixture of fragments of feldspar and quartz grains, with thin lamina of dark
biotite plates and some bronze-colored mica.

King states regarding this locality: ¢

About 10 miles north of Evanston, in the neighborhood of some limited Cretacecus exposures, but
otherwise altogether surrounded by the nearly horizonial beds of the Vermilion Creek Eocene group, is
& small outerop of rhyolite, far removed from all other volcanic rocks. It is a fine-grained, pumiceous,
lavender-colored rock, the groundmass being the ordinary intimate mixture of sanidin and quartz, in
which arc interspersed lamine of very dark and of brownish mica. The outcrop is only of importance
from its wide separation from other voleanic fields, the nearest eruptions being soume miles down Bear
River in the neighbeorhood of its great bend [at Soda Springs, Idaho].

Trom the color reported it is belicved that the specimens described by King and
Emmons came from near the locality of the specimen-collected just south of the
Narrows and deseribed above by Doctor Johannsen. This arca was examined in
great detail during the summer of 905, and it can be stated positively that the ng
speciniens came from the Fowkes beds near the type locality.

South of Sage there are threc limited exposures of a light-colored pisolitic
limestone, which is regarded as lower Wasatch and has been indicated on the geologic
map as belonging to the Fowkes, These exposures are located in the northeast and
southeast corners of sec. 24 and the southwest corner of sec. 36, T. 21 N,, R, 121 W

akr-mp,J T., and nght w.C., Leumte Hills of Wyoming: Bull, Geol Soc America, vol. 14, 1903, pp. 305-336, and
references there given.

& Rept. Explor. 40th Par., vol. 2, 1877, pp. 337-338.
¢ Rept. Explor. 40th Par., vol. 1, 1878, p. 608
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FOSSILS.

Numerous specimens of fresh-water shells were oblained in the lower part of the
Fowkes formation in the valley between Almy Hills and Medicine Butte. A fern
was,obtained in the southwest quarter of see. 33, T. 16 N., R. 120 W, ncar the base
of the formation, on which Doctor Knowllon makes the following report:

Oné specimen, representing o very large fern; probably new. [ should presume that this was
Tertiary in age, but as 1 have never before seen this plant I can not of course speak positively.

On the west side of Bear River, in the Fowkes exposures immediately below the
Knight beds, a small collection was made. Dr. W. IL Dall identified the following
invertebrates from this locality:

Invertebraies from Sk + SW. fsee. 1, T. 15 N., R. 121 W.

Planorbis, 2 sp. Gonicbasis.
Planorbula. " Ancylus.
Physa. Pisidium.
Succinea?. Ganoid scales.
Small Limnga. Fish bones.

Dr. F. H. Knowlton reports regarding the leaves from this locality:
Leaves from SE. Y SW. ; see. 1, T. 15 N., R. 121 W.

Acrostichum hesperium Newb. ' Fquisetum. Very large stems; probably new spe-
cles.
Belongs 1o the Green River group.
Cope reports, in & stratum of impure limestones, probably in the upper part of
the Fowlkes formation, at a point 2 miles east of the outerop of the Evanston coal,
the following species: ®

Reptiles: Trionyx scutumantiguum. Fishes: Rhincastes calvus.
Emys? euthnetus. Clastes glaber.
FOCENE.

WASATCH GROUP (CONTINUED).
KNIGHT FORMATION.

DEFINITION AND DISTRIBUTION. *

This formation, named- from Knight station on the Union Pacific Railroad, near
which Cope first obtained vertcbrate remains from the Wasatch beds, consists of
yellow and reddish-yellow sandy clays, with irsegularly bedded yellow sandstones

.and occasional thin layers of fresh-water limestones in its upper portion. It is
throughout the region but very gently inclined, the dips seldom execeding 5°, and rests
unconformably on the upturned edges of the Almy and older beds. It is overlain by
the Green River and Bridger beds, which have the same low dips and are apparently
conformable with it. There is no evidence in this region of angular unconformity
or erosion between the Knight and the overlying beds, and while the Green River

@ Bull. U. 8. Geol. and Geog. Survey Terr., vol. 1, No. 2, 1872, p. 13; Seventh Ann, Rept. U, 3, Geol. Survey Terr, for
1873, 1874, p. 441; Rept. U. 5. Geol. Survey Terr., vol. 2, 1875, p. 39. -















KNIGHT FORMATION, 93

beds show a distinet thinning to the south this is believed to be due to the conditions
of sedimentation, including the broad and very gentle earth movements which
produce overlap. Some difficulty was experienced in this reconnaissance in differ-
entiating the Knight and Green River beds. In a broad way the Knight beds are
sandy clays of a predominantly reddish cast, and the Green River beds are light _’
colored and calearcous.  There is certainly a great difference between the character-
istic fish-bearing shales of the Green River and the characteristic Knight beds, but
the exact line between the two can not always be fixed with certainty. Light-colored
calcarcous beds oceur al several points overlain by.the characteristic reddish clays
of the Knight, and sufficiently near the top of the formation to raise the question
whether they should be considered Green River or Knight.

Around the type locality these beds are extensively and characteristically
exposed. In the bluff on Bear River, a few miles west of Knight, Cope collccted
vertebrate fossils in 1872, and a few miles to the northwest, north of the river, is the
“Bathmodon bone bed” Iocality.

The total thickness of this formation is not known and is difficult to determine
exacily, because of its unconformable relations to the underlying beds. Its estimated
thickness in the type locality is over 1,500 feet. ’

Just east of Cumberland the basal beds of this formation ure composed almost
entirely of fragments of Aspen shale, indicaling the presence of a local beach line and
the irregularity of the surface on which these beds were deposited.

FOSSILS.

Vertebrate fossils.—The first vertebrate fossils found in the Wasatch beds were
obtained in thisregion. The locality from which they were obtained is generally
given simply as ““near Evanston,” and considerable difficulty has therefore been
experienced in determining the precise geographic and stratigraphic positions of the
fossils described. This difficulty is perhaps due to two causes. In the first place,
the interest of the vertebrate paleontologist was primarily in the biologic aspect of
the collections, the exact locality and stratigraphic position being of secondary
importance, except in so far as they might be of use to him in'obtaining further
collections, and thereby hangs the second reason. Each collector was anxious to
preserve for his own use so far as possible the important bone localities which he

. discovered.

From a careful consideration of the paleontological writings of Cope and Marsh,
together with a thorough knowledge of the geography and stratigraphy of this region,
the locality from which the fossils were obtained, as well as their stratigraphic
position, has been determined within certain limits. Marsh“ asserts that the first
specimens of Coryphodon (Pl. XVIII) were found in 1871 near Evanston, Wyo., by
William Cleburne, a surveyor in the employ of the Union Pacific Railroad. Some of
* the mafterial collected was given Lo Prof. F. V. Hayden and by him transmitted to
Professor Cope, and the remainder was presented to Professor Marsh.: In 1872
Cope described the new genus Bathmodon —afterwards shown to be a synonym of
Coryphodon Owen-—and the new species B. radions and B. semicinctus, ‘‘from

& Marsh, O, C., Am. Jour. Sci., 3d"ser,, vol. 46, 1893, p. 321.
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material discovered by Doctor Hayden in Tertiary beds of the Wasatch group near
Evanston.”’s This is evidently the material referred to by Marsh. In 1872 Cope
personally visited this region, and his account of this trip* forms the main basis for
s determination of the localities near Evanston from which the Wasatch fossils
were obtained. It appears from this account that Cope visited the bluffs about
Almy coal mines and then proceeded up the river from Evanston. He deseribes
outcrops at a point ““7 miles above—that is, southeast of —Evanston’ and at a point
““11 miles above Lvanston, or near the bend of Bear River.”” The point ‘11 miles
above Evanston’” is shown by the accompanying discussion to refer to the pro-
nounced bluffs just west and south of the present railroad bridge, which is really
only about 6 miles above Evanston. Trom this point he proceeded ““5 miles to the
northeast,” to a point where “the strata are observed to dip in a direction opposite
to those at Evanston.” This they do immediately west of the Cretaceous and older
beds exposed from old Bear River City northward. Continuing a little farther, he
encountered the vertical sandstones and econglomerates of the Beckwith formation,
which he regarded as the east flank of an anticline of the Wasatch beds. He cited,
to prove this anticlinal theory, the pseudo-anticline shown in Fossil Cut near old
Bear River City (Pl. VII, A). Regarding the localities from which fossils were
collected, Cope says:

My assistant, Professor Garman, and myself succeeded in discovering a number of species in the
upper red and white strata on the bluffs 11 miles southeast of Evanston, or near the bend of Bear River.
They occurred here on the upper and upper middle portions of the exposure. Ixtending our observa-
tions to the ridges of bluffs farther to the southward we found the same strata producing similar and
in several cases the same fossila. They appeared lower down on the exposures, consistently with the
dip of the strata, though a few were found near the top of these, also.

It is believed that the statement ‘‘extending our observations to the ridges of
bluffs farther to the southward’ should be changed to read northward. There are
many fine exposures in the hills north of. the bluffs on Bear River near the railroad
bridge, and this is the natural direction for a fossil hunter to work from these bluifs.
To work south would require crossing the broad Bear River bottoms to hills which,
from the bluffs on the north of the river, do not show good clean exposures and do -
not look as promising as the territory to the north. Notomorpha garmanii, after-
wards regarded as a synonym of N. gravis, is described as obtained * from a bluff
6 miles north of the Bear River,” and was evidently obtained on this northeast
trip from the bluff at a point near the Evanston-Fort Bridger road. In a later -
article, in describing these specimens, Cape gives the locality as 6 miles north of
Evanston on Bear River;” but this is clearly an error when considered in connection
with details given in the original report. ®

In 1873 Cope again visited this region and succeeded in locating the ““Bath-
modon bone bed,” from which the Cleburne or Hayden specimens were obtained.
The only account of this trip which indicates anything regarding the locality is
given below 4

a Cope, K. D., Am. Jour. Sci.,3d ser,, vol. 3, 1887, p. 224, Proc. Am. Philos Soc,, vol. 12, 1872, pp. 417-422, (Fifth Ann.]
Prelim. Rept. U. 8. Geol. Survey Montuna, 1872, pp. 350-352.

b Proc, Am. Philos, Soc,, vol. 12, 1873, pp. 472-477.

¢ Rept. U. 8. Goeol. Burvey T'err., vol. 3, 1884, p. 143, N

d 'This data first appearced in Bull, U. 8. Geol. and Geog Survey Terr., vol. 1, No. 2, 1874, p. i3. It was reprinted ver-
Datim in Seventh Ann. Rept. U. 8. Gool. and Gueog. Survey Terr. for 1873, 1874, p. 441, and in Rept. U. 8. Geol. Survey Tetr.
vol. 2, 1875, p. 39.
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As already stated (Proc. Am. Philoes. Soc., 1872, p. 473),¢ the upper or red- h.mded Tertiary heds of
this locality b yielded the following species:

Perissodaciyle bones, two species. Emys testudineus.
Orothertum vasacciense [Rohippus vasacciensis|.  Emys gravis.’

Crocodilus, sp. . Clastes (?) glaber.
Alligator heterodone [Crocodilus heterodon]. Unio, two species.

Trionyx scutumanitquum.d
The lower sandstone heds yielded the following mammals: «

Bathmodon radians.  [Coryphodon radians. |

Bathmodon semicinetus.  [Coryphodon semicinctus.
. Bathmodon latipes.  [Coryphodon latipes ]

Orotherium index. [Fohippus index.]

Phenacodus primsevus.

West of the contact of Bear River with the Tertiary bluffs the strata consist of sandstone and con-
glomerates and dip at about 30° to the northeast. Five hundred feet vertically below the Bathmodon
bed a stratum of impure limestone crops out. forming the slope and apex of a portion of the bluff. In
this I found the following vertebrates:

Reptiles: Trionyx scutumantiquum. Fishes: Rhincastes calvus.
Emys? euthnetus. Clastes glaber.

This is the nearest to a determinagion of the uge of the Tovanston coal bhed, which Ilayden regards
as the most important west of the Missouri River, that I have been able to reach.  From the limestone
just deseribed to the coal hed, 2 miles to the west, the strata are very similar in character and appar-
ently conformable, so that they appear to belong to the same series.

The dip along Bear River from Evanston to the locality of the “upper or red-
.banded Tertiary beds” is for the most part easterly, and the “lower sandstone
beds” are believed to, be west of these bluffs at some point in the hills near and just
north of Bear River. The impure limestone 500 feet vertically below the Bath-
modon bed is evidently one of the limestones in the Fowkes formation, which out-
crops in a belt about 2 miles east of the crop of the Almy coal. This agrees with
Cope’s statement that the coal bed is 2 miles west of the limestone. Further, the
statement that the strata between this limestone and the coal are very similar in
character to the upper Wasatch beds and apparently conformable likewise agrees
with the conditions at this point. The" statement that ‘‘ west of the contact of Bear
River with the Tertiary bluffs the strata consist of sandstones and conglomerates
and dip at about 30° to the northeast’’ is evidently one of the interpolations com-
mon in Cope’s writings. . This sentence can only be taken to describe the conditions
in the blufls i the vicinily of Almy, which are distinctly east of Bear River. These
Almy bhiffs are, however, in a westerly direction from the “contact of Bear River
with the Tertiary bluffs,” near the railroad bridge and the hills to the north, where
Cope first collected fossils,

It is believed that all the material described by Cope and Marsh was collected
east of Evanston® in a limited area north and east of Bear River, south of a line

e Quoted on p. 94.

b ¢ This locality’’ refers to the bluffs on Bear River neur the Union Pacific Railroad bridge and the hills to the northeast.

¢ In Rept. U, S. Geol. Burvey Terr., vol. 3, 1884, Cope states: I only found it (Crocoedilus heterodon) in the beds of the
Wasateh, or perhaps Green River. epoch, at Black Butte, Wyoming.”” In his first account, Proe. Am. Philos. Soc.. vol.
12, 1872, p. 473, its resemblance to Limnosaurus (Crocodilus) heterodon 1s suggested. The fragments are perhaps imperfect
and not susecepiihle of cluse identification.

¢ Compared with Trionyr gutiatus in first account, Proc. Am, Philos. Soc., vol. 12, 1872, p. 473. In Rept. U, §. Geol.
sSurvey Terr., vol 3, 1884, pp. 121-122, Cope stules *'Several fragmentary individuals from Wasateh beds nenr Black Butte,
Wyoming, as also onc from the corresponding formation on Bear River, resemble this species (Trionyz scutumaniiguum)
more nearly than any other.”

¢ See in this connection statement of 8. F. Emmons, tn Rept. 40th Par. Survey, vol. 2, 1877, p. 329, regarding *‘the Tecent
discovery by Professor Marsh’s assistants of an mteresting series of vertebrale rernains in the hills to the enst of Evanston.”
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connecting Medicine Butte and Lazeart coal mine, and west of the outerops of the
pre-Tertiary rocks exposed between Lazeart and old Bear River City. With the
exception of the species listed from the limestone layer, which are believed to have
come from some part of the Fowkes formation, all of the species collected come from
the upper part of the Wasatch formation, stratigraphically 4,500 feet or more above
the base of the Almy formation, which is here, according to the original definition
of Hayden, basal Wasatch.

In addition to the species listed by Cope, Marsh has deseribed from the “Bath-
modon or Coryphodon beds’’ of this locality Ceryphodon hematus.®

Invertebrate fossils.—Fresh-water shells are common in the white limestones
that occur in the upper part of the Knight or the base of the Green River. They
are abundant in the strata at the head of Bridger Creek, in the hill just south of
Sage, and a few miles east of Cumberland. Shells were collected from the latter
locality by Frémont in 1843 % and described by James Hall under the names Cerith-
ium. nodulosum and Turbe paludinzformis. Hall gives the following description
of this material: :

The rock is a perfect oolite, and, both in color and texture, can scarcely be distinguished from speci-
mens of the Bath oolite. One of the specimens is quite crystalline, and the eolitic structure somewhat
obscure. In this instance the few fossils observed seem hardly sufficient to draw a decisive conclusion
regarding the age of the formation, but when taken in connection with the oolitic structure of the mass
its correspondence with the English oolites, and the modern aspect of the whole, there remains less
doubt of the propriety of referring it to the oolitic period. A further collection from this interesting
locality would doubtless develop a series of fossils which would forever settle the question of the relative
age of the formation. A few miles up this stream Captain Frémont has collected a beautiful series of
specimens of fossil ferns. The rock is an indurated clay, wholly destitute of carbonate of lime, and
would be termed a “fire clay.” These are, probably, geologically, as well as geographically, higher
than the oolite specimens, as the rocks at this place were observed to dip in the direction of N.
65° W. at an angle of 20°. This would show conclusively that the vegetable remsins occupy a higher
position than the oolite. Associated with these vegetable remains were found several beds of coal dif-
fering in thickness. :

The fossiliferous limestones at this point dip gently eastward, and it was clearly
Hall’s unwarranted assumption that both the plant-bearing beds and the oolitic
limestone had the same dip, that led. to the conclusion that the shells came from
a lower horizon than the leaves. Both Meek and White have recognized the iden-
tity of thesc forms with those found in beds of undoubted Eocene age and at about
the sarme horizon, and have thus anticipated from paleontologic data the conclusion
reached by visiting the type locality. Meeke pointed out that the Cerithium is
clearly a Goniobasis, and suggested the name of Goniobasis nodulifera, while White ¢
regards it as but a varicty of Goniobasis tenera (Cerithium tenerum Hall). Turbo
paludinzeformis has likewise been referred to the fresh-water genus Viviparus.

a Am. Jour. Sci., 3d scr., vol. 11, 1878, pp. 425-428; Am. Jour. Seci,, 3d scr., vol. 46, 1893, pp. 321-326. Dr. W. D, Matthews
states, in Bull. Aw. Mus. Nat. Hist., vol. 12, 1898, pp. 33, 34, that Fohippus perniz Marsh (Am. Jour. Sci., 3d ser., vol. 12,
pp. 321-326) came from this locality, but Mr. Walter Granger, of the American Muscum, informs me that Marsh’s locality
catalogue shows that it came from Black Buttes,

b Rept. Explor. Exped. to the Rocky Mountains, Touse Ex. Doc. No. 168, 28th Cong., 2d sess., 1845, pp. 131, 267.

¢ Meek, D. B., [Fourth Ann.] Prelim. Répt.. U. 8. Geol. Survey Terz. for 1870, 1872, p. 209. Rept. U. 8. Geql. Expl. 40th
Parallel, vol. 3, 1877, pp. 179-180.

d White, C. A., Eleventh Ann, Rept. U. 8. Geol. und Geog. Survey Terr. for 1877, 1879, pp. 226~227,
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GREEN RIVER FORMATION. e
DEFINITION AND DISTRIBUTION.

The Green River [ormation was named and defined by Hayden in 1869 from
. the exposures along Green River in the vicinity of Green River city. The term
is used here in the original sense, and, as adopted by the King Survey, applies to
the light-colored ecalcareous beds occurring between the sandy reddish beds of the
Wasatch and the greenish beds of the Bridger. Some confusion has arisen in the
discussion of the geology of this general region by the use of Green River by Cope
to include both the Wasatch and Green-River deposits and by Lesquereux to inciude
Wasatch, Green River, Bridger, Uinta, and White River beds. A certain amount
of care must therefore be used in preparing faunal and floral lists of the Green River
beds proper. This formation is noteworthy for the great number and wonderful
state of preservation of the plants and fish remains it contains. (Pls. XIX, XX}
One of the most famous localities for the fish and plant remains is in the cliffs around
Fossil, on the Oregon Short Line. Greal quarries have been opened here, following
the most fossiliferous strata for miles around the hillside, and the museuns of the
world supplied. At Fossil the line between the Green River and Wasatch beds is
very sharp, but to the south some difficulty was experienced in locating this line
of parting. TLight-colored calecareous beds, lithologically suggestive of the Green
River beds, occur overlain by pronounced red beds, suggesting the Wasatech. The
areas in which these formations are most extensively developed were, however, not
examined in great detail, and are indicated on the map as “undifferentiated Eocene.”
LEast of Oyster Ridge these beds are well developed in the northern part of this area.
To the south they thin rapidly and lose their distinctive characteristics. Light-
colored calcareous beds intercalated with reddish clays occur in the hills east and
west of Muddy Creek near Piedmont. These have been mapped by the King Sur-
vey as Green River, and may represent-the southern extension of this formation.
Part of the white beds are distinctly overlain by red beds, suggesting the Knight,
and the remainder are lithologically more like some of the white beds in the Bridger
formation than the typical Green River.

a gynonymy and usage of Green River formation:

=8Second seriea {of the Tertiary of the Green River basin}, Engelmann, House Ex. Doc. No. 40, 35th Cong., 2d sess.,
1859, p. 47. .

< Green River Tertiaries, King, 40th Par., yol. 3, 1870, p. 455, which includes all the Tertiary beds in the Green River
basin.

=Green River shales, Green River beds, (tteen River group, Hayden, {Third Anon.] Prelim. Field Rept. U. 8. Geol.
Survey Colorado and New Mexico, 1869, pp. 90-91; {Fourth Ann.] Prelim. Rept. U. S, Geol. Survey Wyoming, 1872,
pp- 40, 53, 58, 70, 142-143, 166.

= Greent River group, King, Atlas, Explor. 40th Par., 1876; Emmons, Rept. Explor. 40th Par., vol. 2, 1877, pp. 240-244;
King, Rept. Explor. 40th Par., vol. 1, 1878, pp. 377-394.

< Upper and Lower Green River group, Powell, Geol. Uinta Mountains, 1876, pp. 40, 45, 166-167.

< Green River beds, Comstoek, 1875, Rept Reconnaissance Northwest Wyoming, by W. H. Jones, in 1873, table following
p. 103, p. 123. Defines name to include beds between the ** Green River coal group ” and the Bridger; hence includes
both the Wasatch and Green River,

< Green River group, Lesquercux, Rept. U. 8. Geol. Survey Terr., vol. 8, 1883, p. 137, includes Wasatch, Green River,
Bridger, Uinta, and White River. In Rept. U. 8. Geol. Survey Terr., vol. 7, 1878, p. 19, he uses this term to include
all Tertiary beds exposed befween Rock Springs and Evanston.

< Green River group, Green River heds, Green River formation, Green River strata, Cope, Proc, Phila. Acad, Nat. Sel.,
vol. 24, 1873, p. 279; Sixth Ann. Rept. U. 8. Geol, Survey Terr. for 1872, 1873, pp. 589, 625, 627, 628; Seventh Ann. Rept.
U. 8. Geol. and Geog. Survey Terr., 1874, p. 441. Here includes both Wasatch and Green River.

< Whasatch group, Cope, Rept. U. 8. Geol. Survey Terr., vol. 3, 1884, p. 7, vol. 4, 1889, table following p. 43, which includes
both Wasateh and Green River.
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FOSSILS.

Plants and fish from the Green River shales in the vicinity of Fossil have been -

studied and deseribed by Lesquereux and Cope.

Lesquereux’s account of the

leaves is given in his Cretaceous and Tertiary Flora¢ under the locality names

“Randolph County, Wyo.,”” and “ Randolph County, Colo.”

Ward?® and Knowl-

ton ¢ are both of the opinion that this material was undoubtedly obtained near

Fossil.

~ The error in name was probably due to a confusion with the town of Ran-
dolph, Utah, which is a few miles west of the State line.

The species listed from

this locality are given below and several are shown on Pl. XTX.

Plants listed and descr'ibgd. Jrom the Green River beds near Fossil by Lesquereur

[thm speeies are marked * figires of speeumens from this locality have been puablished, species marved with b were firat
described from this lecality.]

++Cyperacites (Cyperites) haydenii (Lesq.) Knowl-
ton.
*Pypha latissima Al, Br.
+*Flabellaria florissanti Lesq.
*#Quercus drymeja Ung.
1*Quercus castaneopsis Lesq.
*Quercus neriifolia Al Br.
*TLiquidambar europreum Al. Br.

T*Celtis mecoshii Lesq.

T*Andromeda delicatula Lesg.

t*Acer indivisum Lesq. (=Acer leqquemux Knowl-
ton).

+*¥Fuonymus flexifolius Lesq.

+*Ailanthus longepetiolata Lesq.

T*Amygdalus gracilis Lesq.

T*Antholithes improbus Lesq.

Cope has identified and described the following bpet,les Trom the neighborhood
of Fossil (Pl. XX :

Fossil fish listed and deseribed from the Green River beds near Fossil by Cope.d

[Where speci_e's are marked * figures of specimens from Lhis locality have been published; species marked + were first
deseribed from this loealily.]

+*Mioplosus abbreviatus Cope.
H¥Mioplosus labracoudes Cope.
t*Mioplosus beam Cope.
++Mioplosus savageanus Cope.
1*Priscacars serrala Cope.
+t*Priscacura cypha Cope.
+#Priscacara oxyprion Cope,
+*Priscacara clivosa Cope.
*Priscacara pealei Cope.
+*Priscacara liops Cope.

1¥Pharendus (Dapedoglossus) testis Cope.
t*Pharecdus (Dapedoglossus) sequipennis Cope.
+*Diplomystus densatus Cope.
¥ Diplomystus analis Cope.
*¥Diplomystus bumilis (Teldy)=Chipea pusilly
Cope.
*Diplomystus altus (Leidy) C()PL
*Diplomystus pectorosus.
t¥Amphiplaga brachyptera Cope.
+#Asineops pauciradiatus Cope.

Associated with these fish and plant remains are numerous tresh-water shells.
A small collection from the white limestone beds which cap the hill just west of the

Porter ranch on Rock Creek, and which are either hasal Green River or upper
Wasatch, contain a number of unidentified species of fresh-water shells.

« Rept. U. 8. Geol. Survey Terr., vol. §, 1883,

b Eighth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1889, ps. 908-908.

< Bull. U. 8. Geol. Burvey No. 152, 1893, pp. 83, 107

d Bull. U. §. Geol. and Geog Survey Terr., vol. 3, No 4, 1877. pp. 807-819; Bull. U. 8. Geol. and Geog. Survey Terr., vol.
{, 1878, pp. 74-77; Rept. U. 8. Geol. Survey Terr vol. 3, 1884, -
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BRIDGER FORMATION.

The Bridger formation—the upper member of the Eocene series of this region—
was, like the Green River and Wasatch formations, named by Haydenin 1869. The
name in this case was derived [rom Fort Bridger, near which point the beds are well
developed and where numerous vertebrate remains had even then been found.
These beds are noteworthy from a scientific standpoint, because of their large
marmmalian fauna, one of the most complete and varied fossil mammalian faunas
found in the world. These beds, according to the observations of Mr. W. J. Sinclair,
arc composed largely of voleanic ash. In places they have a marked greenish cast
and contain persistent whife calcareous bands, {illed with [resh-water shells that are
identical in appearance with those found in the Green River and upper Wasatch beds.
No attempt was made to map this formation arcally, and it is included in the geolog-
ical map in the area colored ‘‘undifferentiated Eocene.” Its outcrops are for the
most part limited to the area east and south of Muddy Creek. On Hams Fork
Plateau, in the northern end of the area mapped, are two hills capped by Eocene beds
that are very different from the underlying Green River, and it is possible that they
represent outlying Bridger areas. . These outcrops have a rather reddish cast, not
like typical Brideer, and the suggested correlation is based more on their position
above the typical Green River than on their lithologic resemblance to the Bridger of
the type locality.

QUATERNARY,

In the region southeast of this area the topmost Bridger beds are succeeded by
thick beds of conglomerate, which were named by the King survey ‘‘ Wyoming
conglomerate.” These conglomerates are in places several hundred feet thick, are
light in color, and are generally {irmly cemented. Where typically developed, they cap
the highest hills, forming flat-topped ittes or mesas. This deposit was referred to
the Pliocenc by the King survey and is to be regarded as either very late Tertiary or
early Quaternary. These beds apparently represent the remnants of a very widely
developed gravel sheet, probably spread over a relatively level surface, and the pres-
ent topography is believed to have been developed entirely since that time. - The
gravel capping Aspen Mountain is thought to be an outlying remnant of this forma-
tion, which is shown on the maps of the fortieth parallel survey as extensively
developed in the hills east and south of the part of the Uinta Forest Reservation
shown on Pl. ITI. Sillem IHill, just south of Sage, is covered with well-rounded
unconsolidated gravels, perhaps representing an outlier of the Wyoming conglom-
erates or an early stage in their redeposition. ' ‘

As this region was eroded the gravels of the Wyoming conglomerate, with
possibly others brought down from the mountains and derived from the conglomer-
ates of the older formations, were redeposited sucecessively at different levels. As
a result of this action gravels oceur irregularly over the surface of much of the area.
They are particularly well developed on the Tertiary beds east of MuddyCreek.
Occasionally they form pronounced gravel-capped terraces, which mark definite
stages in the development of this region. Pronounced high level terraces of this
type were observed just west of Hilliard Flat and between Millis and Knight. These
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two are clearly remnants of the same terrace and rise 400 feet above the present -
stream bottoms. Similar high terraces occur at an elevation of about 300 feet above
Hams Forls, in the vicinity of Kemmerer. Numerous lower terraces are found in all
the stream valleys.

The lower terraces and the present Bear River bottoms indicate certain rather
recent changes in drainage which are of interest. Hilliard Flat, although it is the geo-
logical continuation of Mammoth Hollow and owes its major features to the fact that
it is underlain by the soft Hilliard shale, shows evidence of once having been the -
main channel of Bear River. This is shown by the erosion of Oyster Ridge on the
east side south of Hilliard and on the west side south of old Bear River City. Hilliard
Flat is now covered by a mantle of gravel, which in places is 30 feet thick. Bear
River passes west of Hilliard Flat through a narrow gorge cut along the natural line of
weakness produced by the soft Bear River beds. Above these Narrows the present
bottoms are 3 miles wide and the old Hilliard Flat valley appears as a terrace 50 fect
above the present bottom. The normal course of Bear River in the present bottom
appears to be along Mill Creck, and this was evidently the course immediately before
the present time. Now the river leaves the bottom occupied by Mill Creek and
passes into a relatively distinct valley in the Wasatch beds. One of the most
interesting cxamples of this recent stream diversion is that found at the Narrows,
20 miles north of Kvanston. Here the river leaves a broad valley and after making
a detour of about 3 miles through the hills returns to its old'valley. This diversion is
apparently associated with the accumulation of sands and gravels, forming the lowest,
terraces. Before their accumulation Bear River flowed west of the Narrows Hill and
Salt Creek flowed southwest through the upper Narrows and Alkali west through
the lower Narrows. When Bear River, overloaded with sediments, derived, per-
haps, from the glaciers at its headwaters, commenced to fill up its channel, the
main river filled up more rapidly than the tributary streams, and thus a differential
elevation was produced which permitted the deflection of Bear River around the
Narrows Hill.

Although the Uinta Mountains to the south were covered with glaciers during a
part of the Quaternary, there are no deposits of undoubted glacial origin in this
area. Deposits suggesting glacial action were found near Sage. Here there isa
north-south ridge covered with an unassorted mass of débris containing large,
angular masses of Carboniferous limestone. The whole suggests a moraine formed
by an ice sheet coming from the west, but this supposition could be proved only by
detailed work in areas beyond that examined. -

Travertine -deposits were found at several points. The hillside south of the
Lazcart coal mine is covered with these deposits, and in Pionecer Hollow the Soda
Springs have buill up low cones several feet high. 2

At many points coal beds, in both the Frontier and Adaville formations, have
burned out, baking the surrounding beds. Notable examples of such baked areas
occur northeast and southeast of Round Mountain, immediately south of Adaville
and southwest of the old Twin Creek mines.



CORRELATIONS.

COMPARISONS WITH PUBLISHED SECTIONS IN

JHIS AND ADJOINING REGIONS.
MEEK'S SULPHUR CREEK SECTION.

A further word is perhaps necessary regarding Meek’s
Sulphur Creek section because of its great historical im-
portance. This locality was visited by nearly all of the
early geologists, who, without exception, misinterpreted
the stratigraphic relations of the beds exposed.
figure as herc given (fig. 5) the fossiliferous horizons found
by Doctor Stanton in 1891 have been indicated by crosses
and the formations described in the present report are given

beneath.

Section of rocks exposed on Sulphur Creek near Bear River, Wyoming.@

13.
14.

15.

16.

. Black shale, only seen in bottom of Sulphur Creck, thickness
unknown. .
. Slope apparently occupied by clays, thickness perhaps 100
fectormore. .. ...l e
. Soft Tight-grayish sandstone, nearly vertical .. __ ... . . ..
. Covered space, probably occupied by clays, but showing some
sandstone that may or may not be in place; perhaps room
enough for 250 to 300 feet. . .. .. ...t .
. T'wo or three rather heavy beds of light yellowish-gray sand-
stone, separated by clays, probably occupying some of the
space included in division 4. Near the lower part two layers,
15 o 18 inches eacly, of sandstone, containing Ogirea solen-
1sews, Trapezium micronema, ele.  Altogether 90 Lo 100 or more.
. Greenish and bluish-gray sandy clays, with some dark shale at
places. . ... e ellliiiiii.l
. Bed of good coal, said to be 7% feet in thickness. ... ... .._...

. Heavy massive bed of light-colered sandstone, about 90 fcet in

thickness, standing nearly vertical, with some 3 to 5 feet of
sandy clay between it ard the coal of division 7 ... _ .. ___ .

. Gray sandy shales with alternations of sandstone and clays. . .
10.
11.
12.

Light gray sandstone. . . .....oiiiniiii i
Slope und unexposed space, perhaps 200 yards or more across.
Light-gray sandstones and clays, including a bed of good coal,
said to be 7} fect in thickness, all dipping south-southeast 55°
_below horizon, and the sandstone above the coal containing
many casts, Inoceramus problematicus, with a few casts of
Cardium and undetermined univalves; altogether showing
about . .. ..
A valley or depression showing no rocks, perhaps 150 yards
ACTOSs.
Ferruginous sandstone in thin layers, dipping northwest about
80° below horizon - ..o e L
Bluish Jaminated clays with, at top (left or west side), a 2-foot
layer of sandstone, containing fragments of shells not seen in
a condition to be determined ... .. .. ... oLl
Clays and sandstone below (20 feet), gray and brown pebbly
sandstone above (25 feet). ... .. . . . .. ... ..
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¢ Meek, F. B., Sixth Ann. Rept. U. 8. Geol. and Geog. Survey Terr., for 1872, 1873, pp. 451-452.



102 GEOGRAPHY AND GEOLOGY OF SOUTHWESTERN WYOMING,

' Feet.

17. Brownish and bluish clays with soine beds of white, greenish, and brownish sandstones . . .. 115

18. Hard gray conglomerate, standing nearly vertical and forming crest of hill about 360 feet high_ 40
19, Slope showing ahove some masses of conglowmerate like that of division 18, perhaps not m
place, with, at places below this, some reddish clays; altogether space cnough for 500 to

600 feet in thickness . . o o L. .. 600
20. Greenish-white sandstone . . .. . ... ... ... 40
21. Brownish clays and sandy layers . . ...... ... i 60
22. Brownish clays and beds of sandstone, the latter light gray below. ... ______________. 110
23. Whitish sandstone; forms crest of hill about 220 to 240 feet in height. . .. .. ______. 40
24. Conglomerate and some red clays. ... i i S, 20
25. Brownish and reddish clays with a few distinctly separated thin beds and layers of gray sand-

stone; altogether 7560 feet to 800 feet in thickness. . .. .. . it i, 800
26. Gray sandstone in place, apparently connected with some masses (that may not be in place),

s0 as to include space enough for'60 to 80 feet; forms crestofa Lill .. ... ... .. ... ... 80

27. A long space of perhaps 260 yards or more, with ouly a few low cxposures of light-gray sand-
stone, showing a slight westward dip. '

28. Numerous thin seams and layers of dark carbonaceous shales, with harder thin bands of vari-
ous-colored argillaceous, arenaceous, and ecalcareous matter, including a few very thin
streaks of coal, the whole being highly charged with vast numbers of fresh- and brackish-
water shells, such as species of Unio, Corbicula, Corbula, Pyrgulifere, Viviparus, Meampus,
ete.  Dip nearly east, about 75° below the horizon; thickness, 175 to 200 feet exposed.... 200

. This section was examined by Prof. J. W. Powell about 1875 and republished
in his report on the geoclogy of the Uinta Mountains, with an indication of the classifi-
cation of the strata according to his divisions.? Strata Nos. 1 and 2 he regarded
as belonging to the Sulphur Creek (Hilliard) group, 3 to 17 to the Salt Well group,
18 to 28 to the Point of Rocks group. According to this classification the strata
represent a continuous series, with the oldest beds at the eastern end. The Salt
Well group includes in this section a portion of the Frontier, the Bear River, and
the lower part of the Beckwith, The Point of Rocks group includes the upper part
of the Beekwith, the Bear River, and some unconformable Wasatch beds, No. 27,
Powell’s interpretation of this section was evidently greatly influenced by the view
prevailing at that time that the Bear River beds were the highest of the Cretaceous
series. The seclion was reexamined by Stanton in 1891 and the true complexity
of the structure recognized. In No. 13 characteristic Bear River fossils were found,
and in No. 15 the following distinetive Jurassic species:?

Belemnites densus M. and H.
Trigonia quadrangularis Hall and Whilif.
Myacites (Pleuromya) weherensis Meck?

The folding suggested by No. 28 of Meeld’s section is due entirely to hill creep,
as shown in PL. XXI. The overturned portion entirely lacks the regularity of
bedding found in portions dipping castward. The general relations of Meck’s sec-
tion are shown in PL IV. section K.

a Geology of the Ulnta Mountains, 1876, pp. 158-160.
b 3tanton, T W., Am. Jour. Sei., vol. 43, 1892, pp. 98-104.
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STANTON'S SECTIONS AT COALVILLE AND ROCKPORT, UTAH.c

The Beckwith beds may bo traced, with minor interruptions, southward in a
narrow belt along the Rock Creek-Needles anticline from the large exposures in the
vicinily of Medicine Butte through the Needles to Chalk Peak and. tlic upper part
of Chalk Creek in Utah. These exposures lie for the most part on the western flank
of the anticline. Although ne Cretaceous beds higher than the Bear River formation
are exposed in the region north of the Needles, the Cretaceous beds are exposed
west of Chalk Peak almost to the very center of the great syncline which crosses
the Union Pacific Railroad in the vieinity of Echo City. There is thus a relativﬁely
continuous stratigraphic connection between this region and the exposures at Coal-
ville, Utah. On Chalk Creek, west of und above the upper Beekwith beds, there is
a series of black shales with fish scales, clearly representing the Aspen formation.
Farther west, above these black shales, lie the sandstones and coal-bearing beds of
the Fronticr formation, in which the principal mines at Coalville are located. The
_ Coalville section was studied in detail by Doctor Stanton in 1891 and 1892, Doctor
Stanton extended his work south, up the Weber River to the Triassic beds cxposed
at Peon, south of Rockport. The Weber Valley section, which he published in
two parts, the Rockport section and the Coalville section,? is very closely related
in many ways to the general section in southwestern Wyoming. This Weber
Valley section is given below:

Weber Valley section, [Ttah.
[By 'I'. W. Stanton, 1801.}

Tertiary Fcho Canyon conglomerates . - . ... .. ...,

Shale and soft, coarse sandstones, not well exposed . ... ... ... 1, 500

Coalville section:

10. Gray and brownish sandsione, with bands of shale. The upper 30 fest is a massive,
irregularly bedded brownish sandstone, with many specimens of Inoceramus erectus,

Cardizem, Ostrea, and 2 lew other species, mostly in the form of casts................ 150
9. Mostly covered, but cvidently underlain by shales and soft sundstone. A band of sand-
stone about the middle of this member yielded specimens of Mactra, Cardinm, and

Pecten_ . . il 1.500
8. Massive gray and yellow sandstone forming the Third Ridge, with Ostrea soleniscus, Pho-
ladomya subventricosa (7), Cardium, and a few other marine Cretaceous species _ ... .. 200

7. Clay shales interstratified with thin bands of sandstone and iwo or three thin seams of
coal (including the Carleton bed) of no economic importance, near the base. Fossils

abundant, including marine and brackish- and fresh-water invertebrates and plants. <. - 110
6. Mostly covered, but showing soft clay shales and.thin beds of coarse sandstone where.

@XPOSeA . . L L e 845
5. Massive conglomerate. ... ... ... .. .. .. 60
4. Clays, with thin beds of sandstone.. ... .. ... ... T 165

3. Gray and yellowish hard sandstone, forming the First and Second ridees, with numerous
fossils, many of which are identical with species of the Pugnellus sandstone in Huer-

Tan0 Tark, Colorado. o ...ttt et ettt e e 100
2. Gray sandstenes 30 feet thick, forming roof of coal bed, overlain by dark clay shales with
numerons specimens of Fnoceramus labialus” ... o o o i 798

a Bull. U. 8. Geol. Burvey No. 100, 1893, pp. 3844,
& For geographic position of these points with relation to this ares, see 1ndex map forming pmrt of P1 TT1
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Coalville section—Continued.

Feet.
1. Intersiratified sandstontes and shales, with heavy bed of coal at the top. The underly-
ing beds arc cut off by a faull. Scveral of the sandstone layers in upper pari are very
fossiliferous.  Tstimated thickness. . . .. .. 500-600
Sequence broken by fanlting. Section is taken up again at & point I2 miles south.
Lowest fossiliferous zone of Onalville section with characteristic speeies such as Barbatia
micronema, Mactra utahensis, Modiola multilinigera.
No good exposures for 2,200 feet.
Rockport section:
1. Alternating beds of coarse sandstone and shale. The beds of sandstone vary in thick-
ness from 10 feet to over 100 feet, and their aggregate thickness is somewhat less than
that of the shales. A few specimens of Ostrea and casts of Cardium and other bivalves
wore found in the lower portions. Total apparent thickness. . _..._......... ... .... 2, 300
2. Drab shales with indurated bands in which numerous scales of fishes and an obscure
impression of an ammonite were collected. ... . ____ .. ... i, 215
3. Covered for a distance of 700 feet.
4. Reddish and brownish shales alternating with thinner beds of coarse gray sandstone,
changing to brown pebbly conglomerate in the lower 650 fect. (These lower conglom-
erates were mapped us “Dakota” by Mr. Emmons) . . .. ... N 2,400 .
5. Reddish shales with thin beds of brown sandstone. . ......... e 433
6. Dark grecmish-gray sandstone, somcwhat calcarevus, especially toward the top. A
specimen of Trigonic quadrangularis? and a fow olher obscure fossils indicate that
this bed Is Jurassic. . e 55
N 7. Gray and reddish sandy shales, with bands of sandetone ... ... ... .. ... oL 1, 295
8. Yellowish-gray shales, becoming caleareous toward the base. . ... .. .. ... ... .. .. 935
9. Blue thin-bedded limestone and calcarcous shales containing Penfacrinus asteriscus,
Plewromya subcompresse, and other Jurassic fossils. . ... . ... ... ... ... ... .. 422
10. Beddish-brown thin-hedded Triassic? sandstone, exposed.... ...... .. . .. _. .. ....... 750
In the Rockport section stratum No. 10 is clearly the Nugget formation. No. 9
and possibly some of No. 8 is Twin Creek. Nos. 4 to 8 are Beckwith. No. 2 is

Aspen. No. ! of the Rockport and the lower members of the Coalville section are
clearly Frontier. The line between the Frontier and Hilliard is, however, not
evident. Lithologically it should be drawn above No. 8 or the Third Ridge, and

this agrees with the report of Doctor Stanton that a small lot of fossils collected
from the top of the Frontier formation just south of Frontier, in southwestern

. Wyoming, are from the horizon of the Third Ridge of Coalville, Utah.

Regard-

ing the position of the line between the Colorado and Montana in the Coalville
section, Doctor Stanton says:®

Provisionally I have taken the base of conglomerate No. 5 as the top of the C'olorado formation at
thic locality. The soft strata of No. 6 are seldom exposed in the Coalville area and no fossils have been
found in them, but they appear to belong té No. 7.

From the general lithological and paleontological resemblance of the south-
western Wyoming and Utah sections and from the abundance of Inoceramus exogy-
rotdes in the Hilliard formation west of Frontier, 3,000 feet above the charac-
teristic forms of the Third Ridge, it is believed that the Colorado-Montana line was

perhaps drawn too low in the Coalville section by Doctor Stanton.

From the

data collected in southwestern Wyoming, No. 8 should clearly be referred to the
Colorado and the line between the Colorado and Montana occurs somewhere in the

overlying shales.

is of interest:

A comparison of thickness of the formation in these two regions

a Bull. U, 8. Geol. Survey No, 106, 1893, p 41.
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Table showing comparative thicknesses of formations in southwestern Wyeming and Weber Valley, Utah.

. Southwest | Weber Valley,

Formation. Wyomning. Utah. Y
. . Feet.l 00 Feel.

ugge 750+

Twin Creek 3,500-3, 800 92
Beckwith _. 3,800-5,500 | 5,118-5,800
Bear Raver .. 500-5, 000
ASDEIL ..o 1,500-2,000 215+
1 1= 2,200-2,600 4,575+
5 1 T3 3o [ 5,500-6, 800 3,000+ 7

With the exception of the Frontier and Beckwith the formations in the Weber
section arc much thinner than in seuthwest Wyoming. The greatest difference is
noticed in the Aspen, Twin Creek, and Bear River. Supposing that strata which
are the time equivalents of the Twin Creek and Bear River have in the Weber River
been included in the Beckwith on purely lithologic grounds, all the formations
except the Frontier show a noticcable thinning in that direction. The greater
apparent thickness of the Frontier may be due (1) to duplication of the strata by
faulting; (2) to the more sandy development of the upper Aspen, which may be
here on lithologic grounds classed with the Frontier, or (3) to the possible inclusion
of beds which are regarded as basal Hilliard in the region of Oyster Ridge.

GREEN RIVER SECTIONS NEAR FLAMING GORGE, UTAH.

The sections¢ of this locality published by Powell and Emmons, while too
meager to warrant exact correlations, suggest that there are more important differ-
ences between the Green River and Oyster Ridge sections than between the Oyster
Ridge and Weber Valley sections,

Section in vicinity of Flaming Gorge, Uiah.
[After Powell. 8]

Point of Rocks group: Feot.
1. Alternating gray and yellow sandsiones and clays with pronounced hogback topography;
coal hearing . ... Ll 1, 350
Salt Well group:
2. Friable sandstones and arenaceous shales .. ... ... .. .. . ... . _______... 1, 860
Sulphur Creek group:
3. Dark argillaccous and arenaccous shales. . .. . .. i, 2,000
Henrys Fork group:
4. Conglomerate; pebbles verysmall .. .. .o .. ..., 25
5. Light-gray and yellow sandstone.. ... ... ... 80
6. Teleost shales. ...... e e e e e e e e el 70
7. Varicolored sandstones with conglomerates at base . . . ... ... .. ... . ... 500
Flaming Gorge group:
8. Gray, greenish-gray, pink, purple, and chocolate beds, very friable. . ... ... ... .. .. 110
9. Bluish-gray Limeslone. . ... . e 200
10. Coarse red sandstone, Unio beds . . . . o e 500
11. Limestone; bluish buff; compact; sometimes shaly and interstratified with orange shales
and thin beds of gypsum .. .. 250

@ For geographic position of this point with relation to this area, see index map forming part of P1. IIT.
b Prepared from QGeology of the Uinta Mountains, 1876, pp, 41, 152, 156, 157.
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White Clilf group: . ' Teet.
12. Massive sandstone, light gray and light oranpe, everywhere exhibiting false stratification
in many directions and at many angles. . ....._ .. ..... e 1,025

Vermilion Cliff group-
13. Sandstone; massive b(,dded gray, drab, and brown within. but weathering with bright

Vermlhun surfaces; well exposed on the summit of Flaming Gorge . . .. .............. 300

14. Shules, somewhat argillaccous ..................................................... 6
15. Sandstenes; rather friable, with intercalated shales, the latter containing wuch gypsum;

. weal hering in varfegated bright eolors. ... ... . . L. 3569

Shinarump group:
16. Shales and sandstones containing much gypsum; weathering in many colors, but brown
and chocolate tints prevailing; in many places constituting badland beds . _....___._. 1,095
Upper Aubrey:
17. Sandstones and limestones, the latter cherty. To the north there are two members of
this group, the upper is cherty limestone from 100 feet to 200 feet in thickness, which
we have called the Bellerophon limestone. The lower, the Yampa sandstone, is very
massive, rarely showing evidences of stratification; in some places obliquely lami-
naled. Farther southward cherty limestones prevail. and the whole group is more
minutely stratified. .. ..., 1, 060
Lower Aubrey:
18. Sandstones and limestonesy massive bedded or shaly.  In some localitics sandstones pre-

vail and are exceedingly friable. ... . e 1, 000
Red Wall:
19. Chiefly limestones. In the Uinta Mountains massive limestones are separated by thin
strata of Sandetomes . . . . .. oo 2,000

Section at Flaming Gorge, Green River, Utah.

[Aftor Emmons. u]

Vermilion Creek: Feet.
1. Red argillaccous sandstone and conglomerate beds dlppmg 26°north..................
o T RCOIIORINIEY . -~ - s s s e s -
Laramle_

2. Gray and white sandstone, often iron stained, containing clay beds and very rich in coal
seams. Thickness not known.

Fox Hills:
3. Heavy-bedded white sandstone, producing Bighorn Ridge, with a few coal seams and
comparatively lttle elay .. .. .o il 3, 000
Colorado:
4. Soft clays, not well exposed .. .. e 2, 600
5. Gray, flaggy sandstomnes. ... ... i 50-100
6. Blue-gray clays and shales carrying small fish scales, inclosing a prominent bed of coal . 100-150
7. Yellowish-gray sandsiones with carbonaceous seams .. ... . ............. FR : 150
Dakota- .
8. Sandstones, brownish in color in upper portions, white in the middle, and toward base
assuming reddish hue. .. ..o oo ool et 100-200
9. Striped clay beds, pinkish and pale green ... ... ... ... e ... 75-100
10. Impure sandstoniC . . .. aanan 50
11. Variegated clays. e 100
12. Gravel conglomerate, characterized by small, rather angular pebbles of black chert. ... _. 50-125
Jurassic:
13. Sandstones with varying adimxture of colored clays. .. ... .. ... ... ... 150-200
14. Highly fossiliferous, bluish-dral, limestones and calcarcous shales with Rhynconelle
myrinag, R. gnathopora, Lima occidentalis, Camptonectes bellistriatus . . ... . . .. ... 200

a Rept. Explor. 40th Par., vol. 2, 1877, pp. 189, 201, 264-266.
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Feet.
15. Indurated red sandstones. . .oouveiiiieiiiiiiiiiiiiiiiii et e rerrarara e naaaaans 100
16. Sandstones d,Tl(] shaly limestones with thm beds of gypsum. «..ceveeiea i 100-150
Triassic: '
17. Massive bull or white sundstone with, near center, o l)ed of yellow argillaccous sandstone
80 feet thick ... 1, 000

18. Pinkish red sandstone, relatively rather thin bedded, the lighter color being due to an
alternation of Lhin beds of nearly white color, and a lower portion of darker colored,
more heavily bedded red sandstone, at base running into clay beds with gypsum. .. .. 1, 500
Perwo-Carboniferous: '
19. Light-colored beds, largely clays of a prcva,lhng greenish hue.
Upper Coal Measures:
20. Limestone and fine —grained sandstone of prevmhng light-gray and dra.b colors, with some
darker, very fossiliferous limestones at the base.

On comparing these two sections it appears that the teleost (ish-scale shales,
No. 6 of both scctions, arc the same and are the southern extension of the Aspen
shales. From these data, going upward, Emmons’s No. 5 equals Powell's No. 5;
Emmons’s No. 4 equ&ls Powell’s Nos. 4’and 3, with perhaps the lower part of
2; Emmons’s No. 3 is Powell's Nos. 1 and 2. Below No. 6 Powell's No. 7 equals
hmmons s Nos, 7 to 12, inclusive. Powell’s No. 9 equals Emmons’s No. 14, and
Powell's No. 12 equals Emmonsg’s No. 17.  The two scetions thus agree very well in
their general features. * Compared with the southwestern Wyoming section, the lower
dark-colored fossiliferous Upper Coal Measures limestones—No. 20 of Emmons and
No. 19 of Powell—suggest the limestone found in the' Crawford Mountains; the over-
lying sandy beds, the unnamed sandstones of the Tunp Mountains. The ¢ Permo-
Carboniterous” Thaynes formation of Rock Creek is certainly different lithologically
from the greenish clays referred to that horizon by Emmons in the Flaming Gorge
region. The lower red-bed member and upper yellow sandstone member of the
Triassic strongly suggest the dual division of the Nugget formation observed on
Rock Creck and Twin Creek. The upper red beds—Powell’s No. 10 and Emmons’s
No. 15—are not represented in the southwest Wyoming séction. No. 14 of
Emmons’s section and No. 9 of Powell’s section clearly represent the Twin Creck
formation both lithologically anl paleontologically, but while the thickness in the
Uintas is about 200 fect along Rock Creek these beds are from 3,600 to 3,800 feet
thick. The conglomerates and varicolored clays betwcen the limestones and the
dark-colored teleost fish-scale shales are the Beckwith formation.

The correlation of the Cretaceous portion of the section without any. fossil
evidence is extremely hazardous.- Assuming that the upper part of ‘Emmons’s
section is really Laramie, the two sections are quite dissimilar. The fish-scale
shales above the Beckwith are clearly Aspen, and the associated coal-bearing sand-
stones—Emmons’s No. 7—suggest. the Bear River. The ovuly'mcr shales hﬂu)]og-
ically resemble the Hilliard formation and the Fromtier is thus without a distinect
representative in this section. The overlying coal-bmrm sandstones apparently
are the equivalent of the upper Hilliard and the Adavﬂle formations. On the
whole, on this inlerpretation the Cretaceous section herc is much nearer that worked
out in the Yampa River, Colorado, district by Messrs. Fenneman and Gale during
the season of 1905 than thc southwest Wyoming and Weber Valley sections.

%694—No. 56—07——38
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STRUCTURE.

The principal structural features of this region have a north-south trend and are
parallel to the Wasatch-Bear River Mountain disturbance rather than to'the nearer
Uinta Mountain uplift. They are the direct southern continuation ol the structural
features found in the Salt River and Wyoming ranges to the north, but because of
the covering of Tertiary deposits are much less readily studied. The broader
features, enumerated from east to west, are (P1. IV): (1) A rather regular anticline,
the Meridian anticline showing near the northern part of this area one or more
secondary folds to the east; (2) A somewhat irregular and in places overturned
syncline, the Lazeart synchne; (3) A much broken region lying along the western
part of this syncline and east of the Absaroka fault, representing the minor adjust-
ments resulting from this great faulting; (4) a very large and persistent thrust fault
representing a profoundly broken anticline, the Absaroka fault; (5) a broad syncline,
the Fossil sync line, deep]y buried beneath Tertmry deposits; (6) a greatly disturbed
region which, in its major features, is & somewhat broken anticline of Carboniferous
and Jurassic beds—the Rock Creek-Needles anticlinal, whose western flank is
broken by a number of minor faults and folds; (7) a much folded and faulted area
of upper Carboniferous rocks, the Crawford Mountmna, near the northwest corner
of this arca.

MERIDIAN ANTICLINE:

The crest of the Meridian anticline is exposed only in the northeastern part of
. this area and in a limited outcrop on TLittle Muddy Creck cast of Cumberland.
Throughout the remainder of the region it is covered by the Tertiary beds, which
commonly dip regularly castward across it and give no hint of its position. Irom
the dips and general structural relations cobserved in the Cretaceous beds which
outerop along its western flank and the relation of the same beds to the anticline
where 1t is fully exposed to the north, the position of the anticline may be inferred
with considerable exactness. The well boring of the Union Pacific Railroad af
Bridger station (pp. 155-156) shows that the anticline lies west of it, at about the
position inferred from the attitude of the Cretacecus exposures to the west, The
crest of this anticline, as shown by the exposures and inferred from its approximate
position beneath the Tertiary beds, is composed almost wholly of strata of the Beck-
with formation. To the north of Slate Creek it rises slightly and exposes the Twin
Creck beds.  East of Cumberland it sinks slightly and shows a very thin capping of
Bear River strata. This anticline is for the most part very regular. Minor faults
are developed in the region of Hams IHill and Quealy Peak, but on the whole it is a
.simple feature. It was traced many miles to the north by Peale in 1877,4 and was
named by him the Meridian lold, whence the name adopted in this paper.

North of Hams Fork unusnally extensive erosion of the Focene beds has exposed
& minor anticline about 3 miles cast of the main Meridian anticline, and at Labarge
Mouniain, 24 miles farther north, and 7 miles east of the Meridian fold, a pronounced
anticline is shown by Peale entlrely surrounded by Tertiary deposits. For the most
part the Tertiary beds entirely conceal the structural development of the older beds

< Peale, A, C., Eleventh Ann. Rept Geol and Geog. Survey Terr for 1877, 1879, p. 536, P1. LITI
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east of the Meridian anticline. Farther east along the Oregon Short Line and Union
Pacific railroads the Tertiary beds for a long distance dip very gently eastward.
Then they dip gently westward, and still farther east, in the regiop of Rock Sprmgh,
the Cretaceous beds appear. There is thus 1ndlcated a broad syncline, with an axis
in the vicinity of Granger. Whether the underlying Cretaccous beds show a similar
broad syncline is not. known but is quite probable. The meager exposures of the
older rocks east of the Meridian anticline, however, suggest that minor folds are to
‘be expected in the older beds along the western edge of this broad syncline. The
possibility of such folds greatly increases the probability of obtaining coals at
workable depths over a considerable arca east of the Meridian anticline (Pl. TV).
On the south this broad syncline is terminated by the Uinta Mountains, and the
Meridian anticline likewise dies out against the same structural feature.

- LAZEART SYNCLINE.

The Lazeart syncline lies from 4 to 12 miles west of the Meridian anticline and
has the same general direction. 1t is well exposed throughout this area and is sus-
ceptible of more direct study than the Meridian anticline. The western imb of this
syncline is much stecper than the eastern and is in many places overturned and at
some places considerably faulted. The syncline is exposed at the surface of the
whole area north of Hams Fork. At the north end it is slightly overturned. It
plunges rapidly to the south and passes under the Tertiary beds just south of Hams
Fork, reaching its greatest depth west of Qakley, then rises and is again exposed just
west of Cumberland. South of this point the axis Hes on the west side of Mammoth
Hollow, about 1 mile from the West Oyster Ridge and 2} miles from East Oyster
Ridge. At Clear Creek it turns westward, plunges sharply, and is involved in the
Round Mountain fault. The exact location of the syncline between this point and
the Lazeart coal mine, where it is again exposed, can only be inferred, as it is deeply
buried by Tertiary beds. South of the Lazeart coal mine (Pl. XXII, A4), from which
point this feature was named, the syncline rises as [ar as Aspen Mountain, then turns
westward and, plunging abluptly southward, is overturned and 1ts Western edge
greatly faulted in the region of Hilliard. .

ABSAROKA FAULT AND ASSOCIATED MINOR FAULTS.

A large fault, developed on the ecast side of Absaroka Ridge, and hetice named
the Absaroka fault, was observed by Peale in 1877, and indicated in his sections ag
extending many miles north of this area.2- It is an enormous thrust fault,in which
the thrust has come from the west. DBesides its exposure in the east side of -
Absaroka Ridge, it is shown near the Cumberland Reservoir, on Little Muddy Creek,
and from near Lazeart mine southwestward 15 miles to Bear River. DBetween
these three exposures it is buried by Tertiary deposits, but its position is fixed within
very narrow limits by other structural features. North of Cumberland Reservoir
it lies west of the Lazeart syncline and east of the Short well (p. 145), In sec. 6, T. 20
‘N., R. 117 W., which encountered 1 \Tugget red beds immediately beneath the Wasatch.
Between Reservmr Gap and Lazeart mine the position of the faull is not fixed Wlhh

o Elevcnth Anmn. RepL u. S‘ Geol. and Leog °-nr\ ey Terr. for 1877, 1879, Pls. X1, I‘( LIII, ang L_I\
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as much certainty. The location indicated on the map (Pl. XX1II) represents the
most eastern position it cun possibly ocoupy; it may be located farther west. Indeed,
a minor abrupt western deflection in the vicinity of Clear Creek is regarded as prob-
able. At the southern end of Absaroka Ridge the faulting is confined to a very
narrow band: The beds on the west side of Lazeart syncline are not greatly dis-
lurbed, and the lower Frontier rests directly against the base of the Thaynes formation.
The throw thus indicated exceeds 15,000 feet. = North of Cumberland reservoir the
beds for some distance east of the principal fault are much broken. Thess minor
faults are regarded as mere accessories of the major disturbances, and the blocks
probably do not have the extremely regular arrangement shown in PL IV, section E.
The aggregate throw indicated at this point, where the Thaynes formation is brought
in contact with the Oyster Ridge sandstone and the whole of the Hilliard formation
is faulted out, exceeds 20,000 feet. South of Lazeart mine the lower Beckwith strata
are in contact with Frontier beds of about the Oyster Ridge horizon, and, including
the distributive faulling to the east, the total stratigraphic throw here is from 10,000
to 15,000 feet. ,

"Throughout this area from the region of Cumberland reservoir southward there
is & zone of pronounced faulling and folding just east of the main fault and appa-
rently associated with it. In this zone of faulting is the Qil Spring fault, extending
from Hilliard Flat to & point west of the Lazeart syncline, where it passes beneath
the Tertiary covering. It has produced between Hilliard and Altamont a duplica-
tion of Oyster Ridge, which is somewhat confusing to onc who is first studying
the geology. West of this fault line, near Carter Oil Spring, is a pronounced syncline
involving the Oyster Ridge sandstone (Pl. XXII). -

FOSSIL SYNCLINE.

West of Absaroka faull Lhe exposures of the older beds are very limited. In
the region of Hilliard these dip eastward and are on the upper flank of an over-
turned syncline. On the southern end of Absaroks Ridge the Carboniferous and
Jurassic beds dip regularly westward and the overlying Tertiary beds show a gentle
syncline with an axis in the neighborhood of Fossil. This axis appears to be very
nearly coincident with the syncline in the underlying strata, which has therefore
been named the Fossil syncline. Throughout this area it is deeply buried by the
Tertiary deposits, but its position may be roughly inferred -from the adjoining
structural features.

ROCK CREEK-NEEDLES ANTICLINAL AXIS.

Bordering the deeply Tertiary-filled trough of the Fossil syneline on the west
is a greatly disturbed region which in its broader features is a somewhat faulted
anticlinal axis whose western {lank is broken by a number of minor faults and folds.
Tt has been found convenient to refer to these structural features as the Rock Creek-
Needles anticlinal axis, ngmed from the two prominent points which are-its northern
and southern limits in this area. Along Rock Creek there is a very pronounced
anticline, in places slightly overturned, with a long gradual western slope and a
very short, abrupt, and in places overturned eastern slope. The eastern slope
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shows a secondary fold which in the field was interpreted as a fault and was so shown
on the prelimjnary cross section published in a brief article on the oil and coal
fields of southern Uinta County.® A more critical consideration of the fault data
has led to the conclusion that the rolation observed is more probably due to folding
than to faulting, as shown in sections C and D, on PL.IV. South of Twin Creek the
anticline passes beneath the Tertiary beds. North of Twin Creek the beds on the
western flank are exposed for several miles and by the exposures just north of
the limit of the map may be' connected with the westward-dipping Bear River
coal beds at Sage and Beckwith. Judging from the relations north of this area,
therc is a syncline just west of Boulder Ridge and east of the Carboniferous rocks
exposed in the Beckwith Hills. 'This syncline is indicated on Pl XXILI as the
Beckwith syncline. , ’

The Bockwith beds, exposed on the west flank of the Rock Creek anticline, may
be traced southward by almost continuous surface exposures to Bridger Creek, where
a secondary anticline is developed, apparently on the west flank of the main anticline.
This has been indicated as extending through Bridger Hill, but the evidence of this
extension is not conclusive. On the southern part of the Bridger Iill exposures the
Beckwith. beds show a pronounced and regular westward dip, which suggests an
anticlinal axis about in the position of the southern exlension of the Rock Creek
anticline, South of this there is an overturned fold in the Beckwith beds at the
Cockscomb, which, like all other important features in this region, was produced
by a west-to-east Lthrust. This Cockscomb anticline terminates very abruptly on the
north end, and, like the Bridger Hill anticline, is believed to be slightly west of the
principal axis. West of the Cockscomb anticline is the Alkali syncline, the Narrows
anticline, and the Dry Hollow syncline. The last is terminated to the west by the
Crawford fault, on the east side of the area of Pennsylvanian rocks. The Dry
Hollow syneline and Beckwith synecline are possibly the same feature, The over-
turned Cockscomb anticline has been traced southward on the east side of Alkali
and Salt Creek flats almost to the triangular exposure of Beckwith beds extending
from eagt of the Narrows to a point south of Medicine Butte and bounded on the cast
side by faults. This triangular area is an anticline of Bockwith beds with a pro-
nounced thrust fault on the east, the Medicine Butte fault, and a normal fault on
the west, the Acocks fault. This combination of [aults with associated anticlinal
feature extends to and beyond the Needles, Movement along this double line of
faulting has resulted at the Needles in giving to the Almy conglomerates a high dip
to the east immediately along and east of this fault line and in depressing the beds
to the west several thousand feet without pronounted tilting, Between Medicine
Butte and the railroad cut east of Evanston the Medicine Butte and Acocks faults
are almost coincident at the surface, and the relative displacement of the Evanston
beds at the southern end of Medicine Butle, about 4,000 leet, is due to movements
along these two faults rather than to a single fault (P1. IV, section J). The Evanston
beds exposed along Bear River are brought up by the normal Almy fault. Between
this fault and the Acocks fault is a great block which has been tilted eastward. The
throw of this Almy fault is about 4,000 or 5,000 feet, with the downthrow to the

a Bull. /. § Geol. Survey No. 285, 1906, p. 350, P1. XTI, B.
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west, This Almy faulting appears to be connected with the Narrows anticline, but
the connection could not be conclusively proved.

South of the Needles, on Challk Creek, the oldest strata on the west side of the
Rock Creek-Needles anticlinal are extensively exposed and may be followed west-
ward to the axis of the Echo City syncline. The Aspen, Frontier, and Hilliard |
formations are here exposed in regular succession, It has been presumed that west
of the Almy fault this same regulfn' Sequence occurs, and it has been so represented
on the cross sections.

CRAWFORD MOUNTAINS FOLDS AND FAULTS.

The contact between the Carboniferous limestones of the Crawford Mountains
and the Bear River beds to the east is for the most part concealed by Quaternary and
Tertiary beds, but the relation is believed to be one of faulting, probably a large
thrust fault similar to the Absaroka and Medicine Butte faults. The thrust is here
clearly from the west. At the southern end of the exposure the principal end of the
anticline plunges very abruptly bencath the Bear River bottoms. South of Bear
River the whole country is covered with gently dipping Wasatch beds. The western
flank of the Crawford Mountains is greatly disturbed, but the details of the structure
were not worked out,



CHAPTER 1V.

ECONOMIC GEOLOGY.
COAL.

As shown in the economic column of the geologic table facing page 50, coal has
been found in four formations in southwestern Wyoming, the Bear River, Frontier,
Adaville, and Evanston. All of these formations are of Cretaccous age, with the
possible exeeption of the last, which is probably Kocene. Coal has not been found
in this area in the two other Cretaceous formations, the Aspen and Hilliard, but
in adjoining regions beds of the same age yield coal, and these beds may be coal
bearing here. Judging from the conditions throughout this portion of the Rocky
Mountains and the known character of the pre-Cretaceous rocks in this local area,
it is highly improbable that commercial coal will be found in rocks older than the
Cretaceous.

00AL IN THE BEAR RIVER FORMATION.

The Bear River formation consists of a group of very dark-colored shales,
with considerable carbonaceous material. These shales naturally attract the
attention of those hunting for coal and have been prospected from the time of the
settlement of this region. On the map of the United States, published by the
Land Office in 1866, coal is indicated on Bear River near the present town of
Cokeville, immediately north of this area. These coal-bearing beds at Cokeville
are in the Bear River formation, and persistent attempts have been made to develop
them since that time. The coal is reported as high-grade bituminous, with decided
coking properties, but the beds thus far discovered are not of a character to justify
extensive development. The seams are thin and the coal is dirty. The town
was named Coketown, or Cokeville, more for what it was hoped it would produce
than for what it did. No commercial shipments of importance have been made
from this point.

The existence of coal in the Bear River formation at the Narrows was reported
on hearsay by Hayden in 18722 Two coal seams are indicated at this locality
on the “Map of Contested Union Pacific Lands, Uinta County, Wyoming,” fur-
nished by Mr. B. A. McAllaster, land commissioner, but these coal seams appear
on field examination to be bands of carbonaceous shale containing thin coal streaks
of no commercial value as coal beds, This locality has been repeatedly prospected
by the coal companies working at Almy, but no workable coal has been found.

2 Map of the United States and Territories showing the extent of public surveys and other delails, constructed from
the plats and official sources of the General Land Office by Theodore Franks, 1866.
b [Fitth Apn.] Prelim. Rept. U. 8. Geol. Survey, Montana, for 1871, 1872, p. 168,
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Peale reports? that coul was discovered near Sage in 1875, and that before his
visit in 1877 a mine had been opened by the Wyoming Coal and Coking Company
and coke ovens erected. The slope was 470 feef in length, with a single entry 120
feet long. Hec reports the following section:

Section of coal-bearing strata af Sage, Uinia County, Wyo.

Feet.
1. Light-colored sandstone, forming roof. . ot
2. Coal, mined by Wyoming Coal and Coking Compamy. .. ..cooeoaiiiiiLiiiiiiiiaann. 8
3. C]_u,y ................................................................................... 3-6
S 5 7 3
5. Shales and slate.
[0 T N 3.5
7. Sandstone, with thin bed of coal.

It is reported that picked samples of this coal will make coke,and that washing
was tried to remove the impurities, With the building of the Oregon Short Line
in 1881 a second attempt was made to develop this locality, and a third trial was
made about 1900, when it is reported that the slope was extended 200 feet and
several new entries opened. A new coke oven was constructed under the direction
of & Pennsylvania expert, who after careful tests pronounced the coal of no value
as a coking coal. Altogether about $130,000 has been spent in a fruitless attempt
to develop this coal. The beds dip from 35° to 45° westward, and the natural
system of working, as at other places in this region, is a slope at right angles to the
strike, with entries departing from the direction of the strike; only enough to insure
free drainage, and rooms worked up the dip [rom the entries. The lower part of
this mine is now filled with water. An examination of the coal bed in the slope
above the water level showed 5.5 [eet of very dirty coal, about one-third worthless.
Coal prospects have within the last year or two been opened just east of Beckwith,
and a considerable tract of land hags been covered with coal declaratory statements.
These Beckwith coals are clearly of the same age as those outeropping at Sage and
are in about the same stratigraphic position. Their value can be fully determined
by relatively shallow openings.

The general shallow-water character of the Bear River beds and the persistent
occurrence of. coal beds approximating workable thickness and quality make it
seem probable that local developments of coal of commercial value will be found
in them. Trregular developments similar to that found in the Evanston beds at
Almy, where the workable bed entirely loses its workable character in a distance
of 2 miles, are certainly to be expected.” In prospecting it is well to remember
that the gencral character of the coal can be determined within a short distance
from the surface. The only reason for continuing a slope to a depth of several
hundred feet is the possibility that the coal may become cleaner in that direction.
The general character of the coal, except for this question of ash, will not ordinarily
change with depth, and there is no reason for believing that the coal would be
cleaner at greater depths than along the strike in either direction.

a Peale, A C, fleventh Ann. Rept. U. 8. Geol. and Geog. Survey Terr. for 1877, 1879, p. 575.
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COAL IN THE TRONTIER FORMATION.

COAT. HORIZONS.

The Frontier formation consists of a series of clays and light-colored sand-
stones, limited above and helow by dark-colored shales not known to be coal bearing
in this area. Detailed cross scetions have been prepared by the Union Pacific Coal
Company at Spring Valley, Spring Gap, and Cumberland, and these, through the
courtesy of Mr. Ceorge I.. Black, superintendent, are presented on Pl XXIV.
Coal-bearing beds ocour throughout the formation, but. they vary considerably from
point to poini, and the exact equivalence of the coal beds in different parts of the
region was not [ully determined. In general there is a group of coals near the
* base which has been referred to as the Spring Valley group. At Spring Valley
this contains the Carter coal, the Spring Valley coal, or the main bed worked at
the Union Pacific mine at Spring Valley with two a,ssocmted minor seams, and the
lower Spring Valley seam, reported to have a thickness of 3% feet.. Above this group
and below the Oyster Ridge sandstone there are several seams, but only one is now
known to be of importance, and that only in the northern part of the area. This
is the Willow Creek seam. At Willow Creek Gap this bed is about 200 feet below the
Oyster Ridge sandstone. A coal in the Cumberland section (Pl. XXIV, 4), about
500 feet below the Oyster Ridge sandstone, is marked Willow Creek in the Union
Pacific Coal Company’s cross sections, but it is by no means certain that this is the
southern representative of the Willow Creek seam. Above the Oyster Ridge sand-
. stone are the upper coals or Kemmerer group. These contain the lower Kemmerer,
mined at Frontier; the main Kemmerer, mined at Frontier, Diamondville, Oakley,
(lencoe, and the Cumberlands, and the upper Kemmerer, mined at Diamondville,
The exact equivalence of the main seams worked at Cumberland, Diamondville, and
Frontier can not be asserted. They are certainly at approximately the same
horizon, but may not be identically the same bed. The general relations and
variation of the upper seams are well shown in the diamond-drill borings pre-
sented on Pl. XXV. The local variations of the main coal in the Cumberland
mines are shown in fig. 6. °

The position of the surface exposures of the Frontier formation is shown on the
areal geology map, Pl III, and the position of some of the coal vutcrop and the
- depth to the Kemmerer coal are indicated on the economic geology map, Pl. XXTTI,
This formation is found at or near the surface just west of the Meridian anticline.
It underlics the great shale valley, Mammoth Hollow, and is again exposed in part
ol the region between Lazeart syncline and the Absaroka fault. In this portion of
the area the beds are greatly disturbed and the conditions for economic mining
not so favorable as on the east side of Mammoth Hollow. This formation under-
lies the whole region east of the Meridian anticline, as indicated on Pl. XXITT, but
the exact position of the western edge can be determined only by drilling
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OUTLINE OF DISCOVERY AND DEVELOPMENT.

The coals of this group were discovered by Frémont on August 19, 1843.¢
He found ‘‘alternating beds of coal and clay” on Muddy Creck just cast of the
present town of Cumberland and reported the following section:

Section of coal-bearing beds cast of Cumberlund.b

Ft. In.
Sandstone . . il 10
Coal. L. e e 1 3
0T 1 3
Indurated clay, with vegetable remains. .. ..., i e 20 0
L 2 0
L7
] 5 0
52 T O
o P S 50
[ R AR

The rocks at this place were observed to dip in the direction N. 65° W. at an angle of 20°.% * %
The stratum containing the fossil ferns is about 20 iect thick, and above it are two beds of coal about
15 inches.

The coals referred to by Frémont are shown on the Cumberland section near
the point marked ‘‘leaves,”” PL. XXIV. Passing westward [rom this point Frémont
reports that “‘coal made its appearance ocecasionally in the hills during the after-
noomn, and was displayed in rabbit burrows in a kind of gap, through which we passed
over some hills and descended to make our encampment on the same stream [Little
Muddy Creek].” This clearly refers to the coal outerops on the hills just north
of Reservoir Gap, and is of particular interest in connection with the fact that
when this area was surveyed by the Land Office in 1881 no coal was reported,
and the land is therefore classed by the Land Office as agricultural Jand. In 1848
Clayton® reported coal in these beds on Sulphur Creek near the site of the old Bear
River City. In 1852 Stansbury? examined. this locality and placed on the map
accompanying his report the words ‘‘ Great Coal Basin,” extending [rom the west
bank of Bear River,near the present town of Evanston,to Point, of Rockq in Sweet-
water County. The beds at old Bear River City were opened about the time of
the building of the Union Pacific Railroad in 1869, but were never worked to any
great extent. In 1859 a United States military coal reservation was established
at a point about 3 miles farther east, in beds of the same age, but the coal was
never worked to any great extent, although it is probable that small amounts were
hauled to Fort Bridger for blacksmithing purposes. With the abandonment of
Fort Bridger this reservation was returned to the public domain.

In 1874 the deputy land office surveyors separated as coal land the greater
part, of the outcrops of this formation in the western part of R. 116 W., Tps. 18, 19,
and 20 N., and in the same year Cope reported coal in these beds in the valley

a Frémont James C., Rept. Explor. Exped. to Rocky Mountains and to Oregou and Northern California, House Ex.
Toe. No. 106, 28th Cong.. zd sess., 1840, p. 131.

» By Frémont, 1843, ibid , pp. 297, 208.

¢ Clayton, W., Latter Day Saints’ Emigrants’ Guide, 1848, p. 24,

4 Stanshury, Ca,pt Howard, Exploration and Survey of the Great Salt “Lake of Utah, 1852, pp. 226, 280.



118 *  GEOGRAPHY AND GEOLOGY OF SOUTHWESTERN WYOMING.

of Hams Fork.® The Spring Valley coal was reported by Emmons in 1877, who
states that in Pioneer Hollow in a sandstone dipping 20° westward there is a bed
" of coal 20 feet thick.> Coal prospects were opened throughout this region as the
country was settled, and in 1893 Knight reports: ‘‘Coal mines have been opened
on Hams Fork, on the Oregon Short Line, but their workings have been very
light and uﬂrez,s_;ulzu'”C The flirst important mine in these beds was that of the
Diamond Coal and Coke Company at Diamondville, which began mining coal in
July, 1894. Mines were opened by the same company at Glencoe in the fall of
1898, and at Oakley in the summer of 1899. The Frontier mine was opened in
the summer of 1897 by the Kemmerer Coal Company, and the Cumberland mines
of the Union Pacific Coal Company in the fall and spring of 1900 and 1901, All
these mines develop the upper or main Kemmerer group of coals. The Union
Pacific Coal Company opened mines on the Spring Valley seam at Spring Valley
in November, 1899, and shipped coal in September, 1900. The mine was finally
abandoned and closed in February, 1905. A small mine northeast of IIilliard
develops one of this Spring Valley group of beds and supplies a limited amount
of coal for local use. Two openings have been madeé in sec. 12, T. 15 N,, R. 118
W., to supply fucl for drilling neighboring oil wells. The Kemierer Coal Company
proposes to open a mine on the Willow Creek seam in sec. 6, T. 22 N,, K. 1156 W.
Tests of this coal have yielded coke of fair quality, and it is for its coking value
that this coal is to be developed. '

The mines at Frontier, Diamondville, and the two Cumberlands each have
an average output of from 1,500 to 2,000 tons a day. Through the courtesy of the
superintendents, all these mines were visited. Mr. Carl D. Smith examined the
mines of the Digmond Ceal and Coke Company and the Cumberland mines, and
his reports on Diamondville No. 1 and Cumberland No. 1 follow.

Mine No. 1, Diamond Coal and Coke Compuny, Diamondville, Wyo.—The entrance to the coal is by
slope, which begins on the crop of the coal.  The slope is 6,080 feet in length and has an average pitch
of 16°, 8° N. of W. Coal is hoisted out by cable in cars of 2,000 pounds capacity. The output averages
about 1,500 tons a day of twenty-four hours. Coal is shipped principally io smelters at Anaconda,
Mont., and to Sult Lake City, Utah, and 1s gaid not to be a good smithing coal, because the “heat is
in the blacksmith’s face and not in the fire.””  Coal is said not (o coke well, though for what reason is not
known. Coal gives a light brown ash and is reported to give very little clinker where pure lump is
used. 8lack gives a good deal of clinker. FElectric signals are used in minc. Teclephones connect
all important places. Large horses are used for hauling in entrics. MeGintys are used for pulling
empty cars from entries into rooms. Room-aud-pillar system is used. Rooms are about 20 by 300
feet, with break-throughs and burriers left at times, especially where top is bad. Barriers were left for
awhile, then discontinued, but were found nccessary and used again. Rooms are turned up the rise
on bottom bench of coal, the upper being used as roof.  The upper hench is then worked down the dip.

Joal is shot off the solid except in upper hed of eoal, where it is undercut. Pumping is done in the
upper levels by steam; in the lower levels by compressed air.  Mine is ventilated by exhaust fan. The
main slope is theintake. Air goes to bottom parts, and relurns to fan through air courses parallel to entries
and main slope. Air is run into rooms by means of canvas curtains.  Open lamps are used for lighting.
Gas iy drawn out by exhaust fan. A peculiar gas, or “depleted air,” is found in the mine. Tt is said
to have been analyzed at Stanford University and to contain, instead of 21 per cent of oxygen, only
16 per cent. Nitrogen takes the place of oxygen. Tt does not burn nor suppoert combustion, but is as

& Seventh Ann. Rept. U, S Geol. and Geog. Survey Terr. for 1873, 1874, p. 440.
b Rept. Explor. 40th Pay., vol. 2, 1878, p. 252,
¢ Bull. Wyo. Experiment Station No. 14, 1893, p. 148.









COAL IN FRONTIER FORMATION. 119

fatal as (O, for breathing. Timbering is used in parts of mine where top is bad. The roof is extremely
variable. In the entries near the crop the top is of shaly sandstone of gray color, which makes a pretty
good roof. This is fairly regular over ali the north entries, there being little variation in either coal or
top. In the south entries, beginning with the thirteenth, the top consists of shale, with tongnes of
sandstone and fire clay, varying in thickness from 1 foot to 20 feet. This produces muach water, and on
exphsure slacks and squeezes.  Much timbering has been dope, but it seems to be impessible to hold
up the roof. When allowed to fall, about 20 feet comes down and the lop is then fairly stable. No
rooms can be turned under this top.  About halfway down the main slope an ares of low coal was struck.
In order to avoid this, the course of the main slope was changed 50 as to run more nearly west, At
one place in the mine an oyster bed was noticed in the sandstone about 6 inches above the coal. This
had a thickness of only a few inches, and its luteral extent does not seem to be great.  No oiher fossils
were noticed in the top except a few impressions of leaves. The joints in the top are very far apart
and do not seem to extend into the coal. The difference in the thickness of the coal is due principally
to irregularitics in'the top of the lower bench, the bottom remaining practically smooth. The floor
is of a dark-colored fire clay, which squeezes considerably on getting wet. “This gives much trouble
by throwing the track off grade. )

The thickness of the coal is rather variable, but averages 12 feet The coal is in twe benches,
the bottom one being 7 feet and varying more in thickness than ilte upper. Between the benchos is g
parting of variable thickness. The parting consisls of » light-colored sandstone, which in places pinches
down to a mere division of cleavage plane, also in places giving way to shale and muck or soapstone.
The upper 5 feet of coal, forming the upper heneh, is freer from impurities than the lower bench.  Sul-
phur balls are common in the lower, and al times are of considerable size. These interfere with drilling.
About 18 inches below the top of the upper bench is a band of yellowish coul, whick is said to be very
persistent throughout this seam. The upper bench of coal has a shiny luster, and cleaves more into
cubical blocks than the lower.  The lower bench looks dirtier, and has no decided cleavage, except verti-
cally, Tace glips sre rather pronounced. Rolls oceur in the coal, running across the piich. These
are not sharp, however, only two or three coming in the mine. In the lower north entrus the coal is
low, not over 7 feet thick. It is also somewhat faulted and disturbed.

About 50 feet stratigraphically above the Kemmerer coal is another bed, which is reached by an
intercoal tunnel. This hed is about 5 feet thick, is a very good guality of ceal, and has a parting about 1
foot from bottom. This coal is dug by undermining. The sandstone top is good. ‘Between the two
beds of coal are alternating beds of sandstone and shale.

Mine No. 1, Union Pacific Coal Gompany, Cumberland, Wyo.—Entrance to coal by slope 4,000 feci
in length; average dip, 23° W.; capacity of cars, about 5,000 pounds. Coal shipped west and sold mine
run. Coal is said to be good for blacksmithing; not tested for coke. Electric signals and telephones in
mine. Steel used on main slope is heavy, propably 86 pounds; in entries is lighter. Coal is run down
from rooms on flat sheet or chutes. A short switch is put in from entry and coal is slid into cars.  Torsea
used to pull coal to gangway. The roof consists of sandstone, with a few inches of clod or soft clay
immediately above the coal. It dees not vary much in different parts of the mine.* At places a band
of shale occurs 4t variable distances from the coal. The roof in places adheres to the coal and in places
is free. The clod usually holds up when the coal is shot down. The thickness of the coal averages
ahout 7 feet, though it shows considerable variation, due to irregularity of reof. Roof fills valleys in coal,
Quality of coal is very good. Hus very few partings except a rather persistent yellow band near (he
top. Some sulphur balls oveur.  Coal has a black, shiny lusier and cleaves best on bedding plancs.
First 6 inches oflloor is of soft fire elay, which slacks and falls down when exposed to the air.
Beneath this there is a kind of shaly sandstone, which is very hard. Floor is more regular than roof,
though hummecks appear in it.  In the north entries of the mine the coal pinches out. This pinching
begins farther north, in the upper levels, and swings southwestward toward the main slope; then seems
to turn again to the north. A diamond-drill hole between this mine and No. 2 struck only a trace of
coal where it should have been. In one of the south entries a peculiar granulated coal comes beneath
the regular bed. The contact between it and the other is very marked, so that it can hardly be due to
crushing. It is probably wush coal filling an irregularity in the floor.

A gimilar abrupt thinning of the coal was observed in the southern entries of
mine No. 2, and is believed by Mr. F. H. Manley, of the Union Pacific Coal Com-
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pany, to indicate an island in the original coal-forming marsh, rather than a fault,
as has been suggested. There is certainly no evidence of faulting at this peint,
and the surface conditions are such that a [ault would be readily detected.

Frontier formation and a few tests made with diamond drills.

SECTIONS OF THE COALS OF THE FRONTIER FORMATION,

Many test pits and test slopes have been opened into the coal beds of the

The results of a

large number of these tests are presented in the following table, under numbers
corresponding to those used on the economic map, Pl. XXTIL

Sections of coal beds in the Frontier formation.

T.ocation.
MNo.|— Seetiong, Remarks.
T. R. See.
. Ft. In
1 23| 116 | 2, NE.3 NW. 4........ White sandstone...........u ...,
Shaly clay.. 20
Coal.... 4 0 ! In the Kemmerer group.
23] 11636, 8W.18W. 1, __ ... Coal. ... ... ............ & 0| In the Kemmerer group.
3 22| 11516, SW.18W.k........ Coal. oo es 5 8| Willow Creek seam.
4 22 11519, 8W. I NW. 3. . . Coal.. ... .. ... 3 0} Willow Creek seam.
5| 22| t6 |, NE.38W.4........ Coal ... ..., 4 0| Inthe Kemmerer group.
8 221 11611, NW,2SW.4........ L) G 0| In the Kemmerer group.
7 22| 1186 [ [,8E.18W. 3. .. .. .. Coal__ ... ... ... ... .. ... 8 0] In the Kemmerer group
g8 22| 1612, NE.INW. 3. Coal..... F . 4 0| In the Kemmerer group.
el 22 116 | 13, NW.4 NE. ;.._.... Coal ... ... ... 8 0| In the Kenunerer group.
10 22 116 | 13, 8W.4 NE. 4....... 8 0| In the Kemmerer group
1 22| 116 | 13, SW.i1SE. 4. ... .. 3 0t In the Kemmerer group.
12 22| 116 | 24, NW. I NE. §....... Costd. ... ...l 4 ¢ | In the Kemmerer group.
13 22| 116 24, SW.i NE. }___._.. L0 1 3 seams of the Kemmerer group have been prog-
' pected at this point.
14 21 11571 5, 8B, 1 8E. §....... . L 3
Coul, rather dirty 50 .
Whiteclay..... 010
Coal...... 0 2 M the Spring Valley group.
Clay_ ... 0 4
Coal, very dirty_ ... ... 1 8
15 21| L6 12, BE.§ NW.i....... (070 .4 01 Upper Kemmerer seam, Kemmerer Coal Co.'s
. mine No. 1.
Sundstone and shale...... 40 0
(877 6to 14 0| Mamn Kemmerer seam, Ilemmerer Coal Co.'s
ming No. 1.
Sandstone and shale.. .. 15 o
{8 PO 66 | Lower Kemmerer seam, Kemmerer Coal Co.’s
mine No. 1.
16 21| 16| 24, NW.LNW. 1 ... Relow surlnee. ... . 93 0 | Diamond-drill hole; s¢e section on Fl. XXV,
Sandstone. 10
Coal..--.. 10 -
Shale 14 0
Coal..... 0 3
Sandsione 65 9
Shale 2 0
Coal. .. 10
Sandstone 70
Black shale 16 0
[y

Sandstone.
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Sections of coal beds in the Frontier formation—Continued.

Loeatlion.

121

No. ~ Beciions. Romarks.
T. R, Sec.,
- i In -
16| 21| 116|924, NW.3NW_1 (o1 E 0 4
Shale-...... 10 8
Sandstone. 4 0
Shale....... 10
Conl. .. 10
Clay. . 08
Shale....... 22 6
Black shale. 30
Coal........ 36
s Sggheslb}{é' % 3 Main Kemmerer seam
Conl_ ... o J ]
S8andstone. . ...... ...
17 21 116 [ 25, NE.TNW. 1 Shaly sandstone. .. ..., .......... Dmmondvllle Coal and Coke Company’s mine
< L .20 Upper Kemmerer soam.
! Shale and sandstone. ... 0 0
i 0
| }Muin Kemmerer seam.
18 21 114 | 35, NE. } SE. §........ Below surface_.......__ . 459 0 | Diamond-drill hole,
. 4 Brown shale__ .- 2 0 | See section on PI XXV
Black shale._. 10
Coal........ 00
Shale 0 6
Coal 0 4
Shale. ... . [
Sandstone. ........... ... 50 0
Sandstone and shale. . |, 19
Sandstone Lo
Coal.. 20
. Sandstone. 0
Conl.. .. _...... 011
Sandstone. . 0 2 [fUpper Kemunerer.
oal_ ... ..._. 010
. SBandstone 0 3
Coal. (VY]
Clay. 65
Sandsto 5 08
Shale smd sandslone ... 45 v
Sandstone. __.... .. ... 26
Shale....... 0 o
Coal...... 40
Bony coal. 01 *
Conl. .o 0 o Lol 411
Rony coal . 0 1 [fMain Kemmaorer.
Coal............... ... itn
Brown rock. 0 2
[ 110
Brown sandstone .. ..... 0 6
i Sandstone...... ........ 10 €
Black shale. 5. g0
Egi: a"dv‘ Iny """ (1] S }Lower Kemmerer.
Sandstone. . -
1M 20| LB | 4, SFE A NWLL € & | Tunnel 175 feet long.
1 U
0 %
7 1 [{Main Kemmerer.
0 4
4 0
20 20 116 [ 4, 8W 1 .oooanl R
0 b
1 6} Inihe Kemmerer group.
1 2
[TAK]
10
[V
40
21| 20 116 )4, SW. 3 g Tunnel 125 feet leng.
[}
3

N=-C o
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Sections of coal beds in the Frontier formation—Continued.
Location. .
No.|- SBections. Remarks.
T. R, Sce.
Ft. In
o1 | 200 116 4 8W.l. ... 0 8
01
0 4| In the Kemmerer group.
0 1
0 4
40
09
1 8
"2 201 1160 4, 8W. k...l Below surface. ... ........ 231 0 | Dlamong-drili hote.
Sandstone. .. 13 0} See section on' PL XXV,
oal .o .. 10
Sandstone. 51 0
Con_. ... .. 0 2
Sandstone. 310
Shale. ... 5 0
Coal 01
Shale.. ... 19 0
Cout. ... 2 0| In the Kemmerer group.
Shale. ... 26 0
Bandstone. 10
Coal. a..... 06
Sandstone -
2; _’50 116 | 8§, SE. y8BE. }_.__...... SBandstone. . ... ...
Coal.. -.. 3 Upper Kemmerer seam.
Clay... . . . .....- 0 10 .
Coal..... 010
24 20 116 | 9, BW. I NW. §.. Conl
Slate and clay
Coal In the Keminerer group.
25 200 116 | 16, NW. I NW.4..... Coal.. .. . .c. ool eeael.
Shale. ... . ... 0 4
Coal. . ... 30
Bone.. 0 2| In the Kemmurer group.
Coal . 3 6
Clay..... 05
Coal 6 0 | 6-ioot coal seam has two streaks of dirt near
top-
7_‘(7‘ 20| 116 |17, NE. {1 8SR. y...0 Sand roek. . .. .. ... . ... Dinmondville Coul und Coke Company’s mine
No 4
Dark drab fire clay.. < }Mam Kemmerer seam.
Sundstone.. ..
ggg&sw_ﬂe N 0T }LOWBI’ Kemmerer scai.
27 20| 116 |17, NE. 4 SE. i..... Coal (washed).. .. . ......
Brown sundslone...... .0
Coal.ooon ciiienns . 3 u
Bone.. o 2
Coal. _ 5 1 |zMain Kemmerer seam.
Clay... . 05
Coal....... 4 v
28 20 106 |20, NE I} NE 4....... Coul_._ . ... ... .. ... 6 8
Sandstone. ... ... .o .0 002
Coal.... ... .. .. 2 9
bone.. . 0 3 | In the Kemmerer group.
Coal....... ... P
Ciay and sandstoné...... (L]
Coal......... T B
20 20 16 |20, SW.LNE 4. ... Coal (burned)__. .. ... ... .
Sandstone.. ...... 0
Cotloeor.  vienen von 2 3
Sandstone. U 2| lnthe Kemmeret group.
one._ ... . L 410 |7 .
Sandstone ana cluy. ¢ 7
Coal... ... e e - e s
30! 20| 118 |20,SW.18E. }.......
In the Kemmerer group,
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Sections of coal beds in the Prontier formation—Continued.

Lacation,

R. Sec.

Ie

Sections

123

Remarks.

116 | 20,8W.} 8E.4 ...

1161 20, NE. } NW L. ...

’

Coal...

Sandstone.
Bony coal,

6 | In the Kemimerer group,

. 116 [ ve, SW. 4 NI ... ...

{

Coal {(washed) . ... ___......... ...
Sandstone. ..

o

In the Kemmerer group.

16 | 32 NE.§NW. L. ...

Delow surface,
Sandstone.

P
o | o

Diamond-drill hole.
See section on PL XXV,

116 | 32, NE. I NW. 1. ...

In the Kemmerer group.

116 | 32, NE. I NW. 1. ...

116 | 32, SE. INW. 4.......

Coal,partly hurned. ...... 3 4| In the Kemnierer group.

116 | 32, SE. I NW. 1., . .

| No coal

16 |32, 8K 18W .

Shale.
Coal...
Rock.
Coal_. .

L.
0 10 | In the Kemmerer group
2

116 | 32, BE. } 8W. L ...

Coal in
Rock. -

part burned, ...

14
1
i
7

In the Kemmerer group

1H . 5, NE. 4 NW, 4.

118 1 5. SF. 1 NW.

-

|
{
L
i
i
t

In the Kemmerer group.

M6 5 SELANW. L L.

116 | 5, NE.18W. §........

Tn the Kemmerer group,

Below surface............ 96 0| Diamend-drill hole,

Sandstone...._.

Coal . ..

w
&
=
[=9
17
o+
L=
=
@
o
=1
=%
w
=
g
i
[

»
5
2
=
w
ct+
8
3
®

oo
©
=3
o
@
o+
e
=
@
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|
|

116 | 5, NE.18wW. L .

3694—-No. 56—07——39

Bee section on PL XXV,

1n the Kemmerer group,

1 2
4 1, In the Kemiuerer group.



B

124 GROGRAPHY AND GREOLOGY OF SOUTHWESTERN WYOMING,

Sections of coal beds in the Frontier formation—Continued.,

Locatlon.

No|—— - e Seections. Remarks.
T, | R. See, :

40 | 19| 116 1 8, NL. FNW,. {........ In the Kemmerer group.

46 19| 116 | 8, 8BE. y NW. ..._.... Timnel, 35 feet long.

In the Kemmerer group.

471 19| 1168 SE.ANW. 4.

In the Kemmerer group.

43 19 116 | 8 8E. 1 8W. §.........
49 19| 11617, SW. § NW. 4......
Tn the Kemmerer group.
50 19 G | 17, SW. 4 NW. 4. ____ Coal 8 6
Rone 0 4
Coal 510 | In the Kemmerer group.
. Bone and rock. 10
. Coal 710
51 19} 116 | 17, SW. 4 SW. 3. ... . 10
3
3_’ In the Kemmerer group.
2
4

52 190 116 | 19, SE. I NE, Cumlerlund mine No. 2; see fig. 6, p. 116.

53 19| 116 | 19, NW. 1 SE. Diamond-drill hele; see section on L XXV.

LT 19 1165 19, NW. L1 SE. ¢ Diamond-drill hole; see section on PL XXV,

55 1| U819, 8W. 18E. ..., Below surfaee. o ... ... 547 0 | Diamond drill hole; sec section on Pl. XXV,
1 Sandstone. .. . 309

Coal........ . 1 3| Inthe Kemmerer group.
Bandslone....eveeeieniiiiena.

56 19| 118 | 20, NE. Y NE. 1. ... .. Conl ... ... & 0 | Tn the Spring Valley group.

57 19 16|20, NE. 4. .ovenan.a... Coal..wonerceienrinnnnnas 6 0 | In the Bpring Valley group.

58 19 NG, NE. 4o Sandstone. .. ...
Coal.... i | In the Spring Valley group.

50 19| 116 | 20, SE. INE. §
N In the lower group.

601 19| "116 {30, SW. § NE. §

in the Kemmerer group-

61 19| 116 | 30, BW. {8E. {........ Coal...coviiiinniinnaani, 14 0
Fire cluy ... 1 0| In lhe Kemmerer group.
Coal. ... ... ... 70

62 15| L6 [ 3, NE. 1 8W. 4....... Cumberland mine No. {; see fig. §, p 1i6.

63 19 | 114 | 31, NW. { NE, §
In the Kemmnerer group.
Ses gection on Pl XXTIV, A,
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Sections.of coal beds in the Frontier formation—Continued.

TLaocation.
No, . Sections. Remarks.
T. | R. Sec. ’ .
64| 19} 116 | 32, NW.4{NW. 1 .
In the lowe\r Eroup.
See section on PLOXX1V, A
65 19§ 16 | 32, NE. 3 NW. 4.......
1n the Spring Valley group.
See section on Pl. XX1V, A,
66 19 116 | 32, NE, $ NW. X
In the Spring Valley group.
See section on Pl XXIV, A,
67 19} 116 | 32, NE. 1 NW. 1
1n the Spring Valley group.
See seetion on Pl XXTV, A,
68 18 U7 |1, NE.tNE. £ ... Relow surface. .. .. ... 277 0 | Diamond-drill hole; see section on PL. XXV,
Sandstone. .
’ Tn the Kemmerer group,
69 18| 1171 1,8E.4 NE. 4......... Below surface. ... o...... 400 6 ) Diamond-drill hole.
Handstone. . See section on Pl XXV,
Coal......_. 0
Sandyclay. .. ... ....... f
Shale and sandstone...... 24 0| In the Kemmerer group.
L2 10
Brown shale............. 4 ¢
70 18] 117 |1, NE. }{8E. 1...... . Below surface.._......._. 394 0 | Diamond-drill hole.
Sandstone. ...l
See section on L XX V.
Tn the Kemmerer group.
| 18| uy |4, SWoisSW. L.
Tn the Kemmerer group.
72 18] 117 |5 8SW.18E. 1......... -
In the lower group.
73 18 117 [ 12, NW.I18KE. 1. . .
In the Kemmerer group.
T4 18] N7 (13 NE. 1 SW. 3. | QYo ee s Slope 190 feet long.
Coal.... 20
| Clay shale . _ 011 -
______ -2 6 Inthe Kemmerer group.
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Sections of coal beds in the Frontier formation—Continued. |

‘ Location.

T — Seetions. - Ttemarks
1 T. | R See, .
.—; !
Fi.In
5 18| 17| 13, NE. 8w, Coal,clean___ ... __.____. 50
Coual, dirty. ... .4 9| Inthe Kemunerer group.
76 13 17 [ 13, 8E. 2 SW. Joeuennnn Coal....... 4 4
Clay 2 2
{71 13
77 18 17113, NW. 4 8W. L | Below surface............ 330 0 | Diamond-dnll hole.
Sandstone. .. 6 | Bee section on PL XXV,

In the Kemmerer group.

Diemond-drill hole.

78 18 17 [ 13, BW. 1 8W. 1. ___ .
Bee gection on PL XNV

In the Kemmerer group.

79 18| 117 |18, SE. A NE. 1. .. .. Sandstone. ..o oo I -
Clay . ... 0 4
Coal. . 4 0| ln the lower group.
Bone. 0 3
Coal. . 36
, Clay . oo
80 18] 117 |24 NE INW. L . .. Coal ... ... ..., 3 0| Tn the Kemmerer group
81 18| 1i7 | 24, NE. 4 NW. 4. ... L 3 0| In the Kemmerer gronp,

82 18| 117 | 24, NE. I1NW.}. .. ... In the Kemmerer group.

83 18| 117 [ 24, SE. I NW. 1. __. ..
In the Kemmntercr group.

84 18 | 117 [ 24, SW. I BW. 4. .

In the Kemmerer group

85 18 | 117 In the Kemmerer groud

36 18 117 3 A ... Shale o
. 7 | 11t the Kemmerer group.

87 18 117
Tn the Kemmerer group,

il

38) 18 117
In the Xemmerer group.

89 18| 117 |26, NW. §8E. {.......

In the Kemmerer group.

a0 i+ 18| 117 | 26, SW. L SE.d. ..

In the Kemmerer group.




. COAL IN FRONTTER FORMATION. ' 127
Scetions of coal beds in the Frontier formution—Continued. °
Loeaiwn,
No. Sections, Remarks.

N R. See.

<

1t 18| 117 | 26, 8W 1 8K,
a In the Kemmerer group.

In the Kemmerer group. N

92 18| 117 | 35, NE. I NW.
'J? 18| L7 |36, NW. Lo . Slope 150 feet long.

In the Kemmerer group.

In the Kemmerer group.

94 18| 117 | 45, SE.ANW. ...
a5 18 M7 |4, SE.ANW. L. .. [ Coal._._.. ... 20
.. 5 0| Diwmond-driil hole.
i See section on Tl XXIV.
0 2
710
- t o
L]
¢ 4| In the Kemmerer group.
0 5
17
1 8
. 20
06 18 11735 NE, I8W.; ... Bone.__._ ... ... ... 07

Coal._.......... . 3 4% Inthe Kemmerer group.

y7 | 18| 117§ 35, SE. 3 Sw. 4

In the Kemmerer group.

08 17 ) 71]>77 2, NW. L In the Kemmerer group.

9 1 117 | 2, SE, !

Iﬁ the Kemmerer group.

100 17 | 7| 2, 8W

In the Kemmerer group.
Coal

104 17 117 | 2, 8W.L8W. L In the Kemmeaerer grn;lp.

w2l 17| 7|, 8KI8E L.

t 0| In the Kemmerer group.

103 17 117 110, 8E. 3. e v ocians Coal ... ... ... .. . ... .
.- In the Kemmerer group.

104 17| 117 | M, SW. P NW. I B
Tn the Kemnmerer group.

105 17 17| 1, NW. }8W.4....... In the Kemmerer group.

106 17 117 22, SE.'!NE. L........ In the Kemmerer group.

e e =y




128 CEOGRAPHY AND GEOLOGY OF SOUTHWESTERN WYOMING,

. Sections of coal beds in the fyontier formation—Continued.

Location.

Hemarks.

107 LT )23, BW.

108 11

-1

24, BW.

S

‘In the Keminerer group.

Iu the lower group.

109 17 1

26, 8W. | 8W. |

In the lower group.

110 171 117 | 34, NE. £ 8W. 4

111 17| 117 | 34, 8W.

In the Kemimerer graup.

In the Kemmerer group.

112 17 117 | 34, NE.

In the lower group.

In the lower group.

LR Rl

115 16 17

(=]

In the Kemmerer group.

In the Kemmerer group.

116 16| 117

DWW S

In the Kemmerer group.

117 | U7 [ 8 NE. +8W.4ooo.... 6
3 In the lower group.
118 6] U7 |8, NE 8W. L. Clay_ ...

In the lower group.

Ak | 17

In the lowar group.

120 1) 17 P18, NW. 1

In the Kemmerer group.

121 16 ] M7 1 Nw. w1

122 16] 17|30, NW. I NW. ...

In the Kemmerer group.

In the lower group.

123 | 16| 117 |80, NW.iNW.L..._

In the lower group.

124 16 Nll” EN\\;?N“’. [

125 16| 117 230, NW. I SW. ... ..

In the lower group.

See section on Pl XXIV, B.
In the lower group.

In the lower group.

126 16| 17030, NW. 28W. 4. ...,
127 16| 17130, SW. 1 8W.§.......

In thelower group; seesectionon P1L. XXIV,B.



COAL TN FRONTIER FORMATION,

<

129

Sectrons of conl beds in the Fromtier formation—Continued.

Lecation. -

No - Sections. Remarks.

T, R. See.

12§ 6] 118 |24, NE. 4 NE. ..., .. In the Kemmerer group.

129 6 118 | 24, NW.IBE. L . ... In ths Kemmerer group.

130 16} 18|25 NE. A NW.i....... Coal.eeiiniiienaannnn... 1 6| In the Kemmerer group.

- 0 2
Coal .. ... .. 4 8
| 18] s 8wi . Sandstone. ... See section an PI XXIV, B.
oal. .. 1 6
Shale.. 0 2| In the Kemmerer group
Coal..... 1 3
Clayshale. . ... ... _._..._...
12| 15 g |1, 8W.ANE. L Vonl. ... 0 6 | In the lower group.
Fire clay 06
al..... 06
Shale. . 06
133 157 M8 [ 12, NE.INW.3.._. ... (85 0 N Richurdson coal mine, ’
Coal. .. 2 3
F 0 2 1n the lower group. 2
7
134 oy 118 | 12, 8W.18W. 1 2 In the lower group; Jager Oil Co. prospect.
3 .

135 15 1R |22 NW, s NW. 4. ... 0 | 3 conl beds were encountered between 1,180 and
1,280 feet. Thickest coal bed was & feet. In
the Kemmerer group.

0 i
136 151 18|32, NE.48B.1........ Below surince.......... 1,183 0 { Churn-drill hole, Baker oil well. Scesection on
p. 84
Sandstone._.......
Conl__. ... .. 4 0
Coal and dirt_ . 4 0| In the Kemmerer group.
White limestone..........coeenn..
137 151 1333, NE.LNE. {....... Below surface.......... 521 &) U. P.diamond-drill hole No. 5. .
ale Sec seetion on PL XXIV, O
In the Kemmerer group.
138 150 1NN§ {33, NE.ANE. 4. ... Below surluce. ... ... .. 380 0 | U. P. diamond-drill hole No. 4
Sandstone See section on Pl XXIV, C.
Rlack shale and 2 inches g0
coul.
Shale and sandstone.. .. 11 3 In the Kenunerer group.
[o7:7 .
Fire clay
139 151 N8| 34, NW.INW. ... . Below surfage.. ... .. 209 0| U. I. diamond-drill hole No. 9.
Cluy shale. ... ... ............. See section on Pl XXV, .
Coal (dirty) g .
Clay shale..oooeenieiiiineniiana., In the Fower group.
140 151 118} 34, NW. 4 1 4| Carter coal mince.
. a5
4 0 Curter seam.
1 2
2 6 | See section on PL.XXIV, C.
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- Sections of coul beds in the Frontier formation—Continued.

Location.
No. Sectiona. Remarks. @
T, . Sce.
It In
141 16| 18 34, NW. I NE. L ... EJIE%’ roof_ ... U. . Coul Co., Spring Valley mine.
Jonl_. . 1 6
Bone. 0 3 | Spring Valley sean.
' Coal. .o
(6] 11 4 3 | See section on Pl. XXIV, 0.
142 15 118 | 34, SW. I NE.§ Canl ... . G 0| Inthelower group. o
143 15| 118 | 34, SW.LNE. 4. ... Coal.. ..o 6 4| Tn the lower group. )
144 15| 119 | 12, SW. i NE. {....... Coal._ ... 2 6 | In the lower group.
15| 14| me |1z SEINW i Coal, burned. ... ’
146| 14| 19|12 NE §SW.} Conl.niveeeeneees e 19 0| Dip E. 40, o
147 14 10 | 12, NE. ¥ SW. {_ ... Coal ... ... ... 8 4| Dip E. 42°, - ’
48| 14| 19|12 8E 1 8W. 4. oS F 8 5| Dip E. 45°. T
149 147 11912, 8E, 4 SW.3.__._... Coml._ ... . ai... 6 7| Dip N, 30° K. 52, ;
150 | 14| 1912, SE-%SW ......... COBL . v e meeeemnnaeeeen - 10 0| Dip 8. 24° E. 432, N
J— P 1
151 14 119 | 13, NE. } NE. 4. ...... v !
. Dip 8. 25° E. '
12| 14) ue |13, SEANE. 4., -
Trip & 3k5° K.
153 14 119 ‘E 13, S\V.:}NE.%._,,,,’. Coal .. ... ... ... 9 0 Dip N, 25°W.
154 | 14| 119 |13, NW.1SE.4....... Sandstone . ................. ... Dip N. 20° W,
| [ ) 9 0
155 14 | 119 | 13, 8W. $SE. ... ... Sandstone. ...
Coal ... ... ... 8 & | Dip 90°.
156 | 14| 119 ! 13, NE. 1 8W.4....... CORL . v evreeeneeeeernens 10 6
157 14 19113, SE. I SW.o b . Sandstone
- oal Dip 8. 20° W.
188 * 14| 119 ‘ 13, 3L, 4 S“’ ....... Coal Dip W._ 300,
10| 14| 19| IRSW.3SW.L . S 6 4
160 14| 119 | 13, SW. 1 8W. 1. ... Coal. . ovevie e & 0] Dip E. 20°,
161 14 1O |16, 8W. 4l Sandstone
Caul, bony .
Coal. .. ... ... 2 0| Dip 8. 35°, L. 55°.
162 141 110 | 20, NE. {1 8W.1....... Coal. . ovveie e 16 0 | Miller coul minc.a
163 14 119 | 22, SW.iSE. Y. ... ...
Dip NE.
164 14 110 | 24, NW. §3W. 4. ... L0 o7 1 10
165 | 14| 110 |24 NW.INW.1_____ i
66| 14| 110 } 24, NW.LNE. i...... Dip 8. 90°.
167 14 Mg | 26, NW. 3 NE. ¢ ...
168 14| 119 127, NW.3_ ...
Coal .. 15 0| Dip N. 60°.

leum Series, Bull. No. 3, Nov.,

a W, C.Knight, Theoil ficlds of Crouk and Uintu counties, Wvo ¢+ The School ﬁf Mines, University of \\'vmumg Petro-

1599, p. 1
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Sections of coal beds in the Frontier formation—Conlinued.

Location.
No. Seetions. Tiemaprks.
. It. Sie. -

160 147 119 | 28, NE. ! SE.{....._.. Sandstone
Clay . oo Dip W. 60°.

170 14| 119 ['28 SW. L SE.

Dip W. 80°.
171 14 | 119 28, SK. I SwW. ... . Sandstone
Coal 'éii—ii'” Dip W, b5°.
172 14 119 [ 33, SW.kNE § oo [ Clay ... .
[ 0:11 dirty ...l Dip W. 80°.
173 14 119 [ 33, SW.LNW. L. ... GEaveloeee e eeeeens 10 0 | Drill hole. ‘ -
L3 3 0
174 14| 119 | 33, SW. L NW. 4. ... Gravel ... ... ... 10 0 { Drill hole.
. Blueshale ....__.._._..._. 14 0
175 14| 11933 SE.3NW.I....... Gravele .. oiienieaenenen 8 0| Drill hole. '
13
, Q
176 14| 19|33, SE.INW. L. o | Drill hole.
Q
Q
177 4] 119 [ 36, NE.{ NE. }. ... Sundstone_ ... Byrnes coul nnne.
. Coal ... .. ... ... 4 0 Dip W.20° N. 45°.
178 | '] 4] 10,8E. ...l SEAIE - v v

Coaleeeeeniiciiineinnnn, 3 0| DipW.20°N 30°
. In the Kemmerer group.

COALS IN THE ADAVILLE FORMATION.

This coal-bearing group has been noted from an car]y day for the great number
and thickness of its coal seams. Peale reports that in 1876 the Smith and ‘Bell
brothers discovered and opened, in the region of IModges Pass, on the divide between
the head of Twin Creck and Hams Fork, 29 beds of ooal, ranging in thickness
from 14 to 48 feet and having an aggregate thickness of 315 feet. On the com-
pletion of the Oregon Short Line the Union Pacific Coal Company opened mines
a mile west of Ilodges Pass tunnel. Mine No. 1 was opened in 1881 and No. 2
in 1882. In mine No. 1 & horizontal prospect tunncl 1,400 feet long cut beds 5,
2, 8, 10, 5, and 15 feel in thickness in 650 feet of strata, while in mine No. 2 two
beds, stratigraphically 750 feet above the uppermost bed in No. 1, were opened
120 feet apart, one 20 and the other 14 feet thick: These mines were abandoned
in i1885 because the coal slacked badly. The Hodges Pass tunnel, 1,400 feet long,
cut coal beds of the following thicknesses: 9, 5, 38, 6, 14, 6, 5, and 6 feet. About
3 miles south of the ITodges Pass tunnel the prospect tunnel at the Adaville open-
ing cut a bed 84 feet thick, with a single parting of clay 2 inches thick. This mine
was abandoned after one shipment of coal because the coal slacked badly, but
the fact that the roof of the opening, composed entirely of coal and not timbered,

e Peale, A. C., Eleventh Ann. Rept. U. 8. Geol, Survey Terr. for 1877-1879, p-535. Peule states that tho 29 beds occurred
in & thickness of 315 feet, whieh is incorrect, but a statemeni that the aggregate thickness is 315 feet is quuc wlthin the facts
now known and wus probably the actual statement made by his informant,
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is solid and of good luster after fifteen years’ exposure to the air suggests that
the coal may perhaps have shipping qualities, The coal
exposed in this mineis, on the whole, much cleaner than

that found.in the Frontier formation. Three-quarters of \
amile west of the Adaville mine the St. Albans opening
penetrates a coal bed 25 feet thick. The Adaville seam
has been opencd farther south, at the Lazeart mine, west
of Spring Valley, where it was found to be 32 feet thick,
and at the Carlton mine, near Hilliard, where it is 22 feet
thick. The Lazeart mine was in operation the summer of
1905, and its small product washauled by wagons to Evan-
ston or sold to local oil operators. At both these mines
it was stated that the product erumbled. badly.

Because of the rising and pitching character of the
Lazeart syncline the beds of this group occupy three
basins, the first extending from 2 miles north of Hams
Fork to 2 miles north of Little Muddy Creek, the second
from Clear Creek to Lazcart coal mine, and the third from
near Sulphur Creek southward for an undelermined dis-
tance, probably but a few miles. (Pl XXIIL)

This coal-bearing group represents an immense storage
of fuel of fair quality, and will undoubtedly he largely
developed in the Tuture.

3993

[

I s

oleld

o

COALS IN THE KVANSTON FORMATION,

The Evanston coal-bearing beds ouberop at three
points in the vicinity of Evanston: (1) Along the bluff
on the east side of Bear River at Almy; (2) near the well of
the Michigan-Wyoming Oil Company; (3) extending from
the Union Pacific Railroad cut east of Evanston to the
southern end of Medicine Butte. The Almy exposures are
oh the west side of an eastward-tilted fault block (I'1. XIIT},
which is limited on the west by the Almyfault and on the
cast by the Acocks fault (Pl XXIII). West of the Almy
fault the coal is very deep. The beds exposed on the west
side of Bear River at the level of the boftoms are upper
Fowkes, and it is inferred from the thickness of the Fowkes
(2,000 to 2,500 feet) and of the Almy (2,100 feet) that the
principal coal of the Evanston formation is about 4,000
Jeet below the surface at this point.

With the completion of the Union Pacific Railroad in
1869 mines were at once opened in the Almy exposures,
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and Hayden in 1871 stated that he regarded these mines as g U
“more valuable and the coal of better .quality than any L - X7
found west of the Mississippi.”’s ° °g

a [Fourth Ann.] Prelim. Rept. T. 8. Geol. Survey Wyoming for 1870, 1871, p. 154.
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The dates of opening and abandonment of the principsl mines at this point
The f opening . cipal mines poi

are given in the following table, which shows clearly the rise and decline of this coal

field : : *

Coal mincs at Almy, Wyo.

MNIEG Owner. L . Opened. Abandoned.
1 | Wyoming Coual Co., succeeded by Union Y'acific Coal Co..| 1869.... Before 1888.
2 | Rocky Meountain Coal and Iron Co.. .| June, 1 Do.
3| Unton PacifieCoal Co. .. ... ... e .| 1880.. .. May, 1887.
4. do. ...l JARIB. L --| November, 1888.
5 | Rocky Mountain Conl nnd Tron Go. ... ... S| Augmst, 1869 ... .o L Still operating.
L O o 7 First, April, 1871; sccond, 1883 __ | About 1901.
71 Union Pacific Coal Co.ooooin i 1888, e e rearraan- Ampril, 1900.

1085 fest

West
7aso fest

D

; T
500 400
sandstone

ro8s foet
East

4 E7080 foat

a%0
¥, 8.—8ection of Oregon Short Line Ruilrond tunnel at Hodges 'ass. A typleal seetion in the lower part of coal-bears

ing Adaville formation, (Vertical scale 5 times horizontal) 1, Cluy; 2, ruck; 3, coal; 4, black slate; 5, ¢ soapstone;”
6, sand roek; 7, hard sandstone; 8, soft cluy; 8, solid sand rock.

Detailed examination’of these mines was made by Territorial Geologist Ricketts
in 1888,% and the following account is abstracted from his report:

- There are in all at least five scams of coal, of which but one is clean enough to work., Two of
them are said to be about 50 feet. apart and the lower to be about 100 [feet] above the seam on which
the mines are locaied.  The upper is said to be 9 feet thick, the lower about 6 feet, the measurements
including the numerous bands of slate the seams contain. From § to 20 feet below the seam worked
there is a small seam from 4 to 6 feet in thickness, and from 70 to 100 feet Delow it there is another

- seam from 8 to 12 feet thick. While the Jatter usually contains so many bands of slate that it is of
no practical value, yet I am informed that towhrd the south it is prospectively capable of furnishing
goodl coal. '

The great seam from which the Almy coal is mined has been opened up and developed along the
entire line of crop. " The first mine was opencd near the southern end of the ficld, the last near the
northern. * * * An_opening upon the northeast quarter of section 18, township 16, range 120,
shows the sean o be about 12 feet in thickness and to consist of little more than a stratum of car-
honaceous shale. To the south the thickness rapidly increases by the widening out of the bands of
coal beiween the slates. * * % Almy mine No. 7, helonging te the Union Pacific Railway, lies’
south of section 18, * * * The slope runs a little north of east and has an average inclination of
about 5.5°. Near the surface the dip is from 7° to 8°, but it flattens toward - the face,  evidently,
howaever, only a local flattening, as evinced by the apparent great increase in dip shown up Red

Canyon.

»  aRicketts, T.. ., Ann. Rept. Territorial Géologist Wyoming for 18588 and 1889, 1890, pp. 7-12,"
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An upraise was made at the pump station, 150 feet south of the main slope, at a point 1,500 fect
from the surface, to determine the structure of the seam. The floor is an impure fire clay, mergmg
into an argillaceous sandstone.  The roof is a clay shale that changes into an impure sandstone.  *
[Fig. 9 shows a section of coal taken at the time the upraise was made.]

The section is taken on a north and south line near the center of the mine and a little more than
1 mile from the opening upon section I8 just described. As shown in section, only.the lower beds
are mined. At this point they are 15 feet thick., North of the slope this thickness rapidly decreases
and is probably not over 1L or 12 feet 1,000 feet north, South ol the slope it increases and is fully
20 foct 2,000 feet. The slate is, of course, separated in mining, but it has to be hoisted tg the surface,
together with all slack, as (he gob SOOI suffcns sponlaneous combustion.

No. 5 mine belongs to the Rocky Mountain Coal and Iron Company. It lies south of No. 7 mine.
The two slopes are about 1% miles apart. The main slope of the latter mine runs directly east with
the dip. It hag an average inclination of 13° and is about 1,500 feet in length. TUnlike the method
adopled w6 No. 7 mine, the slopes and entries are made in the center of the coal worked, and in
starting a room thcy run Jevel until the floor of the coal is reached, and then rise with the pitch.
Also, on account’of the great héight of the coal, the roums are run their length at a height of only
15 or 16 feet and then are mined back on the coal remaining in the roof. * #* * No. 6 mine,
helonging to the owners of No. 5, is opened by a slope starting about half & mile northwest of the head
house of No. 5 mine. This necessarily indicated a westward swing of the outerop of the seam from
its normal course of north and south, and might be explained either by a fault or local swing of the
strike to the northwest. Development showed that the phenomenon was caused by a faull of about
105 fect displacement, which was struck about 800 feet down the slope.  As the fault was un upthrow
to the cast, the slope struck through il into the very impure and-bony seam 12 feel in thickness which
here lies 104 feet beneath the main seam. It is unnecessary 1o say that the management were at
first considerably puzzled over ihe apparent decided change in the character of their coal, but they

" goon discovered the cause and developed the ground above the fault by an entry from Ne. 5 mine.
It wus found that the fault had a course nearly due nerth and south, and that it rapidly decreased in
displacement toward thesouth, so that although the main slope of No. 5 crossed the line of the fault there
was no fault observed. A crosseut from an entry from No. 5 mine to a point about midway hetween
Nos. 5 and 6 shows the fault to have there a displacement of less than 50 fect. Of course the scam
east of the fault does not ontcrop for a considerable distance from the point where displacement first
begins, but comes dirgeily against rock in places on the downthrown side. Ultimately, however,
it does appear at the surface in the No. 7 outcrop, .

A similar fault, heginning as a meice fissure in No. 5 mine near the outerop and just south of the
slope, assumes toward the southeast » displacement with a dowrnthrow lo the west. Tt is a fault of
45 feet a quarter of a mile south of the slope. TFarther south it is.said to decrease, and to have a throw,
of but 20 feet where cut by No. 4 slope, and to disappear a short distance heyond. A third fault,
with a throw down to the west, appears to lie just west of No. 6, = It has never been developed.

The mines seuth of No. 5 have all been abandoned, and it is impossible to enter them. No. 4,
Lelonging to the’ Union Pacific, was abandoned in the fall of 1888 on account of a creep and the
presence of fires, which, on account of the explosive gases the.seam generates, rendered working
dangerous. * * ¥ .

1t is the opinion of the largest consumers of the coal, and no bet,Ler evidence could be adduced,
that there is a regular variation in the quality. It is said thai the coal formerly produced by the
Union Pacific’s No. 4 and the Rocky Mountain Coal and Iron Company's No. 2 mines was the hest
for all purposes and that the quality gradua.lly deteriorates, both to the north and south.  The analysis
of samples taken by the wriler from Nos, & and 7 indicates this change as far as they apply.

From the description of the Almy seam.givgn above it appears that it begins on the northern
exposure-of the oulerop ns a small stratum: of 5hfllc;; but the bands of coal mpidly widening, it soon
becomes workable; that the scam continues to increase in thickness until it reaches a maximum in
the ground just south of No. 4 mine. and thak there is o noticeable improvement in the quality of the
coal also; that from the latter point the seam begins to split up into a group of smaller seams, and that
with this latter change the quality of the coal slowly deteriorates; that the splitting up of the scam is
caused by the thickening of two well-defined bapds and by a third band of clay that only wakes its
appearance near the southern limits of the ficld, and that all of these marked changes have taken
place in the comparatively short distance of about 5 miles.

~
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The sections shown on fig. 9 comprise those reported by Ricketts and a section
of mine No. 1, obtained by Peale in 1870. After Ricketts’s visit mine No. 6 was
- opened on the main bed. An east-and-west fault, with downthrow to the south
was found in this opening, beginning about 1,000 feet from the mouth of the mine
and increasing rapidly toward the east. About 2,000 feet {from the mouth of the
mine the throw is 40 feet. The Almy mines have all been abandoned, with the
exception of No. 5, which is still operating on a small scale. The output is hauled
from the minc by wagons, and the consumption is entirely local. The main building
burned during the summer of 1905, but was immediately rebuilt.

Mine No, 1

-

Mine No: 7.

F1G. 9 —Sections of Big or Almy seam at Almy, Wyo. N

Near the Michigan-Wyoming Oil Company’s well several thin coal seams
outcrop. One, a short distance west of the well, has been opened and furnishes the
fuel used ab this point. The coal is rather dirty and is inclined to clinker. The
section at the opening is as follows: :

Sectron at coal opening of Michigan-Wyoming Oil Company, in sec. 35, . 17 N., R. 120 TP,
Ft.m

Shale.
L X I 8
BOmC i 2
L7 ¥ U S 2 6
Shale

Mr. J. A. Morehouse, who drilled the well, reports that coal beds were found in
it from 74 to 79 feet, 120 to 128 feet, and 200 to 202 feet, and that below the lowest
coal beds the red shales and sandstones of the Beckwith formation were encountered.

Coal seams have been found in the Evanston beds at the Union Pacific Railroad
cut, and at the southern end of Medicine Butte exposures of the Beckwith beds, at
-about the horizon of the Almy coals. These have been prospected, but have not yet
been shown to be of commercial importance. The beds here outcrop on the east
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side of the Medicine Butte-Needles fault and dip almost due east at angles of from
10° to 15° (P1. IV, section J). .

The coal found in the Baker well, west of Spring Valley, between 230 and 236
feet, associated with conglomerate beds, suggests the condilions found in the cut
at Evanston, and this coal may belong to the Evanston formation (see p. 84).

QUALITY AND CLASSIFICATION OF COALS,

Ten samples of coal were collected from mines in this region. The samples
were taken with greal care, were pulverized and quartered in the mines, and were
sent in sealed cans to the chemical laboratory of the United States Geological Survey’s
coal-testing plant at St. Louis, Mo., where the following analyses were made:

Analyses of coals from southern Uinta County, Wyo., made at United States Geological Survey’s coal-testing
plant, St. Louis, Ma., 1905.0

{¥. M. Stanton, analyst.]

1. 1I. 11T, V. V. VI VIL | VIIL. | IX. X.

Loss of moisture on air drying. 6.90 6.70 | b6.70 | b14.80 2.60 1.30 2. 40 2.00 1.40 2,60

Analyses of samples as recerved

Moisture. .., .. 14,11 | 14.43 7 19.15| 22,37 6,78 513 5,89 5,80 3. 86 6. 85

Froxi- | Volatile matte 35,34 | 36.81 | 30.79) 34.501 30.7% | 40,51 | 37.50 | 30.40 | 36.16 35. 62

mate. YFizedcarbon 34,40 | 41.54 | 38.80 | 40.21 | 47.43 | 49 75| 49.01| 5L.00 [ &5. 11 43.86

sh.. ... 14.15 7.22 5. 26 2.02 6.00 4,61 7.51 3.65 4.77 13,67

Sulphur 4. 45 .21 1.18 L5043 .49 1.39 1.07 .17 .94

Hydroger 5. 30 b.37 6.13 6.10 5.50 5,63 528 5057 6,17 4.09

Ulti- {Carlon 48 91 | 59.97 | 57.03 | 56.021 ©69.0l | 72.95 | 08.48 | 72,06 | 76.03 63,91

mate. [Nitroge .82 1.15 1.01 .88 1.12 1.18 1.07 1.08 1.31 1.12

Oxygen. 24,37 | 26,08 | 20.49 | 33.88 | 17.88| 1614} 16.27 | 1567 | 11..95 15. 87
Calorilic value determine

Calories. ... ... 4,808 | 5,804 | 5,631 | 5,440 ¢ 6,815 7,202 | 6,870 7,102 | 7,501 6,200

British thermal uni 8,816 | 10,447 | 10,136 | 9,792 | 12,267 | 12,964 | 12,366 | 12,784 | 13,502 | 11,349

Analyses of ait-dried sanff)

Moisture.... 774 8.20 | 13.34 8.88 4.29 3. 38 3,567 3.04 2.50 4, 36
Proxi- |Volatiie maii 37.96 | 39.45 [ 30.43 | 40.49 | 40.85 | 41.04 | 38.52 | 40.40 | 26.68 36.57
mate. YFixed carbon . 351 4452 ) 41.58 | 47.20 } 48.49 | 50.41 | 50.21 ) 52.04 | 55,90 45,03
. Ash....... 17,35 7.74 5.85 3.43 6.17 4.67 7.70 3.72 4. 83 14,04
Sulphur... 478 .22 1. 26 .58 .44 50 1.42 119 .78 .06
Uydrogen. 4 86 4.97 5.77 5,24 5 41 5 56 5,15 5. 48 5. 00 4,83
Ulti-{Carbon . .. .. 52.5% | 6428 ) 61.12 ] BA.76 [ 7085 7391 TLI18| T4 45| 7.1 65. 61
mate. | Nitrogen. . .- .88 1.23 1.08 1.03 1.15 1.20 1.00 1.10 1.33 1.15
OXYEON . . oovvnie oo 1960 | 20.56 | 25123 23,9 | 1598 | 14.1¢ | 14.46| 1418 11.86 13.61
Cajorific value determined: .
Calories. __ .. 5,261 | 6,220 6,035 | 6,385, 6,997 | 7,297 | 7,030 | 7,247 | 7,607 6,478

Bntish thermal unita .. . ...
Thickness of coal hed sampled, in feet.

9,469 | 11,197 | 10,964 | 11,403 [ 12,887 | 13,130 | 12,664 | 13,044.] 12,604 |
4 24 15 84 8 7 9 6} 3

o Lower
Name ofcoal bed.......... e Almy. Adaville. Main Kemmerer. Kem-
] - merer.

Willow‘ Spring
Creck. } Valley.

Upper Mon-
tana.c

Geologicage.. ... ...... ... - --.o...| Evanston. Frenticr (Benton).

e Chemieal laboratery in charge of Prof. N. W. Lord, of the Ohio State Universily.
b The air-drying losses in the Adaville and Lazeart coals do not appear Lo be entirely comparable.
¢ Thus is jonst below the Laramie coals and may be said to represent them.

[. Michigan-Wyoming Oil Company mine, NW. { sec. 33, T. 17 N., R. 120 W. Samplec taken 40
feet from mouth of mine. Bone, 1 inch thick 6 inches from the roof and 4 inches thick 18 inches from
the roof, omitted in sampling. Sample represents total thickness of bed. -

1L. Rocky Mountain Coal and Iron Compauny mine No. 5, Almy, Wyo. Sawmple taken 3,000 febg
from mouth of slope in room 5, entry 12, and represents lower 8 fect of 24-foot vein.  Upper part of bed
contains numerous partings. :

111. Lazear( mine, SE. + 8W. { sec. 8, T. 15 N., R. 118 W. Sample taken 15 feet from mouth of
glope, Bed is 30 feet thick and sample represents upper 13 feet. .
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IV. Adaville mive, NE. } SW. I see. 20, T. 21 N, R. 116 W. This Sall'lple is from u tunnel driven
borizontally across ihe coal bed, which is herc 84 fect thick, and dips 18° westward.  Tunmel is 5 feet

high and sample was collected by means of vertical cuts every 60 feet.  This combined sample repre-.

sents slightly less than half the thickness of the bed. There are no partings,and the coal is remarkably
uniform throughout. :

V. Union Pacific Coal Company, Cumnberland No. 1, Cumherland, Wyo. Sample from the face of
seventh entry south, 2,100 feet west, and 2,000 fect sonth of mouth of mine.  Samplerepresents entire bed.

VI. Diamondville Conl and Ccke Company, Diamondville No. 1. Sample from room No. 45,
entry No. 1 north, 160 feet west, and 3,300 feet north of mouth of mine. The clay seam 4 inches thick
1 foot from roof was omitted in sampling. Coal at the poing sampled is regarded as best in the mine,

VII. Kemmerer Coal Company, -Kemmerer No. 1, Frontier, Wyo. Sample taken from room 46,
“entry 3 south, 600 feet west, and 2,250 fect south of mouth of mine. Sample represents a complete sec-
tion of coal. No definite partings.

VIII. Kemmerer Coal Company, Kemmerer No. 1, Frontier, Wyo. Sample from working face in
new opening in lower bed.  From mouth of mine 600 feet south, 250 feet east (this portion is a crosscut
from the vein to the lower bed), and 250 feet south of the working face. Bed is 6} feet thick and 40
feet below main bed. Band of dirt 6 inches thick 4 feet from floor omitted in sampling. .

IX. Kemmerer Coal Company, Willow Creek opening, 8W. + NW. { sec. 19, T. 22 N, R. 115 W.
Sample from face of entry 150 feet from mouth of mine. Bed 3 feet thick, with no partings. Regarded
by owners as a coking coal.

X, Richardson mine, NW. & sec. 12, T. 15 N., R. 118-W. Sample taken 150 feet west and 50 feet

" north from mouth of mine. Clay seam 3 inches thick and 1 feot from floor omitted in sampling.

In order that these analyses may be compared with other analyses of coals
from this region, the following table is presented, in which the coals are separated
into groups according to their geological horizons. The ash and sulphur have been
recalculated on the basis of air-dricd samples. The moisture, volatile combusti-
ble matter, and fixed carbon have been recalculated on the basis of the air-dried
ash-free samples,

Prozimate analyses of coals from southern Uinta County, Wyo.

COALS OF TOE TRONTIER TORMATION, INCLUDING THE KEMMERER, WILLOW CREEK, CARTER,
AND SPRING VALLEY DBEDS. .

Calculated for air-dried ash-free As determined in air-

spmples. dried saumples.
Owner, bed, and location. Volatil Calorific | Caloris . Analyst,
. olatile | alorific | Calorific .
lt‘[lf;;" combug- clahrﬁcxll value in | valuein | Ash. ‘%"ul;
| tibles. ‘| calories. | calories. phur.
I.D. Clllrtis, Hams Fork, prospect 1.54 ) - 3001 59.45 7,782 7,500 | 2.85 1.00 | Slosson and Knight.s
sample, B
william Goodell, Hams Fork, 6-foot 3.07 39.65 | 56.28 7,782 7,467 405 |........ Do.
frce sample.
A. Kendall, Hams Fork, prospect [ 3.89 38.65 | &§7.40 7,647 7,372 3.60 .00 Do.
sample.
Cumberland No. 1, Kemmerer hed. . 4. 69 43.01 525 |.._ ... W. S. Robinson.®
Cumberland No. 2, Kemmerer bed._ .| 3 69 43.22 13| ... Do.
Spri.r%g Valley No. 1, Spring Valley 3.88 42,80 746 ... Do.
hed.
Kemmerer, main Kemmerer bed J9.87 41.73 | 51 40 7,028 7,030 7.70 1.42 I F. M. Stanton.
Kemmerer, lower bad. ___.... ] 449 4186 | 54.00 7,627 7.247 3.72 1.0% Do.
Cumé)erlmad No. 1, mgin Kem By 4.51 43.53 1 5L.90 | - 7,452 6,097 6.17 .4 Do.
hed.
Diamondville, main Kemmerer bed..| 4.07 43.06 | 52.87 7,654 7,207 | 4.67 .80 Do.
Richardsen, Spring Valley bed...... 509 42,53 | 52.38 7,530 6,473 | 14.04 - 06 Do.
Kemmerer, Willow Creek bed.. .....] 2.73 38.54 | 5873 7,994 7,607 4.83 .78 Do.
Average ¢ of Benloneoals. ... 3.76 41. 54 [ hd 61 7,666 7,226 5.76 .84

L]

¢ University of Wyn. special bulleting The heating power of Wyoming coal and ¢il, January, 1895,

& These analyses, made in laboratory of Union Pucific Company, were.selected from many hundred by Mr, Frank
Manley, chief engineer, as typleal.

¢Seo note A, p. 138,
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Proximale analyses of coals from southern Uinta County, Wyo.—Continued.
COALS OF THE ADAVILLE FORMATION.

Caleulated for air-dried ash-free As determined in air-
samples. dried samples.

Owner, bed, and loeation. . Analyst.
Volatile Fixed | Calorific | Calorific
tore combus- |0 PO [ value in | value in | Ash.
ure. tibles. “| valorics. | calories.

Y. P. Coal Co., Twin Creek mines....; 9.16 37.59 | 53.25 |eeveiiaeaafianaananns 6.3 |........ Mineral Resources.e

Adavillemine______..... ...l 8,20 41.93 | 48.87 6,613 G, 385 3. 43 0 58 | K. M. Stanton.

Lazeart mine_ . 14,14 4179 | 44.07 6, 396 4,035 505 1.26 Do.

Carltonmine_ . __.................. 10.40 43.38 | 4821 5,565 |........ Leuis D. Ricketts.t
4.84 0.92

Average of uPper Montana- | 10.72 41,17 | 45.00 6, 502 6,210
Laramie coals.

COALS OF EVANSTON FORMATION—ALMY COALS.

Almy No. 5, lower 8feet............. 10.02 42,27 | 47.70 6,665 6,220 7.74 0.22 | T. M. Stanton.
Michigan-Wyoming mine.._. . ..... 0. 36 45,92 | 44,72 6, 366 5,201 | 17.30 | [4.78](, 0.
Almy No.6__ ... ... .. ... 8.29 37.56 | B4 15 7,002 6, 553 6. 55 .29 | Slosson and Knmght.¢
Almy No .5, lower 9feet .. __ . 8.07 39. 20 2 8.00 .44 Do.
Almy No. 7, upper seam., ..........,. 8.10 3833 9.00 |........ Do.
Aliny No. 7, lower seam........ R I A 1 35. 65 5.90 .65 Do.
Almy No. 8 middle 24 feet...... | 7054 40. 20 9.25 |...... Do.
Almy (average of throe amplysesy . .| 6.20 L4033 ToA6 |oone... Persifor Frazier, jr.d
. 8.85 43. 42 883 (O D. Allen.e
8.88 43.04 g8 Do.
9.15 37.59 6.30 |........ J. V. Hodge.f
9. 04 44,73 9.70 .10 [ T 8. Cory.g
9.97 44.1¢ 2.80 14 Dao.
Averageh of Evanstoneonls.. | RT3 AL 05 | 5024 0, 660 6,087 8.2 z &0

a Mineral Resources 11, 8. for 1882, 1883, p. 88,

b Ann. Rept. Terr. Geol. Wyo. for 1887, 1888, . 12

e Umiversity of Wyo. special bulletin: The heating power of Wyoming ecal and oil, Jenuary, 1895,

4 [Fourth Annual] Prelim. Rept. U. 8. Geol. Burvey Wyoming and contignous Terntories, 1871, p. 184.

¢ Rept. Expl, 40th Par,, vol. 3, 187C, p. 473,

f[Fourth Annual] Prelim. Rept. U. 8, Geol. Survey Wyoming and contiguous Territorics, 1871, p. J21.

¢ Chemist in cherge, Dept. Mines, World’s Celumbian Exposition.

® These averages are not entirely satisfactary in ihe voluidile eombusteble and fixed carbon columns, as it is evident from
comparison of analyses that two different methods have been used in the determinalion of these values.  The Blosson and
Knight analyses show higher values in fixed earhon than the Stanton analyses, without any corresponding increase in the
enlorific valde, Thus, in the Almy coals, where the moisture is the same, Stanton finds p value 6,368 ealories from sample
showing fixed carhon, 44 72, while Slosson and Knight obtained a value of 6,393 calories from a sample showing fixed carhon
54.98.

+ Omirsting Miebigan-W yoming mine.

According to thesc analyses and the general physical character of the coals,
the Benton coals are to be regarded as high-grade bituminous, the Evanston coals
as low-grade bituminous, and the upper Montana-Laramie (Adaville and Twin
Creek coals) as subbituminous coals.®

According to the carbon-hydrogen ratio classification of coals, recently pro-
posed by Mr. M. R. Campbell,? these coals fall in the following groups:

The Willow Creek coal, of Benton age, falls in group G, which includes upper
Frecport and Pittsburg coals of northern West Virginia, Kanawha Valley coals,
high-grade Kentucky coals, and Alabama coals. o

The Kemmerer (Benton coal) belongs to group H,. which includes Tndian
Territory coals, Kansas coals, high-ecrade Tllinois, Towa, and Missouri eoals, and
sccond-grade Kentucky coals.

@ This term is here used as a suhstitute for the misnomer *'black lignite.”  ‘Fhese coals can not e called lignites except
on the definition that all'coals of Cretaceous age, or younger, are ligmtes, which is an arbitrary definition without good foun-
dation. They are really semibituminous coals and have been so culled in the reporis of this Burvey, but this term is com-
monly applied to certain coals in the eastern field that lie hetween the bitumineus and anthracite grades, and to avoid con-
fusion the name subbituminous has been adopted for these western so-called black lignites.

% The classifieation of coals: Trans. Am. Inst, Min. Eng., Washington meeting, May, 1805.
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The Evanston coals belong to group I, which includes the great majority of
Towa, Tllinois, Missouri, and Indiana coals and some bituminous coals from Wvomlng
and Montana.

The Adavilles-Twin Creek coals tall in group J, with the Gallup (New Mexico)
and Boulder (Colorado) subbituminous coals.

Slosson has already shown that the Benton coals of this region, considered from
the standpoint of carbon content and-calorific value, are the best coals in Wyoming.
Accordmg to the analyses made at the United States Geological Survey’s coal-test-
ing plant of samples collected by Fenneman and Gale in the Routt County {(Colorado)
field and by J. A. Tafl in the Coalyille and Castlegate fields in Utah, given elsewhere
in this volume, the coals found in this region in the Benton are better than the best -
bituminous coals in these Colorado and Utah fields, but higher carbon and fuel values
are shown in the latter fields in portions of the beds which have been altered to
“anthracite’’ or “natural coke” by dikes or flows. Similarly, the analyses made
of the samples collected by Schrader and Shaler in the Gallup, N. Mex_, field show
that on the whole the Benton coals of Wyoming are of the same grade as the best:
coals of that region: They are much better than the Red Lodge (Montana) coals
tested at St. Louis.? On the whole, the Benton coals of the Uinta County region may
be said to bclong to the group contalnmg the best bituminous coals of the Rocky

Mountain region.
OTL.

0il has been found in southern Uinta County in springs on Hilliard Flat(sec. 4,
T. 13 N., R. 119 W, and sec. 33, T. 14 N., R. 119 W.}; at Aspen tunnel {sec. 12,
T .14 N, R. 119 W, and sec. 7, T. 14 N., R. 118 W.); 3 miles north of Aspen tunnel,
at Carter Oil Spring (sec. 31, T. 15 N., R. 118 W.); in springs and wells on the south
branch of Twin Creek (T. r’1 N.,R. 117 W.), and in wells near Spring Valley (Tps. 14
and 15 N., R. 118 W.).

HISTORY OF DEVELOPMENT.

The oil spring near Hilliard, in NW4 sec. 4, T. 13 N., R. 119 W_, was doubtless
well known to the trappers who first built the tradmg post of Fort Bridger,
but the first published account was the result of the examination mado by
the Mormons in their pioneer journey to Great Salt Lake in 1847. W. Claytons¢
who accompanied this expedition, published in 1848 a little book which was known
for vears as the Mormons’ Guide Book, containing the following account:

Ahout a mile fromn this place [the crossing of the road over Sulphur Creek], in a southwest course, isa

“tar,” or “oil spring,”’ covering a surface of several rods of ground.  There is a wagon trail running within
a short distance of it. Tt is situated in a small hollow, on the left of the wagon trail, at a poitt where

a Calculated on the excessive air-drying loss reperted in the Adaville unalyses, the Adaville coal belongs high in group
I, while the Lazeart coal belongs in group J. According to physical characters and general fuel value, these two coals clearly
belong together and arc to be regarded as subbituminous coals. Anexamination of the two original analyses will suflice to
show that the air-drying losses reporied for these two coals are not entirely comparable, and new analyses are now heing
made.

b Bull. U. 8. Geol. Survey No. 261, 1905, p. 44.

¢ Clayton, W., The Latter-Day Samts Emigrants’ Guide: Being a table of distances, showmg all the springs, creeks.
rivers, hitls, mountains, can:ping plaeces, and all other notable pluees, from Council Bluffs Lo ihe valley of the Great Salt
Lake, etc.. 8t. Louis, 1848, pp. 18, 24.

3694—No, 56—07—-10
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the trail rises 1o a higher bench of land.  When the oil can be obtained iree from sun.(l, it i useful 10 ol
wagons. It gives a nice polish to gunstocks, and has heen proved to be highly beneficial when applied
to sores on horses, cattle, ete.

This spring is mentioned in the sccounts of Stansbury  and Engelmann,® hut
their statements do not differ materially from the earlier account of Clayton. It
is reported that Brigham Young caused a shallow well to be dug at this point, and
the locality is now known as the Brigham Young oil well or spring. The oil was
skimmed off the surface of the water in this well, sold to emigrants, and in small
quantities carried to Salt Lake City.

In 1867 Judge C. M. White began operations at a spring in NW. 1 sec. 33, T,
14 N, R. 119 W, now known as the White oil spring. He. dug a large hole and
skimmed off the oil, which he sent to Salt Lake and sold to tanners. He began
drilling in 1867, but abandoned the hole in 1868 at a depth of 480 feet. Later the
Hvanston Oil Company sunk a well at this place, but it was likewise abandoned at a
depth of a few hundred [eet. :

The Carter oil spring locality became 1mportant in 1868, when, in driving a tunnel
for coal, & slight flow of petroleum (8 to 10 gallons a day) was o,btmned and the dis-
charge of the spring ceased. This oil was collected and sold to the Union Pacific
Railroad and to neighboring coal mines for lubricating purposes. Tn 1886 a local
company was formed and drilled three wells 225 to 300 feet deep. Two of them
are reported to have ylelded 6 barrels a day. This spring was incidentally men-
tioned by Meek® in 1871, and a short statement regarding it was published by
Emmons 4 in 1877, but the first account of importance is that published by Ricketts ¢
in 1888.

The oil springs along the South Fork of Twin Creek, in T. 21 N, R. 117 W,
are peﬂlaps referred to in Lander’s general statement that in the mountains a,long
the divide in latitude 42> N. there are ‘‘beds of coal, iron, and salt, and a spring
of peculiar mineral oil which by chemical process may be made sultable for lubri-
cating machihery.” At any rate, the map of his cxplorations in 1857 shows that
he passed up Twin Creek and over Hodgca Pass./  Operations were begun here
by the Twin Creek I.and and Oil Company in 1885. They drilled two wells
between this time and 1887, onc 110 feet deep and the other 185. Both yielded a
large {low of brackish sulphur water, with a little oil and gas. The deeper of the
two is now open and 1s commonly known as the “‘Clark well,” from Senator C. D.
Clark, who was interested in this company. "~The oil is dark and heavy. The
gravity is given by the Union Pacific Railroad Company?¢ as 26.75° Baumé, by
Slosson? as 19.7° Baumé.

e Stansbury, Capl. Howard, Exploralion and SBurvey of the Valley of the Greal Salt Lok of Utah, 1852, p. 280,

5 Engelmann, ., Preluninary report on the geology of the country between Fort Bridger and Camp Floyd, Utah Terri-
tory; accompanying Simpson’s Report on Wagon Routesin Utah Territory, Senate, Ex Toe No. 40 (vol. 10), 35th Cong,,
2d sess., 1859, p. 52, ° s,

cMeek, F. B. [4th Annual], Preliminary Rept. U. S. Geol. Survey Wyoming, 1871, p. 306.

d Emmmons, 3. ¥., Rept. Geol. Explor. 40th Par., vol. 2, 1877, p. 252,

e Ricketts, Louis D,, Ann. Rept. Territorial Ceclogist of Wyoming for 1887, 1888, pp. 23, 42.

f Lander, F. W. Preliminary report upon explorations west of South Pass for a suitable location for the Fort Kearncy,
South Pass, and Tloney Lake wagon route, Senate Ex. Doc. No. 36 (vol 10), 45th Cong., 24 sess., 1859, p 33,

¢ Mineral Resources U, 5. for 1885, 1886, p. 154,

kSlosson, E. E , School of Mines, Univ. of Wyoming, Petroleum Ser., Bull. No. 4, 1899, p. 31.
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In August, 1900, the Union Pacific Railroad Company began-a water well
at Spring Valley, Wyo., and on October 14, 1900, at a depth between 491 and 493
feet, struck a sand containing oil of:very high grade. Oil of a similar high grade
was struck again in Decernber between 573 and 581 feet, and the following May
between 1,148 and 1,170 feet. '

Intense excitement followed this find, which appears to have lost nothing in
magnitude as the news spread. The whole country was soon staked out with
petroleum claims under the placer-mining laws. The greater part of these claims
were purely speculative, the claimants generally having neither the intention nor
ability to develop them. Thelands staked were of two types—unoccupied Govern-
ment land and unpatented odd sections-within the limit of the grant made to aid
in the construction of the Union Pacific Railroad. This grant, ecmbodied i the
acts of July 1, 1862 (12 Stat. L., 489), and July 2, 1864 (13 Stat. L., 356), gave the
Union Pacific all the odd-numbered sections of the public lands within certain
preseribed limits; but mineral lands other than coal and iron were expressly’
excepled from its operations.

The section on which the Spring Valley well was drilled happened to be an
unpatented odd section, and it was therefore located by several claimants, who
assumed that the oil discovered in the Union Pacific well satisfied the law in respect
to the discovery required for each locator. The Union Pacific Coal Company
had opened a large coal mine on this section and oppesed this view of the matter,
placing guards about the section to prevent others from prospecting on the land.
Tn April, 1902, the General Land Office sent a special agent, Charles T. Forbes,
to make an examination of these unpatented odd sections, including seetion 27,

.with a view of determining their character, whether valuable for minerals other
than coal or iron. In this inquiry Special Agent Forbés conducted oil operators
to section 27 against the protest of the Union Pacific Company, and installed
machinery there for the purpose of drilling. In this he was held to have exceeded
his instructions, and- was supplanted by Special Inspector J. W. Zevely, who,
during the summer of 1902, conducted an exhaustive inquiry. This inquiry clearly
showed that section 27 was more valuable for coal than oil, and was so declared
by the Department in December, 1902. With respect to the other contested
sections and the region in general, the Land Office took the very important step
of removing from entry or patent, except under the mining laws, all Government
land in Tps. 13-14 N., Rs. 117-121 W., Tps. 15-21 N., Rs. 115-120 W., and refused
to issue to the Union Pacific Railroad patents for the unpatented odd sections
within the railroad grant within the limits of this reservation until after December
1, 1903, when the issuance of palents was to be determined by the ‘‘then known
character of the land.”” In the words of the Department:®

The purpose of this order is to permit, encourage, and protect, so far as the Department can do so,
but within the time herein named, the exploration and exploitation of the unpatented alternate odd-
numhecred sections within said railroad land grant which are within the limits hereinbefore specifically

described, and of the public lands within said limits, for the purpose of ascertaining and demonstrating
whether, as claimed, such lands, or any of them, are mineral in character, in that they are chiefly valu-

& Decisions of the Department of the Tnlerior and General Land Office in cases relating to Public Lands, vol. 83, 1903, p. 50.
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able for their oil or other mineral deposits; but in justice to the railvoad company, whose line of railroad
has long since been completed in conformity with the land-grant act, and in justice to others who may
desire Lo take any of the public lands within said limits under any of the public-land Yaws other than
the mining laws, it is necessary that this order of suspension shall not be operative longer than until®
December 1, 1908, that being deemed ample time within which. in addition to the exploration and
exploitation heretofore had, Lo fairly develop the character of these lands,

The effect of this order was,on the one hand, to stimulate prospectors to attempt
to develop this field, and on the other, it is claimed, to make the Union Pacific
Railroad Company hinder the development in such ways as it might, being the
only line of transportation in this region. Certain cases dffecting sec. 23, T. 15 N.,
R. 118 W, and sec. 33, T. 14 N., R. 119 W., were heard before a special examiner
in the district land office August 23 and 25, 1904, and decision was rendered that
ihese tracts were not ‘‘known mineral lands’ and that patent should be issued
to the Union Pacific Railway in accordance with the terms of its land grant. All
the Union Pacific lands are now patented, and with the termination.of this land
contest it is stated that the railroad has offered freight facilities which will materially
aid in the development of the field. ’

TEST WELLS.

The following table gives the wells drilled in this field up to the present time:



al

a3

4

eif)

all

al?

13
ald

15

alt

Location.

Hilliard, 2 iniles wust. ..

Hilliard, 2 miles north-
west.

Xnight, 3 mules west...

Altamont. ... ...

Altgmont, 1 milc east. .

Spring Valley 2 1niles
soutl.

Spring Valley, 1} mules
southwest,

Spring Vaulley, 3 miles
west.

Spring Valley, 2 nules

west

Spring Valiey, 3 mule

northeast.
! 8pring Valley, 1 mile
| north. o

List of test wells drilled for ovl @n southern Uinta County, Wyo.

"STATAL TSEL T10

Ap-
S, Name of well or Year | proxi- >
T. R. Section. owner. dnlled. | mate Product. LRematks.,
l depth.
alw, i ]
13| 19| 4, NE.ANE. {1 ... .. Brigham Young Oil | 18487 57 | Water, otl..| Well reported to have been sunk by order of Brigham v
\ Spring or Well. Young on site of oil spring. Yields a fow gallons a
i day.
13 119 [ 4, NW. ; NW. 4 ..., El Rio Verde Qil Co_.| 1902 1,600 | Water. .. .. This well is located on upper Qaunk of an overtured
' . syncline and tne strata ut bottom of well are higher
. geologically than those just below the surface gravels.
13 119 | 4, NW. 3 NW. L _ . . J.R. White.......... 1902 00 ¢ Oa....... North of El Rio Verde well and near the DBrigham
. : Young Qil 8pring: small amonnt of o1l.
Judge C. M. White 1867 10+ Water; oil. .| Shallow pits in which o1l colleeted and was skimmed
O1i Spring o from time to time from surface of water.
udge C. M. i ~ ater...... cepage of oil, Ricketts gives depth of this well as :
Judge C. M. White | 1867-68 480 | Wt S f oil. Rickett: depth of thi 1l as 250
14 19| 33, 8E.4A NW.§ .. ... well. ) faet and datc as 1869, E
' Evanston Oil Co ..... 1834
Consehdated Oil Co. || %02
14 120 | 12, NW. 3 8W. | ... _ BPLL]ys Oiltuéld De- |1902-1904 Flowing fresh water of good quality at 700, 1,020, 1,197
velopment Ca. feet, Flows 30 gallons a minute. Well 1n synchnal
' ) : basin and entirely in the Eocene. T, IV, soction X.
4 N8| T, BW. §oo.... Aai?en}guan% témon 1900-1502)._...... Water, oll. .| Seepage of oil 1,600 fect from west end of tunnel,
acinc L. R. Co,
14| 118 | 18, NE. Y NW.4_..... Consoclidated Oil Co..| 1902 500 . Water. (.. .| Well top shallow to reach oil-besring shales 1 the
. Aspen formuation. Large smounts of water encoun-
: tered near surface.
14 118} 10, NW.JNE. ... ... Pittsburg-Salt Lake | 1902-3 | 1,283 | Ou., ....... Large quantity of water reported at 805icet. Ollwas
0il Co. found at 862 and 1,006 feet in sand heds in u gray shale.
The oil is hobvy and hlack and altogether different
X . from that m the Benton shales.
14| 118 | 4, NE. ¢ NE. }........ | Predmont 011 Co ... .. 1901 400 ! Water . ... Small quantities of water. Well not decp encugh to
. ' reach oll-hearing shales,
15| 118 | 3, 8W.iNE.3._. ... Carter Oil Spring._...] 1888 |..._.... Cil......... Shaft and shallow pits reported to have been dug here
, yielded 8 fo 10 gallons of heavy Dblack ol per day.
g . ' Gruvity, 21.5° Bawné.b
25 Al e :
. i X . . Estimated that 6 barrels a day of heavy lubricating 0il
Carter Ol Well 1884 .2“2)3 was obtained [rom first two wells.
15| 118 ) 32 . NE. i 8E. 3 ... .. *'Buker Well.” West- | 19012 11,600 | ... . ... Mot deep enough to reach oil-bearing Aspen forinations.
ern Wyoming Oil . Strong fiow of water from Oyster Ridge sandstonc
Co. . caused abandonment of well.
350
151 L8 | 34, 8E. beuveiainnn..n Consolidated Oit Co. .| 1002-3 X Il ,,,,,,,,,,,,, Small amonnt af oit above 500 feet.  Abandoned,
. 1.0 i
15| 118 [ 34, E. T NW 1. . ... “Craig Well”___ . 1902 (2,000 ... ..., .. Small amount of o1l ut 1,000-1,100 feet. +
15, N8 [ 27, 8E.38E. 4. .. Union Pacific 1. R. (1900-1901| 1,183, o Gil, water, | Oil at 491-493, 573581, 1,148-1,170 feci. ciravity, 43°
iy, Daumé,
15 ] 18 26, SE. A NW.1 __...|J. A Beverty..... ... ©oo1e02 00 N No oil, This well begins near base of the Aspen ol-
' ' hearing shale. .
151 118 126, NW, corner...... -Plétfl%‘nrg-smt Lake 1913 1,530 | Oil_. oL Small amount of eil 83:'%—845 feet, at ]22&-1,2}':0 fuot 1))min
. il Co. ol samdd; some oil hotween 1,400-1,500 feet. Oilin
l Aspen formation. | '

« Mo addition:z] dala soe ' Deseriptive notes’ following thus tahle.

tReported by 1. E. Slogson, School of Mines, University of Wyoming; Fetrolemm series, Buli. No. 3, 1304, page 1.
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List of test wells drilled fur oil in spwthern Tinta Cownty, Wyo —Continued,

al?

18
19
20
a2l

23

24
25

226
aq
28

a2l

230

a3l

a3

33
34

{

= Ap-
Location. ‘I T, R. Bection. l\a.m(?‘glfmw:.ell or d?{ﬁ:‘a [:Jig)t(tl', | Produet. Hemarks.
~ . depth.
1902 1,388 | Oil .. ... Surface water. Ol sands ut 1,025, 1,160, 1,303 [ect in
_ Agpen formation.
X N. | W. 1903 1,726 |..._. doo .o Suriaee wauter. -Oil sunds ab T80 feet (trace); 1,375, 1,450
Spring Valley, 4 mile 15| 118 | 22, 3E.corner ... ._. Pittsburg-Sult Take feet in Aspen formation.
north, 0il Co. 1903 | 2,065 |[..... do......| Surface water. Slight showing of oil at 1,035, 1,270,
1,075 feet in Aspen formation.
1603-1905| 1, 400 Oil struek in Aspen formuotion.
1903 1.115 L. Oil at 800-820 (trace), 1,100-1,115 feel i the Aspen forma-
..... douerienimaiiaal 16| 118 | 23, SW. corner. ... .| Consolidsted Oil Co. . M tion. No water. .
. . : 1903 1, 500 Diry .. _..... Dry hole; no 0il; no water., Well 300 feet north of above.
Spring Valley, 2 miles 15| 118 24, NW. 4. ... .. Pittsburg-Salt Lake 1902 1,100 | Oily water..| Well abandoned because of large amonnt of water en-
northeast. ) . 0il Co. . countered in bottor.
S;)r{lltg}l\' alley, 2 miles 15| 118 | 23, SE. A NW. 4. ..... Consclidated Oil Co..} 1003-4 | 1,100 | Oil ..._.__.. Oil at 600 (traee), 800, 1,000-1,100 fect: surface water
naorth. only.
Spring Valley, 2 miles 15| 118 | 22, NW, L NW.4.....] ““Nebergall Weli,” 101 1,800 | No o%. This well was not deep cuough to rench the
northwest. Wyoming Tlumni- | " pil-bearing Aspen formation,
_ nating 0il Co. N
Spl'lrt Vaolley, 2 miles 15| 18 15 NE.18W.1_..... Consolidated Oil Co..|......... 500 feiiieiieeee Entirely in Wasgateh beds,
- morth.
Spring Valley, 23 miles 15 L8114, 8W. 3. covneoeincfenas L5 o Y 1902 This well was used to supply waler for drilling adjoin-
north. E ing wells. 'This is the only well which yielded enongh
water for this purpose. The waler ia reported to e
. . from a depth of about 300 feet,
Spring Vulley, 24 miles 151 118 1902-3 Considerable water in upper part of well.
northeast.
..... do... 15 118 1002-3 No water. Oilin Aspen formation.
..... do 13| 118 1902-3 Reported to be the best eil well in the fleld. Ol in
. Aspen formation,
Sprlut V}Llécy, ? miles 15 118 1902 Water at surface only, Oilin Aspen formation,
northeast.
Spring Valley, 3% miles 15| 118 | 12, SW. corner........ Jager Gil Co......_..: 1602 0Oil reported at 950 feet. Large quantity of water at
northeast. . 1,100 feet ecaused stoppage of work.
Spring Valley, b miles 15 118112, SE.ANW. 3. .. _. Standard Reserve Odl 1904 Oil reported at 90-120, 195-220, 485545, 500-Hbb, 880-915,
nertheast. Co. 1,075-1,003, 1,232-1,236 feet. The last is'in the Bear
. : River formation, the ¢thers in the Aspen formation.
Bridger...__........... W) 7|2, NE. $§8W.4....... Union Pacific R. R...| 1890-91 | 1,300 | Water_._. Artesian alkali water. Flow 30 gallons a minute.
Evanston, 11 miles 17| 120 ] 26, SE. 3 SW.4.......| Michigan - Wyoming | 1803 | 1,238 |..... ... .. No oil. Well starts near base of Bear River formation
north. 0il Co. on north slope of u Tanltnd steeply pitehing anticline.
Round Mountain ...... 17 | 118 14, BE, corner........ Intermountain O 1] 1001-2 &0 | No oil. Well drilled on upper flank of overtnrned syn-
Co. 1 cline, Strata at bottom of weil are higher grolog-
. . ‘. . i ically than those of the top.
Fossil, 1 mile west ___ . 20| 7|7, NW.LNW. L ... Tdaho-Wyoming 0Oil | 19012 1,710 ) Water...... Impotable water between 800 and 1,000 feet. Flows 5
) . . Co. * \ : allons per minute.
Fossil, 3 miles east..... 21 [ 117 | 15, SE. £ 8W. 3. ... Robinson Well ... ... I 18957 1004 .. Well located near small anticline in Wasateh beds pro—
: duced by slight movernent of underlying huried Alsar-
i oka fauit,
Fassil, 3% miles south- N0 117 (14, 8B} ... Seltz... ... 1002 15 1 0il......... Small quantity of oil, Open well dAng near oil spring. 7
east. '
Fossil, 4 miles sonth- 21 17123, NE. ; NE. %....... 1902 75) | Water; oil..

east.

23, NE. } NE.

Fossil Consolidated
0il Co.

(il reported at depth of 420 feot.

« For ndditlonal data sec * Descriptive notes ” following this table,
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Last of test wells drilld for oil in southern Thinto County, Wyo.—Continued. - ,

|
o oy <t Name of well or Year | proxi- ' N :
No. Loeation. r. | B. Beetion, OWTIOr. drilled. | mate Product. Remarks.
depth.
— - | e
|
Twin Creek Land arxl 1885 e | Water: oil; | Flowing brackish sulphgr water with a fittic oil and gas.
N. w, 01l Co. gas. Well caved.
w37 | Fossil, 4 miles south- 21, 117 023, BW.}NE. {...... Twin Creek Land and | 1887 185 (... da..._..[ Flowing bracktsh saiphar water with s bttle ol and gns,
east. Oil Co., “Clark Well still open.
N L Well?
38 | Fossil, 4} miles south- W U7 |2, NE [SE. .. ..... Utah-Wyvonung ©Oil | ta02-3 ¢ 1,110 | Water, gag.| Fiowing brackish sulphur water with some gus,
cast. ' o .
39 | Fossil, 5 miles sonth-1 210 117 | 26, 3W. 1 BE. +....... Globe Qi1 Co ..\ua.... 1903-4 00 | Water; gas; | Flowing brackish suiphur water with some gas and a
enst | | . oll trace of oil. Well located in small syncline i Wasateh
- . i beds produced by movement along Ahsaroka fault.
). o do. ... 21 i 17 26, 8W.LBFE ¢+ .. Paralling Oil Co ..., 12-3 147 | Water; oil. .| Two wells. Flowing brackish sulphur water with a little
. | : oil,
edl | Fossil, & mules sopth- -+ 20| 117 1 25 8B corner .. ......| Orlando Curtis., ... 1903 L -1 Drilled entirely.in Adasille heds.
enst, | | R
42 | Fossil, 7 miles sonth- 20 17 {6 8W.A8W. ... G o Short.. ... . L. 1903-4 2,200 ... ..... | Red bheds from 1.650-2,200 fect, Those ave clearly Nug- =)
east. ‘ I |‘ get beds on the west side of Absaroke fault, F
! .
a For additionnl date see ¢ Deseriptive notes” following this tuhle, g
47}
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DESCRIPlTIVE NOTES ON .TABLE OF TEST WELLS.

1. Brigham Young Oil Spring, sec. 4, T. 13 N., R. 119 W.—This is the oil spring described by Clay-
ton and mentioned by Stansbury and Engelmann. It is situated in a little gulch on the side of one of
the lower gravel-covered terraces, and is on the sime line of disturbance as the White 8pring, the seepage
in the Aspen tunnel, and the Carter Oil Spring.  The surface covering of gravel is a few feet thick, and
the underlying beds belong to the Frontier formation. It iv reported that in 1848 4 well was dug here
by the order of Brigham Young, and the place is now known as the Brigham Young Oil Spring. Mr.
J. R. White, manager of the Tl Rio Verde Oil Company, reports regarding this spring or well:

“AWe found the spring filled with water, and, not being able to get any information otherwise, we
pumped it out. We were surprised to find it to be 67 feet deep. There were cross tunnels 40 feet below
the surface, one running east and one south, The next morning after pumping the water out we took
out some 40 gallons of vil, and we can any day—that is, day by day—take 20to 30 gallons. The momerit
you reduce the water below the point at which the oil seeps in, the oil seeps in with wonderful rapidity,
but the moment the water comes above the point of seepage the yleld will not be as large.”

2. El Rio Verde Well, sec. 4, T. 13 N., R. 119 W.—This well is drilled about 400 feet southeast of
the Brigham Young Oil Spring, and its location was evidently delermined by-the occurrence of oil in
this spring and by Prof. W. €. Knight’s singular deduction: “The oil rises thruu'gh a fault. Thereis a
vast difference in oil oozing from u ledge of outcropping oil sandstone to form a spring, and oil forcing
its way up through o fanlt which is filled with mud and water. Oil coming through a fault indicates there
must be quite a pressure in order to forco it to the surface. * * * Drill very near the oil spring.
and it may be possible the drill will have to follow the fault. In case the oil sand is one of the lower
groups, a well would have o be very deep.”” @ ITtisbelieved that the oil in the Carter Qil Spring undoubt-
cdly comes up from the Aspen shale along a fault, but the desirability of drilling along a fault in this
field is regarded us very doubtful, even if it was in any way practicable ““ for the drill te follow the
fault.”” No well would be harder te drill or be more likely to go crooked than such a hole on a fault
plane. In this case the Oil Spring fauull dips westward, and as the well is east of the fault there is no
possibility of its striking this fault. The strata here are on the upper cdge of an overturned and faulted
syncline, and the bottom of the well is in younger strata than the top. If this well were drilled to a
depth of 7,000 feet it would then'be in the same layer that lies immediately below the surface gravel.
The oi} sands are here from 9,000 to 10,000 feet from the surface, and hence out of reach of the drill (PL
IV, scetion X). The escape of oil along the fault plane is not regarded as necessifating greal pressure.
The fault plane may, and probahly does, here yield ready access to the oil horizon, and oil works its
way up through the water because of its lighter gravity. In other words, it is floated up by the water.

The approximate section of this well, reported from memory by Mr. J. R. White, the manager,
is given helow. The total depth of the well at the time this log was taken is reported by Mr. White
a8 1,081 feet, and the thicknesses given for some of the strata are therefore too great.

Approzimate section of well of Bl Rio Verde Oil Company, near Iilliard, Wyo.

. Feet.
1. Cobblestones . . _........ @i e e 0- 30
2 BHIE €LY - « - o v e ettt e i 30— 47
3. Watergand - . . .. eiieiaaeiaeeeaaaaaan et aaaaaan 47- G0
T ] 1 Y e, 60~ 120
B, Water sand - . . i 120 128
6, Shale and blue clay . . . . ..l 128- 335
7. Bandslone - . . il 335 347
8. Shale with a little coal . . . ... 347~ 487
9. Sandstone . . . . e e 487— 495
B 7Y 495— 565
11, Water sand . . o .. e e e e bGhH- 5
12. Hard rock . .. o e e et ieeeeaeeeenaneaaan 590~ 595
13. Brown shale. ... ... e e e eeeeiee e e e e 895— 652

& Kuight, W. C., The o1l [aults of Crook and Uinta eounties, W yoming: Bulletin School of Mines, Univ. of Wyoming,
Petroleam series, No. 3, November, 1899, page 16.
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Feet
14, SaNA .« oo et e e e aaaaeaaeeeaaaaaan 62— 677
16, Shale and coal . . . . ... oo eeeeeeiaeaaaaas 677- 850
16, Sand . . oo i aaeeieeaaeeaaeaaaaa 880— 893
17, Shade Lo 893-1, 023
18. Blueshale . ... ... . P e R [, 023-1, 058
19. Sand .. ...l e . 1,058-1,118
TR 11181, 130

4. White Oil Spring, sec. 38, T. 14 N., R. 119 W.—Mr. John G. Fiero reports:

“In 1867 Judge C. M. While sunk u large hole'in the gravel at this point and skimmed off the oil
which accumulated on top of the water. In the fall of 1867 and the winter of 1867-68 he shipped a
quantity of this oil to Salt Lake by wagon road, where it was sold to tanners. lu 1867 1 began Lo hore
a well for Judge Whitc at this point with a spring pote. Tn the spring of 1808, with an cngine, the hole
was deepencd to 180 feet. The tools stuck in the hole and the drilling was abandoned. Later the
Evanston Oil Company was organized and drilled about 400 feet, when they exhausted their means and

uit.” -
4 This locality was examined by Terntona,l Geologist Ricketts in 1887, who reports that two wells
have been sunk here—one in 1867, 250 fcet deep (evidently the White- Fmro well), and the other in
1884, 484 feet deep (evidently the Evanston Oil Company well). After the discovery of oil at Spring
_Valley attention was again tuirned to the White Oil Spring, and the American Consnhdqted 0il Com-
pany drilled two shallow wells, reported to be 300 feet and 80 feet, respectively.

5. Bettys Oil and Development Company, sec. 12, T. 14 N., R. 120 W.—As shown by the prospectus
of this company, the well wus supposed to be located on an anticline.  This was due to 2 misinterpreta-
tion of the eastward-dipping beds near Millis, which were supposed to indicate a simple anticline to
the wesl. As has already been shown on page 61, the beds near and just east of Millis are on the upper
flank of an overturned syncline (PL. IV, section K). The well is in reality located very near the axis
of the Fossil syneline. This is deeply filled with Teriiary beds, and the Bettys well did not succeed
in penectrating these surficial deposits. While not {inding oil, it has furnished important information
to this region on the artesian water in the Wasatch beds. The following record has been transmitted

by Mr. L. L. Bettys, general manager: .
Section of well of Bettys Ol and Development Company v sec. 12, T..14 N., R. 120 W,
) - ' Feot.

1. Sandstone and reddish clay, surface water at 40 feet. . ... ... .. e 0- 663
2. Sandstone. .. .. ... .. ... ... ... e e i G63- 685
O 1 G85- 700
4. Sand with artesian water............ e e 700- 780
B ) T 780 -. 795
6. Band.. ...l e 795- 810
7 3 810- 835
8. Bamd . .ol 835- 840
T 340~ 850
10, Sand . . ... ieaeaiaeaalool 850~ 895
Tl OB -« oo et §95- 905
12 BANd . L oL e e .- 905 930
13, Clay .« ot vier e e eaacaaens e e 930-- 955
T4y ARG - oot oo e 955~ 960
18 ClBY e e et e i 960-1, 000
16. Thin layer of limestone . . .. .. .......... e L 1, 0001, 004
B 1,004-1, 020
18. Sand with artesian water . . . . i 1, 020-1, 040
LT U L. 1,040-1, 050
20, Band . e ieeeeieeaeaaaaeaaaa e, 1, 060-1, 074
21, Shale. ... e e 1,074-1, 090
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Deet.

22, Fire clay. Ieaving clay rose 150 feet in casing. Drilled two weeks, cleaning out the

clay that kept rising. ... ... e, 1, 090-1, 150
D2 TR I 1, 150-1, 167
24, Limestone. . ... o] i 1,167-1,170
25. Redrock.............. el . .. N 1,170-1,172
26 Firechay. . . .. e 1,172-1,173
b T B T 1, 1731, 177
28. Fire clay . .o i e 1,177-1, 187
29. Sandy shale. .. _ .. el L 1,187-1, 197
30. Water sand, with artesian water.. ... .. ... 1,197

Clay mostly reddish, but some porcelain clay, was found at about 1,000 feet. Main water horizon
ab 700 feet; flow, 30 gallons a minute.

6. Aspen tunnel, sec. 7, T. 1} N.. R. 118 W.—The 0il seepage encountored in this tunnel has been
the aource of considerable discusmon. Tt was encountered about the time of the oil discovery at Spring
Valley and added greatly to the intense excitement. According to the statement of Mr. M. M. Ketchum,
oil flowed from the tunnel for thirty or forly days at the rate of 200 or 300 gallons a day, when the seep
was closed up by an elaborate concrete and timber dam. The statement of Mr. K. ¢, Weedin, resident
cngineer in charge of the construction of the tunnel, is as follows:

“There was an oil seepage on the west side of the tunnel, about 1,600 foct from the west end and 17
feet from the botlom. The seepage was never closed up with concrete or anything of that sort, and
there is nothing there now o prevent seepage of oil. - The tunnel is hera lined with 5-inch planks behind
uprights, but these were not placed there o prevent the flow, as the joints are not sealed. There is a
6-inch tile pipe for drainage, the tabe beginning 200 or 300 feet west of whers the oil seepage was. Tt
passed the seepage and comes out at the cast end of the tunnel. I have scen the water which comes
throngh this drain pipe, and T have never seen any evidenceof oil of importance. The oil seepage in the
tunnel lasted from the time we struck it until the tunnel wos lined, in November, 1901.  If there is any
seepage there now, it is absorbed by the ground or flows into the drain pipe. The concrete work in the
tunnel comes within 200 feet of where we found the seepage. T think some 3 or 4 barrels of oil were
collected from this seepage during the time of construction by Mr. M. M. Ketchum.”

The Oil 8pring faull, passes through the western end of this tunnel, and a seepage comparable to that
found at the Brigham Young, White, and Carter oil springs was to be expected when this fault was eut.
That the initial flow might have amounted to a number of barrels a day is regarded as quite probable,
but the geologic conditions preclude the possibility of a persistent supply from this source. The very
limited amount which has through a long period worked its way up along the -fault plane and accu-
mulated in the strata above the tunnel would drain out quickly and termporarily give the appearance
of a large supply. Considerable amounts of water were encountered in sandstone, both in the tunnel
and in the sandsione in the shaft. This is of importance as indicating the water-storage capacity of the
sandstones of the Froniier formation. The section of the shaft, according to the report of Mr. K. C.
Wecdin, resident engineer, is ag foltows:

Section of shaft at Aspen tunnel.

Wasatel formation, dip 10°-15°: Feot.
1 Yellow clay, with streaksof red clay...... ... ... . .. ... .. ... ... 0 - 16.5
2. Soltsandstone. ...l 16.5- 24,5
3. Hard sandstone. ... .. .. 24.5- 28.5
4. Finegrained blue clay. .. . 28.5~- 29.5
6. Indurated red clay, with water dripping from joint between it and blue clay above.  29.5- 49.5

G. Btreaks of indurated red clay, 1 to 3 inches in thickness, ullernaving with streaks of

soft, white sandstone, 1to 8 inches in thickness ... ... _. e e, 49. 5— 62
7. Indurated red clay. ... ... ... 62 — 68,5
8. Hard sandstone containing iron pyrites. ... ... ... . . ___. e 68.5— 71

9. Indurated red clay containing hard sandstone howlders in detached masses of one
.one-hundredth to one-third cubic yardeach ... ... . .. .. 71 - 8L5
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Frontier formation, d ip 22°-30°: ) Feet.

10. Blue clay containing streaks of yellow clay ¢hard).. ... . oo 81, 5-132
11. Dark-blue shale shading into black ghale....... ... ... o oo iiat, 132 -165
12, Clay. o i S 165 -165.2
13. IMard black shale. ... ... . ... ... . . _. el 165. 2-176
Mo Clay. o lilio.. el e 176 -181
15. Hard black shale............ e e 181 -196.5
T 196. 5-197
17. Black shale bearing mollusk fossils. oo ..o o ool 197 —199.7
18. Soft coal ... . ... e 199. 7-200
19. Hard black shale. ... .. 200 - 204
20. Clay. . .. .. el 204 -204.4
21. Hard black shale. ... o ... U 204. 4-212. 5
bR ] - A 212.5-215
23. Soft black shale, with small stream of water..... ... ... .. ... ... ... . ... 215 -282.4
2, OB e et 222, 4-993.1
25. Hard black shale. ... ... ... . .. . __ . __ . .. il 223, 1-242
26. Very hard gritty gray shale. ... oL T 242 2432

27, Very hard bluish-gray shale_ ... ... .. . . il 243 2-262
28. Hard fine-grained sandstone. _____ ... .. 262 -302.5
20. Soft black shale ... oo . e 302. 5-3086
30. Hard fine-grained sandstone.....ooo oo i e 306 -313.7

“February 3, 1900, water was struck al s depth of 257 feel, driving out men and caubing suspension
of work. Fchruary 16, at 5 p. m., a Cameron double- plungu vertical mining pump No. 5 was set to
work, water being then 126.5 feet deep in shaft. With this the shaft was pumped clear at 7 2. m. ¥eb-
ruary 26, pump having run night and day without interruption. The work of excavation was then
resumed.

“March 10, 1900, total depth 262 feet, flow of water had increased to 48,000 gallons in 24 hours.
No. 5 pump was then replaced by a No. 7. March 19, 1900, total depth 279.5 feet. Flow of water
65,000 to 70,000 gallons in 24 hours. April 1, 1900, botal depth 290 feet. Flow of water had increased
to 10,430 gallons in 24 hours, when both No. 7 and No. 5 pumps were set to work, No. 7 not having becn
able to handle flow.”

7. Consolidated Gil Compuny, sec. 18, T. 14 N., R. 118 W.—This well is situated immediately south
of lthe Aspen tunnel, and its location was cvidently determ ined by the oil seep encountered in the tunnel.
Large amounts of waler were struck in the sandstones of the Frontier Jormation in this well, as in the
Aspen tunnel.  The well is situated a little west of the trough of the Lazcart syncline, at a horizon
soveral hundred fect below the Oyster Ridge sandstone. The depth of the Aspen shale is here about
1,500 feet, and to be thoroughly prospeciéd a well 3,500 feet would be required. Tf drilled it should
be located on the axis of the Lazeart svncline. Such a location would have a number of advantages,
though the possibility of excessive leakage through the Oil Spring fault tends to decrease the value of the
point as a stte for a test well.

8. Pittsbury-Salt Lake O Company, see. 10, T. 14 N., R. 118 W.—The following original driller’s
record has been furnished by Mr. A. V. Taylor of the thtsburg Salt Take Oil Company:

“Red and gray shale alternaling 1o 340 feet, where g little sand with a little water was encountered,
not enough to drill with.  Put 11§ casing in at 500 feet and shut off water by landing casing in red rock.
A continuation of red and yellow rock, with an occasional streak of light blue, to 775 feet, where a light
showing of oil was found; bluish black then to 805 fect, where a sand was found with lots of water; shut
water off in a hard hlue shale at 823 feet, 8-inch drive pipe; blue shale on to 862 feet, where a sand was
found with a heavy oil. Through this sand at 897 feet light shale and shells 10 935 feet, where a heavy
shell, very hard, of about 3 feet in thickness. Under this, directly, a little soft sand; light-blue shale
then o 1,005 fect, where a little more sand was found, with a nice showing of oil of a much lighter gravity
than that above. Well continued on lo 1,283 fect, but nothing more found. Six and a quarter drive
pipe all pulled and 5 joints of the 8-inch pulled, the remaining amount left in,”

The upper 500 to 750 feet of strata are regarded as belonging lo the Wasatch. The dark-colored oil-
bearing shale belongs to the Bear River formation. The oil is heavy, its gravity being reported as 23°,

1



150 GEOGRAPHY AND GEOLOGY OF SQUTHWESTERN WYOMING,

and quite different from the light oil found in the Aspen shales al Spring Valley. In a previous report a
it was suggested that these dark-colored heds might be Jurassic {Twin Creck), but the data now at hand
show that they are clearly higher.  The location of the Meridian anticline and the thickness of the Deck-
with beds entirely preclude a reference of these beds to a formation older than the Bear River.
A 10. Carter 04l Spring, sec. 31, T. 15 N., R. 118 W.—Rickettsb gives the following account of the

carly exploration at this point:

“‘In 1868 a tunnel was run inte the hill about 200 yards from the eil spring to strike a vein of coal.
At a distance of 240 feet it struck the coal and oil at about the same time, and Mr. J. &. Ficro, who ran
the tunnel and owned the ground, tells me that he obtained from 8 to 10 gallons of oil a day from it through
a period of several onths. East of the oil spring and from 150 to 200 yards up the gulch the strata are
almost vertical. * *. ¥ Thig oil was sold for Jubricaling purposes tv the Union Pacific Railway, then
in course of construction, and to the contractors at work on the gradce, and to various coal mines, includ-
ing the Carbon mines.  In all, over $5,000 worth was sold at prices ranging from 40 cents to $1 a gallon.?’

This ground was, at an early date, sold to Judge C. M. Carter and became known as the Carter Oil
Spring. Mr. Merris Groghon, who had charge of the drilling operations here in 1886, reports regarding
this exploration: : '

“Tn the summer of 1886 we put down a well in front of the house, and at a depth of 225 fect struck

oil. The well was pumped Ior nine days, and we estimated that it yielded about 6 bareels aday. We

then moved about 50 feet to the spring back of the house and struck oil again at 228 feet.  We estimated
that the sccond well produced 6 barrels a day, but we worked it only for a couple of days. The third
well was abandoned at a depth of 300 feet without striliing oil. Tmmediately before reaching the oil
strata in wells Nos. 1 and 2 we struck a vein of coal about 4 feet thick. Nothing has been done here
since that time.” '

11. Baker well, sec. 32, T. 15 N., R. 118 W.—This well was started in the Wasatch beds. 1t reached
the Kemmerer coals between 1,383 and 1,257 feetf, and at 1,600 feet struck the upper member of the
Oyster Ridge sandstone, which outcrops about three-quariers of a mile east. Thesc sandsiones are good
watcr carriers, and the well quickly filled with water and was abhandoned. The oil-bearing shule is
here about 2,000 feet lower down, and the well shows nothing regarding its oil-hearing character al
this point (Pl. TV, section Y). It would require a well about 4,000 feet deep to reach the top of the
shale at this point and one in the neighborhood of 6,000 fect to thoroughly prospect them. Such a well
would be mere likely to yield a large amount of 0il than one near the crop, but the depth is practically
prohibitive.

Purtial section of weli of Wyoming Western Ou Company ( Baker well), in scc. 82, T.15 N., R 118 W,

Feet

1. Red dirt . e e 0- 27
2. Yellow Clay .. oo 27- 7%
3. Red conglomerate. ... L. 79- 147
4. Light-colored clay ... © .. . . ... e 147- 172
5. Gray conglomerate............covvinat e 172 230
6, C0aL. e 230- 236
7. Coal and conglomerate .. ... ... i 236- 257
8. Bhale . . e 257— 356
9. White, sticky clay shale...........oo 356- 374
10, White shale . ..o e e 374- 398
11, Blue mud. .. e 396- 406
12. Dark shale . 406~ 443
13. Blue conglomerate. ... __ .. [ e 443- 468
14, White clay...o.oo. oo on il 468~ 478
15. Oil sand........... PO el 478 488
16. White, sticky clay. ... ool 488— 498
17

L Limestone shell. .o e 498 525

2 Bull. U. 8. Geol. Survey No. 285, 1006, pp. 334, 353.
b Ricketts, Louis D., Ann. Rept. Terntorial Geologist of Wyoming for 1857, 188%, pp. 2342,

P
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Feot.

18, Blue mud. - oo e 526— 3G
19, Blackshale.... ... ... ... L. e e e e 530— 647
20, NO reCord . - e e .. 647-1, 076
21, White shale ... 1, 076-1, 169
22 Blue Imestone . aaaaa. 1,169-1, 171
23. White sandstone. ... . e 1,171-1, 183
2. Q0L - - - o oo e e e 1, 1831, 187
25. Coal and dirt. . oo e PP 1,187-1.191
26. White lilmestone. ..o e 1, 1911, 222
27, WhIte Bhale - o o\ ettt e e e 1,222-1, 230
28. Dark fossils....... e e e e e e 1, 230-1, 242
29. Sand shell, hard stone. _:o . e 1, 242-1, 250
30. Coal oo L. s .. 1, 2601, 257
31, White sandstone. .ol R 1,257-1, 282
32, White shale .. ... [, 1, 2821, 307
33, White e, e 1, 307-1, 342
B4, SRALE oot e 1, 342-1, 358
85. Varying formation, white lime and shale....... ... .. .. ... ... ..l 1. 358-1, 400

The heds, Nos. 1 to 7, and possibly part of 8, belong to the Wasatch and Fvanston, Nos. 9 to 22
are Hilliard, and those from No. 23 to the hottom belong to the Frontier. Ior a graphic representation
of the upper part of the section see P1. XIV, p. 84. .

12. Consolidaied Ol Company, scc. 84, T\ 15 N., R. 118§ W.—David McCauley, driller, gives the
following partial record of well No. 1:

Section of well No. 1 ¢f Consolduted Oil Company al Spring Valley,

Feet.
1. Surface divt and Shale . . ... it iee e aeaaas ... 0-158
2. Sand___.__.. e e ieaieeeeea e et eeeae e eeieaeeeeaaaaaraan 58— 98
3. Black shale. . couoe ot e eaas A i 98-335
4. Sand, not passed through................ ... ....... e r et a e . 335-350

This was abandoned hecause of crooked hole, and two other wells were drilled a few feet away,  Oil
iz reported in the first two sands; no oil below 500 feet. .

14. Union Pacific well, Spring Valley.—~This well was drilled by L. E. Nebergall for the Union
Pacific Railroad between September 3, 1900, and May 11, 1901. 1t was intended to supply water fora
water tank at this station and for the mine of the Union Pacific Coal Company. The log of this well as
entered in the driller’s log book is given helow:

Seciron of Union Pacific well at Spring Valley.

Feet
O 0- 58
2, White sand with some waler. ... ... 58— 92
3. Black shale. ..l 92-230
4. Light shale. .. il 230-338
5. Dark shale. . T e e 338424
6. White sand wWith ofl.. ..o e 424--463
R 33 V- - 463-535
8 Blacksand. ..o e e 535507
9. Whitesand with oll.. ... o i i ettt remeaeaaan 567-575
10. Gray shale . oo i 575-685
11. Blackshale....._........._..C e e 685-875
12. Black shale and streaks of harder material ... ... ... ... I 875920
13. Gray shale. .. lliiiiieia.. 920-924
14. Black shale and streaks of harder material.. ... P 924-980
15, Gy shale. oo 980983
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« Teet,
16. Black shale and streaks of harder material. . ... . o ia 983 -1, 008
17. Blackshale. ... oo ... R 1,008 1,035
18. Gray sand rock _. oo e, 1,035 -1,037
19. Black shale and streaks of harder material .. ... .. .. .. ... ... . ... ....... 1,037 -1, 080
20, Black shale. oo il 1,050 -1,095
21. Hard black limestones ... ..o oL .... 1,095 -1, 100
22. Black shale and streaks of harder material......... . __ . .. .. .. __ . . ... 1,100 -1,.115
23, Blackshule. . ..ol 1, 115 -1, 147
24. Sand rock, pil bearing. ... ... .ol e 1,147 -1, 159
25. Hard blue sand rock . . 1,150 -1,173
26, Gray shale . e 1,173 -1,177
27. Blackshale ... .. ... S B & S I - YO
28. Shale with gas. .. 1,181.5-1,183.5

1n the hearing of {he protest against patenting this section to the Union Pacific Railroad, Mr. Neber-
gall testified that by his orders the depths to the oil sands were not correctly entered in this record,
which in all other respects was correct.  According to his siatement the first oil sand extended from
491 fio 493 feet, the second from 573 to 581, and the third from 1,148 to 1,170, A little gas is reported at
1,183 feet. The second sand yielded 7§ batrels the first twenty-four hours, hut in a second test, five or
six weeks later, it was found that the yield had fallen to 1 harrel in twenty-four hours. No tests were
made of the first and third sands.

‘The oil appears to have initially risen to within 200 or 300 feet of the surface, and in March, 1902,
to have flowed over the surface. This overflow was stated to have been due 1o the fact that the well
was located in & sag, and that the well filled with surface water derived from melting snows. The well
was then capped by the milroad company. It was vpened in August, 1902, for the purpose of making
official tests, and found filled with oil and water. It was cleaned out and measured with a steel tape
and found to be 1,197.3 feet deep. It was ‘‘cleaned out dry” and then pumped. On Angnst 14 the
vield was two-thirds barrel, on August 15 between one-half and one-third barrel, and on August 16 one-
third barrel. As shown by recent experiments in the wells of the Pittsburg-Salt Lake Oil Company
on sec. 22, T. 15 N., . 118 W., this yield was probably much too low. The oil is very volatile, with a
paraffin base, and when the well is pumped dry and the oil commences to seep in again, the evapora-
tion of the volatile constituents canses a deposition of the paraffin in the pores of the oil sand. This has
been remedied in the case of the Pittsburg-Salt Lake Oil Company’s wells hy using a steam jet (o melt
out the deposited paraffin, and then tgking the precaution to never pump the wells dry. In this way
a-steady yield of from & {o 6 barrels a day has been obtained from wells which had yielded but o small
fraction of a barrel.

18. Pittsburg-Sall Lake Oil Company, sec. 26, T. 15 N.. R. 118 W.:

Section of well of Pillsburg-Salt Lake (Wl Company, in sec. 26, T. 16 N., R. 118 W «

Knight formation: Fect.
1o Red sandy clay. . ..o oo i 0- 130
2. Sand with water............... e e el . 130- 145
3. Redsandy clay. ... oo oo e 145— 550
4. Red sandy clay, gradually growing lighter. . ... i 300- 620
5. Light-colored shale. ... ... .. .. e G20~ 730
Fronticr? and Aspen formations: '
6. Shales with thin beds of sandstone. .. ... ... ... ... ... . ..., 730- 335
7. Sand, oil bearing...... e 836~ 845
8. Bhale .o #45-1, 225
9. Sand, would probably produce 4 or 5 barrelsof il ... oo . 1, 225-1,250
10. Black shale, more or less sandy, showingsomeoil ... ... ... . . . .. 1, 250-1, 530

1%7. Pittsburg-Salt Lake Gil Company, sec. 22, T. 15 N., R. 118 W.—The three wells at this point are
all situated in the very southcast corner of the section. They were drilled by the Atlantic and Pacific.
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0il Company and then sold to the present company, which has completed well No. 4 and cleaned out
wells Nos. 1 and 2, and miade them producing.  In these two wells the oil sands had become so clogged
with paraffin that they were no longer producers.  Mr. D. H. McMillan succeeded in melting the paraf-
“fin ouf by steam jet, and they are now yiclding 4 to 5 barrels a day.  During 1905, 1,450 barrels of this
oil were shipped to the Florence, Colo., refinery. The company now intends to build its own refinery.
The scctions of the wells are given below: N

Section of well No. ¥, Pitisburg-Salt Luke Oil Company, 20 feet west of S.E. corner sec. 22, I, 15 N.. R™M18 W.

' Knight formation: ) Feet.

1. Red sandy clay with brackish wuater aa 145, 200, and 345 feet. Put in 11g-inch cas-

ing at 580, shutting off water. . ... . . . L L. P 0- 600

Frontier and Aspen formations: ) )

2. Light and dark shale, atternating with some thin layers of hard rock. ... ... . .. . G00-1.025
3. Band; very little odl. ... ... 1, 025 .
4, Shale, with occasional thin hard bands. ... ... ... . ... . _ . L —1.160
5. Oilsand................... e e 1, 160--
B. Similar o No. 4o e -1, 370
R T T 1. 370-1, 388

It is reported thal Mr. Gray, the driller, has stated that considerable waler was encountered in the
bottom of this well, and that it was cut out by placing a long wooden block in the lower part of the well.
The original record contains nothing Lo this effect, but the water horizon suggests that reported in wells

Nos. 26 and 28. -
Section of well No. 2.

Knight formation: Feet.
1. Red sandy clay... ... e T i 0- 225
2. Black sand with sulphurgas - . . .. .. .. ... 225- 250
3. Red sandy clay with water at 310 and 515.  First water shut off with 374 feet of
11§-inch casing and second with 515 feet of 78-inch casing . ... ... ... ... 230- 700
Frontier and Aspen formations: .
4. Blackand light shale ... .. ... . o e 700 . 780
5. Sand, small amount ol oil Lo o 780- 805
6. Light and black shales . . . ... . ..., 803-1,375
7. Sand with good showing of ofl ... . ... 1,375-1, 425
8. Blackshale.... . .. coo. 1, 425-1, 626
9. Oil sand; hole filled up to 1,000 feet..... .. .. . . _...... 1, 6251, 6556
10, Bhale . ..o 1. 655-1, 690
Section of well No. 3
Knight formation: Foet.
1. Usualred formation with waterstrataat 210and 375feet. . .. . .. .. .. .. . 0~ 600
Frontier formation: .
2. Black and light shale . .. ... . .. ... o . ..., 600- 810
3, Coal ... e e e e 810- 813
Aspen formation; .
4. Shale, with streaks of sand and occagional hard layers and showing of oil at 1,055
BOOt . L i T 81341, 270
5. Black shale. .. e 1,270-1, 300
6. IMard formation resembling limestone, containing somesand . ..., ... ........ 1, 300-1, 360
7 Shale . i 1, 360-1, 479
8 Hard sand . . .ol 1, 479-1, 579
9. Whiteshale. . .. ... o l.ll. I, 579-1, 625
10. Hard JImestomne. . oottt ettt e e e e 1, 625-1. 650
11 Dark shiale . oo e e 1, 650-1, 675
12. Hard sand with oll . . 1,675-1, 700

13, Limestonc and shale. ..o . 1, 700-2. 065
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Section of well No. 4.

Knight formation: Feet.

1. Red formation with considerable water at™326 fect. ... 0-600
Frontier formation: ’ )
B Coal . 605—

5 R ) £ T ~630
4& Hard 10CK . - vt e e e e i . 630-645
5. Black shale. . . e e 645-675

This well was completed in.the fall of 1905 to 1,650 feet and oil oblained. Near well No. 2 there is
2 shallow well from which the company pumps a litile brackish water. One of the great hindrances to
development at this point has been the difficully in obtaining a sufficient water supply for drilling.

21. Nebergall well, sec. 22, T, 15 N., R. 118 W.—Water-bearing sand is reported in this well between
1,170 and 1,180 feot and three beds of coal between 1,180 and 1,280 feet, the thickest of which was 8 feet. .
These coals are clearly in the Kemmerer group, and are 1,500 to 2,000 fcet ahove the Spring Valley coal.
The water-bearing sand, like that found in the Baker well, is in one of the sandstones of the Trontier
formation. It would require a very deep well here to thoroughly test the Aspen shales. '

26. Consolidated Oil Company, sec. 14, T.15 N., R. 118 W.—I1 is reported that this well when about
at a depth of 1,150 feet encountered a strong flow of water, which was cuf off.

29. Standurd Reserve Gil Company, sec. 12, T. 15 N., R. 118 W.—Mzr. Charles O. Richardson, presi-
dent and manager of the Standard Reserve Oil Company, has furnished one of the most complete and
carefully kept records obtained in this field.  This record was accompanicd by a complete set of sam-
ples, indicating the careful and scientific manner in which thig drilling was done.  The following is the
original record furnished by Mr. Richardson, with slight additions and corrections from the samples and
the addition of names of the formations:

Section of well No. 1, Standard Reserve 0il Company, in sec. 12, 1. 15 N., R. 118 W.

Knight formation: Teot.
1. Yellow sandy clay. .o oo i 0- 40
92, Reddish yellow clay and sandstone .. ... o .o ool e 40- 30
Aspen formation:
3. Very fine-grained sandstone . ... ..o . L. . 80— 90
4, First oil sand, yellow oil. oo o L. 90-120
5. Very finegrained gray sandstone. .. ... ... ... ... 120-160
-6, Gray sandstone . . .ol 160-180
7. Medium blue-gray shales. . . . ... e 180-195
8. Second oil, black amber, from light oll sand . . ... ... . ol 196-220 |
9. Oil sand turned darker. .. ... e, 220-235
10. Shale and sandStone - ... ..ol 235-250
11, Dark shale . - . ..o il 250-270
12, Lightshale . .. ... . ... . ... .. ... ... .. e DN 270-300
13. Sandstone and shale. ... ... ... . . i 300-325
1. Grayshale . . . L Lo, e et 3256-350
15. Light-gray shale............ e e e e et 350-355
16. Dark calcareous shale . ... s 3556-385
1%7. Gray, very line-grained sandstone. .. ........... e 385410
18. Dark sandy shale . . ... oottt et el 410 420
19. Botten shalc. . ..o ou ool 420-1415
20. Black shale. ... .. . il 445-485
21, Oil Neo. 3, black awberoil sand . ..o o .o L 485-545
22, Shale. ... ... aieaamaaaaas 545-550
23. Very finegrained sandstone with gas. ... . il 550-560
24, Oil No. 4, first green oil, fine oit sand. ... L 560-655
25. Black shale, sometimes sandy.. ... . o i . 655-R75
2(. Fine-grained calcarcous sandstone................ o oLl 875-885
27. 0il No. 5, second green oil, oll-bearing shale ... . . ... . ... ..l 835-915
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Aspen formation—Continued. TFeet.
28. Dark shale. ..o e e 915~ 920
29. Light hard fine shale. oo i 920~ 925
30. Darker shale. . . ... el 925~ 930
31. Lime witha little ivon. ..o o . ... .. 980~ 635
32, Darkrottenshale. _....... ... ... . _ ... .. il - 935- 945
33. Darkshale grite. oo oo Ll 945 960
34. Shale very oily............... e S Y 960 - 975
35. Very soft black shale.. ... . . il e 975- 990
36. Light-drab shale. . L e 990-1, 000
37. Black shale. ... ..o oo 1, 000-1, 015
38, Soft hlack shade .o .. el Me e e, 1, 015-1, 025
39, Lightershale. ... ... ..o . . ... ... e e 1,025-1, 035
40. Dark-gray caleareous shale... ... . .. . ... e 1, 035-1, 050
4l. Blackshale ... ..o Llll..... 1, 050-1, 065
42. Fine light-gray (alcareous shale.. ... ... ..., ... 1,085-1, 070
43, BRALC. . e ee e 1, 070-1, 075
4. Ol N Bt e el 1,075 1,093
45. Dark rotten shg,le ...................................... e e 1,093-1, 115
48. Very oily dark rottenshale. ... ... .. o ool e 1,115-1,120
47. Dark rotten shale; u little asphalt here.. ..., ..., R 1, 120-1, 125
<48, Dab shale e 1, 1251, 140
Bear River: ’

49. Shaly limestone, with Bear River fossils. ... A i 1,140-1, 145
80. Gray limestome. ... . . T . Lol [ 1, 145-1, 160
51. Limestone and shale.......... ... ... ... L. ... 1, 160-1, 195
52. Shale..” . ooiereie i e R 1,195-1, 232
53. No.7ollsand..... oo o i 1,232-1, 235

‘“We huve penetrated the last formation only 3 feet, and oil stands within 170 feet of top of well .”?

30. Union Pacific Bridger well, sec. 2, T 16 N., R 117 W.—This well was drilled by the Union Pacific—
Railroad to supply the water tank af Bridger, but the water was so alkaling¢ that it could not be used.
Mr. D. V. Bell, assistant superintendent of water service in Wyoming, givcb the following daia: “ This
well was drilled during the fall of 1890 and spring of 1891 and is 1,390 feet in depth. The followmg is
a copy of the record made by myself while working on the well as drlller "

Section of water well of Union Pacific Railroad at Bridger, Wyo.

Quaternary: Feet.
T BRed clay . e 0- 30
2. Sand and gravel, water bearing. ... ... ... ..., i 30~ 38

Wasatch formation: ' ' o
3o Redshale.. ..o el 38-125
4. Sandstone........... ol i iiiiiaans e el 125-133
5. Redshale... ... ... ... s S 133-148
6. Gray shale. . ..o e 148-228
7. Hard sandstone; smgll flow of water.... ... . ... ... ..: e 228-236
8. Gray, green, and red shales, .. .. L. 236-345
9. Sandstone. . ... 345-360
10. Gray shale. oo L i.l.C e 360-405
11, Sanmdstone. ... .. 405—410)
12 GRAY Shale.. .. oo U e el 410-460

" 13. Sandstone; small flow of water.. . ..... ... ... ... .. .. ............. . 460-465

. Gray shale. ... e e 465-505
150 BHIUSEONE. -« e ottt et e e et e e et e 505-520
16, Gray shale. .. e 520-530
17, Band sl OIe. - e 530540

3694—No. 56—07—11
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Wasatch formation- -Continued. “Feot.
18, Red shale. .o e 540- 585
19. Gray shale. ..o i 565- 620
20. Shale with thin layers of sand rock 620~ 640
2L Grayshale. ... 640— 665
22. Redshale... ... .. ... ... . e 665~ 6756
23. Sandstone; small flow of water.._.__ .. T R . 675— 695
24, Grayshale. ... . 695— 730
25. Black shale.. oo, 730- 740
26. Shale with thin layers of sandstone ........... ... ... e e .. 740— 750
27. Gray shale . .. el 750— 800
28, Red shale o .. . . e 800 880

Bear River formation: .
29. Sandstone... ..o ... ..o . S 880- 895
80. Black shale . ... oo 895— 920
31, Grayshale ... .o . 920- 960
32, Hard gray and black shale. . ....... e e e 960-1, 300
33. Shale, with thin layers df sandstone . ... .. . .. ... ___. .. 1, 800-1, 818
4. Grayshale ...l e 1,318-1, 378

Beckwith formation:
35, Bed shale . . oo e 1,378-1, 336
36. Sandstone not passed through, yielding flow of water 20 gallons per minute. .... .. 1, 386~

“ Well commenced flowing in a few minutes after sand rock was drilled into, and sample of water was
taken for analysis, which showed 1,625 grains solids per gallon, and further drilling was discontinued.
At the time last flow was struck well was cased with 39 feet of 93-inch casing and 740 feet of 6-inch
casing, which was left in well at the time drillir_lg ceased, with the expectation that it would be removed
in the near future  About two years afterwards, when it was desired to pull it for use in another well,
it had been entirely consumed by corrosion, and nothing remained to show that well had ever been
cased.”

31. Mickiyan-Wyoming Oil Company, sec. 26, T. 17 N., R. 120 W.—This well is situated on the crest
of the Rock Creck-Needles anticlinal (Pls. XXII, IV, section H) at a point where the crest of the anti-
cline assumnes a nearly horizontal position after a very abrupt northward plunge. It was evidently this
structural relation which determined the location of the well.  The well starts in the Evanston formation
and enters the Beckwith beds at a comparatively shallow depth. This well is therefore drilled in heds
helow those which yield the oil at Spring Valley. Mr.J. A. Morehousc, the driller, states, from memory,
regarding this well: “Coal beds at 74-79, 120-128, 200-202 feet. Below the last coul bed there are alter-
nations of red shale with thin beds of sandstone.”

83. Idaho-Wyoming Oil Company, sec. 7, T. 21 N., R, 117 W.—This well is situated in a synclinal
trough between the Absaroka fault uplift and the Rock Creek-Needles anticlinal. This syncline is
deeply filled with Eoccne beds containing water, and the geologic conditions are not favorable for an
oil well. Mr. J. J. Deming, of the Idaho-Wyoming Qil Company, gives the following log of this well:

Seetion of well of Idaho-Wyoming Oil Company al Fossil, Wyo.

Feel.

1. Gravel, with water, yielding 100 gallonsa minule ... ... .. iiiiiiiieiinann.. c 0= 100
2. Clayandshale . ... ... ... .. i 100~ 300
3. Brown shale . .. ... 300- 500
4. Sandy shale, with water, amount not determined _ .. ... oo oLl 500- 800
5. Shale and sandstone, with artesian water; flow about 5 gallong a minuate . .. ... . __ ... 800-1, 000
6. Dark shale, small streaks of sand - _ . .. .. - 1, 000~

7. White clay, probably fire clay ... ... . .. . ... e iiieaiion S -1. 400
8. Clay with thin streaks of shale, little oiland gas. . ... ... .. . ..o ... ... 1, 400-1, 500

In the Fossil district little change has been noted from the surface to about 1,400 feet. The formation
is mostly a brown shale, which, on exposure to water or air, decomposes and caves, and in every instance
requires casing. )
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37. Twin Creek Land and Oil Company, sec. 23, T. 21 N., R. 177 W.—Territorial Geologist Ricketts
furnishes the following account of early work at this point, based on the report of Mr. D. V. Bell:

“The Twin Creck Land and 0il Company let a contract for a well in 1886.6 This well caved in,
the ground being soft, and a new onc was slarled the present season (1887) and has been drilled to a
depth ©of 185 feet. The rock for the first 129 fect wus very soft, and resembled g lighi-colored, hardened
mud. At 129 feet very hard rock was penetrated, and pierced at 131'feet. From the latter point to
165 feet the former soft rock waspassed throngh.  Trom 165 to 175 feet a hard sandstone was encountered,
which gave off s¢ much gas that when ignited it burnt in a flame from 8 to 10 feet high. Thé last 19
feet was in soft rock again, and yiclded much water and oil mixed with it, The water caused the clay -
to run, and work was stopped temporarily. It was estimated that fully 1 barrel of oil per 24 hours came
up with this water. Another well, situated aboul 100 feet from the last, is said to have produced 20
barrels per day, but it has since clogged up with the soft clay. An oil spring is very near these two
wells, and flows fully 1 gallon per day.”

41. Curtis well, sec. 25, T. 21 N., R, 117 W.—This well is drilled very near the line belween the
Adaville and Eocene heds and on the east side of the Lazeart syncline. The section, according to Mr.
Curtis, is as follows: .
Section of Curtis well, sec. 25, 1" 21 N., R. 117 W.

: Feot,
1. Surface sand and ¢lay._ .. .. A el 0 70
2, BandBlOme . o v vttt e e e e e e e 70450
3. Black bituminous elay . . i 450-455
A Coal o e 455-457
5

Ol e 457~
' GEOLOGIC RELATIONS.

. The natural oil springs in this area occur in the region of profound disturbance
along the Absaroka fault. The Drigham Young, White, and Carter springs occur
along a sccondary fault just easi of the main fault line. This Oil Spring fault cuts
the weslern end of the Aspen tunnel, and the oil seepage in this tunnel is to be
regarded as essentially of the same character as that in the neighboring oil springs.
In this case the oil issues directly from faulted Cretaceous rocks of Benton age at a
horizon stratigrapbieally 1,600 feet above the top of the black shales which yield oil
in the wells at Spring Valley. As these lower shales are about 2,000 feet thick it
would require 4 hole 3,600 feet deep at the fault line to prospect them fully if the
strata were horizontal, but as they are highly inclined wells drilled at the fault line
must go to much greater depths. Where, as at Hilliard, the strata are overturned, a
well at the fault line like the Kl Rio Verde well must drill through some of the strata
twice (PL. IV, section Y), and such a location is to be avoided, both because of the
unnecessary duplication required and the fuct that the oil yield will be smaller
than at greater distances from the fault, owing to loss by leakage along the fault
line.

In the Fossil region the oil comes from a group of springs which, with the excep-
tion of occasional globules of oil, are of the type commonly found in the Eocene beds.
The strata around these springs and for many feet below beleng to the Wasatch.
These beds show a gentle anticline with dips of about 5° and the springs occur very
near the axis of this anticline. Farther cast, between this anticline and the outerop
of the coal-bearing Adaville beds, there is a similar syncline. The geologic relations
of the adjoining areas indicate rather conclusively that this anticline corresponds

o Rickeits, L. D., Ann. Rept. Territorial Geologist of Wyoming for 1857, 1888, pp. 42-43.
b According to the report of 8. H. Stowell, the first weil at this point was 100 feet decp when visited by him in the summier
of 1885 (Min. Res. for 1885, 1886, pp. 1-54). ’
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very nearly in position and direction with that of the underlying Absaroka fault,
and it has doubtless been produced by a slight movement along this older axis (Pl.
XXII) The oil floating up through the water which has penetrated to the oil-bear-
ing beds along- the fault has naturally collected in the fairly water-logged beds of the
Wasatch and has found outlet in the sprmgs along this low anticline, which is at the
same time the highest point stratigraphically and the lowest point topographlmﬂy,
and is very nearly directly over the fault line. The Short well penetrated red beds
from 1,650 feet to the bottom of the well, 2,200 feet, conclusively showing that it is
- situated west of the Absaroka fault. The other wells in this field obtained water,
with a little gas and oil, in the Wasatch beds. The conditions here are manifestly
unfavorable for the accumulation of oil in commercial quantities.

The oil found in the Spring Valley wells commonly comes {romn sandy layers in
the Aspen shale. It has been found in the upper Bear River beds in the Standard
Reserve Oil Company well (No. 29 in list of wells on pp. 144, 154-155) and in the
Pittsburg-Salt Lake Oil Company well on sec. 10, T. 14 N, R. 118 W. (No. 8). TFailure
to obtain oil has been recorded in three types of wells: (1) Those not deep enough to
reach the oil-bearing strata, such as the Nebergall (No. 21) and Baker (No. 11) wells;
(2) those which, because of irregularities of the sandy layers in the shales, fail to
develop oil, although it is found in adjacent wells,like the Consolidated Oil Com-
pany’s wells in the southwest corner of sec. 23, T. 156 N., R. 118 W.; (3) wells located
on the outerop of the shales, particularly those near the eastern edge, where the beds
are less than 500 feet thick, like the well of the Wyoming Illuminating Oil Company
in sec. 26 and the well on the west side of sec. 24, T.'15. N, R. 118 W.

The oil-bearing beds are entirely dry when Lhe ol is pnmped out of the wells;
no water follows. Water occurs in the overlying Wasatch beds and in the sand-
stones of the Frontier formation, and is also reported in a sandstone several hundred
feet below the main oil sands, as in the Jager well (No. 28) and the Consolidated Oil
Company well (No. 26). The occurrence of large quantities of water in the Bettys
well (No. 5) and the Baker well (No. 11) has been regarded by some as affecting the
oil situation, but the water-bearing beds here are in no way connected with the oil-
bearing strata. The “anticlinal theory,” according to which oil accumulates by
floating upon water on the flanks or crests of anticlines, does not seem to apply to
this field, for one of the essential factors in the theory—the water in the dil-bearing
sand—is not present The absence of water in the oil-bearing sands, together with
the fact that springs do not oceur along the 011tcrop<3 of the beds and the irregularity
shown in the position of the oil-beari ing sands in ad|om1nv wells, suggests that the
oil has been formed from the shale in which it is found and that the oil-bearing
shales represent local sandy layers more or less perfectly surrounded by shale in
which the oil has accumulated. This is the casc also in the Boulder and Florence
fields, although at those localities the shales are geologically younger. Tn the absence
of water, oil tends to move down the dip and, so far as the continuity of the porous
beds will allow, to collect in the troughs of the synclines. This is apparently the
case in this field, and the position of this syncline and the depth of the oil-bearing
shale at its lowest point then become matters of ‘considerable economic importance,
At Hilliard the lowest point in the shale bed is over 11,000 feet from the surface, and
the dip of the beds is such that a deep well would be extremely difficutt to sink.
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Between Hilliard and Aspen tunnel the syncline rises, and these beds may be thor-
oughly prospected with a hole 2,500 to 3,000 leet deep. This is a good location;
although the Vil Spring fault to the west introduces a point of leakage and the
“deepening of the syncline to the south affords alower point of accumulatlon
Because of the normal character of the syncline at this point a well properly placed
may be drilled entirely in nearly horizontal strata. ‘

Farther north the syneclinal trough deepens rapidly, and at the Lazeart minc
the oil shale is perhaps 10,000 feet from the surface. At Round Mountain the
strata are overturned and [aulted and the site is not favorable for an oil well. Be-
tween Round Mountain and the top of the Adaville beds north of Little Muddy
Creek the synelinal trough rises. The rise is gradual, the syncline is normal, and
the locality in these respects the best in the region. The great depth of the oil-
bearing shales, 5,000 to 7,000 feet, however, is practically prohibitive. Farther
north the syncline sinks, and at'the Oregon Short Line Railroad the lowest point of
the oil-bearing beds is in the neighborhood of 15,000 feet from the surface. Still
Earther north the syneline rises, and in the long trouvh north of a point 10 to 15 miles
north from Kemmerer the conditions, for oil are favorable The depth of the oil-
bearing shale in the center of the syncline is such that wells could be readily sunk,
and Lest holes in this region are likely to yield returns. This region is beyond that
examined this year, but enough was learned regarding it to warrant the above
suggestion. Q1l springs are, moreover, reported in this region, and it is hoped they
may be cmtlcally o*ca,mlned next year.

In general, in the region of this report, the depth of the oil-bearing shale at the
axis of the syncline is practically prohibitive, but the soft character of the strata
suggests that the diminution of pore space, due to the pressure of the'superincumbent
beds, may be so great that the maximum accumulation of oil will be at some point
on the limb of the syncline between the axis and the outcrop. Indeed, though the oil-
bearmg shale underlies a much larger area, prospecting should be restricted to the
region between the axis of the Lazeart synecline and the eroded edge of these beds
on the west flank of the Meridian anticline (Pl. XXII).

The well of the Pittsburg-Salt Lake Oil Company in sec. 10, T. 14 N, R. 118 Ww.
(No. 8), develops an oil- besmng horizon in the lower part of the Bear Rlvel forma-
tion. The oil is black and more of the nature of a lubricating oil than that from
the upper horizons. In'a preliminary report it'was suggested that the beds here
might be of Jurassic age and belong to the same horizon as the shale exposed on
Twm Creek west of Nugget, but a more complete correlation of the data collected
has shown this inference to be unwarranted.

QUALITY OF OIL.

The oil obtained from the Brigham Young, White, Carter, and Fossil oil springs,
and wells in their neighborhood, is a dark, heavy oil which has perhaps been derived
from the Aspen oils by the evaporation of its more volatile portions. The gravity
of the Carter oil is given by Slosson ? as 21.5° Baumé. The gravity of the Fossil
or Twin Creek oil is given by the Union Pacific Railroad Company ¢ as 26.75° Baumé

e Bull. U. 8. Geol. Survey No. 285, pp. 334, 353.
b Slosson, E. E.. Bull. School of Mines, Univ. of Wyoming, Petroleum Series, No. 3, 1899, p. 31.
¢ Mineral Resources U. 8. for 1885, 1886, p. 15.
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and by Slosson® as 19.7° Baumé. Tlie results of several analyses of the Spring
Valley petroleum are given below:

Analysis of il from Union Pacific well at Spring Valley, Wyo.
[By Thomas Price & Son, San Franciseo, 1001.] Per cont,
Naphtha {gasoline and benzine). ... . 28
Ber0Sene. . ..oeen e 24
Signal and headlight oil..........o..... o . 8
Lubrieating, reduced stock. ... oo L 23
0 | 17

Tests of oil from 650-foot sand uf Union Pacific well at Spring Valley, Wyo.
[By Louis Falkenau, San Francisco, 1901.]

Specific
gravity | Gravity,
of prod- | Baumé.
uet.

Per cent | Per cent
by vol- b

Temperature, in degrees Fahrenheit, at which gas v
ume. weight.

waa given off on distillation Nature of product.

60 | Gasoline and benzine.

B0-302. e s 15 17.1 0.740
B02-491. ... ...l 33.1 33.¢ 802 46 | Tlwminating oil.
01602, . 26.5 27.1 830 | 35 Hezﬁvy illuminating or signal
1} Ol
602, hoiled dry..cooooeniiiiaaiiinaas .- 18.5 20.4 L840 | 31 | Lubricating oil and paraflin.
Residue: i
Rituminous (seluble). . ... . .. . O
Carbon and ash (insoloble) ... ..., ) PR | ..........

Specific gravity of crude oil at 66° ¥, 0.825.
Crude flaghes at 66° .

Analysis of oil from Union Pacific well, Spring Vailey, Wyo.

[By G. W. ﬁm.y, Chenist, Standard Oll Company, 1902.] Por oent.
Gasolime. ..o et e 19
Refined flluminating oil . o . . 35
Heavy lubricating ol .. ... 21
Intermediate lubrieating ofl. ... . . 21
Coke .ol e 1.8
s e e 2

and taken from tank car Sunday, June 29, 1902.
Gravity 0.8211, or 41.5° Baumé,

Tests of orl from Union Pacific well, Spring Valley, Wuo.

. [By Wilbur €. Knight, professor of geology, University of Wyoming, 1902.]
.

Tempers- Tempera-
ture, én de- ture, igéie-
grees Centi- . grees Cen-

No grade, at gfgﬁﬁzf tlirade, at
- which gas )rudlﬁ:t which spe-
was given | * | cific grav-
off on distil- ity was
fation. taken.
1 77-130 0. 7230 15
2 130-170 0. 7540 15
3 170-200 0. 7800 15
4 200-259 0. 8040 15
5 259-292 0. 8190 15
i 202-320 0. 8340 15
7 320-350 0. 8470 18 \
8 350-370 0. 8580 22 |
9 370-380 0. 8640 23
10 380400 |. 0. 8880 22

u Slosson, 1i., E. Bull. 8chool of Mines, Univ. of Wyoming, Petrolsum Series, No. 3, 1899, p. 31.
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These numbers represent tenths of the product, with the exception of the last, which was only
half filled. This means that with the ordinary method of distilling oils onc would save 95 per cent of
the crude..
Specific gravity of crude oil, 0.8100.
Oil flashes at o point below 70°,
This oil will yield approximately the following produeis:

. Per cent.
Gasoline and lighter oils. ... .. ... il 20 to 30
Kerosene. ... i e - e e 30 to 40
D5 %53 A 10 o 20

The remmainder of the oil could be utilized to some extent for lubricating purposes.

This is a superior quality of crude for the production of gasoline and kerosene; but is of little impor-
tance for lubricanty. For the lighter oils it is worth g little more than the ordinary crude from Colorado
or Pennsylvania.

. Tests of oil from well of Dittsbury-Sult Lake (il Company in sec. 22, T. 15 N., R. 118 W., 1 mite north of
Spring Valley, 1906. .

- {By C. ¥. Mabery, Cleveland, Okio, 1906.] .

Tempera~ ‘
‘ture, m de- .
grees Cen- Per- .
%%ﬂ%geégst cent- (]}I?ug:fg. ’ Nature of product.
was given age.
off on dis-
tillation.
50-150 21.8 65 | Gasoline.

150-305 39.7 44 | Buraing oil.

05-350 16,4 36 | Gas oil.

350-330 15.4 37 | Oil partially cracked.

Residue, 7.2.

Specific gravity, 0.81 or 44° B.

The oil begins to crack at 350°; of course this product is really gas oil. The distillates at 305°-
350°, 350°-330°, and the residue contain much paraffin. These oils become solid when cooled in tap
water with paraffin, so the yield is large.

We refined some of the burning oil, not, however, with refcrence to flash nor complete absence of
color; it refines very casily, and gives a very fine grade of burning oil.

Of course the proportions of products will be somewhat different on a refining scale, 1,000 barrels
probably larger, rather than smaller, than is given on the small scale.

This petroleum is different from any of the numerous specimens that I have previously cxamined
from Wyoming Territory. ‘

A large.amount of very light gasoline can be separated by strong cooling.

With respect to the large proportion of gasoline and of burning o1l, also of paraffin, this petroleum
is one of the most valuable that I have ever examined.

It is & nongulphur oil, percentage of sulphur, 0.03.

YIELD OF OIL.

'The yicld of a single well in this field has been estimated as high as 50 to 100
barrels a day, but these estimates are clearly excessive. The best wells of the
Pittsburg-Salt Lake Oil Company, which are the only wells carefully tested, yield -
about 5 barrels a day. The oil is very volatile, with a paraffin base, and soon clogs
the oil sand at the point cut by the well unless carefully pumped. The very low
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yield of the Union Pacific well on the official test, is believed to be due to such a

_clogging (see p. 152). From the geologic conditions, wells with very large production

are not to be expected, but a very large territory of wells with a low yield is indicated.
PRACTICAL SUGGESTIONS.

The best oil territory in this region is between the axis of the Lazeart syncline
and the outerop of the oil-bearing Aspen formation west of the Meridian anticline
- (PL XXII).

The whole territory underlsin by the Aspen shale may be expected to yield oil
of the same character as that found at Spring Valley, and a considerable oil field is
thus outlined. DPresent developments indicate that the quantity obtained will
increase toward the axis of the syncline. The yield per well will be small, but the
high character of the oil warrants the development of small wells. .

In developing this section wells should preferably be placed in valleys. First,

» beeause. such locations will save much necedless drilling; second, because a water

sapply can often be obtained in shallow bored wells in such locations, and, third,
supplies can be transported more cheaply. '

Betwecen the Absaroka fault and the Rock Creck-Needles anticlinal this principal
01l-l)earmg horizon is in general either deeply buried or absent and is not. of probab]e
economic importance.

West of the Rock Creek-Needles anticlinal the rocks are all older than the Aspen
oil-bearing shale, with the exception of the Evanston and Kocene beds, which are not,
oil bearing. Prospecting here should be confined to points where the Bear River
formation is of considerable thickness. The possibility that it may prove an oil
horizon has been demonstrated by the Pittsburg-Salt Lake Oil Company well in sec.
10, T. 14 N, R. 118 W. (No. 8), and the Stﬂndard Reserve Oil Company well in sec.
12, T. 15 N. R 118 W. (No. 29).

UNDERGROUND WATERS.

Strata of probable importance as sources of underground water are found in the
Wasatch (JXnight and Almy), Adaville, Frontier, Beckwith, and Nugget formations.
The sandstones and conglomerates-of the Almy and Knight formations are generally
sufficiently porous to make them readily absorb and transmit water. Between the
Rock Creek-Needles anticlinal and the Absaroka fault these beds form a gentle
syncline, along which in many of the deeper valleys ﬂowing wells may perhaps be
had. TFlowing brackish sulphur water has been obtained in these beds et the head
of Twin Creek (see wells.Nos. 37 to 42, p. 145). The Bettys well (No. 5) developed
several artesian horizons, and a flow of 30 gallons a minute of water of fair quality is

reported at a depth of 700 feet. Similar developments are possible on Duncomb -

Creek, on Needle Creek, on Goodman Creek, and on the head of Yellow Creek. In
the area east of the Meridian anticline these beds dip gently castward and artesian
conditions are again present. Small flows from these beds were obtained at Bridger
Station, but the water was very alkaline. On the whole the conditions are more
favorable in the Fossil syncline than in the area east of the Meridian anticline in the
great Green River syncline.

The Adaville formation contains several beds of sandstone which will probably

/
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yield water. The relative height of the outcrop and the general attitude of these
beds indicate that flowing wells are not to be expected from them.

The sandstones of the upper part of the Frontier formation, particularly the
Oyster Ridge sandstone, are good water carriers.  When encountered in oil wells
they have yielded large quantilies of water, generally alkaline. The depth of
this horizon throughout Mammoth Hollow is indicated approximately by the depth
shown for the Kemmerer coal on PI. XXTII. The area of outcrop of this bed is,
however, quite limited, the rainfall small, and persistent yields of large amount are
not to be expected. :

The Beckwith formation contains beds of sandstone and conglomcmtc that
may be important water bearers. These have been penetrated only in the Bridger
well. Here one of the upper sandstones yielded a flow: of 30 gallons a minute of
very alkaline water. The Nugget formation is listed as a possible water horizon
because of its physical character and not because it has been proved by wells.to be
water hearing.

hrouwhout this region the underground water is derived almost wholly from
the rain that falls on the surface of the local area. The geologie conditions, except
in the Wasateh beds in the Fossil syncline, are not favorable to an underground
circulation with the Ulnta Mountains or the mountains to the north as a source.
In the Fossil syncline it is probable that water is transmitted in the basal Wasatch
gravels from the Uinta region, and this condition 1s distinctly favorable for deep
wells at the head of Chalk Creek and on Yellow, Goodman, Sage, and Needle creeks,

COPIER.

The Beckwith red beds, wherever exposed along the Rock Creelk-Needles
anticlinal (Pl. XXIII) in the western part of this area, have been extensively pros-
pected for copper, but at only one locality have copper-bearing minerals been found.
This place, well named the Cockscomb, is about 25 miles north of Evanston and 5
miles from Bear River. The red beds are here involved in an overturned anticline,
and at three places along the axis of this anticline copper carbonates have been
found in a gray sandstone containing considerable vegetable matter. The pros-
pects are all shallow surface pits, and there is no cvidence that surface work will
yield returns.  Deep prospecting alone might yield values, but , notwithstanding the
favorable structural conditions, only a very sanguine operatnr would attempt to
devclop this locality.

About 25 miles north of this locallty, in the valley of Rock Creek, tributary
of Bear River, and 6 miles north of Nugget station on the Oregon Short Llne Rail-
road, copper carbonates have been found in a brecciated sandstone which occurs
just below the *Permo-Carboniferous” red beds. These beds here torm a rather
flat-topped anticline with very steeply dipping lanks. The western flank appears to
be somewhat faulted at the point of the change in dip from the slightly inclined
beds of the crest of the anticline to the highly dipping beds of the flank.  The copper
carbonates have been found along and just east of this structural break. The main
" group of openings here are hnrlzontal tunnels in the slightly dipping beds. The
same amount of labor in shafts along the probable fault line would be more likely
to yield results.
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SANDSTONE.

The irregular sandstone beds in the Evanston and Adaville formations have
been quarried for stone for foundations at Evanston and the old town of Twin
Creek. Sandstone of considerable value as building stone is found in the Fron-
ticr formation, and a large quarry, with switch from the railroad, has been opened
just east of Oakley. This quarry has not been in operation for several years and no
data were obtained regarding the extent of shipments. Several stone buildings in
Kemmerer, it is reported, were built of this stone. Local quarries have been opened
at Frontier and Cumberland in the same sandstone.

CLAY.

None of the clays of this region are at present used indusirially. Brick
has been burned at -Aliy and Glencoe, in both places from residual or alluvial
soils, but the kilns have been abandoned. The absence of timber tends to greatly
retard the burning of ordinary brick. Clays of importance are reported associated
with many of the coal seams, but little is known definitely regarding their vaiue.
Clay from the coal mine of the Standard Reserve Oil Company at Spring Valley has
been tested at Sall Lake and is reported to make a very cxcellent fire brick suitable
for any purpose in the furnace line.

STATUS OF LANDS.

As shown on Pl. XXVI, the Government is to-day the largest owner of lands
in this region. The lands which have been disposed of and the laws under which
they were patented are also indicated on this plate. The coal and oil values of
these vacant (Government lands may be seen by comparing this plate with the
economic map, Pl XXIIIL.

The following {igures give the approximate area of coal lands in the two most
important coal-hearing groups, the Adaville and Frontier. In this statement lands
have been classed as coal lands in which the coal is less than 3,000 feet from
the surface. This depth was chosen because it is the limit indicated by the land
purchases of three of the.largest coal cnmpanieb in this field and is the depth shown
upon the map filed by one of these companies with the State mine inspector as
the limit to which they expect to work the coals. The tables may therefore be taken
to show coal'lands of the same character as those which have been purchased as
investments by coal companies in this region: n

Total coal lands in the Kemmerer-Hilliard coal field in ranges 13-23 N., inelusive (Frontier formation).

Aeres.
Total coal lands_ .. ... e . 158,459
Coal lands sold or otherwise disposed of:
1. Union Pacific land grant .. ... ... . . e 59, 967
2. Asagricnltural Jand (homestead desert entry, preemption, timber culture, ete.).. 14, 220
3. Ascoal land .o et meeraeeaaanan 7.452
4. AsStatelande. ... ... fe e et e e e eaeeeiaaaetetateaae areaaaaan 6, 360
87,999
Coal land remaining in which title is with the Government.. ... ... . ... ... . ..., 70, 460

o Beauuse of .ts mineral value, the title of some of this land may be found to be with the General Government and
not with the State.
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Of the latter amount, on June 1, 1006, 3,240 acres were covered with coal
declaratory statements, 3,260 acres with unpatented agricultural entries, and 2,360
acres with unapproved State selections.

Total coal lands in the Adaville-Lazeurt coql field in Tps.'15~28 N., inclusive, Uinta County, Wyo.,
Adaville formation.

Acres.
Total coal lands.............. e e et eaediearaaeeseaaneeanannanasaearaenas 63,338
Coal land sold or otherwise dispused of:
(1) Union Pacific land grant. ... __. e s 16,116
(2) As agricultural land (homestead, desert entry, preemption, timber culture,
T T 916
(8) Asconl dands. ... 5,384
(4) As State land @ e e 4,760
' ' 27,176
Coal land remaining in which title is with the Government......___._.... _.___.__... 36,182

Of the land remaining in which title is with the United States Government
on January 1, 1906, 360 acres were covered with coal declaratory statements and
1,310 acres with unapproved State sclections.

:S‘:u,mmary of coal lands acquired as agricultnral lands in Tps. 15-23 N., Rs. 115-119 W, Uinta County, Wyo.

Frontier coals.

Acres.

Total coal land acquired as agricultural land . . ___ . o ..., 14,220
Coal Jand with some agricultural value and in which there is some excuse for the acquisi-

tion as agricultural land, but where the coal value is without exception grester than

the agricultural value... ... ... 0 e il 6, 352
Land acquired solely for coal values held almost without exception by coal companies. .. 7, 868

Adawille coals. -

Total coal Jand acquired ag agricultural land. .. ... .o . ... .. .o l.. et 916
Coal land with some agricultural value and in which there {s some excuse for the acquisi-

tion as agricultural land . oLl 836 o
Land acquired for coal values alone. ... ... ... ... . ... ... ... 20

Summary.

Total coal lands acquired as agricultural land....... ..o 15,136
Coal land with some agricultural value and 1n which there is some excuse for its acquisi-

tion as agricultural land. . i, 7,188
Land acquired solely for coal values. ... . ... . 7,948

It is important to note in these tables that the coal lands of the Adaville forma-
tion which have already been disposed of were aequired almost wholly under
the coal-land laws—5,316 acres acquired under the coal-land laws and only 916
under the agricultural laws. These lands were for the most part acquired in the
carly ecighties, apparently by individuals and not by organized coal companies.
In the Frontier formation, where-the lands were acquired by large coal companies,
one-third was bought as coal land, one-third was acquired as agricultural land

a Because of its mineral value, the title of some of this !and may be found to be with the General Government and not
with the State. -
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where there is some excuse for an agricultyral entry, and one-third was acquired
as agricultural land for its coal valuc alone. In the case of the Adaville coals,
which are not being actively mined, there were on January 1, 1906, 360 acres of
agricultural entries pending and 1,310 of State selections pending. In the area
of the Frontier coals, which are being actively worked and which are the best coals
in the region, there are 3,260 acres of agricultural entries and 2.360 acres of State
sclections pending.

‘
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{For graphic representation of thickness of formations and lithological character see PL IV)

Geologic eolumn in that pari of southwestern” Wyoming shoum on PL JII000

Symbel ssed oo

Sﬁgtrﬁz émd : Formations. Zeologic map. Chavacter of fooks, - Thickness, Feoporio velue,
. : |
- o
) ) !
Tlgod-plein deposits. ... 0o ... oy wond e giits % ) [ Containg with terraces most important agvienltural Breas of this seetion.
't Small stream Bottoms, with asoomi- LBt sund, and gravel 3 % ;;_ 74 .
. panying river toremces. i - |
& : i
= Hill wash, talos slopes, ete., masking LB, sand; Zravel, AT POCK GBI i e cn v s fe e b et e } G306
: g underiying formations. . . !
Z% LW tRrIaoes . . . .o e PG sandoend Graveli i I ”j G 40
High terraoes. . Lo cvvuncnnneeon) WAL ile, sand, sand gravel. o OO SN 6- 40 | Tmportant sgrienltaral Jand.  Gravel for Toud metsl and conerets work,
Undifferentiated Pleistoosns (Newow.] @%.ouveooroeoow Gravel temmants on Aspen Mountain, 5illem Ridge, snd Bowlder Ridge, soms of which sugypest 3 U~ 50
...... ) the Wyoming eongloinerate. ;
N N TRVUNIDNRPIAV €502 24 1 SRRV PAASE VRSORS00 O 0 0 VAP VAP O A N U S SRS SNBSS DA SIS Tt R e T S SIS TR Ry
& ‘Bridger formsation. .o iiiinen {(Not separated)..! Greenish sand and clays, composed largely of voleanie ash.e with vocasions! nalogreons white | 51, 200-1, 800 .
i '% bands flled with freshewater shells, Contains a lerge mennsedan fewom, | T g e e e e
: ; ¥ oo . e o e ; -
g Bi Green Riverformetion. ..., v redominuntly Behi-colored ealoarenus beds, characterized by Bght-coloved, thinbadded ahiales <3, (0L
i g x 3 s £l i
1 S EE i with ebundant 8sh and plant remains, Layers of dark bitwminous siales show near Fossil
B e i at base of formation.
Koight formudion. ..oooooo e Variegated yellow snd yed sandy clays, with irregnisrly bedded white and yéllow sandstones. S, B0 ' Vields oil audl Sowing water at Fossil, buf ofl es clearly leaked thru ggu{{"
. . Contain Coryphodon and other snimsl remains. . . R from underlying Cretaceous beds. Yieids flowing water of good quelity
. . . . on Bear Hiver above Evanston, . o o
8 JRORURBNR 13 :1:1+5 71 (5% v: 5170 S N A A S A i 5] s gt A S A At _—
5 Fowkes formation . ooy wireen s CWhite bede” lghi-otlemsd rhyolitie ash bads with interbedded lmostones containing fresh- 0-3, 300+
& waber shielly, fish, end plants. .
& . : .
: Yettow and reddishe-vellow gsandy ¢lays, with iregularty bodded sandstone and near the base | 2, 100-2, 200 O probable importance as sn Artestan-water horizon.
CoBgioTaeTste bods. ’ .
- D P i
3: Toranstos formation. | ol 0l e { Vellow, gray, and black cathonaceons clays, with irregular vetlow sandstone, in places conglom- 61,600+ |- Cantains cond mined gt the Evanston (Almy and Red Canton) minss,  The
s eratic. Several conl beds. Characterized by plants which are distinetive of the npper Lars.- miin goal stam has been repoxted as much 48 33 feet thick, but it containa
2H mude vr Denver bwuds, and by juvertsbrates, some of which ase common o the Laramie and sach bone, and for fuel purposes mey be regerded as baving a thickness
= Fort Union, Resis on Bear River and Beolkowith beds, of 18 feet, workable in two benches,
;3 B A i . .
o m e e ;;Un'cm;inrmity v__,wwml,v - et i A oA P P P g o 0l e b e P i P A A e et i)
AR Adaxille formation, with basal Laze- .| Yellow, gray, and black carbonaceoys ¢lays, with irregularly bedded brown and yellow sand- 4,008+ | Contains many beds of corlof workahle thickness.. The Adaville cond has
Eae art sendstone, - stones and mumerolls oosl beds. South of Hoedges Pass tunnel there is at the base of this . heenopened at Adavide (84 Teet thick), Leseart (35 feet thickoy, snd Cartton.
33 [ . formation & promivent white sandstons, 100 Lo 200 feet thick. Immediately above this isthe (22 feot thivk}. The Hodges Pass tunnel, 1,400 fert long, cut seven coal
T Adaville-Lageart cosl, 20-8¢ feet thiek, and associnted with it ave beds containing plants sud beds, varying in thiekness freta 2.8 to 30 feot. Farther west the Twin
gzveth?}rlam rexpains, which ave older than Lararaie. The overiving strate cobtaiu lower Creelr ruine tunnel, 1,400 feet dong, cut vix beds 5,9, 8, 38, 5, and 15 feet thivk.
v 3 azanie loaves, . ) : ) . . . e
: e FITTARE Sommatien . VKR {iruy to black sendy shales and shaly sandsiones, which weathsr roadily and produoe a regian | 5,500%6,%00 | 18 hot knows 0 contain coal of economie importance.  Carbonsceons Mgt
o of low rellef, Manunoth Hollow, affordiog few exposures, West of Frontier and 3,000 to 3,808 ter has been observed ab several points and cosl is reported in the Baker
25 i : . feat ubowythe base of the formation thew aro several thick lenses of white sandstone,  These well pear Bpring Valley, 940 legt shove the Keminerer coale, but this coal
. R R ot PR ‘sontain numerous speciioens of large Meceromus exogyroides, & spesios sharsoteristic of the wepurs id the conglomerate beds between the Hilliard and the Knight,
W =3 A i : Fit,
g s )  basal Niobrare or tpper Benton inthe Cretacecus easl of the Roeky Mountains. and Iz probably Evanston. . .
2 | Frontier formation, with Oyster ! K Alternating bede of yellow and gray sandstone snd yellow, geay, and hlack sarbongeeons elays | 2, 2002, 600 Coptains Remmaerer, Willow Creok, Carter, and Spring Valloy conls. The
"é ; Ridge sandstone member, with numerous coad beds. Forms pronounced parsllel ridges or hogbacks, Contsins dis- ) Kemmerer comls are extensively mined at Froniier, Damondville, Onk-
& . - tingtive Banton fossils. | In upper part of formation is 4 provouneed had of coarse sundstone, lay, Gleneow, and Emnber&umi Containg beds of sandstone of good
50 1 ) ’ oecasionatly conglomeratic, containing numercus large oveters. This s the ** Uyster Ridgs L guality, vsed Ior bullding purposes &b Kemanerer, Quarry between
S g aandstone,” o Co Waterfall and Oekley, . o
& — : -
;}5 Aspen formation. ..oy aenvanva oo BR o0 Black aud gray shales cordainiog abundant fish soales; often weathering sitvery gray.......... o} %, 500-2,000 -] Contsins ol developed in wells northesst of Spring Valley.  Probable
) - ) . soures of ofl in Billiard, Cirter, and Fossil oil spriogs.
5 .5 Durk-coloped shales with thin-bedded, shaly sandstones and limestoses, containing abandant H00-8,0004 | Aiterapts have been made (o develop coal beds in this formation at Sage
GEE Tuverveb tato foasils and several thin bedy of lmprire coal. ) and Cokeyille. Ieds {oo thin and impure 10 be of vaite at present.
s 3§ ! ) Yields ofl in two wells near Epring Valley,
Par= e : e : L
%5%% i Red, yellow, and reddish-vellow shales and sandstones, st many places coptainiog thick, red~ |  3,800-8,500 Haos been extensively prospeetd for copper, and nesr eentor of overturned
S a3 dish conglomerate beds, . - anticlingst the Coelseomb, T, 10 W, 120 W, asmall showing of carbon-
i ates has been found in e yellow sandstone containing 010 carhonsceous
- matter,
o aaion
§ Toviny Creel FOrmation. vt i vevaonn Tt [, Black and gray shales and shaly Jmestones with orcasional beds of yellow sandstone, the whole | 3, 5004, 88
2 containiug pumerous characteristio marine upper JTurassic fossils. - ’
- .
CE3 Eggg‘ii@igm;mw- .with basal red«} Tm{%};w_ coees] VeHlow, thin-bodded sandetones sid shules, merging into hright-red ssudstenes and sheles...... l,g()(}{iﬁggg
[ : i | : I :
Thaynes formation. ..o |52 T Thin-hedded gray Hmestones and vellow sendstoney, containing an abundant and charactorisgtic | 2, K02, 600 +
. ) * Pormo-Uarboniferous” fauna. R e 3
3 N -
g :
-,3 Wondside Tormation. e ieranennn] OWoii e Red shales and sangsioned, . ..vi v v O S S, 506
& .
Ei Park City formatlon. ... .. ... Ol LR Y T O PP 7004
P
B g TEBEE GUATIZIES . i mmr v ssmasrn] O G ananeemeennns Gray to white quarizitic sandstones, often breeelated. Base not seen.. ... ccicwn Do 1,006+ % Has besn prospected for copper, and just warth of Watercrsss Canyon,
£

i

T.22 N., B. 118 W., # showing of earbonates has beon found,

a Observation of W, 1. Sinclair, of Amerioan Museun of Natomd History parby of 1005
b easured by W. D. Matthews and Walter Granger in Bridger basin, east of thiz area.
[ eEstimate of larence King of maximum thickness sust of thiz region. T
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DIAMOND-DRILL BORINGS BETWEEN KEMMERER AND DEVILS GLEN, UINTA COUNTY, WYO,
For locations see Plate XXIH. D.C. & C Co.= Diamond Coal and Coke Company; U. P. C. Co.=Union Pacific Coal Company.
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