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"CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912.

PART II. MINERAL FUELS.

Maros R. CampBELL, Geologist in charge.

INTRODUCTION.

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

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

Brief abstracts of the Survey’s publications of the year are given in
the annual report of the Director. The complete list of Survey pub-
lications affords, by means of finding lists of subjects and of authors,
further aid in ascertaining the extent of the Survey’s work in economic

geology.
7
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PETROLEUM AND NATURAL GAS.

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

By D. DaLe CoxbIr.

INVESTIGATIONS IN THE AREA.

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

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

. only that area receives attention in this paper.

! Griswold, W. T., The Berea grit oil sand in the Cadiz quadrangle, Ohio: U, 8, Geol. Survey Bull. 198,
43 pp., 1802,
1 Griswold, W. T., and Munn, M. J., Geology of oil and gas fields in Steubenville, Burgettstown, and
Claysville quadrangles: U. 8. Geol. Survey Bull. 318, 196 pp., 1907.
9
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GEOLOGY.
) STRATIGRAPHY.
The stratigraphy of the area has been discussed in detail in previous

reports and only a brief outline is needed here. The surface rocks
belong in the Conemaugh and Monongahela formations of the Car-

boniferous system: The Pittsburgh coal, which is the basal bed of the .

Monongahela formation, .appears near the top of the hills at Rich-
mond, East Springfield, and Germano, and is the principal source of
fuel for the country people. _

Beneath the Pittsburgh coal lies the Conemaugh formation, which
comprises about 470 feet of sandstone, sandy shale, and clay, much
of which is brick red,” and a few coal and limestone beds of
little economic importance. The most noteworthy stratum is the

Ames or ‘““Crinoidal”’ limestone member, which lies 210 to 225 feet

below the Pittsburgh coal. It consists of one or more layers, having
a total thickness of 2 to 10 feet, and can easily be recogmzed by the
abundance of crinoid stems it contains.

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

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

The Mississippian strata in the region are probably somewhat less
than 700 feet thick and consist of sandy shale and several porous

sandstone beds, which constitute reservoirs for petroleum and natural -

gas. Near their top is a thick, coarse sandstone best known among
drillers as the Big Injun sand, and about 350 feet lower is the Berea
sand, which is the great oil sand of eastern Ohio. It is believed.to be
the same as the famous Berea sandstone quarried at Cleveland. Few
wells have been drilled deeper than the Berea sand and knowledge of
lower rocks of the region is slight.

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

Two well records are given to illustrate the general succession of
rocks as reported by the driller.

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

Log of well No. 278 (No. 1 on L. D. Rhinehart farm at East Springfield).

Thick-
ness. | Depth.
. Feet Feet
1201} DTS 10
Sand, gray........... 145 1
Limestone, blue, hard . 10 1
Fireclay.............. 20 1
Shale, red 0T < - G 115 300
o 1oyl T Y S P T T
1 50 350
Sand, White, Soff. oo ..ot i 40 390
Shale, Gark............o.. o 35 425
(07 S P . 4 429
Shale, gra . 16 445
Sand, 'white. 20 465
Shale, black. 10 475
0 A ] LR
B -] P 30 506
BRAIS, BIACK . v e e oo s e oo 70 575
Sand, %ray hard (Second CowRUD) ... oooiiiiiii i, s - 30 605
Shale, BlacK, SOMt. oot e i 50 655
Show Of COBL. - oo e T
Fireclay, whlte, soft.. . 20 875
Shale, black. ..... 45 720
Sand, dark, hard 25 745
Shale and sand . . 40 785
Sand, white, soft. (Salt sand). .. 70 8556
Shale and sand, dark,hard............cooaannl. e et et e ettt e eaaeaieaaaaaaaaas 115 970
Sand, Big Injun, yellowish, sort; .......................................... e oo ). 1,070
Sand, =1t 8121 e T 407 1,110
Shale, and blue rock, hard . . 270 | 1,380
Shale BIBCK, SOMt . oo eee it et e i 35 1,415
Sand, Berea bluish hard , slight show of oil and gas .- 45 1,460
Shale, bluish 1] 17 AP 37 1,497

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

Log of well No. 690 (No. 7 on the J. Rutledge farm, sec. 18, Springfield Township).

Depth | Depth to
to top. | bottom.
Feet Feet.
Conductor .......................................................................... 0
.................................................... 300 [..eninenen
(S:altééud'ﬁmi ............................................. gég ..........
7o W :4: ) JOR ) N < 1
Big Injun S8R . cc.ee et e PUUDR 855 T 970
Berea sand:
{;}me cap.. 1,342 1,368
rst pay (oil) 1,368 1,378
el | vl e
............................ e 1
POUAYAODER. 2 vene e eneennnseeemmmnnieseonn BRSNS o 1,308
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OIL AND GAS SANDS.

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

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

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

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

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

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

At many points in the Cadiz quadrangle the altitude of the Pitts-
burgh coal above sea’level was determined by spirit leveling. In
areas where this coal is not present, as where it has been removed
by erosion along the structural arch known as the Salem anticline,
its position is calculated from that of the Ames limestone, Wthh
, outcrops about 290 feet lower. Altogether, its altitude was deter-
mined at hundreds of places and its structure or “lay” shown by
contour lines drawn through points of equal altitude. From this
structural map the structure of strata at and near the surface in this
region may We inferred with considerable accuracy, because all of
them lie appr(ommately parallel to it. The Berea sand, however, lies
so deep and/lts distance below the Pittsburgh coal varies so widely
from place, fo place that its structure map of the coal will not apply
to the sand( directly. By taking account, however, of the ever-varying
interval between the Berea and the Plttsburgh as shown by well
records, al accurate structural map of the oil sand differing consid-
erably from that of the coal may be deduced. The difference in the
position; of the contours on Plate I and on Griswold’s map * is due
largely 3;0 corrections made possible by new well records.

The Appalachian coal field is a great canoe-shaped basin into which
the rocks slope from all sides. Eastern Ohio lies on the west side of
this basin, hence the prevailing dip is southeastward. Numerous
wrinkles or folds in the strata along the slopes of the basin give anti-
clineg and synclines which cause local flattenings and even reversals
of the dip, but whose effects are very insignificant when the basin is.
cog{sidered as a whole. Their influence, however, in the accumula-
tion of petroleum and natural gas has long been known and for this
refason their accurate mapping is important to the oil operator.

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

1 The Berea grit oil sand in the Cadiz quadrangle, Ohio: U. 8. Geol. Survey Bull. 198, Pl. I, 1902.

o
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lations that suggest cross folding. Along the crest rise several minor
domes, the highest of which is near the village of Salem. A promon-
tory-like area extends eastward beyond Richmond, immediately north
of which lies a shallow depression, adjacent to a low “saddle” in the
Salem anticline.

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

SALT-WATER SATURATION’

It is'generally conceded that the structure of thf‘a, rocks is an impor-
tant factor in the accumulation of oil and gas aiyd that a contour
map showing the anticlinal and synclinal folds of a region is indis-
pensable for the intelligent selection of favorable territory for drilling.
But the extent to which the sand is saturated with saI‘-ti water is also
important and should be known to anyone making ailocation. It
has been found that there is an upper limit of saturation of the various
sands and that there has been a widespread accumulation of oil at
this water line. In the Berea sand the water line varies conmderably
in altitude from place to place. Well No. 249 near Richmond, which
struck the Berea a little above the 740-foot contour (260 feet below
sea level) is reported to be water bearing. But well No. 242, which
found the Berea a little above the 790-foot contour, gives gas. In
the Hopedale field, 3 miles southeast of Cadiz Junction and beyond
the area represented on the map, a strong flow of salt water is en-
countered in the wells reaching the Berea sand at the 730-foot con-
tour and gas appears in Wells reaching it at the 775-foot &onbour
In the Jewett pool the water line is somewhat higher, salt Water bemg
found at the 780-foot contour and gas at the 800-foot contour. | Evi-
dently the upper limit of salt water rises northward across the:Ger-
mano basin, for well No. 225 (near Amsterdam), in which the top of
the Berea sand lies near the 800-foot contour, yielded much salt
water. .
The altitude of the water line in the Berea sand thus varies con—
siderably from place to place, but becomes progressively higher
porthward. Its rise is gradual along both sides of the Salem anti- .
cline, but differs considerably on the two. '

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

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

- the oil sand lies below the level of saturation, many oil pools closely
follow the strike of the rocks for several miles. Such occurrences -

suggest that the water level fluctuated during former geologic ages,
and that each hydrostatic condition was accompanied by the accumu-
lation of oil. :

From evidence obtained in areas not shown on Plate I the following
generalizations can be made: (1) In areas where the sand lies well
above the water line, the 0il occurs in very irregular pools, the shapes
and dimensions of which are controlled by the porosity of the sand
rather than by the direction of dip. It is well known that the Berea
sand is for the most part only slightly permeable and that the oil pools
lie at favored places where it is locally of more open texture. Occur-
rences on anticlinal slopes above the water line represent permeable
areas in which the oil is retained by an adjoining impermeable sand.
(2) The greater number of oil pools found at or near water line lie in
““embayments’ along the flanks of anticlines rather than on anti-
clinal “noses” or promontory-like structures. This fact has an
important bearing on prospecting and is also of considerable interest
as suggesting that the water line has in comparatively recent geologic
time receded from a higher level. (3) In pools below the water line
the oil as a rule follows more or less closely the strike of the rocks for
some distance, suggesting that the pools are the result of one or more
ancient and lower water levels, each of which produced a correspond-
ing accumulation of oil.

POOLS -OF THE AREA.

AMSTERDAM AND VICINITY.

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

The wells alorig the Yellow Creek valley southwest of Amsterdam
are in the First sand, but some in the northwest corner of sec. 24,
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Springfield Township, draw from both sands. Nearly all of the oil
produced in see. 30, London Township, comes from the Second sand.
The same is true of the gas wells to the northwest in secs. 25, 31,
and 32, and also farther west near the village of Kilgore, which lies
just beyond the edge of the area mapped. About one-fourth mile
beyond Kilgore is another oil pool.

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

The.Second sand of the Berea has been noted in wells 2 miles south
of the gas field in secs. 25 and 31, London Township. A slight
“showing” of gas and oil was found in well No. 362. The Second
sand was recorded in well No. 361, but was not found in well No. 364.
Northward from the gas field the occurrence of the Second sand is
uncertain. It is productive in well No. 628, in sec. 2, but is missing
in well No. 627. Some gas has been found in wells Nos. 624, 239,
618, and 717, near the north edge of the quadrangle, but is said to
come from the First sand of the Berea in all of them.

- South of the above-mentioned gas field lies an untested area which
appears structurally favorable for yielding both oil and gas. The
sand in the Kilgore oil pool lies at about the 870-foot contour. The
productive area is located on the west flank of the anticlinal ‘“nose,”
which separates it from the Amsterdam pool. An extension of the
Amsterdam pool along the same level would lead southwestward

- between the dry holes Nos. 667 and 668: Wells Nos. 643, 653, and'

666 are said to have a good development of the First sand in the
Berea; hence there is a possibility of production from it as well as
from the Second sand. Well No. 636, although lying considerably

higher on the anticline than the oil wells to the east and west, is

reported to yield considerable oil along with the gas. The valley of
Elk Fork in sec. 36 and the northern part of sec. 6 to the west are
suggested as favorable territory for the search for both oil and gas.
Gas may also be expected in sec. 25, provided the sand is good.

All the wells in the immediate vicinity of Amsterdam, as well as

LN

those a mile northeastward along the valley of Yellow Creek ‘probably -

draw from the First sand of the Berea. All are moderate producers,
and start at 2 to 10 barrels. A good development of the Second
sand, which is gas bearing, was found in well No. 690 and in several
others near by. In the oil wells to the southeast, near Wolf Run, the
Second sand likewise has gas, but is also oil bearing, and is said to
furnish much of the yield. Apparently it is only a matter of time
until the Wolf Run area is joined with that to the northwest by a
continuous line of producing wells. The structure in the territory
toward the east in sec. 1 appears favorable for prospecting, and may
yield from both sands. Well No. 282 was drilled only to the First
sand, and gave a showing of oil. Much untested territory lies farther
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east. Well No.279 found a hard sand. Well No. 266 is dry in the
Berea, but gave a showing of oil in the Big Injun sand. Well No. 269;
in sec. 14, Ross Township, gave a showing of oil 28 feet below the top
of the Beres.

RICHMOND AND VICINITY.

The pay sand of the Berea in the gas wells at Richmond is less than
4 feet thick, and lies 5 to 10 feet below the top of the Berea. The
structure to the south appears the most favorable for oil, but a poor
sand is reported in the several dry holes that have been drilled. Well
No. 302 gave a showing of oil and gas, arid Nos. 305 and 306 a showing
of gas. Well No. 247, of which no record was obtained, was drilled
at a location theoretically good, but penetrated a sand reported as
dense and impervious, and found no oil. Considerable drilling has

been done recently on the Kilgore and neighboring farms east of

Richmond and just beyond the edge of the area mapped, and both

oil and gas have been found. On the Kilgore farm a-2-barrel oil well,
from which 2 barrels of salt water were also pumped daily, found the
sand at about the 730-foot contour. Oil and gas are associated in &
well half a mile north and a little higher structurally. The failure
to obtain oil of gas in holes drilled a little southwest of this well is
attributed to the hardness of the sand. These facts give little
encouragement for the finding of much oil in the vicinity of Richmond.
Drilling near East Springfield and Salem has given uniformly
unfavorable results, disclosing at best only a slight showing of oil or
gas. Well No. 741, recently completed near Salem, is added to the
long list of dry holes in that region, and the sand is reported as very
inferior and compact. It seems improbable that either oil or gas
will be found in the higher portion of the Salem anticline. The east
and west slopes of the Germano basin are suggested as more likely
territory for prospecting, although locations can not be definitely
specified. There should, however, be an accumulation of oil at the
upper limit of salt water, which is at or near the 800-foot contour. A
showing of oil has been reported in wells Nos. 209, 236, and 320.

365°—Bull. 541—14——2 ~






GAS FROM MUD LUMPS AT THE MOUTHS OF THE
MISSISSIPPI.

By E. W. Suaw.

MUD LUMPS.

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

The present report, which is based on a preliminary examination of
the mud lumps, made by the writer in November, 1912, sets forth the
principal facts which seem to have a bearing on the possible existence
in these places of valuable accumulations of gas.

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

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

MUD SPRINGS.

Among the most conspicuous and impressive features of the lumps
are the mud springs, which are active on many, though not on all, of
the lumps. The discharge from these springs consists of salt, watery
mud (sludge) and gas. The amount of sludge discharged is very

small and the flow of gas is less than 10 cubic feet an hour. The .

mud accumulates around the vents and forms cones ranging from a
few inches to several feet in height and having a rather striking
resemblance both in form and explosiveness to miniature volcanoes.

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

COMPOSITION OF THE GAS.

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

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

Laboratory No. 3149. 23 | Laboratory No., 3150. 3

miles southeast of Pass miles west of Burrwood,

a Loutrelighthouse. Size La. Size of sample at

of sample at atmospheric atmospheric pressure
retssure about 0.1 cubic about 0.5 cubic foot,

oot.

As received. | Airfree.! | Asreceived. Air free.
[0 PN 4,98 5.22 2.14 2.42
O 1.38 .00 2.70 .00
.00 .00 .00 ). .00
77.05 82.50 84, 50 97.02
16. 59 12.28 10. 66 .56
100.00 100. 00 100. 00 100. 00
Heatmg value per cubic foot at 0° C. and 760
.................. British thermal units..|.............. 74 I DO, 1,033

1 Assuming that the O and part of the N got into the sample in the form of air, either before or after the

sample was collected.

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

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

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

The analyses seem to indicate that the gas is not of deep-seated
origin, but has developed within a few feet of the surface, for certain
hydrccarbons commonly present in gases found deep in the earth are
lacking. The principal constituent, methane (CH,), emanates from
most if not all marshes and generally carries with it minor and variable
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amounts of nitrogen, oxyge.n, and carbon dioxide, all of which are
produced in the decay of vegetable matter. Natural gas associated
with petroleum generally contains other hydrocarbons, particularly

ethane, the amount of which ranges from a trace up to 15 per cent -

or more. Some gases found in deep wells are, however, practically
pure methane. Ethane and ethylene, on the other hand, have rarely
if ever been found in marshes. Hence, it appears probable, though

not certain, that the gas from the mud lumps is produced in the ordi- -

nary reduction process, which affects plant material in marshes.
CONCLUSIONS.

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

(1) As Lyell and Hilgard long ago pointed out,; the amount of gas
' given off seems too small to accomplish such results. There is no
reliable report of a flow more rapid than about 10 cubic feet an hour.

(2) If the mud lumps were forced up by gas one might expect the
rate of growth to increase rapidly and explosions to be common.

(3) The lumps are composed largely of clay, which seems to be
present nowhere else in the delta in such thick beds. If their up-
heaval were due to natural gas the more fluid beds, such as clay,
would probably be thinned instead of thickened.

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

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

,f\



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

By Caru D. SmiTh.

INTRODUCTION.

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

Natural gas was discovered in Massard Prairie 5 miles south-
east of Fort Smith and also about 2 miles southeast of Mansfield,
Ark., a number of years ago, and more recently it has been found
4 miles east of Poteau, Okla, This particular area has been selected
because it has been more extensively prospected for gas than any
other part of the Arkansas Valley trough, and because geologic
structures here are typical of a great deal of untested territory in
Arkansas and Oklahoma. Further details of structure in a part
of this general region are given in other publications.’

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

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

report.
TOPOGRAPHY.

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

1 Collfer, A. J., The Arkansas coal field : U. S. Geol. Survey Bull. 326, 1907. Taff, J. A.,
and Adaws, G. 1., Geology of the eastern Choctaw coal field, Indlan Territory : U. 8. Geol.
Survey Twenty-first Ann. Rept., pt. 2, 1900.
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closely related that reference from one to the other is necessary to
an understanding of either. ‘

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

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

GEOLOGY.
STRATIGRAPHY.

The formations which make up the geologic section discussed in
this report belong to the Pennsylvanian series of the Carboniferous
system, as proved by both fossil shells and plants. That part of the
section lying above the top of the Hartshorne sandstone contains a
number of coal beds 1 to 7 feet thick; below the Hartshorne no coal
of economic importance has yet been found.

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

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

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

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

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

McAlester shale—In areal extent the McAlester shale far sur-
passes any of the other formations. On account of the relative soft-
ness of its constituent materials the McAlester forms the surface
rock of most of the lowlands and prairies, which are interrupted here
and there by local developments of ridge-making sandstone beds
occurring in the shale. The thickness of the McAlester has been
estimated at 2,000 to 2,500 feet.

" In Arkansas the McAlester shale has been subdivided into several
formations, but in order not to complicate the map these subdivisions
have been omitted. :

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

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

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

STRUCTURE.

GENERAL CHARACTER.

The area herein described is a part of a large region occupied by

. the same or similar formations lying between the intensely folded and
faulted rocks of the Ouachita Mountains to the south and the slightly
disturbed rocks of the Ozark uplift to the north, and extending from
the latitude of Atoka in southern Oklahoma, northeastward and east-
ward to the vicinity of Little Rock, Ark.
~ The structure of the region, broadly speaking, is unsymmetrical,
in that the folding south of the central part of the trough or basin
has been more intense than to the north. Between the latitudes of
Atoka and McAlester in Oklahoma the trend of the folds is north-
east-southwest; from the vicinity of McAlester eastward the folds
trend generally east-west. Some of the anticlinal folds, especially
near-the south side of the area, have comparatively steep dips on their
north sides, and are in places overturned in that direction.

In Oklahoma the area is bounded sharply on the south by the great
Choctaw fault, which extends from the vicinity of Atoka north-

eastward and eastward into Arkansas. Toward the northwest, in

Oklahoma, Canadian and Arkansas rivers may be taken as marking
approximately the northern limit of the Arkansas Valley type of
structure. Northward the folds die out into a monocline with a gentle
westward dip.

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

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

FOLDS.

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

Biswell Hill anticline—Biswe]l Hill, an elliptical domelike emi-
nence northeast of Greenwood, which is mantled over by the Harts-
horne sandstone, is the topographic expression of a broad anticline
whose axis lies parallel to and a short distance northeast of the east
end of the faulted Backbone anticline. The fold is slightly unsym-
metrical, the dips to the north being steeper than those to the south.
Like the Backbone anticline, of which it is an irregular continuation,
the Biswell Hill anticline marks an area without coal surrounded by
the outcrop of the Hartshorne coal bed, which dips away from it to .
the north and to the south. The structure of Biswell Hill, though
not so pronounced as that from which gas is obtained southeast of
Mansfield, seems to be as good as if not better than that southeast of
.Fort Smith for the accumulation of gas. What effect the Backbone
fault, which ends against the west side of the anticline, may have had
on the reservoir-forming, deeply buried strata is problematic; it is
possible that this break may have disturbed the rocks in such a way
as to form an outlet to the surface, thus allowing any gas that may
have collected to escape.

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

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

Hartford anticline—The axis of the Hartford anticline trends
east-northeast and west-southwest through the town of Hartford,
Ark. The lowest rocks brought to the surface by the upward fold
are exposed in Coops Prairie, a flat area almost completely sur-
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rounded by elongated or elliptical encircling ridges made by sand-
stones of the Atoka formation. In this prairie are located the pro-
ductive gas wells which furnish fuel for Mansfield and vicinity.
From the crest of the axis the strata dip away in all directions. To
the west the plunge of the axis of the fold continues for a longer
- distance than toward the east, hence rocks successively higher in
the geologic column appear at about the same level. A few miles
northeast of Howe the axis of this fold seems to join with the Poteau
anticline in rising toward the Heavener anticline.

Heavener anticline—The upward fold of the Heavener anticline
is peculiar both in its form of development and its trend. From a
point near the big bend of Poteau River in the north-central part
of T. 5 N., R. 24 E., the axis of the fold rises steeply southeastward
to a high arch and descends as abruptly within a mile northwest of
Heavener. Should the beds of sandstone which have been worn
away and whose edges now crop out in the plain around the elliptical
border of this domelike fold be restored, they would form a moun-

tain more than a mile high, 6 miles long, and 3 miles wide. The -

trend of the axis of the Heavener anticline is slightly south of east
and almost directly in line with that of the Poteau syncline, against
which it abuts.

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

Cavanal syncline—The axis of the Cavanal syncline trends east-

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

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

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

FAULTS.

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

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

STRUCTURAL RELATIONS.

A prominent theory as to the source of oil and gas is the one which
ascribes its origin to the slow distillation of organic matter buried
with shale and sandstone at the time of their deposition. If this be
the origin of these fuels they must have been disseminated in small
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quantities throughout the contalnmg sedlments and in order to be
concentrated into “ pools” ‘as they are now found they must have
been transported and collected by some agent. The agent most likely
to have accomplished such transportation is water, driven either by
capillary attraction or by hydraulic pressure, moving through the
formations containing the oil or gas in small particles When once
a reservoir of sufficient por051ty, hke a sandstone, is reached, where
interchange of position is least hindered, the oil, gas, and water
would separate by difference in weight, the Water occupying the
lowest point available, overlain successively by oil and gas, if all
three be present. It thus appears that gas would occupy the highest
available part of a given reservoir, and would be underlain by 011
if present; if not, by water.

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

sandstone bed, the sealing of the porous medium by -asphaltic mate-

rial, and by 011 water, or both occupying difterent parts of the
sandstone.

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

Anticlinal structures are present in all three of the gas-bearing

areas shown on the map of the Fort Smith-Poteau gas field. The

best-defined upward fold or anticline produces gas in the region
southeast of Mansfield. Here the outcropping edges of the upturned
upper part of the Atoka and higher formations encircle the gas-
producing area in concentric elliptical ridges, which slope or dip
away from the central point in every direction.

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

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

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

Log of gas well, 3% miles east of Poteau, Okla.

Thickness. | Depth. . Remarks.
Feet. Feet.
{01371 [0 o3 RPN 6 6
Hardshell.._......coooeoiiiiiait. herraanae .. 18 24
Shale....... .. 136 160 | Water at GO foet.
Bholl. it e 30 190
Blackslate.....ooooeviiiiii i .- 80 270
Hard shell. . .. 5 275
Black slate. 60 335
Shell.......... 20 355 .
Black slate. ... 290 645 | Small “showing”’ of water.
Sandy shale... .. 60 705 -
Blackslate. .....ooeeniiiiiriiii il R 145 845
Sandy shale. .......oveiiieiiiiii i 15 860 | -
Black shale.... .- 210 1,070
Lime.......... .. 7 1,077
Black shale....... .- 553 1,630
Black sandy shell .. 25 1,655
L Blackshale.........ooiiiii 42 1,697
L0 R 3 1,700 Smal} ‘‘showing’’ of gas in
coal,
Hardshell......ooieiniiiieiiiiii e 2 1,702
Blackshale......cooovnei i 94 1,796
Blackhardshell. ...l 4 1,800
Blacksandshell................ooiiiiill 20 1,820
Graysand.......oooeieiiiiiiiiiiiiiiiie e 15 1,835
Blackand graysand............ ... ..ol 33 1,868
Graysand, gas....eeviiviiemiiaiiiiiiieaee i 32 1,900
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According to well records now in hand, gas wells in Massard
Prairie, about 5 miles southeast of Fort Smith, range in depth
" between 1,312 and 2,845 feet. The log of the deepest of these wells
shows that 17 d1ﬂ'erent sands, ranging in thickness from 9 to 263
feet, were encountered in drilling to a depth of 2,845 feet. By no
means all of these sands are productive. In some of.the wells as
many as four sands produce gas, but usually the greatest volume of
gas is obtained from one sand in each well. The most productive
sands are found between 1,000 feet and 2,100 feet below the surface.
The initial closed pressure of the gas varies between 145 and 280
pounds to the square inch, and the daily volume of gas obtained from
each well varies between 140,000 and 4,250,000 cubic feet.
All of the wells in Massard Prairie start in or near the Hartshorne
sandstone, hence all the gas is obtained from sands in the Atoka
formation.

Log of well in Massard Prairie, 5 miles southeast of Fort Smit}i, Ark.

Thickness.| Depth.
Feet. Feet,
150 1
19 169
221 390
15 405
20 425
25 450
245 695
40 735
10 745
25 770
235 1,005
15 1,020
95 " 1,115
253 1,378
122 1,500
52 1,552
393 1,945
30 1,975
45 2,020
185 2,205
47 2,252
28 2,280
90 2,370
15 2,385
150 2,535
25 2,550
5 2,555
8 2,563
44 2,607 -
30 2,637
16 2,653
20 2,673
172 2,845

The fault in the Backbone anticline makes prospecting there rather
precarious, because the fracturing of the strata may have furnished
an outlet to the surface, thus preve "~ = .ny large accumulation
of gas.

No detailed information concernmg the number, thickness, and
depths of producing sands in the Hartford anticline southeast of
Mansfield is at hand. It is n from geologic evidence, however,
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that the wells start in the Atoka formation 3,000 feet or more below
the Hartshorne sandstone. If gas there is obtained at approximately -
the same depth as in the Massard Prairie field, a thickness of nearly .
6,000 feet of the Atoka formation-is to be regarded as containing
good prospective gas strata. '

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

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

365°—Bull. 541—14——3



THE GLEN N OIL AND GAS. POOL AND VICINITY,
: OKLAHOMA

By Care D. Sprrra.

INTRODUCTION.:

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

The unpubhshed results of investigations by the writer and others
in contiguous territory have been drawn upon freely, as a study of
the small area shown on the map would throw but little light on the
geology or the conditions governing the accumulatwn of oil 1n this
pool.

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

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

TOPOGRAPHY.

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

- east of Arkansas River and southeast of Tulsa are examples of the

local development of sandstone beds in zones which are usually char-
acterized by soft material and marked by comparatively small differ-
ences of altitude. Altitudes in the Glenn pool area range between
about 600 and 950 feet.

GEOLOGY.

STRATIGRAPHY.

GENERAL RELATIONS OF THE FORMATIONS.

In order to understand conditions that probably prevail beneath
the surface in the Glenn pool, it is necessary to consider the character
and attitude of formations 85 to 40 miles to the east, where the deeply
buried strata of the Gleen pool area come to the surface and can be
studied- in outcrops. (See cross section, Pl IIL.) The section of
rocks exposed in the area represented by the map is about 850 feet
in thickness and comprises alternating beds of shale, sandstone, lime-
stone, and coal, named in the order of their relative thicknesses.
These formations are Carboniferous in age and constitute a part of

-the Pennsylvanian or middle series of the Carboniferous, which out-

crops in northeastern Oklahoma, on the west flank of the Ozark
uplift, extends as a broad northeast-to-southwest trending belt from
Kansas into Oklahoma, and dips gently westward beneath the Per-
mian series (“ Red Beds”). (See fig. 1, p. 43.)

"The contact of the Pennsylvanian series with the Mississippian
series below, which lies near and roughly parallels Grand River, is
unconformable, but the angle of unconformity between the two series

v is so slight that the discordance in strike and dip of the strata is

N
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scarcely perceptible. It is probable that the Pennsylvanian sediments

were deposited upon a slightly eroded and gradually sinking land

surface composed of the Mississippian series, and were derived, in
part at least, from the Mississippian and older rocks which form the
core of the Ozark dome. No unconformities of more than local
development have been noted in the Pennsylvanian series above the
base of the Cherokee formation, which is described below.

Section showing relations, character, and thickness of formations exposed in
and to the east of the Glewn pool aree, Okla.

Carboniterous system:
Pennsylvanian series: .
Limestone, bluish gray; locally known as the Feet.

“Lost City limestone” _________.____________. 1-40
Shale and sandstone ___._______________________ 350
Limestone, bluish, hard; checkerboard lime of th

drillers . eI 23
Shale, with variable beds of sandstone___________ 215
Coal, DawsOD . 15-23
Shale, with irregular beds of sandstone__.___.___.__ 210-350
Limestone, massive gray ; big lime of drillers_____ 0-40
Shale, with irregular beds of sandstone_____._____ 200+

Limestone, Fort Scott, Oswego lime of drillers;
bluish-gray limestone with 3 to 5 feet of shale
nearmiddle.___________________ . 10-30

Shale, sandstone, limestone, and coal; Cherokee .
formation_______________ _____________________ 1,000

Unconformity.

Blue to white limestone, with some shale and thin

sandstone ; Morrow formation—__._____________ 100-120
Unconformity.
Mississippian serjes: .

Limestone, blue and brown, locally sandy and

shaly; Pitkin __________ o __ 60+
Black shale with thin beds of limestone and sand- .
stone; Fayetteville formation___._____________ 20-60
Unconformity. .
Limestone, Boone; flinty limestone and flint_____. 200+

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

Information regarding strata that underlie the Glenn pool area
but are not exposed in it has been obtained from well logs, from
geologic reports on adjacent areas, and from personal study of
regions to the northeast, east, and southeast, where the formations

© penetrated by the drill in the Glenn pool area come to the surface.

The thickness of these formations is about 2,000 feet and is described
in some detail below. :

PRE-CARBONIFEROUS FORMATIONS,

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

" and shale, and are so deeply buried in the Glenn pool area that they

probably have not been reached by the drill.
CARBONIFEROUS SYSTEM,

MISSISSIPPIAN SERIES.

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

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

Fayetteville formation—Above the Boone is a blue-black shale 20
to 60 feet thick, which generally contains two thin bluish-white lime- -
stone members, one near the base and the other near the top. Lentic-
ular beds of dark ferruginous sandstone are present locally in the
shale. The Fayetteville formation as a whole is comparatively soft
and its base in contact with the Boone below is usually easy to recog-
nize in drilling because of the difference in character and hardness
of the two formations,



38 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II.

It is of course practically impossible to recognize in drill records
the exact positions of the contacts of formations whose outcrops are
so far removed from the point where they are penetrated by the drill
as those are in this area. However, after a close study of records of
wells in the Glenn pool area and to the east, it is believed that the
Fayetteville formation thickens from about 60 feet near Grand River
to 275 feet at Glenn pool and that two comparatively thick sandstone
beds are present in the formation under cover that do not reach the
surface in outcrop.

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

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

PE‘NNSYLVANIAN SERIES.

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

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

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

Cherokee 'formation—For purposes of discussion in this report the
upper contact of the Morrow formation is assumed as the base of the
Cherokee formation, although in southeast Kansas the Cherokee as
described probably includes the Morrow or its representative. The
base of the Fort Scott limestone forms the upper boundary of the
Cherokee. . According to the interpretation of well logs, the Chero-
kee thickens from 850 feet near Tulsa to 1,080 feet near- Mounds.
In outcrop the lower 500 feet of the Cherokee consists mainly of
shale, with interbedded thin sandstone, limestone, and coal, whereas
the upper part contains a greater proportion of sandstone. Accord-
ing to the interpretation of well logs, a number of oil and gas sands,
which do not appear to reach the surface in outcrop, are penetrated
between the middle and the base of the Cherokee in the Glenn pool
area. Several sands are productive below the Cherokee, but as that
formation contains the sands from which the bulk of the oil and gas
i1s obtained a detailed description of the sandstone beds of the
Cherokee, as observed in outcrop, may be of interest.

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

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

The Fort Scott limestone is known to drillers as the Oswego lime, -

‘and is one of the most constant and e_xtensive formations In the
developed oil and gas region of northern Oklahoma: The top of the

Fort Scott has been used as a datum surface for the construction of a

structure contour map of the Glenn pool region, which is sliown on
Plate ITI and discussed below.

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

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

FORMATIONS EXPOSED IN THE GLENN POOL AREA.

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

About 215 feet above the Dawson coal and 680 to 780 feet above
the top of the Fort Scott is a thin hard limestone of remarkable per-

. sistence and uniformity, which outcrops in a number of places in

the Glenn pool area. This bed is exposed in Tulsa at the junction
of the St. Louis & San Francisco and Missouri, Kansas & Texas and
Midland Valley railroads, near the north end of the St. Louis & San
Francisco Railroad bridge over Arkansas River, at a number of
places between Red Fork and Jenks, at many places in Glenn pool
proper, and a short distance northeast of Mounds. It varies little
from 2 feet 6 inches in thickness and is an ‘excellent datum surface
for working out details of structure. It is known to drillers as the
Checkerboard lime.

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

DEPTH OF THE BOONE LIMESTONE IN THE GLENN POOL.

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

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

STRUCTURE.

DEFINITIONS,

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

STRUCTURE OF THE REGION.

The Glenn pool area lies in the region known as the Prairie Plains
monocline, which extends as a broad belt from Iowa across north-
western Missouri, eastern Kansas, and central Oklahoma. To the
east of this monocline in Oklahoma lies the Ozark dome of older
rocks toward which the strata rise and outcrop in roughly parallel

zones; to the west strata successively higher in the geologic section -

are exposed in northeast-southwest trending belts. The westward
dip of these formations is variable in amount, increasing from 15
feet to the mile in southern Kansas to nearly 50 feet to the mile in
“the Glenn pool area. The westward inclination of the strata is
- neither constant nor constantly variable, but is interrupted by areas
in which the formations lie flat or nearly so, whereas in other areas
the dip is greater than normal. The structure is further complicated
by a system of disconnected folds whose axes parallel roughly the
direction of general dip—slightly north of west. These folds are
not well defined, but seem to be elongated, westward-plunging rum-
ples, which merge both to the east and west with the prevailing
westward dip. . :

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

STRUCTURE CONTOUR MAP,

On the map (Pl III) an attempt has been made to represent by
contour lines on the top of the Fort Scott limestone (Oswego lime)
the various structural features involving the oil and gas sands and
associated strata in the Glenn pool area. The Fort Scott overlies
the most productive sands of the area, hence its value as a datum

surface for the construction of a structure contour map depends upon

its known relation to the formations below and to the formations
exposed at the surface. The projection of the structure of surface
formations to underlying strata necessarily presupposes that no un-
conformity or break in the regular sequence of formations exists
within the geologic section under consideration and that they are all
parallel or nearly so. A study of the logs of wells that penetrate
formations above and below the Fort Scott, and investigation of the
same formations in outcrop, indicate that, although the strata are not
exactly parallel, there is a- more or less regular convergence toward
the north and possibly a slight convergence of the formations above
the Fort Scott toward the west. In other words, the thickness of the
investigated rock section as a whole is less toward the north, although
individual members may vary irregularly.

In the construction of a contour map with the top of the Fort
Scott as a datum surface all available information, such as the known
relation of the limestone to other outcropping formations, the depths
at which it was penetrated in wells, and the known convergence of
strata toward the north, has been taken into consideration. The
accuracy of the map depends, therefore, on the accuracy with which

~
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the structure of the area has been worked out, using the outcrops of
associated formations as criteria, and on whether or not the logs of
wells have been correctly interpreted. As stated in the introduc-
tion, the work in the Glenn pool area was done hurriedly, with a
view to ascertaining the general conditions, and it is expected that
detailed work in the area would doubtless bring out inaccuracies in
the map, but it is believed that in the main the features shown are
correct. _ .

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

Below the top of the Fort Scott for a depth of 800 feet at Tulsa
to a depth of 1,200 feet near Mounds it is believed that the under-
lying formations conform to the Fort Scott in structure, though
with increasing depth there seems to be an increase in the rate of

divergence of the strata toward the south. Below the depths named

a number of factors of undetermined value may enter and com-
pletely negative any conclusions that might be drawn from a study
of the surface formations. Among the most potent of these factors
are the great thickening and change in the character of the forma-
tions from north to south; the presence of three unconformities or
breaks in the natural sequence of rocks between the top of the Mor-
row and the top of the Boone limestone (“ Mississippi lime ”);
the thinning of the Pitkin and Morrow formations toward the
north; and the possible existence of a complex system of faults and
folds which involved the Mississippian and the lower part of ‘the
Pennsylvanian prior to the deposition of the main mass of the
Pennsylvanian.

RELATION OF OIL AND GAS ACCUMULATIONS TO FOLDS IN THE STRATA.

Study of the Glenn pool area, as well as numerous other localities
in the same general region, has served to strengthen the writer’s
belief that in this area geologic structure controls, to a large extent,
the accumulations of oil and gas. Where gas, oil, and water, which
have different specific gravities, occur in a porous medium like a
sandstone, where interchange of position is but slightly hindered,
the tendency is that the gas should be forced to the highest available
point, whereas the oil would lie below the gas and the water below
the oil. This relationship would obtain, provided the containing

"~ medium was uniformly porous, but in fact it is not, hence a number

of modifying factors, some of undeterminable importance, enter
into the list of possibilities that must be considered.
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As the presence or absence of sands and their degree of porosity

~ can not be foretold by a study of surface formations, all that remains

for the geologist is to work out the geologic structure and to say that,
provided a porous medium is present at a certain structurally favor-
able point, the chances of obtaining oil and gas at that point are far
superior to the chances of obtaining oil and gas at some structurally

unfavorable point. In the oil and gas region of northern Oklahoma.

it is unsafe to say positively that oil or gas will not be found at any
particular place, but it can be said positively that certain localities
are much more favorable than others.

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

From the vicinity of Kiefer the formations dip at comparatively
steep angles to the west and northwest, whereas to the east and south-
east there is an area which has the appearance of a westward-tilted
elongated dome. TFrom a point about a mile south of the middle of
T. 17 N.,, R. 12 E., the formations dip to the southwest, thus indi-
cating a depression or basin in the vicinity of Mounds. Eastward

from the line between ranges 12 and 13 the formations seem to dip -

either slightly to the east or lie nearly flat, but this part of the field
has not been studied in sufficient detail to warrant definite statements
concerning its structure.

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

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

CONCLUSIONS.

In the northern Oklahoma oil and gas belt it is almost an infallible
rule that where 0il 1s found in a certain sand, salt water will be found
down the dip at some place in that particular sand, and gas is likely
to be found at some point up the rise from the oil. . There are modi-
fying conditions, of course, such as lack of continuity of the sand in
one direction or another, irregular “ pay streaks,” and various other
factors undeterminable from mere study of the surface strata.

[
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In wildcatting, a knowledge of geologic structure would be of
great value. If sands occur beneath a certain chosen area, and if
those sands contain oil and salt water, then it is almost certain that
the oil will be found in the upward folds or anticlines and the water
in the basins or synclines. The presénce or absence of the sands can
be ascertained only by drilling.

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

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

QUALITY OF THE OIL.

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

Physical proper-
Sample Num- |- ties.
collected Location of well and pool. | ber of D?etl}ll of F 3{1“' Asphalt,.
from— . well, . : *
Gravity ol
at 60° F. | VOOL-
TULSA COUNTY.
Red Fork pool: Feet, Baumé, Perct. | Percent.
Well......... J. L. Yorgee lease, Robt. Gal- | 3 : 37.3 | Green...| 2,60 - 0.0
breath, Tulsa.
Do...ofeeeed L T 5 601 382|Dark 4.39 .05
green.
Leaderpipe..! Van Yorgeelease, Robt. Gal- 1-7 1,240 36.4 |...do.....| 6.37 .05
Jreath, Tulsa.
Well......... Missouri Lincoln Trust Co. 1 1,200 37.5 | Black...| 3.92 .35
lease, L. E. Mallory & Son,
Tulsa.
Pipe line..... Pump station at Red Fork, [........].......... 32.91._.do.....| 4.88 15
Prairie Oil & Gas Co., In- .
dependence, Kans.
CREEK COUNTY. ’
Glenn pool: |
Well......... Grace Berryhill lease, Okla- 9-13 1,500 35.5 |...do..... 5.41 L1l
homa State Oil Co., Kiefer.
Do....... Pittman farm, sec. 7, T. 17 11 1, 500 35.5|...do.....| 6.98 .45
N,, R. 12, Argue & Comp-
ton, Tulsa. . -
Pipeline..... Pump station, Prairie Oil & |........0.......... 35.4 1. .do..... 5. 99 .24
Gas Co., Kiefer. .
Well.........] Thos. Berryhill lease, Indi- 7 1,518 35.9|...do.....| 7.53 .90
ana Qil & Gas Co., iﬁefgr. . .
Do...... Wm. Berryhill lease, Indi- 15 1,529 38.0 [...do..... 11. 46 .35
ana Oil & Gas Co., Kiefer. -
Do...... W. B. Self lease, Prairie Oil 23 1,523 37.2 |ieeeennnn 3.12 .2l
& Gas Co., Tulsa. :
Do......0eeoes do. ..ol 7 1,553 36.2 | Black...; 9.70 .51
Mounds pool: :
Do...... Corndoffer lease, sec. 18, T. 1 2,340 32.2 | Bright| 8.44 .62
16 N., R. 12, Swasey Oil . green
Co., Fort Warth, Tex.
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'THE DOUGLAS OIL AND GAS FIELD, CONVERSE COUNTY,
WYOMING. .

By V. H. Bar~NETT.

LOCATION AND DEVELOPMENT OF THE FIELD.

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

ne 110° 109° 108° 107° - 108> 105°

A W S —

F1GurE 2.—Index map showing location of Douglas oil and gas field, Wyoming. Arrow indicates location
of section shown on Plate V (p. 108).

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

The first discovery of oil in this field was probably made in 1894,
when in the construection of an irrigation tunnel in the NW. } see. 16,

365°—Bull. 541—14——4 : 49
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T. 32 N, R. 73 W., a sandstone more or less saturated with heavy

oil was found in the top of the “Cloverly” formation. Since this dis-

covery several companies have put down wells at different times

until at present some 50 or 60 borings are scattered over the Bren-

ning Basin. When drilling began the presence of gas in the basin

was little suspected, but a number of the wells have proved to con-

tain more gas than oil. In December, 1904, gas was struck at a

depth of 435 feet in a well (No. 18, P.IV)insec. 4, T.32 N,,R.73W,, .
in which, according to a statement of J. B. Phillips in applying for

title for mineral claim, a pressure of 50 pounds to the square inch

was obtained when tested two days later. The Douglas Oil Fields

Co. piped the gas to the adjoining claim and used it for several months -
under & boiler for drilling and for camp purposes. Gas from this well

in 1912 was still used at the nearest house. Oil is reported to have

been found in 32 wells, gas in 20 wells, and water.in 24 wells in this

basin. All the 66 wells indicated by numbers on the map (Pl. IV)

have corresponding numbers in the list of wells on pages 73-74.

VEGETATION, FUEL, AND WATER SUPPLY.

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

The rainfall is not sufficient to support & growth of timber, except
r cattered cottonwood and boxelder trees along ‘the streams and a
few scrubby pine and cedar on some of the rocky hills. However,
marketable pine timber grows in isolated areas in the mountains to
the south, especially along the precipitous walls of Boxelder Creek in
T. 32 N, R. 75 W. This area was included in one of the wood re-
serves of the old Fort Fetterman Military Reservation.

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

The several streams which rise in the mountains and flow across
the field to North Platte River yield a good supply of fresh water for
domestic use. For a number of years water from La Prele, Boxelder,
and Little Boxelder creeks has been utilized for irrigating small
tracts along these streams, but within the last few years irrigation
on & larger scale has been made practicable by the completion of the
La Prele dam. This dam is so located that the water may be used
to generate electricity before it is allowed to flow into the irrigation
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canals. With this end in view the Platte Valley Development Co.
has constructed a power plant below the dam and proposes to trans-
mit electricity to a pumping station on the North Platte, where
water for 1mga’o10n is to be taken from that stream.

Several good springs of water seep from the gravel and sand beds
of the White River formation, notably from the thick conglomerate
covering the higher hills in T. 32 N., R. 72 W. A perennial spring
with a flow of water several inches in diameter, coming from the sand-
stone or limestone of the Casper formation, rises at the foot of the
mountain in sec. 2, T. 32 N., R. 74 W. Other springs of minor-im-
portance come from the granitic rocks or the Casper formation along
the foot of the mountain ridge.
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PURPOSE OF THE INVESTIGA’I_‘ION.

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

METHOD OF FIELD WORK.

The Douglas field was mapped on a scale of 2 inches to the mile

* by means of a plane table and telescopic alidade, the township being
the unit represented by each field sheet. A complete system of

-triangulation was established covering the field, and the stations of
this system served.the purpose of horizontal and vertical control

and as a means of tying the different plane-table sheets together.

In beginning the primary control or triangulation a base line 11,200

- feet in length was measured with a steel tape along a level road
between two intervisible points. The line extended from the north

quarter corner of sec. 8, T. 32 N., R. 73 W., eastward to a point a
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short distance west of the northeast corner of sec. 10 of the same
township. The land net of T. 32 N., R. 73 W., having been drawn
on the plane-table sheet before entering the field, the plane table!
. wag set up at the west end (the north quarter corner of sec. 8) of
the base and approximately oriented by compass. The telescopic
alidade was then sighted on the station at the opposite end of the
base, a line was drawn along the edge of the alidade, and the distance
as determined by the steel tape scaled off. The exact position of
the base line having thus been determined on the plane-table sheet,
lines were drawn in the direction of a great number of prominent
points, such as houses, trees, derricks, and buttes, and the vertical
angles read. After sighting at as many points as were desired from
this end of the base the other end was occupied and the table oriented
by a back sight on the first station. A second line was then drawn
in the direction of as many of the points first sighted as could be
seen, thus locating these landmarks on the plane-table sheet. Many
of the newly located points were in turn occupied and other points
throughout the field were located that were invisible from either end
of the original base line. This system was continued throughout
the field by transferring points on the margin of one sheet to an
adjoining sheet. Wherever & section corner was found it was
located on the map with respect to triangulation stations. -Altitudes
were determined in a large part of the area by means of vertical
angles, and in addition a line of levels was carried by the same
method from Douglas, at an altitude of 4,800 feet, to each well.
(See p. 73.) Stadia traverses were employed in conjunction with
triangulation for mapping formation boundaries and locating wells.
The map, Plate IV, was assembled after returning to the office by
joining the individual plane-table sheets, using the points common to
two or more of them.
LAND SURVEYS.

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

. find all the section corners, but in the vicinity of the oil and gas wells
a considerable number were found. The net shown on the map is
based on section corners located in the field and from the alignment
map of the Chicago & Northwestern Railway and the General Land
Office plats. The net of R.*724 was drawn from plats in the files of
the General Land Office and from three corners shown on the map
(PL. IV), which were located by triangulation in the field and agree
with the Land Office record. 72& was surveyed in 1907, as well as

" 1A 15 by 15 inch plane table was used for mapping individual townships, but for carrying locations the
larger 24 by 24 inch plane table was employed.
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sec. 18, T.32 N,,R. 72 W,, the net of which is copied from the Land

Office data
TOPOGRAPHY.

The Douglas oil field may be described in a general way as a
rolling ‘prairie dotted with a few prominent buttes and ridges that
stand above the general level and inclosed on the south by a low
range of mountains. Several small streams which emerge from the
mountains through deep canyons cross the area in flat-bottomed
valleys and flow into North Platte River. The main part of the oil -
field lies in the so-called Brenning Basin, a basin-like area in the
northern part of T. 32 N., R. 73 W., which is surrounded on three
sides by an upland of considerably greater altitude. .

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

GEOLOGY.
STRATIGRAPHY.
GENERAL SECTION,

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

Generalized section of rocks in the Douglas oil and gas field and vicinity, Wyoming.

System. Serfes. Group. [Formation and member. Character. 'I;llggf'
. Feet.
Quaternary. . Alluvium, gravel, and sand. 254
——Unconformity -
. White River forma- | Clay, conglomerate, and sand- | 1,070
Oligocene, tion, . stone. ! !
Tertiary. ——Unconformity
Eocene. Fort Union formation. Fﬁ%ebgggg?g;i and shale ?)

Cretaceous or Friable sandstone and shale
Tertiary. (€] Lance formation. with local bed of coal. 4,000+
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Generalized section of rocks in the Douglas oil and gas field, Wyoming—Continued.
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-
System. Serles, | Group, | Formatien and mom- Character. 'Iggscslf-
- Feet.
Probably includes | Friable sandstone and shale
Fox Hills sand- | with local beds of coal near | 1660 ,
stone. top.
[
4 | Parkman (?) sand- :
. g stone member. Massive buff sandstone. 150 ¢
: g
‘g" 8 Friable sandstone and shale. | 1,100
= |E
& | Shannon (?) sand-
stone lenti. Buff to brown sandstone. 300+
Dark shale with sandstone and 1.900
calcareous concretions. ’
Upper Cre- :
Cretaceous.
taceous. Niobrara shale. Gray calcareous shale. 100
Dark shale. 300
Wall Creek (?) ©
s . sandstone lentil. Gray and buff sandstone. 100 .
g |3 .
=2 @ Dark soft shale. 870
S |g :
"
2 - | "Dark-bluish hard shale; weath-
A Mowry shale 3 : ; -
member. f;fv ]_lslﬁl.lt bluish gray to yel 175
Dark soft shale. 220
Lower Cre- « 197 & e Buff sandstone and dark shale | ;. !
taceous. Cloverly” formation. | ™ yith black shale near base.
Jurassic or Cre- : . Green, gray, buff, and maroon
taceous, ) Morrison formation. shalés, and thin sandstone. |- 200+
. . Greenish-gray limestone and
Jurassie. UF;’;‘{C Ju Sundance formation. sandstone. Largely concealed 300+
. by White River formation.
Laﬁ%ely fconcez;led gy \;Vhité—
- : N ver formatjon, but lower
Triassic (?). Chugwater formation. part where exposed consists 1500
of red sandy shale.
Forelle (?) limestone, | Gray thin-bedded limestone. 29
Pennsylva- Satanka (?) shale. ngﬁggt?)ge.wnh thin beds of | g9
nian, ]
Carboniferous. White, -pink, and blue lime-
stones, and gray, white, and | 1,100%
buff sandstones.
Casper formation.
Coarse sandstone, interbedded
| Mississiplan. ixlxl ulpper part with caleareous . 80
. shale. .

Archean or Al
gonkian.

‘Unconformity

Crystalline rocks cut by dikes.

"
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The map (Pl. IV) shows the limiting boundaries of each formation
listed in the table, so far as they could be traced. These boundaries
have been extended across the territory covered by the White River
formation and represent the position which the formations would
probably occupy if the overlapping White River formation was
removed. In drawing boundaries across the White River formation
the writer has used the data afforded by well records, which, however,
if taken alone would be of very little use, but combined with other
data are of considerable value. A fair estimate of the thickness of
the several formations under the overlap is afforded by a measured
section of the rocks exposed in T. 33 N, R. 74 W. In this township .
the Cretaceous formations strike east and west and pass under the
White River formation east of Boxelder.Creek. As shown on the
map, there is an outerop of the ‘‘Cloverly” formation in the extreme
southeast corner of .the area. This, with the other outcrops of the
formation (indicated on the map), gives data for determining the
~ general strike of the ‘‘Cloverly” across the entire field from east to
west. Other formation boundaries, where concealed by the White:
River, are drawn approximately parallel to the ‘“‘Cloverly.” It
should be borne in mind, however, that the location of the forma-
" tion boundaries under the White River is more or less hypothetical
and that the possible error may be half a mile.

CARBONIFEROUS SYSTEM.

CASPER FORMATION

The term Casper formatlon was proposed by Darton! for limestone
and sandstone constituting the greater part of the sedimentary rocks
in the Casper and Laramie Mountains. Darton says that ‘‘these
rocks represent the southeastward extension of the Amsden and Ten-
sleep formations but are so changed in character and indefinite in
statigraphic limits that correlation is not desirable.”

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

The lowest member of the Casper formation in this area consists of
80 to 100 feet of very hard coarse-grained sandstone interbedded in
the upper part with calcareous shale. This sandstone resembles the
Deadwood formation of the Black Hills and it has been so called
by Jamison,? but inthe present discussion it will be included in the
Casper formation, as was done in Darton’s original description.
The following detailed section of the rocks was measured in Box-

] ! Darton, N. H., Geol. Soc. America Bull., vol. 19, pp. 418430, 1908.
% Jamison, C. E., The Douglas oil field and the Muddy Creek oil field, Wyoming: Wyoming Geol. Sur-
vey Bull. 3, ser. B 1912,
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elder Canyon, where the exposures are good. Fossils determined
by George H. Girty to be of Mississippian age were collected from the
base of the top member and include five species given in the table of
Casper fossils (station No. 70 in list, p. 57).

Section of Lo wer part of Casper formation vn Boxelder Canyon, sec. 6, T. 82 N., R. 74 W.

Ft in.
Sandstone pmk calcareous, with quartz pebbles and brachiopods.
Conglomerate of quartz pebbles the size of a PeB .. 7 6
Shale, pink, calcareous........cooeeviiiii i, 6 6
Limestone, thin bedded .............. ... iiiilL.. 16

Shale, greenish blue, calcareous, with beds of impure limestone
4inches thick . ... .oooeeiiii 13

Sandstone, heavy bedded, very hard, locally contains white
quartz pebbles generally about as large as a pea but a few 1}

inchesin diameter.....eveieeee oot ie e eeaiiaaannns 55
" Granite. —_

98 6
The Casper formatlon is the surface rock throughout a large part
of the Laramie Mountains just south of the Douglas oil ﬁeld, where
its thick resistant beds are folded and faulted about the core of
igneous rocks. It outcrops as a narrow strip along the south side
of the Douglas oil field, where a thickness of over 1,100 feet was
measured by the writer. This section is given below:

Section of Casper formation in sec. 23, T. 32 N., R. 73 W..

‘White River formation. ) _ Feet.
Sandstone, upper 20 feet very hard, quartzitic and cherty....... 40
Limestone, hard, compact, impure........_......... ... ... 15
Sandstone, buff, cross-bedded............. ... il 150

Sandstone, reddish, readily breaking into slabs in lower part;
upper half calcareous...........oooooiiiiiiii i - 310
Dolomite, hard.............ooo 10
Sandstone, yellowish.......... . .. ... ... ... 12
Dolomite, light buff, hard............. ... L 211
Limestone, blue, hard, compact........ ... ... ... ... 16
Shale, red, calcareous, sandy....ceeemeneaninineenaaa.. .97
Sandstone; white and red, saccharoidal. ... ..... P 81
Dolomite, pink and gray, impure, hard and cherty............... 150

Sandstone, conglomeratic, with some very small white quarts
pebbles. ... i 81
Granite. : , —
) 1,173

Fossils collected from the Casper formation are given in the
accompanying list. Three of these species are referred by Mr.
Girty -to the Pennsylvanian; the rest belong to the Mississippian
series. It might be added that the three species referred to the
Pennsylvanian were found near the top of the Casper, and the others
at lower horizons in the formation.
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Fossils from Casper formation in the Douglas oil field.
[Determined by George H. Girty.]

Station | Town- | Range | Missis- | Pennsyl-
No. ship'N. W. sippian. | vanian.
Camarotcechia aff. metallica .. 70 32 74 X feeeeaannns
Camarotoschia sp........... .- 67,68 - 32 3 D S SO
Chonetes illinoisensis. ...... .t 70 22 74 D, S PO
Composita subtilita -. 69 32 T3 |eeereennnn X
Derblya [0 N N R 69 32 2 3 PP X
Enteletes? 8p..cueoiiie e 69 32 (2 3 X
Eumetria? sp .- 68 32 73 X heieiiecas
Schuchertella chemungensis?. _..._........ e 70 32 T 74 X eeenieens
Spirifer centronatus........oo... . iiiiiieiiiiiiianan 67 32 73 } X )
70 32 (537 O R
Spirifer sp......oooooiilt et eetraeaeeeaas 68 32 By X feeeeaio.
SyringotNyriS 8D, . i iiiieir e rrarer e 70 32 74 X Jeeesecaenn
ZaphrentiS SP.ee e noecneriiaieeeacai e araaaan 68 o3 Bl X eeeeeeann.

SATANKA (1) SHALE.

The name Satanka shale was given by Darton and Siebenthal! to
the red sandy shale which lies between the Casper formation and the
Forelle limestone in the Laramie region. The shale is a red calcare-
ous and gypsiferous rock, closely resembling the shale of the Chug-
water formation, but it is separated from the Chugwater in the Lara-
mie Basin for the reason that Pennsylvanian fossils were obtained
from the overlying Forelle limestone, and this would necessarily mean

'that the Satanka shale belongs to that series, whereas the Chugwater

is probably Triassic. No fossis were co]lected by the writer in the
Douglas oil field either from the Satanka (%) shale or from the
Forelle (?) limestone, but the lithology and stratigraphic position
of the shale and limestone agree with those of the Satanka shale and
Forelle limestone of the Laramie region, as described by Darton and
Siebenthal, and for this reason these terms are provisionally applied

here rather than the terminology employed in the Black Hills.

The soft Satanka (?) shale lying between the more resistant Casper
strata below and the Forelle (2) limestone above is usually eroded
into shallow, narrow valleys. It is not differentiated from the For-
elle (%) hmestone on the accompanying map, however, because the
scale would not pernmt The Satanka (%) shale, on account of its
softness, is in few places well exposed, but with the Forelle (%) lime-
stone it outcrops in a very narrow strip in the southern part of T. 32
N, R.72 W., and a similar strip in T. 32 N.; Rs. 73 and 74 W. Dar-
ton and Slebenthal state that in the Lammle Basin the Satanka shale
varies in thickness from a thin film to 240 feet. There are but one or
two places in the Douglas oil field where the shale is wholly exposed, -
and here a thickness of only 50 feet was observed. The following

" 1 Darton, N, H.,and Biebenthal, C. E., Geology and mineral resources of the Laramie Basin, Wyo.:. U. 8.
Geol. Survey Bull. 364, p. 22, 1900, ]
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section, which includes the Satanka (?) shale, Forelle (?) limestone,

and a part of the Chugwater formation, was measured on La Prele -

Creek:

Section of Satanka (?) shale, Forelle (?) limestone, and a part of the Chugwater forma-
tion near natural bridge in sec. 16, T. 82 N., R. 73 W.

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

POIdAL. e et iee e 2
Shale, red, calcareous, sandy...... e 12
Sandstone, calcareous. .........ooeiiiiiii i 4

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

Shale, red, calcareous ..... e e 45
Limestone, gray........ L 3
Shale, red.............. e e 10
TLimestone................ et e 4
Shale, red, calcareous. .. .. ... ... ... ..., 5

Sandstone, red, massive, top of Casper formation.

FORELLE (}) LIMESTONE.

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

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

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

1 Loc. cit.

Ry

—~ A
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TRIASSIC (?) SYSTEM.
CEUGWATER FORMATION.

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

The Chugwater formation is almost wholly concealed in this field
by the overlap of the White River formation. The only exposure
noted is in sec. 16, T. 32 N., R. 73 W., where about 50 feet of the
" lower part is exposed (shown in the top of the section on p. 58).
The strata consist of red sandy shale, limestone, and sandstone.
It is probable, however, that some of the Chugwater strata are
also exposed in sec. 1, T. 32'N,, R. 74 W. The thickness of the
formation is estimated at about 1,500 feet. This estimate is’
based on & calculation of the thickness of the beds concealed along
La Prele Creek in sec. 16, T. 32 N., R. 73 W., and controlled by the
dip of the ““Cloverly” formation on the north and the outcrop of the
Forelle (?) limestone on the south. As a section of the overlying
Sundance and Morrison formations was measured near the southeast
corner of the field, the remaining thickness after subtracting this meas-
urement gives. the probable thickness of the Chugwater formation.

JURASSIC SYSTEM.
SUNDANCE FORMATION,

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

Section of Morrison and Sundance formatwns in east bluff of North Platie River, in
sec. 9, T.81 N., R. 71 W.

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

1 Darton, N. H., Paledzolc and Mesozoic of contral Wyoming: Geol. 8oc. America Bull,, vol. 19, p. 432,
1908,
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Sundance formation: Feot.
Shale, blue and pink, calcareous and sandy, fossiliferous in

JOWeY PAIt. e ve e ee et ieereeenainanaeeens e 60
Sandstone. ... ... 10
Shale, bluish gray, sandy, Wlth few bands ol sandstone ......... 60
Sandstone....... N 12

Shale, bluish gray, sandy..............cooooo.... U 30
Sandstone, gray, heavy bedded......... ... ... ... L 75
430

Fossils were collected at two horizons in the foregoing section,
about 50 feet apart. In the collection from the upper horizon T. W.
Stanton determined a single species, Planorbis veternum M. and H.,
which he refers to the Morrison. He also determined from the col-
lection from the lower horizon two species, Nucula sp. and Tancredia
warrenana M. and H., which are referred to the Sundance formation.
The latter collection is from the top member of the Sundance forma-

tion, whereas the other is from the 3-foot bed of limestone at the base

of the Morrison formation. The formation boundary, therefore,
between the Morrison and Sundance forinations is determined: in the
section within 50 feet.

Of the four small areas of outcrop of the Sundance formation shown
on the map (PL. IV) two are vérified by fossils, one in sec. 34, T. 33 N,
R. 74 W., and the other in sec. 1, T. 32 N., R. 74 W. (See table of

fossils below.) The other two areas, one in T. 32 N., R. 73 W, and -

the other in sec. 28, T. 33 N., R. 74 W., may be partly or Wholly
Morrison.

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

Fossils from the Sundance formation.

[Determined by T. W. Stanton.]

Station | Town- | Range
No. Ww.

ship N

Belemnitesdensus M. and H. . ..ooooiie i iiiiieareannaaaaas 91" 31 71
. 72 33 74

Camptonectes sp 72 33 74
Eumicrotis curta Hall 71 32 74
72 - 33 74

Gryphaea calceola var. nebrascensis M. and Ho..... ...t 72 33 74
NUCUIA BP . ettt it iitieeettaeeeanaa e caaaaaaataraaaaaannaeaaann 01| 31 71
Ostrea strigilecula R PN 72 gg ?’4
71 4

Tancredia? inornata (M. and HL)o..ue .ot 91 31 1
Tancredis 8Duueesvereessnennsoanes . 72 33 H

Tancredia warrenana M and H..
Trigonia conradi M. a0d H.veveriiiniiiinronaiiirnaieiiicasorocansacsans 1 32 74
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JURASSIC OR CRETACEOUS SYSTEM.
MORRISON FORMATIOR.

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

CRETACEOUS SYSTEM.
“CLOVERLY' FORMATION.

The “Cloverly” formation is partly exposed along Boxelder Creek
in secs. 27, 28, 29, and 80, T. 33 N., R. 74 W.; secs. 6, 7, 17, and 16,
‘T.32 N., R. 73 W.; sec. 36, T. 32 N., R. 71 W. of the sixth principal
meridian, and at several other localities as shown on Plate IV. The
excavation for an irrigation ditch has removed the cover in one place
(sec. 27, T. 33 N., R. 74 W.), where the full thickness of the forma-
tion appears to be exposed. This section is as follows:

Section of “ Cloverly”’ formation in SW.  sec. 27, T. 88 N., R. 74 W.

Ft. in.
Sandstone. gray to buff...... e 25
Shale, dark, light, and sandy inupper half........._......... 25
Sandstone, firm, hard. .. ..o i 3
Shale, blue, sandy, and carbonaceous R S 1 2
‘Sandstone, hard, coarse...... A 1
Sandstone, gray to buff, saccharoidal (not well exposed). ..... 504

‘ 105 24

The sandstones of the “Cloverly’”’ form a low ridge where they
outcrop. They are brown, buff, or gray in color and locally con-
glomeratic and ripple-marked. = Asdeseribed by Darton and Siebenthal®
the “Cloverly”” formation of the Laramie Basin consists of sandstonc
and clay, representing the Dakota sandstone, Fuson formation, and
Lakota sandstone, and lies unconformably upon the Morrison forma-
tion. As shown in the foregoing section, in the Douglas field the
formation consists of two thick sandstones separated by a shaly
member. At the “Cloverly’” type locality, however, it is under-
stood, no Dakota sandstone is present, and the rocks are wholly of
Lower Cretaceous age. The application of the name, therefore, in
other regions to include strata of Upper Cretaceous age is not regarded
as good usage, and for that reason the name is now quoted.

1 Log. cit.
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COLORADO GROUP.

BENTON SHALE.

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

Section of the Benton shale measured in sec. 29, 1. 33 N., R. 74 W.

) Feet.
Shale, dark.. ... .oorii e e e 300
Sandstone, forming ridge, fossiliferous............._.. .. ... ... 100
Shale. ..o e 867

Shale, dark, weathering light bluish gray; yellowish gray in upper
half, and locally forming pine-clad ridges (Mowry shale member) 175
Clay (bentonite?), gray and yellow mottled, gummy, interbedded

in darker clay (one bed of the light clay 8 inches thick)....... 3
Shale, dark..... e e e ettt aaanas 215
’ 1,660

A collection of invertebrate fossils from the sandstone member of -
the Benton yielded nine species, which T. W. Stanton assigned to the
. Benton shale. These fossils are included in the list on pages 64-65,
where they are designated by station No. 74. The fossiliferous sand-
stone member of the Benton shale in the foregoing section corre-
. sponds with the Wall Creek sandstone lentil of the section in the

Salt Creek field, as described by Wegemann.! The Mowry shale
member of the Benton, about 175 feet thick, is shown in the section,
but its limits are not defined on the map, Plate IV, because the scale
will not permit. The base of the Mowry in sec. 29, T. 33 N,, R. 74
W., is marked by some thin beds of bentonite, a compact clay which
has the property of absorbing great quantities of water. The Mowry
contains numerous fish scales, a characteristic feature of the member,
and locally produces low rounded pine-clad ridges, another feature
gharacteristic of the Mowry member in this vicinity.

1 \Wegemann, C. H., The 8alt Creek oil field, Natrona County, Wyo.: U. 8. Geol. Survey Bull. 452, 1811,
pp. 37-83. . .



DOUGLAS OIL AND GAS FIELD, WYO. 63

NIOBRARA SHALE.

The Benton shale is overlain in sec. 25, T. 33 N., R. 75 W, by
about 100 feet of hard chalky Niobrara shale, which contains a few
Ostrea congesta (Conrad) and some fragments of an Inoceramus
characteristic of the Niobrara. The outcrop of the shale was trav-
ersed for a distance of a little over a mile, as indicated on the map
(PL. IV) by a solid line at the top of the Benton shale,in T. 33 N., R.
75 W. East and west of this outcrop the position of the Niobrara
is inferred, as indicated on the map by the broken line. It is con-
tinued eastward across the White River formation (indicated by
. dotted line on the map) approximately parallel to the line mark-

ing the top of the ‘““Cloverly” formation, which projects through
the White River in T. 32 N., R. 73 W., and outcrops in the bluff of
North Platte River in the southe&st corner of the field.

MONTANA GROUP.

PIERRE FORMATION AND FOX HILLS (?) SANDSTONE.

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

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

’ - Ft. in.
Sandstone, brown, friable, with Halymenites major and other
marine forms and with a thin bed of oysters near middle. 50
Shale, brown, carbonaceous.............oiiiiiiiiiiaiaa... 4 11
Coal. e 2 2
Shale, brown, carbonaceous....o.oeeeieeieeenuano.. 1 5
L7 Y SO 19
Shale, brown, carbonaceous. . couereelee e e e iiinea .. 1 9
Sandstone, friable........... ..l 1 6
Coal, BOMY e [ 8

4 Loe. cit.
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Ft. in
L0 5 2
Shale, brown, CArboNACEOUS. ... vvvvneninneinneenaaenenns 10
(07 A 1 9
Sandstone, friable, interbedded with shale, carbonaceous and
725 14 1, 600
Sandstone, buff, massive bedded.......... ... ... ........ 150
Sandstone and ehale.. ... ... ... ... il 1,100
Sandstone, buffand brown.............iiiiiiiiiiiiaaa.n. '300
Shale, dark, with calcareous concretmns .................... 1, 900
5,118 9.

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

Fossils from Colorado and Montana groups.

[Determined by T. W. Stanton.]

Mon-

’I‘ B M © | tana

own- en- on- | group

Stﬁg‘m ship R%’}ge ton { tana | prob-

' N. * |shale. | group.| ably

Fox

. TTills,
F. ¥ 2 020 8 o T S 78,81 "33
Anehura? Sp...ociviiiiiiiiiiiiii e 80 33
ADOMIB 8D . L it iie i iiiiiieieeiiiciieeaionaaaan 81,83 33
Avicula linguiformis E.and S..ovouiiiieinieiiiiiannnenn. 80 33
78,81,83 33
Aviculanebrascana E.and 8.............ooiioilll. 88 33
80 33
) 81,83 33
Baculites ovatuS S8y .couee it i it iiii i e . 77,80 33
78,81 33
Baculites compressus SaF....coivervenuiasrrniaansnaaonne- 84 33
Baculitessp.......o.oevneee. 76,83 33
CallistaSp.eeseeneeianeaaannann.. 85,86 33
Corbulamella gregaria M. and H 77 33
Cardiumn.sp.....cceevvvune.... 74 33
Cardinm speciosum M. 8nd H.....ooivviiiomnnnnvannnnne, 78,84 Sg

3

Chatetes? dimissus White. . voveeveeiienrinaumnaiannnen 83 33
CYPTINa? SDuveveerreieciosnocesaneecssnecoreanonaacancss 83 33
Dentaliim SPaun..nenceeiiieiiiiiiiir i 86 33
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L4 Mon-
Sta- |T B M romn
own- en- | Mon- | group;
tion ship R%Vnge ton | tana | prob-
No. N. * [ shale. jgroup.| ably
Fox
Hills,
Donax? sp. relnted to D.(?) oblonga Stanton. 74 33"
© Donax? §P. - aliiiiiiiiiiiiiiieaaaa 74 33
Fasciolaria? sp 80 33
Haminea?s; 86 33
Inoceramus 77 33
82 33
Inoceramus fragilis H. and M. variety.................... 74 33
Inoceramus oblongus Meek............ e 78 33
Inoceramus sagensis Owen ? 78,3}] 3%
3
Inoceramus sp-. 83 33
Ledasp... 78 33
Lucina sp. . 78 33
Lunatiasp..... 74,86 33
Mactra graci 79 a3
Mactra huerfanensis Stanton. 74 33
Mectrasp....ccoveeenaninna. 88 33
84 33
Mactra warrenana M.and H. ?...o............coooilll. 78,81 33
g 80,86 | 33
Micrabacia americana M.and H......coovvviianinan... 33
MOdiOla SP . eeerenenremaniresaaiao i 33
-Modiola galpiniana E. and S. eeacasiearacnaeeaaaa 78,81 33
Nucula cancellata M.and H......coovviiieiiniiinnaana, 86 33
NUCUlA 8P et e iiiciiiiie e iiieaciiiree s 84 33
Ostrea pellucida M. and I.. e, 85 33
Ostrea soleniscus Meek.. ........c.-.. v teraaa. 74 33
(0115 (:1: ) o Y I 80,85 33 |-
Protocardia subquadrata E.and S............... ..., 78,81, Sga 33
Protocardia? sp.... 88 33
SR 5l 8
caphites
P ® 80 33
) 83 33
Y1 LY O 74 33
Shark’s tooth...c..coovueni ... eeeanaen 76 33
8yncyclonema rigida Hl.and M. . .....ovevvianiiiaaea, 78 33
SYNCYCloNemB SP. « «cuuinermrenienaiii e i iaeaaaas 83 33
Tellina scitula M.and H. ... ooiieviiiinannii i, 86 33
Telling SPuceaneecananeaeas 74,80 33
Phetis circularis M. and H.? 8 33
Turris minor M, and . _ .. 81,78 33
Vanikoro ambigua M. and H 8 33

Fossils from stations 83 and 84 were identified by F. H. Knowlton
a8 Halymenites major Lesq. and were assigned to the Fox Hills,

CRETACEOUS OR TERTIARY SYSTEM.

LANCE AND FORT UNION (i) FORMATIONS.

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

365°

- the Fort Union. Station 89 is near the top of the Inez group of cosal
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.beds about 3,000 feet stratigraphically above the top of the Montana.
Station 90 is at a little higher horizon.

Fossil plants from the Douglas oil and gas field.
[Determined by F. H. Knowlton]

Station | Town- | Range
Ww.

No. ship N,

Aralla notata Lesq ............................. f o aeeeccesscarineecnenaas 89 33 73
Aralis, perhaps NeW ... .oeniiiiii e eiriccaee i eaaes 89 33 73
Ficus artocarpoxdes? Lesq.. s 90 33 72
L€ 8 11 T Y 90 33 72
Platanus probably P, haydenii Newb.......ccooveniioiiiiiiiiiinninnnn. 89 33 73
Platanus’ raynoldsl NeWD ..oooiie it iiaieiireieniaeeencacaceananns .80 33 72

89 ] 73
QUOTCUS? 8P e e e ceemetcaccnnsancressacascamesantensnsacsannecercaanennsnen 89 33 73
BADINAUS 8D - e e neeeiesiioeiieiecei i iaitrtaar e tata e cataa s 89 33 73

TERTIARY SYSTEM.

. WHITE RIVER FORMATION (OLIGOCENE).

As stated in a previous paragmph and shown on the map, a large
part of the Douglas 6il field is covered with a thick mantle of the
White River formation, which rests unconformably on all the lower
formations. It is composed largely of clay, with fine sand, lime-
stone, and conglomerate occurring at various places in the forma-

tion. The total thickness of the formation exposed from the top of -

Table Mountain to the bed of La Prele Creek, including the 90-foot
cap of conglomerate, is 580 feet. The exposures are poor, but so far
as can be seen the 490 feet below the conglomerate is composed
largely of clay, mostly of drab and gray shades, but some of pink or
green. The conglomerate is made up largely of quartz or quartzite
pebbles, with here and there a bowlder of granite, the whole cemented
together with calcium carbonate. The pebbles average about half an
inch in size, though many are much larger. One granite bowlder
was noted having a diameter of 18 or 20 inches, The most promi-
nent bed of conglomerate noted is on the east side of Brenning Basin
and is 90 feet thick, capping Table Mountain and extendmg over a
large part of T. 32 N R.72 W.

QUATERNAB.Y SYSTEM.

Alluvium along the streams and some local deposits of unconsoli-
dated gravel and sand constitute the only beds of Quaternary age in
the Douglas field. An attempt was made to map the alluvium
along North Platte River and Boxelder and La Prele creeks, as
shown on the map (PL. IV), but the gravel and sand were not mapped.

These materials were laid down unconformably upon the White

- River formation, from which it is in places difficult to distinguish
them. The thickest bed of Quaternary material observed in the

-~
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field is in the east bank'of Little Boxelder Creek in the NE. % sec. 25, .
T. 33 N,, R. 74 W., where there is a cliff 40 feet high, the upper half
of which is gravel and sand of Quaternary age, and the lower half
the White Rlver formatlon

IGNEOUS ROCKS.

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

S’I‘RUCTURE

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

structure seems to resemble a fold more than a fault. That this
flexure was produced by compressive forces is evident, however,
from the fact that there are. numerous small thrust faults and some
overturned strata at a number of places in the field. The displace-
ment in most of the small faults is only a few inches. Such an over-
thrust was observed in sec. 25, T. 33 N., R. 756 W., where a sand-
stone in the Benton shale, dipping at a high angle, has been broken
by a series of parallel faults, as shown in figure 3. There are also
overturned strata in secs. 31, 32, 33, and 34, T.33 N, R.75 W,,

1 Darton, N.-H., Preliminary report on the geology and underground water resources of the central Great
Plains: U. 8. Geol. Survey, Prof. Paper 32, pp. 53-55, 1905,
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and secs. 28 and 34, T.33 N, R.74 W. The fault in T. 32 N,,
R. 73 W., is distinct in the White River formation and is indicated
on the map by a solid line. No data are at hand bearing upon the
amount of throw of the fault, but it is believed to be small.

.T.33 N.  R.75 W.

SEC 26 h sec 25

SEC 35 SEC 38

o ’ 4 P 1 MILE
i ] 1 |

FI1GURE 3.—Faults cutting sandstone in Benton shale, T, 33 N.; R. 75 W., Wyoming.

OIL AND GAS.

OCCURRENCE.

There are several localities in the Douglas field where oil finds its
way to the surface in the form of seeps or springs. About 1894,
while a tunnel was being dug for an irrigation ditch in the NW. % sec.
16, T. 32 N., R. 73 W., a sandstone in the top of the ‘““Cloverly”
formation was penetrated and found to be saturated with oil. At
another place in sec. 6, T. 32 N., R. 74 W., in the bed of Boxelder
Creek, oil seeps from the top of the Casper formation, appearing on
the surface of the water. Still another oil seep is reported by Jamison ?
in & small ravine near the northwest corner of T. 32 N., R. 73 W.
Oil is obtained from wells in secs. 8 and 9, T. 32 N.,, R. 73 W., and a
smell quantity from a well in sec. 31,-T. 33 N., R. 74 W. In the
last-mentioned well the oil seems to come from the same horizon as
the oil that appears on the water in Boxelder Creek about & mile
south of the well. Oil in the wells in secs. 8 and 9, T.32N,, R. 73 W,
geems to come either from the top of the “Cloverly” formation or

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

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

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

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

i Loe. ¢it. )
2 Arnold, Ralph, and Anderson Robert, Geology and oil resources of the Coalinga dlstrict California:
U. 8. Geol. Survey Bull. 398, p. 186, 1910.
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place, so that probably the oil is in the White Rlver, having migrated
from older underlymg beds.

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

of Douglas.
CHARACTER OF THE OIL.

~ There are two grades of oil in the Douglas field. One of these is a
heavy oil, having a specific gravity ranging from 0.9309 to 0.9743,
and the other is comparatively light and has a specific gravity of
0.8439. The light oil is of good quality, as shown by the analysis
below. The well from which this oil comes (No. 30, Pl. IV) is re-
ported to have yielded about 40 barrels a day for a long time, the oil
being used in connection with the construction of the La Prele dam.
'The heavy oil is said to be a good lubricating oil in the crude state,
havmg been used on the machinery of drilling outfits,

The following analyses of oil from the Douglas field were made in
the laboratory of the United States Geological Survey under the
direction of David T. Day:

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

1 Wegemann, C. H,, The Salt Creek oil fleld, Natrona County, Wyo U. 8. Geol. Survey Bull 452, pp.
37-83, 1911.

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

Sample No. 2, from well No. 49, was procured from & tank where
it had stood partly exposed to the weather for two or three months.

Sample No. 3, from well No. 66, was procured from oil floating on
the water, which fills the casing nearly to the surface of the ground
This oil is so stiff that the sample was wound about a stick in order
to lift it from the casing.

Analyses of oils from Douglas o1l field, Wyoming. .
[Made in the laboratory of the United States Geological Survey, David T. Day in charge.]

Physical properties. Distillation.
Wells: S | mo1s00 | 130800° | R g g g
. o 15 5 ° ©-
. | Gravity.. 3 C C.. |sidnum.| & [ 8 |8
= 2 | B 8 @
§ 3 Color. |25 & & &
2 ":, 0 0 [ &) 3 [>T 3 Q .« 3 Q. -
AR J2lae|2(3e 22| 2 | % |2 s
HEIHIE 2 ESiSE|c1eE (8| 8 | 2 (5] §
e B8] & & 2 & |ob &% |& @ B &1 2 |& B
1 30} 328(0.8439|35.9| Olive~green .| 80 8‘.00.7205 38. 5|0. 7928(53. 5/0. 9340 2.0| None.| 0.2 None.
20 49 44010.9309/20. 4| Dark green..| 225....]...... 6.0[0.8605]....0. - ..o-|ocunnnn None.| .3} Con Sbild-
erable,
66] 600;0.9743|13.7| Dark brown, | 225/....|...... 2.0]...... RO N None.| None.| .5 About 4
greenish . : per
cast. . cent,

CHARACTER OF THE GAS.

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

Analysis of sample of natural gas from the Douglas otl and gas field, Wyoming.}
[Analyzed by F. Salathe, formerly in charge of the oil refinery at Casper, Wyo.)

SPECIfIC ZIAVILY vur s et ee et eeiee e neaee e e et 0. 5890
Hydrogen. ... ... .. per cent 3.89
Marsh gas (methane). .. ... . . .. Liiiiai.... do 87.75
Ethane, propane, butane................................do.... T.23
INluminating hydrocarbons.................. e do.... .92
Carbon dioxide. .. oo oo do.... .21
Carbon monoxide....... Y Trace
Oxygen.............. PO e et Trace.
BB 5 {o7(=) + S Trace
100. 060

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

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

ORIGIN OF THE OIL.

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

1 Munn, M, J., The anticlinal and hydraullc theories of oil and gas accumulation: Econ. Geology, val. 4,
pp. 509-529, 1909
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WELLS IN THE DOUGLAS OIL FIELD.

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

by the writer.

Wells int Douglas oil field, Wyoming.

No.| Seotion.s Ownet. Jhen | popn, | sadbor Remarks.
) surface.
Feet. | Feet.
11 Wyoming Oil & De- |........|........ 5,140 | Dry.
velopment Co. .
2l1... 5,140 | Casing collapsed and well aban-
oned,
31 2iiiienennenfeaeidon il 1006 | 200 |........ Well unfinished.
4|2 5,260 | Gas.
1 3 I U OUION PR s [+ TP AP R et Abandoned.
6(3 5,230 | Gas.
7(3.. , 230 Do.
8/3. 5,210 | Abandoned gas well.
T T [ e T Abandoned.
10(3 5,210 | Abandoned gas well.
DS B I R F PRI SO IR AU Abandoned.
12 3................| Douglag Oil Fields| 1904 | ~ 526 |........ Gas reported.
*1313 5,240 | Abandoned; water.
14 | 3.. 5,200 | Small amount of oil and gas.
15 | 4.. 5,210 | Small amount of oil.
16§ 4.. 5,210 | Small amount of oil and gas.
17 | 4.. 5,200 | Gas at 457 feet; abandoned.
18] 4. 5,175 | Producing gas well,
904, ooicliiidooaiaiiiiiy 1007 L 578...... .. Crooked hole. )
20 | B.cieenniiianee)ocenadoniiiiiiaaal] 1905 | 624 1. ..., Small amount of oil reported.
21| 6.. 5,380 Do.
216 5,370 Do. .
2316 5,390 Do.
24| 7 . 5,440 | Well unfinished; abandoned. )
2518 [yoming 1905 655 | 5,360 | Small amount of oil; abandoned.
elopment Co. .
L3 - SN I (3 1 Y, 1905 302 | 5,400 Stgeall arﬁount of oil; flowing wa-
. r well.
by I - TN FPUUI [+ (s T, 1904 215 | 5,850 [ Abandoned oil well.
28 | 8.. ...do. 1905 32 | 5,360 Do.
29 | 8.. ..do. 1905 365 |-.......| Smallamount of oil.
30 |.8.. ..do. 1906 328 | 5,340 | Producing oil by pum%ing.
31| 8.. ...do. 1905 632 | 5,330 | Small amount of oil; abandoned.
3218... R DR F 393 | 5,320 Do.
33 |8... ..do. 1905 602 15,280(7) Do.
/8 [ 1+ AP A . 930 5,2905 )| Abandoned.
35 | 8... P s DRI PRI 725 15,300(?)| Light oil to top of casing.
*36 | 8. PR £ T PO 510 foouenn.. Small amount of oil; abandoned.
*3718... ..do.. 1907 390 y........ Do. .
38)8... ..do. 1907 236 ,320 Do,
39 ] 8... -.do. 1906 670 |5,320(?) Do.
40 (8. ..do. 1907 374 | 5,320 Do.
41| 8 ..do.. .| 1908 401 | 5,320 | Producing light oil by pumping.
4218l (1 T, L.| 1906 428 | 5,320 | Abandoned oil well.
419 . D?ﬁ%g Oil Field 1902 342 | 5,300 | Abandoned.
4519... .1 Wyoming Oil & De- | 1907 780 [ 5,340 [ Abandoned; dry.
velopment Co.
L L RN P Q0. e eevmeeeanansafeiannnns © 742 | 5,330 | Small amount of oil and gans;
ahandoned.
LY 1 PR L1 [ T 1907 320 | 5,300 | Abandoned oil well.
[} 20 18 M [ 0 T S 1908 425 | 5,290 | Oil well with pump jack at-
tached.
o In T. 32 N,, R. 73 W, unless otherwise stated.
1 Loc. cit. ©

2 The writer found some difficulty in attezhpting to identify some of the wells mentioned by Jamison,
88 his descriptions do not invariably agree with the locations of the wells on his map.
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Wells in. Douglas oil field, Wyoming—Continued.

; © | When Altl- —
No. Section.s Owner. drilled Depth. | tude of Remarks.
. surface.
Feet. | Feet. , -
49 (9. ... Douglas Oil Fields | 1908 440 | 5,300 | Oil well with pump jack at-
1 utd.). tached.

1 [ NN SO do.....ooonennn.. 1908 475 | 5,200 | Small amount of oil reported.

L O I TR Wyoming Oil & De- | 1907 767 |........ Small amount of oil.
velopment Co. .

52 d 765 | 5,250 | Small amount of gas.
*53 970 |........ Small amount of oil and gas.

54 406 | 5,250 | Producing gas well.

55 466 | 5,200 { Small gas well.
*56 388 [........ Drilling stopped by order of.

court.

57 Ll 470 [ 5,210 | Small gas well.
b3 2 I TN RO do.cenaiinan.... 1905 600 )........ Water well.

69 | 11...caennnn.. Wyoming Oil & De- | 1907 515 | 5,220 | Small gas well.

- velopment Co.

60 D(Elﬁ%lgs) Oil Fields | 1904 498 | 5,230 | Producing gas well.

6112l [ P 1908 493 | 5,220 | Small gas well,

62 {12.0eceeeecanii]o.... 1 1 SN 1906 520 | 5,260 ; Crooked hole.

63 Wyoming Oil & De- [........ 665 [ 5,316 | Small gas well,

velopment Co. -
64 [ PP FOUPPIN PRSI P Abandoned; no data.
65 W;omin%Oﬂ, Gas& | (&) |-....... 5,150 |
. . ower Co.
66 | Sec.31, T.33N., |..... 4 1912 600 | 5,350 | A littls heavy oil collects on the
R.7T4W, water, which rises to top of
casing.
s In T. 32 N., R. 73 W., unless otherwise stated. b Unfinished.

DETAILS OF WELLS AND WELL LOGS.
INTERPRETATION OF THE LOGS.

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

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

The logs of wells Nos. 2, 4, 16, 17, 18, 30, 35, 41, 44, 48, 49, 50, 55,
59, 60, and 63 were obtained from A. W. Phillips, of Douglas, Wyo.,
and the remainder are taken from the report of C. E. Jamison (State
geologist of Wyoming) on the Douglas oil field, published in 1912.
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WELL NO, 2.

Well No. 2 is located on the south bank of La Prele Creek in sec. 1,
T.32 N,, R. 783 W. Itis 1,575 feet deep, the first 500 feet of which
seem to be in the White River formation, and the remaining 1,000
feet are quite certainly in the lower shale of the Pierre formation.
The well is abandoned but is marked by the casing projectirg a few
feet above the surface of the ground. The log follows:

Log of well No. 2, sec. 1, T. 2 N., R. 73 W.

[Altitude of surface, 5,140 feet.)

Probable forma- | Driller’s descrip- . Thick-
tion. tion of the rock. Content. ness. Depth.
Shale.... Water at 40 foot Fedt. | Tt
White Ri . [T ateratd0feel...........ooiiiiiiiiie, 412 412
ite I%ilggr forma- | ganq. “Showing’’ of gas and oil at 412 feet, water at
* 525 feet. 128 540
() eaecnncamneaa|ianannannaccectae cacaerucnsarennannennacasea
Piorre formation. | Black shale....... “Showing’’ of oil at 1,575 feet_ .. .....cceunen.. 1,035 | 1,575
WELL NO. 4.

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

Log of well No. 4, SW. L sec. 2, T. 82 N., R. 78 W.

[Altitude of surface, 5,260 feet.]

Probagl()exiorma- Driller’s description of the rock. Content, ’lgxeiscsk Depth
Feet. | Feet,
Pale-blue, gray,and greenishshales..|. .. .ocveiirnnninianiaians 468 468
Redshale......cooiciiinnrniaivennnn e .. 37 605
‘White River for- | Sand.... . 3 508
mation. Red shal . 5 513
Sand.. I 5 518
Red shale. . ..| Gasat 515 feet..........c..0n 17 535
[ 16 R eraes Strong flow of gasat 538 feet. . 7 542

" WELL NO. 14,

Well No. 14 is about 700 feet northeast of well No. 16. It is
* cased and capped but apparently only a small amount of oil or gas
was obtained in it. The lower 10 feet of the well undoubtedly is in
the Pierre formation, the White River formation being 516 feet thick.
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Log of well No. 14, SW. 3 SW. }sec. 3, T. 82 N., R. 713 W.

{Altitude of surface, 5,200 feet.]

Probaﬁ(l)%forman Driller’s description of the rock. Content. 'I;llgs‘;k' Depth.
Feet, Feet.

: White, fray, and bluish shales 44 440
White River for- | Red s 11 451
mation. Coarse sgnd. 6 457
Red shale. . 19 476

Green and white sand. 40 516

Pierre formation, | Black shale. ... c.oovuiiiiiiiiiieees]oaimmmmreeoniiiiinanienaans i 10 526

WELL NO. 1s.

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

Log of well No. 16, SE. $ SE. } sec. 4, T.82 N., R. 78 W.

[Altitude of surface, 5,210 fest.]

Probégg{ormw- Driller’s description of the rock. Content. ’I;llgscsk' Depth
Feel Feet
Surface water............... 5
Whme imylsh shale formation......|c..cceemiieiriiiiiiniiaannan 363 420
Cg roC, o ang feteeveeneieiteneeaiaiaana. 5:{ zg
% arse and loosesand.............. ] .eel. .. 1
Wm':m%l‘::r for- Coarse sand........ | GBS .- 3 487
(D)., . Fu'st “showing’’ of oil. 1 488
?) ........ .{ Good **showing’’ of oil 10 498
Ar96 BATH .| oil 501
Finer sand.. 3 504
Harder and finer sand 20 524
Black shale, with small streaks of | Waterat 815, 1,420, and 1,448 896 | 1,420
Plerre formation. sand. feet.
. Streaks of sand and black shale. ... .| ...cooiii ittt 285 | 1,705
WELL NO. 17.

Well No. 17 is about 800 feet west of No. 16. It is cased and is
plugged with wood. It probably does not extend more than a few
feet, if at all, below the White River formation, as it is less than 500
feet deep. In well No. 16 the base of the White Rlver was probably
reached at 524 feet.
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Log of well No. 17, SW. } SE. } sec. 4, 1. 82 N., R. 718 W.
[Altitude of surface, 5,200 feet.]

Probatilig]ffrma- Driller’s description of the rock. Content. 'I;gg“' Depth.
Feet. | Feet.
W?te{ at12and 38 38 38
’ eet.
Blue and gray formatmns ......................................... 334 372
%{ay Sal(id. L e ceen Fair flow of water 4 376
; : ue and gra; o.. 34 410 .
White River for- | pink shals. e I “7
g Blue rotten shale - 7 454
Gray soft sand 1 455
0curnnnn 2 457
Coarse and peb e 3 460
Hard white sand .. ‘14 474
. e . 011 with water 3 471
arder gray sand. ... oooiniiiiiiiiiiiii i i e deaa 8 485

WELL No. 18.
Gas from well No. 18 is used in the nearest house, about 2,000
feet away, for fuel and light. The source of the gas, as in the other
wells, appears to be the sandstones or bands of conglomerate in the
White River formation.
Log of well No. 18, NW. A}SE }sec. 4, T.32 N.,R. 7S W.
[Altitude of surface, 5,175 feet.]

Probableforma- Stap’ inti ' " | Thick-

tion, Driller’s description of the rock. . Content. ness, | Depth.
. Feet. | Feetl.
Surface formation................... 345 345
%c;ﬂ;k grﬁt:x; shale........ .. 45 390
- . inkshale............. 37 427
w hiﬁﬁ}zﬁ’ for— | Soft blue-gray shals. . 1 428
g Soft grai sand..... 2 430
Soft pink shalse.. . 3 433
Hard mixed sand. ........ooovmeenos Larife flow of gas and some 2 435
oil.

WELL XO. 19.

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

Log of well No. 19, SE. ¥ NW. } sec. 4, T.32 N., R. 718 W.

Pr obatbé{)t;f.orma- Driller’s description of the roclk, Content. T]}leiscsl.(- Depth.
Feet. | Feet,
Surface loam and shale........._.... At 1(%5 feet sand streak and 105 105
water. .
White River gra ﬁ.!;ld bluish shales. 2‘:;‘5) . 298
formation. d shale............
Sand................. 20 490
Green-brown shale. . 5 495
Brown sand............ 5 500
Coarse gravel and sand 25 525
: N ‘Blackshale. . ....ooooiivviiiinnnnne]oeann 12 537
Pierre formation. Grayshale. ... ... coeiooiiii el 41 578




78  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II
' WELL XNO. 22.

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

Log of well No. 22, NW. 3 SW. ; sec. 6, T. 82 N., R. 13 W.

[Altitude of surface, 5,370 feet.}

Probable forma- Mer’s d ton o ; ) Thick-
tlon. Driller’s description of the rock. Content. ness. Depth.
. . Feet, | Feet.
€oarse gravel....ccoveicerrienerennaloenteiiiiieriiarieseannsennan 11 11
Gravel and Clay. ... .cveiiii i ceriie e 8 19
White River Sandyelay........oooooaailil ol . 35 54
{ormation, Red and llght-blue sandy clay 42 96
Gray sandy clay........ 9 105
Red and gr: ay sandstone. 14 ‘119
- Reddish cia; 12 131
Hard black shale....... TN U 49 180
%}ack 1sla‘rlxdy stllllalgr w;ktlsl stf:rea.kg .................................... 31 211
ue shale with streaks of sand......[........icocveeiiiaie, 27 238
Bentonshale. | Baex sandy shale.. Oil showing . 8 248
SandroCK....ooiecinniiiiienniienonnn]oteiciriiiiiiiiiiaaes 4 250
Black shale...... Oil “showing”’ 92 342
Sand roCK. ;- ieraiiiiieieiiieenaana Oil “showing”....c..cccu... 182 524
Dark-blne shale.. .c.oeoieiiioiiandeciiiriirinriniiiongnncenas 10 534
Blue shale with streaks of sand......|..cccocveiiiniiieianaianano, 18 552
#Cloverly’”’and | Bluesandyshale..... ..........._ .. 8 560
Morrison” forma- | Blue shale with streaks of sand rock 5 565
tions. Black shale....ooceieeeeennaaanne 3 568
Soft sand.... 3 571
Brown shale..... 85 656
Black sandy shale. ... ..ocoooiimii it 37 693

WELL NO. 26.

It seems certain that in well No. 26 the ‘‘Cloverly” formation was
reached at a depth of 282 feet, although Jamison ! states that in part
his Dakota was entered at 48 feet. To depth of 282 feet there is too
much shale to justify referring the beds to the ‘‘Cloverly’”’ formation.
" The two oil sands mentioned in the log are probably sandstone lentils
in the lower part of the Benton. The well yields a small stream of
flowing water which is used for stock.

1 Jamison, C. E., The Douglas oil field and the Muddy Creek oil field, Wyoming Wyoming Geol. Survey
Bullaseer271912
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Log of well No. 26, SW. }sec. 8, T. 32 N., R. 718 W.

[Altitude of surface, 5,400 feet.}

Probatli)é:form&- Driller’s deseription of the rock. ~* Content. Tnt;iscsk- Depth,
1 .| Feet. | Feet.
‘White River for- | Washand brown gumbo........ooobiuiiiiiiiiiiiiiii i 48 . 48
.mation, .
Oil sand.....coeemiiiiiiiiiiananann Dark lubricating oil......... 2 50
Brown shale..... PN O 2 | 70
2% T i 7 77
S]IJali ..... Gy sese e e Water ab80 feef. ..o go gg
Black gumbo 1 1
Benton shale. | Browrshale. 110 238
Black gumbo. .. ueeeeeencniiaensoenalaeeniieeeiisan.s 7 245
Coarse rock.. 10 255
Lead-colored gumbo .. 7 262
RS < RPN RPN . e 10 272
White gumbo.. e 6 278
Darkshale. . .ooniieiiiiiiii e e e 4 282
“Cloverly” Wind cap rock........ s 2 284
formation. White water sand............ce.euen }Wam at 204 feet............ { 18 302

WELL NO. 28,

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

Log of well No. 28, SW. } SE. } sec. 8, T. 82 N., R. 18 W. -

[Altitude of surface, 5,360 feet.} .

Probable formation. Driller’s description of the rock. Tg"‘escsk' Depth
. Feet, | Feet
Gravel and sand..c.eueenniiiiiaienns e 65 65
Green shale..... ferenaceniieaneanes 62 127
GQray Shale....ooeeeerriiiviinnnriiiiiiei e 38 165
Green.oil sand. . cene . 10 176
: .| Light-gray shale 40 216
White River formation and | Brownclay. 40 285
. Benton shale. Black shale... 40 205
. Black sand... 5 300
QGray shale and san 5 305
Dark-gray shale and sand 6 311
Darkelay. . ocviiiiiii it rrarrera s 13 324
Dakotasand.....ccceuvienneinenensnnrsenionanarncncanan 1 825

WELL XO. 29.

Well No. 29 was not visited by-the writer, hence its location is
taken from the map accompanying Jamison’s report. The well is .
near the outcrop of the ““Cloverly” formation and probably penetrates
that formation to a depth of 60 feet.
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Log of well No. 29, SE. } sec. 8, T. 32 N., R. 73 W.

Probag]:nfor ma- Driller’s description of the rock. Content. ’I;ll;iscsk- Depth,
Feet Feet.

L R AN 2%
Grayshale.............. .e..| Waterat 5feet. ... .__. 30 65
Blue and gray shale Good oil “showing”. ....... 53 108
Brown sugary oilsand.............. G?ial ax:ltld {)ﬂ gas burned over 2 110

. 0
White River for- | Yellowshale.....ccoeveennnrnnnnnn. Good oil “showing” with 30 140

mation and Ben- some gas.

ton ghale. Greenish sand. . e R S .5 145
Gray shale...... Y 15 160
Brown gumbo. . P N [ 3] 185
Brownshale..............ooo... “Showing” of oil and some 135 300

N gas.
Purple and lilac gumbo...ooeoiieeeifiiiieiiiiiiiiiiiiiiiiae s 5 305
“Cloverly” forma- | Sandstone. ........ocooiiiiiiiiimiifeaireraneieaaamrrrecntiieannes 60 365

tion.

WELL NO. 30,

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

Log of well No. 30, SW. 1 SE. Y sec. 8, T.32 N., R. 73 W.

[Altitude of surface, 5,340 feet.}

Pr“"g};f"rm’ Driller’s description of the rock. Content, ' T;’gsgl_" Depth.
Feet.

50

‘White River for- 80

mation. 185

256

Benton ghale. ggg

WELL NO. 83.

Well No. 33 does not penetrate the ‘““Cloverly” formation. If the
dip observed along the outcrop is continuous to the point where the
well is located, the ““Cloverly” would be about 1,000 feet below the
surface, or about 400 feet below the bottom of the well. This state-
ment is based on the assumption that the fault in sec. 9 does not
extend as far west as this well. If, however, the fault is present in
sec. 8 and the downthrow is on the north, as it appears to be farther
east, then the ‘“Cloverly” is deeper than is stated above.
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N
Log of well No. 33, NW. + SE. }sec. 8, T.82 N., R. 13 W.
N [Altitude of surface, 5,280 (?) feet.]
 Pr obag}]elalforma- Driller’s description of the rock. Content. Tnhej:sk' Depth
J Feet. | Feet.
~ Gravel wash and gray shale. . 74 74
Brownshale....... 50 124
Grayshale......... 60 184
Brown and gray sh: 36 220
Blue and brown shale.. 50 270
Brown dope; very slow . 26 296
Gray rock, shell mixed with yellow 50 346
shale, and a little sand; turned
White River for- into a brown dope which stands
mation and Ben- up well.
ton shale. Benton shale; caves badly .. ... ... ..o il 10 356
Paraffin.._.. 7 363
Benton shal 42 405
Gray shale 0 415
Gray shale, b, , and a little | Oil..... 8 423
Benton shale.
Benton shale........ccocveievinisefoermraranennermenemmaenans 177 600
Artesian water Sand...ve . evueraeeriliiiiiiiieiieiiira e, 1 601
A pinch of Dakota oil sand.......... Water at 601 feet............ 1 602
‘WELL NO. 34,
~ Well No. 34, which has been left with the casing open, stands full

of water. Apparently there is a small flow of water from the well.
It is probable that bentonite or some similar clay is meant by the
driller’s term ‘‘paraffin’ in the well log.

Log of well No. 84.

[Altitude of surface, 5,200 (?) feet.)

Probable forma-
tion.

Driller’s description of the rock.

Content.

Light clay. 10

Granite. 15

Light sha! 60

White River for- | (D)........ 120

mation, Light clay. 153

Clay and bl 142 205

Red rock.. 15 310

Yelow rock. . .oueenoereenncnnaeean oo 35 345

! Blackshale.............iccoeeeal... Water at 665 feet............ 330 675

Blacksand........coooeoiiaana. ...| Waterat675feet............ 27 702

Black shale and paraffin........ 3 705
Blackshale........ccceeuuan... 9 714 -

Blacksand..................... 6 20

Benton shale. Black shale and paraffin........ 11 731

Gray shale and paraffin........ 141 872

Soft iray sand...... ...l 19 801

Black and gray shale........... 9 000

Grayshale..................... 10 910

Black shale and iron........... 15 925

Paraffin..... ... 5 930

WELL NO. 35.

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

- 365°—Bu11 541—14—6
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Log of well No. 85, NE. $} SE. } sec. 8, T. 82 N., R. 78 W.e
[Altitude of surface, 5,300 (?) feet.] )

Probntl;})%form&- Driller’s description of the rock. Content. = - 'Iglelscs]f' Depth.
Feet. | Feet
Water formation 10 10
Brown lime formation, .. 70 80
Gray shale............ vaae .. 40 120
Blueshale........ .- eees 70 190
White River for- | Blue gumbo .. 22 212
mation. Brown and green gumbo...... .| Water at 217 feet............ 50 262
Crystal formation............. 13 275
Bluegumbo..... ............. 10 285
Pink and brown formation. ... 25 310
Mixed shales.................. 22 332
33 051 PN 188 520
Watersand.........oooiieniiiiaaaa. W}z;.tfr flowed over top of 8 528
: ole.
glardk shelzlrock ..................... Strong flow of gas lzli gig
LT =521 1T VI S
Benton shale. | gyl Water at 550 foet. : 104] 648
Paraffin, S 5 651
[ T Water cased off at 667 feet; 74| - 728
struck oil at 718 feet.

6 This well log is identical with Jamison’s No. 13, so far as it goes, but his log shows a maximum depth of
810 feet, wheregs the log given above, which was procured from A. W. Phillips, states that the depth of
this well is 725 fest.

WELL NO. 41.

Well No. 41 is about 1,000 feet south of No. 35 and contains oil of
a similar character. It has tubing and jack attached for pumping.
The oil comes from a sandstone in the bottom of the well, apparently
in the Benton shale.
Log of well No. 41, SE. } sec. 8, T. 32 N., R. 73 W.

[Altitude of surface, 5,320 feet.]

Probag};] formﬂ' Driller’s description of the rock. Content. Tr?eiscsl‘,{. Depth,
Feet, | Feet

Surface formation.............. N 10 10

Grayshale............o.ccovunenn... Waiter at 85 feet. . e 80 90

Gumbeo. .. R PN 50 140

gray shale frrri s .. %0 : %50

. N . TOWIL UIDO .- .o eveee i eaeneeniinaines .- 15 65

White Biver for- | Blueshale...... 0111111 w0 175

. Grayshale........... R .. 15 190

Lightshale. ... ... . .oooo.oooifeeoaan e .. 50 240

Sand 5 245

21 266

................... 29 295

Black shale......coeeeuneniinaan... Gasat312feet.............. 104 399

Benton shale. | oy ™ " T IIIIIIII Oil at 389 feet. .-............ 2 401

WELL NO. 44.

Well No. 44 was drilled near the outcrop of the oil-saturated sand-
stone which was uncovered in digging the tunnel for an irrigation
ditch, but only a small amount of oil was found. The casing was
pulled and the well abandoned.
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- Log of well No. 44, SW. 1‘- sec. 9, T.82 N., R. 73 W.

[Altitude of surface, 5,300 feet.]

83

Pr obag!:lforma- Driller’s description of the rock. Content,. Tnlzi:sl.:- Depth
Feet. | Feet.
‘White River for- | Surface formation................... 118 118
" mation, - Redshale............ 22 140
Light shale 20 160
Blackshale. ...ooooieiiiiiii e e 40 200
Benton shale. | [iohg shate. Lol LLLL Il 20 220
222
3 230a
235
241
?&“ﬁ’ e aray sand 552
0 ay 5a0d........ 5
“Cloverly " forma- | 1o and tod shale. ... 257
on. Darkershale................ 267
Blackshale...._............ 285
Sand, with coarse pebbles... 289
Fine whitesand . ._......... 315
‘White sand, coarse, soft..... 330
Shale, DIACK . «ennereenesooeon oo 342

WELL XNO. 47.

Well No. 47, like most of the other wells in sec. 9, was drilled
near the outcrop of the oil-saturated sandstone and found only a
small amount of oil. The casing was pulled and the well abandoned.

Log of well No. 47, SE. }sec. 9, T. 82 N., R. 78 W.

[Altitude of surface, 5,300 feet.]

Pr °b“tl;})%f°r@°' Driller’s description of the rock. Content. Tlgls‘;k' Depth.
Feet. | Feet,
M%do land and sedimentary forma- ... ... .coooiiiiiiiiiiaa.a. 118 1
00,
3 T0 B < Y 22 140
Light shale. . 20 160
Black shale 40
nght shale. . voooiiiieriiiaie e et ig ggo
. {Sand.._..... 0
White River for- Fme whitesand....eeociinneiennnnfooudoaall, 11 241
mation. Gray soft sand. . 4 245
Light-gray soft sand. ... ..ol 7 252
Light and red shales. .oeeeceenniieefiiniiiniiiiian, 5 257
Darkershale .. ... et 10 267
Blackshalo. ... .. e iiiiiaiiiiinaseeeneeiiseiieiieananaan 18 285
Sand, with coarse pebbles. P RO, 4 289
Fine whito sand ... ................. 16 305
Coarse White sand......ceeumeueennsfeririirseecemrineeseniecncnnes 15 320

WELL NO. 48,

Well No. 48 has tubing and pumping jack attached. Heavy oil

like that from well No. 49 has been pumped from it.

about 200 feet south of No. 49 and its log is almost identical.

This well is
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Log of well No. 48, SW. }sec. 9, T.32 N., R. 7S W.

[Altitude of surface, 5,290 feet.)

Probat;le forma- Driller’s description of the rock. Content. T]}ﬁescsl«.:- Depth.
Feet
- White River for- o
mation. 393 -
340
Black shale.......veveevesenniinnns 2?5
....................... 5 0
Benton shale. %eack shale and paraffin.. eee 50 420
Oilsand.....ccooienieiiinnniaiaanan. 5 425

WELL NO. 49.

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

Log of well No. 49, SW. }sec. 9, T. 32 N., R. 18 W.

[Altitude of surface, 5,300 feet.]

Pr obagé%{orma- Driller’s description of the rock. Content, Tntéi;:slf- Depth,
Feet Feet,

Clay ..| Water at 60 feet.. 60
White River for- Green [ 21 1 R PR 267 327
mation. Red rock and green shale.......ool il 8 335
Yellowrock.............. RO PR .. 5 340
LT N 5 345
%’PII?{W }rloflzk ......................... 42 Zaigo
ack shale.............. - .- 5
Benton shale. | Bioa) shale and parafiin. . . .. 40 435
| Ollsand. e iciaeees Good supply of heavy oil.... 5 440

WELL NO. 50.

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

Log of well No. 50, NW. 1 SE. }sec. 9, T. 82 N., R. 78 W.

[Altitude of surface, 5,290 feet.)

’Brobatlzz)?lforma Driller’s description of the rock. Content, T!g:s]f Depth.
Feet. | Feet.

ClBY e eeneeeemeem e eeeeaeananan 55 55

White River for- | Green shale and clay 263 318

mation. Red rock 8 326

Gas sand 334

Yellow rock and light shale 29 363

Blackshale......ccoeoemeinneaannn, 42 405

Black shale and paraffin. . ceee cee .- 45 450

Benton shale. Oilsand.............cc.... cees ceae . 5 456

Gray shale.. . .- 13 468

Black shale. . 7 475
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WELL NO. 54,

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

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

[Altitude of surface, 5,250 feet.]

Pr obatlg(l)%{orma- Driller’s description of the rock. Content. ’I}els(;l.{- Depth.
Fect Feet

Dark-gray shale. . ....coooiveiiiiiiifieee i ica i iieiiieiaanes 55 56

Light-greenshale........... ....| Waterat 65 feot............. 75 130

Blusshale......._...ccooo.. R 30 160

White River for- | Light-brown shale.................. ettt 30 190

mation. Light-blueshale.............. e 60 250

Brown and slate-colored shale 87 337

Light-brown shale. 33 370

Slate-colored shale. 35 405

*Gas sand 1 406

WELL NO. 55.

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

Log of well No. 55, NW. 3 NE. }sec. 9, T. 82 N., R. 73 W.

[Altitude of surface, 5,200 feet.]

Probatl;:,fgor ma- | Driller’s description of the rock. Content. Tnhelscsl_{' Depth.
- Feet. | Feet.

Blue, green, and light-colored shale. .| Waterat 8,48,and 375feet - .. 375 375
Sandy..............o. P, Water and B0S.eiiennnennnnn 5 380

Green and light-blueshale. . ........[......... .. 32 412
Redshale.............. 39 451

White River for- | Greenshale......_..... [T S 3 454
mation, Sand, with green shale 1 455
Soft gray sand. . c..oooiiiiiiiiineodian.s 2 457

Shale and sand mixed.. 3 460

Fine white sand........ . 3 463

5791 U FOp Strong flowofgas............ 3 466

WELL NO. 57.

Well No. 57, according to Jamison’s report, had so strong a gas
pressure when the drill reached the depth of 468 feet that it threw
sand and pebbles 70 feet into the air. The well is now cased and -
capped, but the gas is not being used. ’
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Log of well No. 57, NE. + NE. } sec. 9, T. 82 N., R. 73 W.

{Altitude of surface, 5,210 feet.]

Probag:glfor ma Driller’s description of the rock: Content. Tn];'scsl." Depth.
Feet. | Feet.

[T T . 308 308

Coarse white sand. .. e 2 310

White River for- | Shale............... e 98 408

mation, Pale pink shale. . ............ 24 432

Red shale; holecaved........ 26 458

Greenshaleand graysand........... vees e 10 468

|3 TP 2 470

WELL NoO. 59

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

Log of well No. 59, NE. }sec. 11, T. 32 N., R. 18 W.

[Altitude of surface, 5,220 feot.]

Probable forma- Mep? ot Thick-

tion. Driller’s description of tl}e rock. antent. ness. | Depth.

Feet. Feet.
Brown S0apStONe......ccveiaeenaiaan 20 20
Blue soapstone...... .. 38 58
Gray shale.......... 20 78
Green shale......... 10 88
Gray shale.,........ 22 110
Sandy green shale... ceee 10 120
Blueshae.......coovvvnneeianaia.s 28 . 148
) Gray, mixed with blue shale, . 33 181
Grayshale.e.c.oovvemunnn... 67 248
White River for- | Brown, mixed with blueshale 25 273
mation. Grayshale........ococeenel.. 5 278
Brown shale 61 339
Gray shale. . 76 415
Blueshale.......... N . 32 447
Redshale........... . 35 482
Gas sand . 6 488
Gray shale and paraffin mixed....J.cccoeeeiiaaaaa.. 4 492
Reédshale.....oooeiimnn i e 20 512
Gassand...oeieernneiennnennnananan Gas.. 3 515

WELL NO. 60.

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

11n 1913, after this paper was written, the pipe was taken up.
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Log of well No. 60, NE. } sec. 11, T. 82 N., R. 73 W.

[Altitude of surface, 5,230 feet.]

817

r
Probatl;}glforma- Driller’s description of the rock. Content. I;ﬁi;’sk' Depth
Shale format d Gas at 480 f T | i
. ale formations; stray sand........ asat480feet............... 4
White River for- | gog ro0 .| Strong flow of gas... 11 491
mation. Y. TSR IS RS 498

WELL NO. 61,

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

reported. :
Log of well No. 61, NW. } NW. Lsec. 12, T.32 N., R. 78 W.
[Altitude of surface, 5,220 feet.]
Probable forma- , . Thick-
tion. Driller’s description of the rock. Content. Tiess, Depth,
Feet, | Feet.
Surface dirb. .. vvee i el 50 50
Blueshale............ 4 54
Gray and brown shale. . B 6 60
Bluesand............... .| Water at 60 feet. 60 120
Brown sandy shale_ 25 145
Clay......... 15 160
Green shale. ... 40 200
é;lgl&t—gray shale lg gig
; . and...........
White River for- | ¥ ight shale 58 271
on. Red rock mixed with green shale. 87 358
Greenshale. ... ......oo.ooo.oo. . 15 373
Green and red shale verfonencns 15 388
Greenshale............... R P 67 455
Red rock. ... s R PPN 20 475
Grayshale.........oooeiiiiin i feeanae, 5 480
Redrock. .. .ocoevomeeianaaianaafonnais 8 488
(30720 {11 : SIS PP 3 491
Gassand.........coiiiiiiiiiieiaann, L6 - RN 2 493

WELL NO. 63,

Well No. 63 is on the northeast side of Table Mountain, m R. 723,
very near the west quarter corner of sec. 7, T. 32 N., R. 72 W, and
is cased and capped. The well record indicates that water, oil, and

gas were found, but apparently only a small amount of oil. Gas is
reported to have been obtained from the bottom of the well.
Log of well No. 68, lot tn sec. 12, T. 82 N., R. 72} W.
{Altitude of surfacs, 5,316 feet.]
Probag})%'forma- . Driller’s description of the rock. Content. ’l;lléglf' Depth,
; Feet.
Greenish shale. ...........ocoeveenn. 97
Brown shale and gumbeo............ 175
White River for- | Bluish shale, with streaks of sand. . . 275
mation, Chalky formation. .................. 285
Shale formation......... .. 300
Shale formations 685
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PRODUCTION.

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

FUTURE DEVELOPMENT.

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

‘The dips of the rocks near Glenrock suggest a favorable structure
for the accumulation of oil, but this area has not been sufficiently
studied to justify more than a mere mention at this time. The rocks
at Glenrock dip toward the north, about 24 miles southeast they dip
toward the east, and about 34 miles south of Glenrock they dip nearly
south. These attitudes suggest a pitching anticline with an east-west
axis about 1% miles south of the town of Glenrock, but to reach the
Shannon sandstone lentil here, if present, a thickness of about 2,700
feet of strata would have to be penetrated.
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THE SHOSHONE RIVER SECTION, WYOMING.

By D. F. HewerT.

INTRODUCTION.

Shoshone River rises among the ridges of the Absaroka Range in
northwestern Wyoming and, except for a local diversion around
McCulloch Peak, flows in a course approximately N. 60° E. to a
point near the Montana line, where it empties into Bighorn River.
(See fig. 2, p. 49.) Its course is approximately normal to the axis of
the Bighorn Basin. On the west side of the basin the front of the
Absaroka Mountains coincides approximately with the eastern limit
of lava flows which overlie the pre-Eocene sedimentary rocks, but in
the border belts on the east and west the river cuts through broad
anticlinal folds, along the flanks of which the stratigraphic section is
exposed in great detail. Thus on the west, along the east limb of the
Rattlesnake-Cedar Mountain anticline, a complete section from the
base of the Cambrian to the Eocene is visible, and though on the
east, where Shoshone River cuts through the north end of Little
Sheep- Mountain, only the Cretaceous and Eocene formations are
shown along the river, the complete Mesozoic section is brought to
‘the surface near the center of the mountain.

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

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

. ’ 89
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it has the advantage of facilitating the more accurate delimitation of

the formations. The section also shows in detail the sedimentary

succession on the west side of the Bighorn Basin: The Mesozoic and

Tertiary formations, exclusive of beds of Wasatch age, are approxi-
" mately 15,000 feet thick along Shoshone River.

METHOD OF WORK.

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

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

FOSSILS.

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

" 1Woodruff, E. G., Coal fields of the southwest side of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Bull,
341, p. 202, 1909.
3Unpublished notes.
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The following table shows the character and relations of the forma-
tions from the Sundance (Upper Jurassic) to the Wasatch (Eocene):

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

System.

Series.

Formation.

Character,

Thick-
ness
(feet).

Tertiary.

Cretaceous or Ter-

tiary.

Eocens.

Wasatch,
—Unconformity—
Fort Union.

Unconformity (?)

To.

Buff and white sandstones, locally
conglomeratic and feldspathic
alternating with greenish an
red shales and clays.

M

White and buff massive sand-
stones with ‘conglomerate zone
at base. Upper portion more
shaly. Contains flora and fresh-
water fauna.

Buff and yellow sandstones with
minor sandy shaleand clay. No
coal beds; saurian bones and
fresh-water invertebrate fossils.

1,790

Cretaceous.

Meeteetse.

Argillaceous sandstone and sandy
shale with numerous beds of
brown carbonaceous shale and
lenticular coal near top. Mon-
tana flora.

1,110

Gebo.

Massive sandstone, buff near base
and white near top, separated
by thin beds of shale, One or
more coal beds near base. A few
plants and invertebrates of Mon-
tana types.

1,120

Upper Cretaceous.

Colorado.

Upper member: Dark-green to
tack shale, sandy near top; nu-
merous marine fossils,

Middle member: Buff sandstone
locally conglomeratic, alternat-
ing with sandy shale and thin
carbonaceous shale. One coal
bed near top and several beds of
bentonite. -

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

494

1,026

Lower Cretaceous.

“Cloverly.”

Two sandstones separated by shale.

110

Jurassic or Creta~
ceous,

' Morrison.,

Maroon, gray, and brown shales
with several sandstones. Sau-
rian bones.

580

Jurassic.

Upper Jurassic.

Sundance,

Glauconitic green and gray shales,
calcareous sandstone, and gyp-
sum_ beds. Numerous marine
and brackish-water fossils.

530

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

SUNDANCE FORMATION.

Beds containing Sundance (Upper Jurassic) fossils have been
recognized at many localities in the Bighorn Basin and in eastern
Wyoming. They present similar lithologic features and are char-
"acterized by abundant fossils, notably of the.genera Gryphea,
Ostrea, and Pentacrinus. A section of the formation has been
examined in detail by Fisher* along Trail Creek, 8 miles northwest
of Cody and within 6 miles of the point of exposure along Shoshone
River. Along Trail Creek a thickness of 322 feet was measured, but
along the river, if the lower and.upper limits of marine Jurassic
fossils are taken as the base and top, respectively, the thickness of-
the formation is 530 feet, the greatest which has been measured in
Wyoming. The beds are well exposed along the south bank of the
river and may be examined closely. There is no appreciable differ-
ence in dip or evidence of erosional unconformity between the
Sundance formation and the underlying red sandstone of the Chug-
water formation (Triassic?). There was, in fact, a gradual transi-
tion from conditions of Chugwater sedimentation to those of the
marine Sundance formation.

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

Section of Sundance formation on Shoshone River.

Feet.
Shale, gray, sandy, and sandstone, lower half shaly, upper half
firm and massive; fossil collection4997. ... . ............... 42
Sandstone, gray, massive, cross-bedded, with several poorly in-
durated layers and a number of thin limestone beds composed of
Ostrea fragments; fossil collections 4988, 4996. ........_ ... 60

1 Ffsher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U, 8. Geol. Survey Prof. Paper
53, p. 21, 1906.
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Foet.
Sandstone, gray, with numerous shale layers; fossil collections

4985, 4986 -ttt .6
Shale, dark.. ... oc.oooiiiinoaas. e .15
Shale, green, highly fossiliferous near the base, becoming sandy

above; the upper more sandy portions are umformly glauconitic;

fossil collection 4989. ... 0 . iviiiiieii il 240
Shale, green, sandy, containing a number of fossiliferous layers.... 22
Shale, green, sandy, with several thin nodular limestones. .. ..... 16
Shale, red, sandy, traversed by numerous gypsum veinlets. ...... 48
GYPSUIN. - oo 12
Limestone, gray, fossiliferous, and greenish-gray shale in alternat-

Ing beds. .. o 23
Limestone, gray, fossiliferous. . ... ... ... ............ e 23
Clay, BIAY e« - v e et e ee et 1
Limestone, gray, fosmhferoua. e e 2
Limestone, gray, fossiliferous, and yellowmh-gra.y clay, in alternat-

ing layers; fossil collection 4982, ... ..oovi il 3%
Clay, dark. .. ..oooniii i SO 2
Limestone, gray, fossﬂ1ferous composed, Ia.rgely of fossil fragments 5
101 3
Limestone, gray, fossiliferous, contalmng many fragments of fos-

sils; fossil collection 4981 . . . ... .. .. iiiiiiiiiiiiiao.o. 21%
Sandstone, gray, fossiliferous; fossil collection 4980........c....... . 4%

Clay, Bray, ComPaCh ...t it ittt ia e ia e inncaaaeaaas 1
530

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

4997. Stanton:
Trigonia sp.
Astarte sp.
Undetermined pelecypods.

4988, Willard:

-Rhynchonella sp.
Ostrea sp.
4996. Stanton:
Rhynchonella myrina H., and W,
Ostrea strigilecula White.
4985. Willard:
Rhynchonella.
Camptonectes.
4986. Willard:
Ostrea.
Camptonectes.
-Modiola.

4989. Willard:

Gryphea calceola var. nebrascensis
M. and H.
Camptonectes

pertenuistriatus M.
and H. :

4989. Willard—Continued,
Gervillea sp.
Arca (?) sp.
Trigonia sp.
Astarte meeki Stanton,
Astarte sp.
Pleuromya subcompressa Meek.
Ammonite fragment.

4982, Willard:
Ostrea strigilecula White,
Obscure bivalves.

49381, Willard:
Pentacrinus astericus M. and H.
Camptonectes bellistriatus Meek.
Trigonia.

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

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

There is a striking resemblance between the middle portion  of the
formation along Shoshone River and that in the region north of
Thermopolis described by Darton.? Evidence of an unconformity
between the Morrison and ‘‘Cloverly,” noted by Fisher® in places
has not been found on Shoshone River.

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

1 Fisher, C. A., op. cit., p. 25.
2 Darton, N. H., Geology of the Bighorn Mountains: U. 8. Geol. Survey Prof. Paper 51, p. 50, 1906.
$ Figher, C. A., op. cit., p. 26.
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Section of Morrison formation on Shoshone River.

. Feot.
Shale, maroon and gray, sandy.......ecoviiiiiii Lt 50
Sandstone, buff.........co .l 6
Shale, gray, sandy...... e, PO 12
Sandstone, buff............. il e 4
Shale, gray, sandy... P 1
Sandstone, buff, cross- bedded ..................................... 8
Clay, gray, sandy..... e e e ettt 50
Sandstone, buff, fine grained, evenly bedded, and ripple marked... 6
Clay, maroon and yellow, sandy........o.cooiviiiiiiiiiiieian.n.. 44
Clay, dark brown to black, containing saurian vertebrz, limb bones,
and gastroliths. ....c.coovveeiniii il 20

" Sand, gray, argillaceous, only locally indurated, containing wood
silicified in place, as-well as rounded pebbles of similar material;

carbonized plant remains and small calcareous concretions....... 50
Clay, maroon, 8andy..o.vaeeeenneen e e 55
Sandstone, white, homogeneous, only locally indurated......._.... 25
Clay, prevailingly gray and olive-colored, but with three broad

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

§0o3 9 107 0) 1 VAN 140

580

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

“‘CLOVERLY’’ FORMATION,

The recognition of the ‘‘Cloverly” formation is based wholly on
its lithologic character and relation to the overlying marine shale
and the underlying Morrison formation. The name has been applied
by Darton! to a group of beds which lie beneath the Colorado
formation on the west side of the Bighorn Mountains and which
he believed to include the equivalent of the Dakota sandstone,
together with beds of Lower Cretaceous age. Fisher ? has reported
a collection of plants from shale overlying a coal bed below the
base of the Colorado formation in the eastern part of the Bighorn
Basin, which were determined to be of Kootenai (Lower Creta-
ceous) age, and on the basis of this determination he regards the
“Cloverly” as the equivalent of the Kootenai of the Montana region.
No fossils have been found along the west side of the basin, nor is
there evidence of the presence of a coal bed with which the leaves
are associated.

1 Darton, N. H., op. cit., p. 53.
2 Fisher, C. A., Sout.hem extension of the Kootenai and Montana coal-bearing formations in northern
Montana: Econ. Geology, vol. 3, p. 84, 1908.
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On account of the nearly vertical walls of the canyon of Shoshone
River these beds, although well exposed, can not be examined in
detail. o
The sandstones are fine gramed and the grains are angular and
fairly uniform in size, ranging from 0.1 to 0.25 millimeter in diam-
eter. They are firmly held by a cement composed largely of car- '
bonate of iron. No conglomerate beds such as have been recog-
nized elsewhere in the basin were found in the section.

Section of ““Cloverly” formation on Shoshone River.
Feet.
Sandstone, buff, indurated, characteristically thin bedded and rip-
ple marked. The beds range from half an inch to 20 inches in
thickness and are composed of angular and subangular grains of

quartz, with traces of muscovite near the top................ ... 60

- 8hale, gray, sandy. ... il 25
Sandstone, buff, massive...... ... ... . il 25
110

COLORADO FORMATION.

GENERAL CHARACTER.

~

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

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

1 Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U. 8. Geol. Surv.ey Bull. 340, p. 350, 1508.
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) LOWER MEMBER.

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

Section of the lower member of the Colorado formation on Shoshone River.

. Feet.
1. Shale, 8andy..ecceiee i et s 32
2. Shale, blue-gray, with fish scales. ... ...................... 56
.3. Sandstone, buff. ... ... .. ... ... e P 4
4, Bentonite......cooeeeniiiiii .. e raaaaan 4
5. Shale, gray, with fish scales and vertebrae.................... 45
6. Bentonite.......... e et aaaaaaaas 4
7. Shale, gray, with fish scales. ......... ... ... ... ... 151
8. Sandstone, buff, thin bedded...............cooooiiiiiiilL 80
9. Shale, dark, dense. ... ... ...l . . 50
10. Sandstone. ..ot 3
11. Shale, bluish black, containing several thin gray sandstones )
and numerous beds of bentonite from 1 inch to 4 feet thick. 392

~12. Sandstone, buff, massive; the lower portion cross-bedded and

containing numerous crocodile teeth, several caudal ver-

tebrae of dinosaurs, and a turtle, also many pieces of carbon-
ized plant material; fossil collection 123...... e 20

13. Shale, dark brown to black, containing thin beds of bentonite

1121 8 A TR ) o 2R 185
1,026

Fossil collection No. 123 contained ‘‘caudal vertebra of dinosaur;
teeth of crocodile,” according to C. W. Gilmore. ~ O. P. Hay reports
that the turtle ‘‘represents an undescribed species probably belonging
to the genus Gyremys. This genus is known from a single specimen,
@. spectabilis Hay, believed to be from the Judith River formation
of Montana.”

MIDDLE MEMBER.

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

1 Fisher, C. A., The bentonite deposits of Wyoming: U. 8. Geol. Survey Bull. 260, p. 559, 1604,
365°—Bull. 541—14—7
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eral of them contain persistent zones of chert pebbles, a feature which - :
hasbeen recognized elsewhere in the Bighorn Basin. Though the mid-
dle member contains several thick beds of bentonite, it lacks the
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great number of thin beds noted in the lower member

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

1. Sandstone, buff, separated into three benches by thin brown -
ghale bands; upper and lower benches contain chert pebbles,
the largest half an inch in diameter................... ... ... 24
- 2. Sandstone, buff to gray, shaly.. ... ... ... .. S 60
IS I LI ) o) « DN 1
4. Bentonite.............. e [ ST 8
5. Shale, brown..... ... it 5
6. Sandstone, buff. . ... ... ... 6
7. Bentonite. ... ... e 6
8. Shale, brown,.with 4 inchesof coal..... ... .. ... .......... 3
9. Sand, brown, shaly. ... .. ... . ..., 8
10. Shale, brown, with two thin coal beds. ... .. ... .. ... ..... 2
11, Shale, dark. .. cveeei i e 13
12. Sandstone, buff. ... ... .l 3
13. Shale, sandy. . ..o i 30
14. Sandstone, buff. ... .. ... e 6
15. Shale, 8andy . . ..ocooii i 55
16. Sandstone, drab, separable into four massive benches by thin
ghale layers; second bench from the top contains black chert
pebbles three-fourths of an inch in diameter.................. 40
17, Shale, sandy. ..o i .82
18. Sandstone, buff, thin bedded............. e 18
19. Shale, 8and Y. . ceue i e e 22
20. Sandstone buff thin bedded............ooo . ... 12
21. Shale. ... ... e 16
22. Sandstone, buff. .. .. . ..., 8
28, Shale. ..o e, 16
24. Bandstone, buff. ... .. ...l 40
25, Bhale. .t iiiiciiteiaaena-s 24
26. Sandstone, buff, thin bedded, contammg nonpersistent zones of

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

from the shale.

Feet.

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

494

UPPER MEMBER.

cline on which the Shoshone Oil Co.’s well is situated.

Y .

o

“‘4

L]
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The lower portion of the member contains many concretions, most
of which contain numerous fossils. These definitely establish the
age of the beds as upper Colorado.! . ' -

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

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

4960. Woodruff: 5032, Willard:

Inoceramus exogyroides M. and H.
Inoceramus undabundus M. and H.
Inoceramus acuteplicatus Stanton.

Avicula sp.
Inoceramus umbonatus M. and H.
Inoceramus acuteplicatus Stanton.

Inoceramus sp. Crassatellites n. sp.

Legumen &p. Corbula sp.

Pholadomya papyracea M. and H. Dentalium sp.

Baculites asper Morton (?) Turritella sp.

Baculites sp. Gyrodes conradi M. and H.
Scaphites ventricosus M. and H. Fusus (?) sp.

Baculites asper Morton. .
Scaphites ventricosus M. and H.
7369. Hewett:

Ancyloceras (?) sp.
Mortoniceras sp. related to M. sho-
shonense M. and H. -

. 4991, Willard: Anomia sp.
Anomia sp. : Avicula sp. cf. A. linguiformis E.
Avicula sp. cf. A. linguiformis E. and 8.
and S. | Nemodon? sp.
Inoceramus acuteplicatus Stanton. Veniella sp.
Inoceramus sp. Pholadomya papyracea M. and H.
Crassatellites n. sp. Corbula sp.

Dentalium sp.

Volutoderma sp.

Cinulia sp.

Baculites sp.

Scaphites ventricosus M. and H.
Mortoniceras shoshonense Meek.

Corbula sp.

Turritella 1. sp.

Baculites asper Morton?
Baculites sp.

Scaphites ventricosus M. and H.
Mortoniceras sp.

‘1 In the report by Fisher (U 8. Geol. Survey Prof. Paper 53) these beds, on the basis of meager fossil
collections, were regarded as heing equivalent to the Pierre of eastern Wyommg and Montana. Their age
appears now to be-established as Colorado.
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GEBO FORMATION.

Overlying the thin-bedded shaly sandstones of the upper member
of the Colorado is a mass of buff to cream-colored sandstone, in
beds ranging from 18 to 65 feet in thickness, with thin intercalated
shales, which near the base contain coal. On account of the indu-
rated condition of the sandstone the river flows in a narrow gorge
for the greater portion of the section and they can not be exam-
ined in detail. In the region south of the river, however, these
beds constitute a well-defined lithelogic unit and wherever they
outcrop form high rugged ridges. The name is derived from the
town of Gebo, near Thermopolis, in the south end of the Bighorn
Basin, near which extensive mining operations have been conducted
on a coal bed near the base of the formation.

The thickness assigned to the formation along Shoshone River
is 1,120 feet, the basal and top members being assumed as the low-
est massive sandstone above the upper member of the Colorado and
the highest indurated sandstone below the Cody coal bed. This thick-
ness compares with measurements of 1,250 to 1,430 feet, made in
the region south of the river. The formation has yielded a meager
flora and a few invertebrate fossils along the river, on the basis of
which the lower portion is correlated with the beds referred to

the Eagle, containing the coals near Bridger, Mont. This correla-

tion is confirmed by the field work of Fisher, Washburne, and Wood-
ruff, who have traversed and mapped the coal beds of the formation
almost continuously from south-central Montana into Wyoming and
around the Bighorn Basin. The formation contains a characteristic
marine fauna in the upper Missouri River region! and in southern
Montana,” but no invertebrate fossils have yet been found in the basal
portion of the formation on Shoshone River. A few poorly preserved
mollusks were collected from the sandstone overlying the lowest

coal, 85 feet above the base of the formation at Thompson’s coal

mine, 15 miles south of Cody, but they are not diagnostic species.
Throughout central and southern Montana the thickness of the
Eagle sandstone ranges from 200 to 370 feet. In the region north
of Shoshone River, where the Eagle has been more carefully studied,
it is overlain by the Claggett formation, from 400 to 760 feet thick.
In the type locality in central Montana the Claggett formation is
predominantly shale which yields a characteristic marine fauna, but,
as shown by the sections given by Fisher,® in its southern extension
the proportion of sandstone increases, and at Elk Basin, on the Mon-
tana-Wyoming line, the section shows only & minor proportion of

1Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8 GeoL
Survey Bull. 257,p 12, 1905.

3 Unpublished notes of T. W. Stanton. ’

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

Section of Gebo formation on Shoshone River.

. Feet.
Sandstone, buff, massive.............. .ol 18
Shale, drab to brown; fossil collection17, Knowlton (?)2.......... 50
Sandstone, buff, massive ....... .. ... ..ol 20
Sandstone, locally massive and indurated, with few beds of gray to
brown shale; fossil collection 4972, and 38, Woodruff.......... 720
Sandstone, buff, massive......... ... .. il © 40
Clay, gray to brown, homogeneous, sandy...... e 20
Sandstone, buff, thin bedded. ...l 55
Shale, carbonaceous, with thin coalbed............... ... ... 20
Sandstone, thin, andshale ....... ... ... ... ...l 50
Shale, dark, with two thin coal beds.........cooee it 32
 Sandstone, buff, masgive . .....oo ittt 28
Shale, 8andY. .ee oo e 2
Sandstone, massive, cavernous outcrop. ............ooooiaiia.. 65
1,120

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

4972. Woodruff:
Unio sp.
Spheerium sp.
Corbula subtrigonalis M. and H.
Goniobasis invenusta M. and H.
Viviparus sp. related to V. conradi M. and H. :
- Comment by T. W. Stanton: “Judith River rather than Claggett.”
38. Woodruff: :
Sequoia brevifolia.
Protophyllum n. sp.
Ficus (?) sp.
Juglans (?) sp. 2
Comment by F. H. Knowlton: “I do.not know this flora. "It is not like what
has come heretofore from the Eagle, though it may be an Eagle flora. The
Protophyllum is of the type of certain species found in the Dakota, while
the Sequoia is ordinarily an upper Montana form,”’
17. Knowlton;
Platanus (?) wardii Kn.
Ficus sp. :
Comment by F. H, Knowlton: “If the above species is correctly determined,
the age of this should be Eagle, but it is insufficient to be very positive
about.” )

1 Unpublished notes of T. W. Stanton.
2 The source of this collection can not be indicated with assurance.
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MEETEETSE FORMATION.

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

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

The material constituting the formation is characteristically poorly
assorted; the sandstone containg much clay and the shale is sandy,
features which partly account for the absence of induration. Mica
is common throughout the formation, and some beds near the middle
contain a large proportion of fresh biotite. Silicified wood is not
common on the river, but is abundant in the lower 600 feet of the
formation, where the beds are exposed in bad lands. Trunks of trees
as much as 28 inches in diameter and 10 feet long, as well as roots
silicified in place, have been found. The upper limit is the base of
-2 bed of white, poorly indurated sandstone which is persistent
‘throughout the west side of the Bighorn Basin.
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Section of Meeteetse formation on Shoshone River.

Ft. in.

Shale, brown, CarbonaCEOUS. «cuueeeeen e i eaeaeneacaeannnnnn 3
Shale, Bray . ..o out it e e 6
Shale, carbonaceous.......... N 2
Shale, BTay. .ot i et aaaaaaas 8
Shale, CarhONACEOUS. . v v eee e e e et e eee e ceeeeaneannnns 3
Sand, olive-colored, argillaceous, W1th zones of sandy clay.... 210
Sha.le, gray, sandy, Wlth thin beds of carbonaceous shale...... 60
Shale, carbonaceous. .......ceieirie i it 3 6
Sand, olive-colored, amgllla.ceous...;.................‘........ 60

Coal, 30 inches '
Coal, Cody{Shale, 1inch ] ................................. 4 6

Coal, 23 inches
Sandstone, buff and pale olive-gray, argillaceous............. 750

1,110

ILO FORMATION.

The Ilo formation presents poorer exposures along Shoshone River
than any of the Upper Cretaceous formations. Its character is best
displayed in the region south of the river, where several collections
of invertebrate fossils have been made. Sandstone is the most
abundant constituent, but the beds are so lacking in induration that
except in small areas of bad lands where portions of the formation are
shown there are few outcrops and it has not been possible to examine

‘& complete section. The best exposures on the west side of the Big-

horn Basin are in the open valley northwest of Ilo, a settlement 50 _

“imiles southeast of Cody, from which the name of the formation is

derived. Here a thickness of 810 feet has been measured, compared
to 850 feet 2 miles west of Meeteetse. As no fossil collections have
been obtained on the river from the zone approximately 1,300 feet

- thick between the beds in which fossils were found by Woodruff (4959)

and Willard (365), the upper limit of the Ilo formation has not been
established. There is some reason, however, for believing that the
lowest conglomerate zone in the Fort Union formation is approxi-
mately the equivalent of a persistent zone 400 feet above the base of
the Fort Union throughout the region between Greybull River and
Owl Creek, where data bearing on the relations between the Ilo and
Fort Union are abundant. On Shoshone River, therefore, the top
of the Ilo formation is provisionally assumed to be 400 feet below the
lowest conglomerate of the Fort Union formation. The formation is
regarded as approximately equivalent to the Lance formation in the
eastern part of the State.

The Ilo formation consists of several groups of beds of massive
yellow sandstone which range from 20 to 60 feet in thickness. Unin-
durated clay and argillaceous sand alternate with the sandstone, and
zones 200 to 600 feet from the base contain invertebrate and verte-
brate fossils which serve to establish the age of the formation. = Thin
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beds of carbonaceous shale occur near the bottom, but are not per-

sistent, and coal is conspicuously absent. The materials are more
- perfectly assorted than those of the Meeteetse formation, but along
Shoshone River there are few well-defined lithologic units.capable of
separation from the associated materials.

Section of Ilo formation on Shoshone River.

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

zones of sandy clay; fossil collections 4976, 4990, 4959.......... 1, 5556
Shale, carbonaceous........ooieiiiiiiiiiiiiiiiiiiiiiiiiiaa... 6
Sandstone, olive-colored, argillaceous.........ccovcieieneiann... 160
Shale, carbonaceous......c.c.ccoeeevecennnnn eeeeerreeinarenanaas 4
Clay, gray, 8and Y. cceeieieiaeerireieiaserneecnesesennsacaanes 25
Sandstone, white, unindurated.............cooiiiiaiiiiiiaiilll 40

1,790

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

4976. Woodruff:

Spheerium sp.

Campeloma multilineata M. and H.

Physa sp.
Comment by T. W. Stanton: “Horizon probably ‘Ceratopsbeds.’”

4990. Willard. 1,125 feet east of Cody coal mine;

Sphserium sp.

Goniobasis tenulcannata. M. and H.

Physa sp.

~ Columna gp.

Hydrobia (?) sp.

Comment by T. W. Stanton: ‘“Horizon probably ‘Ceratops beds.””
4959, Woodruff. 900 feet stratigraphically above Cody coal mine:
TUniio sp. related to U. priscus M. and H.
Spheerium sp.
" Goniobasis (?) sp.
~ Viviparus sp.

Campeloma multilineata M. and H. (?)

Comment by T. W. Stanton: ‘“Horizon not closely fixed by these fossils, but it
is believed to be about that of the ‘Ceratops beds.””

FORT UNION FORMATION.

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

It is to be. regretted that the valley of Sage Creek meets the river
at & point near the base of this formation, for this fact, together with
the poor exposures throughout the upper portion of the Ilo formation,
prevents detailed examination of the relations of the two formations.

In degree of consolidation and lithologic character the beds of the
Fort Union stand in contrast to those of the underlying Ilo and
Meeteetse formations. Though they include many zones of rela-
tively unconsolidated material, the beds of the lower portion of the
TFort Union are compact and resistant and in the region south of
Shoshone River form persistent high ridges. Beds of conglomerate
occur at several horizons and are interesting as indicating the con-
ditions of sedimentation as well as the lithologic types present. The
lowest group of conglomerates contains six zones from 5 to 20 feet
thick in a stratigraphic distance of about 250 feet. Each of these
zones is composed of smaller zones or beds of conglomerate, which
~ range from 2 to 10 feet in thickness. The dip section is well exposed
and shows the single beds to be relatively persistent in the direction .
of the dip—northeast—whereas in the strike section, which is not so
well shown, the separate beds are not persistent, but lenticular and
characteristically anastomosing. Though definite conclusions can
scarcely be based on this single exposure, these features suggest that
the pebbles were' deposited by streams flowing from the west or
southwest toward the east or northeast. The pebbles are mostly
subangular to rounded. The largest pebbles are indurated fine sand-
stones about 5 inches in diameter. Most of the pebbles are gray to
black chert, from half an inch to 2 inches in diameter. There are a
few pebbles of red and gray quartzite; limestone pebbles are rare,
and pebbles of vein quartz and igneous rocks are conspicuously
absent. A few of the chert pebbles contain fossils which can be
referred broadly to the Carboniferous, but from 'the same zone of
conglomerates within 10 miles south of the river a collection of chert *
pebbles containing no less than 11 species has been made. The age
of these fossils ranges from Pennsylvanian to probably Permian
(Phosphoria fauna), and it is evident that rocks of this age that were
being.eroded were the source of a part of the Fort Union sediments.
It appears highly probable that the pebbles of silicified wood were
derived from the Meeteetse formation. If this is true it is a factor
in proving that local unconformities exist between the Fort Union
formation and the underlying beds:

The higher conglomerate beds, such as oceur in the 50-foot sand-
stone near the middle of the subjoined section, are thinner and con-
tain lithologic types not found lower in the formation. Quartzites
are more abundant than chert, and there are fair proportions of
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quartz schist and pink granite pebbles not represented in the lower
beds. At one place a well-rounded pebble of coal 3 inches long
was found.

The presence of red clay in the upper part of the Fort-Union forma-
tion and the small amount of mica throughout the formation serve
‘further to distinguish these beds from the Ilo and Meeteetse forma-
tions. There is no coal in the Shoshone River section of the Fort
Union, but a bed is mined near Meeteetse at a horizon which eor-
responds closely with that of the lower conglomerate on the river.

Section of Fort Union formation on Shoshone River.

. Feet.
Sandstone, buff, massive..................... e, 20
Clay, gray, and arglllaceous sand with thin zones of carbonaceous
shale. .. ..o i 185
Shales, maroon and gray, sandy.......cceooaoio.. LI 150
Clay, red...ceenee i 8
Clay, By e e et 6
L) L« 6
(0150 0o -1 SR 6
Clay, red (mouth of creek from south)....... ...l 8
L6151 20 21 S 8
Sandstone, buff, massive...... e et 15
Sand, drab, argillaCeous. .o oeleeee e e ce e ‘166
Clay, red. .o 3
(0] 73 T o S 1
Clay, red..ccc..ooeon.. e e et 2
Sand, gray, argillaceous. ... ... oveiiiiiiiiiiiiiiiiii i, 40
- Sandstone, MAassIvVe. - .ooio i 8
Sand, gray to olive-gray, with conglomeratlc layers.............. 50
Sand, argillaceous. e aiin i e 30
Sandstone T0ASSIVE. e P (1
Sand, arglllaceous ............................................ 30
Sand, buff to.olive-gray, a rﬂllaceous fossil collectlon 4994. ... 558
Clay, red. et i e 3
Clay, BTy - e et e e e e .. 8
Clay, red. ... o s e 3
Sandstone, MassiVe. «ouo e oo i 24
Shale, gray, sandy. cocovnoieiioiii i 8
Sandstone, massive, conglomeratic. ..... ... ... ... 16
Sand, argillaceous, and unconsolidated clay, with thin carbona- )
ceous shale; fossil collections Woodruff 40, Knowlton 16....... 1,760
Shales, gray and olive-gray, sandy, and sand with carbonaceous
shale; fossil collection 4973. .......c.ccn...... e 440
Sand, argillaceous, and clay....... ..o oiiillL. 680
Sandstones gray and buff, alternatmg with zones of unconsolidated
23 1o S e 410
Sandstones, gray and buff, containing numerous zones of conglom-
erate in the lower 200 feet; fossil collection 366 Willard........ 500
Sandstone, buff; fossil collection 365 Wlllard ..................... 400
Mouth of Sage Creek. —
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The following collections of fossils from the Fort Union formation

~ 366. Willard:

Populus sp. (?)
Fragments of dicotyledons.

Comment by F. H. Knowlton: “Honzon probably Fort Union.”

! 365, Willard:

Platanus raynoldsii Newb.
Platanus haydenii Newb.
- Platanus nobilis (?) Newb.

Comment by F. H. Knowlton:. “Horizon Fort Union,”

4973. Woodruff:

_ 16,

by

40.

‘Viviparus trochiformis M. and H.
Goniobasis tenuicarinata M. and H.
Comment by T. W, Stanton: *‘Horizon Fort Umon
Knowlton:
Taxodium occidentale Newb.
Populus sp. probably P. speciosa Ward.
Populus arctica Heer of Lesq.
Hicoria antiquorum (Newb.) Kn,
Celastrinites sp. cf. C. grewiopsis Ward.
Juglans, probably new.

Comment by F. H. Knowlton: ‘Horizon Fort Union.”

Woodruff:
Sequoia langsdorfii (Brgt.) Heer. .
Sapindus grandifolius Ward.
Populus glandulifera? Heer.
Carpites sp. (Palmocarpon?).
Juglans sp.
Platanus nobilis (?) Newb.
Comment.by F, H. Knowlton: ‘“Horizon Fort Umon

4994 Woodruff:

in this section are not also a part of the same formation.

Helix sp.
Physa sp. :
Gonijobasis tenuicarinata M. and H.
Viviparus trochiformis M. and H.
Comment by T. W. Stanton: “Honzon Fort Umon

CORRELATIONS OF THE FORMATIONS.

The Sundance formation has furnished a sufficient number of
marine fossils to permit its correlation beyond any doubt with well-
known sections throughout eastern and northern Wyoming and
‘southern Montana.
Though the presence of saurian bones appears to establish the
existence of the Morrison formation, it can not be stated with assur-
ance that a part of the thickness here assigned to it does not représent
the Kootenai formation, nor that the beds assigned to the ‘‘Cloverly”

~ The great thickness of the Colorado formation, 3,670 feet, com-
pares with measurements of 2,775 feet in the Electric coal field,



108 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART-II.

Mont.,* and 3,700 feet near Livingston, Mont.,? where faunas similar
to that on Shoshone River have been obtained. In comparing the
‘Shoshone River section of the Colorado with those in eastern Wyo-
ming,? it is noted that though there is a lithologic resemblance the
eastern Wyoming sections contain a Niobrara fauna that is absent in
the Bighorn Basin. In southwestern ‘Wyoming the combined Colo-
rado and Montana sections are from 9,000 to 11,000 feet thick and
are capable of division into three formations relatively distinct litho-
logically, as well as faunally, much resembling the three members
of the Colorado recognized on Shoshone River. The coal near the
top of the middle member would therefore occupy a stratigraphic
position similar to the beds of the Kemmerer coal group in the
Frontier formation* in Uinta and Lincoln counties, Wyo. Only two
of the marine fossils of the upper member on Shoshone River are
present in the southwestern Wyoming section. The Pierre shale of
Fisher’s report on the Bighorn Basin ¢ and of Darton’s report on the
Bighorn Mountains ¢ is the upper shale member of the Colorado
formation.

The most interesting feature of the Shoshone River section is the

apparent absence of marine beds above the sandstone overlying the
lowest coal of the Gebo formation. No fossils have been found at this
horizon on Shoshone River, but a small collection was obtained from
the roof of Thompson’s coal mine, 15 miles south of Cody. For cor-
‘relating the formations above this horizon with those of near-by
regions dependence must be placed on vertebrate and fresh-water
invertebrate fossils and plant remains, and it is to be regretted that
good collections have not been found near well-defined and persistent
lithologic units, though small collections have been obtained. In the
absence of more complete collections, it is at least possible that the
Colorado formation should include the lowest two sandstones of the
Gebo formation.

~

The marine faunas of the Eagle and Claggett formations?” of cen-
tral Montana have not been found south of the Montana-Wyoming
line, though Claggett fossils have been found near Bridger, Mont.

Commenting on collections of fossils made by himself and others
along Shoshone River and northward into Montana, Stanton writes:?®

t Calvert, W. R., The Electric coal field, Park County, Mont.: U. 8. Geol. Survey Bull. 471, p. 413, 1912,

2 Calvert, W. R., The Livingston and Trail Creek coal fields, Mont.: U. 8. Geol. Survey Bull. 471, p. 387,
1912.

3 Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. 8. Geol. Survey Bull. 452, p. 45,
1911,

4 Veatch, A. C., Geography and geology of a portion of southwestern Wyoming: U. 8. Geol. Survey
Prof. Paper 56, p. 115, 1907.

6 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Prof. Paper

53, p. 30, 1906.

s Darton, N. H., Geology of the Bighorn Mountains: U. S. Geol. Survey Prof. Paper 51 p. 58, 1906.

7 Stanton, T. W and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol.
Survey Bull, 257, pp. 12, 13, 1905.

8 Letter accompanying report on fossils to E. G¢. Woodruff, February, 1908.
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The Eagle, Claggett, and Bearpaw formations ought all to have marine faunas, but
none such have been found in the Shoshone River section. Their absence indicates
that possibly here and farther south in Bighorn Basin land conditions may have begun
earlier than elsewhere and may have continued with little or no interruption to the -
end of the Cretaceous. Of course, it is recognized that there was more or less break in
marine conditions during the deposition of the Eagle, even where that formation is
mostly marine. This is indicated by the occurrence in it of land plants and verte-
brates and of coal beds.

Further study appears to confirm this interpretation. The sand-
stone formation overlying the Colorado shale 750 to 900 feet thick
in the Livingston coal field ! and 1,000 feet thick in the Electric
coal field 2 is undoubtedly the equivalent of the Gebo formation.

In view of the fact that the recognition of the Meeteetse and Ilo
formations is based largely on data collected in field work in the
Oregon Basin, ‘Meeteetse, and Ilo quadrangles, south of Shoshone
River, it is deemed advisable to present the discussion of their re-
lations in the report on those areas.®

The incomplete section of the Fort Union formation, 5,592 feet
thick, compares with a measurement of 8,500 feet by Woodruff in-
the Red Lodge coal field,* though there is no indication of coal beds
in the Shoshone River section similar to the coal beds which occur
in the upper portion of the Red Lodge section. Coal beds are pres-
ent near the base of the Fort Union, however, near Meeteetse and Ilo,
Wyo., a fact which, taken with other lithologic features, is proof of
the great differences in the conditions of deposition existing in
adjacent regions at the same relative epoch.

STRUCTURE.

The structure of the northern portion of the Bighorn Basin has been
described by Eldridge® and Fisher® and has been illustrated by
cross sections and a structural contour map. Rattlesnake and
Cedar mountdins, lying 3 miles west of the limits of the present sur-
vey, are portions of a broad asymmetric anticline through which
Shoshone River has cut a deep narrow gorge. The section presented
on Plate V shows two minor anticlines on the east flank of this major
structural feature. On the west side of Rattlesnake Mountain the’
Madison limestone dips 55° SW., whereas on the east at the same level
this formation dips 16° NE. From this point eastward to the out-

1Calvert, W. R., The Livmgsmn and Trail Creek coal fields, Mont.: U. 8. Geol. Survey Bull. 471,
p. 387, 1912,

2 Calvert, W. R., The Electrxc coal field, Park County, Mont.: U. S. Geol. Survey Bull, 471, p. 410, 1912

8 Hewett, D. F. Geology and coal resources of the Oregon Basin and Mesteetse quadrangles, Wyo.: U, S,
Geol. Survey Bull. — (in preparation).

"4 Woodruff, E. G., The Red Lodge coal field, Mont.: U, S. Geol. Survey Bull. 341, p. 94, 1909.

5 Eldridge, G. H., A geological reconnaissance in northwest Wyoming: U. 8. Geol. Survey Bull. 119,
72 pp., 1894,

¢ Fisher, C. A., Geology and water resources of the Bighorn Basm, Wyo.: U. 8. Geol. Survey Prof.
Paper 53, p. 30, 1906



110 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART II.-

crop of the middle member of the Colorado the dip varies from 16°
to 17°, and then decreases until the axis of the syncline opposite the
town of Cody is reached. Proceeding eastward, surface observations
being made on beds of the upper shale of the Colorado, the strata
rise over a low anticline and again descend at 22° to a second syn-

clinal axis. There is then a broad belt within which exposures are - -
poor. The first good exposures are in upper shale of the Colorado, -

dipping 62° SW., and a short distance east the axis of a narrow anti-
cline is crossed. From this point northeast to the mouth of Sage
Creek the dip varies from 42° to 58°, and then after remaining rela-
tively uniform at 37° for 14 miles decreases abruptly to 3°, an in-
clination which is maintained beyond the limits of the survey.
The areal extent of the anticlines exposed along Shoshone River
has not been determined. Together with the Rattlesnake-Cedar

Mountain anticline they form a portion of a belt of folded rocks

which extends around the entire border of the basin. Throughout
this belt the anticlines are from 8 to 15 miles long and from 3 to 6
niles wide and therefore may be regarded as elongated domes. Their
axes, though essentially parallel, are successively offset and an anti-
clinal axis is commonly succeeded along the strike by a synclinal axis.
As far as this examination has been carried the broad western anticline,
which may be referred to ag the Cody anticline, appears to be a minor
structural. feature, whereas the eastern or Shoshone anticline is a
more extensive fold probably 5 or 6 miles long, and Shoshone River
exposes a section across.the extreme south end. The highest point
of the fold probably-lies several miles north of the river,

OIL AND GAS.
WELL OF THE SHOSHONE OIL CO.

One of the objects of the detailed measurement of the Shoshone
River section was to ascertain the position and character of the sands
from which oil and gas have been derived in the well of the Shoshone
Oil Co., situated 1,700 feet north of the river, 3 miles east of Cody.
This well is located approximately on the axis of the Shoshone anti-
cline within 3 miles of its southern limit, at the point B on Plate V.
Information concerning this well has been placed at the writer's dis-
posal by Mr. C. L. Sheedy, at present in charge of ‘operations for the

company. A detailed record of the well was not kept during drilling

operations and the following log represents notations made by one of
the employees: '

=y
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Log of Shoshone Oil Co.’s well No. 1.

Feet

Terrace bowlders............o.. ... .. e anneaaa 20
Muddy sands. - ccom e 10
Shales, little Water..ooemeercereenavninnnnannn e aaaan 90
Mud, traceof oil... ... o i 50
) S 50
White sand, trace of oil.........o.o il 3
Dark shaly sands. .. ...... ... oo 77
Shaly sandsand slate.._............. . ... .. olllL 60
Slate..........o..oo..o.. e et 225
Dark sandstone, No. 1 oil sand, trace of gas............co...... .- 10
Light 8andstone......ocivueo i 5
Slates with some thin sandstones.. _........_ ... ... ... .. ... .. 260
Dense sandy shales yielded a little oil...................... ... 5
13- 1< 163
. Sandstone, No. 2 oil sand; good gas flow at 1,262 feet........._... 234
1,262

This well was dry except for the small flows encountered above 300
feet. Drilling began November, 1909, and with relatively little
interruption continued to 1,000 feet. It started again March, 1911,
and was carried to a depth of 1,285 feet by June, 1911. A sta,ndard
rig was used. Much trouble was experienced from the caving of the
shales and swelhng of bentonite, and the well was finally cased with
10-inch casing to 260 feet, 8-inch from 260 to 410 feet, and 6}-inch
from 410 to 1,028 feet. During the winter of 191112 thls well was
drilled to a depth of 1,700 feet, where & second gas sand was encoun-
tered, which corresponds closely with the 50-foot sandstone in the
section of the Morrison formation on page 95. No attempt was
ever made to pump from any of the oil sands. No record of produc-
tion has been kept; it probably did not exceed 200 barrels. All the
oil produced was stored and sold locally for lubricating.

OIL SANDS.

By comparison of the log of the well with the stratigraphic section
of the lower two members of the Colorado, the “Cloverly” and the
Morrison formations, exposed along the river and presented herewith,
it has been possible to ascertain the beds which have yielded oil and
gas. . The top of the well approximately coincides with the top of
bed 16 of the section of the middle member of the Colorado on page 98.
If this basis is assumed for correlation, the first traces of oil, from
120 to 170 feet, appear to have come from one or more of beds 22,
23, and 24, but the exact sand c¢an not be identified. The sand at
220 feet which yielded a trace of oil is probably a portion of the
conglomeratic sandstone No. 26. The first sand which yielded
more than a trace of oil, at 585 feet (see analysis No. 1 below), cor-
responds with bed 8 of the section of the lower member of the Colo-
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rado on page 97; this bed, though reported to be but 15 feet thick in
the well, is 80 feet thick on the river. The shale bed which yielded
8 little oil at 860 feet lies in the bentonite-bearing shale, but can not
be identified. The sandstone at 1,028 feet, from which of the total
yield of this well to date the greatest amount of oil was derived, cor-
responds closely to bed 12 of the section of the lower member of the
Colorado. The analysis of oil from this sand is given under No. 2
in the table, This sandstone lies between thick beds of carbonaceous
shale and is that in which saurian bones, crocodile teeth, and a turtle
were found. It underlies the shale bearing numerous fish scales and
vertebra which is probably the equivalent of the Mowry shale member
of eastern Wyoming. The sandstone at the bottom- of the hole,
1,285 feet, which yielded a good flow of gas, is the upper sandstone
of the “Cloverly” formation. The oil from two of the oil sands, at
585 and 1,028 feet, rose in the well and flowed when the sands were
struck, but soon ceased, and the sands were later cased off in order
to drill deeper

To summarize, it is mterestmg to note that though oil has been
derived from several sandstones in the lower portion of the Colorado

formation, the sandstone which has yielded the greatest flow in this

well is in or near the position of the Mowry shale member, depend-
ing on the limits assigned to it in' this section. The sandstones
of the lower portion of the Colorado formation yield oil in the Gar-
land,! Spring Valley,? Labarge,® Lander,* and Salt Creek® fields in
Wyoming where structural and other conditions are favorable. In
the first three of these fields the sandstones are in or near the position
of the Mowry shale member. In the Shoshone anticline the oil has
been found along the axis, and, though it can not be stated that pools

do not occur at points on the flanks, it appears that structural con-

ditions have been predominant in determining the location of the oil.

Prior to the drilling of the well of the Shoshone Oil Co., another
operator drilled a well to & depth of 850 feet near Shoshone River
(No. 2 on PL. V). The log of this well could not be obtained. It
was cased but never capped, and oil, water, and gas now issue in
small amounts from the mouth.

?

1 Washburne, C. W., Gas flelds of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Bull. 340, p. 355, 1908,

2 Veatch, A. C., Coal and oil in southern Uinta County, Wyo.: U. 8. Geol. Survey Bull. 285, p. 349, 1906.

8 Schultz, A. R., The Labarge oil field, central Uinta County, Wyo.: U. 8. Geol. Survey Bull. 340, p. 369,
1908.

¢ Woodruff, E. G., iThe Lander oil field, Fremont County, Wyo.: U. 8. Geol. Survey Bull. 452, p. 27,
1911,

& Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U 8. Geol. Survey Buil.452,p. 71,
1911,

N
s
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THE OIL.

Analyses of two samples of oil from the wells of the Shoshone Oil
Co. are given below. These analyses were made in the laboratory of
the United States Geological Survey, under the direction of Dav1d T.
Day

Analyses of samples of o1l from wells of Shoshone 01l Co.

1 2
T ) e Dark green. Green. -

Bpecific gravity .. ceeuen e i 0.8454 0.8335 -
Gravity.e.veerceneneneeinnans .°B.. 35.60 37.98
Beginstoboilat................. .. Cl 190 160
Boiling between 150° and 300° C per cent. . 37 48
Specxﬁc gravity of above ETACHOM . + <« 20 v nmsvnnsemsrnseonsmaneneemnne e enannns 0.8169 0. 8009
2253 T 1 ..per cent.. 59.6 52.4
Specific gravity of TesiAUe. v ee et 0.9278 0. 8696

| per cent 96.6 100.4
Paraffin........ et e ettt eee it aea et aaaeen et aaaaae do.... 7.6 8
£ N Present. 0

1. 585 feet; middle sandstone member of Colorado formatlon

2. 1,028 feet lower shale member of Colorado formation.

Neither of these samples represents the oil as it came from the
well. Sample 1 had been kept for some time in an open can and
later in a bottle. Sample 2 was taken from an open tank. Neither

- of these oils is well adapted for lubricating in the raw state but would

on distillation, as shown by the fraction distilling between 150° and

.300° C., yield a good proportion of illuminating oil and’ a residue

well adapted for lubrication. Sample 2 resembles the oil derived
from the Wall Creek sandstone lentil of the Benton shale (lower Colo-
rado) in the Salt Creek field,! and the oil from a sandstone in the
Mowry shale member of the Mancos shale (lower Colorado) at the
Plunkett well in the Lander field.? Oils of similar character, thought
to have come from a sandstone in the Benton shale or ‘‘Cloverly”
formation, have been found in wells in the Douglas oil field in central
Wyoming (pp. 68-88). It is worthy of note that samples of oils from
approximately the same geologic horizon in four fields in Wyoming
should be of similar character. ‘

1 Wegemann, C. H., The Salt Creek oil field, Wyo.: U. S. Geol. Survey Bull. 452, p. 80, 1911.
2 Woodruff, E. G., The Lander oil field, Wyo.: U. 8. Geol. Survey Bull. 452, p. 29, 1911.

365°—Bull. 541—14—-8
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- OILAND GAS NEAR GREEN RIVER, GRAND COUNTY, UTAH.

By CuarrEs T. LupTON.

INTRODUCTION.
FIELD WORK.

This paper is based on field work done in November and December,
1912, by M. W. Ball, R. V. A. Mills, and the writer. The area
discussed contains about 300 square mﬂes and lies just southeast of
the town of Green River, in Grand County, Utah. It is included in
Tps. 21, 22, 23, and 24 S., Rs. 16, 17, 18, 19, and 20 E., Salt Lake
meridian. (See fig. 4.) Practically all the drilling in this area has
been done along and adjacent to the fault zone that crosses the field
in a northwest-southeast direction.

The object of the examination was to determine if this area, in
which considerable drilling for oil and gas had been done and in
which some development work is still going on, contains any reser- .
voirs of oil or gas. The result of the investigation shows that in the
area examined in detail there are no anticlines or domes in which
large quantities of oil or gas might be expected to collect. It is true
that traces of oil and small pockets of gas have been encountered in
some of the wells but only in sufficient quantl'mes to afford slight
encouragement.

The greater part of the area examined in detail (see Pl. VI p. 132)
was mapped by means of plane table and telescopic alidade, a system of
triangulation having been developed from a base line (4-B) measured
in secs. 26 and 27, T. 22 S,, R. 17 E. Practically all of the more
nearly level part of the field situated east of the range line separating
Rs. 17 and 18 E. and lying north and northeast of the road connecting
Green River with Brink Spring was mapped by following section lines
and recording observations on the plats.

A flying level line was run from Green River along the Green River- -
Moab road to the top of the divide in sec. 3, T. 23 8., R. 18 E., sepa-
rating the drainage system of Salt Wash from that of Tenmile Wash,
and another from this road in sec. 25, T. 22 S., R. 17 E., to Levi well

: ' 115
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No. 2, in the NE. $ NW. } sec. 35 of the same township. During the
development of the triangulation system the altitudes of practically
all points occupied and many others were determined by means of
vertical angles and distances between points. The figures given on
the map are not precise but are intended to show relative instead of
exact altitudes. It is believed, however, that the altitudes shown
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F1GURE 4.—Index map of Utah, showing location of arca in Grand County examined in detail.

are within a very few feet of the exact elevations above sea. In the -

greater part of the area mapped by’ line riding, altitudes were ascer-
tained approximately by means of the aneroid barometer.

In addition to the detailed work above déscribed, a reconnaissance
was made from Green River to Hanksville across the Green River
Desert., No detailed mapping was done on this trip, but the stratig-
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raphy and structure were studied in a general way. A brief discus-
sion of the observations made at that time, with their bearing on the
poss1ble presence of reservoirs for oil or gas, is given under ‘‘Conclu-
sions.’

The writer desires to acknowledge the courtesy of the managers of
the British-American Petroleum Co., who gave the geologic party
every means of assistance at their command Messrs. Frank Cook,
William Dixon, Nat Levi, H. H. McFann, George Muller, Charles P
Tasker, and Robert Woodruﬁ' of Green River; W. G. Clark, Knox
Patterson, A. M. Rogers, of Moab, and others gave information which
has made the historical part of this report possible. Millard and
Arthur Massey rendered valuable service as camp assistants.

HISTORY OF DEVELOPMENT OF THE FIELD.

Prospecting for oil in this general region has been carried on at
intervals for over 20 years. The presence of asphaltum-saturated

- sandstone and petroleum seeps at various places in and adjacent to

the field suggested to the minds of the more optimistic prospectors
the existence of an oil reservoir of commercial 1mportance

A well situated a short distance south of Elgin, in Grand County,
in the SW. } SE. } sec. 15, T. 21 S., R. 16 E., was drilled about
1891 by Bamberger & Mil]is with an American or Parker rig. The
upper 100 feet of this well is in the Mancos shale and the remainder
in the Dakota sandstone and McElmo formation. No oil was en-
countered in the drilling, but a little carbonic acid gas -escaped at
one or more horizons in the well. A little water, which probably
contains some lime, issues from the well and has built up & small
deposit around its mouth. As this well furnished no encourage-
ment for further prospecting, no additional efforts to discover oil or
gas in this locality were made for 10 years.

About 1900 the increasing demand for petroleum and its products
and the discovery of other seeps of asphalt or oil in the region encour-
aged prospectors again to test the field. In sec. 5, T. 22 S., R. 15
E., in Emery County, just west of the road connecting the Tomlin-
son ranch, on San Rafael River, with Green River, the California-
Utah Oil Co. in 1899 drilled a well by means of a 72-foot standard rig
to a depth of 1,600 feet. The upper 800 feet of the hole is in the
Mancos shale and the remainder in the Dakota sandstone and the
McElmo formation. At a depth of 500 feet, probably near the base
of the Ferron sandstone member, water was encountered. Gas,
which when ignited blazed 30 feet up in the derrick, was struck at a
depth of 1,100 feet. A trace of oil was noted at the same depth by
the “rambow colors on the surface of the water, which was very
alkaline. At 1,600 feet a sand was encountered which, by the “paper
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test,” * showed a trace of oil. The showing was so poor, however,
that drilling was discontinued.

In 1899 and 1900 a well was drilled by P. D. Jones, of Duluth,
Minn., to a depth of 1,800 feet, in sec. 13, T. 22 S., R. 22 E., at a
place about 2 miles south of White House, a flag station on the
Denver & Rio Grande Railroad. Work at this locality extended
over a period of 1} years, owing to the fact that three strings of tools
were lost. Two of these are in one hole 'and the other in another
hole 20 feet away. The upper 800 feet of the latter well is in the
Mancos shale and the lower 1,000 feet in the Dakota sandstone and
McElmo formation. No trace of oil or gas, but much bad water, was
encountered. At 1,600 feet water carrying copper in solution is
reported to have been struck.

Another well was drilled in 1899 in sec. 15 or-sec. 16, T. 20 S.,
R. 14 E., about 34 miles southwest of Desert, a flag station on the
Denver & Rio Grande Railroad about 13 miles northwest of Green
River. The well, it is reported, was drilled by a man named Burns,
with a standard rig, to a depth of 1,490 feet. At 1,100 feet a ‘‘show-
ing”” of oil was encountered and it is reported that about 1 gallon of
oil was taken from the receiving tank. Excellent artesian water,
which flowed over the top of the casing, was struck at 1,200 feet.
The water was cased off at 1,290 feet, but 50 feet deeper another flow
was encountered. So much water was present in the well at 1,490 feet
that drilling was discontinued. At the present time a strong flow of
artesian water issues from the well. It is estimated that the upper
1,100 feet of this well is in the Mancos shale and the lower 390 feet in
the Dakota sandstone and McElmo formation.

About 1910, owing to the finding of hitherto unknown oil seeps and
rocks saturated with asphaltum and oil at several localities, and also -
to the increased price of petroleum and its products, interest was again
aroused in this field and active prospecting has continued to the
present time. During the last three years several wells have been
drilled and at present drilling operations are being continued at three
localities. » A

Levi well No. 1, drilled with a Keystone rig No. 5, by the British-
American Petroleum Co., is in sec. 25, T. 23 S., R. 18 E. Drilling was
begun April 1, 1912, and was discontinued about July 1 of the same
year at a depth of 530 feet. A fairly strong flow of water was struck
at 350 feet and a little gas with a small quantity of oil is reported to
have been encountered near the bottom of the hole. This well is
wholly in the McElmo formation. Leviwell No. 2,in the NE. 1 NW. }
sec. 35, T. 22 S., R. 17 E., was drilled with a standard rig by the

1 The “paper test” is applied by putting dry sand on paper and alloﬁ'ing it to remain there for some
time, If the sand contains even & slight amount of oil the paper will be stained.
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same company to a depth of 1,500 feet. No oil or gas is reported to
have been encountered in this hole, which is now clogged owing to
the ‘‘shooting” of the well in an attempt to loosen the casing, which
could not be pulled. The same company, using a Keystone rig,
drilled a hole in the SE. % SE. } sec. 26 of this township, to a depth of
425 feet, in an attempt to reach a thin sandstone which, on the face of -
a cliff 1,700 feet southwest of the well, is partly saturated with petro-
leum. The horizon of this sandstone should have been encountered
at a depth of 140 feet, but as no petroleum-saturated sandstone was
struck at on near this depth, it is believed that the -bed is lenticular
under cover, as it certainly is along the outcrop. -

The Klondike well, drilled by the Moab Oil Co. of Utah to a depth
of about 700 feet by means of a Keystone rig, is located in the NW. }

SW. 2 sec. 26, T. 23 S, R. 19 E. Three pockets of gas were struck

. in the well but no water nor oil. . The first pocket was encountered at

a depth of 75 feet and furnished sufficient gas to light the cook tent

. and for cooking purposes until it was cased off. The gas, escaping

through a -inch pipe, burned with a flame 14 to 2 feet long. The
second flow of gas, much stronger than the first, was struck at 265
feet and lasted undiminished until it was cased off. The third flow,
which was the weakest of the three, was encountered 500 feet below
the surface and lasted about three weecks, when it was cased off. It
is believed that the entire well is in the Mancos shale and that the
underlying Dakota sandstone was not penetrated. If it had been
reached a flow of water would probably have been encountered.

The Queen or Hagan well, in the SE. 2 SE. } sec. 18, T. 23 S,,
R. 19 E., was drilled by means of a Keystone rig to a depth of 920 feet.
The upper 410 feet of this well is believed to be in the Mancos shale,
the remainder being in the Dakota sandstone and McElmo formation.
At a depth of 425 feet fresh water was found in a white sand (probably
Dakota),; and at 600 feet. salt water was encountered. Salt water was
again encountered at 870 feet and a ‘‘showing” of oil at 910 feet.
Drilling was discontinued at 920 feet, the casing pulled, and the well
abandoned. '

The Colling well, in the NW. 1 NE. % sec. 20, T. 21 S, R. 17 E., was
drilled by the Crescent Oil Co. with a National rig to a depth of 2,100
feet. Drilling began September 12, 1912, and was discontinued about
March, 1913, on account of a strong flow of salt water that issued from
the top of the well and could not be cased off without considerable
difficulty. The well penetrated 850 feet of Mancos shale and then

. passed through the Dakota sandstone and McElmo formation and -

100 to 150 feet into the La Plata sandstone, which, being coarse
grained, is an excellent carrier of water. Gas was obtained in white

sand (probably Dakota) at 850 feet and again in similar material at
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976 feet. Gas associated with salt water was encountered at 1,840
feet and dry gas at 1,980 feet. Rainbow colors on the water accom-
panied each flow of gas. The same company is reported to have
moved its rig about 13 miles southeast and has begun another well
near Solitude, approximately in the NE. $ NE. } sec 28 of the same
township. It is reported that at 70 feet in this well a good flow of
water was encountered and that at 350 feet a pocket of gas was struck
which burned for a short time a flame 8 to 10 feet in length.

Oil seeps and rocks saturated with oil and asphaltum are present
at several localities in the region. Three of these were visited by the
writer and are described briefly below. The most prominent seep
known to the writer in the area mapped in detail is near the north
boundary of the NE. % sec. 2, T. 22 S, R. 16 E., and is known locally
as ‘‘Goin’s seep.” It is situated in a narrow zone of rocks which have
been disturbed by a fault whose displacement at this locality is about
450 feet, with downthrow on the south side. Several prospect
pits for collecting the oil have been dug where the rocks seem to
be most nearly saturated, but at the time the writer was in the field
there was not sufficient oil in any of the pits to enable him to collect
a sample, though the presence of films of oil on the surface of the water
in one or two of the pits, as indicated by the rainbow colors was noted.
Sandstone partly saturated with petroleum outcrops on a southwest-
ward-facing cliff in the NE. § sec. 35, T. 22 S., R. 17 E. This is the
lenticular sandstone that the British-American Petroleum Co. at-
tempted to reach by means of the 425-foot hole. A small lentil of
sandstone in the SW. $ NW. £ sec. 35, T. 22 S,, R. 16 E., is partly
saturated with petroleum.

Two wells are now being drilled on the west side of Green River
outside of the area examined in detail. One of these, located near
the center of sec. 29, T. 26 3., R. 14 E., just southwest of ‘‘Flattops,”
is being drilled by the Des Moines Oil Co. At present the drill has
penetrated to a depth of 2,140 feet, the upper 600 feet of which is in
the McElmo formation, the part from 600 to 1,325 feet in the La
Plata sandstone; and the part below 1,325 feet probably all in what
has been referred to by Gilbert! in the Henry Mountain section as
the Vermilion Cliff group. At a depth of about 310 feet a strong
flow of good water was encountered which has reduced the expense

- of drilling considerably, as previous to this time water for all pur-
poses had to be hauled about 10 miles. About 150 feet lower another
good flow of water was struck; in fact, from about 310 feet down

- fresh water was encountered at several horizons. This locality was
visited on a reconnaissance trip in November, 1912. From observa-

t Gilbert, G. K., Geology of the Henry Mountains: U. 8. Geog. and Geol. Sufvey Rocky Mtn. Region,
Pp. 6-7, 1877, . ~ .
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tions made at that time it seems probable that the well is situated
just north of the axis of a broad, nearly flat east-west anticline which
connects the San Rafael Swell on the west with another reported anti-
cline occupying a position near the junction of Grand and Green
rivers.

About 10 or 12 miles southwest of the Des Moines Oil Co.’s well,

“above discussed, in the NE. 1 sec. 9, T. 27 S, R. 12 E., another well

is being drilled by the Mount Vernon Oil Co. This locality was not
visited by the writer, as development work had not begun at the
close of the field season. It is reported that at first a 600-foot hole
was drilled for water and that another afew feet distant is now being
drilled for oil. The drill penetrated to a depth of 820 feet in the
early part of June. An 84-foot standard rig is used by this company
and undoubtedly a thorough test for oil and gas will be made.

TOPOGRAPHY.

The country in the vicinity of Green River, shown in Plate VI
(p. 132), lies at the base and south of the Book Cliffs, which form a con-
tinuous precipitous escarpment 1,500 to 2,000 feet high, extending
from western Colorado as far west as the Wasatch Plateau. Part

-of the region in Utah lying south of this escarpment and east of the

San Rafael Swell constitutes the Green River Desert, of which the
area under discussion forms a part. There are excellent exposures
of the strata in this region, for the wind and water remove the rock as
rapidly as it is disintegrated. Except in a very few places the strata
outerop in nearly vertical scarps that range from a few feet up to 300
or 400 feet in height, wherever hard strata protect the softer under-
lying rocks. The surface between the escarpments, where the
rocks are homogeneous, like the Mancos shale, is a comparatively
smooth plain cut into badlands near the stream courses. The plainsg
type of topography predominates north of the road extending south-
eastward from Green River to Brink Spring, in the SE. } sec. 10,
T. 24 S., R. 19 E., whereas the more rugged topography characterizes
that part of the area south of the road above mentioned and east
of Green River. Dip slopes, usually of small extent, are numerous in
the rugged part of the field. '

Green River, the only perennial stream, flows along the west 31de
of the field in a canyon whose walls range from a few feet up to 200
or 300 feet in height. Little Grand, Salt, Red, and White washes also
have cut canyon-like valleys. Badland topography occurs in many
places adjacent to the streams. Salt Wash flows for the greater part
of its course on a down-faulted block of McElmo rocks, which forms
a conspicuous break in the rugged topography in T. 22 8., Rs. 16 and
17E., and T. 23 8, R. 17 E.
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The relief of the surface in this field is approximately 1,000 feet, the

- lowest point being on Green River in sec. 31, T. 23 S., R. 17 E., which

is approximately 3,990 feet above sea level, and the highest point

being in the NE. } NW 3 sec. 19, T. 23 S, R. 18 E., where the alti-
tude is about 4,990 feet

WATER SUPPLY.

~The climate is semiarid, as shown by the mean annual rainfall,
which in the vicinity of the town of Green River is about 6% inches.
The most important water supply in the field is Green River, which
forms the western boundary of the area and carries a plentiful amount
of water the year round. . Plans have been made to divert some of the
water from the river to irrigate large tracts of land on each side of
it, in addition to that already under irrigation. Little Grand, Salt,
Red, and White washes, which are the principal tributaries, joining
Green River from the east, are intermittent streams throughout the
greater parts of their courses. In the vicinity of springs, however,
the water flows on the surface for some distance, and then sinks into
the sand to reappear as other springs or seeps farther down the valley.

In the NE. 3 SW. % sec. 27, T. 22 8., R. 17 E., about a mile north-
west of Levi well No. 2, there is a fairly strong spring which, on
account of its slightly saline and alkaline character, is known locally
as Salt Spring. In the bed of Little Grand Wash, in sec. 8 of the same
township, there is another fairly good spring. A spring of good water
in the SE. 1 NE. % sec. 17, T. 22 8., R. 18 E., on a northern tributary
of Little Grand Creek just west of the traction road connecting Floy
or Little Grand with some manganese claims near the river, consti-
tutes the only water supply in the township. In the S. } sec. 25,
T. 22 8., R. 16 E., two or three salt springs furnish sufficient water to
make the lower course of Salt Wash a perennial stream. Brink
Spring, situated on a fault in the SE. % sec. 10, T. 24 S., R. 19 E,,
has a strong flow of excellent water. Four to five miles slightly south
of east from Brink Spring there are two good springs. One of these
is in a stream bed just north of the Court House Cattle Co’s ranch
and the other at Court House stage station, about a mile farther
northeast. A water hole of considerable size is situated in the SW. }
- sec. 15, T. 23 S,, R. 18 E. .

At several places where the massive sandstone beds in the lower
part of the McElmo formation outcrop in almost flat surfaces, holes,
formed principally by wind erosion, collect rain water and retain it
for relatively long periods of time, thus affording excellent temporary
local supplies of water.

The wells drilled in the field to date, with the exception of the
Klondike well in the NW. $ SW. % sec. 26, T. 23 S., R. 19 E., have all
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encountered some water. Artesian water was struck in the well
southwest of Desert station, in T. 20 S., R. 14 E., and in the Elgin
well, in the SW. % SE. § sec. 15, T. 21 S., R. 16 E., as noted in the
description of these wells under “ History of development of the field,”
the former furnishing fresh and the latter salt water.

LAND SURVEYS.

The land surveys in parts of this field are remarkably good Where'
section lines were followed in mapping practically all the corners were
found, but where the triangulation method of mapping was employed
only a sufficient number of corners were located to check the triangu-
lation work. For this reason little can be said regarding the surveys
in that part of the field where the triangulation method was used.
From retracements of exteriors made In the more recent work for
the General Land Office it is believed that the chaining in the earlier
work was long, so that the old lines are slightly longer than is indi-

~ cated on the original township plats.

STRATIGRAPHY.

GENERAL SECTION.

The rocks exposed in the Green River field belong to the Cre-
taceous and Jurassic systems. The Mancos shale and Dakota sand-
stone represent the former, and the La Plata sandstone and probably
the McElmo formation represent the latter, although it is not yet
definitely determined whether the McElmo is Jurassic or Cretaceous.
Rocks of Cretaceous age in this field were mapped in a reconnaissance
way by Richardson® in 1906. The underlying formation which, in

‘ths present report, is mapped as McElmo, was considered by Richard-

son 2 to be equivalent in part to the Morrison formation.
The followmg summary gives a general description of the rocks
exposed in the Green River field: '

1 Richardson, G. B., Reconnaissance of the Book Cliffs ceal field between Grand River, Colorado, and
Sunnyside, Utah: U. 8. Geol. Survey Bull. 371, Pl. I, 1908,
2Idem, Pl III, p. 14.
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General section of rocks outcropping in the Green River field, Utah.
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JURASSIC SYSTEM.
LA PLATA SANDSTONE.

The La Plata sandstone consists of a cross-bedded coarse-grained,
very massive gray sandstone, the base of which was not observed in
the Green River field. It is believed, however, that the thickness
of the formation in this locality is about the same as in the vicinity of
the San Rafael Swell, where it is 700 or 800 feet. In places this sand-
stone is stained from the everlying red sandstone and sandy shale
of the McElmo formation. The La Plata sandstone, first described
by Cross* as “seldom more than 100 feet” in thickness at the type
locality, is much thicker in this field, as noted above. This sand-
stone, being coarse grained and massive, is an excellent reservoir

- for water, and, as stated under ‘“History of development of the

field,”” it is believed that the salt water encountered in the Collins
well, in sec. 20, T. 21 S,, R. 17 E,, is derived from its upper part.

JURASSIC (P) SYSTEM.
M ELMO FORMATION.

General occurrence and character.—Overlying the Lia Plata sand-
stone with apparent conformity is the McElmo formation, which,
according to Cross,! should include all the rocks between the Dakota
sandstone above and the La Plata sandstone below. At the west
side of the San Rafael Swell, east of Emery, marine fossils of Jurassic
age were collected about 15 feet above what was taken to be the base
of the McElmo formation, but this bed may belong with the under-
lying formation. Bones were also noted in a conglomerate about
500 feet below the top of the formation in the same area. On account
of lack of time little attention was given during the field examina-
tion to the collecting of fossils. A detailed section of the greater
part of the formation was measured in the NW. } sec. 19, T. 23 S,,
R. 18 E., and is given on page 126.

1 Cross, Whitman, Description of the Telluride quadrangle, Colorado: U. S. Geol. Survey Geol. Atlas,
Telluride folio (No. 57), p. 3, 1900,
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Sectzon of part of McElmo formation measured in the NW. } sec. 19, T. 23 8., R. 18 E.

Salt Lake meridian, Utah.
Ft. in.
Sandstone gray; weathers brown; contains clay- ball concretmns
inplaces....oummui e 8
Clay, bluish gray; contains a little limestone about 5 feet below
7 U 28 6
Clay, brick-red, gray, and purplish, sandy; contains several thin
beds of gray to white sandstone.... ... ... .. 116
Sandstone, gray; weathers brown; indurated at base, conglomer-
atic and quartzitic in places, lenticular.............. ... ... 5
Clay, brick-red, sandy. .. ... ccooio i e 52
Sandstone, brick-red, massive. ... . .. ... .oiiiiiiiiiolL 14
Clay, brick-red, sandy....meceeraremneiniiaiiiia e 12
Salt Wash sandstone member: -
Sandstone, gray, conglomeratic; contains some inter- Ft.
bedded gray sandyshale . ... ... ... . .o.oll.. 58
Sandstone, reddish, calcareous....................... 17
Sandstone, gray to white, soft, cross-bedded in places.. 10
Sandstone, red and gray, soft, calcareous.............. 42
Sandstone, gray to white, soft, massive; contains a little
argillaceous material....... ... ... .. ... 37 164
Sandstone, grayish brown, interbedded with gray and reddish
calcareous and argillaceous sandstone...... ... ... . .. _. v27
Sandstone, white; weathers reddish brown.............. ... .. 12
Sandstone, red with streaks of green, calcareous............... 20
Sandstone, grayish brown, with calcareous layers...... ... ... 50
Sandstone, browWN. . ocunere it e e e e 2
Sandstone, CalCareoUus. . ccuveieeaaeaaesoeeneeeaanoneaceaaanns 5
Sandstone, grayish brown, medium bedded............... ... 4
Sandstone, red below and gray above very calcareous; contains
many small nodules. ... . ...l il 40
Sandstone, brick-red, thin and medium bedded. This sand-
stone is beheved to be calcareous. It bears manganese ore in
the upper part.... ...l 128
Sandstone, red, MASSIVe. cceeeeeereneacieeanaoaennnneaaaloo. 400£
1,087 6

A section of the upper part of the McElmo formation measured
in secs. 26, 34, and 35, T. 22 S, R. 17 E., near Levi well No. 2, shows

that the formation is about 100 feet thicker than is indicated by -
the section given above. Most of the part omitted from the above-

section consists of alternating beds of sandstone and sandy shale of

" various colors capped by a conglomeratic quartzitic sandstone about

20 feet thick. The east end of the base line (B, Pl. VI), in the SE. }
SW. } sec. 26, just north of Levi well No. 2, is on this sandstone.

The upper part of this formation was regarded by Richardson ! as
probably equivalent to the Morrison formation, as a number of

1 Richardson, G. B., Reconnaissance of the Book Cliffs coal field between Grand River, Colorado, and
Sunnysxde, Utah: U, S Geol. Survey Bull. 371, p. 14, PL. ITT, 1909.

<
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. dinosaur bones were found in that part of the formation near Grand
Junction, Colo.,! some distance east of the area under discussion.
These rocks in the Green River field are similar lithologically to the
Morrison formation at its type locality and to the same formation
in Wyoming, where the writer has had opportunity to observe it.
The McElmo formation, described first by Cross,? is 400 to 500 feet
thinner at the type locality than in the area under discussion. The
upper 350 feet of the McElmo formation in the Green River field con-
sists of variegated sandstone, sandy shale, shale, limestone, and about
150 feet of conglomeratic sandstone beds (Salt Wash sandstone mem-
ber), which occur principally near the base of this portion of the -
section. The middle part of the formation consists of 300 to 400
feet of red, mainly thin-bedded sandstone and sandy shale which,
In its upper part, contains in places considerable gypsum. As much
as 60 feet of gypsum was measured at one place. At places where
the gypsum is not present manganese in the form of pyrolusite may
be found at about the same horizon—in fact, the Colorado Fuel &
Iron Co. mined considerable of this mineral in the southern part of
the area under discussion and hauled it to the railroad to be shipped
east. At present, however, mining operations have been discon-
tinued. The lower 400 feet or more of the formation is made up of
massive red sandstone. . At several horizons in the formation there
are lentils of sandstone that in places are partly saturated with
petroleum. Two of these outcrop at the surface in this field and have
been. described above under ““History of development of the field.”
Some gas has also been encountered in the wells in this formation.

Salt Wash sandstone member.—A gray coarse-grained sandstone,
conglomeratic in places, occurs in the Green River field about 350 feet
below the top of the McElmo formation. It probably corresponds
to the lower conglomerate of the “Henrys Fork group” of Powell’s
section ® on the north flank of the Uinta Mountains and of Gilbert’s
section * in the Henry Mountains. This sandstone was used as a
datum plane on which altitudes were determined, and is shown on
the map by hachures in the unpatterned area. The writer proposes
the name Salt Wash sandstone member of the McElmo formatlon for
this sandstone.

1 Riggs, E. S., The dinosaur beds of the Grand River valley, Colorado: Ficld Columbian Mus. Geol,
Ser., vol. 1, 1901

2 Loc eit.

3 Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of the
country adjacent thereto: U. 8. Geol. and Geog. Survey Terr., 2d div., p. 157, 1876.

+ Gilbert, G. K., Geology of the Henry Mountains: U. S. Geog. and Geol. Survey Rocky Mtn. Region,
p. 4, 1877, .
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CRETACEOUS SYSTEM.
DAKOTA SANDSTONE.

The Dakota sandstone unconformably overlies the McElmo forma-
tion and in this region is variable in thickness. Richardson,' who
examined this and adjacent formations from Grand River, Colo., to
Sunnyside, Utah, found it to be cut out entirely in the vicinity of
Elgin, though reaching a maximum of 200 feet in other places. In
the Green River field it consists of 40 feet or less of yellowish-gray to
white coarse-grained sandstone which in places is conglomeratic.
Thin beds of coal have been found in this sandstone in the vicinity of
Fruita and Grand Junction, Colo., and along the east side of Castle
Valley to the west, but no carbonaceous material was observed in the
Green River field. -

The Dakota sandstone is a water bearer in places in this region and
is believed to contain the pocket of gas encountered at a depth of
850 feet in the Collins well, in sec. 20, T. 21 S., R. 17 E. In the area
under consideration no part of the formation is known to be saturated
with oil or asphaltum, as are some of the sandstone beds in the
underlying formation. '

MANCOS SHALE.

General character—The Mancos shale consists of about 3,000 feet
of bluish-drab shale, very sandy near the top and the base. Approxi-
mately 1,400 feet of the Mancos is exposed in the area under con-
sideration. About 400 feet above the base occur sandy beds 50 to
100 feet thick, which are known as the Ferron sandstone member.
(See below.) The rocks underlying and overlying the Ferron
sandstone member are similar in appearance. They contain sandy
beds which undoubtedly form the pockets for the gas encountered in
the Klondike well and at 350 feet in the Collins well. The greater
part of the small amount of gas encountered in the field was struck in
the Mancos shale. _

Ferron sandstone member.—The portion of the formation distin-
guished as the Ferron sandstone member contains sand and sandy
material and is more resistant than the overlying and underlying
rocks, and for that reason it outcrops in a hogback which extends the
full length of the field. In the southeastern and eastern parts it is
represented by two small hogbacks near each other, which suggests
that the sandy material brought in at the time these rocks were laid
down was more plentiful than farther west and northwest, where but
one hogback is present. This sandy member of the Mancos shale can
be definitely correlated with alternating sandstone, shale, and coal

1 Richardson, G. B., Reconnaissance of the Book Cliffs coal field, between Grand River, Colo., and
Sunnyside, Utah: U. S. Geol. Suryey Bull. 371, pp. 12, 14, P1. IIT, 1909.
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beds in the vicinity and south of Ferron, in Castle Vailey, from which

. the member takes its name. A complete description of the sandstone

at its type locality is given in another report in this bulletin.
STRUCTURE.

The structure in general in the western part of the field is that of a
gently northeastward-dipping monocline,” which, owing to the pres-
ence of a comparatively narrow, somewhat broken anticline extend-
ing-northwest and southeast and lying mainly east and southeast of
the area mapped, develops gradually toward the east into a flat
syncline. .From rather meager data collected in the extremse eastern
part of the field it is believed that considerable strike faulting has
disturbed the rocks on both sides of the anticline. In the south- -
western part of the area mapped there are numerous variations in the
general northeast dip of the strata, which are discussed below in detail. -
A prominent fault zone crosses the field in a northwest-southeast
direction. Its direct bearing on the possible presence of an oil reser-
voir is fully discussed under “Conclusions.” Another important
fault zone, smaller than the one just mentioned, crosses Green River
in the southern part of T. 21 S, R. 16 E., and extends a few miles
into the area mapped.

The details of the structure are shown by dip symbols and fault
lines on the map which accompanies, this-report (Pl. VI). The
mapping of the outcrops of the formations, together with the
hachured line representing the outcrop of the Salt Wash sandstone
member of the McElmo formation, furnishes additional aid in inter-
preting the structure of the rocks. .

The dips measured on the Dakota sandstone are characteristic of
the overlying Mancos shale and the underlying McEimo formation.
Hence a discussion of the structure of this sandstone applies equally
well to the adjacent formations near the outcrop of the Dakota.
Beginning near the town of Green River, where the dip is about 4°,
and following the outcrop to the southeast, the dips increase to as
much as 6° in sec. 25, T. 21 S., R. 16 E. This dip is constant for’
about 2 miles, then drops to 5° just north of the fault in sec. 32, T. 21
S, R. 17 E. South and southeast of the fault, through T. 22 S.,
Rs 16,17, and 18 E., and the northern. part of T 23 S, R. 18 E,,
the dlps range from 4° to 5° NE. The outcrop of the Dakota is
obseured by faults southeast of the northern part of sec. 10, T. 23 S,,
R. 18'E.,, for about 5 miles. Dips on the Ferron sandstone member
of the Mancos shale show that the beds flatten gradually to 2° at the
extreme southeast exposure of this sandstone, in the hogback in secs. -
1 and 2, T. 24 S, R. 19 E, near the end of -the syncline. At this
locality the Dakota is again recognlzable as the outcrop swings away
from the fault and extends to the north and northwest along the east

* 865°—Bull. 541—14——9
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flank of the syncline above referred to. To the north and northwest
the dips increase to as much as 9° SW. in sec. 12, T. 23 S, R. 19 E,,
just north of the State road connecting Thompson and Moab. The
stratigraphically lower rocks along the east flank of the syncline dip
more steeply than the Dakota.

South of the principal fault zone near the river, in secs. 26, 34, 35,
and 36, T. 22 S, R. 16 E., and secs. 1, 2, and 3, T. 23 S, R. 16 E,,
variations in the dips suggest the presence of a small dome Whose
center is near the northwest corner of sec. 1. In secs.7and 8, T. 23 S,
R. 17 E., other variations in structure give indications of a small
dome, the center of which is near the east quarter corner of sec. 7.
Irregular dips are numerous in secs. 15, 16, 17, 18, 19, 20, and 21 of
the same township and indicate that the structure is undulating,
with a fairly well defined dome of small extent in secs. 15, 16, 21, and
22. The southeastern part of this dome could not be determmed on
account of lack of exposures, as drifted sand covers the rocks in the
White Wash. The center of the dome is probably i in the SW. % sec.
15. Adjacent to the main fault zone in secs. 11 and 12, T. 23 S.,
R. 18 E., the dips are very irregular and show a very small dome
which is due partly to faulting, as the northernmost fault of the prin-
cipal zone terminates near this place

The faults are discussed below in order from north to south. As
shown on Plate VI a fault extends through secs. 33, 34, 35, and 36,
T. 21 S, R. 16 E., and secs. 31, 32, 33, and part of 34 (where it dis-
appears), T. 21 S., R. 17 E., and carries the outcrop of the Mancos
shale about 3 miles west of its position north of the fault. Its extent
to the west is not definitely known but is probably not greater than
to the east of the river. The maximum displacement of this fault,
the downthrow of which is on the south side, is about 450 feet. Goin’s
oil seep, near the north boundary of the NE. 1 sec. 2, T. 22 S.; R.
16 E., and a former spring, now marked by a calcareous deposit, near
the northeast corner of the same section are closely related geneti-
cally to the disturbed strata adjacent to the fault in that the dis-
“turbed rock, being more porous, furnished an outlet to the surface
for the oil and calcareous material.

- Block faults prevail in the western two-thirds of the field along the
main zone of disturbance, whereas a single fault is the result of the
earth movement in the eastern part. In sec. 26, T.22 S, R. 16 E,,
and sec. 1, T. 23 S, R. 17-E., as many as four faults cut the rocks
along Salt Wash in a distance of three-fourths of a mile, but through-
out the remainder (and longer part) of that stream only two faults, a
little less than half a mile apart, are present. The rocks betwecn
the two principal faults have been dropped as much as 500 feet, and the
strata on the north side of the zone are about 300 feet higher than
the corresponding strata to the south of the disturbed belt. This
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“condition is well illustrated by the stratigraphic section shown on

Plate VI. The other downfaulted bleck, extending through secs. 1
and 2, T. 23 S, R. 17 E,, and secs. 3, 4, 5, 6, 8, 9, 10, 11, 14, and
15, T. 23 S, R. 18 E., carries the outcrop of the lower part of the
Mancos shale about 3 miles west of its normal position. This block
has a maximum displacement of about 400 feet.

Both of the principal down-faulted blocks have a synclinal struc-
ture, which is due to the bending up of the strata caused by dragging
along the fault planes. This is especially noticeable along Salt Wash,
in the western part of the field. Southeast of Tenmile Wash the dis-
turbance has taken place for the most part along a single fault plane,
the strata to the north of the fault showing more evidence of the effect
of dragging than those to the south, as indicated by dip symbols on
Plate VI. At Brink Spring, in sec. 10, T. 24 S,, R. 19 E,, the dis-
placement is about 1,200 feet, the downthrow being on the north
side of the fault. The La Plata sandstone, capped with a few outliers
of the McElmo formation, forms the surface rocks south of the fault
in_this locality. The location of this fault east and southeast of a
point about a mile southeast of Brink Spring is only approximate.
Although conditions to the southeast were not studied in detail, it
is believed that the amount of displacement increases in that direction.

In addition to the larger faults described above, there appears to
be in sec. 1, T: 22 S., R. 16 E., about .1 mile southeast of Goin’s oil
seep, a short minor fault of slight throw.

THEORY OF OIL ACCUMULATION.

» Oil operators are desirous of finding anticlines or domes if the rocks
are saturated with water (“wet’’) and synclines or basins if the
strata are “‘dry”’ or comparatively so. Generally, wherever the
rocks contain water and oil disseminated throughout the pores of
the mass, there is a tendency for the water, being the heavier, to
collect below and thus force the oil to occupy a position above it.
If the rocks are thoroughly saturated there will be a general migra-
tion of the globules of oil upward through the strata until they reach
the surface of the earth or until their progress is stopped by the
presence of rocks like clay, shale, and dense sandstone, which are
almost impervious to oil. If the porous stratum and the impervious
cover are flat lying probably there will be no large accumulations
of oil, but if they are inclined slightly the oil will continue to migrate
up the rise at or near the base of the impervious stratum until it
reaches the upper limit of water saturation or the surface of the earth
and escapes in an oil spring or seep. If the structure of the impervi-

" ous stratum’is that of a dome or anticline the oil will collect in the

~ porous rock underlying the impervious cap in the top of the anticline
and remain there until it can escape to the surface through natural
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or artificial openings, such as fault planes or drill holes. If the
rocks are “dry” the disseminated oil particles, acted upon only by

the force of gravity, tend to migrate downward. If the structure is
that of a syncline or basin underlain by an impervious stratum, the
oil will collect in the depression.

In the above discussion the simplest condition—that in which the

rock containing the oil is a homogeneous sandstone overlain or
~ underlain by a stratum impervious to oil—is assumed. It is believed
that where the conditions are more complex, as where the oil is
included in a shale or a compact fine-grained sandstone containing
lentils of coarser sandy material, and the rocks are fairly well satu-

rated with water, the oil will be forced into the lentils of rock whose-

pore spaces are larger, owing to the differential capillary attraction
of water and oil. The presence of oil-saturated sandstone lentils in
the more compact, finer-grained sandstones in the McElmo formation
of the Green River field may be explained by this theory.

CONCLUSIONS.

The results obtained from drilling seven wells in this field, as indi-
cated in the following table, have furnished but little encouragement
for further exploration.

Wells drilled for oil or gas in the Green River field, Utch.

Nams of well. Location. Depth.| Oil. { Gas. [“Dry.”
Feet.

Elgin...connnnnn.. 1,000 [.ovnnnss]innnn X
LeviNo.1......... 530 | Trace.| X [oeee.-.-
LeviNo.2......... L500 ...oeefaennn. X
Levi (Keystone) 425 [..oieenifeannean X
Klondike.. 700 1........ X leeoeont
Queen.............. 920 | Trace.| X [..v.e...
Colling.. .......... 2,100 | Trace. | X [..-.....

Three of the wells have proved to be dry holes according to the most
reliable reports obtainable, three encountered traces of oil and small
quantities of gas, and one struck “pockets” of gas without oil.

Levi well No. 2 and the Collins well, which were drilled to depths
of 1,500 and 2,100 feet, respectively, passed entirely through the
McElmo formation and penetrated the upper part of the La Plata
sandstone, proving conelusively that the McElmo contains no per-
sistent oil-bearing stratum, although it may contain numerous small
lenses of sandstone that may be partly or wholly saturated with petro-
leum. As stated under “History of development of the field,” lentils
of petroleum-saturated sandstone outcrop, and it is reasonable to
assume that there may be others beneath the surface.

T

The pockets of gas encountered in the wells are for the most part '

in the Mancos shale, although the Collins well, in'sec. 20, T. 21 S,,
R. 17 E., found pockets of gas in the McElmo formation also.
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Structurally the area mapped in detail contains no anticlines or
» domes of importance in which large quantities of oil or gas could have
collected. On the other hand, the eastern part of the field in the
vicinity of the Klondike well includes some anticlines, but they are

not believed to be especially favorable on account of the presence of .-

probable faults on each side of the upfolds. Additional field work in -
th* . " cality will definitely determine the character of the structure.
- The monoclinal character of the greater part of the remainder of the -
field is not promising, as discussed under “Theory of oil accumula-
tion.”

The small domes diseussed under ‘‘Structure’” and situated east of
Green River, in Tps. 22 and 23 S., Rs. 16'and 17 E., are in the writer’s
opinion the most favorable places to drill for oil i m this field. The
- favorable structuré, however, does not mean that oil will certainly be i

encountered at these localities.

. oults and fault zones are usually unfavorable structures for the
accumulation of oil or gas, because the rocks adjacent to the breaks
in the strata are somewhat crushed and for that reason are rendered-
more porous, allowing an easy passageway to the surface for the oil,
. gas, or water that may be seeking an upward outlet. It is believed
that the petroleum-saturated condition of the rocks in the vicinity of
Goin’s seep, situated near the north boundary of sec. 2, T. 22 S,
R. 16 E., is due to the fault having cut a lentil of oil-saturated sand-
stone at some depth beneath the surface. The conditions along the
faults and fault zones that cut the strata in the Green River field
suggest either that the petroleum-saturated sandstone lentils cut by
faults are comparatively few, or that if they are numerous the amount
of oil they contain is small, not saturating the rocks at the surface.

From the evidence already obtained by drilling in this field and
from the presence of gas in the Mancos shale in other fields, it seems -
. safe to predlct that a little gas will probably be encountered in every
well drilled in the Mancos shale. It seems equally probable, consid-
ering the structure of the field, that gas in large quantities will not
- ‘be found.

As stated under ‘“History of development of the field,” two wells
are being drilled 45 to 50 miles southwest of Green River. The struc-
ture in this general region, to judge from the meager evidence col-
lected on a reconnaissance trip, seems to be favorable for the accumu-
lation of oil and gas in what appeared to be a broad, flat anticline -
extending in an east-west direction. It should be reiterated that the
presence of favorable structure does not mean that oil or gas will be
found in commercial quantities. Favorable structure is a necessary
condition but not the only one. The underlying strata must contain
oil or gas disseminated through them, or the reservoirs, however ideal
they may be, are of no importance.
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PETROLEUM NEAR DAYTON, NEW MEXICO.

By G. B. RicHARDSON.

Introduction.—Interest in the possible occurrence of a commercially
important_quantity of petroleum in the Pecos Valley has been re-
vived by the discovery, near Dayton, N. Mex., of oil in a well drilled
for water. This well is reported to have a capacity of about 25 bar-
rels of oil a day. Several companies have been organized, and in
March, 1913, three standard rigs were in.the field- prepared to test
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FIGURE 5.—Sketch map showing location of Dayton, N. Mex.

_ the area in the vicinity of Dayton. Although detailed geologic work
- has not yet been done in this region, and little is known about the

field, the following statement, based on data obtained during a short
visit in March, 1913, has been prepared in response to numerous re-
quests for information.

Development.—Several hundred wells have been sunk for water in
the Roswell artesian area,! in which Dayton is located. These range

1 Fisher, C.A., Preliminary report on the geology and underground waters of the Roswell artesian area,
New Mexico: U. S. Geol. Survey Water-Supply Paper 158, 1906.
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from g few hundred to about a thousand feet in depth, and in the
vicinity of Artesia and Dayton there are a number of wells which
individually flow more than 1,000 gallons a minute. The water is
obtained from a porous limestone member of the group of Permian
red beds of the Pecos Valley and, as the oil occurs below the water-
bearing bed, the casing off of this great flow will be a serious matter,

but the first problem is to determine whether or not there is in this
locality an important quantity of oil.

Traces of oil and gas have been found in a number of wells in- this
vicinity, and in 1909~10 local excitement was caused by the discovery
of these substances in unusual quantity. Natural gas was struck in
the Platt well,in the SW. % sec.26,T.18 S.,R. 26 E., 13 miles southeast
of Dayton. This well is reported to be 869 feet deep, the flow of water
being encountered at 790 feet. Accurate measurement of the quan-
tity of gas produced has not been made, although the pressure is said

"to have been great enough to break a 300-pound gage. In March,
1913, the gas, after being shut off for some time, was turned on,
escaping with a roar and burning with a flame several feet high. Oil
was pot found in this well.

Another well, the Old Wﬂhams now known as the Belt well, in
the NW. % sec. 25, T. 18 S., R. 26 E., 24 miles east of Dayton, was
driven to a depth of 1,002 feet (reported by some to be 1,340 feet) and
encountered one flow of water at 783 feet and another at 820 feet.
A small quantity of gas and oil flowed from the well with the water
and at first was allowed to escape, but recently, by allowing the flow
to enter a series of settling tanks and drawing off the water from
below and the oil -from above, a reported yield of about a barrel of
oil a day has been obtained.

The best yield of petroleum yet obtamed in the Pecos Valley is
from the old Hammond, now known as the Brown well, in the NE. }
sec. 15, T. 18 S, R. 26 E, 21 miles northeast of Dayton. This well
was sunk in 1909 to a depth of 950 feet. = A flow of water was encoun-
tered at 660 feet, a little gas at 762 feet, and oil between 911 and 926
feet. An attempt was made to case off the flow of water, and in the
summer of 1911 a yield, continuing for several months, of 6 to 10
barrels of oil a day was reported. In 1912 this well was acquired by
Charles S. Brown, of Artesia, who succeeded in increasing the yield
of oil and in cutting off more water, but the attempt to case off the
-water has been only partly successful. In March, 1913, Mr. Brown
-stated that he pumped approximately 800 barrels of liquid a day
from this well, inctuding about 25 barrels of 0il. The oil is separated
from the water by a series of settling tanks and is sold for fuel and
for smudging orchards.

Not long after oil was found in the Old Hammond well a local
assocration known as the Giant Gas & Oil Co. was organized, and
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in 1910 it sank a well close by, in the NE. % sec. 15, T. 18 8., R. 26 E.
This well is reported to have been put down 1,118 feet without find-
ing either gas or oil. From lack of money the well was not drilled
deeper, but as oil had been found between 911 and 926 feet in the
adjacent well the test was thought to be fair. Nevertheless con-
tinued interest in the possibilities of the Dayton field has been main-
tained, and recently it was determined to test the area by sinking
wells con31derably deeper. Two companies were therefore organized,
the Pecos Valley Oil & Gas Co., which is drilling a well in the SE. %
sec. 15, T. 18 S., R. 26 E., and the Dayton Petroleum Co., in the NW. 1
sec. 23, T. 18:S., R. 26 E., both sites being between, the Brown and
Belt wells referred to above. Another test well said to be located in
the SE. % sec. 35, T. 19 S., R. 24 E., 12 miles southwest of Dayton, was
started by the Seven Rivers Oil & Gas Co., which intended to sink
it to a considerable depth, but in the spring of 1913 it was reported
to be temporarily stopped at a depth of about 600 feet on account of
lack of funds.

Quality of the oil. —Samples of oil from the Brown and Belt wells,
collected by the writer in March, 1913, were analyzed by David T
Day with the following results:

Analyses of petroleum from the vicinity of Dayton, N. Mex.

Belt well. Brown well.
(03] () N rveeeiaeraenas Brown. Brown.
BPECIIC BIBVILY « e veenenareenrrenine i 0.8974at26° B. | 0.9007 at 23.9° B.
Digtillation:
Gasoline........... O None. None.
Begins to boil 8. . ...unniin 170° C. , 160° C.
Boiling below 300° C. (kerosene) .per cent.. 33 29
Specific gravity of abovefraction...................oeillL 0,7903 0. 8041
Residue.......oeeveeneinnnn 65. 8 69.3
Specific gravity of residue. ... 0.9223 0.7396
. Trc’)tal..... .per cent.. 98.6 98.3
ASPHAIt. it e do.... 2.0 0.35
Sulphur............oeliii et e —aes do.... L0 ) 2.3

- These tests show that the oil is similar to that of the Beaumont
field in Texas. It is a fuel oil which furnishes little or no gasoline but
- from which a fair yield of kerosene can be obtained.

Geology.—Although detailed geologic work has not yet been done
in southeastern New Mexico, general conditions are known as a result
of several reconnaissance surveys.

In this part of New Mexico Pecos River ﬂows in a broad, open valley
lymg between the Llano Estacado on the east and the Guadalupe and
Sacramento mountains on the west. The rocks are sedimentary and
the general dip is eastward, decreasing from 5° or 10° in the moun-
taing nearly to horizontality on the plains. The rocks of the moun-
tains consist of at least 10,000 feet of limestone and subordinate sand-
stone, which are succeeded by the red beds that directly underlie the
Pecos Valley. These rocks are of Carboniferous age, the lowermost
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being Pennsylvanian and the uppermost Permian. East of the river
the red beds are overlain by Triassic and Tertiary strata, which for
present purposes are unimportant. The bituminous limestones and
sandstones which underlie the red beds constitute the probable
source of the petroleum.

The greater part of the Pecos Valley is occupied by unconsolidated
Quaternary deposits, consisting of gravel, sand, and clay, which are
separable into river alluvium and material derived from’ the disinte-
gration of the rocks of the mountains and transported as wash toward
the river. These unconsolidated materials, as indicated by logs of
wells, vary in thickness, reaching a maximum of a few hundred feet,
and occupy a large area, in places having a width of 25 miles. The
bedrock is therefore concealed beneath the valley and details of its
character and structure are unknown. :

The red beds of the Pecos Valley, which directly underlie the
unconsolidated materials and outcrop on the highlands east and west
of the river, consist of a complex group of lenticular beds of red sand-
stone and- shale magnesian limestone, and gypsum. Satisfactory
measurements of the thickness of these beds have not been made,
although they are locally known to be more than 1;600 feet thick.
But the thickness varies greatly because the red beds are not confined
between definite horizons, the red color extending irregularly across
the strike in accordance with varying conditions of deposition. =~ The
red beds of the Pecos Valley, on the evidence of fossil shells and strati-
graphic position, are believed to be of Permian age and are correlated
with the, well-known Permian red beds of north-central Texas and
Oklahoma, which outcrop east of the Llano Estacado.

An idea of the composition of the red beds is indicated by the log of

- the Williams or Belt well, as reported by the driller.

Log of the Williams or Belt well, in the NW. } sec. 25, T. 18 S., R. 26 E.

Thick- Thick-
ness. | Depth. ness, | Depth
Feet Feet Feet Feet

F200) | OO Conerete. . ...cvureneereneennaen.. 5 750
[€25811Y o 7 15 i Sand,red..............o. ... 8 758
Gravel........ .. 10 25 || Hard rock.. 12 770
Gypsum, soft . 60 85 || Shale....... 13 783

..... 65 150 || Water rock. 7 790
Gypsum. .. 10 160 (| Shale, red. .. 18 808
Sand, white .. . 47 207 || Water rock. ... 12 820
Sand, red 6 213 ardrock...........oiiciiiiil. 15 835
Concrete.... 5 218 (| Sand, red..... 8 843
Sand, red... 4 222 || Sandstone 10 853
Shale, red. . 6 228 (| Hardrock.. 42 895
Gypsum, roc .. 12 240 || Gypsum....... .. 5 900
Gumbo....... .. 10 250 || Black sulphu: rock...... .. 10 910
Band, redee..ciiiiiiiiiia 45 395 || Clay, DIue..oveemaeae i, 2 912
Clay, blue o0 d08 || Sardstone. o ) o3 935
Shale, red 15 420 || Limestone.. R O | . 946
Concrete. 90 510 |} Sandstone, whi 32 978
Sand, red .. 30 540 || Hard brownrock. .. 1 989
Hardrock.................._.... 50 590 || Light-brownrock................. 5 994
Shale............... e 40 630 |} Sandstone, white. _............... 2 996
Waterrock.....oooouiuiiaiiinn, 50 680 |} Dark-brownrock._........_....... 4 1,000
Clay,blue.....coooiveiiiianiaon. 20 700 |} Light-brownroek. .............. . 2 1,002




PETROLEUM NEAR DAYTON, N., MEX. ‘ 139

Beneath the red beds of the Pecos Valley is a great mass of lime-
stone with interbedded lenses of sandstone, having an estimated
thickness of 10,000 feet, which outcrops in the Guadalupe and Sac-
ramento mountains and dips eastward toward Pecos River at a low
angle. This limestone in turn is underlain by a lower zone of red
beds exposed on the western escarpment of the Sacramento Moun-
tains, 90 miles west of Pecos Rivéer. Both the lower red beds and
part of the overlying limestone and sandstone are of Pennsylvanian
age.

Petroleum.—The petroleum in the Vlcmlty of Dayton occurs at or
near the base of the red beds of the Pecos Valley, beneath the water-
bearing stratum of porous limestone that furnishes the artesian sup-
ply. Presumably the oil originated in the bituminous limestones and
sandstones which outcrop in the mountains west of the Pecos Va]ley :
and underlie the red beds: :

It is of interest that the oil in the Electra field, Texas, east of the
Llano Estacado, occurs in a similar stratlgraphlc position. The sig-
nificance of this similarity, however, is diminished by the fact that
the fossils from the rocks below the Permian red beds of the Pecos
Valley are different, according to G. H. Girty, from those occurring
in the strata beneath the Permian red beds of north-central Texas,
the difference indicating separate basins of deposition. Apparently
the occurrence of oil in these two areas east and west of the Llano
Estacado is distinct.

It should be noted also that the Dayton oil is quite different from
the petroleum of the Electra field, Texas, which is reported by
Udden and Phillips as a ‘“high-grade light oil excellently adapted to
refinery use.”

The recent drilling in the vicinity of Dayton is but one of several
attempts to find oil in the Pecos Valley between Roswell, N. Mex.,
and Fort Stockton, Tex. In this area indications of the presence of
petroleum, such as rocks charged with bituminous matter, small oil
seeps, and local occurrences of oil in water wells, have long been
known. Although the hope of finding petroleum in paying quantity
has thus been stimulated, so far experience has been disappointing.
Among the prospect wells that have been sunk are some more than
2,000 feet deep in the vicinity of Toyah, Tex., and one almost 3,000
feet deep near Roswell, N. Mex., all of which were failures.

It should be realized that prospecting for oil in Pecos Valley is.
unusually difficult because of the widespread cover of unconsolidated
deposits that conceals the structure of the underlying rocks, which in
" many fields is a controlling factor in the accumulation of oil. In the
Roswell artesian area, however, an important clue to the structure
may be obtained from the logs of water wells—in spite of the fact
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that logs of variable red beds are usually -of little value—because
apparently the main flow of water comes from a definite horizon.
Study of well logs in this area is facilitated by the systematic records
that are required by State law. Apparently this clue has not been
utilized. . '
It should also be realized that petroleum is of widespread distribu-
tion and that a considerable accumulation is not necessarily implied
by anything thus far known in Pecos Valley. As yet there is no basis
for a conclusion one way or the other as to whether a commercially
important oil pool exists anywhere in Pecos Valley. It is, neverthe-
less, most desirable that a thorough test be made in the vicinity of
Dayton, where more oil has been found than elsewhere in the valley.



RECONNAISSANCE OF THE BARSTOW-KRAMER REGION,
CALIFORNTA.

By R. W. Pack.

INTRODUCTION.
PURFPOSE OF THE REPORT.

From time to time since 1900 the region between Mohave and
Barstow in the Mohave Desert, Cal:, has attracted attention as a
possible oil field, and a report that valuable light-gravity oil occurs
there has been widely circulated. Great stretches of land in the
northern part of the desert have been located as oil claims, a con-
siderable number of derricks have been erected, and wells have been
drilled at four rather widely separated localities. Indications of oil
have been reported in at least two of these wells. In the early part
of December, 1912, the writer spent a few days in a reconnaissance of
the eastern part of this region in order to obtain a general under- .
standing of its broader geologic features and to determine if possible
from such a study whether or not oil might reasonably be expected
to -occur there in sufficient amounts to be commercially valuable.

CONCLUSIONS.

The main conclusion arrived at as a result of this examination is
entirely adverse to the idea that oil occurs in this region. Traces
of oil and gas are present in different parts of the world in fine-
grained sedimentary beds, and it is possible that similar traces of oil
may exist in the fine-grained detrital beds of this region, but the
writer believes it highly improbable that oil and gas occur here in
greater amounts. The reasons for this conclusion are given in
detail at the end of the report.

GEOLOGIC MAPPING.

The geology and structure of this region are far from simple, and
although the work was detailed enough to fully warrant the pre-
ceding statement regarding the occurrence of oil, it was not sufficient
to furnish data for more than a superficial description of the areal
geology. On the sketch map (PL VII) the areal extent of the several
- groups of rocks has been shown. The boundaries of these areas have

: : 141
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been located by rough compass triangulation and by pacing from
" section corners wherever such corners could be discovered. In
parts of the region, notably along the eastern edge and in the north-
central portion, the land lines have recently been resurveyed, and a
considerable number of corners were found, but in much of it the
_geologic boundaries shown are only sketched. This is particularly
true of the area between Barstow and the Chicago Oil Co.’s well,
where very little effort was made to place accurately the line of con-
tact between the complex of pre-Tertiary rocks and the Tertiary
rhyolitic flows and tuffs.
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result of his work. Messrs. S. L. Gillan and Frank Farmer, mineral
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to Mr. L. J. Pepperberg, of San Francisco; Messrs. C. E. Kendrick and
G. D. Hutchinson, of Barstow; and Messrs. William F. Forsyth and
J. P. Jacobs, of the Kramer Consolidated Oil Co., for information and
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GENERAL GEOGRAPHIC AND TOPOGRAPHIC FEATURES,

The area here described lies in the central part of the Mohave
Desert in San Bernardino County, Cal. Its location is shown in the
index map on Plate VII. Two railroads pass through it—the Atchi-
son, Topeka & Santa Fe Railway, with two lines which join at Bar-
stow, one to San Francisco and the other to Los Angeles, and the
San Pedro, Los Angeles & Salt Lake Railroad, which, through most
of this region runs over the Los Angeles branch of the Santa Fe. The
- only settlement of any considerable size is Barstow, which has about
800 or 900 inhabitants. It lies approximately 140 miles by rail east
of Los Angeles. .

The topography is typical of that existing throughout the Great
Basin. Much of the region is occupied by broad, practically level
stretchés of desert sand and gravel, from which irregular barren
ridges and hill groups rise rather abruptly to elevations of several
hundred feet above the plain. These barren hills rising in the midst
of a broad expanse of sand look not unlike islands rising out of the
sea. The abruptness with which many of the hills rise from the desert
gives the impression that the alluvial basins are deep. This idea is
strengthened by the fact that one of the wells drilled here has, as nearly
as can be judged from the imperfect record kept, penetrated many
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hundred feet of loosely consolidated sand and gravel. In the main,
however, the thickness of the alluvium and the contour of the basins
"in which it was deposited can only be left to the imagination.

The granitic and older crystalline rocks weather to rounded somber-
colored hills. The younger volcanic and clastic beds, however, are
highly colored and present a wonderful array of reds, greens, browns,
and blues, which, combined with the peculiar rugged topography
characterlstlc of them form a striking and in places fantastic land-
scape.

The reglon is very poorly watered, the annual rainfall being rarely
over 5 inches and commonly less than 3 inches. Wells along the
course of Mohave River and near the center of some of the inclosed
drainage basins afford a small quantity of water, in places sufficient
to irrigate a few acres. Small farms are tilled along the river and at
a few places near the dry lakes where water can be obtained in shal-
low wells, but for the most part the land in_this portion of the desert
has at present little use other than as a rather poor range. Except
for scattered ranches along the river and between Hinkley and Black’s
ranch the region outside of Barstow and Daggett is practically unin-
habited. The vegetation is limited to the common desert types,
mainly small shrubs, cacti, bunch grass, and yucca. A group of
mesquite near Black’s ranch are the only trees outside of the river

- valley.

The main drainage line is Mohave River, Whlch flows to its sink
in the east end of the desert, some 50 miles to the northeast. Much
of the region, however, drains into inclosed basins whose centers are
occupied in the wet season by shallow lakes, the largest of which,
known as Harper Lake, is shown on the map. These lakes or playas
are dry during the greater part of the year and their beds form hard
pavement-like surfaces swept bare of all dust by the heavy winds
that are characteristic of the region, but with a slight rain the playas
become impassable bogs.

PREVIOUS KNOWLEDGE OF THE GEOLOGY.

But little has been published about the geology of this region.
Most of the written accounts are either descriptions of brief recon-
naissance trips, such as that on which the present paper is based, or
else detailed descriptions of some very local mineral deposit, mainly
the borax near Daggett. The only published account that attempts
to give a comprehensive idea of the geology of the area here dis-
cussed is that by C. L. Baker entitled “Notes on the later Cenozoic
history of the Mohave Desert region in southeastern California.”* This
paper gives also a bibliography of other papers describing the general
region.

1 Univ, California Dept. Geology Bull., vol, 6, No. 15, pp. 34-43, 1911,
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GEOLOGY.
MAIN GROUPS OF ROCKS.

The rocks in this part of the Mohave Desert may conveniently be
described as belonging to four main groups—(1) a complex associa-
tion of rocks of pre-Tertlary age composed of more or less altered
sedimentary and igneous rocks, (2) volcanic flows and tuffs with
interstratified detrital beds, mainly fine sand and clay, of Tertiary
age, (3) a basaltic flow of Quaternary age, and (4) Recent deposits
of unconsolidated gravel, sand, and clay. The rocks included in the
first three groups have been tilted from their original position, closely
folded, and faulted, and their present structure is complex. They
form the numerous h]ll groups which rise out of the level sandy plain
and evidently also continue under the plain as the floor upon which
the flat-lying sand beds were laid down. The Recent unconsolidated
materials, which constitute the fourth group, have now practically
the same attitude as they had when they were deposited. They not
only occupy the centers of the topographic basins but in places extend
for considerable distances up the flanks of the rocky hills, where they
cap the interarroyo ridges. Besides these practically flat-lying beds
‘of gravel and sand, thick masses of similar materials, having a slightly
greater though still a low dip, occur south of the-Chicago well and also
south of Mohave River between Barstow and Daggett.

PRE-TERTIARY ROCKS.

The pre-Tertiary rocks in this part of the Mohave Desert comprise
schist, gneiss, crystalline limestone, and some less altered sedimentary
and volcanic rocks, together with granitoid rocks of various kinds, some
- of which areintrusiveinto the metamorphicrocks. This complex forms

a large number of the rocky hill groups which rise above the desert in
‘this and adjacent regions, and with little question was the basement
upon which the Tertiary and Quaternary beds were deposited.
Metamorphic and granitic rocks of this general type are distributed
widely over southeastern California and the neighboring parts of .
Nevada and Arizona. Only a small amount of geologic work has
been done on them in the central part of the Mohave Desert, and in
consequence little can be said definitely concerning their age. The
nearest point to the Barstow-Kramer region at which the age of
rocks of this type has been accurately determined is between 60 and
80 miles to the north, in the Funeral and Kingston ranges, where
various altered early Paleozoic sedimentary formations rest upon
nonfossiliferous rocks that are believed to be pre-Cambrian. The
geology of these ranges is described by Gilbert,' Campbell?> and

1 Gilbert, G. K., Report on the geology of portions of Nevada, Utah, Cahforma and Arizona: U. 8. Geol.
and Geog. Surveys W. 100th Mer., vol. 3, pp. 33, 179, 181, 1875.

2 Campbell, M. R. Reconnalssa.nce ot the borax deposits of Death Valley and Mohave Desert: U, 8.
Geol. Survey Bull. 200, p. 14,1902.
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Spurr.! The Randsburg district, which lies. 15 or 20 miles north- .
west of the area shown on the accompanying map (Pl VII), is
described by Hess.? The oldest rocks there are granite and schist,
the schist probably being the younger of the two, although the
relationship is not-entirely distinct. The quadrangle also contains
a younger series of altered sedimentary rocks which on the evidence
of a few poorly preserved fossils is regarded as not younger than
Carboniferous. The granite, which according to Hess is probably
the oldest rock in the Randsburg region, continues southeastward,
forming Fremont Peak and the low hills in the northwest corner of
the area shown on Plate VII. The San Bernardino Mountains,
which lie 40 or 50 miles south of Barstow, are, according to Menden-
hall,? formed largely of granitic and dioritic rocks. These rocks are
intrusive into metamorphosed sedimentary rocks of unknown age.
Hershey ¢ briefly describes the complex of gneiss, schist, and old .
igneous rocks near Barstow, correlating thern with the pre-Cambrian
rocks of Inyo County, to the north. He also describes limestone
and quartzite in the Granite Mountains, 15 or 20 miles south of
Barstow, and correlates them with Lower Cambrian rocks in the
White Mountains of Inyo County. These correlations by Hershey .
are based wholly upon the general lithologic similarity and degree of
metamorphism of the rocks in the two places and can not be regarded
as established.

Granitoid rocks form the greatest part of the surface in the areas
shown on the accompanying map as occupied by the pre-Tertiary
complex. Some of the granite is younger than the metamorphosed
sedimentary rocks and may belong to the same general period of
intrusion as the granite.in the Sierra Nevada. Part of it, however,
particularly that in the northwest corner of the area, which forms
the continuation of the granitic rocks in the Randsburg district,
may be much older.

TERTIARY ROCKS.
GENERAL CHARACTER AND CORRELATION.

Resting with marked unconformity upon the complex just described
are rocks of Tertiary age, which comprise a variety of volcanic
flows and tuffs interstratified with sedimentary beds of diverse
kinds, from chemically deposited limestone to bowlder beds con-
taining fragments several feet in diameter. Tertiary rocks of this
general type are found in many parts of the Mohave Desert, from

1 8purr, J. E., Descriptive geology of Nevada south of the fortieth parallel and adjacent portions of Cali-
fornia: U. S. Geol. Survey Bull. 208, pp. 187-200, 1903,

9 Hess, F. L., Gold mining in the Randsburg quadmngle, California: U. S. Geol. Survey Bull. 430, pp.
23-47,1910.

8 Mendenhali, W. C., unpublished notes.

4 Hershey, O. H., Some crystailine rocks of southern California: Am. Geologist, vol. 29, p. 286, 1902,

3645°--Bull. 5¢1—14——10
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‘its- western edge eastward far beyond the area described in the
present report. About Barstow they form many of the rocky hills
which rise above the desert and evidently extend over considerable
areas beneath the Recent sand and gravel that constitute the surface

“of the desert.

The Tertiary rocks in this part of the Mohave Desert have been
briefly described by Hershey,' who correlates all of them except
some beds of reddish sandstone, conglomerate, and tuff exposed
near Mohave River between Barstow and Daggett with the “Rosa-
mond series,” which he describes as typically exposed in the western
part of the desert. The reddish beds mentioned above he believes
to be younger than the “ Rosamond” and the same as rocks which he
terms the ‘“‘Escondido series,” also typically exposed in the western
part of the desert. In a later paper the same author published a
map ? on which the distribution of the ‘“Rosamond” and “Escon-
dido” about Barstow are shown. .

The name ‘“Mohave beds” was applied by Merriam ® to the Ter-
tiary rocks which contain mammalian remains in the Barstow
syncline. He says:

" According to a sketch map published by Hershey the point at which the collection
was made would fall within the limits of what is designated by Hershey as the Rosa-
mond series. This series has not, however, been characterized in any way, so that
the nature of the formation is unknown. As geographic location is one of the impor-
tant factors concerned, the horizon at which this collection was obtained may be
referred to under a geographic designation as the Mohave beds.

Baker 4 in describing the Tertiary rocks about Barstow restricted
the term ‘“Rosamond” to the part of the section that is composed
predominantly of sedimentary rocks, offering evidence that these
rocks rest unconformably upon older volcanic rocks which Hershey
included in the “Rosamond.” _ _

Tertiary rocks like those in the Barstow-Kramer region occur in
Red Rock Canyon, about 60 miles northwest of Barstow. . These

rocks were described by Fairbanks,® who found in them a few fossil
leaves that Knowlton determined as of Tertiary and probably of
Eocene age. These beds were described as the ‘“ Mojave formation’
and correlated with the Eocene by Smith,* who based his correlation
entirely on Fairbanks’s description. The Tertiary rocks in and

1 Hershey, O. H., Some Tertiary formations of southern California: Am. Geologist, vol. 29, pp. 367, 368,
1902,

3 Hershey, O. H., The Quaternary of southem California: Univ. California Dept. Geology Bull., vol. 3,
No. 1, P1L.T,1902.

8 Merriam, J. C., A collection of mammalian remains from Tertiary beds in the Mohave Desert: Univ.
California Dept. Geology Bull,, vol. 8, pp. 167, 168, 1911.

4 Baker; C. L., Notes on the later Cenozoic history of the Mohave Desert region in southeastern Californija:
Unlv. C&li!omia Dept. Geology Bull., vol. 8, pp. 333-383, 1911.

s Fajrbanks, H. W., Notes on the geology of eastern California: Am. Geologist, vol. 17, pp. 67, 68 1896.

8 Smith, J, H. The Eocene of North America west of the 100th meridian; Jour, Geology, vol. 8, p. 456,
456, 1900, )
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about Red Rock Canyon were later described by Baker,! who cor-
related them as a whole with the “ Rosamond series,” on the evidence
of mammalian remains which he collected -and which Merriam
determined as of upper Miocene age.

The field work that forms the basis of the present report was too
meager to admit of any definite correlation of the rocks about Bar-
stow with the “Rosamond series,” and it was impossible to work
- out the sequence of the various effusive rocks and their relation to
the sedimentary rocks. The Tertiary rocks have in consequence
been shown as a unit on the map. An attempt will be made, however,
to indicate the general character of the rocks in the different areas
and to describe the lithology of the sedimentary beds.

LITHOLOGY.

The sedimentary beds are best exposed in the Barstow syncline,
where they have a thickness of not less than 3,000 feet and probably
. considerably more, but on account of the numerous faults which
have in part duplicated the section it is impossible to give an accurate
estimate of the thickness. The beds vary greatly in character, both
vertically and along the strike, and it is difficult to group them into
any definite formations which may be followed consistently.  They
may, however, be divided roughly into three parts. The lowest of
these divisions has a thickness of not less than 1,200 feet and is
composed largely of coarse to fine grained tuff, volcanic ash, various
thin lava flows, and especially, near the base, a few beds of coarse
granitic bowlders and brownish sandstone. This division weathers
_to ragged, irregular hills and shows a remarkable variety of bright

colors ranging from green, blue, or almost purple to various shades
of yellow, brown, and red.

The middle division is composed mainly of slightly greemsh gray
clay, with thin beds of brownish arkose sandstone, numerous layers
of white calcareous clay and somewhat impure limestone, beds of
white ash, and, toward the base, beds of coarse granitic fragments.
It has a thickness of not less than 1,500 feet. The greenish clay
which forms the bulk of the division, is in-places thin bedded, but in
other places it forms masses 20 or 30 feet thick without trace of
stratification and the intermittent streams have intrenched them-
selves in it, leaving almost vertical cliffs 50 or 60 feet high. The
coarse beds near the base are formed almost wholly of unsorted
‘granitic fragments, the largest 3 or 4 feet in diameter. They are
embedded in an arkose matrix, in places firmly cemented, and to

- casual observation look like granite in place. The calcareous beds

1 Baker, C. L., Notes on thelater Cenozoic history of the Mohave Desert region in southeastern California: .
Univ, California Dept. Geology Bull,, vol. 6, pp. 354-357, 1911; Phydography and structure of the
western El Paso Range and the southern Sierra Nevada: Idem, vol. 7, pp. 123-134, 1012,
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are of two types. The most numerous are layers of calcareous clay
whose composition is in general like that of the greenish clay with
which they are stratified, but owing to their lime content they weather
. almost pure white. They are more resistant than the clay, and the
consequent unequal erosion results in the formation of fantastic
badlands. Besides the calcareous clay there are numerous beds of
ye]lowmh to dark brown limestone which vary in thickness, the
maximum being about 10 feet. Many of the calcareous beds emit
a peculiar fetid odor when struck. This odor, which is not unlike
that of petroleum, has been considered by many persons as an indi-
cation of oil. A sample of the fetid limestone was examined by
D. T. Day, of the United States Geological Survey, who reported
that no trace of liquid hydrocarbons could be extracted from it by
various solvents. After tréatment with sulphuric acid he detected a
trace of resin, but this was too small in amount to account for the
odor. The limestone contains a considerable amount of sulphur and
the odor is probably due largely to hydrogen sulphide.

Locally the remains of fresh-water mollusks and somewhat more
rarely fossil bones similar to those occurring in the overlying division
were found in the beds in the upper part of this division. Incon-
trast to both the overlying and underlying divisions this division is
well bedded, and the writer believes that it was deposited in water.

The uppermost division is formed of poorly consolidated beds of
coarse angular rock fragments, fine gray ashy sand, and clay. The
materials are much more poorly stratified than those of the preced-
ing division and resemble slightly the Recent flat-lying gravel and
sand. The beds in this division form rounded buff-colored hills, in
marked contrast to the badland of the middle division and the’
multicolored hills of the lower division. -Fossil bones occur abun-
dantly in this division, especially in the finer-grained beds.

Baker® has grouped the Tertiary rocks exposed in the Barstow
syncline into five members. Although these members may be
recognized in the central part of the syncline, the writer found that
they could not be followed consistently and rather doubts the
advisability of attempting to divide the section so minutely. The
divisions are, beginning with the base, ‘(1) basal breccia, (2) tuff-
“breccia, (3) fine ashy and shaly tuff, (4) resistant breccia, (5) fos-
siliferous tuff.” The first two of these members correspond roughly
with what is described in the present paper as the lowest division,
the third and fourth members with the middle division, and the
fossiliferous tuff with the uppermost division.

West of Black Mountain the oldest Tertiary rocks appearing along
the axis of the small anticline are clay shale, fine sand and ash

t Baker, C. L., Notes on the later Cenozmc history of the Mohave Desert regxon in southeastern Cali-
fornia; Univ. Camorma Dept. Geology Bull., vol. 6, pp. 342-347, 1011,
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similar to those forming the middle division in the Barstow syncline.
* Layers of fetid limestone are abundant and on that account this
part of the region has been considered as the most favorable locality
for prospecting for oil. Several thin beds of basic lava, usually less
than 6 feet thick, are bedded with the clay, and & somewhat thicker
though lenticular bed occurs -near the contact with the overlying
buff-colored gravel. This bed of basalt forms the hill 1mmed1ately
north of the Giroux well. Overlying the clay and occupying most
of the area mapped as Tertiary to the northwest are buff-colored
gravel and ashy sand much like the upper division in the Barstow
syncline.

A belt of outerop from a quarter to half a mile in width, formed
mainly of friable sandstone and clay, trends east and west along the
south flank of the Calico Mountains, passing approximately through
the old town of Calico. These beds rest upon the rhyolitic tuffs and
~ lava flows which form the main mass of the Calico Mountains on the
. north and are separated from the desert on the south by volcanic
rocks which Lindgren ! believed to be younger. Isolated patches of
sandstone and limestone occur also high on the slope of the Calico
Mountains, in the south half of T.11 N, R.1E.

The central part of the area of Tertiary rocks on the north side of
Mohave River between Barstow and Daggett is formed of fine-
grained clayey sand, calcareous clay, and limestone interstratified
with numerous thin beds of volcanic rock. Fetid limestones  are
exceptionally abundant. The northwestern edge of this area is com-
posed of tuffs and solid lavas, which weather out prominently and
form rugged hills in sec. 25, T. 10 N., R. 1 W. A dark rocky ridge
trending .approximately north and south and meeting the river a
" mile or two west of Daggett is also composed predominantly of tuff
and volcanic flows.

The Tertiary rocks near the o'ld Alpha and Omega mines, about 4
miles north of Barstow, and also those between that place and
Black’s ranch consist almost wholly of tuff and lava, although with
these are mtercalated beds of coarse detrital matenal 10 or 12 feet
thick.

The Tertiary rocks on both the north and the south sides of Mohave
River at Barstow are wholly rhyolitic flows, but calcareous clay and
limestone form two small hills about three—quarters of a Imle to the

. north.

AGE.

‘Remains of several extinct species of horses, camels, and other
mammals occur abundantly in the Barstow syncline in the upper-
most division of the Tertiary beds. These fossils have been studied

1 Lindgren, Waldemar, The silver mines of Calico, Cal.: Am. Inst. Min. Eng. Trans., vol, 15, p. 718,
18871, .



150 CONTRIBUTIONS TO ECONOMIC GEOLOGY 1012, PART II.

| by Merrlam, who believes them to be of upper Miocene age and simi-
lar to mammalian remains found in other parts of the Great Basin.

QUATERNARY ROCKS.
BASALT

The blanket of basalt which covers Black Mountain rests with

marked unconformity upon the uptilted Tertiary rocks and is proba-.

bly of Quaternary age. The flow is not thick, averaging over much
of the hill less than 50 feet, but the numerous faults traversing it in
places exaggerate the thickness. The diagrammatic section given by
Baker 2 is rather misleading, for the surface of the south flank of the
mountain is not formed by an unbroken tilted sheet of basalt. Nu-

merous normal faults traverse the basalt and the south flank of the

mountain is really a succession of small fault blocks. The basalt
varies from a massive fine-grained porphyritic black rock to vesicular

or even scoriaceous material. Massive fine-grained material is prob-

ably the most abundant.”

RECENT SAND AND GRAVEL.

All the topographic basins in this region are filled with masses of
gravel, sand, and clay which have been laid down since the uptilting
of the Miocene rocks and largely, perhaps wholly, since the outpouring
of the lava that now caps Black Mountain. These materials were
probably deposited under much the same condition as those now
existing in the desert, the coarser material being carried in by run-
ning water, the finer material, perhaps largely wind carried, forming
drifts in sheltered places or settling in the shallow lakes that inter-
mittently occupy the playas. The thickness of these masses of mate-
rial is not known. The well of the Chicago Oil Co. and also that of
the Kramer Consolidated Oil Co. were drilled in the center of broad
alluvial flats. Both these wells penetrated several hundred feet of
material, which, as nearly as may be judged from the record kept, is
probably part of the Recent alluvial desert filling. Besides the flat-
lying gravel in the topographic basins, a thih veneer of similar mate-
rial caps the interarroyo ridges in the low foothills. This material
evidently records an epoch when the country was lower and the hill
groups even smaller than at present.

Thick masses of sand and gravel like that in the present desert

flats form low rolling hills south of Barstow and a mile or so south of
the Chicago well. These beds have about the same degree of indura-

1 Merriam, J. C., A collection of mammalian remafns from Tertiary beds on the Mohave Desert: Univ.
California Dept. Geology Bull., vol. 6, pp. 167-169, 1911,

2 Baker, C. 1..,, Notes on the latcr Cenozoic history of the Mohave Desert region in southeastern California;
Univ, Califomia Dept. Geology Bull., vol. 6, p. 348, 1911,

—
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tion as the Recent alluvium, but unlike it they dip at slight angles,

their attitude probably being due to tilting and not to inclined

deposition. ' ‘
STRUCTURE.

The structure about Barstow is irregular and complicated. For
the most part the rocks are broken by innumerable faults and the
stratified Tertiary rocks are tilted at irregular angles. In places the
beds are bent into folds, the largest of which is the Barstow syncline,
but most of these folds are small, irregular, and discontinuous and
are a minor feature of the structure. :

WELLS DRILLED FOR OIL.

Although this region has attracted considerable attention for the
last 12 years, only four wells have been drilled to any considerable
depth. These are the Kramer Consolidated Oil Co.’s well, in the
NW.  sec. 11, T. 10 N., R. 5 W.; the Chicago Oil Co.’s well, in the

.SW. % sec. 35, T. 11 N, 'R. 1 W.; the Giroux well, in the SE. } sec.
17, T. 32 S, R 44 E.; and the MOJave 0il Co.’s well, in the SE. i sec.
14, T. 11 N R.12 W.

The well of the Kramer Consohdated 0il Co. is located about 3
miles north of Hawes, a station on the Santa Fe Railway, in the midst

- of a broad expanse of desert, the nearest outcrops of rock in place
being the granite in the hills some 5 miles to the northwest. Drilling
has been carried on here at irregular intervals for the last 12 years,
and the well is said to have been drilled to a depth of almost 3,000
feet. It is asserted that a little oil was obtained in the well, and
small samples of light-gravity oil and of paraffin wax were seen at
the Los Angeles office of the company. At the time of the writer's
visit to the well the lower part of the hole had been lost and no
evidence corroborating the reported discovery of oil was obtained.

The abandoned Giroux well is located about a mile west of Black
Canyon, at the foot and on the south side of a small hill determined
by a bed of basalt which is interstratified with the fine-grained Ter-
tiary clay. According to Mr. C. E. Kendrick, this well was started
in 1902 and drilled to a depth of 440 feet. It is said that a trace of
oil was obtained in the well at a depth between 300 and 400 feet.
The basalt forming the hill on the north d1ps 70°-80° S., and the well
was probably drilled into it.

‘The well of the Chicago Oil Co. is located in the desert on the west
side of the Calico Mountains, about a mile from the nearest hills in
which the Tertiary or older rocks are exposed. In December, 1912,
it had reached a depth of more than 2,000 feet and drilling was stlll
being carried on. ‘‘Showings” of oil are reported in the well.
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The well of the Mojave Oil Co. is located about 24 miles southeast
of Mohave. It was started in 1907 and has been drilled to a depth
of a little more than 1,100 feet. ‘‘Showings” of oil are reported, but
no greater quantity was found and the well is now abandoned.

CONCLUSIONS AS TO THE PRESENCE OF PETROLEUM.

The writer believes that the northern part of the Mohave Desert
between Barstow and the town of Mohave offers practically no prom-
ise of becoming a productive oil field, and that further drilling will
prove but a waste of money. The principal reasons for believing
that this land will not prove productive are (1) the lack of strata
from which it would seem reasonable to believe that oil might have
been formed, especially the lack of thick masses of organic material
(diatomaceous and foraminiferal shale) such as those which occur in
or near all the oil fields in the southern half of California and in which
the oil is believed to have originated; (2) the lack of structural fea-
tures favorable for the collection of petroleum even if it existed dlS-
seminated through the strata.

The pre-Tertiary rocks can not reasonably be regarded as a source
of petroleum Only a small portion of these rocks are of sedimentary
orlgm and they are so metamorphosed that even had oil once existed
in them it is hardly conceivable that they should still contain it.
The granitic. rocks in the complex are if possible an even less likely
source of petroleum, as their texture is so dense that they would offer
practically no Teservoir in which oil might collect if it existed in the
near-by rocks. Oil has been found.in rocks lithologically similar to
some of the pre-Tertiary rocks of the Mohave Desert at only a single

“locality in California. This occurrence, at Placerita Canyon, about
20 miles north of Los Angeles, has been described by Eldridge.! The
oil at this place occurs in fractured schists which rest upon the granite
of the San Gabriel Mountains. The most logical explanation for the
presence of the oil here is that it has migrated from early Tertiary
organic shales which may have at one time rested upon the metamor-
phic rocks and which may now occur in the vicinity beneath the un-
conformably overlying late Tertiary beds. In the Santa Clara River
valley, a few miles west of Placerita Canyon, the early Tertiary strata
and the beds in contact with them are filled with oil. As organic
materials similar to those in the Santa Clara River valley are unknown
in the Barstow-Kramer region, it can not be expected that a similar
accumulation of oil will be found in the metamorphic rocks in this
region.

The Recent coarse gravel, sand, and clay which form the filling in
the topographic basins and which in places extend as a veneer over

1 Eldridge, G. H., and Arnold, Ralph, The Santa Clara Valley, Puente Hills, and Los Angeles ofl dis-
triets, southern Cahforma. U. 8. Geol. Suney Bull. 309, pp. 100-101, 1907-
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the lower hills are equally as unlikely a source of petroleum as the
> pre-Tertiary complex. They are composed almost or quite com-
pletely of fragments derived from the older rocks in this or in adja-
cent régions, and it is not reasonable to believe that these masses of
rock fragments would be more likely to produce petroleum than the
same rocks in place. The Tertiary volcanic rocks are likewise not
to be considered as a source of petroleum, for much the same reasons
as apply to the granitic rocks in the pre-Tertiary complex.

It remains then but to consider the Tertiary sedimentary rocks.
The coarse-grained Tertiary beds are formed of fragments of various
types of granitic, volcanic, and metamorphic rocks and are evidently
no more probable a source of petroleum than are the Recent beds of
sand and gravel. On the other hand, to casual observation the fine-
grained Tertiary rocks of the Barstow-Kramer region appear to be
similar to the Tertiary rocks in many of the oil fields of this State,
and it is not so very surprising that in this region they have been
regarded as a possible source of oil. A careful examination of them
shows, however, that they are really very different from the Tertiary
shales in the productive oil fields, and in place of being composed
very largely of the remains of organisms they are formed almost
wholly either of fine volcanic ash or of detrital- material derived
from rocks of various types.  They thus resemble the coarse-grained
beds in the same region, differing from those beds mainly in the size
of the particles they contain, and are not to be compared with the
masses of organic material in the large productive oil fields of Cali-
fornia. The only indications of organic matter seen in these beds were
small particles of carbonized terrestrial vegetation scattered through
some of the clayey and finer sandy beds, but the total amount of
organic matter is entirely too small to be considered as a possible
source of more than the merest traces of oil.

It is, of course, possible that in' the broad, level desert areas rocks
of different types from any exposed in the hills may lie buried
beneath the desert gravel. It is also possible- that such rocks, if
they occur, are like those in the Tertiary formations in the San
Joaquin Valley on the opposite side of the Tehachapi Mountains.
There is, however, nothing in the geology of this region, or, so far as
known, in that of the desert as a whole, to support such a hypothesis.

No surface indication of petroleum was seen anywhere in the
region. It is commonly rumored that a seep occurs in the Tertiary
rocks northwest of Black Mountain, but a careful search failed to
reveal it nor did persistent questioning discover anyone who could
describe its location. The structure of the Tertiary rocks is complex.
In"many places they are tilted to high angles and intricately faulted,
and if oil occurs in them it is surprising that it does not at some place
show at the surface. - '
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Even if oil was originally distributed in minute quantities through

the rocks, the structure is not such that it would have tended to -

collect or trap the oil. Irregular and faulted folds occur in at least
three places northwest of Barstow—the Barstow syncline in T."11 N,
R. 2 W., a small anticline just north of the Giroux well in T. 32
S., R. 44 E,, and an irregular fold or folds in T. 31 S,, R. 44 E. Tt
is generally reported that a well-marked anticline passes through the
hills north of Barstow. Indeed, it.is believed by some that such a
fold extends along the north side of the desert from Tehachapi Pass
nearly to Barstow. This idea is erroneous, for the only folds here
are small, discontinuous, and much faulted. Faults, not folds,
dominate the structure. Thus the structure is much more favorable
for the escape of any oil that mlght‘, possibly have been found here
“than it is for its concentration in appreciable quantities.



COAL AND LIGNITE.

RHODE IS_LAND ANTHRACITE?
By Georee H. AsHLEY.

INTRODUCTION.

~ Rhode Island anthracite has long been a puzzle to mining men and
- capitalists. Isit a fuel or is its best use for making refractory linings
for blast furnaces? This paper has been prepared after a study
of the Rhode Island anthracite field and summarizes the location,
character, and qualities of the coal, the results of tests of its use in
house and steam furnaces, in the making of briquets and coke, and
describes the results of attempts to utilize it after conversion into
water gas or producer gas. The conclusions will be of special inter-
est to those who may be considering investments in mines in this field.

The coal has been known in Rhode Island for 150 years or more and
~ during the last 100 years scores of attempts have been made to mine
it commercially in many places. With one exceptlon these attempts
have not had marked success and most of the mines have been aban-
doned within three years. The one company which attained a meas-
ure of success mined the anthracite for over 20 years and used it in the
smelting of copper ores. The location of the anthracite on tidewater
and near the large manufacturing establishments of New England has
seemed to give it an advantage over other coals for use in that area
and this apparent advantage has led to the repéated attempts to
utilize it. Unfortunately many of these attempts at exploitation
appear to have been merely excuses for the organization of corpora-
_ tions for the sole purpose of the sale of stock.

‘In response to numerous inquiries for information in regard to
Rhode Island coal and its value, the writer visited the field in October,
1913, and has prepared a bulletin bringing together in detail all the
data available bearing on the past utilization of the coal, its chemical

L Although the work described in this paper was done mn 1913, on account of the unavoldable delay in the
publication of the volume for that year this paper has been included in the volume for 1912,
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composition, results of tests under steam boilers and in house-heating
furnaces, in the making of briquets, and in the manufacture of pro-
ducer gas. The bulletin, which will give all the data, together with a
discussion of their meaning, will require several months for com-
pletion and publication, so that this preliminary statement is made
to meet immediate demands and inquiries. -

LOCATION OF THE COAL FIELD.

The location of the Rhode Island coal field and the places at which
the coal has been mined are shown by the sketch map (P1. VIII, p. 162).
The field occupies a structural basin whose axis extends from New-
port northward up Narragansett Bay to a point west of Warren,
thence northeastward into Massachusetts, past Taunton and Bridge-
water to Hanover Four Corners, within 6 miles of Massachusetts Bay.
It underlies practically the whole of Narragansett Bay. The west
boundary lies several miles west of the bay and extends north to the
west of Providence, Pawtucket, and Diamond Hill, then turns east-
ward and passes north of Mansfield and Brockton. The eastern
boundary lies east of Sakonnet and Taunton rivers, then swings
eastward to include an area about Middleboro. The locations of
anthracite mines and prospects are shown on the map. Recent work

has been confined to three places—Portsmouth, Cranston, and Fenners
Ledge. A

THE ROCKS OF THE AREA.

The rocks of this basin consist of shale, slate, sandstone, and con-
glomerate and have a total estimated thickness in the center of the
basin of more than 10,000 feet. The anthracite beds are as a rule
associated with shale interbedded with sandstone. In parts of the
field the rocks are considerably metamorphosed, shale being changed
to slate and sandstone to quartzite, and in places the conglomerate
pebbles have been distorted by pressure.

This field is not & regular simple basin, but contains basins, or syn-
clines, and anticlines within its limits. In parts of the field the rocks
have been closely folded and faulted.

THE ANTHRACITE BEDS.

In the great thickness of shale and sandstone there are many layers
of carbonaceous shale and locally beds of anthracite. Little is yet
known of the extent of these beds. At Portsmouth a single bed has
been followed on the surface and underground for several thousand
feet, and near Providence a carbonaceous belt, containing 10 or more
beds of anthracite or graphite, has been traced with interruptions
from the vicinity of the boys’ school at Sockanosset northward, west
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of Providence and Pawtucket, to a point beyond Valley Falls,
Whether or not any single bed has such an extent is not known.

The thickness of individual beds can only be assumed by averaging
a large number of measurements. Such measurements may show
from a few inches to 20 feet, but it is evident that where the anthra-

cite is thicker it has become so by being squeezed in from adjacent
areas in which it is thin. From measurements where the anthracite-
has been most extensively mined the original thickness of the beds

seems to have been small, probably not over 2 or 3 feet, and most of
the beds appear to have been much thinner. Wider knowledge will
possibly reveal thicker average anthracite than now appears, although
the opposite is anticipated. Layers of coaly shale of much greater
thickness are found.

The coal beds have been folded with the other rocks, so that the
anthracite generally pitches downward at steep angles or in places
stands vertical, but as it is softer and less resistant than the other
rocks it has not only been folded, but has yielded to the pressure
which folded the other rocks and has been squeezed out from points
of greatest pressure and accumulated at points of less pressure as
plastic clay may be squeezed through the fingers. This squeezing
gives rise to irregular lenses, many of them 20 feet thick, the average
thickness in the Portsmouth mine being between 4 and 5 feet.
These lenses-are separated by wide areas of thin anthracite, where
the bed may be only a few inches thick or may be pinched out

entirely.
THE ANTHRACITE.

PHYSICAL CHARACTER.

The coal is a graphitic anthracite, high in ash and moisture, which
has been changed locally to graphite that contains a high percentage
of ash. Structurally it has been much changed by the pressure.
At Portsmouth it breaks down into rhombs of all sizes. At Cranston
and Fenners Ledge the pressure appears to have squeezed it into
flakes with smooth faces that feel greasy and are apparently coated
with graphite. The anthracite ranges in color from steel-gray to
dull black, commonly having a bluish cast, so that much of it has
little resemblance to the well-known forms of coal. The faces of the
coal that have apparently been rubbed in the squeezing are here and

there covered with a thin film of quartz, which in many places even . .

attains a thickness of an inch or more. The anthracite is very

heavy, its specific gravity being 1.65 to 2.45 as against 1.43 for

Pennsylvania anthracite and 1.30 to 1.35 for the better known semi-
" bituminous and bituminous coals. It has generally been considered
that coals of such high specific gravities can not be used for fuel.
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CHEMICAL COMPOSITION.

Analysis of the anthracite shows it to contain from 42 to 78 per
cent of fixed carbon, from 2.3 to 4 per cent of volatile matter, from
13 to 33 per cent of ash, from 4.5 to 23 per cent of moisture, and
from 0.03 to 1.34 per cent of sulphur. The calorific value ranges
from 6,000 to 11,000 British thermal units, and averages about 9,000.

The accompanying table gives the analyses of a number of mine
samples, properly sampled and analyzed by the Bureau of Mines.

Analyses of coal sampleé Jfrom the Rhode Islund anthracite coal field.

[Made at the Pittsburgh laboratory of the Bureau of Mines, A. C. Fieldner, chemist in charge.a}
Newport County.
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