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STRUCTURE OF THE BEREA OTT, SAND TN THE FLUSHING
‘QUADRANGLE, HARRISON, BELMONT. AND GUERNSEY
COUNTIES, OHIO.

By W. T. GriswoLD.

INTRODUCTION.

The United States Geological Survey has undertaken detailed
mapping of the geologic structure of the oil sands in certain parts of
the Appalachian oil field in eastern Ohio and western Pennsylvania.
The first report describing work of this kind is contained in Bulletin
No. 198, which deals with the Cadiz quadrangle in Harrison County,
Ohio. The second bulletin is No. 318, which describes the conditions
existing in the Steubenville quadrangle in Ohio and West -Virginia
and in the Burgettstown and Claysville quadrangles in Pennsylvania.
The present report,. which is the third of the series, treats of the
Flushing quadrangle in Harrison, Belmont, and Guernsey counties,
Ohio. '

The object of this work i to determine accurately the geologic
structure of the surface rocks and of the Berea sand (which is the
principal oil-bearing stratum of this part of the field), and from this
structure to determine, if possible, where the conditions are favorable
for the accumulation of oil and gas. The first step in the work is to
ascertain the structure or lay of the surface rocks. Then it is neces-
sary to determine what degree of parallelism exists between the rocks
that outcrop at the surface and those that lie from 1,000 to 2,000
feet below the surface, and by means of this parallelism to construct
a map of the oil.sand as if all the geologic formations above it had
. been removed and the upper surface of the sandstone were open to
view.

Previous work of this kind has been carried on in areas in which a
considerable amount of oil and gas territory had been developed prior
to the survey. In such regions it was possible by means of wells
already drilled to check the degree of exactness to which the oil
sands could be plotted, and by a study of the conditions under which
the oil and gas had accumulated to formulate general laws governing
such accumulations. '

In the Flushing quadrangle very little oil or gas has been found.
It was for this reason that the area was selected for a practical test

' 5



6 BEREA OIL SAND IN FLUSHING QUADRANGLE, OHIO.

of the principles which had been determined in the previous surveys.
The Berea sand, which is the principal oil sand of this part of Ohio,
was known to be present in this quadrangle. The surface conditions
were also known to be favorable for accurate geologic work. By
selecting such an area and carefully plotting the structure it was
hoped that the areas which are most favorable for the accumulation
of oil and gas could be determined, and that thus the economic devel-
opment of the field would be assisted. The result of the work shows
a regularity in the structure which is not favorable for large oil accu-
mulations. There are, however, minor -structural features which
doubtless have exerc1sed an mﬂuence on the location of deposits of
oil and gas, and which may be regarded as indicating favorable ter-
ritory.

The field work in the Flushing quadrangle was performed during
the field season of 1906 by B. J. Green and F. M. Hutchinson under
the supervision of the writer.

LOCATION, DRAINAGE, AND CULTURE.

The Flushing quadrangle is situated in eastern Ohio and includes
parts of Harrison, Belmont, and Guernsey counties. It is limited by
meridians 81° and 81° 15 and by parallels 40° and 40° 15’. . The
area of the quadrangle is about 227 square miles. It contains no
large towns, but there are a number of small places, such as Flushing,
Piedmont, Morristown, Belmont, and Bethesda, within it. The city
of Barnesville is a httle over 1 n:ule south of the quadrangle, near the
southwest corner.

The entire surface of the quadrangle is deeply dissected. The
divide separating the waters of Muskingum River from those flowing
directly into Ohio River enters the quadrangle in the northeast corner,
and extends southward through the eastern third of the quadrangle,
passing through the towns of Flushing, Morristown, and Bethesda.
East of this divide the topographic features differ materially from
those on the west. The streams flowing to the east have a gradual
slope at a nearly uniform rate to the eastern edge of the quadrangle;
the streams flowing to the west have cut deep canyons nearly to their
heads, thus descending to the general valley levels within a very short
distance from their sources. Once at those levels they flow westward
with very little fall. Between the streams are oval-shaped hills with
steep sides. Throughout most of the area the rocks underlying the
region are exposed through a vertical section from 300 to 400 feet
thick. The surface is in a high state of cultivation and is traversed
by roads in all directions.

‘The Cleveland, Lorain and Wheeling Railway (of the Baltimore
and Ohio system) crosses the area from the center of the eastern
margin to the northwest corner, and the main Baltlmore and Ohio
Railroad line passes through the southeast corner.



- BEREA OIL SAND IN FLUSHING QUADRANGLE, OHIO. 7

GEOLOGY.
ROCKS SHOWING AT THE SURFACE.

The rocks which outcrop at the surface of the Flushing quadrangle
are included in the Washington, Monongahela, and Conemaugh forma-
tions of the Carboniferous system. From the highest to the lowest
strata exposed the vertical distance is 740 feet. The base of the Pitts-
burg coal is accepted -as a datum plane from which to commence
descriptions and measure intervals. This well-known coal bed is
constant over an area covering many square miles and therefore
makes a desirable plane from which to reckon. The other members
of the formations will be considered from this base, first the overlying
and then the underlying beds, the peculiarities of each member being
described and the areal distribution of its outcrop given.

MONONGAHELA FORMATION.

The Monongahela formation includes the rocks from the base of
the Pittsburg coal to the top of the Waynesburg coal. The principal
strata are the Pittsburg, Meigs Creek, Uniontown, and Waynesburg
coal beds.

Pittsburg coal.—1In this region the Pittsburg coal ranges in thickness
from 40 to 62 inches, with an average of about 50 inches in the Flush-
ing quadrangle. The bed is usually divided into three or four benches
by small partings of half an inch or lessin thickness. One parting is
from 14 to 21 inches above the bottom and another about 4 inches
higher. The coal is of good quality and generally mined both at local
banks and commercial mines. This coal bed is present in most of the
quadrangle. In Nottingham Township, Harrison County, it extends
westward- along the ridge to Prospect Hill. In Moorefield Township
the last outcrop to the west is close to the village of Moorefield. In
Flushing Township the most westerly outcrops are found on the ridge
between Boggs Fork and Stillwater Creek half a mile west of
Compher, and to the west of Stillwater Creek in the hills south and
east of Oakgrove. Northwest of these last-named outcrops the coal
dips to the southeast. It outcrops along the hillsides above Stillwater
Creck to a point within a mile of Badgertown. On Boggs Fork and
Trail Run the coal remains above water level to a point within a mile
of the town of Flushing. East of the main dividing ridge this coal
does not come to the surface except for about 2 miles on Crabapple
Creek in Wheeling Township, Belmont County. At Laferty, on
Wheeling Creek, the coal is about 80 feet below the surface. :

Rocks between Pittsburg coal and Meigs Creek coal.—The lower por-
tion of the interval between the Pittsburg coal and the Meigs Creek
coal differs greatly in different localities. Normally, the Pittsburg
coal is overlain by a few feet of shale extending to a hard blue

. limestone usually about 1 foot in thickness. Above the limestone is
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shale to the Pittsburg Rider coal, which is a small bed from 8 inches
to 1 foot in thickness and from 24 to 30 feet above the base of the
Pittsburg bed; it is, however, absent over the greater portion of the
Flushing quadrangle. - Above the Rider coal a second limestone stra-
tum about 1 foot thick is found in many places. Above this is shale
for 25 feet or more to a bed of smooth, light cream-colored limestone,
from 1 to 2 feet thick, which is especially prominent in the southwest
corner of Union, the northwest corner of Goshen, and the eastern
side of Warren townships in Belmont County. From this limestone
up to the Meigs Creek coal is sandy shale, in places merging into
flaggy sandstone. ‘

In a large part of the Flushing quadrangle the lower part of this
interval, from the Pittsburg coal to the top of the limestone overlying
the Rider coal, is represented by a massive buff sandstone of medium
coarseness known as the Pittsburg sandstone. This bed generally
commences on top of the coal and in some localities has replaced
part of the coal bed. The sandstone is present in the western part
of Cadiz Township, through Nottingham Township, and in the eastern
part of Moorefield Township, in Harrison County; in the western
part of Flushing Township, in Kirkwood Township to the west of
Hendrysburg, and through the western part of Warren Township, in
Belmont County. ’

Meigs Creek coal.—The Meigs Creek coal is equivalent to the
Sewickley coal bed of Pennsylvania. Throughout a large part of the
Flushing quadrangle this coal is of commercial importance, main-
taining a thickness of about 4 feet. As a rule the coal is overlain by
clay which is flinty in places and ranges in thickness from 8 inches
to 2 feet. The clay is locally overlain by a small coal from 6 to 8
inches thick. The Meigs Creek coal maintains a commercial thick-
ness through Athens Township, Harrison County; and in the eastern
part of Flushing, the whole of Union, Goshen, Warren, and the south-
ern part of Kirkwood townships, Belmont County.

The interval between the base of the Pittsburg coal and the top of
the Meigs Creek coal was measured in 55 different places in the quad-
rangle, with the results shown in the following table:

Distance between base of Pittsburg coal and top of Meigs Creek coal.

Number of | 1. . :
. . Minimum | Maximum | Average
Township. . | interval. | interval. |interval.

Harrison County: Feet. Feet. Feet.

(077 /O 4 86 100 94

Athens. .. vomii e cen 7 86 106 96
Belmont County: .

East part of Flushing and Wheeling................ 7 85 96 91

Union..... PR 8 85 101 94

Goshen.......i.o.ocoiiiiiiiil.. 1 95 95 95

West part of Flushing........ e 4 99 101 100

North half of Kirkwood 8 95 102 101

South half of Kirkwood i 8 94 113 103

2% ¢ {3 D 8 101 109 105
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- Rocks between Meigs Creek coal and Uniontown coal.—The interval
between the Meigs Creek and Uniontown coals is occupied by cal-
careous shale. In places the lower portion contains thin beds of a
slabby white limestone which is the equivalent of that portion of
the Benwood limestone known as the Dinsmore. Near the center
of the interval is often found a bed of hard limestone about 1 foot
thick. This bed is not. constant enough, however, to make a good
reference stratum. The rocks in the upper portion of the interval
consist of shale, with here and there a bed of limestone a short dis-
tance below the Uniontown coal. In the vicinity and to the east of
the town of Flushing the separate limestone beds are better developed
than in other parts of the quadrangle.

Unsontown coal.—This coal, which is known as No. 11 of the
Ohio series, has a thickness of 8 to 30 inches. It is best developed
on Bend Fork south of Bethesda, where it has been mined in a small .
way. It is here 30 inches thick, with a 2-inch parting of shale 10
inches from the bottom and 1 1nch of clay 24 inches from the bot-
tom. The Uniontown coal appears in the high hills in the north
part of Athens Township and thence south along the main dividing
ridge. On the ridge south of Traill Run it extends westward to
Rock Hill. Tt is generally present in Union, Goshen, Warren, and
southern Kirkwood townships in Belmont County.

The distance from the Meigs Creek coal to the Uniontown ccal
was measured in 19 different places in the quadrangle, with results
as shown in the following table: ’

. /
Distance from top of Uniontown coal to top of Meigs Creek coul and to base of
Pittsburg coal.

Meigs Creek coal. Pitts-
Number of bui-g
Township. measure- | afinimum | Maximum | Avera; coal—
1 ge
ments. | Ynterval. | interval. |interval. ;&n‘;:ccrr%gel .
Harrison County’ Feet. Feet. Feet. Feet.
Cadiz. .o 1 82 82 82 176
Athens..........o.ooooin 3 80 100 92 188
Belmont County: :
FIOShING <o - 1 89 99 95 { o188
Union..... 4 98 108 103 197
Goshen. .. 1 96 ' 96 96 196
Kirkwood A 3 90 105 97 199
Warren........ooooiiiiiiaia eveeeers 3 91 1056 98 203
o East part. : b West part.

Rocks between Uniontown coal and Waynesburg coal.—The section
between the Uniontown coal and the Waynesburg coal is composed
mostly of shale, which is sandy in the upper portion. Below the
Waynesburg coal in many places is a limestone, above which is fire
clay extending to the bottom of the coal.

Wa,ynesburg coal.—The Waynesburg coal ranges from 20 to 40
inches in thickness and is best developed in the southeast corner of

37623—Bull. 346—08——2
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Union Township and in- Goshen Township. This coal is mined in a .
small way northwest and south of Belmont, where it has a thickness
of about 40 inches, with a half-inch partmg of shale 19 inches from the
bottom. '

The distance from the Uniontown coal to the Waynesburg coal was
measured in 27 different places in the quadrangle, as shown in the -
following table:

Distance from top of Waynesburg coal to top of Uniontown coal and to base of
Pitisburg coal.

Uniontown coal. Pitts-
Number of bui'g
Township. MEASUIC- | pinimum | Maximum | Average | CO%—
erage
: ments. | Gnterval. | interval. |interval. iizgrr\?g;}
Harrison County: : Feet. Feet. Feet. Feet.
Athens.........c.oooiieian..n e 2 .35 40 37 225
TRUSHING. « e 4 38 51 a3
Belmont County: ’
L0551 105 | O S 7 36 61 49 . 246
Goshen...........oooiiiiiiiiiiiiiiiiiaa, 9 37 56 46 242
Kirkwood.......coovveeninnenn... 1 38 [iieeanannns (¢) 245
Warren....ooooooiiiiii i 4 47 63 59 262
a East part. b West part. ¢ Goshen average used.

WASHINGTON FORMATION.

The Washington formation includes the rocks from the top of the
Waynesburg coal to the top of the Upper Washington limestone. The
well-marked strata which occupy this interval in Pennsylvania are
not sufficiently developed in the Flushing quadrangle to be easily rec-
ognized. The only members positively identified are the Washington
coal and the Upper Washington limestone.

" Rocks between, Waynesburg coal and Washington coal.—Overlying
the Waynesburg coal is from 1 to 6 feet of shale, above which is the
Waynesburg sandstone. This sandstone, which is of a light-brown
color, occurs in layers from 6 inches to 2 feet thick, the combined lay-
ers having a total thickness of 15 to 20 feet. -Above this is a sandy
shale which extends to a bed of easily disintegrated limestone, with 6
to 8 inches of dark-colored fire clay above. The average distance of
this clay above the Waynesburg coal is about 52 feet. It probably
represents the horizon of the Waynesbi]rg B coal of Pennsylvania.
From the clay to the Washmgton coal is shale, with no dlStlnCthG
features.

Washington’ coal.—The Washington coal is present in the southeast
corner of the quadrangle, with a thickness of 1% to 2 feet of solid coal
underlain by 6 feet of very black shale. The northernmost outcrop
in the quadrangle is in the hill at the crossroads 1} miles northeast of
Morristown. From this place it is found in the. higher hills to the
southeast and along the main dividing ridge as far west as Speidel,



GEOLOGY. B 11

* The distance between the Waynesburg and Washington coals was
measured in seven different places in the quadrangle with the results
shown in the following table:

Distance from Washinglon coal to top of Waynesburg coal and to base of Pittsburg coal.

Waynesburg coal. Pitts-

Townshi Number of : - bml'g

ownship. MEASUIe~ | winimum | Maximum Average coul—
ments. | ‘interval. | interval. | interval. | A¥erage

Belmont County: Feet. Feet. Feet. Feet.
Union............ i 2 99 101 100 345
Goshen..........ooiiiiiiiiiiiii i 5] - - 89 98 92 334

Rocks between Washington coal and Upper Washington limestone.—
The rocks lying between the Washington coal and the Upper Washing-
ton limestone are present in the Flushing quadrangle only in the high
ridges to the south of the Baltimore and Ohio Railroad. They consist
mostly of shale, with one or two limestone beds which could not be
identified owing to their poor development and thelr small area of
outcrop.

Upper Washington limestone—The Upper Washington hmestone
‘oceurs in the tops of the high ridge in the southeast corner of the quad-
rangle. Itisa double bed, each section of which is about 1 foot thick.
Two measurements of the distance of this bed above the Washington
.coal were obtained, both of which show the interval to be 160 feet.
This makes the Upper Washington limestone 494 feet aboveé the base
of the Pittsburg coal. This limestone is the highest reference stratum
in the quadrangle. ' : :

CONEMAUGH FORMATION.

The Conemaugh formation lies below the Pittsburg coal, extending
from the base of that bed to the top of the Upper Freeport coal. It
contains the Pittsburg, Ames, and Cambridge limestones, all of which
are easily identified and can be used as reference strata. Besides
these are some local coal and limestone beds, which are available as
guides to the geology over small areas. In describing the members of
the Conemaugh formation the order of considering the members is
reversed, the highest or those nearest the Pittsburg coal being con-
sidered first. The distances are computed from the same datum plane
(the base of the Pittsburg coal), being, however, down instead of up.

. Pittsburg limestone.—The Pittsburg limestone ranges from 1 to 4 feet
in thickness. Where the greater thickness is present it is divided into
two beds. Its position ranges from a few inches to 25 feet below the
base of the Pittsburg coal. Normally there is a foot of fire clay under
the coal, with the limestone next below: In many places, however,
. the limestone is next to the coal and the fire clay below the limestone.
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Where the interval between the coal and limestone is 20 feet or more,
it is occupied by fire clay and shale.

The distance from the base of the Pittsburg coal to the top of the
Pittsburg limestone was measured in 12 different places in the quad-
rangle, with the results shown in the following table:

Distance from top of Pittsburg limestone to base of Pittsburg coal.

Number of | . ;
: Minimum | Maximum | Average
Township. mxflzg‘ge' interval. | interval. mtervgl
Harrison County: Feet. Feet. Feet.
Cadiz. ..ot e 3 14 20 17
Belmont County: .
Flushing..... ... ... 1 16 16 16
Kirkwood . .. .oouiioi i [ [ 29 14
Moorefield. ..ot .2 0 1 1

Rocks between Pittsburg limestone and Ames limestone.—The rocks
between the Pittsburg limestone and the Ames limestone consist
mostly of sandy shale and sandstone. In the vicinity of Cassville,
in the western part of Cadiz Township, Harrison County, is a bed
of hard limestone with a rough surface, showing on fracture a con-
glomerate of small particles of limestone, ranging in color from light.
buff through brown to red. This rock carries a small percentage of
iron, which gives a red color to the mud formed when the rock is
disintegrated. By two measurements in Cadiz Township this rock
was found to be 79 and 96 feet below the Pittsburg coal; two in
Nottingham Township gave 72 and 74 feet below the coal; and two

in the western part of Flushing Township gave 44 and 58 feet below

the coal. The average of all measurements is 70 feet, but the result
is not satisfactory, owing to the great variation of the measurements

in the different sections.

In Cadiz and Athens townships a coal or black shale 1 foot thick
occurs in the interval of 145 feet below the Pittsburg coal. In
Moorefield and western Flushing townships this interval is only 115
feet, as determined by the average of five measurements.

In the lower part of the interval between the Pittsburg limestone
and the Ames limestone is a massive sandstone from 15 to 30 feet
thick. Its base is usually from 10 to 12 feet above the Ames lime-
stone, but in many places the sandstone lies directly above the lime-
stone or has entirely replaced it. :

Ames limestone.—The Ames limestone is a bed of hard, green
limestone from 1 to 3 feet thick. It contains many fossil cr1n01d
stems and brachiopods, these fossils.being most plentiful in the
upper portion of the bed. The distance from the base of the
Pittsburg coal to the Ames limestone-was measured in 13 different
places in Flushing, Moorefield, and Kirkwood townships. Eleven
of these measurements show an interval ranging from 161 to 176
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feet, with an average of 171 feet. Two other measurements show
distances of 185 and 147 feet. The average of all measurements is
168 feet.

Rocks between Ames limestone and Cambridge limestone.—The rocks
between the Ames limestone and the Cambridge limestone are fully
exposed only in the northwest corner of the quadrangle. In order
to measure the distance between these two beds of limestone, levels
were run a mile or so west of the quadrangle, where outcrops of both
beds were crossed. The result of these measurements shows a
distance of 74 feet between the two limestones, with a coal 18 feet
above the. Cambridge. This coal is from a few inches to 2 feet in
thickness, and it ha,s been mined in a small way in the northwest
quarter of the quadrangle.

Cumbridge limestone.—The Cambridge is a dark-gray limestone,
weathering to a light yellow. It contains many fossil brachiopods
and a few crinoid stems. The distances from the Cambridge coal
and the Cambridge limestone to-the Pittsburg coal are accepted as
227 and 245 feet, respeomvely .

- Mahoning sandslone —The top of the \lahomng sandstone, a

. coarse, buff, massive rock, appears in the northwest corner of the
" quadrangle. It attains a thickness of about 40 feet just west of the
quadrangle boundary. Directly under the Mahonmg sandstone 1is
the Upper Freeport coal, which is not exposed in this quadrangle,
but is worked along Stillwater Valley just beyond the west side.

ROCK‘S WHOLLY BELOW THE SURFACE.

The subsurface rocks to be considered are those extending down
to and including the Berea sandstone. Knowledge of these rocks
is obtained only from the logs of wells. Only a few detailed records
were obtained from the wells in the Flushing quadrangle, and these
few do not agree with each other closely enough to furnish a descrip-
tion of the rocks. The following are some of the best records ob-
tained: ‘ :

.Log of wella (No. 18) on the Margaret Dunlap farm, in Moorefield Township, Harrison

County.
Distance D]i)ztigacc
Thickness. m%%’gf of | base of
well Plttsblurg
’ coa.

- - : Feet. Feet. Feet.
Shale, red . ... i " 61 0 140
Shale, gray........... ...l ... ... . 119 61 201
Coal, small bed..... R 2 180 320
Shale... ... ... o 395 205 345
Sand (filled with water)....... ... ... 60 600 740
e S S IR

an ig Injun............ . 235177

hAlG. . .. ooooo o eeoo ooz 1,085 - 1,175

Sa.n(l hard, Berea (water)......... e e e eeeaieaaaaas 24 1,392 1,532

a Mouth of well, 943 feet above sea. Base of Pittsburg coal at well, 1,0§3 feet above sea.
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Log of wella (No. 42) on the Abner Lodgé farm in Um’on‘Township, Belmont County.

D 1i)stia.nce bl)lista}x)lce
: elow elow base
Thickness. | mouth of | of Pitts-
well., burg coal.
Feet. Feet. Feet.
Coal, Meigs Creek 4 t 25 L b97
leestone ............. 87 L2 b 93
5 117 b5
5 112 0
113 127 5
45 240 118
375 285 163
6 660 - 538
66 666 444
10 726 604
104 736 614
50 840 718
50 890 768
60 940 818
25 1,010 888
20 1,035 913
10 1,055 933
225 1,065 943
59 1,290 1,168
240 1,349 | ., 1,227
35 1,589 1,467
11 1,624 L 502
35 1,635 “1,513

o Mouth of well, 1,106 feet above sea. Base of Plttsburg coal at well, 984 feet ahove sea.

+- b Above buse of Plttsburg coal.

Log of wella (No. 58) on the Albert Romans farm in Londonderry Tounship, Guernsey

County.

Dli)s?ance b])listagce

. elow elow base

Thickness. | mouth of | of Pitts-

well. hurg coal.

Feet. Feet. Feet.

leestone, ATNeS. Lt i 3 23 171
......................................... 6 226 374
Sa,nd 701 73 6 320 468
................................. 4 332 480
Sa,nd Whibe. .. e e 35 336 484
8L, e e 3 446 , 5%
Sa.nd (wu:h salt water) 12 458 606
................. .. - 5 485 633
Sand =5 215275 20 490 638
Sa.n_d, Hurry-up ............... e 40 545 697
Sand (show of oil; water at 720 feet). e 66 654 802
Sand e e e 20 840 . 988
£ L 3 860 1,008
Sand, gray (Show 0f Oil) . ......o.oiiie i 20 897 1,045
Sha.le, ............ .. .. 39 917 1,065
Sand, Blg In]un .. 89 956 1,104
Sand, Berea. ... ... 37 1,407 1 555

e Mouth of well, 1,164 feet above sea. Base of Pittsburg coal at well, 1,312 feet above sea.

]



GEOLOGY, 15
Log of wella (No. 67) on the P. E. Calhoun farm in Londonderry Township, Guernsey
County.
° Dll)stiancc \ Dlistnlnce
clow below base
Thickness.| 1 outh of | of Pitts-
well. burg coal.
N , Feet. Feet. Feet.
F 1 1T 15 10 214
Shale, red. ...cooeiniiiii i 10 25 229
Shale, white.. ... ... il 15 35 239
Shale, red. ..o 5 50 254
Limestone, blue - .. 41 55 259
oal......... 2 96 300"
Limestone, w 27 98 302
Shale, red.... 20 125 329
Limestone. ..o ooniiie e 30- 145 349
Shale, black........coooiiiiiiiiiiiiiiii. 50 175 379
leestonc, \vhltc ...................... 25 225 429
............... 3 250 454
Sha,lc white 25 253 457
and......... 10 2178 482
Shale‘ black.. 12 288 492
Shale, white...........ococoii 15 300 504
Limestone, white...._.... .. ... 30 315 519
SSand, white.............o 25 345 549
Shale, black. . 15 370, 574
Limestone, binck. 15 385 580
Sand, white.........o.ooiiiiiiiii. 20 400 604
Shale, black...... 10 420 0624
Limestone..... .. 50 430 634
Shale, black...... 15 480 684
Sand, white..................o. 45 495 699
Shale, black..... oot 47 540 744
Limestone. 53 587 791
Sand, white, K on 90 640 844
Shale.......... 30 730 934
Sand, Big Injun.. 200 760 964
hale. ... 10 960 1,164
Limestone........... ..ol 65 1,000 1,204 .
Shale............ 110 1,065 1,269
Sand and shale................ 37 1,240 1,444
Shale, black. .......oooeeen... . 33 1,277 1,481
Sand, Beref. .« .on ottt 19 1,310 1,514

a Mouth of well, 1,025 fcet above sea. Basé of Pittshurg coal at well, 1,229 fect above sea.

Log-of welle (No. 98) on the F. M. Taggert farm in Union Township, Belmont County.

- Dlisil:a.nce bDlistmlnce

Thi helow elow base

Thickness. | 11 outh of | of Pitts-

well. burg coal.

Feet. Feet. Feet.
Shale 89 21 5188
Coal, Meigs Creek...................... 5 110 b99
Limestone and shale..........2000 0000 90| | 115 b94
Coal, Pittshurg. ... ... 4 205 b4
Liméstone and red shale............. 430 209 0
Shale, white and black............... 60 639 430
+ Shale, brown. ... ... ... 40 699 490 °

Sand, gray, First Cow Run.......... 55 739 530
Shale................... P 112 794 585
Sand, Second Cow Run................ 107 906 697
Shale, black... ...l 12 1,013 804
Sand. ... 40 1,025 816
Limestone gnd shale................. 61 1,065 856
Sand, Keener (show of oil and gas).. 40 1,126 917
Shale white. ...l 5 1,166 957
Simd Big Injun................. 237 171 962
Shale... ... ... ...l 60 1,408 1,199
leestone and shale....... . 272 1,468 1,259
Sand, Berea (salt WATRE) L.l 28 1,740 . 1,531

aMouth of well, 1,193 feet above sea. Base of Pittsburg coal at well, 984 feet above sea.

b Above base of Plttsburg coal.
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RESULTS OF THE WORK.
OBJECT.

The object of the work in the Flushing quadrangle was to produce
a map of the Berea oil sand with as great a degree of accuracy as was
possible from the geologic conditions, and with sufficient detail to
make it of value to the practical oil man in the location and develop-
ment of oil and gas territory.

In work of this character there are two conditions which govern
the accuracy of the final result. These are (1) the degree of paral-
lelism that exists between the outcropping strata and the oil sand,
and (2) the regularity of the variation in the distance between these

beds.
SUBSURFACE MAPPING.

GENERAL STATEMENT.

The mapping of a subsurface stratum consists of three distinct steps:

First, it is necessary to find the elevations of the outcrops of differ-
ent known strata; then, having determined the average distance and
the variations in this distance between these strata, by combining
these data to prepare a contour map showing the geofgic structure
_of some prominent stratum called a key rock.

Second, by means of the measured depth to the oil sand from the
mouths of test wells already drilled, to determine byleveling to these
wells the distances in different parts of the area between the key rock
and the oil sand it 1s proposed to map.

Third, by means of a mechanical drawing called a convergence
sheet to correct for the variations in distances between the key
stratum and the oil sand in different parts of the area, and then to
project the elevations obtained upon the key horizon, thereby deter-
mining the correct elevation of the oil sand.

BASE MAP.

The first requisite in this work is a good topographic base map
upon which to indicate the horizontal locations of the outcrops of
different strata. The base map of the Flushing quadrangle is the
topographic atlas sheet surveyed in 1903 by the United States Geo-
logical Survey. On this map were located in horizontal position
the outcrops of the different strata. The elevation of the outcrops
at each of these points was obtained by a spirit level which was run
‘from permanent bench marks established by the topographic engi-
neers. For this work the level lines were carried over all roads, up a
great many streams, and along a number of ridges. In this way the
elevations of the outcrops all over the quadrangle were obtained.
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MEASUREMENT OF INTERVALS.

The intervals between the different surface strata were obtained by
comparing the elevation of outcrops of different strata where they are
near together and where the elevation of the outcrop of one stratum
could be compared with the elevation of two outcrops of another
stratum on different sides of the first. In this way a great many

comparisons were made, and the average distance between the beds in

the different townships was obtained. The results of this work have

.been given under the heading “Geology.” In considering these
results with a view to determining what degree of accuracy can reason-

ably be expected in the structure map of the key horizon, it is found

that out of 51 measurements of the distance between the Melgs Creek -

coal and the Pittsburg coal, when averaged by townships, the mini-

" mum and maximum in each township are within 10 feet of the aver-
age, and that the range is usually nearly 20 feet when a-number of
measurements are taken. The same condition holds for the dis-
tances between the prominent beds above the Meigs Creek coal. The
Pittsburg limestone, whose distance below the Pittsburg coal is from a
few inches to 29 feet, has the same range of variation as the strata at
distances of 200 or 300 feet from the Pittsburg coal. This indicates
that there is a local divergence from parallelism between the different
strata of about 20 feet, that the average distance between strata over

~ small areas will give results that are probably correct within 10 feet,
and closer accuracy than this is not to be looked for. .

The distance of 171 feet between the Pittsburg coal and the Ames
limestone in the northwest quarter of the Flushing quadrangle is
believed to be very nearly correct. This probably diminishes from
“the south and east toward the northwest. The measurements of this
interval made in the central and western parts of the Cadiz quad-
rangle ranged from 205 to 230 feet. The determination of the dis-
tance from the limestone bed lying between the Pittsburg limestone
and the Ames limestone to the Pittsburg coal is poor. All measure-
ments show this interval to vary abruptly from east to west. The
position of the Cambridge limestone and the coal above it with refer-
ence to-the Ames limestone was determined at only a few places, but
the measurements so obtained are believed to be good.

SURFACE STRUCTURE MAP.

.As the Pittsburg coal is the most prominent outcropping stratum
in the quadrangle, its base is accepted as the key horizon by which
the structure of the surface rocks is represented. The elevation of
the outcrops of this horizon were determined wherever possible
directly with a spirit level. To the determined elevation of every
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other outcropping horizon was added or subtracted the average dlS-
tance of that particular horizon below or above the base of the Pitts-
burg coal in that township. This resulted in establishing the eleva-
tion of the Pittsburg coal at nearly 000 locations. The points of
equal elevation were connected by lines, thus forming a contour map
of the bottom surface of the Pittsburg coal (Pl. I). Data for making:
the surface structural map are plentiful in all parts of the Flushing
quadrangle, except in a portion of Moorefield and Freeport town-
ships, Harrison County. In the area to the north and west of the
village of Piedmont the Ames limstone seems to be absent. It is
probable that the sandstone whose base is normally from 10 to 12

~ feet above the Ames limestone has descended and cut out the lime-

stone. The absence of this important stratum léaves the limestone
between the Pittsburg limestone and the Ames limestone and a few
outcrops of what is believed to be the Cambridge  coal as the only
beds from which to determine the structure. The scarcity of infor-
mation has made it impossible to draw contours with any degree of
accuracy in this area.

STRUCTURAL FEATURES.

The structural features represented on Pl. I are not pronounced
but rather monotonous. The dip of the rocks is to the southeast
with but little irregularity. The most prominent feature is the'
structural dome at Smyrna. Here the Pittsburg coal if it had not
been eroded would lie at an elevation of about 1,300 feet, or 60 feet
above the surface. Due east from this dome is a steep dip of about
160 feet. This is the steepest dip found for any considerable dis-
tance in the quadrangle. From the Smyrna dome an anticlinal
ridge extends to the southeast; falling away at a steep angle into a
synclinal trough on the south. A second dome of lesser magnitude
exists just north of the town of Fairview.

A structural feature that is nnportant though not prominent, is
the anticlinal rldge which commences in the northwest corner of the
quadrangle, swings a little to the south and thence trends northeast,
leaving the quadrangle a little east of the center of the northern
boundary. The western portion of this ridge shows a drop of about
60 feet to the northeast into a basin on the north edge of the quad-
rangle. The geologic evidence regarding the depth of this basin is
not of the best, as nothing but outcrops of what is believed to be the
Cambridge coal were found within the area. This coal is known to
dip as represented by the contours. This dip, however, may not
coincide with the dip of the adjacent rocks. The northern dip from
the anticlinal ridge farther to the east is more positively established
by elevations on the Ames limestone and the Pittsburg coal, some

" of which are north af the quadrangle. The dip is slight, however,
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being in all not over 20 feet. In Athens Township, Harrison County,
a secondary fold exists to the south of the main anticlinal ridge.
The northward dip from this fold is very slight, being in places less
than one contour interval.

The remaining noticeable feature of the quadrangle is a slight
dome 2 miles northeast of Flushing, whose northwesterly dip is over -
20 feet. The existence of this feature is established by elevatlon
on both the Meigs Creek and tHe Uniontown coal

CO] NVERGEN CE SHEET.

With the surface structure defined by the elevations of the Pitts-
burg coal as shown on PL. I, the next step was to determine the amount
to be subtracted from each elevation to make it equivalent to an
elevation on the top of the Berea sand. This information was gained
from wells already drilled within the area. The quadrangle was care-
fully searched for any existing wells or previously drilled dry holes
and it is believed that all the test wells drilled prior to the date of the
survey are represented on the map of the Berea sand. The elevation
of the mouth of each well was obtained by spirit level. With this
information the position of the key horizon with reference to the
mouth of the well is obtained from Pl. I, and by a slight calcula-
tion the distance from the key horizon to the oil sand is obtained
from the record of the well. The records of 28 wells on or adjacent
to the quadrangle were obtained. From these records was built up
the convergence sheet, which is constructed by connecting the posi-
tions of the different test wells by straight lines and then dividing
these lines so that each subdivision represents the horizontal dis-
tance in which the vertical interval between the Pittsburg coal and
the Berea sand decreases or increases 10 feet. The distance from the
base of the Pittsburg coal to the top of the Berea sand was found to
range from 1,464 feet to 1,613 feet, the lesser interval being along the
north edge and the greater near the southwest corner of the quadrangle
‘The interval does not increase regularly, however, but ranges from
1,464 to about 1,540 feet in the north third of the quadranglc decreases
to a little over 1,500 feet in the central part, and then increases at a
uniform rate to the maximum distance at the south edge. A large
area in the center of the quadrangle is devoid of any drilled well from
which arecord could beobtained. The assumption of an even increase
or decrease over distances as great as those between some of- the wells
from which the convergence sheet of the Flushing quadrangle is made
up is undesirable, but could not be avoided.

MAP OF THE BEREA OIL SAND.

With the previously described work performed, the construction of
the map of the oil sand is very simple. The convergence sheet shows
the amount to be subtracted from each elevation of the key horizon.
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This amount in the Flushing quadrangle was in all cases greater than
the elevation - of the key horizon, showing the oil sand to be every-
where below-sea level. To avoid the use of the minus sign in number-
ing the contours of the oil sand, 2,000 feet were added to each elevation
of the key horizon. This is equivalent to assuming.a datum plane
2,000 feet below sea level for the map of the oil sand. After subtract-
ing the amount shown in the convergence sheet from each elevation
of the key horizon, the points of equal elevation were connected by
lines. The result is a contour map of the Berea oil sand as shown in
PL. II, on which the upper surface of the limestone cap of the Berea
sandstone is represented by contours printed in red. The elevations
of these contours are shown by numbers figured from a datum plane

. 2,000 feet below sea level. All wells known to have been drilled prior
to the date of survey are also shown in red with accepted symbols for
dry holes, gas wells, and oil wells. Wells known to have been drilled
only to some of the upper sands are marked with a cross to the left of
the well symbol.

FACTORS GOVERNING. THE ACCUMULATION OF OIL AND GAS.

Previous work of: this kind has demonstrated that there are three
primary factors which govern the accumulation of oil in the rocks.
These are (1) the condition of the rocks as to porosity, (2) the area of
complete saturation by water of the oil-bearing stratum, and (3) the
geologic structure of the rocks.

POROSITY.

The condition of many of the sands changes within short distances
from loose and porous sands to closely cemented hard rocks entirely
impervious to oil and water in large quantities. Some sandstone
beds are of the same texture over large areas, both as to the size of
the solid particles forming them and as to the matrix which com-
bines the separate grains. In others, although the size of the sepa-
rate grains remains relatively the same, the cementing material
changes from place to places«and in this way the relative porosity of
the rock is changed. Some sandstone beds contain lenses of con-
glomerate in which the separate particles are of considerable size,
loosely held together, thus forming a condition of great porosity. A
knowledge of the general characteristics of a particular sandstone
bed is gamed only by test wells. In the Appalachian oil field the
peculiarities of the principal oil-bearing sands are pretty well known.

, SATURATION.

The condition of saturation with water is not the same in different
sands. Experience has shown that the older or lower beds in the
Appalachian field contain a smaller area of completely saturated rock
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than the upper or younger sands. The lowest sands seem to be
almost” entirely dry, only the very lowest points in the center of a
structural basin showing any considerable quantity of salt water.
Above these lower rocks each succeeding stratum of sandstone has a
larger area in which it is saturated with water. In regions where the
sand rock is not entirely saturated there may be separate areas of
saturated rock in each structural basin, the upper limits of which are
at the same elevation in any one basin but at different elevations in
different structural basins.

STRUCTURE.

The effect of geologic structure on the accumulation of oil depends
on the condition of saturation of the 011—bea,rmg stratum. .

If small quantities of oil and gas are in a dry, porousrock at different
points the oil will move down as long as the slope is sufficient to over-
come.friction and capillary attraction. The gas will diffuse with the
air or water vapor contained in the pores of the rock.

Oil and gas in a porous rock that is completely saturated with
water will first be forced up to the top of the porous stratum by the
difference in the specific vravmy of the oil and the water. The oil
and gas will accumulate in the upper part of the rock if the porous
-stratum is level, but if it dips sufficiently to overcome friction the
particles of oil and gas will gradually be forced up the slope, the gas
with its much lower specific gravity occupying the higher places.

In places where the porous rocks are only in part completely
saturated a combination of these two actions will take place. The oil
above the line of complete saturation will run down to-that line and
the oil below will be forced up to the top of the completely saturated
portion. A

The sand spoken of as porous may -not be so at all points. If
in some areas it is impervious, those areas will tend to limit the move-
ment of the oil and gas through the rock. Although a short distance
away the-same stratum may be porous, it must from an oil standpoint
be considered a separate and distinct porous body, unless the area of
impervious rocks is so situated that the oil can readily move laterally
around it.

PLACES OF ACCUMULATION.

In dry, porous rocks the principal points of accumulation of oil
are at the bottom or near the bottom of the synclines, at the lowest
points of the porous medium, or at any points where the slope of the
rock is not sufficient to overcome capillary attraction and friction,
such as structural terraces or benches. In porous rocks that are
completely saturated the accumulation of both oil and gas will be
in the anticlines-or along level portions of the structure. In com-
pletely saturated rocks of small area the accumulation should oc¢cur
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at the highest point of the porous medium, and where stops or dams
of impervious rocks exist in a general]y porous stratum the accumu-
lation should occur below such impervious stop, which is really the
top limit of the porous rock. In porous rocks that are only partly
filled with water the oil accumulates at the top limit of the saturated
- area. This point may be anywhere with reference to the anticlines
and synclines.

The condition most general]y found is that the rocks are saturated
only in a portion of their volume, in which case accumulations of oil
may occur anywhere with reference to the geologic structure, though
they are more likely to be on terraces or levels, as these points are
favorable to accumulation in both dry and saturated rocks.

Under all conditions the most probable location for the accumula-
tion of gas is in an anticline, though small folds along the side of a
syncline ‘may capture and hold a supply of gas, or the rocks may be
so close-grained that gas can not travel to the anticline, but- must
remain in greatest volume close to the oil accumulation.

CONDITION_S‘ IN THE FLUSHING QUADRANGLE.

SATURATION OF BEREA SAND.

In the Fluslung quadrangle the Berea sand lies in the same struc-
tural basin as in the southeastern half of the Cadiz quadrangle. In
that portion of the Cadiz quadrangle it was found to be completely
saturated to an elevation of about 270 to 280 feet below sealevel. This
is equivalent to an elevation of 1,720 to 1,730 feet, as the contours on
the IFlushing quadrangle are numbered. This is higher than any
portion of the sand in the Flushing quadrangle, except a very small
area on top of the Smyrna anticline. The conditions, therefore, to
be considered in this area are those of complete saturation.« Under
these conditions the oil should accumulate just below the gas on the
crest of the anticlinal ridges and upon terraces at the top of steep
breaks.

EXISTING OIL POOLS.

Only three oil pools have been discovered in the Flushing quadran-
gle. The Uniontown pool, in Wheeling Township, on the east edge
of the quadrangle, extends éastward into the St. Clairsville quad-
rangle for a short distance. This pool is located on a large structural
flat or terrace, only a small portion of which is covered by it. The
pool appears to be well defined within the quadrangle by dry holes.
To the southéast the structure shows a descent of about 40 feet.
This is not favorable for the accumulation of oil unless a steep slope
of some magnitude exists in the St. Clairsville quadrangle.

In the southwestern portion of the quadrangle is-the north end of
the Barnesville pool. This accumulation is on a slope as shown by
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the contours. From the separate well records, however, a very
narrow terrace can be recognized. The direction of the pool is along
the strike of the rocks for 1 to 2 miles to the south and then to the

- west, the elevations of the sand differing by only a few feet in all wells
where oil was found. )

The third pool in the quadrangle is at Oakgrove. This is the only
accumulation so far discovered in the quadrangle that could.have
been foretold by a knowledge of the structure prior to the drilling of
the wells. The location of the pool is upon a flat near the top of the
Smyrna anticline. All wells so far developed are small, and a num-
ber of dry holes are close to the producing wells. The wells are not
in the best theoretical location for large production. The eastern
side of the anticline along the Guernsey-Belmont county line in secs.
32 and 33 appears to be the most favorable territory from a structural
standpoint. From this pomt to the east is a strong dip of 160 feet.
Near the top of this slope is the theoretical location for oil accumu-
lation. The flat on the structural nose in the southern part of sec.
31, Flushing Township, Belmont County, looks favorable and is

certainly worthy of a test well.

TERRITORY FAVORABLE FOR NEW DEVELOPMENT.

North of the village of Fairview, in the northern part of sec. 2,
Oxford Township, Guernsey County, is a structural dome in which
there is probably an accumulation of both oil and gas.

North of Morristown is & very low dome, including all of sec. 21,
Union Township, Belmont County. The position of this dome is
established by elevations on a number of the upper coal beds. It is
probable that this feature extends down to the Berea sand. If the
map is a true representation of the oil sand, this dome is a favorable
point for both oil and gas. On its western side a number of wells
have been drilled which produced gas from the upper sands... Wells
Nos. 81 and 98 were drilled to the Berea sand and reported dry. They
should not; however, condemn the entire area.

In the northern part of sec. 10 and southern part of sec. 11, Athens
Township, Harrison County, is represented an anticlinal dome whose
northern dip is 20 feet or more. This feature is established by levels
on the Meigs Creek coal. The conditions as represented should be
favorable for both oil and gas.

Along the north edge of the quadrangle in secs. 1, 3 and 8 of
Nottingham Township, Harrison County, is an antlclme, and to the
south of this ridge near Cassville is a second anticlinal fold. These
features, are not prominent, but they are important owing to the

- slight northward dip of the formation. This northward dip is well
established by levels on the Plttsburg and Meigs Creek coals. The
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main or northern anticline is a direct extension from the Moholland
oil pool, which lies 1 mile to the northeast in the Scio quadrangle.
This pool was discovered and partly developed during the summer of
1906. The crest of the anticline through the sections mentioned is
favorable territory. The secondary anticline to the south is detri-
mental to the chances of oil on the main ridge, as its own dome may
have trapped the oil.

WELLS IN THE FLUSHING QUADRANGLE.

The following table sets forth such information as was procured
about the wells drilled in the Flushing quadrangle. It states in con-
cise form the owner of the land on which the wells were drilled; the -
number of them; the person by whom they were drilled; the eleva--
tiens of their mouths above sea level; the distance from their mouths
to the top of the Berea sand, and their total depths. The reference
numbers of the wells correspond to those given on the map (PL. II).
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'SURVEY PUBLICATIONS OgAlgETROLEUM AND NATURAL

- The following list includes the more important papers relative to
oil and gas published by the United States Geological Survey or by
members of its staff:

Avawms, G. I.  Oil and gas fields of the western interior and northern Texas coal
" measures and of the Upper Cretaceous and Tertiary of the western Gulf coast. In
Bulletin No. 184, pp. 1-64. 1901.

Apaus, G. 1., HawortH, E., and Crang, W. R. Economic geology of the Tola
quadrangle, Kansas ‘Bulletin No 238. 83 pp. 1904.

ANDERSON, R. (See Arnold, R., and Anderson, R.)

ArNorp, R. The Salt Lake oil field, near Los Angeles, Cal. In Bulletin No. 285,
pp. 357-361.  1906.
Geology and oil resources of the Summerland district, Santa Barbara
County, Cal. Bulletin No. 321. 67 pp.  1907. ‘
(See also Eldridge, G. H., and Arnold, R.)

. ArNoLp, R., and ANDERSON, R. Prehmma,ry report on the Santa Maria oil chstnct
Santa Bambara County, Cal. Bulletin No. 317. 69 pp. 1907.
‘ Geology and oil resources of the Santa Maria oil district, Santa
Barbara County, .Cal. Bulletin No. 322, 124 Pp- 1907.

Bourwerr, J. M. Oil and asphalt prospects in Salt Lake basin, Utah. In Bulletin
No. 260, pp. 468-479. 1905.

CLAPP F. G. The Nineveh and Gordon oil sands in western Greene County, Pa.
In Bulletin No. 285, pp. 362-366. 1906.
(See also Stone, R: W., and Clapp, F. G) :

Crane, W. R. (See Adams, G I., Haworth, E., and.Crane, W. R.)

ELDRIDGE, G. H. The Florence oil field, Colorado. In Trans. Am. Inst. Min. Eng.,
vol. 20, pp. 442-462. 1892.
The petroleum fields of California. In Bulletin No. 213, pp. 306-321.

" 1903.

Erpripce, G. H., and AﬁNOLD, R. The Santa Clara Valley, Puente Hills, and -

Los Angeles oil districts, southern California. Bulletin No. 309. 266 pp. 1907.
FenNeEMAN, N. M. The Boulder, Colo., oil field. In Bulletin No. 213, pp. 322-332.
1903. )

Structure of the Boulder oil field, Colorado, with records for the year 1903.
In Bulletin No. 225, pp. 383-391. 1904.

The Florence, Colo., oil field. In Bulletin No. 260, pp. 436—440. 1905.
Oil fields of the Texas-Louisiana Gulf coast. In Bulletin No. 260, pp. 459

467. 1905.

—— Oil fields of the Texas—Loumana Gulf coastal plaln Bulletin No. 282. 146
~pp. 1906. ! )

FurLer, M. L. The Gaines oil field in northern Pennsylvania. In Twenty-second
Ann. Rept., pt. 3, pp. 573-627. 1902.

Asphalt, oil, and gas in southwestern Indiana. In Bulletin No. 213, pp.

333-335. 1903. : .
The Hyner gas pool, Clinton County, Pa. In Bulletin No. 225, pp. 392-395.

1904.
29



W YT TR T i T

-- v

i

i
>
[

30 BEREA OIL SAND IN FLUSHING QUADRANGLE, OHIO.

" Grisworp, W. T. The Berea grit oil sand 1n the Cadiz quadrangle, Ohio. Bulletin

< No.198. 43 pp- 1902.

—  Structural work during 1901-2 in the ea,stem Ohio oil fields. In Bulletin
No. 213, pp: 336-344. 1903.

Petroleum. In Mineral Resources U. S. for 1905, pp. 813-920. 1906.
Idem for 1906, pp. 827-896. 1907.

Grisworp, W. T., and Muxn, M. J. Geology of oil and gas fields in Steubenville,
Burgettstown, and Claysvﬂle quadrangles, Ohio, West Vlrgmla and Pennsylvama
Bulletin No. 318. 196 pp. . 1907.

HawortH, E. (See Adams G. I, Haworth E., and Cra,ne W. R.; also Schrader,
T. C., and Haworth, E.)

HAYES C. W. 011 fields of the Texas-Louisiana Gulf coastal plam In Bulletm
No. 213, pp. 345-352. 1903

HAYES C. W., and Kexnepy, W. Oil fields of the Texas-Loulsm,na Gulf coastal
plain. Bulletin No. 212. 174 pp. 1903.

Hip, B. Natural gas. In Mineral Resources U. S. for 1906, Pp- 811 826 1907.

Ken~Nepy, W. (See Hayes, C. W., and Kennedy, W.)

Kinpre, E. M. Ralt and other resources of the Watkins Glen quadrangle, New
York. In Bulletin No. 260, pp. 567-572. 1905.

McGeg, W J. Origin, constitution, and distribution of rock gas and related bitu-
mens. In Eleventh Ann. Rept., pt. 1, pp. 589-616. 1891.

. (See also Phinney, A. J.) ‘

Muxn, M. J. (See Griswold, W. T., and Munn, M. J.)

OureHaNnT, F. H. Petroleum. In Nineteenth Ann. Rept., pt. 6, pp. 1-166. 1898.
Petroleum. In Mineral Resources U. S. for 1903, pp. 635-718. 1904.
Idem for 1904, pp. 675-759. 1905. '

Natural gas. In Mineral Resources U. S. for 1903, pp. 719-743. 1904.
Idem for 1904, pp. 761-788. 1905. :

ORrTON, E. The Trenton limestone as a source of petroleum and 1nﬂa.mmab1e gas
in Ohio and Indiana. In Eighth Ann. Rept., pt. 2, pp. 475-662. 1889.

Panney, A. J. The natural gas field of India,na, with an introduction by W J
McGee on rock gas and related bitumens. In Eleventh Ann. Rept., pt. 1, pp. 579-742.
1891.

Ricuarpson, G. B. Natural gas near Salt Lake City, Utah. In Bulletin No. 260.
pp. 480-483. 1905.

Salt, gypsum, and petroleum in trans-Pecos Texas. In Bulletin No. 260,
pp. 573-585. 1905.

ScHRADER, F. C., and HawortH, E. Oil and gas of the Independence quadrangle
Kansas. In Bulletln No. 260, pp. 442-458. 1905.

Suaner, M. K. ' (See Taff, J. A., and Shaler, M. K.)

Srong, R. W. Oil and gas ﬁelds of eastern Greene County, Pa. In Bulletin No.
295, pp. 396-412. 1904. '
Mineral resources of the Elders Ridge quadrangle, Pennsylvania. Bulletin
No. 2566. 86 pp. 1905. v

Srong, R. W., and Crarp, F. G. Oil and gas fields of Greene County, Pa. Bulletin
No. 304. 110 pp. 1907.

Tarr, J. A., and Suarer, M. K. Notes on the geology of the Muscogee oil fields,
Indian Terrltory In Bulletm No. 260, pp. 441-445. 1905. .

- WeEks, J. D. Natural gas in 1894. In Sixteenth Ann. Rept., pt. 4, pp. 405-429.
1895.

Wisuis, Bamey.. Oil of the northern Rocky Mountains. In Eng. and Min. Jour.,
vol. 72, pp. 782-784. 1901. :
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