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CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1919.
PART

DAVID

II. MINERAL FUELS.

WHITE and G. H. AsHLEY, Geologists in charge.
INTRODUCTION.

The Survey's" Contributions to economic geology" have been published annually since 1902. In 1906 the increase in the number o£
papers coming under this classification made it necessary to divide
the contributions into two parts, one including papers on metals and
nonmetals except :fqels and the other including papers on mineral
fuels. In 1915 the year included in the title was changed from the
year in which the field work reported in these papers was doJle to
the year of publication, and in consequence there was no volume
entitled "Contributions to economic geology, 1914." The subjoined
table gives a summary o£ these bulletins.
United State8 Geological Survey "Contributions to economic geology."

Date In title.

1902 . . : .....•. • ••.• .• ..••• •.. • .

1903 •.• . ----------------------1904 ••..•.•.•••••••• • .••• •••.••
1905 .... ---------- ------------1906, ~:~

h:::: :::::::::::::::

1907,

~:~k::::::::::: :::::::

1908, ~~

Date of Rull tin
publlrne
tlon.a
No.
1903
1904
1905
1906
1907
1907

1908

1909
1909
h::::::::::::::::::: 1910
1910

1909,~~k:: :::: : :::::::::::

1910, Partl .... . ... . .......... .

Partn......... ...... . . . .
1911, Part I ••. •................
Part ll•..••...•..........

1911
1911

1912 .

1913
1913

Date In title.

~~ 1912,~:~k::::::::::::::::::

260

285

315
316
340
341
380
381
430
431
470
471
530
531

1913, Part I.. . . . . . . . .. . .... . .. .
PartJI. ...... . . ... ...... .
1915, Part I.. ................. .
Part II.. •. ..... . .........
1916, Part I.. . .. .... .. . ....... .
Part II..... . ..... . . . .. .. .
1917, Part I. .. . ... . . . ......... .
Part II......... .... ..... .
1918, Part I.. ........... . . .... .
Partll•...••• .. . .•.•... ..
1919,Partl. .. . . ..•.. ...•.•. ...
Partn ..•.......•.. ... ...

Date of
puhlica- Uulletln
tion.a
No.
1914
1914
1915
1915
1916
1916

540
541

580

581

620
621
640
641 .

tm7

1917
1918
1918
1919
1919
1920
1920

660

661

690
/691
710
711

a The date given is that of the complete volume; beginning with Bulletin 285, the papers have been issued
as ad vane~ chapters as soon as they were ready.

As the subtitle indicates, most of the papers in these volumes are
of three classes-(!) short papers describing as thoroughly as conditions will permit areas or deposits on which no other report 1s
VII
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likeiy to he prepared; (2) brief notes on mining districts or economic deposits whose e.xamin~tion has boon merely incidental to
other work; and (3) preliminary reports on economic investigations
the results of which are to be published later in more detailed form .
.Although these papers set forth mainly the practical results of
economic investigations they include brief theoretical discussions and
summary statements of conclusions if these appear to require prompt
publication.

THE FARNHAM ANTICLINE, CARBON COUNTY, UTAH.

By FRANK R.

CLARK.

INTRODUCTION.

The Farnham anticline is a small upfold in the south-central part
of Carbon County, Utah. (See fig. 1.) It lies about 10 miles southeast of Price, the county seat, and northeast of Farnham Siding on
the Denver & Rio Grande Railroad, from which it takes its name.
The Midland Trail, an automobile highway from Pueblo, Colo., to
Salt Lake City, passes across the north end of the anticline. (See
Pl. 1.) This anticline has been mapped by Lupton 1 in connection
with a coal examination in Castle Valley, but he did not describe its
oil possibilities: These possibilities are set forth in the present
paper, the data for which were obtained by the writer. ·
TOPOGR.AP:a:Y.

The Farnham anticline is outlined on the west anq north by a
ridge of sandstone (Dakota sandstone) within which erosion has considerably dissected the soft shale and. sandstone (McElmo formation)
that crown the anticline. Outside 'this sandstone ridge is a second
ridge or escarpment (Ferron sandstone member of the Mancos shale),
which is separated from the :first by a narrow shale valley (Mancos
shale). Beyond this outer rim, which nearly surrounds the anticline,
the surface is flat for many miles. The highest point within a radius
of several miles has an elevation of 5,957 feet and lies in sec. 12,
T. 15 S., R. 11 E., near the crest of the anticline. The total relative
relief in the Farnham district is 600 feet. The nearest permanent
water supply is in Price River at the south end of the anticline, but
considerable rain water could be caught by damming small drainage
channels within the area covered by the anticline.
STRATIGRAPHY.
SURFACE ROCKS.

The surface strata involved in the Farnham anticline are, from
the top downward, the Mancos shale (Cretaceous), which crops out
on the flanks; the Dakota sandstone (Cretaceous), which rims the
anticline on the north and west; and the McElmo formation (Cretaceous ~), which crops out over the crest of the anticline.
I Lupton, C. T., Geology and coal resources of Castle Valley 1n Carbon, Emery, and Sevier counties,
Utah: u. s. Oeol. Survey Bull. 628, 1916.

1
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The Mancos shale consists of a homogeneous blue-gray to black
shale with one prominent sandstone member (Ferron sandstone) that
lies about 650 to 700 feet above the base and forms a vertical cliff
which nearly surrounds the anticline.
II

EXPLANATION

• Locality where drilling
has been done
X Reported oil seep
Scale
0

25

FIGURE 1.-Index map shoWing location of Farnham anticline and localities that have been prospected
for oil and gas in Utah.

The Dakota sandstone is a single bed of hard, dense, gray sandstone, from 5 to 15 feet thick, and in most places extremely conglomeratic.
About 400 feet of the top of the McEl,mo formation is exposed in
the Farnham uplift and consists of pink, maroon, and light-green
shale, dense sandstone, and conglomerate. The upper portion contains sandstones and conglomerates which are separated by thin beds
of shale, and the basal portion contains for the most part variegated
shale with some thin bands of calcareous sandstone. (See Pl. II, A.)

BULLETIN 711

U. S. GEOLOGICAL SURVEY .

PLATE I

T.
1-4

s.

T.
15~--~~~~~~r---~~~--~~~~

s.
zo

19

Z6

Z7

10

R. IZ. E.

Dakota. sandstone.

A

SE:CTION ALONG

B

LINE: A-B

c

J)

furon :sandstone. mqmber

··· Mancos shale.
ota sam5tone.
Me Elmo fonnation
SECTION ALONG LINE: C-D

EXPLANATION
Cretaceous(?)

Upper Cretaceous

~

.........,.,. . ,.~
@
a { . ~;;,r.!\~~ffi.:Y;.ir;;...
Mancos shale

a , ferron· sandstone member
( hachures represent

Dakota sandstone

G

kfi--1
Fault

(showing l!lmount and

Dip and strike

direction of displacement
U, upthrow; D. downthrow

sandstone escarpment)

GEOLOGIC MAP OF THE FARNHAM ANTICLINE, CARBON COUNTY, UTAH.
0

3MJLES

~----------~----------~~----------~

THE FARNHAM ANTICLINE, CARBON COUNTY, UTAH.

3

UNEXPOSED ROCKS.
GENERAL FEATURES.

The lowest beds exposed in this area are those in the upper portion
of the McElmo formation (Cretaceous but in a comprehensi:ve discussion of the possibilities of oil and gas concentration in the Farnham anticline it is necessary to consider some of the deeper rocks
down to the top of the Pennsylvanian ( ~). Unfortunately the nearest
exposures of these rocks that will indicate their nature in the Farnham district are 50 miles away, in the Green River Desert, in Emery
and Wayne counties.
A study of the stratigraphic sections in eastern Utah indicates a
strong convergence of the strata between the top of the McElmo and
the top of the Pennsylvanian toward the Farnham locality. These
rocks consist of sandstone, s-andy shale, shale, and conglomerate,
aggregating from 3,200 to 7,500 feet in thickness. Several of the
formations in this series in Wyoming and Utah contain oil seeps or
other evidences of petroleum, as shown by the subjoined correlation
tabl.e. The section of these rocks measured by Emery I in the Green
River Desert is described below in detail because it is considered to
represent conditions at Farnham more nearly than other known sections and to serve as an index of what may be encountered in drilling
in this area.

nJ

• Emery, W. B ., The Green ltlver Desert section, Utah: Am. Jour. Sci., 4th ser., vol. ({;, pp. 551-.577,1918.

Sections showing occurrence of oil and gas in sonu: of the fields 'n Wyoming and Utah.a
System.

Series.

Cretaceous ( ?).

Lower Cretaceous (?).

V~River,

t ah.b

Castle Valley,
· Utah.•

Green R\ver Desert,
. Ut ah.cl

Up.J>9r .JurasSlC.

-·T~!l.
!
l'i.

.S

.Jurassic.
.Jurassic.
(7)

La Plata.
-Unconformity?
Vennillon
Clltl (seeps).

Up.J>9r TriasSl C.

Triassic.

( 7)

Trlallslo.

Tdasslc.

Permian (oil).

Permian.

Lower Triassic.
Permian.
Carboniferous.

··-

McElmo formation.
McElmo.

Pen.nsyl - UEoper CarVanlan.
nlferous.

S

~

Ban .Juan, Utah. •
(McE lmo
tlon. l)

forma-

Beckwith.

stone.
Unconformity(?
Twin Creek.
Todilto (?) r"tr:
mation.
La Platasandstone•
Unconformity(?)Wingate san d·
stone.

~

Northwestern Lander, Wyo. g Central Wy~ Douglas; Wyo.l
ming. ~
.
Colorado. I
Morrison.

Morrlson
(seeps).

Morrison.

c

Sundance.

Sundance .
(seepe).

Sundance.

~

[Unconformity) [Unconformity) [Unconformity)

~
......

' 0

~

Nugget(~).

-

~

·---·- ·-

-Unconformity (7)
----··-····-··
Chinle formation.
Dolores shale.
- Unconformity (7)
Shinarump conglomer·
Triassic (?).
C h urwater C h u~w·ater Ch~w a te r
ate (seeps).
(red (oil,
(red (aeepe). . (
Otto
-Unconformity
san
tone
seepe).
MoenooDe Chelly sandstone pie for- member.
matlon.
absent.
Unconformity
Lower Trla8Moenkopi formation .
ale.
-Unconformity ( 7 ) [7) '
[TJ
Pa r k City Embar(oU).
(~ygreen.
)
forma(seeps).
an
Pennsylvanian(?) (seeps) Goodridge
tlon (oil, seeps).
F'>relle (f).

~

Tensleep(seeps) Batanka (?) .
· Casper (seeps),
Amsden.

~~

.

~

W.eber and
older.

a This table shows only rooks older than Cretaceous, but In most of the looalltles represented younger beds were also studied.

b Richardson G. B., Petroleum in southern Utah: U . B. Oeol. Survey Bull. 340, p . 343, 1908.
c Lupton, C. T., Geology and coal resources or Castle Vallev In Carbon, Emory, and Bevier countlest..!Jtah: U. B. Geol. Survey Bull. 628, pp. »-21, 1916.
" E mery, W . B ..z. The Green Rtver Desert section, Utah: Am . .Jour. Sci., .fthser., vol. 46, pp. 651-5n, 1918.
•WoodrUff E. u . Geology of the San .Juan oilfield Utah: U. B. Geol. Survey Bull. 471 p. 76, 1912.
I Schultz,.:<.. R.J. Oil possibilities .in and around the 'Baxter Basin, Rook Bpr!J:Uas uplift. Sweetwater County, Wyo.: U. B. Geol. Snrvey Bull.- (in preparation).
'Woodrull, E. u .i The Lander oil tleld, Fremont County! W yo.: u. 8. Geol. Survey null. 4.52, 1911.
• Hares, C. J., An !clines in central Wyollling: U. B. Goo . Survey Bull. M1, pp. 233-279, 1916.
I Barnett, v . H ., The Douglas olland gastlefd, Converse County, Wyo.: U . B. Oeol. Survey Bull. Ml ipp. 4~, 11114.
!Gregory, H. E ., The Ban Juan oil tleld, Ban .Juan County, Utah: U. B. Geol . Survey Bull. ~1,p.16, 911.
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CHARACTER IN GREEN RIVER DESERT REGION.

McElrrwformation (Oretaceous?).-The McElmo formation includes
about 750 feet of roQks below .t he Dakota sandstone and above the
Navajo sandstone. It embraces a series of coarse sandstones, conglomerates, and variegated marl-like shale and may be divided into
three lithologic units. The upper portion consists of hard sandstone
interbedded with small amounts of variegated shale. The ntiddle
portion embraces a s~ries of variegated shales with local thin sandstones. The lowest unit is the Salt Wash sandstone member, which
consists of coarse sandstone and conglomerate with minor amounts
of light shale.
N(]!l)ajo sandstone (Jurassic).-The Navajo sandstone, the highest
formation of the La Plata group, includes the rocks between the
variegated shale and coarse sandstone and conglomerate of the Salt
Wash member of the McElmo and the Todilto ( ~) formation. In the·
Green River Desert it has two lithologic units aggregating about
725 feet in thickness. The upper 90 feet is characterized by sandy
shale interbedded with dirty gypsum. · ·Below this is a series of thinbedded sandstone and sandy shale, for the most part brick-red in
color, but near the middle there is a conspicuous zone of light-greenish
beds. With the greenish beds are associated irregular bunches of
quartz which weather into small rounded red balls or lozenges
resembling in appearance rubber bath sponges. The lower 300 feet
of the Navajo consists of medium-grained massive and much crossbedded sandstone, held together by calcareous cement.
Todilto (f) formation (Jurassic).-The Todilto (1) formation constitutes the middle formation of the La Plata group and oomprises a
heterogeneous and extremely variable series of shale, sandstone,
limestone, and gypsum aggregating from I 00 to 300 feet in thickness.
Its great variability is the diagnostic character which distinguishes
it from theNavajo sandstone above and the Wingate sandstone below.
Wingate sandstone (Jurassic).-The Wingate sandstone, the lowest
formation in the La Plata group, is the massive cross-bedded sandstone between the Todilto ( ~) and Chinle formations. It is a remarkably uniform series of extremely massive, very cross-bedded medium
to :fine grained sandstones, averaging in the Green River Desert about
900 feet in total thickness. The Wingate sandstone may be divided
into three parts; the upper and lower parts are more massive and
more resistant to weathering than the middle part.
Chinle formation (Triassic). -The Chinle formation embraces the
200 to 300 feet of variegated shales and red sandstones between the
massive Wingate sandstone and the Shinarump conglomerate.
Sandstone predominates in the upper part but gives way to shale
below. The sandstone is :fine grained, massive, cross-bedded, and of

6
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maroon to orange or terra-cotta color. The shale is very argillaceous'
rather fumly cemented, hard, friable, and-of variegated•colors.
Shinarump congl<Ymerate (Triassic).-The Shinarump conglomerate
underlies the Chinle formation and unconformably overlies the
Moenkopi formation. It is composed of coarse-textured cross-bedded
and massive sandstone and conglomerate aggregating 80 to 100 feet
in thickness. The conglomerate is of two types, one consisting of
waterworn black and brown quartz pebbles, the other of angular
yellow and drab limestone and shale pebbles. - The Shinarump is in
places saturated with petroleum.
Moe:nkopijormation (Triassic).-The Moenkopi formation includes
a series .of reddish shales and sandstones aggregating 500 to 600 feet
in thickness between the Shinarump conglomerate and the white
Pennsylvanian ( ~) sandstone. It is arenaceous throughout. The
upper part consists of alternating red sandstones and shales. About
140 feet above the base near Temple Mountain is a thin layer of very
calcareous buff sandstone containing many fossil fragments. The
basal 60 to 75 feet consists of white to brownish-buff sandy shale
with numerous interbedded thin sandstones of the same color.
Pennsylvanian(?) sandstone.-The Pennsylvanian 0) sandstone was
the lowest formation studieq by Emery in the Green River Desert,
where the upper 50 to 100 feet is exposed. This part consists of gray
to white sandstone that is heavily impregnated with oil on the outcrop,
and it is probably oil bearing throughout in that region.
COMPARISON WITH GREEN RIVER DESERT AND OTHER SECTIONS.

The rock formations between the McElmo and Pennsylvanian are
much thinner in the Green River Desert than in southeastern Utah
and northeastern Arizona. The Green River Desert and Castle Valley sections agree closely as to the thickness above the top of the
Wingate, but the rocks in Castle Valley referred to by Lupton 1 as
the Vermilion Cliff and La Plata sandstones and now known to be
equivalent to the Wingate aggregate 400 feet more in thickness. It
is possible .that Lupton overestimated the thickness of these b8ds,
because his investigation included a detailed study of nothing below
the coal-bearing series (Mancos shale). He reports asphaltum seeps
about 200 feet below the top of his Vermilion Cliff at a. few places.
A reconnaissance study of the strata between the Aspen shale
(lower part of Mancos) and the Park City made by Schultz 2 on the
flanks of the Uinta Mountains, in northeastern Utah, shows a marked
convergence of these beds t oward the south and east. The aggregate
thickness of these rocks along Duchesne River, near the west end of
1 Lupton, C. T., Geology and coal resources or Castle Valley In Carbon, Emery, and Sevier counties,
Utah: U. S. Geol. Survey Bull. 628, 1916.
• Schultz, A. R ., personal communication.
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the Uinta Mountains, is 7,525 feet, whereas northeast of Vernal, near
Little Mountain, they are only about 4,360 feet thick, showing a convergence of over 2,100 feet in a distance of 75 to 80 miles. No information is available as to the .thiclmess of these beds between the
Uinta Mountains and Castle Valley and the Green River Desert, but
the minimum thiclmess near the Uinta Mountains is al;>out 1,150 feet
greater than the aggregate thiclmess in the Green River Desert.
Schultz reports evidences of petroleum in the Nugget sandstone and
in the Park City formation. The above discussion indicates that the
Jurassic and Triassic rocks increase in thiclmess toward the north and
south from the Green River Desert, where the minimum thiclmess
.may or may not be represente.d.
STRUCTURE.
GENERAL FEATURES.

The Farnham anticline is a small uplift in a broad, gently northward-dipping monocline which was developed in the movement that
produced the San Rafael Swell and Uinta Basin folds. It is about
3 miles long by three-quarters of a mile wide, and has a southwa.rdtrending axis through sees. 12, 13, and 24, T . 15 S., R. 11 E. It is
purely local, and within a few miles of the crest the rocks resume
their normal attitude. The dip of the rocks affected by the anticline
rarely exceeds 10° except adjacent to faults, where it ranges from.
25° to 85°. (See Pl. I.)
In the vicinity of Cat Canyon, near the center of sec. 2, T. 15 S.,
R. 11 E ., a small northeastward-trending structural terrace roughly
paralleling the anticline is suggested. This terrace is indicated in
Cat Canyon itself by the comparatively steep dip (21 °) of the Ferron
sandstone, which :flattens to 11° just north of the canyon, in the
SW.l sec. 36, T. 14 S., R. 11 E. The terrace probably extends some
distance north and south of the canyon, though evidences of it were'
found only on the north. Toward the east and west the strata flatten
to the normal dip of less than 4°.
FAULTS.

Several faults cut the surface strata of the anticline and trend
roughly parallel to the axis of the fold. The strike fault east of the
axis of the fold (see Pl. I) trends southwest for about 3 miles. Its trace
is well defined in sees. 12 and 13, where the variegated McElmo shale
abute against the dark-brown to black Mancos shale. The maximum
vertical displacement is 375 feet in sec. 12 and 300 feet in theSE. 1
sec. 13, and the east block is drqpped relative to the west block at
each point. The other strike fault (the Farnham), west of the axis
of the fold, 1 is of the scissors type, with the hinge or point of zero
throw near the southwest corner of sec. 12. It passes through Farn-
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ham and trends northeastward for 4 or 5 miles. (See Pl. I.) South
of the hinge point the east block has been dropped relative to the
west block, and north of that point the west block has been dropped
relative to the east block. South· of Price River the fault displaces
the Ferron sandstone 200 feet,t and north of the river, in the eastern
part of sec. 14, the Ferron sandstone has been displaced 250 feet.
(See Pl. II, B.} The shearing action of the fault is suggested in the
SW. l sec. 12, where the-Dakota sandstone is badly broken and
jointed as well as intricately· slickensided. North of this point the
vertical throw again increases; in the NW. l sec. 12 the displacement
is 200 feet, and near the center of sec. 1 it is about, 360 feet. The
throw rapidly diminishes toward the north, as/the Ferron sandstone
in sec.-31, T. 14 S., R. 12 E ., is not displaced.
Two small faults or slumps displace the Ferron sandstone in the
NE. l sec. 14 and extend for short distances northeastward. The
west one shows a maximum displacement of 75 feet, and the east one
considerably less, with the downthrown block on the east: These
fault traces may join the Farnham fault near 'its hinge line, or the
breaks may be due entirely to slumping. A westward-trending fault
displaces the Ferron sandstone near the center of sec. 6, T. 15 S.,
R. 12 E ., where the south block has been dropped 60 feet.
PO~SIBLE EFFECT Ol!' FAULTS ON UNEXPOSBD ROCX:S.

It is impossible to say in advance of drilling what effect the folding
and faulting may ha-ve had on the attitude of the rocks between the
surface and the possible oil and gas bearing strata in the Farnham
anticJ.4le. The conditions set forth below may be encountered by_
drilling this fold if the characteristics of the Triassic and Pennsylvanian ( ~) rocks in the- Green River Desert persist northward and if
the attitude of the surface rocks continues to a depth of 3,000 to 3,500
feet. In general the most promising location for a test hole on an
anticlinal fold is on the crest or near it on the flank that forms the
· gathering area, but here the normal attitude of the rocks is interrupted by faults that render the location of test holes more uncertain.
A location suggested for a t est hole is about 500 feet east of the
west quarter corner of sec. 13, T. 15 S., R. 11 E. West of this point
the east block of the Farnham fault has been droppe-d 250 feet-a
displacement which, if continuous or accentuated at a depth of 3,300
feet, would offset the top of the Moenkopi formation or the Shinaruinp conglomerate, both of which are more or less porous, opposite
the top of the Pennsylvanian ( 1) sandstone. If these conditions
exist the depth to the possible oil and gas bearing rocks may be
reduced by the amount of the displacement-of the fault.
1
The letters on Lupton's Castle Valley map (U. S. Oeol , Survey Bull, 6281 pl. 12, 1916) lndieeting the
upthrow and downthrow sides are interchanged.
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Another loc·ation suggested' for a test hole is in -the NW. t sec. 12,
west of the trace of the Farnham fault and east of the Ferron sandstone escarpment. Here the west block of the Farnham fault has been
dropped 200 fef3t, but any displacemen.t here due to faulting could
· have had no effect on the depth to the possible oil and gas bearing
strata, because . the normal. succession is uninterrupted. At this
point the Pennsylvanian ( 1) rpay be expected at a depth of about
·a,4oo to 3,500 feet. If the surface displacement of the fault is con, tinuous or is accentuated at a depth of 3;500 feet it has probably .
·prevented migration up the dip to the east, and oil or gas might have
accumulated on the down-dip (west) side of the ·f ault unless the possible oil-bearing stratum were offset opposite a porous rock east of
the fault, so that oil or gas would continue to migrate and would
accumulate in or near the crest of the anticline.
OIL AND GAS POSSIBILITIES.

The Farnham anticline is structurally favorable for the accumulation of oil and gas. It is a small uplift in a great northwestwarddipping monocline. The south and east flanks are short compared
with the north and west flanks and within & short distance from the
crest of the anticline conform to the regional monoclinal dip. If
petroleum were present in any of the underlying rocks and were
associated with water under pressure it would rr,rigrate up the dip.
Under such conditions the west and north flanks would afford a good ·
gathering area and oil might be expected to accumulate in the crest
of the anticline and on its northwest flank. . The Farnham fault,
west of the axis of the anticline, may, however, have cut off any
migration iw.d petroleum may have accumulated on the west or
down-dip side of the fault unless the displacement dies out below the
surface or unless the oil and gas bearing stratum is offset and abuts
against a higher or lower porous rock on the east side of the fault.
The known occurrences of petroleum in the Rocky Mountain
States in rocks older than Cretaceous are few and widely separated.
The correlation sections on page 4 show such occurrences in Wyoming
and Utah. In Wyoming some wells in the Lander field are producing
oil from the base of the Chugwater formation and others from the
top of the Embar formation; in central Wyoming oil seeps are
reported in the Sundance formation, Chugwater formation, and Ten- .
sleep sandstone; and in the Douglas field oil seeps are reported from
t4e top of the Casper formation. In Utah Schultz 1 noted considerable evidence of p&troleum in the Nugget sandstone and Park City
formation on the south flank of the Uinta Mountains. The Nugget
sandstone in many places is highly saturated with IISphaltic subI

Schultz, A. R., personal communication.

112028-20-Bull 711-2
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stances, and the Park City formation contains cavities filled with
asphalt, gilsoriite, and related hydrocarbons. In some places the material is soft and waxy, and in others it is hard and brittle. Schultz
considers it unlikely that the asphaltic material originated in the
Nugget, and states that it may have migrated from the beds beneath,·
· probably the Park City. This suggestion seems improbable, however,
because the Nugget and Park City are separated by 1,000 to 1,200
feet of impervious shale.
·
In southeastern Utah asphaltic saturated sandstones are reported
in the Jurassic of Castle Va.lley;1 oil is reported in the Permian in the
Virgin River field; several sandstones in the Pennsylvanian are oil .
bearing in the San Juan field i and oil seeps are reported in the Shinarump conglomerate (Triassic) and in the Pennsylvanian ( 1) in the
Green River Desert. The only other known occurrences of petroleum
in beds older than Cretaceous in southeastern Utah are several
reported oil seeps along Colo~ado River, probably in rocks of Carboniferous age.
Froni the above descriptions it seems possible that in eastern
Utah the upper Carboniferous and in places the Triassic rocks may
. yield petroleum in commercial quantities. The Farnham anticline
is structurally favorable for the accumulation of oil and gas, and the
nearest exposures· of Triassic a.nd Pennsylvanian rocks contain oil
seeps. . These cond~tions appear to warrant one or more test holes of
this fold, though it should be clearly understood. that · such tests
would be purely ''wildcatting." Locations for test holes are suggested under the discussion of structure (pp. 8-9).
REVIEW OF OIL AND GAS PROSPECTING IN UTAH.

San Juan field. 2-0il occurs in the San Juan field in rocks of
upper Pennsylvanian age (Goodridge formation), which contain five
reported oil-bearing sands at about the following depths below the
top of the Goodridge formation: Baby, 29 feet; Goodridge, 74 feet;
Third, 190 feet; Mendenhall, 231 feet; Little Loop, 381 feet. Oil
seeps are reported to occur at several localities in the Goodridge
formation along San Juan River westward from Goodridge to the
boundary of the field. At some places the oil seeps from crevices
and at others it saturates the unbroken rock, but the oil impregnation
seems to be local and to occur at no definite horizon in the sand.
Several wells were drilled no deeper than the Baby sand, but most
of them went as far as the Goodridge sand and a few penetrate.d
to a depth of 1,425 feet. Woodruff believes that as all the wells
with more than a good showing of oil are in the syncline the area of
1

2

CQI.led Vermilion Clli! sandstone and assigned to the Triassic ln U.S. Geol. Survey Bull. 628, 1916.

Gregory, H. E., The San Juan oil field, San Juan County, Utah: U. S. Geol. Survey Bull. 431, pp.
11-25,1911. Woodruff, E. G., Geology of the San Juan oil field Utah: U.s. Geol. Survey Bull. 471 pp
. 16-104. 1912.
'
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basin structure contai.Jls most of the oil. In this field during 1916
one dry hole was .completed and one well formerly classed as a producer was abandoned. The five other wells in the field reported as
capable of producing were closed through lack of marketing facilities.
Green River.1-Prospecting for oil near Green River has extended
over 20 years, and interest has several times been revived by the
increasing demand for petroleum and by the discovery of other oif
seeps. Two wells, Levi No.2 and Collins, have penetrated Lupton'&
McElmo and entered the underlying La Plata sandstone. The Levi
well, in sec. 35, T. 22 S., R. 17 E., was drilled to a depth of 1,500 feet,
and the Collins well, in sec. 20, T. 21 S., R. 17 E., to a depth of 2,100 ·
feet. No oil or gas was reported from the Levi well, but gas was
reported in the Collins well at 850 feet (in Dakota sandstone) and at
976 feet, gas and salt water at 1,840 feet, and dry gas at 1,980 feet.
Rainbow colors on the water accompanied each flow of gas. Most of
the other wells in this area were drilled into the McEimo, but a few
stopped in the overlying Mancos shale,· from. which most of the gas
wa.S derived.
·
The results of drilling up to 1912 gave little encouragement for
further exploration, because three out of seven wells proved to be
dry holes, three encountered traces ' of oil and small quantities of gas,
and one struck "pockets" of gas without oil. The Green River field
contains no anticlines or domes favorable for large accumulations of
·
oil or gas.
San Rafael Swell.-Several wells have been drilled for oil-or gas
southeast of the San Rafael Swell and northeast of Hanksville, near
the junction of Fremont and Dirty Devil rivers, in Tps. 26 and 27 S.,
Rs. 12 and 14 E., i·n Emery and Wayne counties. 1 A well 600 feet
deep was drilled just south of the "Flattops" in sec. 18 or 19 (unsurveyed), T. 26 S., R. 13 E., which possibly passed through Lupton's
McElmo formation and penetrated about 35 or 40 feet into the La
Plata sandstone but found no oil or gas. The Des Moines Oil Co.'s
well near the center ·of sec. 29, T. 26 S., R. 14 E ., had in November,
1912, been sunk to a depth of 2,140 feet but did not obtain oil or gas.
It is estimated that the upper 600 feet of this well was in the Navajo
arid Todilto; from 600 feet to 1,325 feet the drill penetrated the
Wingate. Fresh water was encountered at several horizons from
310 feet down. The Mount Vernon Oil Co.'s well, 10 or 12 miles
southwest of the Des Moines well, in the NE. i sec. 9, T. 27 S., R.
12 E., probably started in the Navajo and penetrated to a depth of
2, 715 feet. Oil is reported to have been found in this well at 2,175,
2,530, and 2,655 feet below the _surface, all of which may be in the
Pennsylvanian 0), but it is possible that the first show of oil, at
1

Lupton, C. T ., Oil and gas near Green River, Grand County, Utah; U.s. Geol. Survey Bull. 541, pp.

ll:>-133, 1914.
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2 175 feet, was in younger rocks. These wellif, accord.iJ'!.g to Lupton,
~e n·e ar the axis of a broad, nearly fiat east-west anticline which
connects the San Rafael. Swell, on the west, witl'r another reported
anticline occupying a J?OSition near the junction of Grand and Green
rivers on the eas"t.
· Southwestern Utah.-The rocks exposed in the Vll'gin River field 1
range in age from Carboniferous to Eocene and so far as knoWn contain oil only in the lower red beds, of probable Permian age. Oil
seeps near Virgin, on Virgin .River in Washington County, southwestern Utah, have probably been known for many years, but· no
prospecting by drilling wllB undertaken there until recently. The
first well, in the flood plain of North Creek about 2 miles north of
Virgin, was drilled in the summer of 1907 to a depth of 610 feet and
struck oil in th.e Permian ( 1) rocks at 556 feet. This well yielded oil
at the rate of 10 barrels a day and stimulated the drilling of six other
wells, none of which produced oil in paying quantities, but it is
reported that some oil :was found in all the wells. Interest in the
Virgin River field has again been revived, but, although some drilling
is reported, at the date of writing (September, 1918) there had be~n
no commercial production. The oil has a specific gravity of 0.9225
(22° Baunie), contains some paraffib. and a large percentage of asphalt,
and is essentially a fuel oil. Richardson believes that the source of
the oil is in the underlying Carboniferous limestone, that the oilbearing rocks occur as lenses rather than as persistent beds, and that
oil accumulated in this field only in lenticular beds and not in folds,
because the ·rocks are flat-lying.
Great Salt Lake and Swier Lake basins.-At many places in the
Great Salt Lake and Sevier Lake basins considerable drilling for oil
and gas has been done, but, so far as the writer knows, oil has not
been encountered in commercial quantities.
Juab Valley.-Several holes have been drilled in Juab Valley, near
Juab, in Juab County, but no production of oil has been reported.
The rocks exposed in the valley are probably Lake Bonneville beds.
Rocks of Eocene age dip westward from Gunnison Plateau beneath
the valley floor, but the writer has no knowledge of the local structure
of the rocks in the vicinity of the wells.
San Pete Valley.-A hole was drilled in the north end of San Pete
Valley near Mount Pleasant, but no information is available regarding
the results. The beds that crop out on both sides of the valley ~re
Tertiary.
Shores of Great Salt Lake.- More or less interest and some excitement has for many years attended the drilling for oil and gas along
the shores of Great Salt Lake. Oil has not been encountered in
paying quantities, but considerable gas was produced by wells about
1 Richardson,

G. B., Petrole\1l11ln southern Utab: U. 8. Geol. Survey Bull. 340, p. 343, 1!1118,
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12 miles north of Salt Lake City.1 This drilling has probably been
stimulated at various times by the gas bubbling from hot-water
springs, by reports regarding " showings " of oil in water wells and
springs, and by the occurrence of solid asphalt deposits such as those
south of Rozel Hills,2 on the west side of the Promontory Range, on the
north shore of the lake. A well was drilled to a depth of 2,480 feet
near the Southern Pacific Railroad track at Lemay, about 80 miles
penetrated, accord- .
west of Ogden, but found no oil or gas. . The
ing· to reports, 850 feet of clay carrying gypsum, fossiliferous limestone, and brown sandstone. Another well along the same railroad
was drilled to a depth of 800 feet at Strong Knob, at the north end
of the Lakeside Mountams, about 52 miles west of Ogden, and obtained some gas but no oil. Several shallow ·wells were drilled south
of the Rozel Hills, on the west side of the Promontory Range, to test
the extent of asphalt beds, but no wells deep enough to test the oil or
gas possibilities of this region are reported. A well about 1 mile
southwest of Farmington was drilled to a depth of 2,000 feet in
unconsolidated lalte beds but found no oil or gas. It is reported that
another well is now (September, 1918) being drilled near the site of the
old well, but no information is available regarding the results. Several wells drilled a few miles south of Farmington and about 12 miles
north of Salt Lake City produced considerable gas. 1 The deepest
weil wos 1,400 feet deep but did not pass through the unconsolidated
lake beds. The gas in :mostof the wells came from depths of 500 to 700
feet below the surface and was piped to Salt Lake City, where it waa
used for about 19 months, until the wells failed to yield sufficient gas to
pay the costs of operation. A deep well haa been drilled on the south
shore of the lake near Grants station, on theWestern Pacific Railroad,
and in April, 1916, oil W88 reported to have been .encountered at a
depth of 1,900 feet. Many shallow wells have been drilled for water
on the eaat and south sides of the lake, but so far as known these wells
have found no oil or gas. Drilling in the Lake Bonneville beds for oil
or gas is attended with great uncertainties and is purely wildcatting,
because the nature and thickness of the lake beds and the underlying
bedrock are not known.

<Jill

1 Richardson, G. B., Natural gas near Salt Lake City, Utah: U.S. Geol. Survey Bull. 260, pp. 480-483
1905.
'
• Boutwell, 1. M., Oil and asphalt prospecta in Salt Lake basin, Utalt: U. 8. Geol. Survey Bull. 200, pp.

~79,1905.

OIL SHALE IN WESTERN MONTANA, SOUTHEASTERN IDAHO,
AND ADJACENT PARTS OF WYOMING AND UTAH.

By D. DALE CoNDIT.
INTRODUCTION.

The presence of oil sheJe in the area near Dillon and Dell in southwestern Montana. has been known for several years and was brought
to the attention of the public in a rec~nt publication by the United
States Geological Survey} It was noted with particular interest that
although the shale is not phenomenally rich in oil as compared with
the Eocene Green River shale of Utah and Colorado, some of the
best of it is phosphatic.
A further investigation of the shales from western Montana southward to Utah has been made with two principal objects in view-.:.
first, a more detailed sampling of the phosphatic shales and associated phosphate beds in the Dillon-Dell area in the hope of demon- ·
strating the prCilSence Qf shales rich in oil and so intimately associated
with beds of high-grade phosphate rock that the two products could
be profitably worked in conjui:tction; second, a sampling of the thick
black shales of the Phosphoria formation (Permian), which are per- .
sistent from the Dillon-Dell area southward through eastern Idaho
in~ northern Utah, in the hope that some of the beds associated with
the high-gr¢e phosphate rock of those areas might prove to be rich
in shale oil.
The results of the investigation may be briefly summarized as
follows. In the Dillon-Dell area, where the Phosphoria oil shale is at
its best, the richest beds of 3 feet or more in. thickness yield 25 to 30
gallons of oil to the ton. The phosphate beds associated with the
shale are thinner and contain considerably less phosphorus pentoxide
than those mined near Montpelier, Idaho, and those known to occur
in the Melrose and Garrison fields of Montana. Samples of the shales
associated with the high-grade phosphate rock in the southeastern
Idaho area yielded on distillation little more than a trace of ojl.
In connection with the investigation of the phosphatic shales of the
Phosphoria formation, attention was also given to bituminous shales
of other ,formations that were convenient to the route ·of travel.
. , Samples,were taken at a number of localities of outcrop of the black
shale in the Threeforks formation (Devonian) and Quadrant formation (Pennsylvanian and late Mississippian) of west-central Montana;
. •Bowen,C.F.,PhosphatloollshalesnearDelland Dillon, Beaverheed County. Mont .;
Survey Bull 001, pp. 816-PI,

u.s.
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the Tertiary beds in the intermontane Lasins south of. Dillon, Mont.;
the Green River shale at Fossil, Wyo.; and Mississippian shales in
northeastern Utah. No new localities that seem especially promising
were discovered. The results are set forth in detail in the following
pages.
.
The field work upon which this report is based was done in August
and September, 1918. I was accompanied by Frank Reeves, assistant
geologist, who rendered valuable aid. Thanks are due to the officials
of the several phosphate mines visited and to the residents along the
route traveled for courtesies too numerous · to mention. Mr. J. H.
Mackay, of Dillon, devoted several days to guiding U}:l to the principal
prospect pits in the Dillon-Dell area.
The chemical work for the determination of phosphorus pentoxide,
nitrogen, and the composition of the ash was done in the laboratories
of the United States Geological Survey by E. T. Erickson, R. C. Wells,
and Benildict Salkover. The distillation tests for determination of
the shale-oil yield were made by D. E. Winchester.
WEST-CENTRAL MONTANA.
GEOLOGIC SECTION.

The beds sampled for oil shale in west-central Montana lie in the
Threeforks and Quadrant formations, whose positions and general
character are shown in the following generalized geologic section,
representative of the area between Whitehall and Logan:
Generalized section in west-central Montana.
Phosphoria formation (Permian):
Chert and quartzite ............... .. ... .. ·.... ......... .. .. .
Shale, sandy, with thin phosphate beds (position of oil-shale
beds of Dillon field) .. . .............................. ... .
Quadrant formation (Pennsylvanian and late Mississippian):
Sandstone, quartzitic ................. . ......... .......... .
Impure limestone, shaly sandstone, and more or less black
shale. Contains oil shale in western part of Meagher County.
Sandstone, impure limestone, and sandy shale, generally of
brick-red color .......................... . ... ... . . . .. ... .
Madison limestone (Mississippian) :
Thick massive layers in upper part and thin platy layers toward
bottom .. .. ..... ... . .. .. ....... . ... . .. . ...... .. . . .. ......
Threeforks formation (Devonian):
Shale, black ..... .... ........... .................... ...... .
Sandstone .............................................. . .
Shale, black to dark gray ................................ . ..
Shale, sandy, greenish, interbedded with sandstone and fossiliferous limestone ...................................... .
Limestone, gray ........................................... .

F eet.

0-50

0-25
300
0-60
75±

1, 000

0-3
20-30
5-15
. 30±
75±

Northward from Lombard, on Missouri River, the Phosphoria
formation disappears and the underlying Quadrant formation thins
owing to an unconformity. On the North Fork of Musselshell River;
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in the Little Belt Mountains, the overlying Ellis formation of Jurassic
age, rests upon limestones of the lower part of the Quadrant, the
thick quartzitic ·sandstone member constituting the upper half. of
the Quadrant formation being absent. The shales in the lower portion are persistently carbonaceous, but most samples yielded on
distillation no more than a trace of oil. The principal exception is
in the western part of Meagher County, where the beds locally yield
as much as 30 gallons of oil to the ton. This oil-shale facies of the
Quadrant formation is not persistent, being most conspicuous in the
vicinity of Adell, Meagher County, and disappearing toward the .
south. Bituminous shales are present in the Little Belt Mountains,
the Bridger Range, and farther south, but no samples yielded on
distillation more than a trace of oil.
The black shales of the Threeforks formation were sampled in the
Bridger Range and at a number of points to the west, near the head
of Missouri River. None of the samples yielded more than a few
gallons of oil to the ton.
SAMPLES FROM THE QUADRANT FORMATION.

The richest samples of oil shale from the Quadrant formation come
from Meagher County, Mont., about 9 miles south of Adell post office,
where shales identified by G. H. Girty on paleontologic evidence were
sampled in several prospects by E. T . Hancock in 1917. Here and
at various points as far east as the Bridger Range the black shales
have been prospected for coal, and some of the pits dug years ago
are still open for sampling. The Quadrant shales were investigated
and sampled at several other localities, but the amount of oil obtained
on distillation of the samples was insignificant. Descriptions of
localities of the Quadrant shale visited are given below.
Samples 377-3R2. About 9 miles south of Adell poet office, Meagher County, Mont.;
investigated by E. T . Hancock. Samples 377, 378, and 379 came from a landslide
exposure at the head of Freeman Creek, on the F. C. Campbell ranch, near the line
between sees. 28 and 33, T. 14 N., R. 2 E.
Sample 377 came from a thin b ed near the base of the exposure. It was difficult to
tell just how much of this material there is, for the beds are not very well exposed,
but where the sample was taken the shale is aoout 2 feet thick. Possibly there are
other beds of the same kind within the formation. Strike about N. 4{) 0 E.; dip about
50° SW. Results of test: Oil, 4 gallons to the ton; nitrogerl, 0.17 per cent, equal to 16
pounds of ammonium sulphate to the ton.1
Sample 378 came from some fo~iliferous beds about 25 feet below the top of the
exposure. These beds are underlain by about 3 feet of fine-grained yellowish-brown
sandstone, the joint planes of which are coated with a black substance resembling tar
or asphalt. The highly fossiliferous beds are not much more than a foot in thickness
and grade upward into the dark-brown shale represented in sample 379. Results of
test: Oil, 2 gallons to the ton ; nitrogen, 0.06 per cent, equal to 5.6 pounds of ammonium
sulphate to the ton.
Sample 379 came from a bed of shale about 5 or 6 feet thick overlain by a hard bed
of fine-grained sandstone. Near the middle of the shale bed are calcareous lenses,
1

Determinations ol nitrogen in all the samples listed in this report were made by E. T. Erickson.
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containing shells and coatings of tar or asphalt. Results of test: Oil, 4 gallons to the
ton; nitrogen, 0.22 per cent, equal to 20.7 pounds of ammonium sulphate to the ton.
Samples 380 and 381 came from too E. t sec. 32, T. 14 N., R. 2 E., near the head of
the central branch of the north fork of Freeman Creek. At this point there is a landslide exposing the shale. The beds are so closely folded here that it is difficult to tell
how much shale is present, but it is believed that at least 30 feet of shale is exposed.
Sample 381 was taken near the top of the belt and sample 380 near the middle.
Wherever seen the shale seems to be petroliferous, in that it gives off a very distinct
odor of petroleum when fragments are rubbed together. The beds appear to have
a general anticlinal structure, the axis passing in a general northwesterly direction at
this locality, but the structur.e is complicated by minor folds. Without knowing the
detailsofthestructure, I suspect that samples 380 and 381 probably came from beds
higher ion the section than samples 377 and 379. Results oftests: Sample 380, oil, 7
gallons to the ton; nitrogen, 0.18 percent, equal to 16.9 pounds of ammonium sulphate
to the ton. Sample 381, oil, 19 gallons to the ton; nitrogen, 0.36 per cent, equal to
33.9 pounds of ammonium sulphate to the ton.
Sample 382 came from a prospect pit on the west fork of Crooked Creek, in sec. 36,
T. 14 N., R. 1 E. From its relation to the overlying belt of white limestone, the
shale is regarded as a part of the same belt as that at the head of Freeman Creek (samples 377-381). The prospect appears to be at the crest of an anticline, whose axis
trends nearly due east. The beds dip steeply away from the opening on both the
north and south sides. Above the shale on each side of the prospect is reddish-brown
·sandstone, overlain by gray limestone. The total thickness of the shale could not be
determined, but from all appearances it must be between 30 and 70 feet. The sample
represe~ts a thickness of 3 feet exposed in the prospect. Except in the prospect pit
the shale is not well exposed at this point. Results of test: Oil, 8 gallons to the ton;
nitrogen, 0.39 per cent, equal to 36.7 pounds of ammonium sulphate to the ton.
Sample 383 was taken on the North Fork of Musselshell River about 4 miles east
of Delpine, in T. 9 N., R. 11 E ., from black fossiliferous shale in the lower part of the
Quadrant formation. The bed sampled is 7 feet thick and is exposed along an irrigation ditch on the north side of the valley. The beds are overturned and dip steeply
westward. Result of distillation: Oil, none.
SampleaMwastakenon thewestsideofRoss Peak, in the Bridger Range, in T. 2N.,
R . 6 E., from a bed of black shale 2! reet thick, probably of Quadrant age, lying
between quartzitic sandstone layers. Result of distillation: Oil, none.
Samples 38S and 386 came from a point half a mile northwest of Lombard station,
along the Northern Pacific Railway, in the Missouri River valley, in T. 4 N ., R. 2 E.
Here the lower part of the Quadrant formation contains much black shale and shaly
limestone in which prospect pits have been dug for coal. Some of the rock when
freshly broken emits an oil odor. Neither of the samples on distillation gave any oil.
About half a mile northwest of the Quadrant exposures is an abandoned coal mine
in the Kootenai formation .

.

SAMPLES FROM THE THREEFORKS AND OTHER FORMATIONS.

The Threeforks formation is exposed at several places in westcentral Montana. Samples from this and other formations were
obtained as described below. Some other exposures were visited
but not sampled.
Samples 387 and 388 were obt ained on the south side of Jefferson River at the eai!t
end of the canyon, about 4 miles east of Jefferson station, where nearly vertical and
considerably sheared black shales of the Threeforks formation contain a layer of coal
several inches thick along which a shaft was sunk to a depth of more than 30 feet many
years ago. Sample 387 was taken from the weathered coal near the outcrop; sample 388
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represents hard pieces of coal picked from the dump. Results of test: Sample 387,
no oil; sample 388, oil, 10 gallons to the ton; nitrogen, 0.43 per cent, equal to 40.5
pounds of am;nonium sulphate to the ton.
Sample 389 was taken in the bottom of a small ravine 4 miles N .' 20° W. of Logan,
in T. 2 N. , R. 2 E., at the bottom of a prospect pit, 20 feet beneath the surface, in soft
dark-brown shale 3 feet thick dipping 40° N. This shale, which is of Threeforks age,
is separated from the Madison limestone by 30 feet of shaly sandstone. Result of
distillation: Oil, none.
Samples 390 and 391 were collected from the Threeforks formation at the west side
of.ROBB Peak, in the Bridger Range, in T. 2 N., R. 6 E., at an elevation of about 7,700
feet. The section at this locality is as follows:
Geologic section on west side of Ross Peak, Mont.

Madison limestone, in thin platy layers.
Threeforks formation:
Shale, black, tough; emits oil odor when freshly broken
(sample 390) ...... .. ............ ... ....... .. ............
Sandstone, shaly, calcareous and fossiliferous in lower portion.
Shale, black; emits oil odor when freshly broken (sample 391).
Shale, sandy, unmeasured .

Ft. ln.

2 6
30
10

Results of t.:,ats: Sample 390, oil, 1 gallon to the ton. Sample 391, oil, 2 gallons to
the ton; nitrogen, 0.22 per cent, equal to 20.6 pounds of ammonium sulphate to the
ton.
·
Sample 392 represents a coal bed of Cretaceous age in the railroad cut at Chestnut
station, 7 miles east of Bozeman.' In the same vicinity are abandoned coal mines.
The thickness of the beds sampled is about 10 feet, including coal and black shale
and excluding a layer of gray shale 1! feet thick near the base. R esults of test: Oil,
12 gallons to the ton; nitrogen, 0.22 per cent, equal to 20.6 pounds of" ammonium
sulphate to the ton.

On the north side of the valley of Sixteenmile Creek, along the
Chicago, Milwaukee & St. Paul Railway about 2 miles east of Lombard, there are complete exposures of the upper half of the Threeforks
formation, consisting of greenish to dark-gray shaly sandstone and
sandy shale with no beds of promising appearance as oil shale.
In a ravine on the north side of Gallatin River opposite Logan
village complete exposures of the Threef6rks formation show the
following beds, none of which warrants sampling for oil shale:
Seetion near Logan, Mont.

Madison limestone, in thin layers, unmeasured.
Threeforks formation:
Ft. ln.
Sandstone, dark brown ......... _. ___ . __... _.•.... . . _.. _.. _ 1 6
Shale, black, sandy_ ........ _............... _. _. _..... _.. _. 2
Sandstone, grayish brown, in even layers. ____ . __ . _. _. . . _. . . • 25
Clay shale, dark gray, fragile . ... . .. ___ . ___ ----------· . . _. .. 11
Sandstone, shaly, fossiliferous .......... _._ ... __ ........... ; 17
Limestone, dark gray, foBBiliferous .............. _......... _. 6
Shale, greenish, grading down into sandstone. _. _. . ...... ... 30
92+
For a description of the Chestnut district see Calvert, W. R ., The Livingston and Trail Creek cool
llelds, Parlr, Gallatin, and Sweetgrass counties, Mont.: U.S. Oeol. Survey Bull. 471, pp. 38·1-405, 1912.
t
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·on the North Fork of Musselshell River near Delpine, in T. 10 N.,
R. 11 E., a search was made along the outcrop of the Tp.reeforks
formation, but no black shale was found.
DILLON-DELL AREA, SOUTHWESTERN MONTANA.
(}ENERAL GEOLOGY.
PHOSPHORIA FORMATION.

In the Dillon-Dell area the formation of chief interest as a bearer
of oil shale is the Phosphoria. The same formation contains phosphate be-ds which persist northward to the Garrison field, near Helena,
and southward through southeastern Idaho into Utah, where the rocks
are included in the Park City formation. Although the phosphate
beds in the Dillon-Dell area are fairly rich and possibly of minable
thickness, they do not compare favorably with the deposits now
mined in southeastern Idaho.
From Dillon eastward into Yellowstone Park and the west-central
Montana area the Phosphoria beds change in character and the phosphatic black shale member disappears. The accompanying map
(Pl. ill) shows approximately the extent of the Phosphoria outcrop
in the Dillon-Dell area and also at points to the east and southeast
where it is known to contain black shale. Throughout the region
the Phosphoria shales crop out along the principal mountain fronts,
and are in general steeply dipping and extensively faulted. 1 The
formation has never been completely mapped in the Dillon-Dell area,
and Plate III therefore indicates only the extent of the outcrop as
ascertained during the course of the present work. Detailed mapping
in the future will disclose further outcrops, especially in the southern
portion of the area, along the Idaho State line.
In the detailed descriptions of beds sampled are given measurements
of the phosphatic shale beds and associated phosphate rock, and it is
only necessary to give here a general outline of the stratigraphy showing the associated formations.
Generalized section of Phosphoria and associated formations in Dillon-Dell area, Mont.

Triassic beds:
Feet.
Limestone and sandstone, sh aly, generally brownish on
weathered surface, containing characteristic fossils
350
including Lingula ___ ___ _____ . _____ .. .. .. . _. _. _~ . . . . .
Shale, sandy, yellowish brown; weathers readily to lightyellowish soil ... ··---··_ . . ....... _... _... ... _._..... . .
100
Phosphoria fOJ;mation:
Quartzite, cherty, grading down into bedded chert alternating with quartzite layers. _ .. _..... _. __... _. . ... ... 125-150
Shales, black, containing shale oil, more or less phosphatic,
interbedded with thin layers of gray and shaly brown
50-75
oolitic phosphate . . ....... __ _.... __ . . .. _... .. . . __. . _..
I For a description or the Phosphoria and Quadrant formations ln the Three forks-Yellowstone Park
region see U. B. Geol. Survey Prof. Paper 120, pp. 111-121, 1918.
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Quadrant formation:
Feet.
Sandstone and impure limestone . . .•.• ..• ...•-... . . . .. ... 75- 125
Quartzitic' sandstone, equivalent to middle portion of
Quadrant quartzite of Yellowstone Park section; estimated tiiickneBB .. ........ ..... ................ • . ~ . . . .
700
Limestone and B!Uldstone with eha.ly beds, reddish in
lower portion and with one .or more thin beds of black
clay shale (nonpetroliferous); estimated thickness.....
200
Madison limestone (gray, maBBive beds forming rugged escarpment along principal mountain fronts) ... ...• •..•.. ....... 8()(}-1200
Threeforks formation (sandy and more or less carbonaceous;
locally a graphitic schist where sheared and affected by intrusive rocks).
TERTIARY FORMATIONS.

Between the principal mountain ranges are broad valleys with
rolling topography made up of gently dipping strata of Tertiary age,
which contain oil shale. These strata are of moderate extent, and
were deposited in the basins which they now occupy. The rocks
w.

' FIGURE

E.

2.-Geologic croos section of a Tertiary basin and surrounding mountains of Paleozoic rocks.

consist of sandy shale, sandstone, impure lignitic coal, brown oil
shales, and a considerable amount of shaly to conglomeratic material
of volcanic origin. At the base is a conglomerate made up of limestone, shale, sandstone, granite, and quartz pebbles derived from the
adjacent mountain slopes.
Figure 2 is a hypothetical cross section of an intermontane basin
such as that of Muddy Creek west of Dell, showing the Tertiary beds
of the basin and their probable relation to the older rocks of the surrounding mountains. .
DRILLING FOR OIL.

To one with even a superficial knowledge of geologic conditions in
Beaverhead County, Mont., the improbability of discovering commercial deposits oi oil is evident. Nevertheless drilling has been
carried on almost continuously in this area for several years, and when
the field was visited in 1918 there were at least five companies selling
stock. The possibility of discovering small amounts of oil in the
Tertiary lake-basin rocks is not denied, and it is even possible, though
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·not probable, that small amounts may be found in the Paleozoic
strata. The geologic evidence is, however, almost wholly unfavor·
able.
The presence of oil shale has been assumed by many persons to be
p:roof of itself that oil can be obtained by drilling into the shale- .
bearing rocks; an assumption which is without truth. This belief
has doubtless led to the persistent efforts to find an oil pool near
Dillon. It can be stated positively that the presence of shale which
will yiel<;l oil on distillation has but little ,bearing on the probability
of the occurrence of free petroleum in commercial quantities in the
same rocks.
The geologic structure of the area. P:t:esents an irrefutable argument
as to the improbability of the occurrence of pools of oil in this part
of Montana.. The region has been subjected to i.rttense folding and
faulting, and the beds are so shattered ·and jointed that any inclosed
oil or gas would have found its way to the surface long ago. The
structural deformation has been accompanied by intrusions of igneous
rock with accompanying mineralization that has formed the ore
deposits for which the region is best known.
OIL SHALE OF PHOSPHORIA FORMATION.
PROPERTIES.

The Phosphoria shale is black or deep brown, gives a brownish
streak, and ranges in texture from smooth to oolitic. All the shale
is more or less phosphatic, but the richest portion is that containing
the most oolites. The oolites resemble :fish roe, are grayish to black, .
and in composition are probably in large part phosphate of lime with
less amounts of alumina and iron. The phosphatic character is
evident in the weathered rock, the surface of which assumes a peculiar
bluish-white color. Some of the layers show impressions and casts
of fossils that are believed to indicate marine origin. On fracture
surfaces the shale commonly shows what appear to be slipping planes,
which have a glistening, oily, or waxy-looking luster, with a slight
iridescence in places. When rubbed a freshly broken surface emits
an unmistakable odor of petroleum, and when placed in a fire the
shale will burn to a gray ash. Some of the joint planes show thin
films of a black pitchlike substance. Pyrite and other s1llphides are
present only as minute particles in some of the samples, and on
weathering films of gypsum appear along joint and bedding planes.
The oil, nitrogen, and phosphorus contents of the individual shale
samples are shown in the following pages. A few samples were subjected to more detailed chemical analysis, and the r esults appear on
page 36.
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SEOTIONS AND SAMPLES.

The detailed measurements of the beds as sampled at the several
localities are tabulated on pages 24-26. Supplementary notes are
given herewith. Attention is called to the illustrative sections of the
shale in :figure 3 (p. 35). The locality numbers refer to points designated on the map (Pl. Ill).
Loca.lity 1 (sa.mplea 624 and SMA): Warm Spring Creek, tributary of Ruby River,
sec. 11i, T. 9 S., R. 3 W. At this point the Phosphoria beds are exposed along the
crest of a Blll&ll anticline that is cut acroBB by Warm Spring Creek. The oil shale here
is only 1~ feet thick, and none appears in outcrops along the neighboring mountain
front to the ~t.
Loca.lity 2 (sample 617): Centennial Mountains, Idaho-Montana State line, sec. 16,
T. 14 N., R. 42 E., Idaho. The exposurea here are at an elevation of about 9,000 feet
and dip gently southward. The total thickness of the carbonaceous shale is only
4 feet.
Loca.lity 3 (samples 393-396): Daly Spur, Oregon Short Line Railroad, sec. 2 (?),
T . 9 S., R. 10 W. , about 13 milea southweat of Dillon. Considerable prospecting was
done here for coal by Marcus Daly 23 years ago. The tunnel, which is still open, cuts
acrOB8 the beds, which strike N. 35° E . and dip 30° NW. The outcrop can readily be
traced for abbut half a mile. To the north and south a distance of about a mile are
igneous rocks. The samples compare favorably with those collected about 6 miles
to the east in Smallhom Canyon.
LoCality 4 (samples ~M): Smallhom Canyon, sees. 14 and 23, T. 9 S., R. 9 W.
The samples were collected on the property of the Dillon Oil Co., where a retort
apparatus has been installed that is said to handle 50 tons of shale a day. It is
planned to haul the product in trucks to the railroad. The principal phosphate
bed, which is 5~ feet thick, contains a little oil and, although somewhat shaly, shows
on analysis 19.85 per cent of P 20 6 • The strike of the beds is approximately N. 15° E.
and the dip 30°-40° NW. The outcrop extends southward with no faulting to be seen
for a mile or so but is probably interrupted by a fault a short distance north of the edge
of _sec. 14. The richest shale 'sample (No. 403), representing a thickness of 5~ feet
from the tunnel in sec. 14, gives on distillation 21 gallons of oil to the ton. A sample
representing a. thickneBB of 5 feet, from the same tunnel, collected by Bowen,1 yielded
24 gallons to the ton. A small sample selected to include the richest appearing
material on the dump gave 30 gallons.
Locality 5 (samples 397-402): Shallow trench on a hilltop 1 mile south of the
tunnel mentioned above (locality 4). Here the shale is weathered, and the results
are therefore not representative. The beds, which are completely exposed, show a
thickness of nearly 50 feet with the principal phosphate bed a little below the middle.
Locality 6 (samples (O~SA): Dry Canyon, sec. 12, T. 13 S., R. 10 W., about
3l miles west of Dell station. The beds along the mountain front consist of Triassic
limestone and sandstone overturned and dipping under the Phosphoria formation
and Quadrant quartzite, which form the higher part of the mountain. The folding,
together with more or less faulting, has sheared the black shale so tha.t it is greatly
slickensided and resembles coal and as a result has been extensively prospected.
All the tunnels are ca.ved in, and the samples were collected in a trench recently dug
in the location of an oil-shale claim. The rock, although comparatively fresh, can
hardly be regarded as representative. The richest sample, from 8 feet of shale, gives
17 gallons to the ton. No exposure of the phosphate rock was found.
Locality 7 (samples (06--408): Big Sheep Creek canyon, T . 13 S., R. 10 W. Years
ago a tunnel was dug here for coal on the north side of the valley and about 1,200 feet
above it. The beds are for the most part well exposed, and the rock is comparatively
I

Bowen, C. F., U. 8. Geol. Survey Bull. 661, p. 318, 1918.
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~nwea.thered. The structure is complicated, there being one or more large faults in
the neighborhood and minor faults that involve the rocks in the tunnel. The beds
dip steeply northward and may be overturned. The principal phosphate bed is
exposed a.t the mouth of the tunnel, but its thickness is exaggerated by shearing.
The samples were taken in the tunnel. A single hand specimen selected to represent
the richest portion of sample 406 gave on distillation 26 gallons of oil to the ton.
Locality 8 (samples 409-411) : South Fork of Little Sheep Creek, sec. 4, T . 15 S.,
R. 9 W. The beds dip 18° W. The samples were collected in a. shallow prospect
pit dug for coal. Only the lower portion of the shale is represented. It is improbable
that the phosphate bed li feet thick is the principal one, although no other was discovered owing to poor exposures. The shale is considerably weathered and would no
doubt give a. richer yield if sampled where fresh.
Sectiom and yield of samples from Phosphoria formation in Dillon-Dell area, Mont.
[Chemical analyses by E. T. Erickson, R. C. Wells, and Benedict Balkover.]
I

No.
on
map.

Looallty.

Character.

Nitrogen.
PhosOil phorus
(galpentThick- Sample Ions oxide
Per
ness.
No.
per (P,Oo) cent
ton ). (per
In
cent). shale.

.

- -- -:1

Warm S~ring Creek Phosv.hate rock, black,
sec. 15, . 9 S., R. S'
oolitic.
w.
Clay ..................
Shale, black. ... ...... .
Shale, sandy, brown ..

Ft. in.
1 8
1

2 Idaho-Montana State Cherty shale ..... .. ...
line, 4 miles south- Shale, black, bony ....
west of Mount Sau- Phosv.hate rock, gray,
telle,sec.16, T.H N.,
oolitic.
R.42 E., Idaho.
Sandstone and shale.

8

3 ' Dnly S~ur, Or~n
Short ine R.
.,
sec. 2 (?), T. 9 S. , R.
10 W.; old " coal"
prospect tunnel.

9+

Shale, cherty, phosphatlc.
Shale, dark brown,
bony.
Phosphate, ~ ooIitle, in t e r
ded
with oolitic shale.
Shale, black, bony ....
Shale, brownish gray..
Shale, dark brown,
bony.
Lower strata not exposed.

4 Smallhom Can:I{on, sec. Roof of bony black
141 T. 9 S., • 9 W .;
shale.
Dillon Oil Co. prop- Shale, hard, bony,
erty, old "coal" prosblack.
pect tunnel.
Ar~IJ!te, soft, phos·
p atic.
Shale, bony ...........
Ar£1lit.e, sort, phosp atic.
Shale, bony ...........
Phosphate rock, gray,
oolitic.
Shale, dark..~ . ..... ...
Phosphate rock, gray,
oohtic, shaly.
Shale, dark.. ......... .
Phosphate rock, shaly,
oolitic.
Shale, black, sort......
PhosJlhate rock, gray,
oohtic.
Shale, dark with thin
oolitic bands to floor
of mine.

4

524A

3- ........

517

0

8

6

···---·

0

7.85

-------- ........

"2.09

- -- -- - - 8

.393

4

7

394

14

0
0
0

395

17

396

13

6

14

·······

3.26

0.50

47.1

19.41

.20

18.9

1. 72

. 77

72.6

- - r--- --

1-

5

--

1---

4

1
10

---

524

5
8
0

Theoret!cal
equiva.lent in
ammonlum
sulphate
(pounds
per ton).

403

21

404

17

........

.63

.

59.3

5

7
7
1

8
3

1

9
4

7
9
1

2

4

2

4

·- --

---.- - - -- - - - --

a Ammonium sulphatll determined from fixed gas and does not reprel!ent the total nitrogen content or
the shale.
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SectioM and yield of Bamples from PhoBphoria formation in Dillon-Dell area, Mont. Continued.
Nitrogen.

No.
on
map

Locality.

Charactor.

Divide at h ead or
Smallhom Cankon,
sec. 23, T. 9 s., . 9
W. ; prospect trench.

Quartr.ltlc sandstone
and chert.
Sbe..le, d ark, bony in
lower ~rt.
Shale,
lack, with
three layers or phosrxhate rock e:icll 4
nches thick.
Shale, black, tough ....
Phosphate rock with
three black shaly
lar.ers.
Sba e, brownish gray,

PhosTheophorus
retical
pentequivamddo
Per
(P,O,) cent lent ln
ammo(per
in
nlum
cent). shale. suipbate
(pounds
per ton).

Oil
Thick- Sample (h'lllIons
n ess.
No.
per
ton ).

- -- - c - - - - - - Ft. in.
50+

Dry Canyon near Dell,
sec. 12, T . 13 S., R. 10
W .; prospect treDch.

Big Sheep Creek Can~n, T . 13 S., R. 10
. , noar old coe..l
prospect tunnel.

Section in tunnel at locallty 7.

0

402 Trace.

5

0

401

4

19. 20

O.Z7

25.4

11

0
6

400
399

15
2

1. 68
19.85

. 53
.19

49. 9
17.1

5

10

0

398 Troce.

Shale

rownlsh gray,
sl~tly phosphatic.
San tone.

6

0

397 Trace.

Shale, black, top not
ox posed.
Phosphate rock, oolitic.
Shale, black, sort,
greatly slickensided.
Shale, brownish black .
Limestone .. .. ... ... ..
Sbe..le, sandy, brown ..

1+

pbos~hatic.

6

10

She..le............... . ..
PhosJlhate rock, black,
oolitic.
Shale, black, m uch
slickensided.<>
Sandstone, dark
b rown.<>
Phosphate roc k ,
blacli, oolitic.
Phoophate rock, oolltic (tunnel mouth).
Clay shale a . . .... . .. . .
Phosphate rock, oolltic.
Clay, hfadk: ~tty a. ... ·
She.Je, ar rown <>.. .
Cia~ shale, gray a .. . . .
Sba e, black.. .. .. .. ...
Phosphate rock<>. .. . ..
Shale, black. . .... .. ...
Clay, ~y, gritty a ....
P hosp aterock, gray<>
Sbe.Jebblack.... .... ...
Clay, ard, gritty<>. ...
Shale, black...... . ....
Clay shale, gritty a ....
Shale, black....... ....
Phosphate rock .. . ... .
Clay, bard, gritty . . .. .
Phoophate rock, oolltic, black.
Shale, black .. .. ...... .
Cia~. brown, gritty....
Sha e, black (tiack end
or t unnel).

- - - -- - - - - -

1

0

8

0

405

17

5.94

• 73

68. 9

10

0
8

405A

2

........

. 14

13. 2

6+

2+
2 5

--

- - - - --

2 11
408

4

.......

9.34

.22

20.7

H

- -

2+
1
1
5
1
1
1
1
1
1
1
3
1

3
3

407

6
0
0
8
0
2
6
9
2
3
0
2

1

9
1

1
2

3
2
6

1-

I-

- --1 - - ---

.. .....

406

8
5

a Not included in sample,

112028-20--Bull 711-3

1-

13

24.10

. 20

18.9

5,58

. 68

63.11

,

I

---.---.- - ,----
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Section& and. yield of samples from Phosphoria formation in Dillon-Dell area, Mont.-

Continued.

Nitrogen.

-----

No.
on
map.

Locality.

Character.

PhosTheo-.
Oil phorus
ret!cal
pent(galThick- Sample Ions oxide Per equlvalent In
ness.
No.
per (P,O,) cent ammo(per
In
ton).
nium
cent). shale. sulphnto
(pounds
per ton).

- --- - - - -

- --

8

Little SheeK, Creek, sec. Shal& hony, black,
4, T. 15 ., R. 9 W.;
wi limestone conprospect pit dug for
cretlons.
Clay shale, hard, gritcoal.
ty.
.
Shale, black. hony . ••.
Phosphate rook, gray,
oolittc.
Sbal~, hard, black.• _..
Rooks not exposed •.. .
Lim~stonc, unmeasured.

Ft. in.
H
0

6.67

0.08

63.9

"12 <110.28
13.7

G66

"62.2

"12 G10.28

CJ 66

"62.2

16

409

2

6

4
1

0
6

410

2
8

6
0

410

411

.......

" Sample 410 included material from two beds.

TERTIARY SHALE.
EXTENT AND CHARACTER.

The Tertiary shale beds, as stated on a preceding page, are of
small extent, occupying narrow, elongated basins between the mountains. The rocks are diverse in character, and individual layers
can not be traced for any considerable distance. In fact, the alternating beds of coarse and fine sandstone, sandy shale, and lignite
are just such as one would expect to be deposited in such basins.
The principal belt of these lake beds extends from a point nen.r
Bannack, in Grasshopper Valley, south to Horse Prairie, and thence
up Medicine Lodge Creek, the length of the belt being about 28
miles. Although the beds have not been traced continuously for
the entire distance, coal prospect pits are· found at numerous places
along the belt. Many of these pits reveal either lignite or brown
shale which on distillation yields more or less oil.
The Muddy Creek basin is smaller, being at most only 3 miles
wide and about 12 miles long. A well drilled for oil near the center
is said to have reached a depth of 1,000 feet without encountering
hard rocks, and it seems probable that the bottom of the lake beds
was not reached. The supposed relation of the Tertiary beds of
Muddy Creek to the underlying older formations is shown by the
cross section, in figure 3 <.p. 35).
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The oil shale as exposed in . the Muddy Creek basin OGCurs about
the middle of the Tertiary beds. This shale is light brown when
fresh and weathers to a cocoa color or nearly white. In the process
of weathering the shale breakS up into thin, flexible laminae or flakes
resembling manila paper. The richer shale is characterized by a
low specific gravity. It contains an abundance of vegetable remains
and some well-preserved leaves, chiefly of Sequoia. This shale,
like that from the Phosphoria, will butn when exposed to a strong
flame .but does not give an odor of petroleum on freshly broken surfaces. On distillation, richer looking layers as much as 5 feet thick
yield about 24 gallons of oil to the ton. ThinnEtr beds occur in
other parts of the section, some of which contain thin streaks of
lignite. In fact, except for its lighter color, the shale has very much
the aspect of an ordinary carbonaceous shale, such as is commonly
associated with coal beds. Many of the samples colleated along
Medicine LodgG Creek are actually impure lignite, and the richest
sample collected in the area (yielding 36 gallons of oil to the ton)
comes from such a bed.
At most of the collecting localities described in the following table
the samples were taken in old coal prospects, few of which were
extended far enough under cover to give unweathered samples.
All the samples of lignitic coal, however, may be regarded as fairly
representative. No prospecting has been done in the brown shale
beds, and the samples were taken from weathered outcrops where
the shale has disintegrated to flexible papery layers. It is believed
that the same shale well below the surface would prove to be much
richer. The outcrop of the brown oil shale is easily recognized,
because these beds do not favor the growth of vegetation and as
seen from a short distance appear whiter than the associated rocks.
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SECTIONS AND SAMPLE.S .

Sections and yield of samplea from Tertiary shale in Dillon-Dell area, Mont.
Nitr9gen.
No.
on
map.

Thick·
ness.

Locality.

Character.

Near Grantwscc. e, T . 10
S., R.12 .

Shale,'llgnitlc, bony...
SandStone ~ . ........•.
Shale, llgnitlc, bony...

Swart!~ Creek,

Shnle, sandy ..........
Shale, bony, brown .. .
Clay shale.

3

Mediclll(l Lodge Creek Coal, Ugnltlc, bony....
sec. 30, T. 11 S., R . ti C::J sh..le, sandy .. .. .
W.
C , bony, llgnlllc ....

3
40

12 K~t.ono Crcekwscc. 2 Coni ............... ....
. 12 s.i R 12 .; coa1
g~r_ ~:::::::::::::::::
prospec.
Clar, sandy a .........
Coa, bony ............
Clay . .•..•............

1

9

sec. 26, T .
11 S., R . .12 W.

10

11

Kt>ystone Crook, sec. 't,
T. 12 ~ R. 12 W .,
about
feet northeast o! coni prospect at
locaUty 12.

Shalet sepia-brown .
wca hem to ncxlble
paper layers.

K~tono Crf<'k~cc. 3!

Coni, Ugnittc, bony....

. 12 s.i R . 12 .; coa
prospec near locallt.y

12.

13

I

Muddy Creek basin, T.
13 S., R. 10 W. ~uru:urveycd, probab y s~c.
17); outcrop S!Ullpled.

I

8~. ugnitic; bO~y::::

marc ....... ..........
Coa ,shaly .. . .........
Clara.. . ..............
Coa , shaly..... .......
Clay.
Sandstone.
S hale, brown an d
black, with thin clay
bands.
Beds not well exposed.
Shale, brown .. ........
Shale, sepia-brown . . . .
Clayshalc .............
Shale, black ... ........
Sh!\lc, sandy a ...... .. .
Shale, black ...........
Shnlc, brown a ........
Shale, black...........

Oil
(gelIons
per
ton).

Sample
No.

---

Ft. ln.

1 10
2
1 10

Theo•eUcal
equivalent
J>er in ammonium
cent in
shale. sulpha to
(pounds
per ton).

412 }
412

3

0.98

92. 4

413

1

. 74

69.8

36

1.02

96.1

11

.56

52.8

417

4

.41

38.6

418

0

419
420

4
2!

.20

.13

12.2
18.9

421

4

.35

32.9

6

1

6

--·
--414
1
3

3
3
10
3 8
2 1
4

.

I

416

3

I

4
3

.2

6
6
1
1
8

2

)

10
60
3
2
1
2
3

415

4
1

3
8
8

4
5

a Notlncluded in sam_ples.

I

.

OIL SHALE IN MONTANA, IDAHO, WYOMING, AND UTAH.

29

SOUTHEASTERN IDAHO AND ADJACENT PARTS OF
WYOMING AND UTAH.
GEOLOGIC SECTION.

Fro~ the Idaho-Montana State line southeastward for a distance
of 75 miles there are no outcrops of the Phosphoria formation. The
rocks reappear in the Teton and Bighole mountains along and nea:r
the Idaho-Wyoming State line and thence southward are to be seen
in mos,t of the mountains all the way to Ogden, Utah. They crop
out along the Salt River Range in Wyoming and also encircle the
Uinta Mountains of northeastern Utah. Throughout the region
brown or black shale is associated with the phosphate rock in beds
whose thickness ranges from 50 to more than 200 feet. Whereve~
these black shales crop out they were prospected by the early settlers
for coal. More recently new openings have been made a-t a few
points for the mining of phosphate rock. Unweathered samples of
the shales were obtained in the mines and prospects at numerous
places that can be regarded as representative of the area. The
negative results from the distillation of the samples collected from
these areas, therefore, prove that the black shale of the Phosphoria
formation in so:uthea.Stern Idaho and adjacent parts of Wyoming and
Utah is not oil shale, there being but few samples that yield as much
as 1 gallon of oil to the ton.
In all the above-mentioned mountain ranges the Phosphoria formation probably includes beds of phosphate rock that is sufficiently
low in iron and alumina to meet commercial requirements. Chemical
analyses of the phosphate rock from MacDougall Pass, in the t3alt
River Range, Wyo., and from Palisade Creek, in T. 2 N., R. 45 E.,
Idaho, are given in the table on page 36.1 Farther south the phosphate rock is mined in a commercial way at a number of points, and
its character is well known. Most of the outcrop has been described
in reports of the United States Geological Survey.
Detailed measurements of the Phosphoria beds show considerable
variations from place to place. The following section published in. a
report by Richards and Mansfield 2 illustrates well the general character of the formation as exposed in ·.Georgetown Canyon, Idaho.
Although carbonaceous shales make up a'large part of the section at
this point no samples on distillation yielded more than a trace of oil.
• For a description or phosphate In the Salt River Range sco Mansfield, G. R., U. S. Oeol. Survey Bull.
620, pp. 331-349, 1916; and !or a description or the adjacent area to t he north In both Wyoming and Idaho
see Schultz, A. R., U. S. Geol. Survey Bull. 680, 1918.
·
• Richards, R . W., and Mansfield, G. R., Prcllminllry report ori a portion ofthe Idaho phosphate reserve:
U. s. Oeol. Survey Dull. 470, pp. 387-388, 1911.
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s"ection of Phosphoria formation in Georgetown Canyon, Idrjho.

.

Field
No. of
spec!men.

P,o •.

Equlva- Thicklent t o
Ca,(PO.lt· ness.

---- ---- --- 144-A Shale,calcareous, or muddy limestone, brown, weathering into Per cent. Per cent.
7. 7
irregular chi~ f~ments; effen•esccs vigorously... . ......... ..
3.5
144-B Phos~hate roc , oo "tic, weathering brown or gray; effervespes
78. 4
sbg tly; lower 1! Inches somewhat cherty..... .. ..... .. . . . ...
35.8
144-C Shale, hard, brown, calcareous at t he top; effervesces vigorously.. Trace. ·-······· ·
3i.6
82.3
144-D
144-E §~~h~;~~~Ii~~st~Y.~~~~~~~; :~~cv~e~rx~~~~:it;;; ·
effervesces considerabiy ... . .....•........... .. ..... ... ..... . .
10. 0
21.9
·
Ft. in.
144-F P hosphate rock, includ1ngPhosphate rock, oolitic, hard, gray, calcareous....
7 }
b) Phosphate rock, medium, gray, oolitic............
6
21.9
48.0
c) Shale, ~hosphatic , li5ht brown . ........ .. .... . ...
4
(Samp e shows cons! erable effervescence.)
' 144-0 Phosphate rock, including-

t)

1'' Phosphate
Phooo,...<ock,o-~ootltlo,.,.,,
"'""'····
rock, finely oolitic, brownish
gray... ..· l
Phosphate rock, coarsely oolitic, dark

t

I

t)

144-Q

'4
b~
~ay.......
2
d) Phosphate rock, finely oolitic, brown! gray..... · 4
e) Phosphate rock, coarsely oolitic, gray.. . . . . . . . . . . .
7
(f) Phosphate rock, finely oolitic thin bedded........
3
(g) Phosphaterock,coarselh oolllic,gray..... . . ...... 1 4
(Sample effervesces slig tly.)
Phosphate rock, including(a) Phosphate rock, medium t o finely oolitic, brownish gray ... ... ........... . .... . . .. ... ..... ... ...
7
Shale, phosphatic, brownish1 somewhat oolitic ... 10
c) Phosphate rock, coarselb oohtic
........... .... .. ..
2
d) Phosphate rock1 shaly, rown..• . . ... .. . ........ .
3
Phosphate rock, including(a) Phosphate rock, coarsely oolitic, brownish-black
- streaks ... ........ ..... . . . .. . . ..•.... ...... ..... 1 1
(b) Phosphate rock, shale, brown, thin bedded ... ... .
5
4
~c) Phosphate rock, coarsely oolitic, crumbff;-· .... . ..
d) Phospnate rock, medium to coarsely oo tic ... . .. . 3
(Sam~le effervesces considerably.)
Shale brown sh to black, earthy composition, thin bedded,
with a few limestone 'cnses; effervesces slightly . ............ .
Limestone, dark, compact, fetid .. ............. ... ..............
Shale, brownish to black, earthy; effervesces slightly. ... . ......
Shale, inc'uding(a) Shale, brownish black, earthy .. .................. 7
(b) Concealed, not included In sample {probably
same as a and c/··· ... ........ . . : . . . ..... .. ..... 4 7
(c) Shale, brownish b ack, earthh ... . . ...... ... ..... . 5 5
Shale, black, earthy; effervesces slig tly .... ....................
1. Shale, brownish black, earthy . . . . . . . . . . . . . . . . . . . . . . . . . 4
2. Limestone, sinjile stratum (not sampled) .............. 2
3. Shale, brownis black, earthy .. .......... . ...... .. . ... 4
4. Limestone, single stratum (not sampled) .............. 2
Shale, black and dark brown, calcareous, earthy; effervesces
considerably ... ... . .. .. ... . ......... ....... ...... .. . ... . .....
Shale, black and dark brown, calcareous earthy; effervesces

144-R

tir.>WIJ5Ii·gray;-eiiervesces ·;iioro.JSi;.::::::

144-H

144-I

144-K
144-L
144-M

.

J44-N
144-0
144-P

~~~~~~b~b.aiy; ·
Limestone, single stratum ...... ...... ..........................
Limestone ("cap lime"), tine, dark gra:IJ fossiliferous.... .. .. ...
144-S Phosphate rock, main bed prospecte , coarse to medium,
oolitic, gray, contains two or three minor streaks of shaly material; effervesces slightly ... .......... . ......................
144-T Shale, brown, earthy; effervesces slightly .. . ......... . .........
Limestone, massive, underlymg the phosphatic series. Thick·
ness not determined.
,

Ft. ln.
25

6
6

1
2 11
1
1

5

2

33.3

72.9

4

}

29.3

6t, 1

1 10

}

34.7

76.0

4 10

24.2

53.0

.
..... ii: 7. ----·25:6·

8
1
12

}
}

15. 1

33.1

17

19.9

43.6

12

21.2

46.4

12

25. 8

56.5

24.6
17.8

53.9
39.0

6

12
4 10
2

36.8
3. 7

80.6

M.1

9

9

6

11

3
4
9

---139 9
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SAl'riPLES FROM PHOSPHORIA FORMATION.
ALONG IDAHO- WYOMING STATE LINE.

Sections and yield of samples from Phosphoria formation 'along and near Idaho- Wyoming
State line south of Yellowstone Park.

Nitrogen.

No.
on
map.

Thick-

Locality.

Section.

North of Victor-Jackson
road, 2 miles east of
State line in Wyoming, T. H N., R.ll9
W.; prospect tunnel.

Shale, cherty .. . . .. ......
Shale, brown, phosphatic... : . .. ..... .... .
Shale and chert. . . ......
Phosphatic rock, soft,
oolitic. . ...... . . . ......
Shale and chert __..... . .
Shale, black, phosphatic.
Phosphate rock, h ard,
black...... . ..•........
Chert ••... . .. . ... . ... .. .

1· 0
3+

Black shale outcrop
alone ron<! on west
side of Teton Pass.,
~~·:InT. 41 N., R.

Shale, black.............

5

I'alisnde f:re~ T. 2 N.,
It. 45 E., I
o.

Black shale, limeston~I
and phosphate, at
greatly sheared; thickness apparently over
100 feet : samplcs reprcsent lithologic variations.

flC!:iS.

-14

15

- 16-

17

Oil
(galIons
per
ton).

Sample
No.

Per
cent
in
shale.

Th eoretleal
equivalent In
ammonium
sulphate
(pounds
per ton).

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

Connt.'s ranch, upper
end of Snake lli vor
caw,on, below mouth
of oback lllvcrvr 39
N., R. ll6 ~If., yo.

in.
5+

Ft.

Chert .. . ........... . ... .
Shale, phosphate and
sandy .beds, all hlack;
shaly lnr;ers included
tn samp e.
Shale and !,hosphate
interbed e d with
limestone; shaly layers
sampled.

6
1

422

2 0
3 7
2 10

423

0

424

0

5
1

- - - --- - --

0

425

----

0

- - - · --

150 (?)

{

20+
27 3

21

0

1

42G
427

- -- - - - 3
3
3
3

42S
429

- --

0. 70
. 70

.85
.41

r.s.s
71.7

RO. l

38.6

- - - - - - - -- - - 430 Trace.

431

Trace.

I

SOUTHEASTERN IDAHO.

Sample 432. Black shales of Phosphoria formation over phosphate bed, Georgetown ·
CJ!.nyon, Idaho; sec. 25, T. 10 S., R. 44 E. Material selected after visiting several
prospect tunnels and trenches. Result of distillation: Oil, trace.
Samples 433-441. Phosphatic black shales of Phosphoria formation about 40 feet
thick, associated with phosphate bed in Waterloo mine, near Montpelier, Idaho; sec.
6, T. 13 S.. R. 45 E. Result of distillation: Trace of oil in only one sample; others
barren.
Samples 442-447. Phosphatic black shales of Phosphoria formation about 18 feet
thick, associated with phosphate beds at Paris mine of Western Phosphate Co., near
Paris, Idaho; sec. 8, T. 14 S., R. 43 E. Result of distillation: No oil.
Samples 448-449. Bloomington Canyon, Idaho; NW. l sec. 21, T : 14 S., R. 43 E.
Black phosphatic shales of Phosphoria formation. Thickness of beds sampled 75
feet. Result of distillation: Trace of oil in four samplee.
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Sample450-404. Near McDougall Pass, Salt River Range, Wyo., T. 33 N., R.ll7 W.,
unsurveyed sec. 16. Phosphatic black shales of Phosphoria lying between two prinCipal phosphatic beds. Thickness of beds sampled about 17 feet. Result of distillation: Oil, none. The chemical composition of the phosphate beds is shown in the
table on page 36.
Sample us. McDougall Pass, Salt River Range, Wyo., T. 33 N., R. 117 W., unsu~
veyed sec. 9. Black shale 10 feet thick at top of Phosphoria formation. Result of
distillation: Oil, none.
Sample 466. Raymond Canyon, Wyo. , NE. t sec. 6, T. 26 N., R. 120 W. Black
phosphatic shales frOm prospect tunnel in Phosphoria formation. Result of distillation: Oil, none.
Samples 457-4li8. Phosphate mine in T. 24 N., R. 119 W., 1 mile northeast of Cokeville, Wyo., Black shale associated with phosphate bed of Phosphoria formation.
Thickness of beds sampled about 4 feet. Result of distillation: Oil, none.
NORTHEASTERN UTAH.

In the Crawford Mountains east of Randolph, Utah, several phosphate mines and
prospects afford excellent exposures of the black shaly beds accompanying the phosphate rock, but none -of the shale of the Phosphoria formation appeared suffiCiently
promising to warrant testing for oil.
At the Robinson ranch, in Weber Canyon, 1 mile below Devils Slide, Utah, in
T. 4 N., 'R. 3 E., practically complete exposures of beds representing the Phosphoria
formation were found to contain almost no black shale. 1
MISCELLANEOUS SAMPLES FROM OTHER FORMATION,S.

Samples 459-461. Taken in coal field on Brown Bear Creek, about 12 mHes Weflt of
Driggs, Idaho, in theSE. t sec. 25, T. 5 N., R. 43 E .; locality 18 on map, by Frank
Reeves. Age of beds Cretaceous.
Section in tunnel of Teton Valley Coal Co. west of Driggs, Idaho.
Nitrogen.

Thickness. Sample
No.

TheoretlOil(galcalequlvlons per
alent In
ton). Per cent ammoIn shale. nium sulphate
(pounds
per ton).

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

{Coal......................

"Brown Bear" coal bed Cl~a ......... .. ........ ·
Co ..... .................
Bone........ .... ... ......
Shale ........ ...... ............ ..... . .. . . .. ........
Coal. ............. ........... ......................
Shale, black ............................ ...........

~t:::::::::::::::::::::::::::::::::::: : ::: : :: : :

Shale, black .......... . . .. . ....... ......... .. .. . . ..

Ft . in.
3

5
5
3
3

30

0
10

2
20

0
0
8
4

}

161

20

0.59

55.5

459

2

.en

6.5

460

4

.25

23.5

a Not included In sample.

'For stratigraphic section see U. S. Geol. Survey Bull. 430, pp. 54&-546, 1910.
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"2.

Sample
Taken in Boise opening of "Boise" coal bed at north edge of sec. 36,
T. 5 N., R. 43 E., Idaho, by Frank Reeves. Sample represents coal bed 3 feet 5
inches thick. Cretaceous age. Results of test: Oil, 38 gallons to the ton; nitrogen,
0.77 per cent, equal to 72.4 pounds of ammonium sulphate to the ton.
Sample ~ Black shale from bank of Bear River about 4 miles south of Soda
Springs, Idaho, in sec. 29, T. 9 S., R. 42 E . Bed over 4 feet thick; lies nearly fiat
and extends under basalt fiow. Quaternary age (?). Results of test: Oil, 20 gallons
to the ton; nitrogen, 0.93 per cent, equal to 87.7 pounds of a=onium sulphate to
the ton.
Samples ~. Half a mile eaat of phosphate mine, near Cokeville, Wyo., in
T. 24 N., R. 119 W. Impure coal and bony shale in Bear River formation. Sample
464 from bed 3 feet thick; sample 465 from prospect dump. Results of test: Sample
464, oil, 1 gallon to the ton; sample 465, oil, 1 gallon to the ton.
Sample '418. Impure bon.y coal in Bear River formation at abandoned slope ln'ine
near Sage station, Wyo., in T. 21 N., R. 119 W. Sample taken from dump. Result
of teet: Oil, 11 gallons to the ton; nitrogen, 0.65 per cent, equal to 61.2 pounds of
ammonium sulphate to the ton.
Samples 467-472. About 2 miles eouthwest of Fossil, Wyo., on Oregon Short Line ·
Railroad, in T . 21 N., R. 117 W. Green River formation.
Section near Fossil, Wyo.

-

Nitrogen.
The~>o

retical
Oil
equivaThickness. Sample (gallons
No.
lent
in
per ton). Per cent ammoniIn shale. um suiphate
(pounds
per ton).

- - - - - - - - - - - ---1- - - -1- - - -- - - - - - - Shale forming hilltop.
Shale; weathers purplish gray; curly lamlnaa..... .
Shale, brown, calcareous G . .. . . . . . . . . . . . . . . . . . . . . ..
Shale, brown, weathering purplish.... ............ .
Shale, sandy to calcareous ...... .. ............... ..
Shale, brown, slightly calcareous and sandy near

Ft. in.
2
7
1n
7
6

base ••. .••• ••. •• •• ••• ••••••.••.•••.•• • .........•.

~~~y~~~~~~:.~.~~~~~-- -~-~~~~~-·::::::

Shale, sandy and calcareous... ................... .
Clay ..... . ................ .... .. . ............... .. .
Shale, tough, gray, with tine brown lamlnaa .. .. ..

stone layers ....... ... . . ... . . .... . .. ............. .
Shale, brown with graylamlnaa ............ . . . ..·..
Clay .. . ... ....... . .......... . . . ... .. ..... .. . ...... .
Sbale, brown, laminated, calcareous, rich in fossil
fish ..

0

0

0

0

0

.

0

0. 0. 0

•••••• 0

0

0

0

0

0

0

.. 0

0

0

0

••••••••••• 0

0

1
2
0
0
0
6

2
2
3

0
10

3
3

6

•

~~tg~~~~ FaJin&;;;Witii ·iwn.ume::

Shale, tough, brown, laminated................... .
Lower strata not exposed.

5
3
5

7

Bandstone.l orange color.. .. .......... . ............ .
Shale, flssue, dark gray .. .. ............ ...... .. .. ..
Shale, brown, weathering p~llsh gray ...... .... ..

0

1
4

467

37

0.35

33.0

468

469
470
471

6

.03

2.8

4
7

None.
.09

8.4

15

.14

12.9

•
2

n

472

a Not included In sample.

Sample '73. Abandoned coal mine at Alroy, about 4 miles northwest of Evanston,
Wyo., in T. 16 N ., R. 120 W. Sample includes 5 feet of impure coal and black shale
above main coal bed. Cretaceous age. Results of test: Oil, 5 gallons to the ton,
nitrogen, 0.51 per cent, equal to 47.8 pounds of ammonium sulphate to the ton.
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Sample 4,74. Laketown Canyon, 11I!ile east of Laketown, Utah, .i n the NW. 4J; sec.
32, T. 13 N., R. 6 E. 1 Prospect pit in phosphatic brown shale 3 feet thick lying in
Missiasippian limestone. Result of distillation: Oil, trace.
Sample f7S. "The Oaks" rflB!>rt, Ogden Canyon, Utah, in T. 6 N., R. 1 E. Black
phosphatic calcareous shale in Mississippian limestone outcropping along public road.
Bed 3 feet thick B8.Illpled. Result of distillation: No oil.
·

PRACTICAL CONSIDERATIONS.

The commercial extraction of oil from shale in America. is still in
the experinlenta.l stage. Although dozens of companies have been
organized to operate in Utah and Colorado, only half a. dozen have
begun to install machinery, and none of the machinery has ·been
sufficiently tested to prove its efficiency. Meanwhile the United
States Bureau of Mines, at· its stations at Salt Lake and Denver, has
conducted experiments· and cooperated in many ways in the effort
to determine the best methods of distilling shale. The investigations
are stilfin progress, but it will possibly be several years before the
technolqgic problems involved in the production of shale oil are
thoroughly understood and perhaps still longer before the Green
River shale can be worked for oil on a. large commercial scale.
PHOSPHATIC SHALES.

A comparison of the phosphatic oil shale of the Dillon-Dell region,
in southwestern Montana, with the rich Green River oil shales of
western Colorado, northeastern Utah, and southwestern Wyoming
gives scant encouragement to the hope that the shale of the DillonDell area can be successfully exploited for its oil yield. Its richest
beds of workable thickness yield little more than 20 gallons of oil to
the ton, or less than half the yield of much of the Green River shale.
The expense of mining the phosphatic shale must necessarily be a
handicap. Nearly everywhere the beds dip steeply, and their attitude will permit only small operations by stripping and open cuts;
ultimately underground work will be required. The faults and joints
in the shale beds, by interrupting their continuity, add further difficulties and will lead to expensive timbering.
·
The thickness of the phosphatic shale beds and their content of
oil and phosphoric acid at the several localities where samples were
taken is shown in figure 3. Daly spur and Smallhorn Canyon (localities 3, 4, and 5) furnished the most complete exposures within easy
access to the railroad ·and are therefore of chief interest.
At Daly spur the principal shale bed is 14 feet thick and yielded
on distillation 17 gallons of oil to the ton. Above it is a pho3pba.te
bed 4 feet 7 inches thick with two thin shale Qands, the whole containing 10.7 per cent of phosphorus pentoxide. Above the phosphate bed is 4! feet of .shale yielding 14 gallons of oil to the ton.
' For map of area see U. S. Geol. Survey Bull. 430, pl. 12, 1910.
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On the divide at the head of Smallhorn Canyon, where the complete section is exposed in a prospect trench, the principal shale bed,
which is 15 feet thick, yielded 15 gallons of oil to the ton, and a sample selected from the richest portion, 5~ feet thick, gave 21 gallons.
Beneath this shale bed is a layer of phosphate 5! feet thick which
on analysis gave 19.85 per cent of phosphorus pentoxide. Select
.gpecimens from the tunnel in Smallhorn Canyon yielded 30 gallons,
and a sample from a bed 5 feet thick taken by Bowen yielded 24
gallons. The ash residue -remaining after distillation of the several
Smallhom fUll
locality No.5

Dry Canyon ''Eli!! Sheep Creek

!-OCI!IityNo.6

t"oca lit~ ·No.f

EXP,LANATION

IOil

shj

Phosphate

.

!j

L~j

FIGURE a.~ectlons of oil shale a.nd associated phosphate beds in Dillon-Dell area, Mont.

oil-shale samples was found to contain 4 to 11 per cent of phosphorus pentoxide.
The examination of the phosphatic oil shales, as already stated,
did not bear out the. hope that the phosphate beds associated with
the oil shale might be of immediate importance for use in the manufacture of commercial fertilizer. The phosphate rock occurs in beds
of fair thickness and yielding a fair percentage of phosphorus pentoxide, but it is suspected that further chemical analysis may show
that the rock at some localities is high in iron and alumina, an objectionable feature for the re~ons stated below.
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Th_e usual process of treating the raw phosphate rock.in the manu..
facture of superphospha.tes, a.s practiced in America., consists inmixing the finely powdered rock with -s ulphuric acid and then drying.
It is said that in factory practice the product of the acid process
sometimes remains moist and gummy, so that it is difficult-to handle,
and that it tends to ea.t the cloth bags in which it is placed for shipment. Iron and alumina a.re supposed to be the cause of this undesirable property m ~he manufactured product, a.s their sulpha.tes
show a. tendency to take up moisture in a damp atmosphere. The
combined percentage of the two ra.dicles computed in the oxide form
should, according to the manufacturers, not be more than 5 per cent.
Another process of treatment practiced in Italy and elsewhere in
the Mediterranean region consists in heating the finely ground phosphate rock to 600° or 700° C. with a mixture of calcium, magnesium,
and sodium carbonates. The calcined mass is then moistened and
diluted with earth or sand until the phosphoric acid content is about
20 per cent. The product, a "tetraphosphate," is said to be equal to
the ordinary superphosphate in fertilizing power and is also cheaper
to produce. The beneficial results from the use of the ''tetraphosphate" as manufactured in Italy have been questioned by certain
chemists. If on further investigation the merits of the product are
established the process could readily be carried on in conjunction
with the distillation of the oil shales in the Dillon-Dell area.
·
The following table of chemical analyses shows the composition of
the phosphate rock at two localities (Nos. 399A and 411) in the
Dillon-Dell area. It will be noted that in several samples the content of phosphorus pentoxide is more than 25 per cent, equivalent to
about 55 per cent of tricalcium phosphate. In the samples from the
Salt River Range in western Wyoming and from Palisade Creek,
Idaho, the analyses of which are inserted for comparison, the percentage of phosphorus pentoxide is considerably greater. In all the
samples the alumina and iron content is within the limits required for
use in commercial fertilizer.
Analyses of phosphatic shales and phosphate rock from Montana, Idaho, and Wyoming.

Sample No.

Insoluble.in
acid.

(A1Fe)1

o..

CaO.

JlfgO.

P,o•.

Equivalent in
C11a

co,.

(P0<)2•

- - - - - - - - - 1 - - - - - - - - - - - -- - - - - - - 399A ........ . ............. . .....
411 .. ... ................. ....•...
524 ... ......... .. .... . .. ·•· · · ·· ..
429...•.......•...•...... .. . . ....
450...... ... .. .......... . ...... . .
454............... ............. . .

29.8
8.5
17.8
39.3
16.2
11.7

4. 7
2.3
2.9
2. 7
2.6
1.7

33.4
45.5
38.3
25. 9
39.3
44.7

0. 3
2.9
.3
1.2
.9
.2

399A. Smallborn Canyon, 12 miles south of Dillon Mont.
411, Little Sheep Creek, sec. 4, T . 15 S" R . 9 V(_., Mont.
524. Warm Sprlilg Creel[, sec. 15, T. 9 :s., R. 3 w ., Mont.
428. Palisade Creek, T . 2 N., R. 45 E., Idaho.
.
450and 454; McDougall Pass, Salt River Range, T. 33 N., R . 117 W., Wyo.

25.2
13. 7
28.8
15.8
26.5
30.5

55.0
29.9
62.9
34.5
57.9
66.6

o. 7
22.6
1.8
3.7
4.8
3.1
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The ash remaining after distillation of most of the black phosphatic
shales in closed crucibles was black, but when heated in an open
vessel to a bright-red heat it lost its black carbonaceous material and
turned grayish yellow. ~he ash from most samples on being tested
qualitatively gave reactions for potash.
TERTIARY SHALES.

There is little to be said in favor of the Tertiary shales in the Muddy
Creek basin, Medicine Lodge Valley, and other parts of Beaverhead
County, Mont. The samples that yielded the largest amounts of oil
came from impure earthy lignite beds that were formerly mined or
prospected for coal. The richest sample was taken in a prospect
tunnel at locality 12 (see Pl. III), on Keystone Creek, a branch of
Medicine Lodge Creek, It represents a bed about 8 feet thick divided
into two benches by a layer of sandy clay about 3! feet thick. Distillation of a ·sample of the coal excluding the numerous clay bands
gave 36 gallons of oil to the ton and an amount of nitrogen equivalent
to 96.1 pounds of ammonium sulphate to the ton. This yield is
similar to that of the average sample of lignite from other parts of the
Rocky Mountains. Possibly the time may come when the low-grade
lignite beds of Montana will be miued and distilled for their gas and
oil content, but it will be many years before deposits of inferior
thich..11ess such as these, remote from large cities and railroad lines,
will be utilized. An investigation of the methods of possible utilization of American lignites has recently been made by the United States
Bureau of Mines.1
TECHNOLOGY OF SHALE OIL.

The following data concerning the preparation of oil shale for
distillation, the machinery used for distillation, and plant costs, are
taken from papers by D. E. Winchester 2 or from a paper by the
Bureau of Mines : 3
PREPARING OIL SHt\LE FOR DISTILLATION.

After oil shale is mined and brought down to the plants for the
manufacture of shale oil, it will need to be crushed before it is subjected to distillation, and the fineness to which it is crushed will
depend on the method of treatment to which it is to be submitted.
The existing machinery for crushing rock may need to be remodeled
to handle efficiently and economically this tough, almost rubbery
shale, which is inclined to pack rather than to crush, but this is a
minor mechanical detail which can easily be adjusted.
• Babcock, E. J., Economic methods of utilizing western lignites: Bur. Mines Bull. 89, 1915.
• Oil shale and its development in the United States: Railroad Red Book, vol. 36, No.1, pp. 21- 25,
published by Denvor & Rio Grande Ra.i.lroad, 1919.
• Some concise informatlon on oil shal&-its possibilities and needs: Ra.i.lroad Red Book, vol. 36, No. 2,
pp. 217-218, published by Denver & Rio Grande Railroad, 1919.
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DISTILLING MACHINERY.

At the present tirile there are no commercial shale operations in
this country, although there is a great amount of activity, particularly in the States of Colorado, Utah, and Nevada, where thero are
large and easily accessible deposits of rich oil shale and where geographic and transportation conditions are such as to favor the production of oil in these States.
The manufacture of the shale oil and by-products from oil shale
requires heat, and many types of apparatus are being designed and
tried. In July, 1918, there were at least 20 processes for the extraction of oil from shale. It is to be expected that some, probably
most, are doomed to be discarded, not because they will fail to
produce the oil, but because they either will not produce the best
oil or will not produce any oil at a cost sufficiently low to allow the
sale of the products at a profit. The experiments now being carried
on should, within a short time, prove the value of many of the ideas
that have been advanced, and if the successes and failures of one
experimenter are made available for the use of others who are attempting to produce the same results, some efficient shale distilling
plants may be in operation in the oil-shale fields within the next
few years. The history and experience of the oil-shale companies of
Scotland, where there is an oil-shale industry of 60 years' standing,
is available for the guidance of the American experimenter, and this
information should be fully utilized. It appears that little change
has been made in the Scottish oil-shale retortS for a decade, but prior
to that time certain principles of distillation were tried and found
unsatisfactory, while others were proved to be more efficient and
were adopted for use with the Scottish oil shale. Inasmuch as there
are certain differences in character and richness between the Scottish
oil shales and those to be retorted in the United States, it stands to
reason that the processes of handling the American oil shale will
probably be considerably different from those used in Scotland.
In order to obtain the maximum amount of ammonia in the
shale it is necessary to heat the shale to incandescence and then to
introduce steam. The steam dissociates in the presence of fixed
carbon which has been formed in the process of heating, liberating
free hydrogen which combines with the nitrogen, forming ammonia.
In this country, where our most favorable shale deposits are very
much richer in oil but contain less nitrogen than the Scottish shales,
it may prove advantageous to neglect more or less the ammonia production and to increase the capacity of a plant by shortening the
time and temperature of heating.
Theoretically, all the ·products now obtained from both crude
petr9leum and from coal tar are possible from shale oils. The

'
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SCottish operators have never made many different products from
their shale oil, marketing it as motor spirit, naphtha, burning oil, gas
and fuel oil, lubricating oil, and paraffin wax. This is probably
largely due to the fact that they have well-established markets for
these products and for this reason find it more profitable to confine
themselves to them~ It must be realized that no little skill and
experience will be necessary in making many different marketable
products from shale oil.
COSTS.

At the present time there is no exact information regarding the
cost of mining oil shale, delivering it to the retorts, crushing and
retorting it, or of refining the shale oil after it is extracted. The cost
of mining oil shale will probably be as great as that of the mining of
coal in the same general region under similar conditions, if not greater,
and un·derground mining will therefore cost at least $1 a ton.
Reliable general estimates of the cost of shale-oil operations can
not be made, as most of the costs are dependent largely on local and
individual conditions. Some of the shale deposits are such that the
shale can be mined with a steam shovel. This, of course, is a much
cheaper method of mining than the stope and pillar or other methods
where the shale must be brought from underground. Thirty-five
cents per ton is ·considered by some as a reasonable figure for the
average steam-shovel mining and $1.15 per ton as an average figure
for underground mining.
The delivery of oil shale to the retorts will in most places necessitate
the installation of tramway systems. Crushers of special types will
be needed to reduce the oil shale to proper :fineness for retorting.
The original cost as well as the cost of operation of crushers will
depend largely on the degree of pulverization demanded by the
retorts in which the shale is to be distilled, but in any case the cost
will not be small.
The estimates of costofinstallingthevariousretortingsystemsrange
from $300 to $2,500 per ton of shale to be handled daily. These
figures represent preliminary estimates, and in the present state of
the industry they are the best available. Accurate figures relative
to the costs of operating the retorting machinery will not be available
until plants of commercial size are put into operation. The cost, in
Scotland, of a commercialized Pumpherston plant complete with
retorts, condensers, and ammonium-sulphate house was estimated by
Mr. Henderson 1 at pre-war prices (before 1909) to .be at least $350
per ton of shale to be treated daily.
• Ells, R. w., Joint report oul)ltuminous or oil shalee or Now l3111D8wick 1111d Nova Scotia, p.
Dept. Mines, 1909.

~. C~
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After the oil she.le has been mined, prepared, and retorted, the
product is crude shale oil, which, like crude oil-well petroleum, must
be refined before its value will be fully realized. A refining plant
must therefore be available, and tank cars or trucks will be needed
for transporting the crude shale oil to the refinery, as there seems to
be ample indication that it will be impractical to convey shale oil by
pipe line because of the fact that the oil may be thick or almost
solid, at least in cold weather. The shale oil manufactured in Scotland is too thick for piping at ordinary temperatures.
It is evident, therefore, that the installation of a comriiercial oilshale plant means the expenditUre of no less than half a million dollars
and probably much more, and such a plant must be operated with
the greatest efficiency and· at a minimum cost. in order to produce
shale oil and other oil-shale products at a profit. The production of
shale oil in paying quantities will require plants capable of treating
great amounts, perhaps 1,000 tons of shale a day. If it is assumed
that the average oil shale treated will yield approximately 1 barrel
of shale oil per ton of ·shale, it will be necessary to install and
operate a great number of such plants to enable the shale-oil industry
to replace in any great degree the vanishing supply of petroleum
in this country.
Finally, it must be realized that the production of oil from oil
shale is in fact a large, low-grade manufacturing project rather than
the application of an intricate chemical process, and that for oil-shale
operations to be commercially successful a large amount of capital
and both engineering and technical ability will be necessary.

PEAT IN THE DISMAL SWAMP, VIRGINIA AND NORTH
CAROLINA.'

By c. c.

OSBON.

GEOGRAPHY.

The Dismal Swamp district is in the Coastal Plain of southeastern Virginia and northeastern North Carolina. (See Pl. IV.) It
lies roughly between par~llels 36° 15' and 36° 45' N. and meridians
760. 5' and 76° 35' W., and approximately includes Norfolk County
and the eastern part of Nansemond County, Va., and Perquimans,
Pasquotank, Camden, and Currituck counties, N. C. As the limits
of the swamp depend largely upon rainfall and vegetation, as well
as topography, they are rather irregular and are not sharply defined.
The swamp is traversed from Deep Creek, Va., to South Mills,
N. C., by the Dismal Swamp Canal and is cut by numerous smaller
canals and ditches radiating from Lake· Drummond. The Norfolk
Southern Railroad skirts the eastern, southern, and western parts of
the swamp, .and its north end is crossed by the Virginian, Seaboard
Air Line, and Norfolk & Western railroads.
The total area Of the Dismal Swamp is about 2,200 square miles,
of which a little more than 700 square miles has been drained by
the Dismal Swamp Canal and other ditches. A large part of the
swamp is owned by the Roper Lumber Co., Norfolk, Va., and by
the Richmond Cedar Works, Richmond, V a.
The region as a whole is but sparsely populated, and the chief
industries in the reclaimed areas are lumbering and agriculture.
GEOLOGY.

The peat deposits of the Dismal Swamp lie in shallow basins that
originated in an extensive depression of the Columbia group 'of
formations. During the deposition of these formations the mouth
of James River was some distance southwest of its present mouth,2
1 ~orne of the tleld work upon which this report Is based was done by E . K. Soper.
"Darton, N. H., U. S. Geol. Survey Geol. AUas, Norfolk folio (No. 80o), pl. 1.
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and the sediment it laid down probably fonned a bar or delta east
of the swamp. When the land was subsequently uplifted the mouth

of the James was diverted to its present position, and between the
terrace formed by its delta and the N ansemond escarpment there
remained a large, poorly drained depression in the surface. The normal annual precipitation of the region is about 52.08 inches, and the
average humidity is 73 per cent. Thus favored by topographic and
climatic conditions, the surface was soon saturated or covered with
water and luxuriant vegetation, and it has remained iri substantially
the same state since that time.
vVhile the s"·amp \YRS young most of the peat \YUS formed below
water level and the deposits were largely of the filled-basin kind.
Later many basins in the region were filled to the general level of
the surrounding country by Yegetal accumulations, and much of the
surface water was drained off through the Dismal Swamp Canal and
subsidiary ditches. Thus the Green Sea, which was originally connected with the main morass, has been detached by the draining of
the intervening area. Many marginal sections have also been reclaimed for agricultural use by small ditches and are no longer
swampy, except in very wet weather. However, the greater part of
the swamp is still so poorly drained and so choked with plant
growth that it is continually saturated or covered with water. The
average depth of the water is only a few inches. In the western
part the water is in places 2 feet deep, and peat is still forming
there under water. In the eastern part the water seldom stands
above ground, although in many places it keeps the surface so
highly saturated that peat is still accumulating. In the thoroughly
drained sections the formation of peat has been superseded by that
of leaf mold.
FLORA.

The Dismal Swamp lies at the jnnction of the coniferous and deciduous forest regions of the eastern coast of the United States.
Its flora comprises plants of a great nulllber of species and is interesting because it shows a mingling of the northern and southern land
floras. In the earlier stages of peat formation algae and mosses
probably g1;ew profusely in its shallow waters, building up deposits of fine-grained peat, which is now found in the bottoms of the
basins. As the remains deposited by these plants accumulated the
ba.sins became shallower, enabling the pondweeds (Potamogeton),
the water lilies (Castalia and Nymplwea), and the lake bulrush
(Sci1·pus) to establish themselves temporarily. 1 In some of the
higher parts of the morass the bog-meadow and bog-heath stages,
in which t?e Carew and Andromeda~Ledum associations predominated, may have followed in small areas. As the surficial de pres'Davis, C. A., U. S. Geol. Sul'Vey Bull. 376, p. 13, 1909.
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sions were relatively shallow, and as logs are found in nonfibrous
peat at depths of 5 to 10 feet in many sections of the swamp, it is
believed that deciduous and coniferous trees more or less fully superseded the other flora at an early date and contributed the greater
part of the dead vegetation from which the peat deposits of the
·
region were formed.
The present flora of the Dismal Swamp includes aquatic plants,
the fern and peat-moss association, deciduous and coniferous trees,
and associated undergrowth. Nearly the whole region is forested,
and the plant associations are so intimate that it is difficult to delimit the distinct formations. However, the following ecologic
classification, which follows roughly the classification used by
Schenck in " Biologie der Wassergewachse," shQws the most abundant plants that are now contributing to the formation ·of peat:
AQUATIC PLANTS.

Submersed:
Utricularin spp.
Rlccln ftultans.
Philotrla canadensis.
Sphagnum kearney!.
CnllltrlchP heteropbylla.
Juncus repens.
Isnardla palustris.
Floating on the surface:
Spirodela polyrhiza.
Castalia odorata.
· ~ymphaea ad vena.

Nelumbo lutea.
Potamogeton lonchites.
Callitriche heterophyJ(a.
Rls lug above the surface:
Spnrganlum androcladum.
Myriophyllum beterophyllum.
Woodwardla vlrginica.
Eriophorum virginicum.
Decodon verticillatus.
Limodorum tuberosum.
Sphagnum cymblfollum.

BLACK GUM ASSOCIATION.

Water ash (Fraxinus carollnlana) .
Rattan ( Berchemia scandens).
Yellow jessamine (Gelsemlum sempervlrens.)
Cross vine ( Blgnonla capreolata).

Water gum (Nyssa blflora) .
Bald cypress (TaxO!lim dis tlchum).
Red maple (Acer rubrum).
Cotton gum (Nyssa aquaticn).

WHITE CEDAR ASSOCIATION.

I

Loblolly pine (Pinus taeda).
.
Shrubs (Ericnceae association).
Sweet bay (Magnolia vlrginiana) .
Cane (Arundinarin macrosperma) .
White cedar ( Chamaecyparls thyoides) .

Aquatic plants are found in nearly all the wetter parts of the
swamp, notably in some of the abandoned ditches, which have been
completely filled with them. However, in areas of dense shade they
make little headway and are of minor importance in the formation
of peat.
Ferns and peat mosses a.re found in the open parts of the region.
Sphagnwm cymbifoUwm grows in the shallow water and among the
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stipes of the W oodwardia in the higher parts of the peat area. The
roots are usually. submerged; and the stems, which range in length
from 6 to 18 inches, rise above the surface.
The witter grlm, locally known as black gum, and white cedar or
jun1per forest associations predominate throughout the region and
contribute the greater part of the dead vegetation that is now accumulating. The densely forested wetter part . of the morass,
especially the area surrounding Lake Drummond, is known as the
. black-gum swamp. (See Pl. V, A.) It is characterized by the profuse growth of black gum and its associated undergrowth, although
red maple is also abundant. Here iminense quantities of peat are
now accumtilating. The bald cypress is also still found in some
parts of the bla.ck~gum swamp but probably was more abundant in
earlier years. In fact, the most striking feature of the region is the
weird aspect presented by .the cypress knees and the belt of old
weathered cypress stumps standing on the margin of Lake Drummond and hung'with Spanish moss. These stumps, which have survived the attacks of the efements for many years, and the numerous
well-preserved cypress logs that are encountered several feet beneath
the surface indicate that cypress formerly contributed much more
dead vegetation to the peat deposits than now.
The open, light parts of · the morass, known locally as juniper
swamp, are largely occupied by the w~te-cedar association. In
earlier years these areas were completely forested by white cedar,
but now, owing in part to the work of man, many of them bear a
growth of shrubs and cane. (See Pl. V, B.)
ORIGIN.

Peat is incipient coal. It is the organic residuum resulting from·
the arrested decomposition of leaves, twigs, roots, trunks of trees,
shrubs, mosses, and other. vegetation in areas continually covered or
saturated with water. It may be identified as a dark-colored soil
found in bogs and swamps, commonly called muck, .although technically the term "muck" should be restricted to soil in which the
quantity of inorganic mineral nearly equals or exceeds that of the
organic matter. In mild or warm climates the formation of peat is
directly dependent upon abundant rainfall and luxuriant plant
growth and is indirectly regulated by topographic and climatic conditions. Basins in which peat has ·accumulated are found in the
glaciated :r;egions of New England aiid of the Great Lake States and
in area6like those of the Atlantic and Gulf Coastal Plain, where the
seacoast has subsided and bars or deltas have formed inclosed ponds
or land-lo<;ked lagoons and estuaries. The most extensive peat deposits of the United States are in these regions. Water is next in
importance to topography in the formation of peat. It performs a
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twofold function, enabling plants to grow profusely and protecting
their remains from complete decay. In order that water may accumulate on the surface abundant rainfall and a humidity sufficiently
high to prevent rapid eyaporation are necessary. Where rainfall is
heavy and the drainage is arrested or greatly retarded by plant
growth peat sometimes forms even on level areas and gentle slopes,
es~ally" ~ cold or·very .humid climates. In these places, although
the water seldom rises above the ground, it is progressively elevated
as the plant remains collect, and the water table is always near the ·
surface.
· Topographic and climatic conditions that are unusually favorable
for the accumulation of peat exist in the Dismal Swamp region.
;Many shallow basins and poorly drained level areas choked with
dense vegetation are found between the N ansemond escarpment and
the terrace plain to the east. Some of these depressions have already
been filled with peat to the general level of the surrounding country.
The climate is characterized by heavy and well-distributed rainfall,
uniformly high humidity, and a temperature sufficiently low to prevent a too rapid evaporation and the complete decay of dead vegetation. The growing season is long, the winters mild, and the'sunshine
abundant. Thus favored by climate and moisture the plant growth
in the Dismal Swamp is luxuriant, being so dense in many places
that it can not be penetrated by man without great difficulty. The
central part of the swamp is so densely forested that the sun rarely
sft.ines upon the ground, and the quantity of dead vegetation that has
accumulated' is immense. In certain of the open parts of the swamp.
the canes grow very closely together, and in places the leaves, falling '
among them, accumulate to the thickness of 1 foot each y.ear. Next to
the trees and the larger shrubs the canebrakes are probably the greatest contributors to the vast quantity of organic matter which yearly
accumulates upon the surface of the region.
One of the chief substances formed .bY plants during their growth
is cellulose, which is produced from atmoopheric carbon dioxide and
from water supplied by the roots and which consists of carbon,
hydrogen, and oxygen. If the plant debris falls upon drained soil it
is immediately attacked by microorganisms and the carbon and
hydrogen of the cellulose unite with atmospheric oxygen and form
carbon dioxide and water. In other words, if oxidation is unhampered the orgaJ.?.iC matter wil'l disappear in a relatively short time. If,
however, the plant matter falls into water or upon soil saturated with
moisture it undergoes a change different from the decay suffered by
exposed vegetation. The atmospheric oxygen is largely excluded by
the moisture, and the plant substance is partly protected from the
attacks of fungi and bacteria. The salient features of the evolution
of peat from cellulose are the elimination of hydrogen and oxygen as
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water and of carbon and oxygen as carbon dioxide and the generation of methane. The evolution of water and methane ·exhausts the
hydrogen more rapidly than the carbon. This is the process of carbonization. If surface conditions are uncha!lged the process of carbonization is greatly retarded upon the formation of peat, and the
accumulation of organic matter may exist indefinitely as peat unless
the land is drained and decomposition again begins, or unless the
peat is deeply buried beneath superposed deposits, generally muds,
sands, limestone, ·etc., and subjected to· pressure, with varying degrees
of heat. .Lignite, bituminous. coal, anthracite, and graphite are succeeding stages in the process of carbonization. It seems, therefore,
that most if not all coals were once peats, that most coal fields were
formerly swamps, and that the formation of peat in the Dismal
Swamp is an existing example of the first stage in the process of coal
·fonnation. It has been shown that deposits essentially similar to
those of the Dismal Swamp were laid down in many parts of the
United States during the Carboniferous period.
DISTRIBUTION.
GENERAL CONCLUSIONS.

The Dismal Swamp covers approximately 2,200 square miles, of
which a little more than 700 square miles has been permanently
drained to a depth of 3 feet or more by Dismal Swamp Canal and
smaller ditches. (See Pl. IV.) Much of the drained land is farmed.
In the remaining 1,500 square miles peat deposits rangiRg in depth
from 1 foot to 20 feet are found. The thickest beds lie in the region
east and northeast of Lake Drummond, where peat 18 feet deep was
exposed by comparatively recent excavations. The peat in this area
is black and low in inorganic impurities and is probably the best in
the swamp. In general, the depth of the peat gradually decreases
toward the edge of the swamp, where the peat finally merges into the
sands of the adjoining area~. The eastern border is deeply indented
by large tracts that have been drained, cleared, and cultivated. Some
peat of value is found in the southern and southeastern parts of the
morass, but the northern and western parts contain few deposits large
enough to be of commer cial importance.
The Dismal Swamp is not entirely covered with peat-in fact, not
more than half of it contains peat of commercial value. In some
parts of the swamp the peat is too shallow to be worked profitably,
and in others it contains so many roots, stumps, and logs that excavation by present methods would be impracticable. In many areas
the peat has been destroyed by forest fires. In some of the heavily
forested areas peat has never formed to great depths, perhaps because of the presence of excessive surface water and dense sh ade,
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which prevented the growth of shrubs, mosses, grasses, reeds, ferns,
and other prolific peat-forming plants. From numerous test borings,
observations made along the banks of drainage canals, and information furnished by drainage engineers who are familiar with the
swamps, it is estimated that the average thickness of the peat i3 7
feet. On the assumption that the uncultivated area of the Dismal
Swamp is 1,500 square miles, that about one-hal£ of this area is covered· with peat averaging 7 feet in depth, and that, according to the
usual practice in estimating the tonnage ·a bog will yield, 200 tons
of dry peat . per acre-foot may be obtained, then the total available
peat in the Dismal Swamp is 672,000,000 tons.
AREAS TESTED.
VIRGINIA.
NORFOLK COUNTY.

The best peat in the Dismal Swamp is found in Norfolk. County,
. Va., in the territory northeast of Lake Drw:nhlond. This area is
close to the truck-farming section of Virginia, to which the peat
could be cheaply transported by means of the Dismal Swamp Canal.
As shown by the table of analyses on page 49, much of this peat is
high in thermal value and contains -relatively little ash and ·a fair
percentage of nitrogen. It could therefore be used for fuel or as a
nitrogenous ingredient of commercial fertilizer.
It is reported that in 1860 a peat-fuel plant was erected near the
site of hole A, described below, but that on account of economic conditions which arose with the outbreak of the Civil War it was unsuccessful ~nd the machinery was dismantled. So far as known, this
is the only attempt that has ever been made to market peat from the
Dismal Swamp.
As shown on Plate IV, test borings for peat were made along the
Norfolk & Western Railway, the Dismal Swamp Canal, the canal
feeder, and the eastern shore of Lake Drummond. No peat of consequence was found in the region traversed by the railway, but in
the other areas the test borings gave the following results :
Hole A was drilled at a point 1 mile north of Wallaceton and 300
feet east of Dismal Swamp Canal. Nonfibrous peat, ranging in color
from dark brown to black, was found to a depth of 10 feet. Sample 1 was taken at a point 4 feet from the surface, and sample 2 at
6 feet. (See table of analyses on~· 49.)
Hole B was made on the north bank of Northwest River, 300 feet
east of Dismal Swamp Canal. Here 9 feet of peat similar in physical
characteristics to the specimens taken from hole A was found.
Samples 3 and 4 were taken at depths of 4 and 6 feet, respectively.
Hole C was sunk to a depth of 9 feet at a point midway between
the sources of Jericho Canal and of the feeder ditch by which water
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is supplied to Dismal Swamp Canal. About 8 feet of peat, underlain by white sand, was found here, but as it seemed to be similar to
the material from holes A. and B no sample was taken for analysis.
Hole D, in which 10 feet of peat underlain by alternate layers of
white sand and blue clay was found, was made 200 feet north of the ·
water gate in the Dismal Swamp Canal feeder. The surface layer
of this peat is black and well decomposed, but the subsurface layers
range in color from dark to light brown. Sample 5 was taken 4 feet
below the surface. .
Hole E was drilled on the bank of Dismal Swamp Canal opposite
the mouth of the feeder. A.s the peat was rather fibrous and only 3
feet deep at this point it was not sampled for analysis.
NANSEXOND COUNTY,

Hole F was sunk on the south side of Washington Ditch about a
mile northwest of Lake Drummond, in Nansemond County. This
boring, as well as four others at intervals of three-quarters of a mile
northwestward along this ditch, failed to show peat in commercial
quantities. From 1 to 3 feet o,f muck was found, and sample 6, consisting of a composite mixture of material from the surface to a
depth of 3 feet; was taken in order to show its character. The
absence of peat in this area may be due to the dense stand of mature
timber and the excessive quantity of water that cover it, preventing
the growth of shrubs, mosses, and other prolific peat-forming plants.
NORTH CAROLINA.
CURRITUCK COUNTY.

Hole J, in Currituck County, N.C., was put down on the north side
of Old Swamp Road about 800 yards northeast of the line between
Curritll:ck and Camden counties. It penetrated 7 feet of black, thoroughly decomposed peat. The area of this deposit is approximately
100 square miles, and for the most part the material is of the built-up
type, though the deposit contains some filled-basin peat. As shown
in the table of analyses on page 49, the peat is unusually high in
thermal value, contains little ash and a relatively high percentage of
nitrogen, and seems to possess much value as a source of fuel and
fertilizer.'
CAMDEN COUNTY.

Holes G, H , and I, which were sunk half a mile apart along Dismal
Swamp Canal, from half a mile to ii miles northwest of Lilly, Camden County, N. C., failed to show peat of commercial value. Muck
averaging 3 feet in depth was found, but it was not sampled. These
tests, however, do not prove that there is no peat in workable quantities in the county. The vegetation in the region consists chiefly of
maples, sedges, grasses, canes, ferns, and mosses. Sphagnum moss
suitable for surgical dressings is abundant, and it is reported that
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pure sphagnum covers many square miles m the territory west of
Dismal Swamp Canal.
CLASSIFICATION. AND PROPERTIES.
PHYSICAL CHARACTER.

The .two leading kinds of peat in the Dismal Swamp are known
locally as" black-gum peat " and" juniper peat." The former, which
is dark brown or black, thoroughly decomposed, and relatively homogeneous in structure, is found in what were formerly the wetter parts
of the region, especially near Lake Drummond, and bears a growth of
black gum, red maple, and bald cypress. It is well humified and almost destitute of fibrous structure. When dry it ·breaks easily, leaving lusterless fracture surfaces. "Juniper peat," which ranges from
dark to light brown in color and is rather fibrous, is found in the light
or open swamp and bears a growth of white cedar, pine, sweet bay,
shrubs, and cane. Decomposition is not far advanced and the peat
contains many stems, roots, and logs. On the eastern margin of the
swamp near the source of Northwest· River there is a typical area of
this material. When dry it hardens in lump form and breaks with
difficulty.
CHEMICAL CHARACTER.
ANALYSES.

The following table shows the 'results of analyses of Dismal Swamp
peats both as- received in the laboratory and after the moisture had
been eliminated. The samples were dried to about 50 per c.ent moisture in the field and shipped to the laboratory in canvas bags.
Analyses of ,,pecimens. of peat and muck from Dismal Swamp, Va. and N. 0.
[H. M. 1~per, assistant chemist, Bureau of Mines, analyst.]

I

Locality.

Proximate.
Ultimate.
Calorific value.
CondiSamt
ion
~le Hole. of sam- Mols- Volatile Fixed
Sui- Nitro- Calo- British
'o.
pie.o
ture. matter. carbon. Ash. phur. gen.
ries. thermal
units.

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

VIRGINIA.

Do ............

4

B

Do ............

5

D

NansemondCounty

6

F

1
2
1
2
1
2
1
2
1
2
1
2

7

J {

1
2

Norfolk County ....

1

A

Do ............

2

A

Do ............

3

B

14. 01

45.42
•52.82
42.42
63.25
17.93 46.57
56.74
18-88 47.55
58. 62
--······
9.38
48.05
53.02
6.43 . 30.32
....... .. 32.40

33.92
39.46
19.62
29.25
20. 15
24.56
18.49
22.79
18.72
20.66
10.92
11.67

52.05
56.72

33.54
36.55

"32:93'

........

6.64 0.31
7. 72
.36
5.03
.23
7.50
.34
15.35 .19
.
23
18.70
15.08 .19
.23
18.59
23.8.5 .28
26.32 .31
52.33
.25
.27
55.93

1.73
2.01
1.38
2.06
1-31
1.60
1.27
1. 57
1.67
1.84
1.07
1.14

.26
.28

1.60
1. 74

.

4,690
3,655
5,449
4,052
4,937
4,021
4,957
3,881
4,282

8,442
9,818
6,578
9,808
7,293
8,886
7,238
8,923
6, 98.5
7, 708

5, 163
5,626

9,294
10, 127

5,454

.. ... ....
········
.............. . .. . ..... ..

NORTH CAROLINA.

Currituck County..

-

!t23

........

6.18
6.73

o 1, As recch•ed in the laboratory; 2, moisture free.
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CONCLUSIONS.

"Black-guin peat'' (samples 1, 2, and 5), because of its thorough
decomposition, c<?ntains more nitrogen and fixed carbon than " juniper
peat-»- (sample 4) and therefore is less acidic. It also contains less
ash and is of greater commercial value. Where the ash content exceeds 8 per cent it consists chiefly of alumina and silica in the form of
clay and sand.
ASSOCIATED MARL.

Sheli beds or so-called marls underlie the peat deposits at many
places in nearly all the counties of the Dismal Swamp region.
Although no outcropping beds were observed in the areas tested for
peat, it· is said that many of these strata have been penetrated by
wells and extensively exposed by drainage excavations. Shells
thrown upon the bank of Dismal Swamp Canal by dredges were seen
near Deep Cree)r and Wallaceton, Va~, and Lilly and Moyock, N. C.
Several years ago a dredge of the Lake Drummond Canal & Water
Co. in deepening the canal feeder penetrated a shell bed about midway between the source and mouth of the feeder. A large quantity
of shell "marl " was thrown upon the bank at this point, but on account of the action of the dredge and of the weather since that time
it is now disintegrated and mixed with sand and clay. W. C. Mans- .
field, who identified the following fossils collected at this locality,
believes that they are of Pleistocene origin:
Venus mercennria Linn~.
Ostrea virginica Gmelin.
Area transversa Say.

It has been said 1 that the age represented by these fossils is
Pliocene, but as they are also found in the Pleistocene and underlie
peat of late Pleistocene origin, it is probable that thAy belong to the
Pleistocene series.
An estimate of the quantity of shell "marl " in the Dismal Swamp
region is not available,_ but if the material occurs in vrorkable quantities and can be cheaply excavated, many peat areas in this region
that on account of the acidity of the soil are now valueless for general
:farming could perhaps be economically treated with lime from these
shell beds and made to yield large alkaline-soil crops.
USES.
GENERAL USES.

The products that may be made from peat s,re numerous and
varied. In Europe it is shaped into blocks and used for fuel. Gas,
charcoal, and coke are also produced from it, as well as ammonium
1

Darton, N. H., U. S. Geol. Survey Geol. Atlas, Norfolk folio (No. 80), p. 3, 1902.
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PLATE VI

A. WHEAT GROWN BY TilE WALLACE BROTHERS NEAR WALLACETON, VA., ON
RECLAIMED PEAT LAND.
Photograph by John G. Wallace.

B •. MACHINE PEAT FUEL PREPARED AT THE EXPERIMENTAL PEAT-FUEL PLANT
OF THE CANADIAN DEPARTMENT OF MINES, MINES BRANCH, ALFRED, ONTARIO,
AND SPREAD FOR AIR DRYING ON THE SURFACE OF THE DOG.
Photograph by E. V. Moore.
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sulphate and a number of other valuable by-products. Owing to the
scarcity of raw material in the countries of northern Europe peat
moss is employed as packing material; as a substitute for absorbent
cotton in the preparation of surgical dressings, and in a small degree
fof wood and for cotton and woolen cloth. In the United States
peat is used as a soil :for the cultivation of certain crops and to some
extent :for fertilizer, stable litter, and :fuel, and for compounding
stock feed. It is believed, however, that the greatest possibilities
presented by peat in this country are in agriculture and as a source
of :fuel.
·
l'E.AT BOILS.

P eat, when properly treated, is one of the most fertile soil types in
this country. In previous years, owing to the abundance of welldrained land that could be more readily tilled, the peat and muck
areas have been passed by, but with the rapid increase of our population and the advent of intensive soil cultivation the attention of
agriculturists is now being directed to these neglected lands.. Raw
peat soils, though too acidic for ordinary farming, are, after they
have been drained, cleared, and freely aerated, especially well adapted
to the production of vetch, buckwheat, oats, rye, some varieties of
corn, the cranberry, the strawberry, the blueberry, potatoes, and other
acid-soil crops. 1 If properly treated with potash salts and with lime
they are neutralized or made slightly alkaline, and should then yield
large quantities of red clover, wheat, timothy, alfalfa, sugar beets,
rutabagas, and other alkaline-soil crops. (See Pl. VI.) The greatest
values derived from the cultivation of peat and muck, however, have
arisen from their use as special crop soils. According to the Bureau
of Soil.s,2 cabbage, onions, celery, lettuce, spinach, carrots, beets,
turnips, and peppermint are the most valuable crops that are grown
on t reated areas of peat and muck. The values of these crops per
acre so far surpass those of the general :farm crops that the reclamation of any large areas of peat or muck should be undertaken with
the special object of their production. For the profitable sale of
these special crops it is desirable that such areas of peat and muck as
are easily accessible to large city markets or to rapid transportation
should be reclaimed first.
The fer tility of peat and muck soil is due chiefly to its nitrogen
content, to its affinity for moisture, and to its black color, which enables it to absorb heat.
In the Dismal Swamp the areas of black peat land seem to be the
most valuable for agriculture. As decomposition is well advanced in
these areas the soils contain much nitrogen, are easily worked, and
1
Coville, F . V., The agricultural utilization of acid lands b y means of acid-tolerant
crops : U. S. Dept. Agr. Bull. 6. 1013.
• U. B. Dept. Agr. Bur. Bolls Clrc. 65, pp. 13, 14, 1912.
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afford a mellow top soil radically different from that of the juniper
lands, which cakes and hardens when exposed to the rays of the sun.
Because of its pronounced acidity and of its unfavorable physical
· condition the juniper peat is of little value for general farming unless
subjected to intensive treatment. However, frequent plowing, which
stimulates the growth of aerobic bacteria, and the application of lime
will usually correct these conditions.
On page 50 is mentioned a source from which lime might be economically obtained and applied to this land. Although shell " marl"
possesses less value as a fertilizer than commercial lime, it is beneficial
to peat soils. Where· it has bee.n properly used in Virginia, its application has resulted in increased soil fertility. The shells snould be
burned or ground before the material is used as fertilizer, because the
lime is then available immediately, whereas if the material is applied
in an untreated condition the lime is relatively inactive the first year.
The chemical and physical effects of liming are manifold: it releases
potash from certain silicates; it promotes the decomposition of the
peat, freeing soluble nitrogen; it corrects the acidity of sour soils;
and peat soils that harden in lumps on drying are made friable by
treatment with lime.
PEAT FERTILIZER.

The value of peat as a source of nitrogen for use in the growth of
crops seems to have been overlooked by many persons who are interested in the development of a domestic peat industry. Analyses of
the peats of the United States show a nitrogen content ranging from
1 to 4 per cent, and averaging about 2 per cent. This nitrogen can be
extracted from the peat as a by-product in producer-gas plants or
can be made available for plant food without segregating it from the
peat. A discussion of the recovery of nitrogen from peat as a byproduct. in the manufacture of gas is given on pages 58-59.
The use of peat as a culture medium f or nitrifying bacteria is now
attracting wide attention, and it is believed that this feature of the
peat industry offers attractive possibilities. A chemical analysis of
raw peat is not a true test of its value as a source of nitrogen for
agricultural use, because if the peat is limed and properly inoculated
with nitrifying organisms a substantial quantity of soluble nitrogen
is gradually formed and released after the peat has been placed on the
soil. Arguments are often advanced against the use of peat as a source
of nitrogen in soil fertilization because all the nitrogen shown by
chemical analysis is not readily available for plant food, but these
arguments seem to be based upon a misconception of the nature of
peat. It is true that only a part of the actual nitrogen content of
peat shown by a chemical analysis can be immediately used for food
by. plants, but it is equally true that the total quantity of potential
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soluble nitrogen formed and released by bacterial action from time to
time after the peat has been applied to the soil is much greater than
the percentage found in some commercial fertilizers. Fortunately
not all the nitrogen in peat is soluble, or it would leach out and
the black peat soils of this country would be barren.
Peat has been used commercially in the United States in soil fertilization since 1908, having been mixed with potash or phosphate,
limed, treated with nitrifying organisms, and applied as a direct
fertilizer, or used as a nitrogenous ingredient of commercial fertilizers. For these purposes properly treated peat is valuable both
chemically and physically. Its content of soluble nitrogen is immediately available for plant food, and it is potentially rich in nitrogen that is gradually released as needed for plant growth; it contains
small quantities of potash and phosphorus; it suppl~es humus, a vital
requirement for plant life under natural conditions of growth; on
account of its black color it absorbs heat; soils to which it is applied
are made friable and can be readily worked; and its water-holding
properties are proverbial. Because of these characteristics peat is
being used more and more in the manufacture of commercial fertilizer.
To those who propose to enter this branch of the peat industry it
is suggc;-;tetl that caution be observed in selecting a suitable deposit.
Before any money is invested a careful survey should be made of the
prospective bog to determine whether there is sufficient quantity
of peat to justify the erection of a plant. Typical samples should be
taken from different parts of the deposit and examined to determine
whether . the material is chemically adapted for fertilizer. Black,
well-humified peat is most satisfactory for soil fertilization, as such
material is generally more.compact and contains more nitrogen and
less fibrous material than the brown peat. Only bogs containing peat
that is rich in nitrogen should b~ selected. The acidity of the raw
peat must be corrected by thorough aeration and liming before any
attempt is made to market it. One of the great handicaps suffered
by the peat fertilizer industry in this country has been the lack of
uniformity in its product, and as the success of a plant depends upon
the character of the material used, too much. caution can ·not be
observed in selecting it.
Of equal importance to the kind of peat used are the process and
machinery employed in refining it. The deposit must first be drained
and cleared of trees, brush, and turf. Cultivation of the peat for
several seasons will correct the acidity and afford means for determining its general agricultural value. After the upper layer has
been plowed, disked, and harrowed, the peat is excavated to a depth
of about 3 feet and left in windrows on the surface of the bog. When

a
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the moisture has been reduced to about 50 per cent by air drying the
. material is scraped in piles, loaded in cars, and hauled to the stock
pile. After aerobic fermentation is well advanced the material is
run through heated rotary dryers until the moisture is lowered to 10
per cent, screened, and cooled. The resulting product contains humus.
This material may be further enriched with nitrogen by liming and
appropriate inoculation, and if a complete fertilizer is desired, potash, phosphorus, and other minerals are intermixed with it.
The outdoor equipment consists essentially of agricultural implements, excavators, scrapers, loaders, some light rails, a few cars and
small locomotives, an elevator to raise the peat to the top of the
stock pile, and a conveyor for transporting it to the dryers. If possible the excavators, scrapers, and loaders should be electrically propelled and operated with caterpillar drives, as machinery so equipped
gives little trouble on boggy surfaces. The indoor equipment consists of engines, boilers, dynamos, rotary dryers, and sifters. The
building containing the drying plant should be fireproof and should
be located as near the deposit as possible.
In order that the plant may run throughout the entire year, it is
the best practice to excavate and pile up as much peat as possible
during the air-drying season and to complete the drying artificially
as the material is needed. By adopting the process and equipment
described lost motion is minimized and a large proportion of the
water in the peat is eliminated in the field.
Farmers who own small bogs can prepare peat fertilizer by composting the raw peat with manure, and after the bacteria have saturated the mixture it may be applied to the soil in the same way as
manure. Land that is deficient in humus and nitrogen will thus be
materially benefited.
The peat deposits of the Dismal Swamp are within a short distance ·
of many sandy truck farms, to which the peat could be cheaply trans- '
ported by water, and it seems that peat fertilizer plants in this region
should be successful.
PEAT FUEL.

Peat, because its carbon content is higher than that of wood and
because it will ignite and burn freely when dry, yielding an intense
heat, is used for fuel in countries where the coal supply is below
normal requirements. In Ireland peat has been the only domestic
fuel of the common people f rom the traditional time when that
country was deforested. · It is one of the essential elements of Irish
national life, and in many villages remote from modern routes of
transportation hand-cut peat is the only fuel available. The peat
fire on the hearth, like the jaunting car, typifies Irish environment,
and when the tourist seeks a memento of his visit to that country he
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usually selects some souvenir carved from the black oak that has lain
for centuries protected from the attacks of fungi and bacteria by
peat.
Although between 15,000,000 and 20,000,000 tons of peat fuel is
annually produced in Europe and consumed in generating heat and
power, only small quantities of peat fuel have been produced in the
United States, because of the abundance in normal times of coal,
which is more efficient and could heretofore be more cheaply prepared and more readily transported to the consumer, so that the interest shown in the peat in this country lias been largely scientific and
experimental. In recent years, however, the increasing costof producing coal and the temporary failure of the operators to keep pace
with the ever-expanding demand have led to a general advance in
price. This condition, aggravated by an appreciable reduction in the
visible coal supply and the rapid exhaustion of our forests, has made
a Qlarked impression upon economists and others and has created a
desire to conserve these materials by investigating and substituting
other fuels and sources of power wherever they can be more economically used. The late Prof. Van Hise, 1 in urging the conservation of
our wood and coal reserves, said :
So fm· as practicaule other products shoul<l ue s uustituted for wood. The
original forests of the United States contained not less than 850,000,000 aares,
having not less than 4,800,000,000,000 feet of merchantable saw tiinber. This
\\'US om· magnificent original heritage.
The Unitecl States as a ·nation has
existed a century and a quarter, anti what have we now? In that brief time
approximately one-half of the value of our forests has gone.
So far as practicable substitutes :-hould be usecl for coal. Even if all possible
economies and substitutes are introduced, the most sanguine can not hope that
the supply of fuels will be sufficient to meet the needs of the people for more
than a small fraction of the time we look forward to as the life of this Nation.

In the northern peat region there are no known coal fields, except
in small sections-notably in Michigan-and the peat deposits are
confined largely to States which, because o£ their cold climate and
extensive manufacturing industries, consume large quantities of fuel.
In the southern part of the coastal region, although the climate is
mild and the demand for fuel relatively light compared with that in .
the Northern States, there are no local sources of high-grade mineral
fuels. The preparation of peat fuel from the deposits in these regions would not only increase the local fuel supply but would
release railroad cars that are needed for other purposes. Peat there~
fore has great potential value as a source of heat and power; it may
be used locally in some States during economic and industrial crises
to prevent a fuel shortage; it may be utilized to conserve our re• Van Rise, C. R., The conservation ot natural resources In the United States, pp. 210,
256, 359, 1910.
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sources of coal and wood; and it is thought by many that in some
section8 remote from the coal fields, notably in New England, peat
could successfully compete with other fuels for both domestic and industrial use.
The attempts .made in past years in this country to produce peat
fuel on a commercial scale have not been successful, but the failure
appears to have been due not to a lack of market for the product nor
to the lack of merit in peat. In practically every instance it may be
accounted for by the lack of sufficient capital, the inexperience of operators, the failure 'to recognize that peat is inferior to coal, or preventable engineering errors. Many extravagant claims concerning
the fuel yalue of peat have been made, but the sooner its inferiority to
coal is recognized the better for the peat industry. Over $1,000,000
has been spent in this country in the attempt to produce some form
of peat fuel equal to coal in heating value, and yet we have no large
peat-fuel industry.
Careful consideration of all the factors involved leads to the con-·
elusion that peat fuel can now be marketed commercially in the
United States only in two forms-air-dried machine blocks and powder. (See Pl. V.) Many attempts have been made both in Europe
and in the United States to manufacture peat briquets for commercial use, but, although these briquets are more efficient than machine
or powdered peat, the process, on account of the high cost of production, has never advanced beyond the experimental stage. Peat in
an urldrained bog contains about 90 per cent of water, which must
be reduced below 30 per cent before the peat can be used for fuel.
By thoroughly draining the deposit approximately 10 per cent of the
water contained in the peat may be eliminated, but the remainder,
which is held in the microscopic plant cells and minute intercellular
spaces, resists the greatest obtainable hydraulic force, and can not be
reduced far below 70 per cent without drying in the open air or in a
heated chamber. However, artificial drying as a process requires
the expenditure of so much heat in comparison with the heat obtainable from the fuel prepared by this method that it has not proved
commercially feasible. Peat fuel should therefore be excavated,
macerated, and shaped into blocks during the air-drying season,
which in the United States begins in. April and ends in October,
except in the southern peat region, where it is a little longer. As
Director Haanel/ of the Canadian Commission of Conservation,
Mines Branch, has so well put it :
The forces of nature, the sun and the wind, which cost nothing, should be
used, and any improvement in this process will lle in the direction of laborsaving devices.
1
Hruinel, E ., Peat as a source ot fuel: Canadian Comm. Conservation Ninth Ann. Rept.,
reprint, p. 16, 1918.
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Air-dried machine peat is suitable for both domestic and industrial purposes. In calorific value a ton of machine peat is equal to
abo-gt 1.3 tons of wood, 0.5 ton of good bituminous coal, and 0.6
ton of anthracite. · It·is clean to handle and burns freely, yielding
an intense heat and producing no soot or other objectionable deposit.
For open grates this fuel is nearly ideal, and it is said that peat may
be burned in the same stoves as coal and wood. How_ever, the best
results in household use could probably be obtained by burning it
in a. stove with relatively small grate openings and a restricted
draft.
The machinery for the manufacture of peat blocks consists essentially of an excavator, macerator, and spreader, which may .be
separate machines or combined in one. After the peat has been
-dug it is thoroughly ground into a homogeneous pasty mass and
spread from 8 to 12 inches thick on the surface of tlie bog, and the
blocks are marked off by hand as the spreading proceeds. (See
Pl. VI.) When partly dry the bricks are loosely stacked in piles.
Machine peat that is allowed to dry slowly in this way contrac;:ta
into a dense mass, covered by a gelatinous skinlike substance called
hydrocellulose. After the moisture has been reduced to about ~5 .
per cent this coating renders the peat impervious to water' even
·
when immersed.
Owners of small bogs who desire to prepare peat fuel for home
use should adopt the hand-cut process, which is widely used in Ireland. Before this method can be employed the deposit must be ·
thoroughly drained and cleared, and the turf removed from its
surface. Most bogs of the built~up type-that is, those which were
formed by the deposition of the remains of plants that grow 11ear
the ground-water level---<!an be drained to the bottom by a simple
system of surface ditches. Filled basins, in which the deposit has accumulated below a permanent water level, can not · generaJly be
drained far below the surface of the peat without incurring great
expense and are therefore not so well adapted to hand digging as
built-up bed.s. However, many a filled-basin deposit in the northern
peat region, where most of the depressions in which peat has accumulated were formed during the Wisconsin or last glacial stage, may
be sufficiently drained for peat recovery by means of a short canal
connecting the edge of the basin at the lowest level with an adjacent
stream.
·
After th~ surface of the bog has been cleared, the peat is dug in
brick form, with a special tool, called a "slane." This i11strument,
which can be made by any blacksmith, is a narrow spade, with a
sharp steel lug welded on one side at right angles to the edge of the
blade. The blocks of peat range from 8 to 10 inches in length,
112028--20--Bull 711-5
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from 4 to 7 inches in width, and from 3 to 6 inches in thickness,
their dimensions depending on the size of the slane. As they are
dug they should be removed to the drying grounds and stood on end
or placed on covered racks. At the end of about four weeks, during
which they should be frequently turned until their moisture content
is reduced to about 30 per cent, the blocks are usually ready for storage. As cut peat absorbs water rapidly, great care should always be
taken to protect the dry blocks from rain. Peat fuel, prepared in
this way, is bulky, is easily crushed, and burns r apidly, with considerable waste. In heating value it is superior to wood, but it is
unfitted for commercial use.
,For certain commercial uses powdered peat has many advantages
over machine peat, as it can be more cheaply prepared and more readily handled. The cheapest way to prepare this product is by the
air-drying process, by which the moisture may be reduced to 50
per cent in the field and to about 25 per cent under cover. However, if raw peat is allowed to lie in heaps until natural drainage
and evaporation have reduced the moisture content to about 50 per
cent, it may be prepared for use under steam boilers by driving off
about half of the remaining moisture with waste heat from flues or
other sources and pulverizing the resulting material. The powdered
peat may then be blown with compressed air into the furnace,
where by means of forced draft, ignition is almost instantaneous,
and instead of burning on the grate, the peat forms a gas which
gives a uniform fire throughout the combustion chamber. Good peat .
thus treated, when burned in furnaces designed to give the most complete and efficient combustion, will generate nearly as much energy in
the form of live steam as the same weight of powdered coal. According to reports in this country, powdered peat has great possibilities, not only for boiler firing, but for metallurgic work and for
use in cement and other kinds of kilns in which powdered coal has
been successfully burned.
Peat consumed in a properly designed gas producer yields gas of
good quality and in abundant quantity in comparison with the yield
from coal, and also many valuable by-products. This is, perhaps,
the most effective utilization of peat fuel for generating heat and
power, because peat that is to be used in this way does not need to
be so carefully prepared nor so thoroughly dried as peat that is to
be consumed for domestic purposes or under steam boilers.
Analyses of the peats of the United States show that they are rich
in combined nitrogen, from 70 to 85 per cent of which-a proportion that in some peats amounts to more than 2 per cent of their
dry weight-can be recovered in the form of ammonium sulphate
in by-product gas-producing plants. According to the Mond proc-
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ess, which l~as proved successful abroad, the crushed peat is fed
into the furnace of a gas producer, in which combustion is regulated
by steam and hot air. The peat'burns at the bottom of the feed
shaft and, reacting upon the steam, forms water gas and ammonia.
These gases are next cleansed of tar by means of a scrubber and are
subjected to a fine shower of sulphuric acid, which converts the ammonia into ammonium sulphate and purifies the water gas. After
being cooled the water gas may be used under steam boilers, in internal-combustion engines, and for other purposes. It is said that
at Cordigoro, Italy, peat containing 2.5 per cent of combined nitrogen, when treated in this way, yielded 170 pounds of ammonium
sulphate to the ton. Gas-producing plants using peat fuel have been
operated in England, Ireland, Germany, Sweden, Italy, and Russia,
but in the United States, although experiments have been made, no
such plants are operated with peat.

OIL IN THE WARM SPRINGS AND HAMILTON DOMES,
NEAR TH~RMOPOLIS, WYOMING.
By A. J. CoLLIER.
INTRODUCTION.

Wildcat wells drilled near Thermopolis, Wyo., within the last
two years have demonstrated that the Warm Springs domes, at the
east end of the Thermopolis anticline, and the Hamilton dome or
Cottonwood anticline, as it is called in a previous report 1 -folds
heretofore regarded as barren-really contain oil in commercial
quantities. The product of the Warm Springs domes is a very
heavy, dar~ oil, derived, like that of the Lander field, from the
Embar beds, and the entire output is estimated ~t 800 to 1,000 barrels a day. The product of the Hamilton dome is a somewhat
lighter oil from the Chugwater formation, and this is the first discovery of petroleum in commercial quantities in the Chugwater. Oil
was struck too recently in this dome to justify an estimate of its
probable production.
The geographic position of the Warm Springs and Hamilton
domes is shown on the index map (fig. 4). They are easily accessible
by automobile from Thermopolis, on the Chicago, Burlington &
Quincy Railroad.
The Thermopolis anticline is a well-known and well-marked arch
of the rocks in Hot Springs County, extending about 22 miles in an
east-west direction through the town of Thermopolis. It is shown on
the maps prepared by Darton 2 and Fisher 3 and is briefly rlescribed
by Lupton,• who, owing to the occurrence of hot springs near its axis
and the exposure near its crest of the lowest oil-bearing formation,
decided that it was of doubtful value as a reservoir for oil and gas and
did not attempt to determine its geologic structure.
1
Hewett, D. F., and Lupton, C. T., Anticlines In the southern part ot the Big Horn
Basin, Wyo.: U.S. Geol. Survey Bull. 656, pp. 135, 147, 1917.
2 Darton, N. H., Geology ot tl1e Owl Creek Mountains; 59th Cong., 1st sess., S. Doc. 219,
pl. 1, 1906.
1 Fisher, C. A., Geology and water resourcrs ot the Big Horn Basin, Wyo.: U. S. Geol.
Survey P rot . Paper 53, pl. 3, 1906.
• Hewett, D. 1<'., and Lupton, C. T., op. cit., pp. 135-136.
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The Warm Springs domes, on the east end of the anticline, are 4
miles east in a direct line from the Thermopolis Hot Springs, about
3 miles east of an outcrop of the phosphate-bearing part of the Embar
group on the axis of the anticline, and about 6 miles east of the sul- phur deposits 1 near Thermopolis, which are probably a product of
the hot springs. The travertine deposits made by ancient as well as
recent hot springs are all at least 3-f miles west of the westernmost

FtOUIIII 4.-Index map showing the location of the Warm Springs and Hamilton domes, the
Maverick Springs region, and the Big Sand Draw anticline, Wyo.

productive well of the Warm Springs domes. A seep of heavy oil in
the Red Springs anticline, 2 miles northeast of the Warm Springs
domes, was noted by Lupton,2 and what were thought to be oil seeps
were found in Bea Ogwa Canyon south of Thermopolis.
The Hamilton dome, about 20 miles northwest of Thermopolis and
a short distance west of the Thermopolis anticline, is described and
mapped by Hewett and Lupton 3 under the name Cottonwood anticline. It was regarded by them as unfavorable territory for further
exploration, as the sandstones of the Frontier formation crop out
'Woodruff, E. G. Sulphur deposits near Thet"IDopolls, Wyo.: U. S. Geol. Survey Bull.
380, pp. 373-380, 1908.
• Hewett, D. F., and Lupton, C. T., op. cit., p. 135.
• Idem, pp. 147-149.
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around it, and as two wells drilled near the crest of the dome by Dr.
Hamilton, of Thermopolis, had failed to show the presence of water,
oil, or gas.
SURF.ACE FEATURES.

The domes here described (see Pl. VII, B) lie in a belt abou.t
25 miles wide extending from east to west A.long the south margin
of the Big Horn Basin. This belt contains niany hogback ridges,
which reach a maximum altitude of 6,000 feet, but the streams and
consequently the roads and agricultural lands are much lower. Th~
altitude of Thermopolis, on Big Horn River, is 4,39'7 feet. The Owl
Creek and Bridger mountains, which lie south of this belt, rise like
a great swell of the earth's crust, their summits bein~t.TJ>OO feet or
more above the sea, and are interrupted only by Bea Ogwa Canyon,t
through which Big Horn River enters the basin. The central part
of the Big Horn Basin lies north of this belt and is characterized by
long, even slopes and mesas, in some places cut by the streams into
badlands. It evidently is a region of comparatively soft rocks lying
nearly horizontoJ.
·
The climate of this part of Wyoming is semiarid, the annual rainfall being from 11 to 12 inches. On account of this slight rainfall
· there is a dearth of vegetation, especially on the steeper slopes, where
the cut edges of the harder rocks stand out prominently, revealing the
structure of the hogback ridges so that it may be easily recognized,
even from the car windows of passing trains.
At Thermopolis the anticline, of which the Warm Springs domes,
a few miles to the east, are a part, is very evident. It brings to view
se~eral hard-rock formations which crop out in steep escarpments
and in many cliffs on the north limb, where they are slightly inclined,
and almost symmetrical sharp ridges on the south limb, where they
dip at an angle of about 45°. Only comparatively soft rocks are exposed in the Hamilton dome, and the ridges that encircle it are all
low, but they are much more conspicuous on the north than on the
south side.
1
So far as the author is aware, this canyon bas no generally accepted name. In local
pulance it is sometimes referred to as the Big Horn Canyon and sometimes as the Wind
River canyon, a nd In geologic reports both names have been used. The name Big Horn
Canyon would be suitable were It not for the fa ct that this name ls more approp_rlately
applied lo the canyon which the river has cut through the Big Horn Mountains, and this
uaage has been approved by the United States Geographic Board. The name Wind River
canyon is not satisfactory, as the term Wind River is applled only to the headwater
branch of Big Horn River, which lies above Riverton, some 25 miles south of the canyon.
As the name Big Horn ls already In use for another canyon . and as Wind River Is not
appropriate, it seems best to propose a new name, and Bea Ogwa (Shoshone for "big
river") has been selected by the United States Geographic Board.

64

CONTRIBUTIONS TO ECONO~UC GEOLOGY, 1919, PART II.

FIELD WORK.

In the summer of 1917 a wildcat well drilled for Dr. Carter, of
Thermopolis, in the east end of the Thermopolis anticline struck a
heavy, dark oil about 1,000 feet below the surface. Since that time
the region has boon rather thoroughly tested, and two areas yielding
oil have been found. · A. pipe line to Thermopolis has been laid, and
these particular parts of the anticline have come to he known as the
EaSt and West Warm Springs domes. Owing to this and other recent
discoveries of oil reported from neighboring parts of Wyoming,
Harvey Bassler and the writer spent a short field season in 1918 in
making an investigation of them. The work done on the Warm
Springs domes consisted of .a short visit in the late part of August
and about a week's survey with plane table and telescopic alidade in
October. The results of this work are embodied in the structure map
(Pl. IX). In compiling this map the writer has made use of maps
by Hewett and Lupton ,1 of the Red Spring and Lucerne anticlines, to
the north, and the unpublished reports of D. D. Condit on the phosphate rocks that crop out in the neighborhood.
The work on the Hamilton dome consisted of a visit in October to
the first successful well, where a good production of oil o£ a little
higher grade than that from the Warm Springs domes was brought
in while the party was in the field. The structure of the Hamilton
dome is .well shown in Plate XXII of Hewett and Lupton's report,
reproduced with slight modification in Plate X.
STRATIGRAPHY.
GENERAL SECTION.

The geologic column of the rock formations which must be con. sidered in describing the oil in the Warm Springs and Hamilton do~es
is given below~ (See also Pl. VIII.)
.

1

Hewett, D. F., and Lupton, C. T., op. cit., pis. 21 and 19.
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PLATE VI{

A. VIEW OF THE EMBAR GROUP AND CHUGWATER AND SUNDANCE FORMATIONS,

FROM POINT 6 MILES SOUTH OF THE WARM SPRINGS DOMES, NEAR THERMOPOLIS, WYO.

B. VIEW SHOWING THE STRUCTURE OF THE WARM SPRINGS DOMES, NEAR THERMOPOLIS, WYO.

a, Location of the Carter wells.
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QeokJglo tormation.B eaJpo8ed near Thermopolis, W11o.
System.

FOl"IIllltlon or
group.

Thickness
(feet).

Character of the roblal.

390

Seven or more beds or ray and buft' sandstones with
Interbedded gray an brown shal~s and bentonite.
Marine deposits.

Mowry sha)e.

266

Hard grny shale containing fish scales and having a few
Interbedded lenses or sandstone. A marine deposit.

Thermopolis bhale.

689

Gray to black shale with one feerslstent sandstone,
called the Muddy sand by drll ers, near Its base. A
marine deposit.

c~O::Iy

forma-

24S

Two beds of massive butt sandstone eeparate'd by varlegated shale. Vprer bed Is known as the Oreyb
sand. In part at east a fresh-water deposit. · :

Cretaotous (? ).

Morrlson

forma-

14.5

Purpwh and pale ~nlsb-gray shales with san~mie
interbedded. A resh-watcr deposit.

.Till'UIIIc

Sundanoe forma-

240

Oroenish-gray SBndstone, shale, and limestone containlng many o~·ster, Grvphaea, and belemnite shells.
Marine depOSits.

Trfaaal.c.

Chugwater formatlon.

1,200

"Red Beds." Red sandstone and sluile containing
beds of~ypsum , the largest having a thicknes., ormoro
than 60 eet near the top of the formation, and at least
one bed of Umi'Stono near the middle. LargelY" a
fresh-water formation.

Embar group.

270

About 60 feet of the uJ>per part consists of calcareous
shale, sandston~. an wpsum, which are not dlstinguishcdfrom 1.he"Red eds"bythedrillers but which
represent the Triassic DlnwOody formation." Below this about 6il flll!t of limestone and about 150 feet
of thin-bedded sandstone, reddi~ shale nnd limestone, Including the "Embar sand" or lhe drillers,
represent the J•ark City formation.<> The Embar Is
for the most part a marine deposit.

T811Bieep sand·
stone.

2.50

Gray cross-bedded sandstone.

Amsden
tion.

forma-

300

Red sandy shale and sandstone with layers of limestone
and chert. Marine. .

Madison limestone.

600-1' 000

Gray massive limestone.

Marine.

Ordovician.

Bighorn dolomite.

1S0-300

Siliceous gray limestone.

Marine.

Cambrian.

Deadwood formatlon.

700-900

·Pre-Cambrian.

Metamorphic com·
plex.

Frontier
tton.

forma-

Cretaceous.

tlon.

tton.

Carbonlteroua.

.

~

Sa~dstone,

rtne.

Probably marine.

shale, conglomerate, and limestone. MB-

A complex or schists, gneiss, etc.

"Condit, D. D., Relations' of the Em bar and ChugwAter formations in central Wy-oming: U. S. Oeol.
Survey l 'ror. Paper 98, pp. 26.3-270, 1916.

THICKNESS OF THE FORMATIONS· NEAR THERMOPOLIS. .

The Frontier, Mowry, Thermopolis, Cloverly, Morrison, and Sundance formations were carefully measured a short distance north of
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Thermopolis, within 4 mil~ of the Warm. Springs . domes. 1 The
estimate of thicknesS' of the Chugwater formation is bas~ on the
log of the Wyoming Dixie Oil Co.'s well No. 1, in sec. 26, T. 43 N.,
R. 94 W., kindly furnished by Mr. M. L. Hoover, the driller. The
thickness of the Embar group given in this table is based on meaS!J.rements made by Blackwelder 1 in Bea Ogwa Canyon about 6 miles
sQuth of Thermopolis. The thicknesses of the formations below the
Embar ere adapted from ·Hewett-and Lupton's report.
CHUGWATQ FORMATION AND EMBAB GBOUP.

.

'

.

. As the oil here ~escribed is contained in the " sands " of the Chugwater and Embar formations, a view of the Embar, Chugwater, and
Sundance formations where they are well exposed, about 6 miles
south of the Warm Springs domes, on the flanks of the Bridger
Mountains, is shown in Plate VII, A .
A detailed section of the Chugwater formation carefully measured
by Bassler north of Thermopolis and of the Embar group measured
by Blackwelder 2 in Bea Ogwa Canyon 6 miles south of Thermopolis
is as follows:
Section of the Chuuw.ater formation and Embar group n ear ThermopoHs, Wuo.

Chugwater formation :
Oolite, gray; top of Chugwater or base of Sundance_
Shale, red and graY----- ------------------ ------Limestone, shaly, light gray---- --- --------- -----Shale, gray, violet, and pink-------- - ---- --------Limestone, platy, brown---------------- ---------Shale, sandy, light gray _________________________ _

Ft.

Shale, red, and gyp~um-------------------------Gypsum, loose and porous, usually white ___________
Sandstone, red and yellow _______________________ _
Limestone, platy, brown _________________________ _

28
60

Sandstone, red ---- ------------------------------Shale and interbedded shaly sandstone, predominantly red ; gypsum beds noted at four horizons __

ln.

4

14
2
16
3
6

62

s

46

770
1,279

Embar group:
Dinwoody formation:
Gypsum, Impure, yellowish..__________________
Shale, buft.', sandy, with beds of impure grar
limestone------------·- ----------- ---------Park formation:
Limestone, variable, gray to chalky whrte,
partly dolomitiC-.------- -------- - - ---- ----- -

17
29
55

1
Blackwelder, Eliot, A r econnaissance ot the phosphate deposits in western Wyoming:
U. S. Geol. Survey Bull. 470, pp. 452-481, 1911.
• Idem, pp. 480-481.
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Driller's log of Wyoming Dixie Co.
Well No. I
in sec. <o T.-43 N.,R.94W.
(furnisheo1 by M. L.Hoover)

PLATE VIII

Driller's 101:1 d Leslie Co.

welt No.4
in oec. 36L~. 43N.,R.94W.
(furnished .,,gentOfCompany)

FEET
0

zoo
Thcrmopoll5 a.Nie,S09

1

400

600
Greybull sand~tone membe,.
Cloverly formation, l48'

eoo

t,OOO

1,200

Soil,40'
Gypsum,68'

"qreybu ltan6bi&l imc: so'

fled beds.~' ·

1,400

Red shale and undstone, 253'

Red rock, 310'
Grey shale, 10' Gas
Red beds, 65'
Red and yellow $andlton~. ~z,'

~~J~i~~e,~~~.t'fown),2Yz

~ .G.,y shale,Jo' ShowingofoH

L ._ _

White

••rtd. 90'

Rtd shale and s.andatone,67'

Fr<llt

s,ndy btueand m.roon shile, 6'

Lime,.J5'

Oil sand, 45'

•.60().

·

w.tttt~

1,800

Red sondy shale, 118'
-

a'.

lm~re gypsulfl and ..nd,
Red sandstone and sh ale, .54

z,ooo .

R,!1~~~~~g~ shale
Red sandstDne and shale, l88'

Red beds, 734'

Red beds, 845'

'·1:20()

2,200
Red shale with~-ineh bed a ofgypoum,JCJ

:zf.tio -

~Oo

...e

Yellow beds, 60'(Din woody format•on)

Q.

H3rd lime sand, 117'

...E

1

Oil sand, 21

Hard shell

Ma ssive Ten sleep sandstone

~

2,690

Ltmestone, 60'

~

:'f$00

2,400

Rtd shale •nd sandstDne,l67 '

,

:1

·r----r- R~ds:~~~~~of

Small showing o( oil
Brown sandstone (Tensleep),446'

• .2,800

3,000

3,200

~00

3,400

3j400

GEOLOGIC SECTION OF TBE FORMATIONS EXPOSED NEAR THERMOPOLIS, WYO., AND LOGS OF THREE I MPORTANT WELlS.
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1 5

91
52
40
3 6
32
25±
302±'

The upper two members of the foregoing section of the Embar deposits correspond to the Dinwoody formation of recent reports.
The rest of the section corresponds to the Park City formation of
western Wyoming and northeastern Utah. This section is shown
graphically on Plate II, where it may be compared with the logs
of several important wells. The slight differences in total thickness of the Chugwater formation shown in these logs may be due
either to a failure of the geologist to allow sufficiently for the dip
of the rocks or to the actual variation in thickness of the formation
between the places where the sections were measured. The thickness
as given by the driller in the second section on Plate II is considered a nearly correct determination for the Warm Springs domes,
as the well is near the outcrop of the gray oolite noted by the
geologist as the lowest bed of the Sundance formation. The upper
formation (Dinwoody) of the Embar group, about 60 feet thick,
is not distinguished from the "Red Beds" (Chugwater formation)
by the driller.
The differences in the sections of the Embar group are due mainly
to the facts that the group is composed of several distinct kinds of
rocks which can not be readily identified by the fine cuttings of the
drill and that the geologists in making the examinations on which
the sections are based have had in mind only the phosphate rocks
and have usually failed to distinguish the sandy character in parts
of the Embar. Several sections of the Park City or lower formation of the Embar group carefully measured by Blackwelder and
Condit in the Owl Creek Mountains do not show any sandstone,
though the drillers of wells both in the Warm Springs domes and
in the Maverick Springs region, which lies about 40 miles southwest
of Thermopolis, i11variably report the occurrence of sands, samples
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of which consist of well-round~d grains of quartz. .A more critical
examination of the Park City formation with . this point in view
would probably clear up this discordance. The oil produced from
the Warm Springs domes is believed to have been confined to the
Park City formation below the horizon of the phosphate rocks.
In one of the wells, however, a showing of oil is reported from the
Tensleep sandstone, but this is believed by the drillers to have come
from the Embar through a leak in the casing.
STRUCTURE.
WARM .S PRINGS DOMES.

The Thermopolis anticline extends nearly due east from Thermopolis for a distance of about ·8 miles. West of Thermopolis its
direction changes, .and its west end lies about 15 miles N. 55° W.
:from Tb.ermopolis. It is clearly a mountainward rather than a basinward upfold,1 as it is the southernmost of a series of such features
that lie parallel to the Owl Creek and Bridger mountains on their
north side. Between it and the c~nter of the Big Horn Basin there
are at least two other anticlines. The structure map of the Warm
Springs domes (Pl. IX) covers only the part east of the river. The
rocks on the north side dip about 7° N., and those on the south side
dip about 48° S. for about a mile, beyond which they rise at a comparatively low angle to the crest of the Owl Creek Mountains. A
view of the West Warm Springs dome looking east from a high point
near the axis of the anticline in the western part of sec. 34, T. 43 N.,
R. 94 W., is given in Plate VII. The Carter wells are near the
center of the area shown in the picture.
The structure is shown on the map by contour lines drawn on the
top of the heavy bed of limestone in the Park City formation. The
outcrop of the Embar group as determined by Condit, the top of the
Chugwater formation, and the top of the Cloverly formation, marked
- in the field by the Greybull sand, are also shown. The top of the
Chugwater formation is about 1,250 feet and the Greybull sand is
about 1,800 feet above the contour elevations. The contours are based
on the drillers' reports, dips observed in the field, and positions and
elevations determined in the course of the survey. The crest of the
anticline is not at a uniform elevation, but on it there are several
high parts or domes separated by saddles. Near its east end two
such domes have been found. The east dome is crossed by the east
line of sec. 36, T . 43 N., R. 44 E., and is surrounded by the 4,500-foot
1 Hewett, D. F., and Lupton, C. T., op. cit., pp. 44-45.
Hewett and Lupton divided the
domes and a nticlines of the Big Horn Basin Into two groups called " bas!nward " and
"mounta.!nward" upfolds. The basinward upfolds are those that lie adjacent t o. the late
Tertiary deposits In the center of the basin, and the mounta!nward upfolds are those that
lie near the mountn!ns and are cut olf from the source of oil in the basin by Intervening
structural features. The basinward upfolds were t herefore regarded as much more pr om·
Ising to the driller than t he mountn!nward upfolds.
·
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contour, and the west dome, about a mile fa~ther west, is surrounded
by the 4,400-foot contour. Both of these domes are oil bearing, but a
well drilled in a third dome found by Condit in sec. 32 has failed to
produce any oil. Little information is available regarding this well,
and its failure to produce oil may be due to any of the three following causes : The well may not have been drilled far enough to test the
beds adequately; the overlying Chugwater formation may have been
eroded, allowing the oil to escape; or subterranean channels, through
which the waters of the hot spring that issues a short distance to the
west h~ve found their way to the surface, may have served also to
release the oil.
Although the Embar deposits cap the dome in sec. 32 and also, according to Darton and-Fisher, are exposed on the crest of the anticline
a few miles northwest of Thermopolis, there must be a structural
depression or saddle between theie two places. This saddle is probably at the place where the anticline is cut by Big Horn River, for at
that place the crest of the arch is not formed by the Embar but by
the overlying Chugwater formation. Wells that have been drilled
on or near the anticline near Thermopolis have failed to yield oil,
but they are reported to have produced hot water.
HAMILTON DOME.

The Hamilton dome resembles the Warm Springs domes in that
it is an unsymmetrical fold having a steep slope on its sotith limb
and a gentle slope on its north limb. - The structure map forming
Hewett and Lupton's Plate XXII is reproduced with slight modification in Plate X. The Thermopolis shale is the lowest formation
exposed. The axis of the Hamilton dome, like those of many other
upfolds in the neighborhood, is curved. Its convexity is to. the south,
and it has been traced for about 7 miles in a northwest-southeast
direction. Its east end is within about a mile of the west end of the
Thermopolis anticline as mapped, and probably it is separated from
that fold only by a low structural saddle.
THE OIL.
ORIGINAL SOURCE.

The oil of the Hamilton dome is obmined from a sand near the
middle of the Chugwater formation. This formation is thought to
be almost devoid of fossil remains of animals that could have produced oil, and for this reason it can be inferred that the oil has
filtered into its present position from lower formations. In the process of filtration it has left behind some of the heavier parts, and
the resulting oil is of somewhat higher grade than that in the Embar
deposits. If this explanation is true it might be carried still further and applied to the very much lighter oil found in the Frontier
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formation in the Gras~ Creek anticline, but i'n that anticline there
is a very probable source in the Thermopolis, Mowry, and Frontier
formations from which the greater part of its oil could be derived.
-The origin of the oil of the Warm Springs dome may be the animals wh6se fossil remains are found in the Embar deposits, for no
co~Illl;lercia.l quantity of oil has yet been found in Wyoming below the
Embar, but fossil remains of animals that might have yielded oil.
are also present in the .Amsden, Madison, and Deadwood formations,
which underlie the Embar. The oil is believed by the writer to have
probably moved upward and accumulated under some impervious
bed in the Embar, along the bottom of which it has moved to the
highest points possible, either collecting in domes or reaching the
surface 8Jld escaping at such places as the oil seeps noted in the Red
Springs anticline and Bea Ogwa Canyon. Very probably the Lucerne anticline (see structure map), whose south end is a. short distance north of the productive part of the Warm Springs domes, has
served a.s a channel through which much of the oil has been conducted from the center of the basin to its present position.
CHARACTER.

The oil from the Warm Springs domes is of about the same character as that produced from the Embar deposits in the Lander oil
field. 1 It is a heavy, asphaltic dark-brown oil and has a specific gravity
of about 0.91. As it is pumped from the ground it contains water in
nrying amounts up to about 50 per cent in one of the wells. It p1ay
be in the form of an emulsion, though samples, if left standing long
enough, show most of the water in the bottom of the containers. The
· product from the several wells is collected in tanks, where it is heated
to separate the water, which is drawn off at the bottom. The oil has
a disagreeable odor, which is due, at least in part, to the sulphur it
contains. The viscosity of the oil makes it flow through the 4-inch
pipe line very slowly, and at the time of the writer's visit the pipe
had become temporarily clogged by material carelessly left in it
when it was laid. A. sample taken from the tanks of the Leslie Co.
was analyzed at the Bureau of Mines laboratory with the following
results:
Laboratory No. 00372. Specific gravity at 15" C., 0.939 (19.1 • B., modulus
140). This sample is a mixture of oil and water. Dehydrated with a CaCl., but
it still retained a little moisture and a considerable quantity of tree B .S. Dehydrated again with soda lime, but it still retained so much H.S that it was im·
possible to distill it.

The oil produced from th~ Hamilton dome is of somewhat better
grade than that from the Warm Springs domes. It is reported to
contain about 6 per cent of gasoline and little if any water, and it
1 Woodru1f, E. G., The Lander oU lleld, Wyo. : U. 8. Geot Survey BulL ~~2, pp. 7-36,
1911.
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lacks th~ disagreeable sulphurous odor of the Warm Springs oil. ·A
sample taken for analysis from the tank at the well was tested at
the Bureau of Mines laboratory with the results stated in the table.
.A.naltlriB of oll

trcnn the

HamUton dome, Wlfo.

(Laboratory No. O<mS. Bpec111.cPI!Mty at 16" C., 0.917 (22.7" B.1 modulus 140). Dfsttllatlonln Bureau
of Mlnea Hempel fiMII. Amount dlatllled, 200cub1cceatuneters. First drop at 60" C.) .
Alr clletlllaU..... with tnedoaaU.. colaaua.

Temperature ("C;).

Fractions Total
(per.cent
by vol- by volume).
ume.

Sf:J:l:J

Specific
gravity.

mil~~i:~:~:i::::::::::::i:::::::::::::::::::H:::::-:~:::: :::·: ::::: ......fr ·····1r }·---~~:

1i0to175................. .. ..................... ...... ......... : .........
2.3
8.8
.766
176to200. ............... . ....... . ...... ... ,...... .. ....... . .... . .. .. .....
4. 3
13.1
.791
200to225 ..... ....... ................ ........_........................ . .. .
3.9
17.0
.!OJ
225to 260 .... ...... .............. .. .... ...... .. .... .. ...... .-..... .........
G. 7
23.7
.828
260to 276 .......... ........................ . .. ...... ..................... :
6.0
28.7
. 840
ll76to300 .. ...... ........ . ... .......... .... . ... . . .............. ........................·................ .
Vacoam dlatlllatloa, without lractloaatlac c:ohuaa, p r e - 40 mm.

Temperature ("C.).

Sum per Total
centof Sf:~
vacuum by volfractlons. ume.

100 to 125....... .... ... ...... . .... ........... . .. ...... .... .. ...... . ................ : .. .. .. ... .... ...... ..

125to 160... . ........... . ................. . . . .. . .. . ... .... . . . ...... . .. .. .. .. .................. . ........ . .

160 to-176.......... .............. .... . . .... .... . .. .......... , .. .. .. .. .. .. . .. . •.. .. .. .
·175to200........... ....... ... .... ... . .... .... . . .. ... ... .... .... . .......... ..... .. ...
200to225. . . ...... ............. . ........ .. .... . . . ... . ................... : ... .. .......
225to260........................................... . ............... ... ..............

2. o
6.5
12.0
le.O

30. 7
35..2
40.7
47.7

Cracked at about 260" C. In vacuum•

. DEVELOPMENT.
W .Ali.K SPRINGS DOJOtS.

The first successful well in this area was drilled in 1917 for Dr.
Carter, of Thermopolis. It is one of the western group of wells
shown on the structure map, in sees. 34 and 35, T. 43 N., R. 94 W. At
the time of the writer's visit to the Warm Springs domes he found
no one who had authority to furnish detailed information regarding
the production of the individual wells. It was claimed that from 100
to 200 barrels a day could be pumped -from the six producing wells of
the .group, but owing to the clogged· pipe line they were not then producing at their full capacity. A driller stated that the "Embar
sand " was usually reached at a depth of 975 feet. The productive
area, which can be defined roughly by the dry .holes surrounding it,
is probably not greater than 40 acres.
Since this discovery the Leslie Co., operating in the E. l sec. 36, T.
43 N., R. 94 W., and the Woods Co., operating in sec. 31, T. 43 N.,
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R. 93 W., have drilled about 18 we1ls, most of which were successful
in striking oil at an average depth of about 900 feeL Their maximum production when visited was said to be 850 barrels a day. Drill
records of the 13 wells of the Leslie Co., kindly furnished to the writP.r
by the companis agent, are as follows :
Wells clnUed bv the Leslie Oo. in sec. 36, T. 43 N., R. 94 W.
Depth to
Depth or u!.:I~ne
well
(feet).

in Eo'::bar

Result.

freetf.

Depth
to oil-

bearing
sand:
(feet).

t - - --:- - -- 1 - - - - 1 -1
2
3
•

5
6
7
8

10
11
12
13

95~

1,025
1, 021
1, i35
1,020
1,051
962
982

1,325
1,093
993
943

830
810
St5
St5

Oil<.. ... ...
Oil... .. .....
Oil... . ......
Oil. .. .......
Oil..... . ....
..... . .... Oil.. . ..... . .
.. .... ... . Oil.. .. ......
.......... Oil.. ........

802

-1

955
1, 025
1, 021
1, 043
930
1,032
1141
965

Water sand .......... .
1,080

.. .... . . .. Oil... ...... .
..... . . .. . Oil.. .. . .....
. .. .. ... . . Oil.. ... ... .. .
I

980
943

The productive area, as indicated by the dry holes and by the
observed dips of the rocks, covers about 80 acres.
HAMILTON DOME.

At the date of publication of the Hewett and Lupton report on the
anticlines in the southern part of the Big Horn Basin, in 1917, three
unsuccessful attempts to find oil in the Hamilton dome or Cottonwood anticline, as they called it, had been made with apparatus too
light to reach the productive oil sand, though higher sands which
have proved dry of oil were penetrated. Since that time the company
backed by Dr. Hamilton has been replaced by a stronger company
prepared to test the formations as far at least as the Embar sands.
One new well in the SW. t SW. t sec. 13, T. 44 N., R. 98 E., was
begun in the summer of 1918 and struck oil about the middle of September, in a sand near the middle of the Chugwater formation. At
the time of the writer's visit preparations were being made to dril'l
a second well in sec. 14 between the two dry holes shown on Hewett
and Lupton's map. (See Pl. X.) The production. of the well can
not be given definitely because it has never been thoroughly pumped,
and only one tank has been built. It can be stated,. however, that the
pumping that has beim done shows that it is surely a commercial
well, yielding at least 20 barrels a day. A 1og of the well, kindly
furnished by Mr. Curtis, the manager (see Pl. VIII), shows that it
begins about 200 feet above the base of the Thermopolis formation
and ends at a depth of 1,4~5 feet, near the middle of the Chugwat-er
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formation, or" Red Beds." The oil is obtained from a 45-foot sandstone 440 feet below the top of the " Red Beds " and is the first oil
ever produced in commercial quantity from that formation.
The well produces a small flow of gas either from the oil sand or
from the 10-foot gas sand 95 feet above the oil sand. Arrangements
were being made at the time of the writer's visit to use this gas
in heating and lighting the buildings of the p~ant.
UNSUCCESSFUL WELLS NEAR THERMOPOLIS.

Nine ~ells drilled in and around the Warm Springs domes have
been unsuccessful in finding oil, though some of them have been useful in showing the limits of the productive part of the field. The log
of one of these wells has been taken as the measurement of thickness
of the Chugwater formation. Two miles east of the Warm Springs
domes, probably in sec. 33, T. 43 N., R. 93 E., on the south side of the
Red Springs anticline, a well has been drilled, but without finding oil,
to a depth of 800 feet. At the time of the writer's visit an attempt
was in progress to find oil within the Red Springs anticline in sec. 28,
T. 43 N., R. 92 W. The w~ll started in the hard yellowish gypsiferous beds of the Dinwoody formation at the base of the Chugwater
and had passed through the Embar gt"oup and much of the Tensleep
sandstone. The drillers reported finding indications of oil at several
horizons but nothing of value. They proposed to continue drilling
until the Madison limestone was reached. This well will probably
demonstrate whether or not the formations below the Embar group
contain oil in the Red Springs anticline.
Several wells drilled in the immediate vicinity of Thermopolis
have resulted in finding hot water, and they seem to prove beyond
doubt that there is little hope of finding oil near the hot springs.
One of these wells, on the left bank of the river about 1! miles below
the town of Thermopolis, has a strong flow of hot water, similar to
that of the sprif!gs, which collects in a long pool in the borrow pit
beside the railroad. The well is 498 feet deep ; the upper 40 feet is in
river gravel, and the remainder in the" Red Beds." The upper 200
feet is cased with 6~-inch pipe, and the pressure of the water is 25
pounds to the square inch. After the drill reached a depth of 166
feet the hole filled with water, but at a depth of 470 feet a great rush
of water came from a cavity into which the drill dropped 28 feet, and
operations were suspended.
Considerable drilling, as yet unsuccessful, has also been done on
the Thermopolis anticline about 6 miles northwest of Thermopolis,
in what is called the Otey dome, but this part of the region was not
visited :mel little is known by the writer concerning it.
112028-20-Bull 711-
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GAS IN THE BIG SAND DRAW ANTICLINE, FREMONT
COUNTY, WYOMING.

By A. J.

CoLLIER.

INTRODUCTI'ON.

The Big Sand Draw anticline, 18 miles southeast of Riverton,
Fremont County, Wyo., has been known for a number of years, but
it is so largely concealed by flat overlying rocks that, before a drill
was put down, it was impossible to say whether it was a pitching
anticline from which all the oil that it ever may have contained had
risen to the surface and escaped, or one of the most promising anticlines of the region. It was tested in the winter of 1917-18 by a well
that brought in a flow of about 7,000,000 cubic feet of gas a day, and
preparations were at once made to sink at least 10 other wells to see
if the gas was accompanied by oil. These wells, when completed,
will probably determine the form and extent of the anticline much
more definitely than it can be determined from a study of the outcropping rocks.
The anticline is named from Big Sand Draw, a ravine that crosses
its north end. This ravine is usually only a dry sand wash about 100
feet wide, but after heavy rains it is filled with ·a raging torrent
which can be forded only with difficulty. The anticline is in Tps.
32 and 33 N., R. 95 W. of the sixth principal meridian, in the southeastern part of Fremont County. The nearest railroad point is
Riverton, the center of a thriving agricultural district, on the Lander
branch of the Chicago & Northwestern Railway. (See fig. 4.) It
was briefly described and rather roughly mapped by Hares!: in 1916.
As it seemed possible that this· anticline mi.ght contain a large quantity of oil the Geological Survey decided to examine it more carefully
to see if light could be thrown on some of the obscure points regarding its structure.
1 Hares, C. J., Anticlines In central Wyoming: U. S. Geol. Survey Bull. 641, pp. 251252, 1916.
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FIELD WORK.

In Octo:OOt, 1918, Harvey Bassler and the writer visited the Big
Sand Draw district and spent about seven days in locating the positions of outcrops and well derricks, with a view to determining in
greater detail the geologic structure. The results of this work are
shown in Plate XI. The representatives of the Producers & Refiners
Corporation, which is exploring the anticline, afforded every fadlity
to the members of the party. The company had already erected
flags on the prominent surface features in the district, had located
such land corners as could be found, and had made surveys to determine as nearly as possible the positions of the many missing corners.
SURFACE FEATURES.

From Riverton, on Big Horn and Wind rivers, at an altitude of
5,100 feet above the sea, a gently undulating plain rises southeastward
to an altitude of about 5,900 feet at the Big Sand Draw anticline.
The southeast end of the anticline is crossed by the Sweetwater
escarpment, which separates the plain to the northwest, just described as extending from Riverton, from one to the southeast that
is about 1,000 feet higher. The escarpment extends from Sheep
Mountain, about 18 miles sout}lwest of the Big Sand Draw anticline,
northeastward to Rogers Mountain, which lies east of the anticline.
Northeast of Rogers Mountain a tongue of high land that is only
slightly lower than the higher plain extends a little west of north
for about 6 miles to Alkali Butte, which may be seen rising above
the plain a few miles to the north from the road to Riverton. The
rocks of the escarpment and the plains above and below it are nearly
flat lying, with the exception of those in Rogers Mountain, Alkali
Butte, and the Big Sand Draw anticline, which are folded and represent older form~tions that are only partly exposed. The Big Sand
Draw anticline is at the level of the lower plain. Its north end is
exposed, but its south end is generally concealed by flat-lying rocks
and· can be located only by the drill.
STRATIGRAPHY.

Gfmeral section.-The formations involv:!d in the Big Sand Draw
anticline, as determined by Hares, are given in the following table:
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Section ot tormatwns in Big Sand D'raw antiDUne, Wyo .
System.

Formation.

Thickness
(feet).

Dtlbrls of slllceous boulders from the White
River formation.

Recent.

f

Character of rocks.

Oligocene.

Unoonlormity
White River ·fOI'IIllltion.

o-1,600

Loosely cemented highly colored sand, arkose,
and conglomerate.

Eocene.

Wind River fOI'IIllltlon.

o-2,000

Soft va.rler.ted shale, coarse brown sandstone, ar ose, and conglomerate.
•

-Uneonformlty - - llesllverde formation.

i

Montana group.

J

~
p

300+

Steele shale.
Niobrara shale.

3,500±

These three formations, which correspond to
the Cody shale of the BIN Horn Basin, a.re
composed of thln-bedde shale and sand·
stone.

800-1,000

At least three layers of sandstone separated
by shele. The strong flow of gas Is supposed to come from the upper sandstone.

CarWe shale.
Colorado group.
Frontier formation.

Light-colored, thick-bedded sandstone.

Frontier formation.-The sands of the Frontier formation contain
oil and gas in nearly all parts of Wyoming, where they are deeply .
buried and folded into anticlines or domes. The sand from which
the large gas flow at Big Sand Draw is derived is probably the
highest one of these sands and in this vicinity is commonly called
the Wall Creek sandstone. This formation was not examined here
by the writer, but according to Hares it is well exposed on Rogers
Mountain, in T. 33 N., R. 94 W.
Steele, Niobrara, and Carlile shales.-The Steele, Niobrara, anq
Carlile shales correspond to the Cody shale of the Big Horn Basin
and have a thickness estimated at about 3,500 feet. Where exposed
in the Big Sand Draw anticline the Steele shale consists of thick
beds of sandy shale and thinner beds of sandstone from a fraction
of an inch to 3 feet thick. It is inferred from the dips measured in ·
the field and shown on Plate XI that the first gas well started in the
Steele shale about 1,000 feet below the base of the Mesaverde formation. As the gas sand was struck in this well at a depth of 2,531
feet, and this is about 1,000 feet less than the estimated thickness of
the Bteele, Niobrara, and Carlile formations, the sand probably lies
near the top of the Frontier formation. The drillers report that the
rocks passed through in this well are all of about the same character
as those to be ~een on the surface. A log of the well furnished to
the writer by the president of the Producers & Refiners Corporation
is as follows :
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Log otwell No.1 i n -Big Sand Draw, 1omewhat generalized.
Thickness.

Depth. .

Feet.
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Shale, more or less sandy; bracldBh water struck at 200 and 316 feet. • •• • • • • . • • • •
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The big :flow of gas came in.at 2,531 feet and it has since been used
for fuel for drilling other wells.
Mesaverde formation.-At Alkali Butte, in T. 34 N., R. 95 W., the
Mesaverde formation consists of a sandstone member about 450
feet thick overlain by a shale member about 700 feet thick.1 The
sandstone member is exposed on the crest of the Big Sand Draw
anticline for about a mile north of the draw, but at all other places
it has been eroded and is covered with :fiat-lying rocks.
Wind River forma.tion.-Before the Wind River formation was
deposited the older· rocks of this region had been folded and eroded,
forming an irregular surface on which the outcrops of the different
formations showed varying dips. The Wind River formation was
then deposited in nearly :fiat beds over this old surface.· It consists
essentially of soft variegated shale, coarse brown sandstone, arkose,
and conglomerate. On the north side of Big Sand Draw, just above
the Mesaverde-Wind River contact, the Wind River formation contains a bed of fossil leaves, from a large collection of which F. H .
Knowlton made the following identifications:
Lot 7395, Big Sand Draw, Wyo.:
Lygodium kaulfussi Heer.
Dryopteris -sp., fragment-new?
Cyperacites or Typha sp., fragments.
Myrica mlcrophylla Newberry.
Quercus haldlngeri Ettlngshausen of Lesquereux.
Platanus or Llquldambar fruit.
Two or three dicotyledons not Jdentified.

Knowlton says: " This is a very large collection, but it is disappointing in that it includes so few species, fully 80 per cent being
referable to a single form. I should place it in the approximate
position of the Green River, but it may be slightly older, though
certainly not much."
1

Woodrutr, E . G., and Winchester,

n: E., Coal fields of the Wind

R iver r egion, Fremont

and Natrona counties, Wyo.: U. S. Geol. Survey Bult, 471, pp. 528-626, 1910.
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As the Wind River was ll).id down on an old irregular surface the
thickness of the formation naturally varies greatly from one locality to another. The greatest thickness in the vicinity of Big
Sand Draw is estimated at about 500 feet.
White River formation.-The White River formation, which caps
the Sweetwater escarpment southeast of Big Sand Draw, 'is about
800 feet thick and is composed of loosely cemented light-colored sand,
arkose, a.nd conglomerate.
·
Hares reports that a little asphaltic material occurs in rhyolitic
bombs in the upper part of the formation on the Sweetwater escarpment in sees. 10 and 11, T. 32 N., R. 94 W., about 6 miles east of the
camp at well No. 1.
·
A collection of fossil shells made about 4 miles east of the gas
well was examined by W. H . Dall, who identi~ed the three following species, which are elsewhere known in the Bridger formation:
Vlvlpara wyomlngensls Meek.
Physa brldgerensls Meek.
Planorbis spectabllls Meek.

Besides these there are specimens of an Aplexa, possibly new, and
a very minute Lymnaea with a strong columellar fold not identified with any known species but possibly immature. These fossils
indicate Bridger rather than White River age. They probably
come from the local deposits of late Eocene age which Sinclair and -Granger 1 recognized in this neighborhood between the Wind River·
and White River formations. They found Uinta vertebrates in the
upper part of this interval and assigned the lower part tentatively
to the Bridger.
Surface debri8.- About a mile east of the camp mentioned there is
a great confused mass of rocks which have slid down from the
Sweetwater escarpment and have covered the outcrops of the Mesa- •
verde. Scattered over much of the surface north of the camp there
are large boulders which when broken with the hammer are found
to be somewhat porous and composed of quartz. It is the writer's
opinion that these boulders represent some large concretionary masses
of quartz from the Sweetwater escarpment, though . no such large
masses of similar rocks were seen in· place.
STRUCTURE.

StJrongl;y folded Mesaverde and older forrrur.tions.-The major portion of the Big Sand Draw anticline is covered and concea_.led by
the Wind River formation. On the north side of Big Sand Draw in
the NE. i sec. 28 an outcrop of massive sandstone of th{\ Mesaverde
1

Am. Mus. Nat. Hlst. Bull., .vol. 30, pp. 86-89, 1911.
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formation strikes N. 38° E. and dips 20° NW. About a mile up the
draw to the east, in sec. 27, the Mesaverde again crops out showing a
strike of N. 20° W. and a dip of 17° NE. Between these points the
Mesaverde is covered, but about a quarter of a mile north of the
draw it crops out in a large triangular area, the northernmost point
of which is in sec. 22. South of Big Sand Draw the outcrop of the
Steele shale on the west limit of the anticline can be traced nearly
to the southeast corner of sec. 28, and in sec. 34 its southernmost exposure is found in an isolated outcrop where the ~ip is 42° W. and
the strike is N. 5° W. On the east side of the anticline the Mesaverde formation is not exposed south of Big Sand Draw, but there
are outcrops of thin sandstone in the Steele shale in sec. 35, T. 33
N., R. 95'W., where the strike is N." 23° W. and the dip about 25° E.;
in sec. 11, T. 32 N., R. 95 W., where the strike is N. 33° W. and the
dip 25° E.; and near the center of sec. 14, in the same township,
where the strike is N. 20° W. and the dip about 23.0 E. East of this
line of strike there are "several exposures that show a lower dip to the
east. A partial exposure of what appears to be a thin sandstone in
·the Ste~le shale near the center of sec. 4 shows the strata lying nearly
flat. .A.v,.ery good exposure in the SW. ! sec. 3 shows a strike of N.
60° W. and a dip of 20° NE., and near the east line of sec. 10, in an
excavation for a well, the strike is N. 37° W. and the dip 26° NE.
The southernmost exposure of the Steele shale is near the southwest corner of sec. 14, where the strike is about N. 50° E. and the
dip about 10° SE. Taking into consideration these exposures, the
wfiter has drawn on the map (Pl. XI) a line to represent the approximate .position of the crest of the anticline. If this line is correctly located the highest part of the dome should be between the
southwest corner of sec. 3 and the southwest corner of sec. 14.
Slightly folded Wind River formation.- The Wind River formation along Big Sand Draw has a definite eastedy dip of 7° on the
east side of the anticline and also a perceptible westerly dip on the
west side of the anticline. No such dips could be recognized in the
same formation at the south end of the fold, but the formation there
does not include any definite beds that can be traced, and therefore
it was impossible to ascertain by the use of suz:veying instruments
whether or not it lies absolutely flat. Above the anticline as developed in the Mesaverde formation at Big Sand Draw the Wind
River formation is also folded into a low anticline with very gentle
dips. . An occurrence of an apparently similar phenomenon is well
exposed in the bluff on the south side of Wind River at the Pilot
Butte dome, east of Riverton, where the Cretaceous shale forms an
arch with dips from 15° to 30° on either limb and the unconformably
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overlying Tertiary rocks also form an arch but with much lower dips.
(See fig. 5.)
I£ all well-developed anticlines in the Cretaceous rocks are marked
by slight anticlines in the Tertiary rocks, where they are present,
then it may be possible to locate oil-bearing anticlines where the Cretaceous rocks are completely covered and concealed by rocks of the
Wind River formation. It must be understood, however, that this
is merely a suggestion based on observations on two anticlines, and

f

.

Buff sandstone, Tertiary

.

+7'-~
IO'Iauam !i.-Diagram showing a pronounced anticline In the Cretaceous rocks overlain by

a slight anticline In the T ertiary rocks at the Pilot Butte dome, Wyo. Apparently
there has been a recurrence In late Tertiary time of. the movements that produced the
fold In the Cretaceous rocks, and this has resulted In Increasing the fold In the Cretaceous, though only a slight fold Is· developed In the overlying Tertiary rocks.

it may not hold for the region generally; but should some oil operator be willing to take a long chance, he might test the suggestion by
drilling on some of th~ slight anticlines in the Wind River formation,
hoping thereby to strike a more pronounced anticline that contains
oil in the underlying Cretaceous rocks. Such a test well would necessarily be very deep, for it must pass through the overlying Wind
River formation before reaching the Cretaceous rocks.
THE GAS.

In -~wo of the wells at Big Sand Draw large flows of natural gas
have been obtained. Mr. F. F. Hintze, chief geologist of the Producers & Refiners Corporation, has informed the writer that while
no analyses of the gas have been made its specific gravity has been
tested and ranges from 0.60 to 0.65, which indicates that it is a dry
gus. Absorption tests show that it contains a very small amount
of gasolene vapor.
Well No. 1 is capable of producing ·from 6,000,000 to 10,000,000
cubic feet of gas a day, and well No.2 is rated at 10,000,000 to 12,000,000 cubic feet a day. The rock pressure at the well is approximately
1,350 pounds to the square inch. At the time of the writer's visit
there was at well No. 1 a rather crude apparatus for collecting .gaso~
line from the expanding gas and a tank partly filled with the product.
It was claimed that in a day about six barrels of the "drip" could be
obtained by allowing all the gas to escape. A sample taken from this
tank was analyzed by the chemists of the Bureau of Mines at the
Pittsburgh laboratory with the following results:
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An4lysi8 of the " drip" from the gas at Big Sand Dra10 anticline, Wyo.
[ Laboratory No. 00371, specific gravity at 15° C., 0.807 (4(!.5° B ., modulus 140). Air
distillation In Bu.reau of Mines H Pmpel lias~ with fractlonlng column. Amount distilled, 200 cubic cenUmeters; tlrst drop, 95° \.:.]
Fraction

Temperature (OC ).

Upto\25......... ... .. .......... .............. . .. ....... .......... .
125tol50 . ........... ............. .. ... ... . . .............. . ........ .

g~t~~:::: ::::::::::: : ::::::::::::::: : ::::::::::::: ::::: :::::::::

200to225 . ................ ......... ............. ... ...... .......... .
225to250 ...... ................... ......... . ... . ....... ... ... .. . . .. .

(per cent

Total

~ cent

by
volume).

tilled,
by volume.

5. 6
23. 0
30.9
20. 4
12. 2
3.6

5. 6
2!'. 6
69.5
79. 9
92. 1
95.6

Bpeclllc

gravity.

0. 769
• 7fl0
. 802
. 818
. &'l6
.R48

Dry point, 240° C.

The• analysis shows that the sample contains about 67 per cent
kerosene and probably justifies the expectation that oil will be found
farther down on the flank of the anticline.
DEVELOPMENT.

In 1917 the Producers & Refiners Corporation began drilling a
well with a standard rig in the NE. i SW. i sec. 10, ilnd in January,
1918, the large flow of gas was brought in at a depth of 2,531 feet.
The great pressure of the gas forced the drilling tools up to the top
of the hole, where they became entangled with and broke the casing.
Later they settled to the bottom of the hole and were lost. Drilling
was necessax:ily abandoned. The gas flow has been partly controlled,
but never entirely shut off because of the broken casing. The gas is
used as fuel in drilling other wells in the field.
Water that is only slightly alkaline is obtained for use at the
driller's camp from two large springs about halfway up the escarpment and about 2.f miles south. When the camp was visited eight
derricks had been erected and preparations were made for the erection of several more. Well No. 2, about 1,000 feet northeast of well
No. 1, came in early in October, 1918, with gas rated at 10,000,000 to
12,000,000 cubic feet a day, struck at about the same depth as the
flow in well No. 1. In drilling this well a rotary rig with a 75-foot
derrick was used, and precautions were taken to prevent the mishaps
that occurred in the first well by cementing in the upper part of the
casing and by having ready a large supply of mud to be used in stopping the flow of gas. Considerable depth had been reached with
standard rigs in the well in the NE. i sec. 9 and the well near the
south line of sec. 15, but at the time of writing (June 15, 1919)
neither of the wells reached the gas sand. The manager of the camp
proposed to move the rotary rig to the well near the south line of
sec. 15 as soon as it was available, because the great quantity of water
encountered in this well interfered with drilling. A standard der-
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rick erected by the Allies Oil Co. in sec. 17 is probably not on the
anticline. Near this derrick there is a shallow well drilled with a
light portable outfit from which water•can be obtained. The Producers & Refiners Corporation has obtained a franchise to supply
Riverton with natural gas, but owing to the war conditions it has
not yet laid a pipe line. Although supplying the demand for natural
gas will partly compensate for the expense of drilling the wells, the
field will b~ tested-further to determine whether or not oil may be
found at greater depth either in the wells already drilled or in wells
lower down on the flailks of the anticline.

THE ABRAM CREEK-STONY RIVER COAL FIELD, NORTHEASTERN WEST VIRGINIA.
By

GEORGE

H. AsHLEY.

INTRODUCTION.

This paper describes briefly the Abram Creek-Stony River coal
field, which lies mainly in Grant, Mineral, and Tucker counties,
W. Va. This field is a southward continuation of the Georges Creek
~~ond Elk Gardenfields of Maryland and West Virginia, in the same .
basin. The Q.eld has a special interest because it contains a large
body of low-volatile semibituminous coal at a point nearer tidewater
than any other of the Appalachian coals except those of the Georges
Creek and Upper Potomac fields. The coal "as received" contains
from 13 to 18 per cent of volatile matter, 63 to 73 per cent of fixed
carbon, 5 to 16 per cent of ash, and 0.5 to 3.5 per cent of sulphur. It
occurs in a number of beds, of which three are widely minable in
the area under study. All the beds are more or less broken up with
partings of shale, clay, or bone, and the recoverable coal in two of
the beds is between 2 and 3 f.eet and in the third bed between 3 and 6
feet. The third bed commonly occurs in two or more benches separated by partings from a quarter of an inch to several inches or locally
several feet thick. Several other beds are minable in a few places.
Most of the coal beds are equivalent to the beds occurring under the
Pittsburgh bed in Pennsylvania; some remnants of · the Pittsburgh
bed· occupy the hilltops north and east of the lower end of Abram
Creek. .
The field lies in the southern part of Mineral County, the western
part of Grant County, the eastern part of Tucker County, and the
northeast corner of Randolph County, W.Va., just south of the west
end of Maryland, on the eastern edge of the Appalachian coal field.
Its position is shown on the key map of Plate XII. The field is a
basin consisting of an eastern prong of the Georges Creek basin,
which splits south of Elk Garden, the western prong extending up
the North Branch of Potomac River and into the headwater
region of Cheat River, and the eastern prong extending more nearly
south in the valley of Dry Fork of Cheat River.
The coal of this area is at present entirely undeveloped, and the
area is without railroads. It will require, however, only a few miles
of branch roads to connect with the Western Maryland Railway or
the Baltimore & Ohio Railroad for Baltimore, or with the Western
86
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Maryland for Newport News by way of Elkins and the Chesapeake
& Ohio Railway. The general character of the country is shown by.

the topographic map (Pl. XII). The area lies in the Allegheny
Plateau region. The northern part of it consists of flat-topped ridges
intercepted by steep-sided valleys. Farther south, in the region of
Mount Storm and southward, the flatness of the ridge tops largely
disappears, the valley slopes become more gentle, and the whole surface takes on the features of a gently sloping hill country.
'
This report follows two reconnaissance trips of a week each to
this area in April and May, 1918. Interest had been aroused in the
area because of ~he advancing exhaustion of the coals of the Georges
Creek and North Branch .of the Potomac districts. Examination
showed that an earlier report 1 on this area, in which the coals .were
not mapped in detail, was not altogether accurate in mapping the
coals or structure. The present report is prepared in the belief that
even though this district was not developed during the war, it is
certain to be the subject of inquiry after the war, and the preparation of the data at hand now will meet the need when it arises. In
preparing the report all the notes obtained in the Survey for the
P~edmont folio have been carefully reviewed, and the coal data
have been used to supplement those obtained by the writer.
The base map on which the geology is presented has been redrawn·
from all the data now available, including those obtained by the
writer in recent trips. As the map differs materially in some respects from, the old Piedmont topographic map and even from the
later Oakland topographic map, which covers the northwest quarter
of the Piedmont quadrangle, it may be well to indicate the basis for
some of the changes. Since the Piedmont map was prepared several
primary triangulation stations have been established. The exact
longitude and latitude of these stations are of course known. Unfortunately, these points had not been tied by triangulation into the
topographic features mapped. However, certain facts have proved
useful. For example, Schell triangulation station is in Mineral
County 30 yards north of the Grant County line. The county line
is known to run from the mouth of Stony River eastward to a stone
on the Northwest Turnpike west of Hartmonsville, 50 feet from the
point where a road turns southward to Glade Run. The map position of the stone in the Northwest Tur11pike was established with
some degree of accuracy by means of a recently m,ade property-line
- map which included the position of the county-line stone and of Keystone triangulation station. It was thus possible to establish with
some ·approximation to accuracy the position of the mouth of Stony
River in a line running from the county-line stone south of Schell
triangulation station.
1

U. S. Geol. Survey Geol. Atlas, J'ledmont follp (No. 28), 1896.
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COA l.~ FIELD
WE~~{f VIRGINIA
Showing geologic structure, mines, and coal outcrops

BY GEORGE H. ASHLEY
Base from maps of Piedmont and Oakland quadrangles
revised by G. H. Ashley
KEY

MAP

S caJ e f2im>o
1

o

z

1

3

'•

~ ~~====~=====c====~=====
Contour interval 100 feet
Datum

t•

Miles

mean IJfa k-vtl

1919
X69

EXPLANATION

::;tructure contours on
Davis coal
Interval 100 feet
Do tum is mean sea level

~

Mine

X

Prospect or bank

~

Coal outcrops
Pbll' Pillsburgh coal
6ar Barton coal
Th ThumM coal
Oav Davi~ coal
RC. Red.CJ·ccl< coal

Coal exposed in outcrop
• Drill hole
36 Reference numbers
(see s heet of coal sections)
.&

CO LUMNAR

SECTIONS
Around
Piedmont and
Westernport
G. C. Martin
N.H. Darton
J. A . Taft'
L C. White
Geo. H. Ashley
C.3'
900 '

Fairfax Knob
and Henry

Montgomery Run

I. C. White

N.H. Darton

·J. A Tatr

C.a nd sh.
7'

800'--1"'-- C.IZ'

Near Shaw
J. A. Taft'

c.

N.H. Darton
700'
C.J4'

c.
c,;~~~sh.

c.z '

&oo'

C.Z.'

Glade Run a nd
Difficult Creek
N.H. Darton

soo'

400' .. . ... .

300

1

...,._ _..c .
.·.·......:: ·.
~

Red Creek

C.Z'7"

I. C. White

c .s'
~~~::~~:~::{·.

.

!!"!~~" §~ - - - - .1111'~!!'!1- g,_a_:~:_ __,.__~-"·"C.l'5"

c.

c.s'

c.z''"

C. l '6n

c.
c.

C .end Sh

3'5''

C.<:'

C.I' B''

C.2'

C.l'3"
C.l '2"

C. I' 5"

C. t16"

EXPLANATION

C.l'6"

C.2'

u.s. Upper Sewickley (Tyson)
Rds. Redstone coal
Pbll Pittsburgh (Elk Garden)

c. and sh.
:·:· .:':':':;'::·

5'

... . ....
.. .... ...
···········
.........
.. .. .....

'\

Red sh.

\

L.C. Little Clarksburg fDirty
6••· Barton · (Fourfoot) coal
Th. Thomas coal
Gv. Grantsville coal
6 c. Brush Creek coal
Pmt Piedmont CSixfoot) coal
Oav Davis (Split Six) coal
Sb Bluebaugh coal
Wp Westernport coal
M.S. Mount Savage coal
R.C. Red Creek coal

coal

87

ABRAM CREEK-STONY RIVER COAL FIELD, W. VA.

In addition there were available to the writer a railroad survey
up Stony River to the mouth of Helmet Run; an ·instrumental survey
of Abram Creek from the Wabash ~e to the Ben Hamline place,
about east of the mouth of Helmet Run; a map of the property lines
including the area fr.om the Wabash mine to the mouth of Helmet
Run and from the Allegheny Front nearly to Stony River; and
three instrumental profile sections run on lines N. 75° W . from the
Allegheny Front to Stony River. Unfortunately accumulated errors
of these.surveys made it impossible to fit them together and largely
negatived their value in mapping. For example, the railroad survey
of Stony River agrees in orientation with two previous surveys, but
if placed on the map far enough west of Schell station to allow that
station to lie on the upland rather than in the valley, it shows the
upper course of the valley &long the crest of Cabin Mountain instead
of a mile or more to the east. The errors in these instrumental
surveys will be remedied when the area as a whole is remapped with
adequate secondary triangulation. The portion of the map showing
Tucker County is taken bodily from a resurvey made in 1916 and is
therefore assumed to be correct. All the data of the original surveys
of both the Piedmont and Oakland quadrangles were reviewed and
used in the redrawing of the sketch map, after being checked and
supplemented by meander lines and compaSs readings by the writer, ,
who takes entire responsibility for the base map here prese~ted.
CHARACTER AND QUALITY OF THE COAL.

The coal of this field is a low-volatile, so-called smokeless coal,
similar in general to that from the Georges Creek region, as might be
expected from the fact that this a~;ea is a prong of the same basin
that contains the Georges Creek coal. The coal is tender and soft,
breaking down readily, like all of the so-called smokeless coals of
Pennsylvania, Maryland, and West Virginia. Its chemical character
is indicated by the following analyses of samples obtained by the
writer by standard methods :
Analyses of coal from Abram Creelc-Stony
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Locality and bed.
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2 miles southwest of Hartmonsville, in Grant County; Kltz..
miller mine, head of antry.

69061

I 3.76 :£5.55 72.71
2 ..... 16.16 75 . 5.~
3 .•• •. 17.t2 82.38

7.~ 1.56 4.45 78.~ 1.41 6.~ 13,660
8.29 1.62 4 .19 81.6 1.46 2.S2 14,194
1.77 4.57 89.00 1.59 3.07 15,478

TROKAB BED.

t mile southeast of E mor-yTllle,

Mineral Countv; Cross mine
head of main entry, 600 feet

6~

. I 2. 38
2 .. . . .

at" ..••

~~:M ~:~

19. 63 80.37

rrommouth.
• 1., Sample ae received; 2, dried at

10~·

15.~

2:~

15.96 2.
3.

~g:~
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1. ~
3.98
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4.74 85.71 1.93 4.53 15,364

C.; 3, moisture and ash free.
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Analvaea of coal from Abram Creek-Stony River field, W . Va.-Contlnued.
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69065. This sample was cut at face of main entry in mine of w·. W. Kitzmiller
(No. 18, Pl. XIII), 2 miles north of Hartrnonsville, on April 27, 1918. It includes the three benches of coal 9, 12,' and 11 inches thick, and also the two
included partings each half an inch thick.
69072. This sample was cut nt face of main entry, 500 feet from the mine
mouth, in mine of Low Volatile Coal Co. (No. 15, PL XIII), three-fourths of a
mile southeast of Emoryville, on April 23, 1918. The sample represents the
three benches of coal 6, 9, and 27 Inches thick.
69064. This sample was cut nt break-through from first right entry in Koontz
mine (No. 40, Pl. XIII), 1 mile north of Mount Storm, on Stony River, on Aprll
24, 1918. It includes the bench of bone 1 foot 4 inches thick.
69068. This sample was cut at face of main entry of mine of M. F. Cosner
(No. 43, XIII), three-fourths of a mile east of Bismarck, on April 27, 1918.
It represents the lower bench of coal 2 feet 5 Inches thick.
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69070. This sample was cut at break-through from first right entry in Koontz
mine (No. 40, Pl. XIII), 1 mile north of Mount Storm, on April 24, 1918. It includes coal only from the lower bench 2 feet 6 inches thick.
69071. This sample was cut in room 11, off thirteenth right entry, 5,100 feet
from mine mouth, in Oakmont mine (No. 32, Pl. XIII), on Abram Creek 2 miles
from Harrison, on April 23, 1918. It represents the three benches of coal 11,
5!, and 31 inches thick.
69069. This sample was cut in room being driven to west in mine of S. M.
Hamllne (No. 86, Pl. XIII), 1i miles east of Bismarck, on April 25, 1918. It
represents the four benches of coal 31, 11, 10, and 18 inches thick.
69066. This sample was taken from a small stock pile of coal dug the preceding winter from the bed of the river. The sample was obtained April 27,
1918, and is probably somewhat weathered. The coal bed at this place has the
section shown in No. 85, Plate XIII.
69073. This sample wns cut from an outcrop of the Falls coal bed at the falls
of Stony River (No. 101, Pl. XIII), four-fifths of a mile west of Bismarck, on
April 27, 1918. It represents the two benches of coal 1 foot 8 inches and 1 foot
2 Inches thick. Coal probably weathered.
69067. This sample was cut from an outcrop above Lanesville, near the head
of the South Fork of Red Creek (No. 108, Pl. XIII), on April 26, 1918. It represents the entire thickness of the bed 2 feet 2 inches. Coal probably weath~red.

As will be seen, most of these coals are high in ash and sulphur,
the ash ranging from 5 to 16 per cent (exclusive of the roof coal of
the Koontz mine), with an average of 11.4 per cent, and the sulphur
from 0.5 to 3.5 per cent, with an average of 2.31 per cent. These
figures may be compared with those of other smokeless coals as follows: Pocahontas, with an average ash between 4 and 5 per cent and
and average sulphur between 0.5 anJ 0.6 per cent; New River, with
an average ash below 4 per cent and sulphur between 0.5 and 0.6
per cent; Thomas, Tucker County, with an average ash of about 8
per cent and an average sulphur of about 1 per cent; Elk Garden,
with an average ash between 8 and 9 per cent and an average sulphur
of a little over 1 per cent; Georges Creek, Maryland, with an average ash of about 8 per cent and an average sulphur of less than 1 p_er
cent. These figures for the Elk Garden and Georges· Creek areas
apply specifically to the Pittsburgh coal, which in the past has been
the main source of supply. The beds below the Pittsburgh bed,
which will necessarily be the main source of supply from these areas
in the future, haYe about the same ash and. sulphu~ content as the
coal of the Abram Creek basin.
Farther north, in Somerset County, Pa., there is a very small quantity of Pittsburgh coal, and the main coal output is from the lower
beds, which are all of better quality than most of the coals of Georges
Creek, having less than 10 per cent of ash, with an average of about
8 per cent, and an average sulphur content of about 1 per cent. This
is especially true of the coal in the Windber region, where commercial shipments show commonly less than 8 per cent of ash.
112028-2Q-Bull 711-7
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. In Cambria County, Pa., the quality of the coal differs somewhat
in different beds. In the southern and middle parts of the county
the Lower Kittanning bed is a low-ash bed, averaging probably less
than 7'per ce:qt in mine samples and leSs than 8 per cent in tipple samples. The ash in the other beds ranges from 9 to 12 per cent in the
southern part of the county and from 6 to 10 per cent in the northern
part of the county. Except in the southeastern part of the county
sulphur runs fairly high, from 1 to nearly 4 per cent, with an average
of about 2 per cent in the southern half of the county and of 1.5 per
cent in the northern half of the county.
The low ash content of the coal in northern Cambria County continues into Clearfield County, where the ash averages about 8 per cent,
being lowest in the Lower Freeport or Moshannon bed, which in the
past has been the main source of supply. Sulphur in the coal of
Clearfield County ranges from 0.6 to nearly 3.5 per cent, with an aver~
age of less than 2 per cent.
In practical operation the disadvantage of the high ash content in
these coals will be still more marked, because the beds are so much
split up that mining must be confined to a single bench, which is com~
monly thin, or else it will be necessary to separate the partings of clay,
shale, and bone from the coal by mechanical separators, washing, or
careful hand picking.
The" smokeless" quality of this coal may be judged by comparing
its fuel ratio with that of other well-known coals. The fuel ratio
of the coal of this area ranges from 3.4 to 4.8 and averages about 4.1.
This is about the average for the Pocahontas field as a whole, includ~
ing McDowell, Mercer, Wyoming, and Raleigh counties, W. Va.;
the range is from about 3.4 in the Pocahontas area of Virginia to
around 5 near W elch. The fuel ratio of the New River coal ranges
from about 3.5 in the up-river part of the field to 2.3 at Hawks Nest.
In general, the coal from the part of the New River field above Thur~
mond Q.as a fuel ratio of 3 or more and that from the part below
Thurmond of less than 3. The Abram Creek-Stony River coal also
has a higher fuel ratio than the coal at Thomas or along the North
Branch of Potomac River, which commonly runs between 3 and 4.
The fuel ratio of the coal of the Georges Creek basin r anges from
3 to 4.5 and averages about 4, or practically the same as for this field.
The coals of Somerset County, Pa., average a little higher in fuel
ratio than those along Abram Creek. Most of the coals run over 4,
and many of them come between 4.5 and 4.9. For the southern part
of Cambria County the figures are still higher, many of the coals
there having a fuel ratio of over 5. In central Cambria County the
average is below 4, and in the northern part of the county the average is below 3. In Clearfield County, east of the Laurel Ridge anti-
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cline, the fuel ratio ranges between 3 and 3.5, with an average of
about 3.2. This drops to about 2.8 between the Laurel Ridge anticline and the Chestnut Ridge anticline.
The heating value of this coal may be judged by comparison with
the other smokeless coals already referred to. As shown in the table
of analyses (the roof c01il of the Koontz mine being omitted), the
values lie between 12,500 and 14,200 British thermal units :for the
coal as mined, with an average of 13,100 British thermal units. This
is lower by 300 to 1,300 British thermal units than. the average o:f the
competing fields, even when comparison is made with analyses o:f
commercial samples. The several thousand analyses ot Pocahontas
coal nearly all run over 14,000 British thermal units, with an average
between 14,400 and 14,500. Mine samples o:f Pocahontas coal, taken
. in the same way as the samples in this field, average between 14,600
and 14,800 British thermal units. New River coal has about the same
heating value as Pocahontas. The average heating value o:f commercial coal from the Thomas and Coketon districts is about 13,500 British thermal units, or 400 British thermal units above that of the coal
of this district. The average commercial coal of the Georges Creek
district, Pittsburgh bed, shows a heating value around 13,900 British
thermal units, or about 800 British thermal units higher than, the
average o:f the Abram Creek field. The lower beds o:f the Georges
Creek district are fairly comparable with the coal o£ this field,
though the analyses at hand indicate that they are a few hundred
British thermal units better. In Somerset County, fa., the coals are
of better quality, most of the analyses yielding more than 14,000
British thermal units for the coal "as received" and the average
being probably 800 British thermal units higher than in the Abram
Creek-Stony River field. The same is true o:f the coals in Cambria
and Clearfield counties.
It therefore appears that the coal of the Abram Creek-Stony River
field is of lower grade than any of the competing coals now being
put on the market, but as most of the samples were taken from small
mines, in which the coal is under slight cover, it seems probable that
the coal obtained when large mines are opened in this field may be of
a slightly higher grade than that shown by these samples. In fact,
a comparison of the ash and sulphur of these coals with those of the
so-called smokeless coal of other districts suggests that this coal if
properly cleaned will average 500 British thermal units higher than
is shown in the analyses. On the other hand, taking into account
the number and character of the partings in the beds, the writer believes that very little of this coal will be mined that will run 14,000
British thermal units on commercial samples, and that most o:f it
will run well under 13,000 British thermal units.
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·THE COAL BEDS.
GENERAL FEATURES.

The coal of this region occurs in a score of beds ranging in thickness from 1! to 20 feet. These beds are scattered through a series of
sandstones and shales, having a total thickness between 1,500 and
1,600' feet. At or near the top of a section is the Pittsburgh bed,
which has an average thickness of about 12 feet but locally thickens
to 20 feet. The series of rocks underlying the Pittsburgh bed, about
800 feet thick, is commonly known as the " Lmver Barren Coal
Measures," or the Conemaugh formation. Ten coal beds occur in this
formation; two of them, Barton and Thomas, are commonly of workable thickness; and four others, the Lower Clarksburg or Dirty
Ninefoot, the Sixfoot, and two others between the Sixfoot and Barton, are workable locally. Below the Conemaugh rocks is the Alle- ·
gheny formation or, as formerly known, the "Lower Productive
Measures," containing in Pennsylvania the Freeport, Kittanning,
and Clarion coals. In the major part of the Abram Creek~Stony
River field only one of the beds in the Allegheny formation-the
Davis coal, or Split Six bed of the Westernport area-is of value.
Below· the Allegheny is the Pottsville formation, which includes the·
rest of the coal measures and contains one or more coal beds.
The position of these coals in various parts of the field is indicated in the columnar sections on Plate XII. The Pittsburgh bed
need not be considered in detail here, as it occupies only small areas
at the north edge of this field and is now nearly exhausted. Of the
other beds, one, the Davis, has a thickness of 5 to 9 feet, including
everywhere from one to seYen partings of shale or clay or benches
of bone or bony coal. The total thiclm.ess of coal in this bed ranges
from 2! to 7! feet. Two other beds, the Barton and Thomas, contain nearly everywhere in this field at least ·one bench of clean coal
averaging abo.ut 30 inches or a trifle more in thickness. In most
places each of these two beds contains also from 1 to 2 feet of coal or
bone, comm()nly overlying the main bench of coal, which may prove
of considerable value as a source of power, either for use locally or
to be transmitted to a distance. The thickness of the other beds is
more variable, and although several of them contain in places from
2 to 6 feet o£ coal they appear to average much less than that and
to be absent in parts of the field.
DIVISION OF THE LOCAL COAL MEASURES.

In the Piedmont folio the coal measures of this area were subdivided into five formations-the Elk Garden formation, comprising the rocks from the base of the Pittsburgh or Elk Garden coal, as
it was then called, to the top of the section; the Fairfax formation,
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which included the 300 feet of strata above the massive sandstone
that overlies the Barton coal; the Bayard ·formation, which comprises the strata below the Fairfax formation to the top of the Davis
coal, including the Thomas coal near the middle; the Savage formation, including the beds from the top of the Davis coal downward
for 130 to 160 feet to the top of a massive sandstone or conglomerate,
which forms most of the crest of the Allegheny Front; and the
Blackwater formation, which included the massive sandstone at the
base of the coal measures.
Recent <:letailed studies by C. K. Swartz and Harvey Bassler in the
Georges Creek and North Potomac basins for the Maryland Geological Survey and in Pennsylvania for the United States Geological
Survey have demonstrated that the Elk Garden formation is equivalent to the Monongahela formation of Pennsylvania, as has long been
recognized; that the Fairfax and Bayard formations are the equivalent of the Conemaugh formation of Pennsylvania; that the Savage
formation is the equivalent of the upper part of the Allegheny of
Pennsylvania; and that the Blackwater is the equivalent of the lower
part of the Allegheny and the portion of the Pottsville occurring in
this region. As the present report is· purely economic and as Swartz
and Bassler have in preparation a detailed report on the results of
their studies, to be published by the Maryland Geological Survey,
attention will be confined here to the coal beds, and the stratigraphy
or correlation of the beds will not be discussed beyond noting that, in
accordance with the work of Swartz and Bassler, the Davis bed may
be regarded as the equivalent of the Upper Freeport of Pennsylvania,
the Thomas bed as the equivalent of the Bakerstown, the bed 115
icet above the· Davis as the equivalent of the Brush Creek, the Sixfoot bed of the Westernport area as the possible equivalent of the
Mahoning coal of Pennsylvania, and the Sp1it Six bed of the Westernport area as the equivalent of the Davis. The Barton is possibly
the equivalent of a bed designated the Elk Lick on Allegheny .River,
and a coal the bloom of which was seen at a number of points south
and southeast of Mount Storm may be the vVellersburg coal. The
sandstone above the coal next over the Barton is probably the Morgantown sandstone. The coal that crops out at water level at the
falls of Stony River is here called the Falls coal and may be equivalent to either the Lower Free.port or the Upper Kittanning. · The
coal above railroad level at Westernport, from a knife-edge to 4 feet
thick, which is underlain by a light-colored clay that is mined in
the northern part of that town, may be the equivalent of the Middle
Kittanning, and the bed about 50 feet lower may be the equivalent
of the Lower Kittanning. The two coals next below these, which
crop out east of Piedmont, are thought to be the equivalent of the two
beds at Mount Savage and in turn to be at the horizon of the Craigs-
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· ville and Brookville, or Upper and Lower Mercer coals of Pennsylvania.1
..
The Red Creek coal, near the base of the section, is in the Pottsville formation and possibly is as low as the Sharon coal, though
its nearness to the supposed base of the Allegheny suggests that it
belongs in the Connoquenessing part of the Pottsville of western
Pennsylvania. Certainly it is not as low as the Sewell coal of the
New River Region, with which it has commonly been correlated.
The exact correlation of all the beds in this field must await detailed
tracing of the strata and studies of the associated fossqs.
In general the distance from ·the Pittsburgh bed to the Davis bed
decreases toward the south from about 775 feet at Piedmont to 625
or 650 feet in the Fairfax knob area. The equivalents of the coal
beds of the lower part of the section have ~ot been. worked out, so
it is not possible to say whether the Savage formation or the rocks
equivalent to the Allegheny formation of Pennsylvania are thinner
nt the south than at the north, but that is suspected to be the case.
The Pottsville formation is known to thicken toward the south,
especially by the addition of beds at the bottom which were deposited
at the southeast only. The sections at Piedmont and on Red Creek
indicate that some of the Pottsville beds thicken toward the south
in this region.
None of the Pottsville coals are thick in this field, though locally
one of the beds reaches 2 feet or more, and in, the southern part of
the field the Red Creek coal, as here designated, shows a thickness
of 2 feet or more at a few openings. Where seen by the writer on
the South Fork of Red Creek in a surface outcrop the coal reaches
a thickness of 31 inches, but a few feet away it pinches out. What
is assumed to be this coal was opened many years ago by Mr.
Leatherwood on the west flank of Cabin Mountain, a little southwest
of the corner of Grant County. It is here nearly 300 feet below the
crest .of the mountain, on the trail from the head of Red Creek
to Cortland. What is probabiy this coal was seen in the face of
the Allegheny Front on the road from Hopeville to Laneville some
distance below the summit. This coal crops out around Red Creek
and has been mined on Little Stonecoal run for use in smithing,
a fact which indicates its freedom from sulphur. It is reported to
be about 2 feet thick and is commonly solid but locally has a 3 to 4
inch shale parting 4 inches below the top. Coals are reported to
1 Recent studies by the writer have led him to think It probable that the Craigsville
and Brookville coals of the Allegheny Vallef"are the equivalent of the Upper and Lower
Mercer of the Beaver River valley, the Homewood sandstone of the Beaver River
valley having been called the Clarion sandstone In the Allegheny Valley, and that the
Brookvllle coal of the Mercer County area Is the equivalent of the Clarion coal of the
Allegheny Valley. This is only a working hypothesis pending additional fteld studies
at the type localities.
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occur on the east flank of the Allegheny Front at a number of points
north of this, some of whl.ch are doubtless at the same.horizon as the
Red Creek coal. The next coals above this, which if the Allegheny
formation has not thinned between Piedmont and Red Creek may
be the equivalent of the two coals at Mount Savage, are too thin to
be of present commercial interest. . The thickness, so far as noted,
generally runs less than 20 inches. One of these beds appears to
·have been mined on Stonecoal Run for locomotive use while the
lumber of the Red Creek basin was being cut.
Two coals which lie from 90 to 175 feet below the Davis are com. monly thin or dirty. One or the other of these beds is exposed at
many places in the cuts along the Western Maryland Railway on
the North Branch of the Potomac. This bed is locally known as
the Railroad bed. Although in places it is as much as 2 feet thick,
it appears to be very irregular in thickness and to contain some bony
coal. The upper of these two beds is being mined in the northern
outskirts of Westernport, where its thickness ranges within a short
distance from a knife-edge to 3 feet. Where thickest the body of
good coal is much cut down by irregular partings of clay. It is
underlain by a valuable bed of clay and may prove workable in connection with the clay.
FALLS COAL.

The Falls coal (sees. 97-103, Pl. XIIT) is of workable thickness in
parts of this area, but so far as examined does not appear to be of
high quality or to be regular in thickness. At the falls of Stony River
this bed contains nearly 3 feet of coal but is high in sulphur, as shown
by the· analyses. It is in two benches. The sulphur in the upper
bench occurs principally as nodules,_and that in the lower bench
is in the joint planes. As shown by the other sections given, this
bed has been found at a number of points in this and adjacent areas
to have a thickness of 2 to 2! feet. All the analyses obtained indicate a coal below the average in quality.
DAVIS COAL.

The Davis coal (sees. 59-96, Pl. XIII) is the most valuable bed
in the field. It is sometimes known in this region as the Split Six,
the name referring to its thickness, locally 6 feet or more, and to the
fact that it is commonly split into two main benches by a parting
which may range from 1 inch to 7 or 8 feet but is generally less than
a foot in thit kness. In addition to the main parting each of the two
main benches is generally broken up by one to six partings of shale
and bone. The bed as a whole has a thickness between 5 and 6 feet
in the northern part of the area and of 7 to 9 feet in the southern part.
Subtracting the bone, clay, and shale partings leaves 3t to 5 feet of
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coal at the north and 5 to 8 feet of coal at the south. In most sections
there is at least one bench of clean coal from 2 to 3-! feet thick. In
many of the sections by including one or two thin partings of shale
or clay the bed is found to contain a principal bench 3} to 4 feet
thick. .A.s shown by the sections, the partings are extremely irregular.
This is brought out especially by sections taken at the same mine or
near the same point-for example, the two sections at the Lloyd
Kitzmiller wagon bank (87 and 88), the two at the falls of Stony
River (84 and 85), the two 3 miles below the falls (80 and 81), or
the two on Difficult Creek within 400 feet of each other (78 and 79) .
This same irregularity was noted at practically every mine entered
and . must be taken into account in any plans for mining this bed.
Obviously if this bed is to be mined with any regard to the conservation of the coal it must be mined as a whole and washed, and only
the washed portion should be shipped; the bony coal and poorer
layers and waste coal should be used on the ground for the production
of power to be transmitted by electricity for manufacturing plants
along Potomac River or elsewhere. For this use advantage should be
taken of modern types of grates designed especially for burning highash coals and bone.
This coal is generally overlain by a thick sandstone which is
separated from the coal by a body of shale from a few inches to
several feet thick. Between this coal and the next underlying coal
there is locally a limestone or a body of flint clay. This flint clay
is unusually thick at the falls of Stony River, where the following
section was measured :
Section at falls of Stony River.

Ft.

Sandstone, .brown, heavy bedded________________________ 25
Shale, black --------------- ---------- ----------- ------ 2
Coal, Davis------ ---------- ----------- ------- - - - - - 9
Flint clay, mainly of low grade________________________ 32
Shale or clay, dark brown, crumblY------··-------------- 15
Shale, black to drab, with lron nodules-------- ---------- 13
Shale and thin sandstone-- --------------- - - ----- ------ 3
Shale, black----'--- -------------- ---------.. ------------ 4
Coal, Falls- --------------- - - --- ----- - - ------------ 3
Clay to water in river.

ln.

4

SIXFOOT COAL.

The Sixfoot bed reaches a. good thickness in the southern part of
the Georges Creek valley and around Westernport, where it is 5 feet
thick (sections 52-58, Pl. XIII). It i.s, however, said to run out a
few miles southwest of Westernport. Some of the drilling in this
field has reported a coal at this horizon, and such a coal shows in a
few sections, as at Harrison (section 57, Pl. XIII).
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There has been a tendency in many districts to consider the Davis
bed as made up of the Split Six bed and this bed. The presence of a
. massive sandstone over this bed at the north and over the Davis bed
at the south and the greater thickness of the Davis coal at the south
favor the correctness of this view, but until the writer has opportunity to make a detailed study along the north bank of the Potomac
he prefers to leave the question open.
THOMAS COAL.

The Thomas coal (sections 20-47, Pl. XIII) occurs from 150
to 225 feet above the Davis bed, averaging about 180 feet. Around
Westernport it has a thickness of 5 to 6 feet, including, however, a
clay parting of 5 to 15 inches and locally bony coal at the top.
Around Elk Garden and the lower part of Abram Creek, where this
bed is being mined at the Oakmont and other mines (sections 31-35),
it is only 30 inches to 4 feet thick. South of Stony River, near the
falls, on the Frank Hipp place, this bed shCiws, according to J . A.
·
Taff, 7 feet of coal in a bed 8! feet thick.
A study of sections 20 to 47 shows that this bed has nearly everywhere one bench of solid coal from 18 to 43 inches thick overlain by
a foot or more of coal, bone, and clay or shale. Only a few of the
sections show clay or shale, most of them showing the upper part of
the bed to be composed of alternate layers of coal and bone. A
sample of this top coal was taken at the Koontz mine (section 40)
and gave an ash content of 30 per cent. Where seen at the Oakmont
mine this coal is variable, as indicated by sections 32 and 33, which
were taken on adjoining entries. The roof of this coal, as seen at the
Oakmont mine, is very good, including from half ~ three-quarters of
an inch of "draw slate." The whole bed should be mined and the
upper part utilized at the mine for producing power. To judge by
the sections the lower bench of coal is very regular and probably
maintains its thickness under a considerable part of the area. Drilling, however, shows that in places the entire bed is lacking and that
the bench of solid coal at the bottom will probably average thinner
than is indicated by the measured sections given.
BARTON COAL.

The Barton coal bed (sees. 1-19, Pl. XIII) lies about 200 feet
above the Thomas coal and 350 to 380 feet below the Pittsburgh coal.
. It is persistent and of minable thickness in this area, though in
general less than 4 feet thick, and resembles the Thomas coal in having a main bench of good coal below and an upper bench of bony coal.
The Barton coal, however, differs from the Thomas in having at least
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one parting in the lower bench. In fact, many or most of the sections show bony or poor coal below the parting just mentioned.
Another feature worthy of note is the occurrence over this coal of a
thin rider bed. Like the Thomas coal, the bottom bench will yield
from 18 to 33 inches of good coal, which may be mined cheaply, and
one or two benches of poor or bony coal which may pay to mine for
local use in ~enerating power.
COAL ABOVE THE BA.B.TON.

In the region south and southeast of Mount Storm there are a
number of road outcrops of a bed of coal not far above the Barton.
No sections of this coal were seen, but the bed appeared to have a
thickness at one point of at least 30 inches. This coal may be at the
horizon of the Wellersburg coal. About 100 feet below the Pittsburgh is a coal bed, possibly the equivalent of the Little Clarksburg,
that is locally known as the Dirty Ninefoot. It underlies all of the
area covered by the Pittsburgh coal, including the hills on which the
Wabash mine and Hartmonsville are situated. At Sulphur City it
has a thickness of 4i feet, including a 6-inch shale parting 18 inches
from the bottom.
PITTSBURGH COAL.

The Pittsburgh coal occupies small areas north and east of the lower
end of Abram Creek. The main body of coal has been mined out
here, but there still remains the outcrop coal and pillar coal As the
coal is about 12 feet thick the outcrop coal should be well worth mining with a steam shovel, and possibly some of the pillar coal may bo
of sufficient value to mine in the same way.
STRUCTURE OF THE FIELD.

The structure or lay of the beds in this field is shown by the contour
lines on Plate XII. The field as a whole consists of an elongated
basin extending from southern· Pennsylvania across Maryland· and
into West Virginia as far as Randolph County. This basin lies between the Allegheny Front on the east and Backbone Mountain on
the west. At the south end of Mineral County it is nearly fiat across
the center but is turned up sharply on the east side. In northern
Grant County the basin is broad and flat in the center and turned up
abruptly on the eastern edge and less abruptly toward the west.
The center of the basin approximately follows Abram Creek. Near
Stoyer the basin begins to divide, being interrupted by the Canaan .
Valley anticline. The east prong of the basin, with which alone this
paper deals, follows up Stony River, keeping on the east side of the
river with a narrow center and steep dips on either side. As it crosses
into Tucker County the syncline broadens out, and as there has been
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a. steady rise of the center of the basin southward all the coal measures reach the hilltops a short distance south of Red Creek. The
structure contours show.n on Plate XII are based on the position of
the Davis coal. At Emoryville this coal is found at 1,700 feet above
sea level. At the·Grant County line it is at 1,900 feet in the center of
'the basin. At Bismarck post office the Davis coal has risen to 2,700
feet, at Stingley Run to 2,900 feet, at the mouth of H elmet Run to
3,100 feet, at the head of Stony River to 3,600 feet, and at the south
line of" Tucker County to 3,900 feet, a rise of 2,000 feet in 15 miles, or
an average of 133 feet to the mile. The structure shown south of
Helmet Run is largely hypothetical, being based on the elevations of
a few coal openings or drill holes in the basin and on the assumed
position of the Pottsville sandstones on t~e flanks of the basin. In
the vicinity of Red Creek the axis of the basin appears to lie west
of the creek, but on the South Fork of Red Creek the axis appears to
swing eastward so as to lie close to the Allegheny Front, and from
that line the rocks rise with moderate but increasing dip to the east
and with very gentle dips to the west.
DISTRIBUTION OF COALS.
MINERAL COUNTY.

At Harrison the workable beds are all above drainage level, the
Falls coal (section 99) lying about 15 feet above the creek or about
level with the railroad track and the other coals cropping out in the
hills above. Upstream toward Emoryville the coals lie about flat,
but as the elevation of the creek rises from 1,686 feet above sea level
at Harrison to 1,967 feet at Emoryville, all the coals up to the Thomas
pass below drainage level before Emoryville is reached. From
Emoryville to the iron bridge west of Hartmonsville the dip of the
rocks and the gradient of the stream are about even, so that at the
iron bridge, where the elevation is 2,297 feet, the Upper Freeport
coal is found at 70 feet below the bridge level and the Barton coal
at about 120 feet above the bridge.
From Emoryville eastward the rise in the rocks about keeps pace
with the grade of the stream, so that the Barton coal, which is mined
commercially just east of Emoryville by the Low Volatile Coal Co.,
crops out and has been mined on a small scale at a number of points
ascending Vandeveer Run. This rise brings the lower coals to daylight just west of the crest of the Allegheny Front. The Davis coal
has been opened at several localities along the road running nortli
from the point where the Northwest Turnpike crosses the crest of
the mountain.
The Barton coal keeps above drainage level nlong Abram Creek
·from Emoryville to the iron bridge and has been opened at a number
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of places. Northwest of Hartmonsville the hill is high enough to
hold a small body of Pittsburgh coal, which has been mined from
the Wabash mine. The sandstone a short. distance below that bed
underlies and supports the broad upland valley between the Wabash
mine and Hartmonsville, at the head of Hogland Glade Run, and
rises with the slope to the church at Ha:rtmonsville, leaving no doub't
that the Pittsburgh bed has been cut out at Hartmonsville, unless, as
does not seem likely, a trace of it is left in the top of the hill south
of that place. Under this sandstone is the Little Clarksburg coal,
blooms of which were seen in all the roads around Hartmonsville.
The Davis and other lower beds underlie the whole of this basin between their outcrops on the west flank of the Allegheny Front and
their outcrops along the North Branch of the Potomac between
Harrison and the mouth of Stony River.
GRANT COUNTY.

The broad divide between Abram Creek and IS tony River is underlain by all three of the workable coals in this area, the Barton,
Thomas, and Davis. At the mouth of Stony River all the coals are
above drainage level, but the grade of the river ·is sufficient to carry
the Davis and Thomas coals to or below drainage level at the toe of
the moccasin bend north of Mount Storm. These coals underlie all
of the land east of Stony River from its mouth to the mouth of Mill
Run, until they rise on the western flank of the Allegheny Front.
The Barton coal is above drainage level along both Stony River and
Abram Creek but underlies all of the upland between the two streams
nearly to Bismarck and also an area extending some distance east of
Ab:ram Creek.
West of Stony River tile rise of the beds over the Canaaxf Valley
anticline carries the coals up so high that the Barton coal underlies
only a small area between Stony River and Difficult Run, and the
Thomas coal underlies only the higher parts of the divide, some of
which is capped by the massive sandstone over that coal.
•
South of the Northwest Turnpike the rise of the beds exposes the
Barton coal along Mill Run and the Thomas coal in the valley of
that creek. The sandstone overlying the Thomas coal makes 30-foot
cliffs in the toe of the moccasin bend of Stony River north of Mount
Storm and smaller cliffs at the iron bridge southwest of Mount Storm,
and from the bridge it rises until it underlies the broad flat in the area
around Accident schoolhouse. The Thomas coal crops out under
this sandstone and has been opened in the Koontz mine (No. 40, Pl.
XII), at the J. T. Cosner place (No. 41), at the P. D. Cosner place
on Mill Run (No. 42), and elsewhere. East of Bismarck the Thomas
coal has been opened on the M. F. Cosner place, just above Abram .
Creek, and at the junction of Abram and Little creeks. The sand-
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stone over the coal is here very massive and makes a miniature rock
city east of Abram Creek. Northeast of Bismarck, where the dip
is about 5° NW., the rise is sufficient to bring up the Davis coal near
the Little Creek schoolhouse, in the S. M. Hamline place (No. 86),
and on the Lloyd Kitzmiller place, a short distance farther south.
The rise along Stony River above Mill Run is sufficient to bring
the· Davis coal above water level at station 78 and to keep it above
as far as a point half a mile above the falls. At the falls the
Davis coal is about 70 feet above water level and the Falls coal
crops out just at water level. Stony River above the falls appears
to follow the strike of the beds approximately, but as the river
rises from about 2,940 feet above sea level at the falls to 3,130 feet
at the mouth of Stingley Run the Thomas coal is brought down to
water level. According to the writer's interpretation the Barton
coal should underlie a small area on the top of the hill north of the
falls, and the same bed should underlie the broad flat north of
Stingley :F.un. South of Stingley Run the rise is rapid, as shown
by the outcrop of the sandstone which underlies- the Thomas coal.
Opposite the mouth of Stingley Run this sandstone makes a prominent cliff which may be traced readily, rising with the hill to the
northeast corner of Tucker County. It is therefore estimated that
a considerable body of the Thomas coal underlies the top of the
ridge at the northeast corner of Tucker County, and. a much larger
area of the Davis coal. The outcrop of the Davis coal swings
around the head of Beaver Creek and passes under .that creek not
far above the Beacon mine (No. 95).
Above Stingley Run the rise of the rocks a little more than keeps
pace with the rise of the river, so that the Davis coal comes tQ daylight a short distance above the mouth of Helmet Run. The Thomas
coal crops out on either side of Helmet Run (sections 45 and 46,
Pl. XIII). About 2 miles above the mouth of Helmet Run the Falls
coal crops out (section 102), and it keeps above drainage level for
at least 2 miles upstream. The Davis coal crops out on both sides of
the valley at the dam and has been opened on the west side about a
mile above the dam (section 91), at the sugar camp (section 90), and
in the Davis Coal Co.'s mine No. 9 southeast of opening 91. The topography and position of the coal beds in the upper Stony River valley
as shown on the map are largely hypothetical, being based simply
on a few barometric readings in the valley and topographic traverses
,along the crests of the adjacent mountains. All the lower coals pass
under the divide between Stony River and Red Creek, and possibly
a little of the Barton coal is caught in the crest of the divide in the
center of the syncline. Both the Thomas and Davis coals occupy
considerable areas under the upland on both sides of Red Creek.
· The deep valley of the creek itself is cut out of the Pottsville and

102

CONTRIBUTIONS TO ECONOMIC GEOLOGY1 1919, PART ll.

Mauch Chunk rocks. The massive sandstone at the top of the Potts-ville forms the shoulders of these narrow ravines and holds up the
broad upland. The workable coals are confined to the hills that lie
above this upland level, with the exception of the Red Creek coal,
which may prove to be of workable thickness.
. TONNAGE OF COAL.

The computation of tonnage has been confined to the area between
the axis of the Canaan Valley anticline and the North Branch of
Potomac River on the west and the Allegheny Front on the east .
and between the course of Abram Creek below Emoryville and thence
east from Emoryville to the Allegheny Front on the north and the
outcrops of the beds on Red Creek, in Tucker County, on the south.
By tracing the outcrops of the several coals on engraved cross-section paper a fairly accurate computation was made of the area
underlain by each bed, then from the plate of bed sections a careful
estimate was made of the thickness of recoverable coal under present
mining conditions. A recovery of 1,200 tons to the acre-foot was assumed. The tonnages thus derived follow:
Estimated tonnage ot coal i n Abram Creek-Ston11 River field.

Coal bed.

Barton ... ........... ................... . ...................... .
Thomas ... . . . .. . ....... . .. ..... . .... .... ... . ............ .. .. .. .
Davis...... . ...................... .. . . . . .. . ....... ...... .. .... .

Area
avallablo.

Estlmatod
recoverable
tluce-..

Acrtl.
19,3)0

Ft . ln.

Estimated

tonnage.

2 6

57,600,000

45,8110
2 6
lJ.I, 640,000
3 _ _ __
m....;,,_n:.xJ....;,,_roo
63, roo _ _ _

1

~

1

422, 760, 000

If all the good coal of the Davis bed were recovered it would probably yield 5 feet of coal, or 379,200,000 tons for that bed in this area,
increasing the to~al for the three beds to 524,520,000 tons. It is
probable that a considerable amount of coal will be obtained from
the Falls and other beds, but as drilling is reported to show that
these beds have an average thickness less than the figures used for
the three beds considered, it is ~elt that the tonnage to be obtained
from the Falls and other beds will not more than make up for the
excess in the estimates for the three beds in areas where the coal is
thin or lacking.
DISTANCE TO MARKET.

The nearness of this field to tidewater is of importance, in view of
the probable use of the coal as bunker coal and for export. This
field is now in the area served by the Weste1n Maryland Railway,
on which the distance from Harrison, at the mouth of Abram Creek,
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by way of Cumberland to Baltimore is 214 miles. The distance
between Piedmont and Baltimore by the Baltimore & Ohio freight
line is 187 miles, to which must be added the distance from Piedmont
to points on Abram Creek or Stony River. A comparison of these
figures with the distances ofother fields from tidewater is of interest.
For example, Osceola Mills, in Clearfield County, Pa., is 328 miles
from New York; Windber, at the ~outh line of Cambria County, Pa.,
is 368 miles from New York; Thurmond, on New River, W.Va., is 391
miles from Norfolk by the Chesapeake & Ohio Railway; North Fork,
in the middle of the Pocahontas field, 1V. V a., is 386 miles from
Norfolk by the Norfolk & Western Railway; Matoaka, W. Va., is
356 miles from Norfolk by the Virginian Railway; and Echols, W.
Va., is 299 miles from Norfolk. Points in the Georges Creek field
and along the North Branch of the Potomac below Abram Creek
are of course nearer tidewater at Daltimore than points in this field.
In general, however, it may be figured that coal from this field will
have from 220 to 240 miles to go to reach tidewater.

GEOLOGY AND OIL AND GAS PROSPECTS OF THE
HUNTLEY FIELD, MONTANA.
By E. T.

HANCOCK.

INTRODUCTION.

The Huntley field is in Yellowstone and Big Horn counties, southcentral Montana, and embraces an area of about 650 square miles,
part of which lies northwest and part southeast of Yellowstone
River. The field has railroad facilities that are exceptionally good
for this general region, being traversed by the main lines of the
Northern Pacific and the Chicago, Burlington & Quincy railroads . .
These roads furnish excellent shipping facilities at Huntley, Warden,
Ballantine, Pompeys Pillar, and other points.
Ackno'wledgments.-ln presenting this report the writer desires
to express his thanks to David White for valuable suggestions and
criticisms, to T. W . Stanton and F. H . Knowlton for the identification of fossils, and to C. E . Dobbins for assistance in the detailed
mapping. He also wishes to call attention to the public service
rendered by oil and gas operators who have furnished records of
deep borings and by individuals who have contributed in various
ways to the success of the investigation.
Earlier investigation8.-The Huntley field is in reality an extension of the Lake Basin field, which was mapped by the writer
during the summer of 1916.1
The geologic investigation of the region including the Lake Basin
and Huntley fields began with the Northern Transcontinental Survey
of 1882. Prior to that time geologists had described certain structural features and the stratigraphic succession at points closely adjacent to these fields, such as Judith Gap, the canyon of the North
Fork of the Musselshell, and the Bridger Range, but almost nothing had been written concerning the geology of the area herein described. One of the topographic maps made by the Northern Transcontinental Survey (the Crazy Mountain sheet) includes a small area
in the northwest corner of the L ake Basin field. These maps were
printed on a scale of 1 inch to 4 miles, with 200-foot contours. In
1 Hancock, E . T., Geology and on nnd ga~ prospects ot the Lake Bas in field, !lfont. :
U. S. Gcol. Survey Bull. 691, pp. 101- 147, 1918 (Bull. 691-D).

112028-20-Bull 7.Ll-8
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1883 George H. Eldridge was engaged in an examination o£ the coal
fields o£ Montana £or the Transcontinental Survey. At that time
J. E. Wolff, o£ the same Survey, studied the Crazy Mountains and
surrounding country. In later years the Crazy Mountains have
been restudied by Prof. Wolff, and the stratigraphy and paleontology
at certain points in the Musselshell Valley, particularly on Fish
Creek, have been investigated by T. W. Stanton, J. B. Hatcher,
W. B. Scott, and Earl Douglas.
After the withdrawal from entry o£ certain coal lands in Montana
R. W. Stone began in 1907 the examination o£ a belt o£ reported
workable coal seams extending around the north and west sides o£
the Crazy Mountains, and in the same year L. H. Woolsey undertook
the examination o£ an area extending east £rom Shawmut toward
the Bull Mountains. The few occurrences o£ coal found around the
Crazy Mountains have been described by Stone,1 and the Bull Mountain field is discussed by others.2 The Bull Mountain coal field
joins the Huntley field on the north. A detailed report by Stone
and Woolsey on the geology o£ the Musselshell Valley has been
prepared but not yet published. While the writer was mapping
the geology and studying the oil and gas possibilities o£ the L ake
Basin field in 1916 C. F. Bowen 8 was doing similar work in the
Musselshell Valley farther north. In October, 1913, G. S. Rogers '
examined the northern part of the Pine Ridge coal field in T. 3 N.,
Rs. 32 and 33 E.
Purpose of present investigatwn.-The present investigation was
undertaken primarily to make a detailed study of the stratigraphy
and structure in order to locate such structural features as have
elsewhere been found to bear a definite relation to accumulations o£
oil and gas.
Field work.-The field examination that furnished the basis for
this report was made during July, August, and September, 1917,
under the immediate supervision of the writer, who was assisted
by C. E. Dobbins. In the mapping nearly all locations were made
by triangulation and elevations were determined by means o£ vertical angles. The work was begun in the vicinity o£ Osborn, a station on the Northern Pacific Railway. A base line 12,240 feet long
was measured along the railroad track southwest from Osborn.
From the two ends of this base line points were located by intersection on the pine-covered ridge to the southeast and also on the
basal Lance escarpment north o£ the Yellowstone. From the points
1

Stone, R. W., U. S. Geol. Survey Bull. 341, pp. 78-91, 1909.
• Wools ey, L . EI., idem, pp. 62-77. Woolsey, L. H., and others, U. S. Ge11l. {!)p;;ve1
Bun. 647, 1917.
• U. S. Geol. Survey Bull. 691, pp. 185-209, 1918 (Bu11. 691- F) .
• JJ, S, Geol. Surve,v Bun. 541, pp. 316-828, 1914..
·
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thus located, a system of control points was extended throughout
all except the northern and extreme southeastern portions of the
field. Later in the season a second base line 10,746 feet long was
measured from the coal elevator in Billings northeastward along the
main line of the Northern Pacific Railway. From the extremities
of this new base line several prominent points were located by intersection-for example, the smokestack at the sugar refinery and
certain high points in the elevated region from 3 to 5 miles to the
south. The locations of these points being rather accurately established, the task of mapping the Colorado-Eagle and Eagle-Claggett
contacts for several miles southeast of Billings became very simple.
From points definitely 1Q<1ated on the top of the prominent Eagle
sandstone escarpment southeast of Billings it was possible to intersect points previously located from the original base line, thereby
tying together the two systems of triangulation points. The elevation of the railroad track at Huntley was first ascertained, and all
subsequent elevations were based upon that, but it was possible to
check the elevations by intersecting numerous points along the
Northern Pacific and Chicago, Burlington & Quincy railroad lines
and reading the vertical angles to them.
In view of the purpose of the investigation, it was necessary to
map the boundaries between the different formations and to record
the strike and dip of the beds at many points. Where it was
possible to trace a definite bed, and especially where the beds are
inclined at a very low angle, the structure was determined from elevations determined at short intervals. Where the strata are broken
by faults it was necessary to trace out and map the fault planes and,
if possible, to determine their inclination and the amount of vertical
and horizontal displacement along them. Ordinarily the locations
were made by intersection from points of primary control, but here
and there, as in the intensely .faulted area, the details were mapped
by the use of the stadia rod, after the plane table had been located by
intersection. The Lance-Lebo shale contact in the northern part
of the field was mapped entirely by stadia traverse from section
corners.
Land surveys.-Practically all the' township corners and a considerable number of the section corners were located by intersection.
Some of the section and quarter corners were very difficult to find,
but it is probable that by care~l search most of them could be found.
In fact, where the surface is moderately even some of the wagon
roads are laid out along the section lines. Inasmuch as the Huntley
field lies entirely within the valley of the Yellowstone, which trends
northeast, and a bordering area dissected by streams which flow in a
direction almost at right angles to the valley itself, very few of the
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principal roads follow the section lines. The principal highwaythe Yellowstone trail-runs very close to the Northern Pacific tracks
all the way from Huntley to Pompeys Pillar. The roads leading
up into the regions southeast and northwest of the valley of the Yellowstone as a rule follow the valleys of the smaller streams.
TOPOGRAPHY.
SURFACE FEA,TURES.

The Huntley field is part of a large area of moderately low country, which is in striking contrast with the Crazy Mountains on the
west, the Big Snowy Mountains on the north, and the Prior Range
on the south. A similar contrast is exhibited within the field itself
between the valley land along the Yellowstone and the dissected
areas on either side. Indeed, the contrast may be carried still further, for there are some very striking differences between the dissected
nrea southeast of the valley and that on the northwest. Thick deposits of gravel, much of which is embedded in a matrix of· coarse
sand, forming a well-defined conglomerate, constitute a perfect line
of terraces bordering the rich alluvial deposits along Yellowstone
River and extending several miles up the valleys of the smaller
streams. The contrast in surface features is due, not to these lower
gravel deposits, but to others, which lie at a much higher altitude
and are of somewhat different origin. These higher gravel deposits
occur southeast of the Yellowstone but not on the northwest side.
They appear to have been laid down on a very gently sloping plain,
and they protect the underlying rocks from the ordinary agencies
of erosion, so that the interstream areas southeast of the Yallowstone are commonly high table-lands at elevations ranging from
3,900 to 4,000 feet. Most of the area extending from the edges of
these elevated table-lands down to the Yellowstone flat is highly
dissected by numerous small streams. Immediately north of the
Yellowstone is a continuous even terrace, and from this terrace the
ground rises very gradually to the foot of the prominent escarpment
formed by the basal sandstones of the Lance formation.
DRAINAGE.

From what has been said it is obvious that all the drainage of
this region flows toward the Yellowstone. That from the Bull
Mountain area reaches the Yellowstone by way of Crooked Creek,
Razor Creek, or Pompeys Pillar Creek. The area south of the Yellowstone is drained almost entirely by Pryor, Arrow, and Fiy creeks.
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GEOLOGY.
STRATIGRAPHY.
GENERAL SECTION.

The lowest beds in the sedimentary series exposed in this field
are those near the top of the Colorado shale, but in a comprehensive discussion of the possibilities of oil and gas concentration it
is necessary to consider some of the deeper beds. Fortunately, there
are exposures of these beds not far distant which, taken in conjunction with the records of certain deep borings, furnish considerable
information concerning the lithology of the beds not exposed in this
field. The sedimentary rocks described in this report have been
separated into formations on the basis of lithologic and paleontologic
character. These formations are shown in colors on the accompanying geologic map (Pl. XIV) . The nature, thickness, and relations
of the formations which crop out in the Huntley field are shown in
the following table :

......
......

Rockjormatiom exposed in the Huntley field, Mont.

0

Era.

System.

Group and
formation.

Series.

Cenozoic.

Tertiary.

Eocene.

Topographic expression.

sandstone; grah, yellow, and
b clays an shales; and gra)'is sandy shsle.
The upper part contains some thin streaks of coal.

Basal beds of the Lance formation commonty form a
~rominent escarpment along t he margin of the
~ressed area underlain by the Bearpaw shsle.
gher sandstones form scarps along the low
ridges.

Dark marine shsle c o n = numerous calcareous
concretions. Abundantly ossllilerous.

ln many places weathers down to brood valleys and
shallow basins between the more resistant sandstones of the Judith River and Lance formations.
Also forms the sides or elevated ridges where protected by a cap of gravel and conglomerate.

L~ yellowish~y

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

=
Bear-

e.

Light-yellow soft massive sandstones containing
coDSlderable dark carbonaceous materlsl and dark
shsle. At the base is a brown, Irregularly jointed If dlppin~ rather steeply the beds form rather prom!and hacldy sandstone, alternating with &ODes of
Judith
nent ri ges between the valleys erode:! out or the
River
greenish-gray sandy shale which 1181!11111 to he the
B~aw above and the Claggett below. Where
approximate equivalent ol the sandstone included
.,;. formanear y 11~ the hard basal sandstones form
::s0 tlon.
in the upper part of the Claggett formation in Its
rather p
ent escarpments around the broad
type area; but for convenience of mapping and
valleys eroded out of the Claggett formation.
to
because of llthol~c similarity this sandstone is
UpperCreCretaceous.
here included in t e Judith River formation.
taceous.

Mesozoic.

~

c:l
0

~

Claggett
formatlon.
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The formations exposed in this field were laid down during the
closing stages of the Mesozoic and the early part o£ the Cenozoic
era. In the following pages the write.F has endeavored to point
out briefly the nature of these formations and the conditions of land
and water in the Huntley field while the sediments of which they
are made up were being deposited. In considering the origin and
concentration of oil and gas, however, it is necessary to inquire
into . the probable nature of the lower part of the Colorado shale
and the underlying beds at least as far as the base of the Morrison
( ~) formation. In other words, we must seek an answer to the
question, I s it probable that the necessary sands are present to act
as reservoirs for the accumulation of oil and gas, provided the
requisite conditions are present for the origin of those substances ~
To answer this question satisfactorily necessitates a careful study
of drill records, as well as of sections of beds exposed in neighboring fields.
CRETACEOUS (7) SYSTEM.
KORRISON ( 1) FORIU.TION.

The beds which are believed to represent the Morrison formation, as it is mapped f arther south, are not exposed in the Huntley
field. The formation is well exposed on both sides of the Big
Horn Basin, Wyo., and in the vicinity of Bridger, Mont., and the
:following stratigraphic sections ought to furnish strong evidence
concerning the nature of the beds that are believed to represent it
in the Huntley field. The following section of the Morrison was
measured by Hewett 1 along Shoshone River near Cody, Wyo.:
Secti<Yn of MorrisOn formation on Shoshone River , n ear Cody , Wyo.
F eet.

Shale, maroon nn(l gray, sandY----- ------------ - ----- --- ---Sandstone, buff --------------- ---- - - - -------- ------- - - - - - Shale, gray, sandY------ --- - ------------ - - - - -------- -·-----Sands tone, buff ------- ------------·------------------ - ----Shale, gray, sandY--- --------------------------------·- ----Sandstone, buff, cross-bedded---- ----- - ---------------·-----Clay, gray, sandY--- --------------- --- ----------- - --------·Sandstone, buff, fine grained, evenly bedded, a·nd ripple marked_
Clay, maroon and yellow, sandY------------ - ---------- -----Clay, dark brown to black, containing saurian vertebrae, limb
bones, and gastroliths- --- ----------------- ------ - - --- ---Sand, gray, argillaceous, only locally indurated, containing
wood sillcified in place, as well as rounded pebbles of similar
material; carbonized plant remains a nd small calcareous
concretions ------ ------------- ---------------------- --- -Clay, maroon, sandY~ - - ------ - ----------- - -- -- - -- - ------ - -- -

50
6
12
4
10
8
50
6
44
20

50
55

1 Hewett, D. F .•. The Shoshone River section, Wyo. : U. S. Geol. Survey Bull. 541, ·
p. 91S. 1914.

112

CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1919, PART II.
F eet. ·

Sandstone, white, homogeneous, only locally· indurated________ 25
Clay, prevailing gray and olive-colored but with three broad
maroon banu~ sandY-~--------------------------- -------- 100
Shale, green, sandy, transitional to upper sandstone of the
Sundance formation ______________________________________ 140
580

The following section of the Morrison formation was measured
by Darton 1 on the opposite side of the Big Horn Basin, about 8 miles
northwest of Cloverly, Wyo.:
Section ot Morrison formation on ,Alkali Creek about 8 miles northw est of
Cloverly, Wyo.
Feet.

Pale-green massive shale (overlain by Cloverly sandstone) ____
Thin-bedded gray sandstone, brown on surface_____________ ___
Pale-green massive shale--------------------------- - -- -____
Blue-black shale------------------------- --------- - -------Maroon massive shale----- -------------- --------··---------Variegated masssive shale -------- -------------------------Thin-bedded gray sandstone --------------------------- ----Variegated massive shale, drab, purple, and ma roon____ ______
Pale-green to white sandstone__________ _______ __ _________ ___
Pale-green and maroon massive shale________________________
Pale-green massive sandstone________________ _______________
Red sandy shale (lying on Sundance formation) - - - - ---- -----

50
15
5
10
10
45
6
65
6
85
45
40
382

The following section measured by W. B. Emery about 9 miles
southeast of Bridger, Mont., shows the character of the Morrison
formation much nearer the Huntley field:
2

Section of Morri.!lon (ormation about !I mi les 80u tlt cast u{ Rriducr, lllont.
l·'cet.

Shale, light colored--------------------------------------Shale, reddish brown and maroon _________________________
Shale, light sandy----- - ---------------------------------Sandstone, light colored, fine to medium grained; weathers
yellowish. In places massive and locally In beds from 1
foot to 1! feet thick______ ___________________ __ _________
Shale, variegated, commonly light colored. Has a thin maroon
streak near the base and a dark-gray streak near the top__
Sandstone, single bed, very argillaceous____ ________________
Shale, dark to reddish brown ; weathers reddish ; exhibit~
1 foot of light shale near the tOP------------- - - - ------- Sandstone, light colored--- ------------ ---------- - - -- -----Shale, variegated f t•om light to reddish brown____ __________
Sandstone, light colored---------------- -- -------- ------- --

13
7
16
26
26

!
10
5
13
13

• Darton, N. H., U. S. Ocol. Survey Geol. Atlas, Bald )lountaln-Dnyton folio (No. 141),
p. 7, 1906.

• P eraonal communication.
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Feet.

Shale, maroon; contains some Interbedded sandstone; weathers
light to yellowish brown_________________________________ 10
Shale, dark; weathers light. Greenish, light brown, and
drab and common shades- ------------ - --- - ----------- --- 10

149i

Ca.lvert, in his discussion of the Lewistown coal field of central
Montana, applies the name Morrison to a group of beds which he
describes as follows:
1

The Morrison formation consists of shales, sandstones, and argillaceous limestones, all apparently of fresh-water origin. The colors of these beds are extremely variable, greens and pinks predominating, but they are seldom, if ever,
brilliant and possess a characteristic soft tint. In lithologic character and in
thlcknei.'IS the formation ls fairly uniform throughout the field, the various sections approximating 125 feet. Argillaceous members predominate. The shales
are very clayey, and the limestone!'! also appear to contain a high percentage of
s111ca. The llmestone members are characteristically bluish gray and break
into small blocks. The sandstones are usually brownish and granular iu
nppeurancE', and In them comminuted bone fra~m~ents are of fairly common
occurrenee.
CRETACEOUS SYSTEM.

LOWER CRETACEOUS SERIES.
XOOTElU.I FORXATION.

The Kootenai formation was named after a tribe of Indians who
hunted in the southern - Canadian Rockies. The name was first
applied by Sir William Dawson to a succession of sandstones, shale,
conglomerates, and coal beds occurring along the Rocky Mountain
front range in Alberta between the fortieth parallel and Medicine
Bow River.
Weed 2 regarded about 300 feet of beds, chiefly sandstones and
constituting what he called the " Cascade formation," in the Great
Falls region of Montana, as of Kootenai or Lower Cretaceous age.
Fisher 3 demonstrated not only that the Kootenai rocks in Montana
are much thicker than had been previously supposed, but that they
probably constitute all the sediments between the Morrison ( ¥)
formation and the Colorado shale, and that the Dakota sandstone
is absent in the vicinity of Great Falls. In the Bighorn Mountain
region of northern Wyoming, about 100 miles south of this field,
rocks which have the same stratigraphic position and which are
similar lithologically have been designated the Cloverly formation
by Darton,' and that name was later used in the same sense by
1
Calvert, W. R ., U. S. Geol. Survey Bull. 890, p. 23, 1909.
• Weed, W. H ., U. S. Geol. Survey Geol. Atlas, Fort Benton folio (No. 55), 1899.
• Fisher, C. A., Southern extension ot the Kootenai and Montana coal-bearing forma tions In northern Montana : Econ. Geology, vol. 8, pp. 77- 99, 1908.
• Darton, N. H., Geology of the Bighorn Mountains: U. 8 . Geol. Survey Prot. P aper 51.
pp. GQ-53, 1906.
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Fisher. 1 In another paper Fisher 2 shows the character of the coalbearing Kootenai formation by means of several stratigraphic sections measured near Great Falls, in the Judith Basin and Musselshell regions, and in the Big Horn Basin. His published sections
show·that the formation ranges in thickness from about 300 to 550
:feet. Inasmuch as only the uppermost beds of the Colorado shale
:are exposed in the Huntley field, it is obvious that the Kootenai, or
its approximate equivalent, the Cloverly formation, is many hundred
feet below the surface. At least a part of the formation, however,
is exposed in a sniall .eroded dome 8 or 9 miles southeast of Harlowton, Mont., between American Fork and Fish Creek, where, according to Bowen,s the following section was measured:
Section in the small eroded dome in the NW. i Bec. 35, T . 7 N., R . 16 E.

Feet.

Sandstone, irregularly jointed and quartz! tic at base; forms the
outer hogback of the Kootenai formation ___________________ 45
Shale, drab to greenish graY--------------------------------- 45
Shale, maroon and white, with sandy layers __________________ 81
Sandstoll'e, white, concretionary; thickness variable____ _______ 2
Shale. maroon to grayish white---- -------------------------- 16
Sandstone, ledge maker, concretionary, brown_________________ 5
Shale, maroon and white alternating, containing brown sandstone nodules and calcareous concretions------ ------------- 75
Sandstone, reddish brown; thickness variable_________________ 3
Shale, light gray, slightly maroon at tOP----------- - ---------- 18
Shale, maroon.------------------------------------ ------ --- 15
Shale, clay, dark colored ; bakes and cracks when dry ; small irregular limestone nodules near tOP------------------------ 45
Sandstone, only partly exposed.

The Cloverly formation is well exposed along Shoshone River
near Cody, Wyo., on the west side of the Big Horn Basin, and also
about 1! miles west of Cloverly, Wyo., on the east side of the basin.
The following sections not only show the nature of the Cloverly
formation in those localities but furnish a basis for comparison :
Section of Cloverly formation on Shoshone Ri1:er near Cody, Wyo.•

Feet.

Sandstone, buff, indurated, characteristically thin bedded and
ripple marked. The beds rnnge from half an inch to 20 inches
in thickness and are composed of angular and subangular
grains of quartz, with traces of muscovite near the top ______ 60
Shale, gray, sandy------------------------------------------ 25
Sandstone, bulf, massive ______________________!., ______________ 25
110
Fisher, C A., Geology and water resources of the Bighorn Basin, Wyo.: U. S. Geol.
Survey Prof. Paper 53, 1906.
• Fisher, C. A., Southern ext ension of the Kootenai and Montana coal-hearing forma·
tlons In northern lllontana: Econ. Geology, vol. 3, pp. 77-99, 1908.
a Bowen, C. F., unpublished notes.
• Hewett, D. F., The Shoshone River section, Wyo., U. S. Geol. Survey Bull. 541,
p. 96, 1914.
1
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Wyo.'
Feet.

Light-bufr sandstone (overlain by Colorado shale)___________
Tan-colored sandstone------------ --- - --------------------Maroon clay-------------------------- - ----- ------------Reddish tan-colored sandy shale_____________________________
Deep-maroon. sandy claY- ---------- -----------------------Hard tan-colored sandstone________________ ___ ____________
Deep-maroon to purple variegated claY--------------------- Lens of maroon sandstone---------------------------------Deep-maroon sandy claY------------------------ ----------Olive-green · soft cross-bedded sandstone with hard layers,
lying on maroon and drab-gray Morrison shale_____________

10
10
4
20
20
3
12
3
20
10
112

The beds that make up the Cloverly formation in the Elk Basin
field of Montana and Wyoming, as it is described by Hares,2 are susceptible of a fourfold division. At the base is a chert conglomerate,
which grudes upward into a light-brown coarse sandstone and ranges
in thickness from 5 to 60 :feet. Above the conglomerate is a zone of
very brilliantly colored shales, including deep-red, maroon, purple,
pink, green, blue, brown, and other bright colors. The shales contain
nodules of lime, opalized quartz, radiating crystals of barite, and
numerous gastroliths. This variegated shale member ranges from 95
to 130 feet in thickness. It is overlain by a variable, fairly coarsegrained sandstone, to which the name Greybull sandstone member is applied. This sandstone is sufficiently indurated to form a low
ridge. Its thickness ranges from 1 to 30 feet. At the top of the Cloverly formation are about 130 feet of rusty-colored beds composeq
chiefly of reddish-brown thin-bedded fine-grained micaceous sandstone alternating with brown shale.
UPPER CRETACEOUS SERIES.

COLORADO SHALE.

In the Huntley field, as in the Lake BaSin field, farther west, only
a few hundred feet of the Colorado shale is exposed. Some drilling
has been done in the Lake Basin field, however, and the available
well logs were of considerable value in determining the nature of the
lower part of the Colorado shale. Apparently no deep wells have
ever been drilled in the Huntley field, but in endeavoring to ascertain the possibilities of obtaining oil and gas in that field it is of the
1

Darton, N. H., U. S. Oeol. Survey Oeol. Atlas, Bald Mountain-Dayton folio (No.

141), p. 7, 1006.
• Hares, C. J ., unpublished manuscript.
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utmost importance to determine to what extent sands are present in
the Colorado shale, for these sands afford the principal sources of oil
and gas in north-central Wyoming. In order to con:vey an adequate
notion of the probable lithology of the lower half of the Colorado
shale in the Huntley field, it is necessary to show, in a way that will
allow comparison, the conditions which exist in neighboring fields.
The stratigraphic sections given in Plate XV show the composition of
the lower half of the Colorado shale, and some of them also that of
the overlying formation in north-central Wyoming and south-central
Montana. Some of these sections were measured in detail where the
Colorado shale is well exposed; others are somewhat generalized to
show the composition of the Colorado shale and some of the underlying and overlying beds for certain fields. These sections not only
show the stratigraphic position of sands in the shale, but they also
indicate "those sands which yield the main part of the oil and gas
produced at these localitil:'.s as disti'ngQished from other sands which
yield only a small amount or from which oil and gas are known to
issue in the form of springs and seeps. In the preparation of the
plate it was necessary to assume .horizontality for some horizon-a
condition which is of course not strictly true. The horizon chosen is
the base of the Upper Cretaceous series.
Although it is entirely beyond the scope of a.n economic report to
present a detailed discussion of the stratigraphy of the region represented by these sections, nevertheless they exhibit certain features
which ought to be mentioned briefly because of their relation to certain stratigraphic problems presented by the Lake Basin. and Huntley
fields and because of the possibility that they may furnish a basis for
further stratigraphic study.
In examining the sections it is immediately apparent that the principal sands are confined almost entirely to the lower half of the
Colorado shale. .As shown by the Musselshell Valley section and the
well records from the Lake Basin field, the top of the sandy portion
of the Colorado shale becomes progressively lower in passing from
Musselshell River southeastward to Billings. There is a striking similarity between the Musselshell River section and the section measured
·in the Electric coal field, in Park County. Southward from Billings
to Bridger and Elk Basin and thence to Cody, on the west side of the
Big Horn Basin, the sandy portion of the Colorado becomes much
thicker and the upper shale portion rises much higher in the stratigraphic column. From Cody eastward and southward to the central Wyoming area the thickness of the lower sandy portion of the
Colorado remains very constant, although there is a great variation
in the number and character of the sands from place to place. The
Musselshell River section shows two prominent sandstones in the
lower portion of the Colorado shale, the upper one of which has n.
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thickness of about 200 feet. The few deep-well records in the Lake
Basin field, however, indicate no such prominent sandstone, but
rather a series of thin beds considerably lower in the section. It is
quite possible that these well records do not represent the true condition in the Lake Basin field~ for the sands in the lower part of the
Colorado shale throughout north-central Wyoming and central Montana are generally rather lenticular. For example, at Greybull,
Wyo., according to Hewett and Lupton/ the Frontier formation of
the Colorado group contains only two beds of sandstone, but in the·
southern and western parts of the Big Horn Basin it includes five
or six sandstone beds. This .fact is also clearly brought out in the
stratigraphic section measured along Shoshone River near Cody.
According to 'Wegemann,2 in the interval between the Mowry shale
and the Wall Creek sandstone at Salt Creek there are several thin
sandstones, which change considerably from place to place. At certain places one is conspicuous and at others another, indicating that
the sands are very lenticular. · The shale that overlies the Mowry
in the Powder River field 8 contains several sandstone beds in its
upper· part. Wegemann says that these sandstone beds are highly
variable and that although in the southern part of the Powder River
dome four distinct sandstone strata occur below the outcrop of the
Wall Creek sandstone, in the northern part only two of these sandstone beds are present, the others apparently having been replaced
by shale.
In a recent report on central Wyoming Hares • says:
The Mowry shale is overlain by shale and sandstone that are referred to the
Frontier formation, of Upper Cretaceous uge. The sandstones, of which there
are three distinct divisions corresponding in ascending order to the Peay, an
intermediate ssnd, and the Wall Creek, are of medium to fine grain, gray,
somewhat massively bedded, and from 20 to 200 feet thick.

According to Hares 8 the sandstones can generally be recognized,
although they vary a great deal from one place to another.
KOHTANA GROUP.
BUBDIVlSIONS.

The rocb of the Montana group, of the late Upper Cretaceous,
occupy about three-quarters of the Huntley field. The four forma1 Hewett, D. F., and Lupton, C. T., Antlcltnea In the southern part of the Bighorn
Basin, Wyo.: U. S. Gcol. Survey Bull. 656, p. 20, 1917.
2 Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo. : U. S. Geol.
Survey Bull. 452, p. 45, 1911; Bull.. 670, p. 17, 1918.
• Wcgemann, C. H ., The Powder River oil field, Wyo.: U. S. Geol. Survey Bull. 471,
p. 03, 1912.
• Hares, C. J ., Antlclhlcs In central Wyoming : U. S. Geol. Survey BulL 041, p. 240.
1910.
• Personal communication.
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tional subdivisions of the Montana which are present are, in ascending order, the Eagle sandstone, Claggett formation, Judith River
formation, and Bearpaw shale.
The nonpersistence of the lithologic units in this group is indicated by the conditions in the Lake Basin field, immediately west of
this area, where the Eagle san~tone represents a wedge of littoral
and continental sediments built seaward after the end of Colorado
time; the Judith River formation resembles the Eagle in mode of
origin but is much thicker and exhibits fresh-water and estuarine
phases much farther east .than the Eagle; the Lennep sandstone represents a third littoral .and continental wedge characterized by an
abundance of volcanic material among the component sediments; and
these coastal-plain deposits are separated by the marine shales of
the Claggett an,d Bearpaw ·formations, indicating oscillatory movements of the shore and a corresponding advance of marine waters.
In the field work it was clearly recognized that some of the formations change their character very materially within very short distances in the Huntley field, and were it not for the river valley, the
presence of faults, and the consequent element of uncertainty involved
in tracing individual beds across the Yellowstone, together with the
surface covering of gravel east of the river, the map of the Lake
Basin field would have been extended. to cover the Huntley field, for
the purpose of showing the nonpersistence of the formations ·in the
Huntley field and also the exact relations of these formations to
those of the Lake Basin field. Owing to the difficulties involved it
was thought advisable not to attempt to represent the nonpersistence
of lithologic units diagrammatically, but to show it, if possible, by
means of stratigraphic sections. The lithology of the different formations is made clear by the following detailed descriptions: EAGLE SANDSTONE.

The name Eagle sandstone was used by Weed 1 - for the formation
overlying the Colorado shale in north-central Montana and typically
exposed on Missouri River at the mouth of Eagle Creek, 40 miles
below Fort Benton. In the type locality the formation consists of
three more or less distinct units-an upper member of thin-bedded
sandstone, a middle member of shale, and a lower member of massive
ledge-making sandstone. The lower member is very persistent over
a large area in north-central Montana, even where the other members
of the ·formation can not be recognized, and for that reason a name
has been adopted by the United States Geological Survey to apply
to it-the Virgelle sandstone member of the Eagle sandstone. For
several miles southeast of Billings the Eagle sandstone maintains
~Weed,

W. H., U, S. Geol. Survey Geol. Atlq! Fort Benton folio (No. 55), 1899,
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EAGLE SANDSTONE AS SEEN LOOKING NORTHWEST FROM THE TOP OF THE STEEP CLIFF IN THE
NE. i SEC. 19, T. 1 S., R. 27 E., MONTANA.

U. 8. GEOLOGICAL SURVEY
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P LATE XVU

.A. VERTICAL CLIFF ABOUT 100 FEET HIGH FORMED BY THE MASSIVE SANDSTONE
AT THE BASE OF THE EAGLE FORMATION NEAR THE NORTH LINE OF SEC. 19.
T. 1 S., R. 27 E., MONTANA.

B. MASSIVE SANDSTONE AT THE BASE OF THE EAGLE FORMATION, SHOWING A

NATURAL BRIDGE OF SANDSTONE WHERE THE TWO MEN ARE SITTING.
An opening has been eroded through the sandstone back of the natural bridge, and o very large pine
tree has grown up through the smaU opening siuce it woa formed.
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a r ather uniform character and is well represented by the following
stratigraphic section: ·
Sectfon ot Eagze sanasto-,e about s mizes sout1~ast o.f B illings, Mont., in the
NW. t sec. 18, T. 1 S., R. 1!.7 E.

Base of Claggett formation.
Feet.
Sandstone, yellowish brown, very thin bedded______________
20
Shale, sandY--------------------------- - ------ --------- - 7
Sandstone, light yellow, massive____________ _______________
3
Shale, light gray, sandy---------------------------------26
Sandstone, light yellow, sofL--- -------------------------5
Sandstone, light yellow, massive----------------,----------15
Sandstone, yellowish brown_______________________________
25
Sandstone, light yellow, very massh·e; exhibits practically no
bedding planes; forms a vertical walL------------------ 100
201

As indicated by the above section and Plates XVI and XVII, A,
the Eagle sandstone in the western part of the 'Huntley field is very
similar to that formation in the type locality. The massive sandstone
at the base forms in many places vertical cliffs about 100 feet high,
as shown in Plate XVII, A, but locally it weathers out, forming
immense caves. (See Pl. XVII, B.) At Pryor Creek, however,
the sandstone at the base has lost its massive character to such an extent that its presence is scarcely indicated by the topography. It
changes very rapidly toward the east from a hard massive sandstone to
soft sandy shale.
CLAGGETT FORMATION.

The largest area of the Claggett formation in the Huntley field
extends from Billings east and north-- down the Pryor Creek valley.
The name Claggett was given by Stanton and Hatcher 1 to the £ormation overlying the Eagle sandstone, because the formation is well
exposed in the neighborhood o£ Judith (old Fo:rt Claggett), on Missouri River, the type locality. The relation of the Claggett formation to the underlying Eagle sandstone in the Huntley field indicates a rapid change from the deposition o£ coarse sand t o that o£
sands and clays in quick succession and finally to conditions under
which fine sands and silts were the predominant sediments. That all
these sediments were laid down in comparatively shallow water seems
reasonably certain. The coarse grain of the Eagle sandstone, the
presence of false bedding, the numerous impressions of the fossil
seaweed Halymenites major, and the almost universal distribution of
small flattened chert pebbles near the top indicate deposition near
1 Stanton, T . W., and Hatcher, J. B., Geology and paleontology of the Judith Rivet
b eds : U. S. Goo!. Survey Bull. 257, p. 18, 1905.
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the shore. Furthermore, the shallow-water origin of the sandy shales
and thin-bedded sandstones of the Claggett is indicated by the presence of ripple marks at several horizons in the formation. The presence of lenticular sandstones in the shale would seem to indicate not
only shallow-water deposition but also the accumulation within very
small areas of great quantities of coarse sand. The Claggett formation in the Pryor Creek valley is characterized by numerous lenticular
sandstones. The sandstones of the Claggett are commqnly thin
bedded, but locally, as in the Huntley field, they are massive and form
prominent cliffs. They weather out into peculiar forms and develop
large caves. Two such sandstones, one about 100 feet above the other,
were mapped in the southern part of the field. Even where the sandstones are not sufficiently massive to form conspicuous cliffs, there is
sufficient sand in the shale to support a considerable growth of evergreens. Farther north toward the Yellowstone the sandstones in
the Claggett are not nearly so persistent. They occur mainly in the
form of lenticular masses in the shale and crop out very conspicuously
for sOine distance south of Huntley. The marine origin of the sandy
shale lying immediately below the sandstone that forms the prominent escarpment in the SE. 1 sec. 9, T. 1 N., R 28 E ., is proved by the
following species of marine invertebrates collected from it:
Actaeon? sp.
Avicula americana Evans and Shuml).rd.
Baculites sp.
Cardium speciosum Meek and Hayden.
Leptosolen sp.
Liopistha undata Meek and Hay<len.
l\Iactra formosa Meek ancl Hayden.
Mactra sp.
Modiola sp.
Odontobasis? sp.
Tellina equilateralls Meek and Hayden.
Tellina sp.

Such marine invertebrates as Cardium specio8'1.11ln Meeks and Hayden and M actra sp. are abundant in the sandstone that crops out
near the northeast corner of sec. 6 of the same township, and in addition to these species, Pholadomya sp. and L egumen sp. occur abundantly in the prominent ledge of sandstone near the township corner
about a mile farther west. In addition to the marine invertebrates
already enumerated, the following species were obtained about 25
feet below the sandstone here mapped as basal Judith River near
the west line of sec. 33, T. 1 N., R. 27 E.:
Anntinu sp.
Aviculu nebrascuna Evans and Shumard?
Cardium speciosum Meek and Hayden.
Leptosolen sp.
1\Iactrn formosa 1\feek and Hayden.
Tellina equilateralis Meek and Hayden?
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From the facts previously stated it is obvious that the Claggett
formation is composed mainly of marine shale. Interbedded with
the shale are belts of sandy shale and shaly sandstone. In certain
localities the sandy constituent is so abundant and the sandstones
have become so thoroughly indurated as to form very conspicuous
cliffs. Even where the sandy constituent is not sufficiently abundant
to affect the topography, its presence is commonly indicated by a
sparse growth of evergreens.
JUDITH RIVER FPBMATION.

The Judith River formation overlies the Claggett formation and
underlies the Bearpaw shale. The area underlain by the Judith
River formation is generally somewhat higher than those oc.cupied
by the Claggett and the Bearpa.w. The sandstones of the formation
are, as a rule, inclined at very low angles and form a succession of
minor escarpments. Notable exceptions occur, however, within the
intensely faulted area, where blocks of the Judith River formation
are upturned as steeply as 30°. The most resistant sandstone, and
consequently the one which has had the greatest influence in the
development of land forms, is the one which seems to be the approximate equivalent of the upper part of the Claggett formation
in its type area but for convenience of mapping is here treated as
the base of the Judith River formation. It forms a rather prominent
escarpment around the area of the Judith River formation between
the valleys of Pryor Creek and the Yellowstone, and also along the
east side of the Pryor Creek valley.
The term Judith River was first applied by Hayden 1 in 1871 to
a group of sediments occurring in "Judith Basin," on Missouri
River, which contain beds of lignite, fresh-water Mollusca, leaves of
deciduous trees, and particularly a great number and variety of
curious reptilian remains. The Judith River :formation changes in
character materially within a very short distance in the Huntley
field. The basal sandstone of the formation is commonly made up
of rather brittle, irregularly jointed reddish-brown sandstone interbedded with layers of greenish-gray sandy shale. These lower beds
ordinarily present a reddish-brown aspect in contrast with the lightcolored sandstones higher up. Where the formation is highly tilted
and faulted near the southeast corner ofT. 2 N., R. 29 E., the basal
sandstone contains considerable dark carbonaceous shale and a few
thin streaks of coal. Between the basal sandstone of the Judith
River and the next prominent ledge-making sandstone above is from
60 to 100 feet of soft light-colored sandstone and sandy shale, includ1 Hayden, F. V., Geology of the Missouri Valley : U. S. Geol. Survey Terr. Fourth
.Ann. Rept., p. 97, 1871.
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ing some carbonaceous material, which, like the overlying sandstones, changes to shale in the eastern part of the field. The greatest
change in the Judith'River formation occurs in the vicinity of Fly
Creek. Near the east side of sec. 2, T. 1 N., R. 28 E., where the
formation is highly tilted, it was carefully measured and found to
contain about 500 feet of beds, as shown in the stratigraphic section
on page 123. Near the southeast corner ofT. 2 N., R. 29 E., where
the formation is highly tilted and faulted, it still maintains a similar thickness; but east· of Fly Creek it is composed of a single
massive white sandstone. Above that sandstone lie about 400 feet
of beds composed almost entirely of sandy shale containing marine
fossils near the base. The following stratigraphjc sections illustrate
the GOmposition of the Judith River formation in this field:
Section of the upper part of the Claggett and. the lower part of the Judith River
formation in sec. !8, T. 1 N., R. !"/E., Mont.
Ft.

Sandstone, yellowish brown, massive; forms top of very
conspicuous cliff__________________________________ _

ln.

25

Sandstone, light gray to brown, fine grained; contains
many circular nodules; forms base of very prominent
cllff---------------------------------~---------------

Shale, gray, contains numerous light-gray circular nodules
of fine-grained sandstone____________________ .:. ______ _
Shale, soft and sandy--------------------------------Shale, dark, carbonaceous------------------------------Sandstone, platy ______________________________________ _
Shale, soft and sandy---------------------------------Sandstone, thin bedded, platY--------------------------Shale, somewhat sandy ; forms talus slope below sandstone
Sandstone, soft, gray, coarse grained; contains a large percentage of some dark constituent ; in some places forms
a ledge----------------------- ---------------------Sandstone, fine grained, sontewhat clayey ; entire mass presents a banded appearance, greenish-gray and yellowishbrown colors predominating________________________
Sandstone, greenish gray, soft; contains some brown
nodules ; not resistant enough to form a clHL ________ _
Sandstone, yellowish, rather massive_________________ _
Concealed ; probably sandy shale----------------------Sandstone, yellowish brown, in thin beds _______________ _
Sandstone, yellowish to brown, somewhat platy _________ _
Shale-- ----------------------------------------------_
Sandstone
____________________________________________
Shale--~--------------------------.--------------------

15
3
8
3
2 ·2
5 6

10
86

4

44
26

15
8
3

1
2

6

2
6
8

3

Sandstone, yellowish brown, fine grained, brittle (base of
2
Judith River formation)------- --------------------Shale, dark gray, becoming more sandy toward the top __ 39

247

4
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Section of JutUth River formation. in &ec&. 1 and $, T. 1 N:, R . 28 E., Mont.

Bearpaw shale.
Feet:
Sandstone, light colored and soft; contains some brown layers
and concretions--------------------------- -------------- 60
Concealed ; probably shah~ or soft sandstone_______________ 65
Shale, graY----------------------------------- ------------ 20
Sandston~, massive, llght yellow; ~op weathers to cavernous
forms; contains some fiat layers of brown sandstone______ 60
Sandstone, llght yellow, very soft; contains tbln belts of
bluish·gray sandy shale__________________________________ 75
Shale, very sandy; contains considerable carbonaceous material 25
Shale, dark ; contains sandy and calcareous concretions, which
include Corbicula oootdentali& Meek and Hayden__________ 35
Sandstone, shale, and sandy shale; sandstone layers contain
considerable carbonaceous materiaL_____________________ 35
Sandstone, very white- ------------------------------------ 10
Sandstone, brown, massive, alternating with belts of greenishgray sandy shale and becoming llght toward the top ; contains plant fragiDents---------------------------- - ----- 115
Claggett formation:
500

The following stratigraphic section illustrates the rapid change in
the formation in the eastern part of the field. That the massive lightcolored sandstone at the base of the section is probably the basal
sandstone of the Judith River is inferred from the existence of
pure shale immediately- below and the persistence of the basal sandstone elsewhere in the field. Upon that assumption, after the lowermost beds o£ the Judith River formation were laid down there was
a pronounced change in sedimentation within a very short distance
in the eastern part of the field, and while clays and silts with · a
certain admixture of sand were being deposited east of Fly Creek
almost pure sand was being laid down a little farther west. Section including the Judith River formation and overlying beds near the
east line of T. 1 N., R. 30 E., J.Iont.
Ft.

Shale, sandy, extending up to the top of the ridge, which
Is covered with graveL------------- --~-- -------- - -Sandstone; forms shelf-------------------------------Shale, containing some sand__________________________
Shale, gray, almost entirely free from sandstone layers __
Sand, llght yellow, rather unconsolldated; contains
streaks of shale and is capped by a hard 5-foot rustycolored sandstone--------------- -------------------Shale, sandy; contains thin layers of sandstone in the
lower half; upper half composed of soft and fine sandy
material containing reddish-brown concretions ________
Shale, sandY------ ----------------------- ------- -----Sandstone, soft, graY--------------- - ---- ----- --------

1n.

28
9
16
105

85
150
2
4

6
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Ft.

in.

A zone not well exposed but believed to be composed
mainly of sandy shale; includes some petrified wood
near the tOP---------------~------------------------ 60
~asslve white sandstone______________________________
65
Claggett shal~.
BEABPAW SHALE.

Overlying the fresh-water and brackish-water beds of the Judith
River formation is an undetermined thickness of marine shale.
The thickness is in all probability not very different from that in
the adjoining lake basin field, namely, from 500 to 600 feet. This
shale was named from the Bearpaw Mountains by Stanton and
Hatcher,1 who determined its stratigraphic relation. It underlies
the massive sandstones of the Lance formation and occupies Hoskins Basin and all of the Yellowstone Valley northeast of Huntley,
as well as smaller areas farther south. It is composed almost entirely of dark-gray shale, including an abundance of grayish to
reddish brown calcareous concretions, many of which contain marine
invertebrate fossils.
TERTIARY (?) SYSTEM.

LAJfOB I'OJLJU.TIO••

The name Lance formation is an abbreviated form 2 of " Lance
Creek beds," a term used by Hatcher 8 in 1903 to apply to the" Ceratops beds." The name is taken from the principal stream in the
region where the beds a.re best represented, in Niobrara County,
formerly part of Converse County, Wyo.
The lowermost sandstones of the Lance formation, in contrast with
the underlying Bearpaw shale, form a rather conspicuous escarpment
a short distance north of Yellowstone River and around part of the
large circular area commonly known as Hoskins Basin. Pompeys
Pillar, a low butte near the south bank of the Yellowstone, about 2f
miles west of a station by the same name on the Northern Pacific
Railway, is composed of the sandstone near the base of the formation. The area occupied by the Lance formation is somewhat higher
than that of the Bearpaw shale, and where the sandstones are nearly ·
flat lying, as they are in this field, they form a series of scarps.
Unlike the Bearpaw shale, which is covered with sagebrush, the
1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River
beds: U. S. Geol. Survey I3ull 2:i7, p. 13, 1905.
• Stanton, T. W., Fox Hills sandstone and Lance formation (" Oeratops beds") in
South Dakota, North Dakota, and eastern Wyoming: Am. J our. Sci., 4th ser., vol. 80,
p. 172, 1910.
1 Hatcher, J . B., Relative age of the Lance Creek (Ot~rotop• ) beds of Converse County,
Wyo., the Judith River beds of Montana, a.nd the Belly River beds of Canada.: Am.
Geologist, vol. 31, p. 369, 1908.
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sandy beds of the Lance formation furnish a favorable habitat for
evergreens. The formation consists of altern!tting beds of lightyellow to grayish sandstones, bluish to gray sandy shale, drab, yellow, and gray clays, and clay shale. The composition of the formation is quite accurately expressed by the following stratigraphic section, measured a short distance west of Hoskins Basin :
Section. of the middle pOrtion of the Lance formation. in the deep gulch n ear the
north line of sec. .24, T. 4 N ., R • .24 E., Mont.

Ft.

Sandstone, light yellow, very masslve___ ~------------ --Shale, bluish to grayish, sandy---~--- --- ---------- -----
Sandstone, light yellOW- -------- - ----------------------Shale, sandY------------------------------------------- ·
Sandstone, light graY------------------------ - ---------Shale, somewhat carbonaceous-------------------------Sandstone, light yellow, massive ______________________ ..:._
Shale, bluish to gray, sandy_-:_ _________________________ _
Sandstone, light graY----------------------------------Shale, bluish to grayish, with 6-inch sandstone near middle-------------------------------------------------Sandstone, In thin platy layers, with seams ot shale______
Shale, bluish to grayish, sandY--------------------- ----Sandstone, light yellow_________________________________
Shale, very sandy, with thin layers ot sandstone__________
Sandstone, 11ght yellow, lenticular__________ _____________
Shale, sandy ; contains nodules of sandstone_____________
Sandstone, brown ----------- - --------- - - --- -----------Shale, bluish, sandy-- ------- --------------------------Sandstone, light gray to brownish_______________________
Shale, sandY------------------------ - - ----------------Sandstone, brown, hard---------------~----- -----------
Shale, bluish ------------------ -----------------------Sandstone, light gray---------------------- -----------Shale, bluish gray, sandY------------- ----- ------------Sandstone, light gray, massive, medium to coarse
grained----- ------------------ ---------------------Shale, gray, sandy, Including seams of gypsum___________
Sandstone, yellowish brown, nodular ; contains some clay__
Shale, gray, sandy------------------------------------Sandstone, light yellowish brown, hard__________________
Shale, bluish to gray, sandy; contains thin layers of sandstone--- ----------------------------------- --------Sandstone, light yellow, moderately hard ______________ _
Shale, gray, sandy------------------------------------Sandstone, light brown, hard _______ _: __________________ _

12
9
3
5

in

6
6
8

5

15
7
2

9

23
6
25 8
1 10
12
10
6 6
8
6 9
2 3
12
5

5
• 2
10

6

15
1
3
2'
2

9

4

38
6
2
2
Shale, bluish and greenish, sandy----------------------- 7

264

1

The Lance formation contains a few thin beds of coal, especially
in the upper part. In the Bull Mountain field, immediately north
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of this area, however, where the primary object .of the Geological
Survey's work was the mapping of the coal, the thin coal beds of the
Lance formation were considered of insufficient value for detailed
mapping.
TERTIARY SYSTEM.

FORT lJNION FOllJUTION.

The Fort Union formation was named in 1862 by Meek and Hayden 1 from a former military post on Missouri River in North Dakota, about 3 miles from the Montana State line, where the formation
is typically exposed. The beds in the Huntley field which are now
referred to the Fort Union were described by the geologists of the
Transcontinental Survey but were placed by them in their "Upper
Laramie or Bull Mountain series." 2
Immediately overlying the Lance formation is the Lebo shale
member of the Fort Union, a group of beds which have a thickness of 200 to 300 feet and which are apparently conformable both
with the Lance below and with the overlying part of the Fort Union.
These beds are exposed only in a small area near the north edge of
the Huntley field. They are distinguished from the rest of the Fort
Union by differences in color and physical character. In the reports on the different parts of the Bull Mountain coal field these
beds have been referred to by Woolsey 8 as "beds on Dean Creek,"
by Richards 4 as " somber-colored beds," and by Lupton and others 5
as "Lebo shale member of the Fort Union formation."
The rocks consist of olive-green, yellow, brown, and dark sandy
shale interbedded with some soft sandstone. The dark or olive-green
color and the absence of resistant sandstones distinguish the Lebo
member from the overlying beds of the Fort Union and also from
the Lance formation. The Lebo member contains two carbonaceous
zones, the more prominent of which is known in the Bull Mountain
coal field as the Big Dirty coal bed. The horizon of the Big Dirty
coal bed was recognized in the Huntley field, but wherever the rocks
1 Meek, F. B., and Hayden, F. V.~ Description of new lower Silurian (Primordial),
Jurassic, Cretaceous, and Tertiary fossil s collected In Nebraska by tbe expl oring expedition under tbe command of Capt. W. F . Reynolds, U. S. Top. Eng., wltb some rcmarkR
on the rocks from which theY wer e obtained: Acad. Nat. Sci. Pblladelpbla Proc., vol. 13,
p. 433, 1862.
• Eldridge, G. H., Geology ot the Laramie (Montana) coal fields : Te nth Census U. S.,
vol. 15, p. 744, 1886.
• Wools ey, L. H., The Bull Mountain coal field, Mont.: U. S. Gcol. Survl'y Bull. 341,
p. 62, 1009.
• Richards, R. W., The central part ot tbe Bull Mountain coal field, Mont. : U. S.
Geol. Survey Bull. 381; p. 60, 1910.
'Lupton, C. T., The eastern part ot the Bull Mountain coal tlclds, Mont. : U. S.
Geol. Survey Bull. 431, p. 170, 1911. Woolsey, L . II., Richards, R W., and Lupton, C. T.,
The Bull Mountain coal field, Musselshell and Yellowstone counties, Mont. : U. S. Geol.
Survey Bull. 647, pp. 24-27, 1917.
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at that horizon were exaJilined they were found to be composed almost entirely of carbonaceous shale.
The composition of the Lebo member is fairly well represented by
the following detailed stratigraphic section:
Section of Lebo shale tMmber of the Fort Union formation in sec.
R. 27 E., Mont.

Ft.

4,

T.

4

N.,

ln.

Sandstone, light yellow, rather massive; apparently
mapped as base of upper part of Fort Union formation
north of range line- ---------- - ---------------------- 25
2
6
Shale, sandY-------------------------------- --- - -----Shale, carbonaceous; contains some coaL ______________ _ 1 .
Shale, grayish yellow _________________________________ _ 22
Sandstone, light yellow, hard; forms a prominent clift'__ _ 3 6
Shale, sandy------ - ----------------------- -------- ---- 10
Sandstone, brown, very hard __________________________ _ 1 1 ·
1
Shale, sandy -----------------------------------------Sandstone, hard, ftinty ________________________________ _ 1 2
1 6
Shale, graY------ ------------------------- -~---------Sandstone, hard, fine grained __________________________ _ 1 8
Shale, gray ------------------------------------ ------- 18
Sandstone, thin bedded, shaly -------- ------------------ 6
Sandstone, light ~How, very soft; crumbles easily ______ _ 22
Shale, dark gray to black, carbonaceous ________________ _ 22
Sandstone, soft; weathers reddish brown ______________ _ 1 4
Shale, sandy ; contains some concretions _______________ _ 6
Sandstone, rusty-colored ------------------------------- 1 8
Shale, somewhat sandy in places, carbonaceous_________ _ 8
Shale, carbonaceous, Including streaks of impure coaL __ _ 4
Shale, sandy, carbonaceous ____________________________ _
4
Coal, impure _________________________________________ _ 1
1
2
Shale concretions-------------------------------------Shale, sandy --------------------------------------,--- 13
Shale, carbonaceous; contains .some coaL _______________ _
11
Sandstone, shaly -------------------------------------- 3
Sandstone, thin bed, shaly- ----------------------------- 5
Shale, gray; contains carbonaceous streak______________ _ G
Sandstone, soft---------------------------------------- 2
Shale, gray to black, carbonaceous _____________________ _ 4
Sandstone, thin bedded _______________________________ _ 1 6
9
6
Shale, sandy ------- --------------------- ---------- - - - Sandstone, yellowish brown ___________________________ _ 1 4
Shale, sandy ------- ------------------------ --- ---- ·- -- 9
Sandst one----------- ---- ------------------------------ 1 4
Shale, carbonaceous----------- ----------- - ------------ 2
Shale, sandy --- - - - ---------- -------------------- - ---- - 10
229

7

The part of the Fort Union formation that overlies the Lebo member is represented in the H untley field by a single massive sandstone
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o<icurring in only two localities near the north line of the field; . as
·
shown on the map.
XIOOBD (,) Oll l'LIOOBllfB ( t) 8All'J)8'1'008 AllfD

GUVBLB.

Deposits of gravel and conglomerate, in places underlain by soft
sandstone, cap many of the higher elevations south of the Yellowstone. They appear to have been spread out upon a comparatively
even surface that sloped very gently toward the north, and, owing
to their superior resistance to erosion, they now form .the " flat tops "
of the interstream ·areas, whose altitude ranges from 3,900 to 4,000
feet, or about 1,000 feet above Yellowstone River. These flat tops
are very conspicuous both east and west of Pryor Creek and between
Arrow ~k and Fly Creek. , The presence of the higher gravels
was recognized very soon after the field work was begun, and some
time later the pebbles and boulders were :Cound embedded in a.
coarSe sand matrix, forming a true conglomerate. The conglomerate
was first recognized at the south edge of the flat top in sec. 10, T. 1 S.,
R. 27 E. The thick bed of conglomerate shown in Plate XVIII, B,
is exposed in the SW. i sec. 34, T. 2 N., R. 28 E., where there is
about 8 feet of conglomerate, some of the pebbles of which are 10
inches in diameter. The pebbles appear to coosist mainly of light
and dark colored chert, quartzite, vein quartz, granodiorite, aplite,
latite, andesite, and basalt.
·
·
The high ridge in sec. 23, T. 2 N.,·R. 29 E., is capped by a massive
orange-yellow sandstone which is everywhere overlain by a great
thickness of the higher gravels. The s&ndstone overlies the Bearpaw shale, but in its lithology and color is not at all like the basal
sandstone of the Lance formation. It is probable, therefore: that
the sandstone is of the same age as that underlying the higher conglomerates and travels at different points around the margins of the
flat tops. Recent work by Collier and Thorn 1 in northeastern Montana has shown that there are three erosion levels represented there.
A still higher level is marked by the gravels which cap the Cypress
hills in Canada. Fossils collected from these gravels by McConnell
and Weston 2 and by Lambe 8 show them to be of Oligocene (White
River) age. The next lower level is marked by the Flaxville gravel,
1
Collier, A. J'., and Thom, W. T., jr., The :B'laxvUle gravel and Ita relation to other
terrace gravels of the northern Great Plalna : U. 8. GeoL Bu"ey Prot. Paper 108,
pp. 179-184, 1918.
• McConnell, R. G., On the CypreBB HUll Wood, Mountain, and adjacent country:
Canada Geol. Su"ey Ann. Rept., new aer., vol. 1, pp. 1c-78c, 1886.
8 Lambe, L. M., A new species ot H11racodtm (H. ~e) from the Oligocene ot the
Cypress Hills, AsaiDibola: ·c anada Roy. Soc. Proc. and Trans., 2d aer., vol. 11, aec. 4,
pp. 37-42, 1906 ; Fossil horses ot the Oligocene ot the Cypreaa HUla : Idem, pp. 43-112;
Vertebrata of the Oligocene ot the Cypreu HUla, Sukatchewan: Canada Geol. Bu"ey
Contr. Paleontology, vol. 3, pt. 4, 1908.
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PLATE XVIU

A. POMPEYS PILLAR, MONTANA.

A low butte formed by the sandstone at the base oftbc Lance formation. It is near the south bank of the
Y cllowstone, about 2! miles wflllt oC a stlltion by the 81l1De nome on the Northern Pacific Railway.

B.

CONGLOMERATE CAPPING THE RIDGE IN THE SW. i SEC. 34, T. 1 N., R. 28 E.,
MONTANA.

OIL AND GAS PROSPECTS OF HUNTLEY , FIELD, MONT.

129

.named from the town of Flaxville. I~ caps a series of even-topped
plateaus ·-ranging in altitude from 2,600 to. 3,200 feet. Fossils obtained from the Flaxville gravel and the ·associated sand.stenes in.:
dicate that the forination can not be older than Miocene nor younger
than early Pliocene. On a lower plane than the Flaxville gravel
are stratified gravels·and .silts which are younger than the Flaxville
gravel but older than the Wisconsin stage of glaciation (late Pleistocene) and therefore of late Pliocene or early Pleistocene age.
Finally the present streams have eroded valleys from 100 tq 500 feet
below the late Pliocene gravels and silts.
The topographic relation of the Yellowstone and its tributaries
to the plain of erosion upon which the highest gravels of the Huntley
field were deposited suggests that these gravels were laid down at
about the same time as the Flaxville gravel of northeastern Montana.
If so, they are probably of Miocene or early Pliocene age.
QUATERNARY SYSTEM.

PLEISTOCENE ( ? ) DEPOSITS,

Bordering the Yellowstone flat on th~ south and to some extent
on the north and extending southward on both sides of the streams
which are tributary to the Yellowstone is a well-defined system of
gravel terraces. Along the south edge of the main flat these terraces
are from 100 to 200 feet above the river, but they rise very gradually
as.they extend southward along the smaller streams. The north bank
of the Y~lowstone shows from 60 to 80 feet of Bearpaw shqle, ordinarily capped by 10 to · 20 feet of gravel. This gravel probably
corresponds to that of the terraces south of the river. It is quite
probable that these terraces are the uneroded portions of an outwash
plain spread out by the streams from the melting i~ during early
Pleistocene time, or possibly during the late Pleistocene (Wisconsin)
stage of glaciation. If that is true, the amount of erosion which
took place during late Pliocene and early Pleistocene time is expressed by the distance between the higher gravels of the flat tops
and those of the terraces lower down, and the amount of postglacial
erosion is expressed by the interval between the terraces and the
present bed of the Yellowstone.
RECENT DEPOSITS.

Sands, silts, and fine gravels have been deposited along the Yellowstone wherever that stream has overflowed its banks. Deposits
formed in this way produce some of the richest soil in the Huntley
field.
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STRUCTURE.
GENERAL FEATtTRES.

The structure of the rocks is the attitude whi~h they have acquired
since they were formed. Some petroleum geologists use the term in a
slightly different sense; they speak of a "structure" in some particular
locality when in reality they mean a structural feature of a particular
kind, as an anticline or dome, or a feature of some other type that is
favorable for the accumulation of oil and gas. Such double usage
makes for confusion and obscurity in expression, and the term should
preferably be confined to its general meaning-that is, it should be·
used as an abstract term like "stratigraphy~' or "topography."
Most sedimentary rocks have been laid down by water in an approximately horizontal position; but sometimes in the process of
mountain building immense thicknesses of these sedimentary beds
have been uplifted many thousands of feet. The conditions which ·
produce the forces acting within the earth's crust are too complex to
be discussed in a report of this nature, but it is well to keep in mind a
few fundamental facts in order to understand more clearly the detailed descriptions of the structural features. In any region the
shape, magnitude, and relation of the structural features depend
primarily on the nature and relation of the formations involved, the
amount of load which they sustain, the direction and magnitude of
the forces of deformation, and the length of time these forces are
acting. When the rocks are deformed the beds either bend or break,
and the fact that moderately hard and brittle beds, such as sandstones and limestones, will often break, whereas soft beds, such as
shales and clays, adjust themselves to the existing forces by bending,
is of the utmost importance to the petroleum geologist. In a region
like that including the Lake Basin and Huntley fields, where hard
and soft formations alternate, any evidence bearing on the origin of
the force of deformation and the extent to which these forces are
transmitted from one hard formation to another, through an intervening mass of soft shale, is extremely desirable. Wherever erosion
has exposed the Eagle sandstone in the faulted belt in the Lake Basin
field, it seems to have been faulted to about the same extent as the
· Judith River formation, and hence it was assumed in preparing the
structure map that almost all the f aults which cut the Judith River
formation in the Huntley field have affected the Eagle sandstone in
a similar manner. The extent to which the faults have displaced
the underlying Colorado shale a.nd the interbedded sands, which in
many localities are oil and gas bearing, and also the extent to which
the fault fissures have remained open for the free circulation of
solutions are problems concerning which there is very little direct
evidence.
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RELATION TO MAJOR AND MINOR· UPLIFTS.

Before .the structural features of the Huntley field are described
in detail it is well to consider the relation of the Lake Basin and
Huntley fields, as a whole, to some of the most important structural
features of the region.
Throughout this region the basement complex is overlain by many
'thousands of feet of sedimentary rocks, from the old~t definitely
recognized sediments to those of recent origin. During the Paleozoic
era and most ·of the Mesozoic era this portion of the continent was
not subject to any great mountain-making disturbances. There were,
however, minor oscillatory movements whjch resulted in the advance
and retreat of the seas. The record of these movements is seen in
the interbedding of coarse sediments of shallow-water origin with
those composed of fine materials such as come to rest orily in deep
waters beyond the influence of waves and currents. At. about the
bcginn.ing of Tertiary time this great series of sediments was uplifted throughout the Rocky Monntain province, and some of the
most gigantic folds in the region were produced. These movements
were accompanied and the stresses were no doubt partly relieved by
the outburst of volcanic. materials.
As a result of the complex forces that acted during the formation
of the Rocky Mountain Front Range certain major uplifts occurred
in south-central Montana and central Wyoming. Their development was in all probability determined by t.he nature of the forces
themselves and the character and relation of the beds against which
these forces were applied. The relation of the axes of these major
upliftS to one another suggests that they originated as a result of
forces acting in various directions simultaneously and is of considerable assistance in helping to explain some of the peculiar relations which exist among the minor structural features that occur
between those of greater magnitude. The mountain masses whose
development has probably been the most active influence in determining the nature of the minor structural features in the vicinity of the
Lake Basin field are the Big Snowy Mountains on the north, the
Little Belt Mountains on the northwest, the Snowy Range on the
southwest, and the Big Horn Mountains on the southeast. These
mountain masses are clearly outlined on the accompanying key map
(fig. 6). The uplifts that produced the Little Belt Mountains, the
Snowy Range, and the Big Horn Mountains were so great that the
pre-Cambrian complex-the floor upon which the many thousands of
feet of Paleozoic and Mesozoic beds were laid down-is now exposed
along the crest oi each rn.nge. According to Fisher's estimate,1 the
1 Flshl.'r, C. A., Geology nml wnt~r rrsourct•R ot the Dlghorn Bnsln, Wyo.: U. S.
Geol. Survey Prot. Paper uS, p. 3G, 1006.
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greatest vertic.al displacement of the strata in the Big Horn Mountains, as indicated by the height at which the granite floor is now
found, amount<> to about 18,000 feet;· Each of these major uplifts
has ·rather well defined anticlinal structure, but they do not represent a series of parallel folds. 'l'h~ Big Snowy and Little Belt mountains are similar in that in each range the major axis extends nearly
due east and the structure is that of an asymmetric anticline, but
in the Big· ~nowy Mountains the steep dips are on- the south side,
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whereas in the Little Belt Mountains the fold is overturned to the
north. The axes of the two major uplifts south of the Lake Basin
field trend northwest, and the axis of the great anticlinal fold of the
Big Horn Mountains, if continued northwest, would strike the west
end of the great zone of shearing in the Huntley and Lake Basin
fields. The r egion between these fields and the Big Snowy uplift
appears to contain a series of elongated domes, but the almost absolute lack of parallelism in their major axes is a notable feature.
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METHODS OF REPRESENTING STRUCTURE.

Structure is generally shown either by structure sections or by
structure contours. ·Structure contours were adopted for this report
for the reason that they give the reader at a glance a comprehensive
view of the structural features in their proper relations.
Structure eontours are lines drawn on a map to show the elevation
of the different points of a chosen horizon or stratum above or below
a certain datum plane-for example, mean sea level. In the preparation of the accompanying map (Pl. XIV, in pocket) the base of
the Eagle sandstone was chosen as the horizon to be represented,
and each contour is drawn to indicate successive points of the same
elevation on this horizon. The contour interval is 100 fee~that is,
within the area represented between two adjacent contours the base
of the Eagle sandstone rises or falls just 100 feet. It follows, therefore, that where the contour lines are closely spaced the beds dip

..A
l<'IouaE 7.-Dlagrams I!Iustratlng anticline (.d.), dome (B), and syncline (0) structure.

The shape and height or depth of the folds are shown by contours. The sequence of
numbers on the contours shows whether the central or axial portion of the fold ls
depressed (synclinal) or raised (anticlinal). The shaded areas a-a., b-b, o-o 1n the
respective diagrams represent cross Pectlons through the folds.

steeply, but where they are far apart the beds are more nearly horizontal. Any particular contour is the line of intersection between
the base of the Eagle sandstone and a horizontal plane a certain
distance (for example, 4,000 feet for the 4,000-foot contour) above
mean sea level. Across fault planes the structure contours are obviously discontinuous, and the amount of vertical displacement can be
ascertained by comparing the contours on the two sides of the fault.
These structure contours, when clearly understood, present a eomplete picture of the warped surface at the base of the Eagle sandstone. ·In order to assist in the interpretation of the structure in the
Huntley field and also to expiain the meaning of certain structural
terms commonly used in oil and gas literature the accompanying diagrams (fig. 7) are introduced.
In figure 7, .A., the contours close around a central area, and toward
the axis each successive contour is 100 feet higher than the one lying
toward the outside. This means that the surface is arched, forming
an anticline, and as the contours are more closely spaced on one side
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than they are on the other, the slope of the surface is inclined much
more steeply on that side. In figure 7, 0, the contour lines represent
a fold of the opposite kind. The highest points in the fold are on
the outside· rims and the center is the deepest point. This diagram
therefore represents a trough or syncline, and as the contours are
about evenly spaced the slope toward the middle is about the same
on both sides and the fold is symmetrical. In figure 7, B, as in
figure 7, A, the contours close around a central area, but instead of
forming an ellipse they form a circle, and the structural feature is
what is commonly called a dome. Toward the center each succeeding contour is 100 feet higher than the one lying on the outside. As
the contours are equally spaced, the surface is inclined equally in
all directions from the apex of the dome. However, few domes are
even approximately circular in outline.
STRUCTURE IN THE HUNTLEY FIELD.
FOLDS,

The sedimentary fonnations involved in this field form a part of
the northwest flank of the Big Horn anticline. As that great anticline was developed the formations in the north half of the field were
inclined northward approximately 100 feet in 1 mile. Elevations on
the base of the Lance formation from the southwestern part of T. 3
N., R. 26 E., to Pompeys Pillar show that the formation is also
inclined downward toward the east at a rather uniform r ate of about
12 feet to the mile. Toward the south line of the field the beds rise
somewhat more steeply. For example, the basal sandstone of the
Judith River formation rises from the Northern Pacific Railway
near Lockwood toward the south at a fairly uniform rate of 127
feet to the mile, but south of the area of the Judith River formation
the beds are inclined upward toward the south at a much greater
angle. The Judith River formation east of Pryor Creek is, in general, inclined toward the north at a very low angle, as the structure
contours show, but toward the faulted area the structure becomes
very complicated. Throughout the faulted area faults and minor
folds are ver y intimately associated, and hence the minor folds are
described in connection with the detailed descriptions of the faults.
FAULTS.

The most striking feature of the structure of the Lake Basin
field, immediately west of this area, is the long, narrow belt of
shearing that crosses the field from the northwest corner southeastward to Huntley. During the field season of 1917 the same belt was
traced eastward .entirely across the Huntley field, this work demon-
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strating the existence of a continuous belt of faulting aunost 100
miles in length. Notwithstanding the great length of this belt the
faulting is confined to an area in general not more than 6 miles in
width. The two dominating folds in the Lake Basin field are the Big
Coulee-Hailstone dome and the extreme northwest end of the Big
Horn anticline. It is apparent from the key map (fig. 6) that the
east end of this great belt of shearing occurs along the north flank of
the Big Horn anticline. As the great structural features of this
region were being formed and the stresses produced in the process
were relieved by shearing the beds that constitute the steeply dipping
south flank of the Big Coulee-Hailstone dome and the north flank
of the Big Horn anticline were the ones to be affected. The relation
of these two major structural .features to each other and also to
the great belt of shearing suggests torsional movement as a probable
cause of localized folding and faulting throughout that narrow belt.
The abundance of gravel distributed over the surface from Huntley
eastward not· only added to the difficulty of working out the details
of the structure but in certain localities introduced more or less uncertainty. Wherever the evidence is reasonably conclusive the
structure contours are shown by unbroken lines, but where the details
of the structure are obscured by overlapping gravel deposits or by
recent deposits of alluvium the structure contour lines are broken.
For convenience of description the principal faults are designated by
letters (A-A', B-B', etc.).
·
LOOAL DETAILS.
FAULTS AND FOLDS lN THE VICINITY OF HUNTLEY.

A rather conspicuous sandstone about 250 feet above the base of
the Judith River formation crops out continuously, as shown on the
accompanying map (Pl. XIV), from the north line of sec. 9 to the
NE. t sec. 3, T. 1 N., R. 27 E. At the north line of sec. 3 the top
of the sandstone is about 250 feet above the Yellowstone, but it
abruptly dips northeastward and at fault A-A' almost reaches the
level of the river. On the northeast side of the fault the basal Judith
River beds are upturned against the fault at an angle of 16°, but they
flatten within a short distance and rise toward the east, exposing
Claggett shale in the south bank of the Yellowstone. The stratigraphic relations of the beds at the fault plane indicate a vertical
displacement of about 250 feet. The hard rocks are buried beneath
the alluvium of the river bottom, but the variation in strike and dip
of the massive sandstone exposed in the steep bank immediately west
of the river bottom indicates that fault A-A' extends west from the
locality where the displacement was actually observed, about as indicated on the map. The shallow syncline observed in the SO';lth bank
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of the Yellowstone northeast of fault A- A' is more or less continuous
from the river southeastward across the Pryor Creek valley to fault
0-0'. It merely represents a low sag in the rocks between the northwestward-dipping Judith River beds on the southwest ti.nd the highly
faulted and incompletely developed dome on the northeast. These
structural features have been cut by a number of small faults and a
few whose displacement is measured in hundreds of feet. Along the
line B-B' a. prominent bed of sandstone is cut by a fault on the east
side of the gully near the north line of sec. 36. The sandstone on
the north side of the fault plane is upturned at an angle of 21°.
The fault was traced west as far as the river, and it is probable that
the hard beds beneath the alluvium have been displaced for some
distance farther. Apparently the movement did not extend far
enough eastward to displace the prominent sandstone immediately
east of Pryor Creek. The massive sandstone which forms a conspicuous ledge east of Pryor Creek has been cut by certain small
faults (C-C') i~ which the downthrow is on the north side of the
fault plane.
Immediately west of the main wagon road in the SW. i sec. 6,
T. 1 N., R. 28 E., one of the sandstones in the Claggett formation is
cut off by fault G-G'. The shear planes are inclined down toward
the northwest at an angle of 60°. To the casual observer the conditions shown here would present little if anything of especia:l interest, but to anyone whose business it is to trace these faults on the
surface they are of peculiar significance. The trace of the fault
plane is indicated by a long, gently curving ditchlike depression in
which the boulders have gradually collected, whereas the sandstone
on the left of the fault plane has given rise to a long sweeping
embankment.
The basal sandstone of the Judith River formation is also cut by
fault F-F'. The displacement of the sandstone begins as represented on the map, and the beds north of the fault plane are dropped
75 feet within a very short distance, but the fault could not be traced
in the shale iwrtheastward for any great distance. A massive bed of
sandstone is well exposed west of the main wagon road about a mile
south of Huntley. This sandstone is believed to be the same as the
one that forms the prominent ledge east of the main road near the
village. It has been displaced by faults D-D' and E-E', but it dips
beneath the Pryor Creek valley a few hundred feet southeast of
fault E- E' and may be the same sandstone as the one cut by fault
G-G'. If the two sandstones are equivalent the amount of vertical
displacement along fault G-G' at Pryor Creek is approximately 300
feet. From the point where the sandstone emerges from the valley
it rises rapidly to fault E-E', where there is an upward displacement of 50 feet. The highest point on this sandstone is about mid-
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way between faults E-E' and D-D', where it dips west at an angle
of 5°. From the highest point it is inclined north very gently and
finally dropped 75 feet at fault D-D'.
The uppermost sandstone of the Judith River formation. is well
exposed along the west bank of the Yellowstone at the bridge on the
main road leading west from J!:untley. There the sandstone dips
north at an angle of about 2°. There are no exposures of the hard
rocks between that point and a locality a mile east of Huntley, where
two massive sandstones overlain by shale are upturned at an angle
,of about 20°. These massive sandstones and the sandy beds beneath
are evidently continuous with those south of the triangular fault
block in sec. 32. There the upper one of the sandstones forms a
very · conspicuous pine-covered ledge from the fault block south to
fault K-K', where there are three massive sandstones dipping from
10° to 14° E. East of this sandstone belt none of the older sandstones were observed, and the formation apparently consists of dark
marine shale overlain by deposits of gravel and the soft reddishbrown sandy beds so commonly associated with them.
The relation of the beds indicates that a block of the formation
between faults G-G' and H-H' has been dropped and that the greatest amount of vertical displacement is along fault H-H'. In places
along these faults the sandstones have been literally sliced along
shear planes, indicating movement along a great number of parallel
planes. At fault G-G' the upper sandstone is steeply upturned, as
shown by the right-angled turn in the direction of the outcrop. At
fault H-H' the massive upper sandstone is cut off abruptly and
along the fault plane is iii contact with dark marine shale.
The structure contours show that the course of Yellowstone River
between Billings and Huntley is near the axis of a syncline. The relation of the beds southeast of the river to those northwest of it indicate that the hard rocks beneath the alluvial deposits have undergone
more or less displacement. On the west side of the river the abrupt
termination of a massive Judith River sandstone near the north
line of sec. 5, T. 1 N., R. 27 E., the steeply eastward-dipping beds in
sec. 33, T. 2 N., R. 27 E., and the almost flat upper sandstone of the
Judith River at the bridge in comparison with the steeply dipping
beds a mile east indicate some displacement along the ·line A-A,
althuogh no conclusive evidence of such displacement was observed.
FAULTS AND FOLDS WEST OF ARROW CREEK VALLEY.

In the description of the faulting between Acton and Rattlesnake
Butte given in the Lake Basin report the fact was mentioned that
along many of the faults the beds on the northwest side of the fault
plane have sagged down, while those on the opposite side are arched
112028-2o-Bull 711-10
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upward. The structural conditions west of Arrow Creek are of a
somewhat similar nature and are probably due to similar forces. The
forces that were active in the complexly faulted belt seem to have had
a tendency to develop anticlinal folds with their major axes trending
nearly east, but evidently the forces were related in such a way that
the beds, instead of being free to arch upward, were broken at frequent intervals, and those northwest of the fault planes were forced
downward. Finally, as fault K-K' was produced, the beds northwest of the fault plane moved downward and toward the southwest,
and this movement resulted in a steepening of the dips along the
northeast flank of the dome. The results of the field observations are
briefly as follows: Fault L-L' begins practically at the Judith River
escarpment in sec. 3, T. 1 N., R. 28 E. The basal sandstone of the
Judith River crops out for about three-fourths of a mile, dipping
12°-15° SE., and there is a narrow belt of the Claggett formation
exposed between the sandstone and the fault. Eastward from the
west end of the fault sucet'ssively higher Judith River sandstones
are encountered, but the greatest vertical displacement is about at
the section line. The upper sandstone of the Judith River is well
· exposed in the bottom of the gully in the NW. t sec. 35, T. 2 N., R.
28 E., where it dips 5° NE. It was traced only a short distance far~
ther north, and north of fault K-K' its position seemed to be occupied by dark marine shale.
The southeast corner of sec. 35 is on the uppermost massive sandstone of the Judith River formation where the sandstone dips southeast into fault 0-0' at an angle of 13°.. Dips of 8° and 10° NE.
were recorded on the top of the same sandstone, and the Judith River
formation between faults N-N' and 0-0' forms a part of a southeastward-pitching anticline. Fault N-N' begins a few hundred feet
southwest of the northeast corner of sec. 3. From the first evidences
of displacement eastward the Judith River formation has dropped
very rapidly, as shown by successively higher Judith River beds in
contact with the Claggett shale. At the west end of the fault plane
movement seems to have taken place along almost vertical planes,
but farther east the fault planes are inclined considerably to the
northwest. At the east end of the area of Claggett formation the
reddish-brown basal sandstone of the Judith River is in almost direct contact with a massive light-colored sandstone well up in the
Judith . River formation, but the maximum vertical displacement is
probably west of that point, not far from the center of the area of
the Claggett formation. In the process of deformation the massive
light-colored sandstone has evidently been strongly compressed by
:forces acting from the southeast, for the sandstone' has broken in
three places at M-M' along planes seemingly inclined about 60° SE.,
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and the mass on the southeast side of the fault plane was thrust over
that on the opposite side.
The basal sandstone of the Judith River formation is inclined
toward the southeast and is well exposed from a point near the southeast corner of sec. 9, T. 1 N., R. 28 E ., to the SW. :! sec. 36, T . 2 N.,
R. 28 E. In theSE. i sec. 2 most of the Judith River formation is
well exposed, as shown in the stratigraphic section on page 123. The
beginning of the displacement along fault 0-0' begins a short distance southwest of the escarpment fonned by the basal sandstone of
the Judith River east of Pryor Creek. At the contact with the
Claggett formation there is a vertical displacement of about 60 feet
along planes inclined about 58° NW. The amount of displacement
along the fault planes increases toward the east, for in the NW. :!
sec. 2 one of the upper light-colored sandstones of the Judith River
dips southeastward toward the fault at an angle of 13°. The lowest
sag in the Judith River beds probably occurs near the point where
the dip was measured, and at that point there is probably the greatest amount of displacement. Near the east end of fault 0-0' the
Claggett shale and successively higher Judith River beds have evidently been thrust toward the northwest and have overridden the
upper Judith River beds north of the fault. At fault P - P' some of
the beds immediately north of the fault plane dip into the fault at
angles as steep as 37° and have in a similar manner been overridden
by the beds south of the fault plane.
The large fault Q-Q' and the three smaller ones R-R', S-S', and
T-T' all displace a somewhat elongated dome. The basal sandstone
of the Judith River formation is well exposed from the southeastern
part of sec. 2, T. 1 N ., R. 28 E., northeastward to the conspicuous
triangulation point in the SE. 1 sec. 1, where it is cut off abruptly
along fault Q-Q'. From that point the outcrop of the sandstone
falls Yery rapidly toward Arrow Creek. The steep slope northwest,
of the triangulation point, between that and the southeastwarddipping Judith River beds, exhibits a homogeneous mass of dark
marine Bearpaw shale. East of the high point the Claggett shale
and Bearpaw shale are in contact for some distance, showing that
the amount of displacement along the fault plane is very considerable. In the precess of folding and faulting a block of strata between faults R- R' and S- S' was uplifted nearly 300 feet, and the beds
north of fault T- T' were dropped about half that amount.
FAULTS AND FOLDS EAST OF ARROW CREEK VALLEY.

The relation of the sandstones and sandy shales of the Judith
River formation to the Bearpaw shale in the northeast corner ofT. 1
N., R. 29 E ., suggests at once considerable displacement (fault U-U').
Along the east edge of the gravel-covered area in sec. 2 the sandy
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beds are tilted at angles ranging from 22° to 29°. The basal sandstone of the Judith River is well exposed from the edge of the gravel
as far east as the township line. Northeastward from the township
line the upper sandstones also terminate abruptly, the rocks are very
much disturbed, and the formation southeast of the fault is all marine shale. Owing to the abundance of gravel on the flat tops
and the few exposures at the head of the valley of Tenmile Creek,
the westward extension of fault U:-U' is purely hypothetical. From
the prominent gravel terrace near Corinth westward for some distance the nature and attitude of the rocks are obscured by the overlapping gravel deposits. Enough of the beds were observed, how. ever, to make out the structure with reasonable certainty. North of
Tenmile Creek the uppermost beds of the Judith River formation
dip north beneath the Bearpaw shale at an angle of about 10°.
South of Tenmile Creek a persistent sandstone about 60 feet beneath
the Bearpaw shale dips 4°-15° SE. Near the section line on the
east side of sec. 15, T. 1 N., R. 30 E., sandstones near the base of the
Judith River formation dip 10° N. It is evident, therefore, that the
structure is that of an anticline and a syncline whose axes are more
or less parallel and pitch eastward. As a result of the stresses that
were produced when the rocks were folded the beds gave way ·along
the lines V-V' and W-W' and a triangular block of the Judith River
formation was forced up through the overlying Bearpaw shale, the
maximum displacement occurring where the two faults intersect.
Fault V-V' is best exhibited near the west line of sec. 9, where the
17° dip was recorded. At that point a ledge of sandstone exposed
for several hundred feet along the west slope of the hill terminates
with an intensely sheared zone in contact with the Bearpaw shale.
East of Fly Creek the Judith River sandstone dips abo:.~t 15° N. and
is cut by faults X-X', Y-Y', and Z-Z'. At fault X - X' there is only
a slight amount of displacement, but along faults Y-Y' and Z-Z' the
outcrops are offset nearly 1,000 feet.
POSSIBILITIES OF OIL AND GAS.
PROXIMITY TO PRODUCTIVE FIELDS.

No productive oil field has thus far been found wholly within the
State of Montana. Recently, however, an oil pool has been discovered in the Elk Basin field on the Wyoming-Montana State line,
about 55 miles south-southwest of Billings, Mont. Commercial quantities of g~s h~ve been obtained near Baker and Glendive, in the
southeastern part of Dawson County, and near Havre, in Hill
County, north-central Montana, about 30 miles south of the Canadian boundary. Considerable quantities of gas have also been obtained in the Bow Island and Medicine Hat gas fields in Alberta,
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Canada, about 60 miles north of the boundary. Oil has been obtained
in commercial quantities at several localities in Wyoming, but the
larger part of the oil produced in the State comes from the Salt
Creek field, in Natrona County. Among the other notable oil-producing localities in Wyoming are the Basin and Grass Creek districts, in the Big Horn Basin, and the Lander district, in Fremont
County. Vast quantities of natural gas have been shown to exist in
the strata underlying the Byron, Buffalo Basin, and Oregon Basin
fields, in the Big Horn Basin. Practically all the above-named oil
and gas producing localities, as well as others of less commercial
importance, lie within a radius of 250 miles of the Huntley field.
SIMILARITY OF STRATIGRAPHY TO THAT OF NEIGHBORING
PRODUC'l'IVE FIELDS.

Plate XV (in pocket) shows the stratigraphic position and relative
thickness of sands in the Colorado shale in south-central Montana
and north-central Wyoming. The relation of these sands is discussed
under the heading" Colorado shale" (p. 116). Some of the stratigraphic sections were carefully measured where the strata are especially well exposed. Others are based principally on drill records in
fields where oil and gas were found to exist in the sands.
Throughout the Western States the principal concentrations of
oil and gas occur in moderately coarse sands which are included as
lenses and well-defined beds in great bodies of shale. These sandy
layers are commonly referred to as "oil sands." From the accompanying sections (Pl. XV) it is obvious that the principal concentrations of oil and gas in north-central Wyoming occur in sands interbedded in the lower part of the Colorado deposits. There are, how-.
ever, certain oil and gas bearing -sands below the Colorado-for example, the Greybull sand, at the top of the Cloverly formation, at
Basin, Wyo., and the Dakota sandstone and sandstones in the Sundance formation in the Powder River field, Wyo. In certain localities sandstones many hundred feet above the sands of the Frontier
formation, of the Colorado group, are known to be productive-for
example, the Shannon sandstone of the Powder River and Salt Creek
fields, Wyo. The lack of continuity of the sands of F~ontier age i~
mentioned under the heading " Colorado shale," on page 116. At
Salt Creek and some other localities there is but one important oilproducing sand (Wall Creek sandstone) in the beds of Frontier
age, and apparently there are no other sandstones of much value as
oil reservoirs between that sand and the base of the Colorado, whereas at Basin, Wyo., on the east side of the Big Horn Basin, the Colorado group contains three well-defined sands in the Frontier formation, two in the Mowry shale, and one near the middle of the Ther-
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mopolis shale, each containing a certain amount of oil and gas. At
Elk Basin, on the Wyoming-Montana State line, the Frontier formation includes two sandstones, each of which is productive of oil.
There is little doubt that the formations present in north-central
Wyoming extend northward and underlie the Huntley field. It is
also reasonably certain that the sandstones in the Colorado and
Kootenai formations are sufficiently near the surface there to be
tested by the drill, provided the structural conditions are promising
eno1;1gh to warrant drilling to the depth of the commonly productive
sands. The principal element of uncertainty for the oil prospector
is the nature and extent of these sands. In the absence of any deep
borings in the Huntley field, it is necessary to compare the logs of
certain deep wells in the Lake Basin field with the composition of
the Colorado shale and underlying beds in various localities in southcentral Montana and north~ntral Wyoming, as shown in Plate XV.
From the small number of well logs available it appears that welldefined sandstones such as those present in most of the productive
Wyoming fields are lacking in the Lake Basin field. It may be,
however, that the available drill records fail to represent the true
nature of the Colorado sands and that future drilling will establish the existence of sandstones under parts of the Lake Basin and
Huntley fields similar to those underlying certain portions of tho
Musselshell Valley, farther north. The following are the logs of
wells drilled in and near the Lake Basin field:
Log of M onarch Oil <£ Gas Co.'s 10ell at Billings, ncar 10est line of sec. 34,
'1'. 1 N., R . 26 E.
Driller's interpretation·

Gravel. .... ... . .................. .. . . . . ........... .. .. .. .......... ..... ..... . ...... .
Brown shale ..... . . ........ .•....... ... ........ ... .. . ...... ......... .. ..... ...... ...
Sand . . . ......... ••. . . . ... .. . , ...... ...... .......... ... . .. ......... . . . . . ........ .. . .
Brown shale .......... . ..... . ·....•.... . . ......... . . •. .. .. ... .... . .•••...... . . .. ... ..
Blackmud . . ... ...... ... ....... . . . . ...... ..... . . ......... .... ............ ...... . .. .
Brown shale . •• ... . .. .... .. . ...... ....... ......... ...... . •........ ....... ...........
Lime rock ... ..... . .. . ... . .. .. .....••.... . . •...... . . ..... . .•.... . . .•. . .....••..... ..
Black shale .. ........ ...... ........... ..... ........... .... ............ .. ........... .
Lime . . • ... •...... . •.........•...................................•.............•••..
Sand .. .. . . ..... ...• . •. . ... ..••... .. •.•. . ....•.. . ... •. . .....•.•....••. •.. .. . •• • . . . . .
Shale . .•......... . . ... . . ........... . . .. .. . .... .. .. ..... ...... . .. . . .. ... . ............
Blackli.mG ..... ... ......... ...... .......... ... . .. .•..... . . ..• ...... . .. . ...... .......
Shale . .. ..... ......... ..... . . . . ... . . ... . . ..... . . •. .... ... .... • . .• ... ... ..... .... . .. .
Sand. Salt water came In at 1,840 feet and filled the hole about 1,200 feet .. .... . ... .
Black shale .. ...... ....... . . ..• .......... . ... . .•........ . . . .. . ........... . .. .. . •....
I ,ime shells ......... . .• .... ...... . .. ..... .. . ... ••.• ...... ... . ... •. . . . . . . . •..•.. . ....
Shale ... .. ..... ..... •..•• . . . ...• • •.. . .. • . . . ..... ...... . .. ....• . .. ...... . . ......... ..
Lime shells . ........... ..... .. . .... ........ ..... ..... .. ... .... . ... .... ....... . . ...•.
Shale .... .......... . ....... . ......•.• .... . .. . . ............ ..... . . .... . •.. . .... •. . . ..
Lime shells .. .. .. . .. . .. . . .. . .... .. .. . .. .... . .. . . .• •... ..... . .. . .• •....... .• . ........
Shale . ...... . . ....... . . .... ..... . . ... . . . • •• . ..• .• .••• .••.•. . •. .... ..•.•...•. .• ..... .
Formation not gh·en ..... ... ..... .... .. . . .. . .. .... . .. .. . ... ... ... .. ....... ..... .. . . .
Some gas comes In, apparently at a depth of 2,425 feet, and finds Its way to the aur~-
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Fttt.

Fttt.

40

00
10

1, 390

100
25
50
15
20
30
00
10
10

20
60
100
100
15
85

20
80
125

40
100
110

1,500
1,000

1, 625
1, 675

1,690
1, 710
1, 740
1,800
1, 810

1, 820
1, 840

1, 900
2, 000

2,100
2, 115

2, 200
2,220

2,300
2,425
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Lou of well near top ot Broaclview clome, in the SE. l sec. 13, 7'. 3 N., R. 22 E .
Drlller's Interpretation.

~~?&~tgr~~E::Je6rciw:n:::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Sandstone, soft and brown, containing brackish water which flowed over top of

Thickness.
Feet.
150
1,400

~$~~t,~~: ii~i:i~~:~~~ :~_::: :::::::::::::::::::::::::::::::::::::::::::::
Shale. contalniiut shells and bentonite ....................•.. ....•......... .. .. •. ....

Feet.

150
1,650

200

1,577
1,590
1 597
1. 750
1, 777
2,400
2,600

30

2,680

Z1
13
7
15-3
27

Sandstone1 soft firown, containing fresh water and a little gas .. ......... .. ......... .
Shale, dan: and llght colored, containing bentonite nnd lime shell ......... ......... .
Sbale, variable In color, Including lime shells . . . .......................•..•.........
Shalo, sandy . •. .. ..• .............................•............ . .... .............. ...
Shale, llght colored (bailer and tools lost in hole at 2,680 foot) .. .. . .... ............. . .

Depth.

023

50

2, f\50

Log of 19 Oil Co.'s clrill hole No.1 , in sec. 35, T. 5 N., R. 19 E.
Driller's Interpretation·

Eroded below base of Eagle sandstone .......... ... . ............... .... ... . ........ .
Soil ... .. ..•..........•.•...•.•.........•.....•..•...... .... ........... . ........... ..
Omvel and qulnksand .•••....•......... .. ..... . ..... ... ... . ......... .. .• . ...... .....
Dark-green to black soft fissile shale (Oow of water and some gas at 130 teet; small
pocket of gas at 745 feet) • ..•. • ....••.• ..... •.• . ..................... . .... . ..... ...
Oroy. to black hard, dense sandy shale toshaly sandstone, thin bedded (show of gas
at 1,0-10 feet) •••..•. •. .•. ... ... ... ..•.•... . . ...................... . .. .•.. . •........
Oreenish-bla~k soft Ossile shale (sandy strrak with small show of oil at 1,135 feet) ... .
Sandstone and shale, dark, thin bedded (show of oil at 1,760 feet) ...... . ........... .
Sandstone .. .......... ......... •......•.•. . ............ .......... ... .. .. ....... .....
Sort whitesbale ............. . ... .. . .... . ... .......................... .. • . ...........
Soft gray-maroon shale (thickness estimated) ....... ......... .......... .. ..... •.. . ..

Thickness.

Depth.

Feet.

F eet.

500
5

5
30

25

750

780

312

1,092

622
111

5
10
215

I, 714

1, 825
1, g)()
1, 840

2,055

Lou of 10ell in Hailstone Basin, sec. 1,7, T. 3 N .. R . 21 E.

Driller·s Interpretation.

Soli •.• . •.... •• ..•.•...•.............•.............. . . . ........ . •..... •. •........... .
Black shale•....... ........... .... . ......... . . .................................... ..
Sand; show of oil and gas with wnter ......•..... ..... .. ......................•.....
Bard sandy shale ... ...........•................................ .. .. ... . ...... .... . .
Sand; oil and ~:as with wnter .•...........•.. . ... •• . . .... • •. ...... ............... ....
Black shale .••..... ........... .... .. ... . ... .......... . .......... .....•..... .••.. •. ..

Thickness.

Depth.

Feet.

Fert.

5

927
23
1~2

ar,

303

6

932
955
1,087
1,123
1,426

The four well logs gi,·cn aboYe ought to represent fairly well the
nature of the Colorado shale in the Lake Basin field, as the wells
are rather uniformly distributed from northwest to southeast.
From the r ecords it nppears thn.t no sandstones were encountered
at all comparable with those farther south, as for example, at Elk
Basin or Basin, Wyo., and only meager showings of oil and gas were
obtained. 'It may he that future work will prove that the Colorado
sands of Frontier age are better developed south and east of Billings, and if so, there are probably better sands in the beds of this
age in the Huntley field than the well logs farther west indicate.
There is evidently a progressive lowering of the sands toward the
south and east, for at the 79 Oil Co.'s well immediately north of the
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Lake Basin field the first sandy beds recorded occur about 1,400 feet
below the top of the Colorado shale, but at Billings, in the southeastern part of the field, sands were first encountered about 300 feet
lower down. The first three wells probably penetrated the main
sandstones of the Kootenai as well as all those in the lower part of
the Colorado shale.
SURFACE INDICATIONS OF OIL AND GAS.

There are very few surface indications of oil and gas in the Lake
Basin and Huntley fields. The field notes record several reported
occurrences of films of oil on springs and wells, but few of these
reports were verified. At the fault near the west quarter corner of
sec. 30, T. 4 N., R. 18 E., in the Lake Basin field, there are several
strong springs, and according to reports oil has been seen floating
on the water. The water was examined by one of the members of
the.field party, but no films of oil were detected.
A well was drilled 86 feet into the Bearpaw shale near the west
quarter corner of sec. 25, T. 2 N., R. 19 E., and a ·b lack film on the
water was believed at the time to be oil. · Other wells in the vicinity
are also reported to have shown signs of oil. A rumor was current
that a drilled well 100 feet deep near the northwest corner of sec. ·
26, T. 4 N., R. 24 E., supplies water which has a very pronounced
odor of petroleum, but apparently the report was not verified. Oil
is also reported to have been seen on the water in sees. 13 and 14,
T. 4 N., R. 20 E. Pockets of oil encountered in digging wells have
been reported from several localities in the northern part ofT. 2 N.,
Rs. 26 and 27 E. Evidently this oil must come from the Bearpaw
shale. A resident of Worden reported that gas was encountered at
a. depth of 150 feet in a well which was drilled to a depth of 200
feet in the west edge of Worden about 100 feet southeast of the
township corner. At a depth of 150 feet the gas is said to have
escaped with sufficient force to make a roaring sound. When a
match was applied to the top of the casing at a depth of 200 feet
the gas would blaze up for an instant to a height of 6 feet; it would
then die down and after a brief interval would blaze up to about
the same height again. Natural gas in sufficient volume to supply
the domestic needs of one family is also obtained from a well on
the ranch of Charles M. Blair near Hardin, Big Horn County, on
the Crow Indian Reservation, about 20 miles southeast of Corinth.
EXISTENCE OF FAVORABLE STRUCTURE.

A careful examination of the structure of the rocks and its relation to concentrations of oil and gas in many parts of the world has
given rise to the structural or anticlinal theory. The conditions
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that control the accumulation of oil and gas, according to this theory,
are briefly as follows :
(a) A reservoir rock, commonly known as the oil sand, although
it may be a very sandy shale, a fractured rock of some kind, a loose
conglomerate sufficiently porous to allow the accumulation of oil or
gas, or a limestone composed largely of interlocking crystals of
calcite.
(b) An impervious cap rock to seal over the reservoir rock and_
prevent the upward escape of the oil and gas.
(c) Folds in the rock favoring the accumulation of oil and gas in
certain localities, these-substances migrating from more extensive
areas of adjoinip.g beds less favorably situated for their retention.
(d) Saturation of the rocks by ground water, on which the oil
and gas will move on account of their lower specific gravity and be
forced into the upper parts of the folds.
·
According to the anticlinal theory, if a porous rock containing gas;
oil, and water is folded between other rocks which are nonporous,
these substances, under the influence of gravity, separate and arrange
themselves according to density. Gas, being the lightest, rises to the
crest of the anticline, the oil separates out below, and the water seeks
the deeper portions of the beds. It is a well-recognized fact that
oil and gas have entered porous sands from adjacent beds and that
they have in many places migrated long distances to the points of
concentration, but it is not clearly understood just what forces are
the most active in causing oil, gas, and water to migrate from the
fine clays and shales into the porous sands. Neither has it been
proved beyond controversy to what extent gravity and , capillary
·attraction influence the movement of those substances along porous
sands which are inclined at an extremely low angle.
Detailed field observations have shown not only that many of the
concentrations of oil and gas are intimately related to anticlines
and domes, but also that gas, oil, and water are related to one another
in the manner stated above. Although the recognition of these facts
has caused most geologists to · accept the anticlinal theory in its
broader aspects, many geologists are willing to accept it only in a
modified sense, as recent study has shown that accumulations of oil
and gas occur not only in the crowns of the arches but also in many
places on the flanks of the folds where the dips are interrupted for
some distance, the interruptions forming structural terraces. Recent
studies indicate also that the conditions of accumulation are entirely
different in saturated and unsaturated rocks-that in thoroughly
saturated rocks the oil and gas are borne upward on the sheet of
underground water and are caught in the crowns of the arches,
whereas in dry rocks the principal point of_ accumulation of oil is
in the bottoms of the synclines or at any point where the forces
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obstructing the movement of particles of oil are equal to or in excess
of those which promote such movement.
In saturated rocks the ideal structural form is the dome, which
includes a thick bed of sand effectively sealed above and dipping
gently for considerable distances, but such a form is not common
in nature. In many domes the dips are limited by other structural
features, and in consequence the collecting area is small. The oil
sands may be lenticular, or again, continuous sands may be offset
along fault planes. If the fault remains partly open fluids migrating through the porous sands may rise to the surface and escape.
It has been found that many oil seeps are characterized by deposits
of asphalt. If the fault is sealed by clay, asphalt, or some other impervious substance the oil and gas may concentrate in the sand near
the fault plane, and the result is practically the same as when the
sand is lenticular. Thus an open fault fissure may prevent concen'tration at the top of an anticline or dome, and a fissure effectively
sealed my produce local concentration at some point along the flank.
The migration of oil, gas, and water through porous sands up along
the flank of the most ideal structural feature may be retarded where
the beds suddenly flatten or where the porosity of the sand decreases,
and it may be entirely obstructed where a dike of igneous rocks cuts
across the sands. From the facts above outlined it is not surprising
that some concentrations of oil and gas occur where, from all surface
indications, the conditions are unfavorable, whereas some areas that
appear to have the most favorable structure are barren. These conditions are mentioned briefly, not with a view of questioning the
value of the anticlinal theory as a working hypothesis, but merely
to emphasize the necessity for making in every field a thorough study
of
the conditions which may in any way retard the movement of
fluids and result in concentration.
In attempting to .apply what has been said to the Huntley field,
/ certain facts are at once apparent. In the first place, outside of. the
faulted area, the beds practically everywhere dip gently toward the
north. Throughout the ~rea of gentle dips there is a possibility of
local accumulations of oil and gas as a result of certain features not
apparent at the surface-such, for example, as lenticular sands, variation in porosity, or slight change in dip-but without any surface
indications of oil or gas the discovery of such local accumulations
is mainly the work of the drill after the presence of oil and gas has
been demonstrated in areas of favorable structure.
The very much faulted and imperfectly developed dome southeast of Huntley is separated from the northwestward-dipping Judith
River beds by a low sag in the rocks. At the top of the dome the
Eagle sandstone could be tested by means of the drill at a depth
of 300·or ,400, feet, but in order to test all the sands in the lower part

all
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of the Colorado shale and those of the underlying Kootenai formation, it would be necessary to drill to a depth of at least 2,500 feet.
If either oil or gas should work its way into the Eagle sandstone or
any of the sands near the base of the Colorado shale, a moderate
amount might become trapped in the top of the dome. Much .depends, however, upon the depth of the syncline along the southwest
side of the dome, and it must be kept clearly in mind that the structure of the sands in the lower part of the Colorado shale, where oil
and gas are the most likely to occur, may be quite different from that
of the sandstones in the Claggett formation, more than 2,000 feet
higher up.
As explained on page 140 there is an anticline south of Tenmile
Creek in the western part ofT. 1 N., R. 30 E., and the eastern part
of T. 1 N., R. 29 E., but the axis of the anticline pitches steeply eastward, and apparently the structure contours do not close around the
southwest end. Owing to the syncline immediately south the
principal collecting area for this anticline lies to the north and is
doubtless limited somewhat by the large fault U-U'. On the axis
of the anticline, at the contact between the Judith River formation
and the Bearpaw shale, the top of the Eagle sandstone probably
lies at a depth of about 1,000 feet, and the top of the sandy belt in
the lower part of -the Colorado shale at a depth of approximately
2,800 feet. Any particles of oil and gas which might enter any of
the porous sands along either flank of the anticline would probably
rise to the crest of the anticline, but as there is apparently no reverse dip on the west, and as the beds rise gently toward the south,
the fluids might continue to rise in that direction. It is possible,
however, that the flattening of the anticlinal axis near the east side
of T. 1 N., R. 29 E., would impede the movement of fluids sufficiently
to cause a slight amount of concentration, but the prospects of any
considerable accumulation of oil and gas are not very promising.
As shown on Plate XIV numerous faults displace the formation
between Huntley and Corinth. These are all described in considerable detail under the heading "Structure." Field observations did.
not reveal any unmistakable seepages of oil or gas along the fault .
planes, so it is quite evident either that no oil or gas has come into
contact with the faults, or that there are no openings within the zonewhere movement took place. It seems probable that such faults as
K-K', Q-Q', and U-U' must have displaced whatever sands there
are in the lower part of the Colorado shale. Whether the displacement is as great there as it is at the surface depends <>n whether
the forces producing movement originated from above or below. At
any rate, it seems probable that the movement which took place in
the so:ft shale of the upper part of the Colorado was distributed
throughout a wide zone and was in the nature of rock flowage. Un-
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those circumstances no well-defined openings would be · pro.-duced and there would be no opportunity for oil or gas to rise to
·:-the surface. For this rea.Son the absence of surface indications does
-not, ~ the opinion of the writer, prove that neither oil nor gas has
accumulated at any point along the fault planes. If there are porous sands in the lower part of the Colorado shale and the underlying Kootenai formation, and if these sands are· displaced along any
of the faults, they are likely to be left in contact with impervious
shale and thus, so far as the movement of fluids is concerned, to be
as effectively sealed as they are elsewhere by the overlying and underlying shale. North of the faulted area the formations are inclined northward probably as far as the Bull Mountain coal field, so
that in that direction there is a considerable collecting area. If the
conditions in that area are favorable for the ·origin and migration
of oil and gas, it is not improbable that these substances have JI.CCUmulated to some extent near some of the fault planes. Of all the
faults shown on the geologic map (Pl. XV) and described in the
text, fault U-U' is probably the most favorably situated. A well
drilled just northwest of the fault plane near the center of the area
of Claggett shale would probably reach the uppermost sands in the
lower part of the Colorado shale at a depth of 1,600 to 2,000 feet.
The purpose of what has been said above has Men merely to point
out certain structural conditions which might, if all other conditions
are favorable, result in the concentration of oil and gas. Anyone
who is contemplating the expenditure of time and money in searching for oil and gas in the Huntley field, however, would do . well to
keep in mind the following facts: (a) Commercial quantities of gas
have been obtained near Baker and Glendive, in the southeastern
part of Dawson County, and near Havre, in Hill County, northcentral Montana, but from all reports no commercial quantities of
oil have been found in Montana north of the Elk Basin field; (b)
the logs of wells near the Huntley field do not indicate the presence
of sands in the lower part of the Colorado shale at all comparable
with tl)ose of some of the productive fields in Wyoming, and what
sands there are seem to contain nothing more than a showing of gas ;
('c) there are in this area very few surface indications of oil and gas;
and (d) the Broadview dome and the Big Coulee-Hailstone dome, in
the Lake Basin field, are better adapted for the accumulation of oil
and gas than any of the structural features in the Huntley field here
described, and yet they seem to have yielded only showings of gas.

ANTICLINES NEAR MAVERICK SPRINGS, FREMONT
COUNTY, WYOMING.
By A. J . CoLLIER.
INTRODUCTION.

Owing to the increasing cost of petroleum and the success of wells
drilled in Wyoming, every locality in the State which is known to be
at all favorable for the accumulation of oil is being tested with the
drill, and vigorous search is being made for new localities. During
the winter of 1917- 18 a well sunk on an anticline or arch of the rocks
in the vicinity of Maverick Springs, in Fremont County, reached a
depth of 1,125 feet and brought in a flow of dark oil similar in type
to the oil produced near Lander and Thermopolis. Since that time
several other successful wells have been drilled in this field, but development has not proceeded far enoagh to justify a prediction of
its ultimate production.
The Maverick Springs field (see index map, fig. 4) is in the northern part of Fl'emont County, in Tps. 5 and 6 N., .Rs. 1 and 2 W.
Wind River meridian, in the ceded portion of the Shoshone Indian
Reservation. It lies in the Wind River Basin just south of the Owl
Creek Mountains, about 42 miles a little south of west of Thermopolis
on the Chicago, Burlington & Quincy Railroad, 45 miles northwest
of Riverton, on the Chicago & Northwestern Railway, and about
20 miles north of the Pilot Butte field, where oil was discovered some
time previously and some development has taken place. The
Maverick Springs field has no railroad connection, and hence supplies must be hauled a distance of at least 42 miles from the nearest
railroad point, and eventually a pipe line must be laid to this point, if
oil is discovered in quantity, before the field can be thoroughly developed. It can be reached by automobile from either Riverton or
Shoshone.
ACKNOWLEDGMENTS.

The topographic map of the Kirwin quadrangle published by the
United States Geological Survey, the field work on which was done
in 1904, shows at the southeast corner a portion of a circular ridge
surrounding one of the domes of the Maverick Springs field. The
· presence of a second dome was recognized in 1905 by Darton.1 The
• Darton, N. H., Geology ot the Owl Creek Mountains: 59tb Cong., 1st sesa., S. Doe.
219, pl. 1, 1906.
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region was again visited in 1908 and 1909 by Woodruff and Winchester 1 for the purpose of classifying the coal lands, and they prepared a more detailed topographic map, including the part already
covered by the K~rwin map. Their map, which has not yet been published, is in the files of the Geological Survey, and from it the contours on Plate XXI of this report are taken with only slight
modifications.
In preparing this report the writer has also had access to an unpublished report by D. Dale Condit, of the Survey, on the phosphate
rock of the Owl Creek Mountains, from which carefully measured
sections of the rocks that underlie the lowest formation exposed in
the Maverick Springs field are taken. The writer wishes to express
his appreciation of the work of Harvey Bassler, who was associated with him in the field and deserves equal credit for this report,
and also of the assistance of Frank E. Hunter, PaulS. Parsons, and
the late C. B. Barnett, who were employed in various capacities during the field season. Grateful acknowledgments are due to the oil
operators and other residents of the field for many courtesies and
much Yaluable information regarding the wells that have been
drilled, the distribution and structure of various formations, and the
general features of the surrounding coun'try.
FIELD WORK.

In response to reports of successful wells drilled in T . 6 N.,
R. 2 W. vYind River meridian, in the Maverick Springs field, received
by the United States Geologi cal Survey in the winter of 1917-18,
Harvey B assler and the writer made an examination of the field and
spent about half of the month of September, 1918, in a study of the
rock formations, the mapping of the structure with plane-table and
telescopic alidade, and the location and inspection of oil wells and
dry holes. Plate XXI (in pocket) presents the data collected in
the field supplemented by material compiled from other sources.
SURFACE FEATURES AND CLIMATE.

The MaYerick Springs field lies in a belt of hilly country on the
northern edge of the Wind River Basin, south of the Owl Creek
Mountains. The altitude in this region ranges from 6,000 to 7,400.
f eet, but most of the roads and settlements are approximately 6,500
feet above the sea. The Wind River Basin, to the south, has an
average altitude somewhere between 5,000 and 6,000 feet and is a
more or less monotonous plain covered by the flat-lying soft beds of
the Wind Hiver formation. The Owl Creek Mountains, to the north,
1 Woodrutr, E. G., and W lnch<'st er, D. E., Coal fields ot the Wind River r<'glon , F remont
and Natrona counties, Wyo. : U. S. Geol. Survey B ull. 471 , pp. 516-:>64, 1010.
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rise to altitudes of more than 8,000 feet and very effectually interfere
with communication between the Wind River and Big Horn basins.
The average annual rainfall in the Wind River Basin is only
about 10 inches. In the Maverick Springs field, owing to its rougher
surface and higher altitude, the rainfall is probably a little greater,
but the region would still be classed as semiarid. As in many other
arid and semiarid regions, the few springs yield alkaline and sulphur water, which is not palatable. Well drillers find it necessary
to haul drinking water about 7 miles, from a branch of Little Dry
Creek in T. 6 N., R. 3 E., which is supplied from the Owl Creek
Mountains. Owing to the dry climate there is a scarcity of vegetation other than the scattered grass and sagebrush and a few cedar
trees on the ridges. Cottonwood and willow, however, grow in some
of the valleys where there is a subsurface flow of water that can be
tapped by their roots.
Owing to the dearth of vegetation the relation of the land forms
to the outcrops of the hard rocks, which in a large measure control
them, may be plainly seen from any of the higher points. A nearly
flat plain 1 to 2 miles wide on the northeast side and half a mile to
1 mile wide on the southwest borders the field, and within this
border a number of ridges' from 100 to 500 feet high encircle three
<listinct surface basins. The ridges are unsymmetrical in cross section and have gentle slopes on the outer side and steep slopes or
cliffs facing the basins. Such ridges are evidently due to the partial
erosion of rocks that have been folded into domes or anticlines,
leaving the edges of the hard layers exposed in the ridges.
In the south dome, which is commonly called the Little dome, the
inclosing ridge is about 200 feet high. The basin is drained by a
valley that finds an outlet on its north side, through which the wagon
road enters. The inclosed valley is only a little higher than the surrounding plain, and the hill in the center rises to a somewhat greater
elevation than the inclosing ridge, like the cone on a lemon squeezer.
The derrick on this hill can be seen from every direction from points
on the plain outside of the inclosing ridge. Two small ponds in the
inclosed basin can probably be accounted for by its unequal filling of
material washed down from the hills.
Around the Big dome, which lies north of the Little dome, there
are several encircling ridges that rise about 500 feet above the level of
the bordering plain. The drainage of the inclosed basin escapes by
three narrow canyons, one near the north end and the other two near
the south end. In addition to these, two canyons cutting across the
inner ridge admit drainage ·into the basin. Wagon roads ·enter
through these canyons. The valley ift the inclosed basin is at about
the same altitude as the plain, and the hill in the center is a little
higher than the highest points of the surrounding ridges.
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The Circle Ridge dome, which is the most northern of the three; is
surrounded by a ridge whose highest point is about .600 feet higher
than the lowest point in the inclosed basin. The basin is drained
through a narrow canyon cut across the ridge at its southernmost
. point. This basin differs from the other two in that the hill in the
center is not prominent, and to one standing on the incloe;ng ridge
the basin appears like a depression.
STRATIGRAPHY.
GENERAL SECTION.

The rock formations in the .vicinity of Maverick Springs are practically identical with the bedded rocks of the Wind River Basin, as
described by Darton, Woodruff, Hares, Blackwelder, and Condit,
and with those of the Big Horn Basin, as described by Darton, Fisher,
Hewett, Blackwelder, and Condit, the only differences being that the
beds are locally thinner or thicker than in those basins. The thicknesses of the Chugwater, Sundance, Morrison, Cloverly, Thermopolis,
Mowry, and Frontier formations given in the following t able were
determined in the field and are correct for the Maverick Springs
region. The measurements of the formations below the Chugwater,
which are not exposed in the area examined, are taken from unpublished reports by Condit on the phosphate resources of the Owl Creek
Mountains, which lie a few miles to the north.
Genera.! section of tormationa in the Maverick Springs region, Wyo.
System or
series.
Eocene.

Formation or
group.

Thickness
(feet).

Wind River formation.

Undetermined.

Character of the rocb.

Soft sandy shales with lenticular sandstone.

Unconformity
Mesaverde formation.

Cody shale.

Heavy sandstone and shale with several coal
beds.

Darkry shale with many Interbedded thin
san s, the same as the Cody shale of the Big
Horn Basin, the upger part of the Mancos
:1:2,500
shale of Woodruff an Wmchester•s re~rt on
the Wind River region, and the Stee e, Niobrara, and Carlile sliales of Hares's report on
the anticlines of central Wyoming.

Upper Cretaceous.
Frontier !ormation.

5S3

Three to ftve ~dstones with Interbedded shale.
A part of the Mancos shale of Woodruft' ana
Winchester's report.

Mowry shale.

400

Hard sUiceous gray shale 'vith several beds of
bentonite near top. A part of the Mancos
shale of Woodruff and Winchester's report.

Thermopolis shale.

. I
700

Dark-gray shale softer than the Mowr shale.
The lower !:tart of the Mancos shale Woodruff and W chester's report.

or
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General sectlon of tormat«ms in the Maverick Springs r egion, W11o.-Contd.
System or
series.

Thickness
(!set).

Formation or
group.

Lower Cretaceous. Cloverly formation.

9i

Character of the rocks.
Sandstone, conglomerate, and shale.

Unconformity
Lower Creta ·

oeous

(f).

Morroon !ormation.

292

,

beds of shale, sandstone, and con·
glomerate.

Varle~t&tert

Unconformity
Jurassic.
,

Sundance formation .

317

Chugwater formation.

Triassic.

1,300

Llmastone, shale, and sandstone.
Red sandstone and shale with gypsum beds.

,

Embargro~:

Permian.

Dlnw · y formatlon.
Park City formatlon.

Hard yellowish aha!~ llmaston~ chert, and
brown shale with san ~layers.
he phoSphate
rocks are near the ml die or the grouplnwhlcli
350
Is divided bfc Blackwelder and Condit to the
Dlnwoody ormation above and· Park Cl!a
formation below, both of which are ldentlft
In this area.

Pezmsyt'V8Dian.

..........................
Mississippian.

Tenaleep sand$me.

~

Llghkolored cross-bedded sandstone.

Amsden formation.

300

Red shale and sandstone.

Madison limestone.

GliO

Massive llmastone.

150

Shale and thin-bedded llmastone.

Bighorn dolomite.

200

Massive cream-colored to white dolomite.

Gallatin limestone.

150

Oolitic limestone and conglomerate.

Gros Ventre forma·

eoo

Clay, shale, and Interbedded limestone.

Flathead sandstone.

~

Gray and brown sandstone.

Unconformity
SUurlan and Devonlan.

--

Ordovician.

Cambrian.

tlon.

Unconformity
Pre-Cambrian.

Metamorpblccomplex.

Schist, gneiss, basic Igneous rocks, and gnlnlte.

FORMATIONS.

Format,imu below ·the T ensleep sandstone.-The formations below the Tensleep sandstone are not exposed in the Maverick Springs
field and have not been reached by the drill, but they undoubtedly
underlie the field and may have been the source of some of its oil.
The descriptions given below are adapted from unpublished reports
by Condit, but the formation names appear i.n recent reports by
Blackwelder 1 and by Schultz.2
• Blnckwclder, Eliot, Washington Acad. Sci. Jour , May, 1918.
• Schultz, A. R., A geologic reconnaissance for phosphate and roal ln
Idaho and western Wyoming : U. B. Oeol. Surv-ey Bull. 680, pp. 17-10, J918.
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The Flathead sandstone, which immediately overlies the metamorphic complex, is about 250 feet thick and consists largely of gray
or 9rown shaly sandstone, several beds of which are quartzitic. It
grades upward into the Gros Ventre formation, which consists of
clay shale with alternate beds of limestone, making a thickness of
about 600 feet, and is overlain by the Gallatin limestone about 150
feet thick. These rocks are of Cambrian age and are identical with
the Deadwood formation described in reports on the Big Horn Basin.
They are overlain by the Bighorn dolomite, about 200 feet thick, of
Ordovician age, and by 100 to 200 feet of beds which are· regarded
as Silurian and Devonian. · The next formation in the ascending
series is the Madison limestone, of Mississippian or lower Carboniferous age. It has an average thickness of about 650 feet and
is one of the roost conspicuous and easily recognized formations in
the region. Above the Madison limestone is about 300 feet of creamcolored sandstone, yellowish dolomite, and brick-red shale, making
up the Amsden formation, which is at present classified by the
United States Geological Survey as of Pennsylvanian and Mississippian age.
T emleep sandstone.-Tha Tensleep sand$tone, which overlies the
Amsden formation, is about 250 feet thick and is of Pennsylvanian ·
or upper Carboniferous age. It is composed mainly of rather coarse
grained white to buff sandstone that forms many prominent cliffs
and bouldery rounded ridges in the Owl Creek Mountains. In
many places where the Tensleep sandstone forms cliffs it shows a
great deal of cross-bedding, indicating that it was deposited by
swift currents in shallow waters. The texture of this sandstone is
open, so that water and other liquids could flow through it rather
readily and oil that might be contributed by underlying formations
would naturally be carried by the water and oollected at favorable
localities under more impervious formations.
·
Embar group.-The Embar group, about 350 feet thick in the
Maverick Springs region, contains a number of different kinds of
rocks of Pennsylvanian, Permian, and Triassic age. This group is
believed by the . writer to contain the oil-bearing formation of the
productive welis here described. The Embar rocks have sinee 1916
been divided into two formations, called the Dinwoody and Park
City, by geologists searching for phosphate in ..the Owl Creek and
other mountains of Wyoming; but the older name is here retained in
a group sense, as it is well known to drillers and .oil operators and
was used by W oodru:ff in describing the rocks of the Lander oil field. 1
The upper part of the Embar group, or the Dinwoody formation,
' 1 Woodruff, E. G., The Lander oil fl eld, Fremont Connty, Wyo. : U. S. Geol. Surny Bull.
452, 1911.
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is not usually distinguished by the drillers from the Chugwater
formation.
Condit found the following complete section of the Embar group
well exposed in sec. 9, T. 1 N., R. 2 W. Wind Ri,ver meridian, a few
miles north of the ~averick Springs field:
'
Section of Embar gro-up north ot Maverick Springs, Wyo.

Dinwoody formation :
Clay shale, gray to greenish, with gypsum bands aml
limestone In lower parts_____________________ ____
Limestone, impure, shaly, weathering n deep brown
color--------------------------------- --- - - - ---palcareous shaly beds, ripple marked______________
Park City formation:
Limestone, cream or gray, slllceous________________
Limestone, "upper bryozoan," gray, massive beds___
Chert, greenish, In nodular layers______________ ____
Phosphate, dark, granular_________________________
Limestone, phosphatic---'----- -------- --- - ---------Phosphate, calcareous---------- - - --- - - - - ---- - ----Limestone. dark gray----------------- - --------- --Limestone, phosphatic, dark gray, with chert nodules_
Limestone, dnrk gray------------ --- -------------Limestone, phosphatiC---------------------------- Limestone, dark gray--------------------- ---- - --Limestone, gray, granular, In single massive layer___
Limestone, cream or gray, argillaceous _____________
Brown, shaly, ocherous bed-------------- --- - --- --Limestone, ilght gray, argillaceous__ ______________
Tensleep sandstone.

Ft.

ln.

28
44
30
8
24
50
1
1
lri

4
3

!)

5
l
4
20
4
40
50

5

234

In the section given above no sands are noted, but it is the writer's
opinion that some of the members must contain sand grains so
masked by calcite or clay that they were not readily detected by
the geologist. At two of the wells in the Big dome the writer was
permitted to inspect samples of the drillings ·and made the following notes on them :
Log of Carter Oil Co.'s welt in sec. 29, T. 6 N., R . 2 W. W·ind River meridian.
[Compiled from an inspection of tbe drUl cuttings.]

Feet. '

Chugwater and Dinwoody formations_____________________ 1, 037
Park City formation:
Limestone, dense, blue_______________________________ 137
Sand (best showing of oll), stained brown with oiL____
17
Sand composed of well-rounded quartz grains a nd containing fragments of limestone_____________________
6
Limestone fragments -------------- ----- ----- -------45
Sand, grains well rounded but containing angular fragments of hurd siliceous rock and limestone__________
21
Sand, fine grained, light colored___ __ ___________ ______
12
Sand, fine grained, with fragments of limestone and red
shale-------------------------------------- --- ----13

156

CONTRIBUTIONS TO EOONOMIO GEOLOGY; 1919,

PART

JI•.

Park City tormatlon-Contlnued.
Fei!t.
Sand with fragments of limestone (oil showing)_:______
8
Sand, grayish brown----------------.,--------- -.----~-5
Dense dark-brown rock; ·may ·be quar~Ite---.,----,-----25
Hard gray shale·; some particles hard and gritty, reDl&inder soft----------------------------~--------12
Limestone, thin, graY-----,-- ---- - --- ----------------3
Sand, grains of uneciual size, stained with oiL_________
2
Sand with 1lakes of gray mica------------------ - - ---a
Shale, light -gray_:__: ____________________________ _____ .
8
Shale, light gray, with bard fragments, either limestone
or clay ironstone (?)~----------------------------4
Shale, light gray; no griL----- ---- - - - - ---------- ---a
Sb,ale, light gray, somewhat sandy____________________ • 4
7
Conglomerate with gray clay binder_:______ ____________
Depth of welL _____________ ,:_______ .:..:. _________ 1, 871
Thickness of Park Clty formation___________ ___

336

.

Log of Ohio Co.'s wen in. sec.. !$, T. 6 N., R. f lV. Wind River meridian..
[Complied from an lnepeetlon of the drill cuttlncs.]

Feet.

Chugwater and Dinwoody f?rmatlons--- ~ ------- ------ ---- 1, 185
Park City !ormation :
· Limestone -----------------------------------------00
10
Sand, yellowish gray------------- ---------,----- ---10
Clay, yellowish graY--------~------------~----------Limestone, llght graY-- - --- -------- --- --------------15
Sand with fragments of mica ________________ _:-________
25
Shale, dark gray, bard- - - - ------ -------------- -----10
Limestone and chert-------------- - - - - --------------10
Sand, well-rounded quartz grains, yellow at top, stained
dark brown, with oil at bottom ; oil sand____________
25
Hard shale and chert, gray-----------·---------------30
3
Coarse sand (water-bearing)----- --------- ----------Depth of · wen..: ________---:------ :---------------- 1, 213
Thickness

ot

- 228
-

Park City formation______________

The well drillers are of·the opinion that at least some of the oil
comes from the Tensleep sandstone, but these two well logs and the
report of the findings in the Sheridan well, in the SEl t sec. 22, certainly show that the major part is found near the bottom of the
Embar. group, in the Park City formation, and lead one to doubt
whether any of the wells reached the Tensleep. The lowest sandstone
in the Ohio Co.'s well, however, is composed of coarse well-rounded
quartz grains, such as might be e~pected in the Tensleep sandstone.
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UPFOU>&> EDGES OF THE CHUGWATEI\ FORMATION AND THE EMBAR GROUP, EXPOSED 3 MILES NORTHWEST OF THE CIRCLE RIDGE DOME,
FREMONT COUNTY, WYO.

U. S. GEOLOGICAL SURVEY

UPTILTED LIMESTONE MEMBER OF THE SUNDANCE
FORMATION CUT DY A NARROW BOX CANYON ON TilE
SOUTHWEST SIDE OF THE BIG DOME, FREMONT COUNTY,
WYO.

A.

BULLETIN 711

PLATE XX

.V. CLIFF ON .NORTHWEST SIDE OF BIG DOME, FREMONT

COUNTY, WYO., SHOWING MORRISON AND CLOVERLY
FORMATIONS.

1{)7,

-ANTICLINEs NEAR :MAVERICK SPRINGS, WYO.

0/wgwate-r formation.-N o complete section of the Chugwater
formation was measured in the Maverick Springs field, but from
partial sections seen arid from the logs of w.ells that start' below the
top of the formation the thickness is estimated at 1,300 feet. A
very striking view showing the whole of the upturned Chugwater
formation and ·a part of the underlying Embar group exposed · jn
Red Peak, about 3 miles northwest of the Circle Ridge dome, may
be seen in Plate XIX. The upper part of the following section was
measured on the east side of the Circle Ridge dome, and the lower
part from the drill holes in the Big dome: ·
Section of Chugwater formation in Ma,;erick Springs field, Wyo.

Sundance formation.
Shale, sandstone, and Umestone, prevalllngly red but con- Feet.
talnlng some violet and plnk members__________________ 125
Gypsum_________________________________________________ 123
Shales, red and yellOW---------------------------------- 302
Sandstone, reddlsl! gray; forms a prominent cliff________ 214
Shales and some sandstone, red-------------------------- 540
1,304

The large bed of gypsum near the top of the formation is unusual, both in ·purity and thickness, and it forms prominent white
cliffs around the Circle Ridge dome and in the Big dome. The thick
sandstone noted in the section forms a second almost impassable
cliff on the east side of the Circle Ridge dome but is not exposed
in the Big dome. At the northwest end of the Circle Ridge dome,
on the southwest side of the dome, between the gypsum bed and the·
cliff-forming sandstone, there is a great mass of sandstone, which
is partly impregnated with asphalt and has very irregular and obscure bedding planes. This confused condition, in the writer's
opinion, is a result of shearing ·and squeezing by which either some
of the cliff-forming sandstone has been broken off and thrust into
its present position or the rocks above the sandstone have been disturbed and crushed. Not far frOm this mass of rock is a yellow
shaly sandstone in about its normal position, which contains a grea.t
many bone fragments that have been identified by C. W. Gilmore and
J. W. Gidley, of the United Seates National Museum, as the broken
limb bones, vertebrae, and other parts of labyrinthodont reptiles of
Triassic age.
Swndance furmation.- The Sundance is an easily recognized formation composed in the Maverick Springs field of about 317 feet
of greenish shale, sandstone, and limestone and containing many
beds of marine fossils, oysters, and belemnites of Jurassic age
throughout its thickness. A characteristic view of one of the lime-
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stone beds, taken on the southwest limb of the Big dome, is shown
in Plate XX, A.
Morrison formation~-The MoiTison formation in Wyoming is
variable. On the north side of the Big dome it has a. thickness
of 292 feet and consists of ahout 210 feet of greenish sandy shale
at the base, 30 feet of conglomerate and sandstone, 47 feet of red
and maroon shale, and 5 feet of sandstone at the tOp. It contains
the remains of fossil dinosaurs in many places, and in this region
it may be recognized by the presence in it. of gastroliths-that is,
highly polished pebbles thought to have come from the gizzards of
the dinosaurs. For about 4 miles on the northeast side of the
Big dome it forms an almost impassable cliff from 100 to 200 feet
in height, as shown in Plate XX, B . The formation is believed to
be a. continental deposit laid doW'n when this part of Wyoming
was above the level of the sea, in late Jurassic or early Cretaceous
time.1
Cloverly formatlon.-The Cloverly formation, part of which is
called in some reports the Dakota sandstone, overlies the Morrison formation and is generally described as consisting of two massive sandstones separated by variegated shale. It can usually be
distinguished readily from the MoiTison formation, for the two ·
sandstone members stand out as definite ledges and form ridges
that can be traced over a large part of Wyoming. . The upper sandstone, commonly called the Greybull sand by well drillers, is oil
bearing in several places. The formation was deposited in fresh
water during Lower Cretaceous time~ It was measured on the northeast side of the Big dome, where its total thickness was found to
be only .94 feet.
Thermopolis shale.-Overlying the Cloverly formation is about
1,100 feet of shale, of which the lower part is chiefly soft and bluish
black, forms valleys, and is called · the Thermopolis shale; the
upper part is a harder, siliceous shale that weathers nearly white
in places, forms ridges, and is called the Mowry shale. The line
between these formations has not been definitely determined in
the Maverick Springs field, but from the observations made in
1918 it is thought to be about 700 feet above the upper sandstone of
the Cloverly formation and is so represented in the stratigraphic
column. The Thermopolis shale is homogeneous with the excepti~n
of 50 to 100 feet. of " rusty shale " immediately above the base, and
a sandstone members 50 :feet thick 150 feet above the base, which is
presumably ~quivalent to the Muddy sand of the Big Horn Basin.
The position of the formation is shown at the surface by the en1
Schuchert, Charles, Age ot the American Morris on and East Atrlcan Tendaguru formations : Ge.o l. Soc. America Bull., vol. 29, pp. 245-280, 1918.
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circling valley of the Little dome. and the second valley from the
center on the northeast side of the Big dome.
Mow-ry shale.-The Mowry shale is about 400 feet thick and is
nearly homogeneous throughout except for two beds of bentonite,
each about 5 feet thick. These beds are white and are very s~icky
when:· wet. One of them lies about 75 feet and the other 25 feet below
the top of the forma~ion, and a. 1~foot bed of sandstone is present
about halfway between them. This shale has been recognized
throughout much of eastern Wyoming by its content of fish scales
and other fish remains. Heretofore these have been the only recognizable fossils found in it, but in the summer of 1918 a number of
mollusk and brachiopod fossils were found in the shale at two horizons immediately above the bentonite beds, and T . W. Stanton reports that they constitute a new faunule. He recognized the following undescri~d species:
Avicula sp. related to .A. nebrascann.
Callista sp.
Corbula sp.
Fish scales.
Lingula sp.
Lunatln sp.

Modiola sp.
Nucula sp.
Ostrea sp.
Telllna sp.
Thracla sp. a .
Thracla sp. b.

Frontier formation.-The Frontier formation in the Maverick
Springs field consists of at least four ridge-forming sandstone members ranging in thickness from 1 to 20 feet, with interbedded shales,
the whole thickness being about 553 feet~ The shales associated with
the-lower sandstones are nearly black and resemble the Thermopolis
shale, whereas that between the upper two sandstones is dark gray.
The third sandstone from the bottom was found to be very fossiliferous at -one place, and from the collection made Mr. Stanton has
been able to recognize the following species, several of which are new
and undescribed.
·
Lot 10175, northwest flank of Big dome, Maverick Springs, Wyo.:
Ostrea soleniscus Meek.
Crassatellttes sp.
Ostrea unomioides Meek.
Cardium puuperculum Meek.
Ostrea sp.
Cyprlmerla sp.
Ostreu snnnlonls White.
Telllna sp.
Exo~a sp.
Mactra sp.
Lima sp.
Pholadomya coloradoensis Stanton.
Camptonectes platessa White.
Thracla sp. C.
Mytllus sp.
Actaeon sp.
Shnrk teeth. either Lnmna or Otodus.
Avicula gastrodes Meek.
Inoceramus acutepllcatus Stanton.
Placentlceras sp.
Pedallon sp.

In the upper sandstone, which lies about 50 feet above the bed from
which the fossils listed were ·collected, there are in some places beds
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of oyster-shell fragments. . The following collection was made from
one of these beds:

I

Lot 10179, northeast finnk of Big dome, Maverick Springs, Wyo.:
Ostrea sannionis White.
Ostrea sp.
Inoceramus erecta Meek.

Pedallon sp.
Cardium sp.

Formations ahove the Frontier formation.-The marine Cody
shale, which lies above the Frontier formation, is estimated to be
from 2,000 to 3,000 feet thick. Nowhere in the Maverick Springs
field is it well exposed, but it is known to underlie the nearly level
plain surrounding the Maverick Springs domes. North of the
Owl Creek Mountains, in the Big Horn Basin, the name Cody
shale i was first applied to the formation lying between the Frontier
and Mesaverde formations. Hares 2 divided the series in central
Wyoming into the Steele, Niobrara, and Carlile shales. Woodruff&
in his examination of the coal beds of the Wind River Basin used
the term Mancos shale to designate the whole series of formations
from the Cloverly to the Mesaverde.
The Mesaverde formation, which overlies the Cody shale, owes
its origin to deposition in fresh water and is described by Woodruff
and Winchester~ as consisting of a mass of sandstone and shale
ranging in thickness from 1,000 to 3,000 feet, the lower portion
characterized by thick-bedded sandstone and the upper portion
composed chiefly of shale; both members contain coal.
In the region southwest of Maverick Springs the underlying rocks
are unconformably overlain by the Tertiary Wind River formation, ,
which conceals their structure.
STRUCTURE.

General features.-The structure of the Maverick Springs field
is shown on the structure contour map (Pl. XXI, in pocket) and
the three cross sections which are published with it. The structure
contours are lines of equal altitude drawn, as nearly as the position
can be determined, on the top of the massive" upper bryozoan" limestone bed in the lower formation (Park City) of the Embar group.
The structure in general may be characterized as that of an irregular
anticline extending about 12 miles in a northwesterly direction. Its
southwest limb is very steeply inclined, and in some places it is over1
Hewett, D. F., and Lupton, C. T., Anticlines In the Big Horn Basin : u. s. Geol.
Survey Bull. 656, pp. 24-25, Hl17.
'Hares, C. J ., Antlcllnl's in c&ntrai Wyoming: U. S. Geol. Survey Dull. 641, table !acing
p; 238. llll6.
• Woodruff, E. G., and Winchester, D. E., Coal tlelds o! the Wind :River region, Wyo.:
U. S. Geol. Survey Bull. 471, pp. 52~23, 1910.
' Idem, p. 523.
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turned and faulted, but the detail of its structure could not be determined in the time at. the writer's disposal, and the contours shown
on the map for that part of it are only rough approximations. Its
northeast limb dips at a comparatively lo~ angle. The crest of this
anticline is divided by low structural saddles into three well-marked
domes, called the Circle Ridge dome, the Big dome, and the Little
dome, ~ shown by the structure map.
Circle Ridge dome.-The northwest dome, which is surrounded by
Circle Ridge, is about 1 by 2! miles, its longer axis extending northwest-southeast. The rocks near the quarter corner on the west
side of sec. 6, T. 6 N., R. 2 W., dip about 12° E ., l:Jut on its northeast limb, the position of which is indicated by Circle Ridge, in the
E. i sec. 6, the dips are from 30° to 48°. On the southwest limb
the rocks are slightly overturned, showing a dip in one place of 65"
NE. Several faults having throws of .less than 50 feet were noted
in the field, and the irregularity of outcrops observed near the north
end of the·dome can be accounted for, in the writer's opinion, only
by faulting. The lowest rocks exposed are believed to belong to the
Dinwoody or upP.er
formation of the Embar group.
I
Big dome.-The north end of the axis of the Big dome lies about a
mile east of the south end of the axis of the Circle Ridge dome, the
two domes being separated by a saddle whose lowest point is about
700 feet below the highest point in the Big dome, as may be seen from
the structure contour map. The longer axis of this dome extends for
about 7 miles and lies parallel to the zone of steeply dipping rocks to
the southwest. The dips of the northeast limb average about 10°.
On the southwest limb the dip averages. about 30° for about a mile
from the crest; then it becomes much greater. The lowest rocks exposed are in the Chugwater formation, about 100 feet below the large
gypsum bed and 400 feet below the top of the formation. Several
faults trending across the axis were observed but were not considered.
of great importance as affecting the accumulation of t.he oil, because
of their small displacement and the great thickness of shaly beds
above the oil horizon. Owing to the shortness of the time at the
geologists' disposal, the faults were not carefully mapped, though
their approximate positions are indicated. The highest part of the
dome, as shown by the survey of its surface and the location of the
productive wells, is in sec. 22, T. 6 N., R. 2 W., not far from the
quarter-section corner on the east side.
Little dome.-The Little dome lies southeast of the south end of the
Big dome, from which it is separated by a saddle 2,000 feet lowe~
than its highest point. Its axis is not parallel with that of the Big
dome but trends nearly due east, and it can bo traced eastward for at
least G miles. Its highest point and therefore its Yaluable portion is
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mthe N. t sec. 15; T. 5 N., R. 1 W.. The dips on the north limb are
as high as 45° ; those on the south limb are a.bout 27° for half a mile
from the crest and then become nearly vertical or slightly overturned. A fault trending parallel with the longer axis was observed
at one point on the south limb, where the dip changed abruptly. · The
outcrops of the Thermopoli~ formation near the east end of the dome
are somewhat irregular and show that the rocks have been more or
less crushed. T4e iowest rocks exposed in sees. 10· and 15, T. 5 N.,
R. 1 W., belong to the Morrison formation.
Other possible domes.-A narrow anticline, southwe!)t of the Big
dome extends st>utheastward into sees. 17, 20, and 21, T. 6 N., R. 2 W.
It wa.S not examined by the writer, and whether or not the rocks are
folded into a dome is not known. This anticline, however, is not
considered promising, because it is surrounded by rather closely
folded rocks and has only a small area from which oil could be collected.
About 3 miles southwest of the Big doroe the Cody shale is partly
exposed .and suggests a series of anticlines extending in a northwesterly direction parallel to the Maverick Springs UP,folds. These features are so .largely covered by the Wind River formation as to make
any statement of their probable positions hazardous, and the W!'iter,"
who made only a hasty reconnaissance in that direction, has not attempted to work out the structure. If an anticline or anticlines can
be located, it is probable that oil will be found in the Frontier formation and will be of much higher grade than that now produced in the
Maverick Springs field.
An extension of the main anticlinal structure to the southeast of
the Little dome is also possible, though if it is present it is covered by
the Wind River sandstone and can be located only by the drill.
The writer's attention was called to a supposed dome about 4 miles
northeast of the center of the Big dome, in sec. 31, T. 7 N., R. 1 W.,
and sec. 5, T. 6 N., R. 1 W. This was found to be the south end of a
long anticline which has been mapped by Condit in his explorations
for phosphate in the Owl Creek Mountains and which does not encourage the search_ for oil, for the Tensleep sandstone is exposed in
its crest, several miles to the .northwest. This anticline extends for
about 5 miles southeast of the point where it was inspected by the
writer, and it may be a dome, with the Cody shale exposed in its apex
somewhere in that distance. In sec. 6, T . 6 N., R. 1 W., there is a
fault extending northwest, by which the Cody shale is brought into
contact with the Thermopolis shale. No attempts are known to have
been made to locate or prospect any structural feature in the vicinity
other than the three domes first described.
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PRESENCE AND CHARACTER OF ARTESIAN WATER•

.Rather strong springs yielding" alkali water;, occur on the west·
side of the Big dome,· reaching the surface through the Sundance
and Morrison formations in sees. 22 and 36, T. 6 N., R. 2 W., and
sec. 6, T. 5 N., R. 1 W.; and sulphur water seeps out of the Chugwater·formation in sees. 23, 25, and 26, T. 6 N., R. 2 W. ljearly all
the ·deep wells produce more or less water, which usually flows from
the top, and in some of the wells water was struck at several horizons before the oil sands were reached. Little attention was given
in the field to these occurrences, and no samples were taken for analy: sis, but the following notes may have some suggestive. value.
In at least four of the wells drilled on the Big dome, in sees 23,
24, and 25, T. 6 N., R. 2 W., and sec. 31, T. 6 N., R. 1 W ., flows of
"sulphur water" were encountered in passing through the Chugwater formation, and in o~e of these wells in sec. 25, T. 6 N., R. 2 W.,
a strong flow of water described as " fresh " was brought ·in either
from the Embar group or from the Tensleep sandstone. The well
on the Little dome, in sec. 15, T. 5 N., R. 1 W., has a flow of "salt
water" which has polluted the lake west of it, but whether this flow
is from the Sundance or the Chugwater formation was not learned.
The very porous nature of the outcrop of the large gypsum bed noted
in the Chugwater formation suggests that it has been partly dissolved, and if so an analysis of the water from these wells might
throw some light on the composition of the gypsum bed at greater
depth.
THE OIL.

Origin.-The oil found in the Big dome at Maverick Springs was
probably derived from organisms whose fossil remains are found embe(lded in the Embar group or possiby the for.!Jla.tions which underlie
that group. Since the formations were warped and folded water has
caused the oil to move upward and to collect locally in anticlines and
domes beneath some impervious shale of the Embar group.
Oharacter.-The oil produced in this district is a heavy asphaltic
dark-brown oil having an odor of hydrogen sulphide. A sample·
taken from the tank at the Carter well, in sec. 23, T. 6 N., R. 2 W.,
which was analyzed at the Pittsburgh laboratory of the Bureau of
Mines, had a specific gravity at 15° C. of 0.921, or 22° Baume. In
distillation it began to boil at 90° C. and yielded 3.1 per cent of gasoline which distilled below 150° C., 36.1 per cent of kerosene which
distilled between 150° and 300~ C., and 39.2 per cent, mainly asphalt,
which could be distilled at higher temperatures.
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A detailed statement of the analysis is as follows :
Resul ts of distillation of oil from ·Maverick Springs {tela, Wvo.
[Diatlll&tion in Bureau of Mines Hempel 11ask. Amount distilled, 200 cubic centimeters.
l>' lrst drop, oo• C. ]
Air dlatillation. with fraetlonatln• eolallllJI.

Fractions

Temperat rire ("C.).

Po&:gm:·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
125 to 1.50 •.... ......••..... •.•...............•.... .. . ...............
1.50 to 175•............... . ..... . . . . ..... .. .. ... . ....................
175to200 . .......... ... .... .. ......... ... ......... . ..... . ... ... ..... .
200to225 .................... . .. . . ......... .. . .. .... .............. ..
225 to21i0 . ..... ............. . .... . ..... .. ...... .. ... ............... .
21i0 t o275 . . . ... . . . ........... . ... ... . . ..... . .. . . .... .... .. ......... .
275to300 •........••...••... ...........................•.. . . ........

( per cent by

volume).

Total per
cent distllled by
volume.

Bpjl(!IIIO

gravity.

:~ .... .... i:i· .......o.'739 .

0

u

3.2
3. 9

5.2
6.1
15. 1

g ..........763

8.9
12.8
18.0
24. 1
39.2

,780
. 806
.822
. 840
.859

Vaeaam dlatlllatlon, wlthoat fraetlonatln• eolamn: preaaura 40 mm.

Bum per
T emperature (" C.).

E~:g~:.:::::::: : ::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::: :

200to225... . ............. . ..... . .. ... ... . ........ .. ..... . ......... . . ..... . .... ..
225to21i0................ . ...... ......... .. .. ............... . .................. ..
21i0to275.....•.....•................ ..... .. . . ..... . ........... ...............•.•
275to301.. .. .............. ....... . ....... .. ............. ...................... ..

Residue..... . ..... .. ...................... . .. . . . ....................... . ....... .

oentof

Total per
oentdls-

fractious.

volume.

vacuum

1.5
2.5
3.5
6.5
11. 0
17.0
23.0

tUled by

40.7

43-:r
46. 7

63.2
64.2
81.0
104.0

No wax; much tar. Sulphur, 2. 73 per cent.

The oil is of practically the same grade as that produced in the
Lander field, where the specific gravity of five samples averages
about 0.913, or 23.3° Baume, and fractional distillation of the same
samples yielded an average of 2.1 per cent gasoline distilled below
150° c. and 22.7 per cent kerosene distilled between 150° and 300° C.1
The oil from the Embar group in the Maverick Springs region
is not so valuable as the oils found in higher formations in· other
Wyoming fields-for example, the Grass Creek 'oil, a sample 2 of
which had a specific gravity of 0.798, or 45.3° Daume, and yielded
35 per cent gasoline distilled below 150° C. and 32 per cent kerosene
distilled between 150° and 300° C.
DEVELOPMENT.

Developments in the Maverick Springs field have not proceeded
far enough to justify a prediction of what it will produce. Though
three well-marked domes containing. some oil and gas arc known,
1 Woodrutl', E. G., The L a nder oil field, Fremont County, Wyo. : U. S. Gcol. S urvey Dull.
452, p. 29, 1911.
• Hewett. D. F., a nd Lupton, C. T., Anticlines In the southern part of tbe B ig Ilorn
Ba~ln, W yo.: U.S. Oo•ol. Surv<•y llull. 656, p. 51 , 1917.
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in only one, the· Big do_me, have commercial quantities of oil yet
been found. Other domes, not well marked and partly concealed
by Tertiary deposits, both to the southeast and southwest, may contain oil of a higher grade than the Maverick Springs oil. The field
is not yet connected with the railroad by pipe lines.
Bif! dome.-The first successful well in this field, in the NE. :t sec.
22, T. 6 N., R. 2 W. Wind River meridian, was drilled by the Sheridan Oil Co. Probably the coal for firing the boilers was dug along
the Mesaverde outcrop a few miles to the southwes~ and hauled
in wagons to the scene of operations. In 1917 this well was reported
to have struck oil in a. crevice in the Embar tocks at a depth of
1,125 feet and to have had an initial production of about 240 barrels
a. day.
After this discovery was made the drilling of other wells went on
more rapidly, oil from the Sheridan well being used as fnel. A well
1,400 feet deep, drilled by the c·arter Co. in sec. 23, is reported to
have struck a strong flow of sulphur water at a depth of 150 feet.
Indications of oil were found at several horizons in the Chugwater
formation, but the first oil sand, from which most of the output
comes, is a 17-foot sand in the Embar rocks, about 137 feet below the
top of the massive "upper bryozoan" limestone and 1,192 feet from
the surface. Although other oil sands were found at greater depth,
the drilling was discontinued at 1,400 feet for fear that a strong flow
of water might be encountered that would interfere with the production of the oil. The Carter Co. is drilling another well in theSE. :1
sec. 26, in which it has struck a flow of gas st a depth of 400 feet.
The Ohio Co. has two wells in the W. ! sec. 22 that produce from 10
to 15 b11-rrels of oil a day. In one of these wells the oil sand is
about 190 feet below the top of the massive limestone. In September, 1918, the Sheridan Co. had drilled two wells, one in the NW. t
sec. 31, T. 6 N., R. 1 W., and one in the SW. i sec. 25, both of which
failed to find oil. The well in sec. 31 is reported to have been drilled
us far as the Te.nsleep sandstone, and from it there is a strong flow
of sulphur water. The well in sec. 25, said to be 1,600 feet in depth,
probably reached the Tensleep sand. It first struck sulphur water
and later fresh water, both of which are flowing at the surface. A
well drilled by the Northern Petroleum Co. near the west side of sec.
24, T. 6 N.,. R. 1 W., to a depth of 515 feet, and a well 735 feet deep
in the NW. t sec. 6, T. 5 N., R. 1 W., sre thought to be too far down
on the slope of the dome to be productive.
When the camp was visited, in September, 1918, derricks were
erected and wells were being drilled at several localities in the W. !
sec. 23, T. 6 N., R. 2 W., where it seems evident that oil will be
found. ]from the discoveries that have b~n made it is the writer's
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opinion that ~he productive wells of the Big dome will be within .
the area outlined by the 5,600-foot contour on the structure map.
The latest report furnished to the writer by Mr. M. S. Durril, of
Pavillion, Wyo., owner of the well in the NE. i sec. 22, T. 6 N.,R. .2
W., is that· on April 2, 1919, nine productive wells had been drilled
in sees. 22 and 23, on& of which yielded 1,000 barrels a. day, and that
some of these wells had been pumped for 30 days into earthen tanks
without decreasing the rate of production.
Little dome:-The Carter Co.'s well in sec. 15, T. 5 N., R. 1 W.,
is near the apex of the Little dome. In September, 1918, this well
had reached a depth ·of 1,500 feet, where it had encountered a rather
strong fl.ow of gas from the Chugwater formation, which on being ignited destroyed the derrick. Operations could not be resumed before
winter set in, but in April, 1919, the well was reported to have reached
a depth of 1,950 feet. The depth at which the oil .sand would be
reached was estima~d at about 2,200 feet.
In September, 1918, the Sheridan Co. was also preparing to drill
in sec. 10, a short distance away from the center of the dome.
Circle Ridge dome.-The Circle Ridge dome is, in the writer's
opinion, the most unpromising of the three domes here described, as
it is eroded down to the Embar rockS, is more crushed on its southwest side, and shows the asphalt left behind where some of its oil
has escaped. No deep wells have been drilled in this dome, but
should future developments in the other domes prove that they contain an exceptional amount of oil, a small number of test wells on
this dome will be justified.
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