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ECONOMIC GEOLOGY OF THE AMITY QUADRANGIE,
EASTERN WASHINGTON COUNTY, PA.

By Freperick G. CLapp.

INTRODUCTION.

The Amity quadrangle lies in the southwest corner of Pennsyl-
vania, and includes a portion of eastern Washington County and two .
small areas in northern Greene County. It extends from latitude
40° to 40° 15’ and from longitude 80° to 80° 15’, and comprisesan
area of 228.4 square miles. It is bounded by the following quad-
rangles: On the north by Carnegie, on the east' by Brownsville, on the
south by Waynesburg, and on the west by Claysville. The largest
town is Washington, which had in 1900 a population .of 14,117.

The principal lines of transportation in the region are the Pitts-
burg, Cincinnati, Chicago and St. Louis division of the Pennsyl-
vania lines and the Pittsburg and Wheeling branch of the Baltimore
- and Ohio Railroad, both of which pass through Washington. The
Waynesburg and Washington Railroad, a part of the Pennsylvania
system, is a narrow-gage line running south from Washington to
Waynesburg, in Greene County. Along South Branch of Pigeon
Creck a branch of the Pennsylvania Railroad has been built as far
as the mines at Three and Four. , }

The main economic interest in this area lies in the facts that it has
been the seat of extensive oil and gas development, and that it is
almost entirely underlain by at least one valuable seam of bituminous
coal. By reference to fig. 4 (p. 89) it will be seen that the quad-
rangle is located near the center of the north end of the Pittsburg
coal field. :

The field work on which this report is based was done by the writer
and Frank W. De Wolf in July and August, 1904. :

COMMERCIAL GEOGRAPHY.

The surface relief of a region is always important in connection
~ with the development of its mineral resources, and in the Amity
quadrangle, especially, it is necessary to know something of the
topography in order to plan for future economic operations. The

amount of relief or.difference in altitude between the highest hilltops
' , - 9
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and deepest valleys in this quadrangle is moderate, being about 700
feet. A great many creeks and their tributaries dissect the region
into hundreds of sharp ridges or knob-like hilltops, with steep slopes
extending to the bottoms of ravines which cut up the territory in
every dlrectlon and make it very rough.

The features of greatest importance in the development of the
region are the main valleys. Along them the principal settlements
are situated, and they are also generally utilized for through lines of
travel, both wagon roads and railroads. - For instance, the valley of
Chartiers Creek furnishes sites for the towns of Washington and
Houston and a direct route for the branch of the Pittsburg, Cincin-
nati, Chicago and St. Louis Railroad connecting with the city of
Pittsburg. The valley of Peters Creek and part of that of Little
Chartiers Creek are occupied by the Baltimore and Ohio Railroad
~ for its route between Pittsburg and Wheeling by way of Washington.
Tenmile and Little Chartiers creeks and all their larger branches are
followed by main wagon roads, and in time they will doubtless be par-
alleled by railroads. Tenmile Creek affords a specially favorable
route for entering the southern part of Washington County by way
of Monongahela River. =«

Of greatest importance are the relations of the topography to the
coal industry. The Pittsburg coal bed, which is the most valuable
seam in southwestern Pennsylvania, outcrops for several miles along
Chartiers and Peters creeks, and here it is possible to mine it by drift
and slope with little difficulty, and the small mining settlements of
Meadowlands, Anderson, Venetia, and Hackett have sprung up. In
portions of the quadrangle where this seam does not outcrop the
valleys naturally form the most favorable locations in which to reach
it by shafts, and hence operations have been conducted on Pigeon
Creek for several years. This creek flows eastward into Mononga-
hela River and forms a convenient route by which a branch of the
Pennsylvania Railroad reaches the mines. The valleys of Little
Chartiers and Tenmile creeks are suitable for this same purpose.

Within the last twenty years oil and gas have been discovered in
paying quantities beneath the Amity quadrangle, and drilling has
been conducted on a large scale. In prospecting for oil and gas the
valley bottoms are naturally chosen as the first sites for wells, because
the expense and time required to drill through several hundred feet
~ of rock in the hills are thereby saved. As development of the field
progresses, the position of the oil or gas belt becomes better known,
and later wells, being drilled in the most favorable positions for find-
ing the oil without regard to topography, are widely scattered over
the hills. Hence, it is apparent that the topography has very little
practical effect on the oil and gas industry. The valley of Chartiers
Creek, between Meadowlands and Houston is the site of many large
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oil tanks, in which oil from the Washington and Greene county fields
is stored. ~ Pipe lines, however, follow both valleys and uplands.

STRATIGRAPHY.
GENERAL STATEMENT.

With the exception of a few comparatively recent deposits in the
valleys, the rocks exposed at the surface of the quadrangle are all of
Carboniferous age. They belong chiefly to the Monongahela, Wash-
ington, and Greene formations, but the Conemaugh reaches the surface
in two small patches. The formations which do not outcrop, but
which are penetrated by deep wells, include, from the top downward,

the Conemaugh, Allegheny, Pottsville, Mauch Chunk, and Pocono
formations of the Carboniferous system, and part of the Chemung for-
mation of the Devonian system. Below the Chemung lie thousands
of feet of buried strata which have never been reached by the drill in
‘this territory. The general relations of the various beds are shown
for the formations which outcrop in the columnar section (Pl. I, in
pocket), and for those which do not outcrop in fig. 1 (p. 20).

Although the general relations of the beds are fairly constant, there
are considerable variations in details in different parts of the area.
Sections a number of miles apart, and even those within a short dis-
tance of each other, are likely to differ somewhat in the character and
thickness of the various beds. This is especially true of the forma-
tions which do not outerop, as reported in well sections. Over widely
extended regions, however, uniform conditions prevailed and sedi-
mentation resulted in strata without much variation at the same hori-
zon. Such horizons serve useful purposes in geologic correlation, and
are frequently of economic importance. The Pittsburg coal, the
Waynesburg sandstone, the Upper Washington limestone, the Salt
sand and the Big lime are examples of strata that are persistent over
wide areas. The geologic map of the Amity quadrangle is shown in

Pl L., in pocket.
' SURFACE ROCKS.

From the highest to the lowest exposed horizon in this quadrangle
the vertical thickness of the strata is about 1,200 feet, the highest
point stratigraphically being in the hills in Morris Township, Greene
County. The rocks are chiefly sandstones, limestones, and shales,
but in the Monongahela and Washington formations several valuable
coal beds occur. .

CARBONIFEROUS SYSTEM.

ROCKS ABOVE THE WAYNESBURG COAL (DUNKARD GROUP OR PERMIAN SERIES).

THE GROUP AS A WHOLE.

Definition.—The Dunkard group, known in a broader geologic sense
as the Permian series, includes all rocks from the top of the Waynes-
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burg coal up to the uppermost beds in the Appalachian basin. The
rocks were formerly known as the Upper Barren Measures, for the
reason that with rare exceptions they do not carry workable coal beds, -
and they lie higher up in the strata than the Lower Barren Measures.

Character and thickness.—In the Amity quadrangle the greatest
thickness of the Dunkard beds is about 750 feet, in Morris Township,
Greene County, in the extreme southwest corner of the quadrangle:
The beds of this group dip toward the southwest and reach their maxi-
mum depth below the surface somewhere in the vicinity of the head-
waters of Dunkard Creek, near the boundary between Pennsylvania
and West Virginia. In that region some of the hills reach altitudes of
over 1,100 feet above the base of the group.

These rocks vary greatly in different regions. In general they con-
sist of shales and shaly sandstones, but a few more or less persistent
beds of rather massive sandstone are known, and in the lower portion
of the group there are several important limestones. This portion
also contains a number of coals, but they are usually of little economic
value. In Greene County the Dunkard group carries many beds of
red shale. These increase in importance toward the southwest and
are most prominent in West Virginia, but toward Washington County
they disappear, giving ‘way entirely to the ordinary drab or yellowish
shales, traces of which can be seen in some of the highest hills in the
southwestern part of the quadrangle.

Division of the group.—The Dunkard group was formerly considered
a formation, like the Conemaugh and Monongahela, but in this area
the lower portion is much more calcareous than theupper portion,and
contains several minor coal beds; it is therefore considered as a dis-
tinct formation. The line of division is the top of the Upper Wash-
ington limestone, the most persistent and most easily recognizable
member of the group. The Dunkard beds above this line are known
as the Greene formation and those below as the Washington forma-
tion, from the respect.lve counties in which they are typically devel—
oped.

ROCKS ABOVE THE UPPER WASHINGTON LIMESTONE (GREENE FORMATION).

Character.—In eastern Washington County no' good section of the
Greene formation has been measured. In his report on the Greene
and Washington district Stevenson® gives the following section for
Center Township, Greene County, which is of value to show the gen-
eral nature of the rocks, though there is a Wlde variation in their inter-
vals and character:

a Second Geol. Survey Pennsylvania. Rept. K., 1876, p. 35.
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Generalized section of the Greene formation in Greene County.a

¥t. in.
Concealed. ... ..._.__. i 80
Limestone (XTV) . ... ..o oo TFragments.
Shale, reddish. . .. .. ... . ..., S0
Limestone (XTIT). .. .. .. ... ... 4
Sandstone . . .. ... '. 50
Limestone (XII). ... ... ... . o o.ii.... 10
Sandstone andshale. .. ..... ... . ... .. ... .. ... .... 80 L
Limestone (XI) ... ... 2 6
Shale, argillaceous . ... . ... .. ... _..... 12
Sandstone . .. .. ..o 30
Coal, Nineveh . .0 .. ... oo, 1 8
Sandstone - .. ...l - 36
Shale, bituminous . ...... ... ... ... ... ... ....... 1
Limestone (X) - ... ... ... ... [P 2 6
Sandstone, shaly, massive (I'ish Creek) .. ...._ ... ....... 100
Coal, Dunkard. .. .o ... o i 16
Limestone (IXb) ... ... o .. 3
Sandstone andshale. ... ... .. . .. ... . . .. . .... 30
~ Limestone (IXa) ........... ... ... ... ... .... 6-15
Shale,sandy ... .. ... 70
Limestone (VIIT). ... ... . .. .. ... .. ... .......... 25
Coal - ool T, 1 8
Sandstone - ....... ... ... ... oo 1930
Limestone (VII). .. ... ... ... ... ......... e 2 6
Sandstone .......... ... ... .... 31
Shale and iron ore ....... 10

Limestone, Upper Washington (VI)

In the Amity quadrangle only one coal in this formation, the Ten-
mile, has been opened at one or two points. Several limestones are
distributed through the formation, but -the Prosperity limestone,
from 100 to 180 feet above the Upper Washington, is the only one
which seems to be at all important.

Distribution.—In this quadrangle the rocks of the Greene formation
reach a maximum thickness of about 400 feet in Morris Township,
Greene County, and are best developed in the southern and western
parts of the quadrangle. On the highlands along the boundary of
Greene County, south of Tenmile Creek the formation is continuous,
having a thickness of 200 to 400 feet, as far east as Bissell. North of
Tenmile Creek and west of Bane Creek it is well developed through
Morris, South and North Franklin townships nearly to Washington.
It forms the greater part of northwestern Amwell and southern South
Strabane townships, and in-places attains a thickness of over 300 feet.
It is well developed as far north as the Baltimore and Ohio Railroad,
but beyond appears only in small isolated areas. Throughout West
Bethlehem Township it caps many of the higher hills with a local

@ The numbers in parentheses are designations applied to the various limestones by Stevenson in his
report.
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thickness of 100 to 150 feet. Patches of it occur as far north as
Odell and nearly to Ellsworth. Several knobs in the vicinity of
Denningsville are also capped by it.

ROCKS BETWEEN THE TOP OF TIE UPPER WASHINGTON LIMESTONE AND THE TOP OF TUE
WAYNESBURG COAL (WASHINGTON FORMATION).

Character—The thickness of the Washington formation varies, but
in this quadrangle is generally from 300 to 400 feet. The formation
contains several easily traceable members, which have been desig-
nated by special names. The following generalized section is given
by Stevenson¢ and is believed to be a fair average of the extreme
development of the formation in this area:

, Generalized section of the Washington formation in Washington County.

Feet.
Limestone, Upper Washington. .. .. ... ... . ... S 30
Sandstone ... ...l e P 40
C0al - . i
San(istonp......_......._...._; .............................. 40
Limestone, Middle Washington . .. ... ... .. ... . . .. 15
Sandstones and shales. - ... .. .. .. .. ... .......... 60
Limestone . . ....... e e 8
Sandstone andshale. .. ... . .. ... ... .. .. ... ... 20
Shale, bituminousorcoal ... ... . . .. .. ... ... ... .. ... 1
Limestone, Lower Washington. .. ... ... ... ... . ... ... 20
Coal, Washington - .. _............ i 10
Sandstone, laminated ... .. ... ... .. .. ...... 12
Coal, Little Washington . .. .. ... ... ... ... ... 1
Shale .. . i 6
Limestone. ... ... e i 20
Coal, Waynesburg “B” ... .. ... . ... ... ... R 1
Sandstone. .. .. ......o ... ... o 30
Limestone . . . ...l 8
Coal, Waynesburg “A” . ... __....... e 2
Sandstone, Waynesburg ... ... ... . L. .. .. ... 60

Stevenson® also gives a partial section of the Washington forma-
tion on Cemetery Hill, in the southern part of Washington, as follows:

Section on Cemetery Hill, Washington.

Feet.
Limestone, Upper Washington_ ... ... ... .. ... ... ... 30
Concealed .. ... .. ... ... .. l... e 50
Coal_ ... il Blossom.
Imperfectly exposed .. ... ... . . ... .. 80
Limestone, Lower Washington. .. ............. . .. S 12
Coal, Washington . .. ................ U S 4
Clay .. PO 4.
Sandstone . .. ... ...l . 9
Concealed .. ... ...l 10
Limestone . ... ...l L2

a Second Geol. Survey Pennsylvania, Rept. K, 1876, p. 4a. b Op. cit., p. 248.
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Distribution.—The rocks of this formation cover a larger area in
this quadrangle than those of any other. They occupy the surface of
nearly all the central portion, the exceptions being patches of the
Greene formation which cap the hills along the Waynesburg and
Nineveh' synclines. The formation also outcrops along the main
brané¢hes of Tenmile Creek and up its tributary valleys on the north.
On the eastern and northern borders of the quadrangle it forms the
hilltops and crests of the ridges above the Monongahela formation.

PENNSYLVANIAN SERIES.
ROCKS BETWEEN THE TOP OF THE WAYNESBURG COAL AND THE BOTTOM OF THE PITTSBURG
: COAL (MONONGAHELA FORMATION).

Definition.—The Monongahela formation extends downward from
the top of the Waynesburcr coal to the bottom of the PittsBurg coal,
and in this quadrangle varies from 280 to 360 feet in thlckness In_
the reports of the Second Geological Survey of Pennsylvania it is
known as the Upper Productive Measures, to dlstmcrulsh it from a
similar productive formation much lower in the series.

Character and thickness.—The formation consists predominantly of
limestones, but also contains shales, occasional sandstones, and at
least three valuable beds of coal. The best recorded section in Wash-
ington County was measured by I. C. White,® near West Brownsville,
and is as follows:

Section of Monongahela formation near West Brownsville.

Ft. in. Ft.  in.
Coal, Waynesburg:

Coal . . o il 10

Clay . il 3, 8 7

Coal. ... ..l 2 6
Shale and sandstone. . . ... ... .. ool 45
Shale, bituminous, Little Waynesburg coal . ... .. ....... 1 6
Limestone, Waynesburg . .. ... ... . ... 10
Sandstone, shaly . .. .. ... .. oLl ... 40
Coal, Uniontown . .. .. .......oeeeee e aaaaan. 3
Shale and sandstone . . .. ... ... ... . . ... 28
Limestone, with thin shale. . . ... ... . ... ... 88
Coal, Sewickley . .. .. ... . ... Blossom.
Sandstone, shaly . .. ... Lo il 32
Limestone. . . .. .- e i ) 30
Shale. ... 20
Coal, Redstone .. .. .. .. ... ... . . . . ... 1
Sandstone and shale. . ... ... ... ... ... 45
Coal, Pittsburg, roof:

Coal. . . .. .. 3

Clay . ... 3

an}'lr ........................................ ! 2 6

Clay . il 1
Coal, Pittsburg, main bench .......................... 7

[
&
N

a Bull. U. S. Geol. Survey No. 65, 1891, p. 45.
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On the Moses Smith farm, in Amwell Township, one-fourth mile
northwest of Bissell, a diamond-drill hole was once sunk to the Pitts-
burg coal, and the record shows a good section of the Monongahela and
part of the Washington formation. This is the best detailed section
of the rocks available, and is as follows:

Record of diamond-drill hole near Bissell.

Thickness.| Depth.
Ft. in. | Ft. in.
Washington formation............... S S [ 154 154
Monongahela, formation: : o
Coal, WaynesbUrG. ... oot et 6 160
5516 1 T R 14 174
Limestone (Waynesburge) ... . ... ...l J N 16 ...
[ DTN (LT o) T N 1 191
Limestone... .. B R ' 6 197
Shale, blue..... . : 12 200
Shale, sandy. .. . 20 229
Limestone..... .5 234
Shale,.light. ... 15 249
Limestone..... 7 256
Shale, light. ... (Benwood limestone) ............ooooiiiiiiaiiiiiiiiiiiaaan. 10 266
Sandstone..... ) 16 282
Limestone..... . 2 284
Shale, light. ... . 5 289
Limestone..... 9 298
Shale, light....] . 7 305
Limestone..... ' ' o 39 344
L T L4 . 4 348
SRA1e, SANAY - -« .o eeee et aeaaas .. 8 356
SANASEONE, BIaY ot ittt e 9 365
Shale, HEHb. oo s 4 369
Shale, dark, sandy . . ... .ooi i i 27 396
Limestone (Fishpot)......... . s 32 428
Shale, light........ e . .. 4 432
Limestone......... 4 436
Shale, light__.... ) . 9 445
Shale, sandy...... . 19 464
© 8andstone, Bray. ... ... oo i 7 471
Slate, black. .. ... oo 2 473
Slate, black. . . ... .o i S | 2 474 2
Coal.......... 4
Slate, black 4
Coal.......... . . 4
Slate, black. . . . : 1 4
Fircclay. . ... [Pittsburg coal .. ... ooeoo et .5 486 3
Slate, black... 9
Coal.......... ’ : 6
Slate......... 1 3
Coal.......... 5 10
Slate, bottom. . . ... 1 487 2
Limestone.

a Identifications in parentheses are supplied by the writer.
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A section was once exposed in a shaft sunk to the Pittsburg coal
opposite the Chestnut street station, in Washington.2 The upper 29

feet 6 inches of this belongs to the Washington formation, and the

8-inch coal is the Waynesburg seam.

Section in old shaft, Washington.

Ft.
Washington formation._ .. ... ... .. . . . iiiio.. 29
Monongahcla formation:
Coal (Waynesburg) . ... . ... oo i
Shale, gray . ... L.l 6
Sandstone. - ... ... 5
Limestone and shale (Benwood limestone), etc..._.... ... 170
Slate, black . . .. .. ... .. 12
Limestone, gray (IFishpot) . . ... .. ... ... ... ... ... 13
Shale, blue. .. .. .. ... 50
Sandstone (Pittsburg). .. ... ... .. ... ........ 15
Shale. . .. ... 3
Coal, Pitishurg . - . ... oo 5
280

About 1} miles north of Washington is the old Enterprise shaft,
sunk to the Pittsburg coal many years ago.> This gives only a partial
section of the formation, as the remaining rocks lie above the surface.

Partial section of Monongahela formation in Enterprise shaft, 1% miles north of Washington.

. Ft. in. Ft. in.
Soil...... e e e e e e e e et 4
Limestone . . . .. .. ... 45
Coal, Sewickley . . ... .. ... .o ...l 4
Limestone. . ... .. ... . 30
Shale. ... .- " 45
Coal, Redstone . ... ... ...l 3
Sandstone. .. ........... e eeeeeeean 20
Shale . . .o e 1
Coal, Pittsburg:
Roof division. .. ... ... ... .. .... el 2
Clay - oo et e 1 } 8 .10
" Lowerdivision. . .. ... . . ... ....... 5 10

4

The principal evidence of the thickness of the formation is from a
number of oil and gas wells which record both the Wayneshurg and
coals. Although it is necessary to make an allowance of
a few feet for inaccuracies of measurement, these indicate that the
formation is not at all uniform in thickness. The following is a list
of wells giving the measurements between the top of the Waynes-
burg and the bottom of the Pittsburg coal in various parts of the
quadrangle.

Pittsburg

a
b

Stevenson, J. J., Second Geol. Survey Pennsylvania, Rept. K, 1876, p. 248.
Stevenson, J J., op. cit., p. 240.

Bull. 300—07—-2
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Thickness of Monongahela formation in Amity quadrangle.

o | , . aipkness.
P(]).nI ) Name of well. » o Location. gahela for-
e N : mation.
3| BAKEr .. eueeniiei e Amwell Township.....-oeoovneenionion... 345
Moses Smith (diamond drill)......... .. .. 5 o 336
23 | N.T.Clark No. 1.....ooooiieiiiiat Borough of Deemston................... 339
32 | Mrs. A. L. Hawkins No. 3. . 340
34 | L. V. Martindale No. 2................ s . 338
44 | J, L. Thompson No. 1................. 348
45 | J. L. Thompson No.2...... [P IR« [ DA .. 366
46 | J. L. Thompson No.3...... ceaeann R .- 345
47 | J. L. Thompson No.4...... . N 347 .
48 | J. L. Thompson NO. 5. ... .cevennan.n. . 337
54 | Blakeley No. 1..........cioiiiiiiaaan East Bethichem Township............... a 363
14 | Mrs. A. L. Hawkins No. 2... . 340
15 | Eaton Luse heirs No. 1................|. te O 326
56 | Bristor Bros.,, No.3................... Morris Township, Greene County........ a353
62 | Elmas Carey, No.1.................... Morris Township, Wa.shington County .. 320
Meon,No.l.”.,...: ....................... do. e ;
J.C.Mounts................ North I‘rank]m Township
234 | Washington Floral Co South Strabane Township
T 213 | N.T. Clark No: 2.0 ..o, West Bethlechem Township.. ... P 340
285 | J. C. Martin No. 1..................... 337
295 | Joseph Ross No.1..........ooooooee a323
297 | John C. Sargent No.2................. a348
299 | Thompson & Seaman Coal Co.No.1 .. 350
308 | S. F.Seott No. 1 ... ................. a 308
Average thickness................|.. .. e e ettt aaaaaas 340

a In this instance the bottom of the Pittsburg coal is not given; it is estimated as being 8§ feet (the
average distance) below the top | of the bed.

By comparison of these records it will be seen that while the lesser
measurements are generally more abundant in the western portion
there are also points in West Pike Run and West Bethlehem town-
ships, etc., where the thickness is but little over 300 feet. Thick-
nesses of 345 feet and 352 feet, are reported in western Amwell and in

- South Strabane townships. In general, however, the Monongahela
formation in southwestern Pennsylvania grows thinner toward the
northwest. In the northern part of this quadrangle no records ,are
obtainable which report both coals, but from estimates of the interval
made by subtracting elevations of the Pittsburg coal, as reported in
wells, from those of neighboring outerops of the Waynesburg coal,
the thickness in that region seems to average less than 300 feet.

Distribution.—The formation outcrops mostly near the northern
and eastern edges of the territory, but it also reaches the surface for
about a mile on Little Tenmile Creek at Lone Pine. In the north-
west corner of the quadrangle it covers the entire area west and north
of Chartiers Creek, with the exception of a stretch near the main
valley, occupied by Conemaugh rocks and Quaternary deposits; and
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it occupies a strip over a mile wide on the hillsides southeast of and

parallel with the creek. In the valley of Little Chartiers Creek it
extends from the edge of the quadrangle as far south as Wylandville
and outcrops up the side valleys for 2 or 3 miles. In the northeast
corner of the quadrangle nearly all of the area north of the Williams-
port pike and east of a line drawn northward along Snipe Run, with
the exception of a few hilltops, is covered by rocks of the Mo.nonga—
hela formation. A small area along Péters Creek consists of Cone-
maugh and Quaternary deposits. The Monongahela formation out-
crops on the several branches of Pigeon Creek as far as Emeryand
Vanceville, and nearly to Three and Four. It also forms the greater
portion of the area southeast of Zollarsville and Spring Hill.

ROCKS WHICH DO NOT OUTCROP.

' GENERAL STATEMENT.

Sources of knowledpe.—Information concerning the rocks which do
not outcrop is derived entirely from the records of deep wells bored
for gas and oil, and is, therefore, somewhat imperfect. In many cases
records have been carelessly kept and beds important from a geologic
standpoint, such as coals, bands of red rock, or limestones, have been
overlooked or not recorded. In many cases only the oil and gas sands
have been noted, thus leaving great gaps in the records. The meth-
ods of measurement also introduce some errors. While measure-
ments to the principal oil and gas sands are frequently made by steel
line, and are accurate, the depths and thicknesses of the various beds
are generally determined by counting the turns of the cable on the
shaft of the bull wheel, and errors may -easily occur. In deep wells
the stretching of the cable may cause an error of considerable magni-
tude. The difficulty of identifying rocks by the relative ease with
which the drill penetrates them and by the drillings brought up in the
sand pump is also likely to be a source of error. To this cause may
be due many of the lithologic variations recorded in well sections. It
may thus happen that important beds which are not recorded are not
really absent, but have been overlooked. In some cases a heavy
sandstone in one well might change to a highly arenaceous shale or
shaly sandstone in a near-by well, and thus be regarded as “slate” or

shale. At best, observations on rocks in deep-well sections must be

confined almost wholly to their lithologic character. It is usually
impossible to.learn anything of the fossils by which the ages of the
rocks might be determined.

Thickness.—The greatest thickness of the rocks pierced by the
drill in the Amity quadrangle is in the Mrs. A. L. Hawkins No. 1 well
(319), 1.2 miles southwest of Beallsville. The total depth of this

a Numbers in parentheses refer to locations of wells on the mnap (I’l I, in pocket) and records given in
the ta.ble pp. 70-87, -



20

well is 3,611 feet, or 3,186 feet below the Pittsburg coal.

Pittsburg coal

3 Murphy sand

Conemaugh
formation

Little Dunkard sand -

Big Dunkard sand
Upper Freeport coal

Allegheny
formation

Gas sand

Pottgville
formation
Unconformity
Mauch Chunk
formation

Salt sand

] Red rock
Big lime

Big Illju;l sand

Pocono Sqjuaw sand

formation .

7| Thirty-foot sand
Red shale

Gantz sand Hundred-
Fifty-foot sand(foot sand

== Cats-
Gordon Stray sand Kill ved

Gortlon sand shale

= Fourth sand

2] Fifth sand

Chemung
formation

7] Bayard sand

Eiizabeth sand

F16. 1.—Generalized section of beds below the
Pittsburg coal.

ECONOMIC GEOLOGY OF AMITY QUADRANGLE, PA.

As the lowest,
exposed horizon in the quadrangle
is only a few feet below this coal,
the thickness of the nonexposed
rocks in the well is about 3,150
feet. Most of the wells in that
part of the quadrangle average
from 2,500 to 3,100 feet in depth.
In the northwestern part they are
shallower, averaging not more
than 2,300 to 2,900 faet. In
neighboring portions of Pennsyl-
vania several deeper wells have
been drilled. The deepest of
these is a well 12 miles southeast
of Pittsburg, which penetrated to
a depth of 5,575 feet and is the
deepest well in the United States.
It started 130 feet below the
Pittsburg coal. A very deep well
has also been drilled near Mc-
Cracken, in the western part of
Greene County.

Datum horizon.—The Pittsburg
coal, underlying nearly the entire
quadrangle, is the most persistent
and most easily identifiable hori-

zon in southwestern Pennsylvania,

and is always recognized by well
drillers, who make their calcula-
tions of the depth to underlying
oil and gas sands with reference

to it. In this report this coal is
therefore used as a datum horizon, to which the depths of other beds
are generally referred. '
CARBONIFEROUS SYSTEM.
PENNSYLVANIAN SERIES.

ROCKS BETWEEN THE PITTSBURG AND UPPER FREEPORT COALS (CONEMAUGH
FORMATION).

Definition.—The rocks known as the Conemaugh formation com-
prise all those included between the Pittsburg coal at the top and the
Upper Freeport coal at the base, both coals being excluded from the
formation. In the reports of the Second Geological Survey these
rocks were called the Lower Barren Measures.

Thickness.—The thickness of the Conemaugh formation in Penn-
sylvania varies from 500 to over 700 feet. In this quadrangle it is
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known only from well records, and as in the great majority of cases no
coal has been recorded below the Pittsburg, not many data are at hand
by which to judge the intervals. A few records, however, report the
“Connellsville”” coal, which is believed to be equivalent to the Upper
Freeport bed of the Allegheny Valley. The C. M. Reed well, in North
Strabane Township, reports the interval as 600 feet from the top of the
Pittsburg to the top of the Freeport. The Reed well (265), in the bor-
ough of Washington, records the sameé interval as 595 feet. If 8 feet
is allowed for the probable thickness of the Pittsburg coal, the thick-
ness of the Conemaugh in the two wells is 592 and 587 feet, respec-
tively. A number of wells in the gas field between Zollarsville and
Beallsville report the Freeport coal, and the computed intervals are
given under the heading “Coal”’ (pp. 88-117).

Character.—The Conemau(rh formation consists principally of alter-
nating shale, sandstone, and sandy shale, although thin limestones and
occasional coals are known to occur in it. In many places in‘south-
western Penunsylvania it contains a number of beds of red shale of
variable thickness. These do not occur at any regular horizon, but
lie usually. in the upper 400 feet of the formation. The Murphy and
Little and Big Dunkard sands of the drillers, corresponding, respec-
tively, to the Morgantown, Saltshurg, and Mahoning sandstones on
the surface, are in this formation. Probably the most detailed sec-
tion of the Conemaugh in the Amity quadranorle is that recorded in
the Matilda Davis No. 2 well (29), in the borough of Deemston.
The section is as follows:

Section of Conemaugh formation in Matilda Davis No. 2 well, Deemston Township.

Fecet.
Coal, Pittsburg.
T S 45
1] R 20
U1 T S 35
St . . e 13
Lme. - e e 25
Redroek. ... e e 10
Limeshellsa . . . ... 45
1) 1Y R 10
Lme . . e 13
Slate . . e 5
Lime. 15
Lime .« o e 25
SN . . e e 25
Lime. . e 8
Redrock. ... . o8

aAlmost all deep-well records contain frequent reports of such occurrences as *‘slate and shells,”
*‘sand and shells;,” or simply ‘‘shells.”” The *‘shells’’ referred to are not fossil shells of organisins, as
in the ordinary sense of the word, but consist of alternating thin layers (‘‘shelly layers’’) of shale
or sandstone.
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Section of Conemaugh formation in Matilda Davis No. 2 well, etc.—Continued.

Feet.
Slate . . o . 60
Lime. . o 5
1223 (T 43
At . e 12
Lime . . ot 50
Slate . . e e 7
Lime ....................................................... 31
Slate . . .o 35

597

Coal, Upper Freeport.

The complete record of this well is given graphically in PL II. It
is probable that this is not strictly accurate, owing to the difference .
between the drillers’ and geologists’ interpretation- of certain beds..
Such possible discrepancies should be kept in mind in studying any
record. It is especlally probable in this particular case that sorne of
the limestone noted is in reality hard sandstone, because in regions
where the Conemaugh formation outcrops it- contains only a small
proportion of limestone.

On account of the variability of the strata and frequent inaccura-
cies in drillers’ interpretations two sections are given below.

The section of the J. I.. Thompson No. 5 well (48) is better than the
average. .

Section of Conemaugh formation in the J. L. Thompson No. 5 well, borough of Deemston.

Feet.

-
Coal, Pittsburg.

Slate. . .o e e e et 15
Lime. . i 25
I 10 60
Redrock... ... oot . LV
)1 40
D 0 Y 30
Slate.. . ool e e 20
Sand, Murphy . . ...l 45
Redrock ... ... .l e .. 60
7 R ()
Red rock. ... .o 20
Sand, white. ... _...... e e i 40
Slate, black. . .. ... oLoL. [ 40
Slite. . .
Sand, Dunkarda..................,...;'. ..................... 50
. o 549
Coal, Upper Freeport. .

aThe word *‘sand”’ in all discussions of the solid rock of this area is used in the sense for which it was
coined by the well drillers, meaning any sandy stratum.
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SECTIONS OF DEEP WELLS IN THE AMITY QUADRANGLE AND VICINITY.

Records furnished by owners. Geological interpretations by F. G. Clapp. Elevations determined by aneroid barometer.

1. Waynesburg coal.

O O~ O P wp

. Sewickley (Mapletown) coal.

. Pittsburg coal.

. Upper Freeport coal.

. Top of Pottsville formation (Salt sand).
. Top of Mauch Chunk formation.

. Top of Big-Injun sand.

. Bottom of Big Injun sand.

. Bottom of Squaw sand.

to. Top of Thirty-foot sand.
11, Top of Gantz sand.

12, Top of Fifty-foot sand.

13. Bottom of Fifty-foot sand.
14. Top of Gordon sand.

15. Catskill red beds.

16. Top of Fifth sand.

17- Top of Bayard sand.

|g. Top of Elizabeth sand.
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The original Gantz well at Washington shows a fair section of the
Conemaugh, although in this well the base of the formation is rather
indefinite. '

Section of Conemaugh formation in the Ganiz well, Washington.

Feet.
Coal, Pittsburg. :
Sandstone, soft. ... ....... e e 10
Shabe - e 12
Shells, hard - ... L.l 2
Slate . i 10
Sandstone, hard, gray . - - .. ... ...l 11
Slate . .....oooaiio.. e e e 30
Sandstone, white, solt. . .. ... .. ... . ... ... 10
Sandstone, very hard . . ... oL ll.. 80
)11 10
Limestone - . . .. oo e 5
Slate.......... e e e 15
Redrock: ... oo i iieiaaaan 60
Slateandshells.. ... .. . . ... . ... . ... L 40
Redrock. .. ................... et s 25
Slate .. .. oo il 32
Redrock. ... oo et P 25
Sandstone, white .. .. ... ...l 20
Slate and shells. . .. ... L ... 100
Sandstone, hard, gray . . - - oo oo o 100

648

Coal and slute:

As this total is greater than the usual thickness of the Conemaugh
formation there is some doubt whether the ‘“coal and slate’ occupies
exactly the Upper Freeport horizon; but the lower limit of the forma-
tion is approximately correct.

In Pl. II are given records of eleven typical wells in the quadrangle,
and by comparison of these records the relations of the various beds
described and the limits of the formation can be seen. The coals
denoting the upper and lower limits of the Conemaugh formation are
shown in solid black. sandstone by dotted symbols, slate or shale by
continuous or broken parallel lines, limestone by the block symbol, and
sandy shale by a combination of lines and dots. The correlation.
lines other than for coals are represented by dotted lines.

. ROCKS BETWEEN THE TOP OF THE UPPER FREEPORT COAL AND THE TOP OF THE -
POTTSVILLE SANDSTONE (ALLEGHENY FORMATION).

Definition.—Underlying the Conemaugh is the Allegheny forma-
~ tion, which may be defined as extending downward from the top of
the Upper Freeport coal to the top of the Pottsville sandstone. This
is the formation in which nearly all the workable coal beds in the lower
part of the Pennsylvanian series occur. It was for a long time known
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by the name Lower Productive Measures, to distinguish it from the
productive formation which lies above the Conemaugh.

Thickness.—Where exposed in western Pennsylvania the Allegheny
varies in thickness from 270 to 370 feet, averaging about 300 feet. It
is difficult to make any very definite determinations in'a region where
so few complete well records have been kept; but in general the 300-
foot average is believed to hold.

Character—The Allegheny formation consists of sandstone, shale,
. coal beds, and occasional thin limestones. In the vicinity of Con-
nellsville and in the Beaver Valley, the nearest points where the forma-
tion is exposed, it commonly contains several valuable coal beds.

The general character and sequence of strata are shown by several
well sections in the borough of Deemston, as follows:

Section of Allegheny formation in the J. L. Thompson No. 5 well (48), borough of Deemston.

P Feet.

Coal, Upper Freeport. . . .. ..o oo e e 5
Slate - o il 25
Lime (Upper Freeport limestone) - . .. ... ...................... 15
B Y TSP OREPUN 80
Gassand . ... ... il 45
Slate - . i 25
Slate, black . - .. . Lol 25
T T 25
Lime (Vanport limestone?). . . ... ... .. .. ... ... .. PO 15
Slate, black . ... _._..... e e i 50
310

_ Feet

Codl, Upper Freeport . ... ... . oo i i 4
S 8 4
Lime (Upper Freeport limestone) . .. .......... . ... ... . ... 30
S 7 20
S0 1T 38
Slate, white .. . .. ... 37
Slate, black . ... .. e 40
Sand .. .l 55
Slate . .o i 30
Lime (Vanport limestone?) - . .. .. ... ... .. . ... ... 20
SIALE - - - e e et e i 29
Sand. . ... 25
7T 5
317

Thelimestone bed occurring near the top of these sections is probably
the Upper Freeport limestone. The thin limestone 50 to 60 feet above
the bottom may be the Vanport. The sandstones of the formation
are several in number and variable in their occurrence. Only one of
them, the Gas sand, is reported by well drillers. This generally
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corresponds with the Kittanning bed of the surface, but sometimes with
the Clarion or even with the Freeport sandstone.

POTTSVILLE SANDSTONE, OR SALT SAND (POTTSVILLE FORMATION).

Definition.—The Pottsville formation, frequently known as “ the
conglomerate,” is the lowest in the Pennsylvanian series. It occurs
directly beneath the Allegheny formation, and usually lies uncon-
formably on the Mauch Chunk. In some regions, however, it rests
directly on the Burgoon or Big Injun sandstone. The Pottsville for-
mation is the Salt sand of well drillers.

Character and. thickness.—In portions of Pennsylvania where it is
exposed. the Pottsville consists of two or more very massive and fre-
quently conglomeratic sandstones, in some places separated by thin
shales, carrying fire clay and coal beds. As recorded in wells in the
Amity quadrangle, the formation is a sandstone varying from 60 to 170
feet in thickness and is frequently composed of two members, which
probably correspond with the Homewood and Connoquenessing sand-
stones of the Beaver Valley. Between-them a bed of shale 10 to 30
feet thick is sometimes reported and is probably equivalent to the
Mercer member of other parts of Pennsylvania. Occasionally a
record reports limestone in the Pottsville: The formation is a great
source of salt water, which is encountered in drilling.

MISSISSIPPIAN SERIES.

ROCKS BETWEEN THE POTTSVILLE (‘‘SALT SAND”) AND BURGOON (“BIG INJUN’’) SAND-
STONES (MAUCH CHUNK FORMATION).

Definition.—The Mauch Chunk formation may be defined as the
rocks included between the Pottsville. formation above and the Bur-
goon (Big Injun) sandstone below. ~ The lower portion of the forma-
tion consists of a thick limestone, known to drillers as the Big lime.
This is identical with the Greenbrler limestone, which outcrops on
Chestnut Ridge and Laurel Hill to the east and which was called by
the Second Geological Survey the Mountain limestone. The Mauch
Chunk is frequently spoken of as the Mauch Chunk red shale, but
this designation is hardly appropriate, because in addition to the
limestone it also contains shale of other colors and, locally, sandstone.

Character and thickness—The Mauch Chunk formation is variable
in this part of Pennsylvania, as may be seen from the accompanying
sample sections. In many records uncertainty exists regarding the
upper limit of the formation, but in the absence of definite informa-
. tion the top is generally considered as coincident with the bottom of
the thick sandstone overlying the red shale. The following records
are typical of those in the Zollarsville field and vicinity. The great-
est thickness recorded is about 200 feet, in the J. L. Thompson and
other wells. From 50 to 90 feet of this is red shale, 50 to 100 feet, at
the bottom is limestone, and the rest is shale.
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Section of Mauch Chunk formation in the A. C. Mitchell well, West Pike Run Township.

Feet.
Slate. . .. ... e 29
Redrock. . ... e, 10
Slate . . e 10
Red rock. . ... ... 15
Lime. .. 11
Slate . . o .. 15
Little lime. .. .. ... i 8
Lime,red. ... . ... . ... ... e e 17
Lime, white, Big lime_ . . ... ... ... ..... 45

160

. Sand, Big Injun. '
Section of Mauch Chunk formation in the J. L. Thompson No. 5 well (48), borough of -

Deemston.

. Feet

Slate, WRIe . . -« o e oo oo e e e e e e 20
Red rock. .. oo .. 5
Pink rock. . .. ... 52
Redrock. . ... el 35
Slate. ... il e eeeeaeaan 15
Little lime_ .. .. .. ... ... e 10
] X 10
Biglime. ... il 45
192

Sand, Big Injun.

Section of Mauck Chunk formation inthe A. B. Crumrine well (24), borough of Deemston.

Feet
Slate . e e e et 10
Lime. . . i 4
Slate . . .. e e 6
) 1V 10
Redrock. ... Tl 15
) Y PR 6
Red 10cK . - - oo e 24
Slate . . o e e e 3
57 - Y 12
Sl - - o e e 18
Little me_ .. .. ... ... ... e e 8
Slate. . .. L. 5
Biglime. ... ... .. e 50

171

Sand, Big Injun.

These sections show a fair agreement.in the character of the forma-
tion, though it will be seen that there is considerable variation in the

‘occurrence of the red beds.

No sections from the western and northwestern parts of the quad-
rangle can be given on account of the extremely indefinite nature
of the upper limit and the lack of complete records. In general, the
interval between the Salt and Big Injun sands becomes thinner in

o
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that direction. In the Gantz well, for instance, the interval from the
Pittsburg coal to the top of the Big Injun sand is only 1,111 feet.
On the assumption that 600 feet is the most probable thickness of
the Conemaugh, 300 feet of the Allegheny, and 150 feet of the Potts-
ville, there is left only 61 feet for the Mauch Chunk. According to
correlatlons in PL. IV (p. 44), the thickness in this well may amount
to as much as 107 feet, consisting of 77 feet, of black shale and 30 feet
of limestone; but even this thlckness is much less than that of the
formation in other parts of the quadrangle.

Unconformity—The irregularity in thickness of this formation is

“prominent throughout western Pennsylvania, and is caused by an
uncon:formity between the Mauch Chunk and Pottsville formations,
due to erosion after the deposition of the Mauch Chunk, and preced-
ing that of the Pottsville. Owing to this feature the Mauch Chunk
dies out entirely toward the north and west. The thinning is illus-
trated by many of the well sections in the Burgettstown quadrangle,
northwest of the Amity. For instance, in the McKnight No. 3 well,
in Chartiers Township, the interval from the top of the Salt sand to
the top of the Big Injun is only about 190 feet. In some wells in
Smith Township it is as low as 100 feet. Nowhere in this area is -
red shale reported in the interval. In two Caltergahn wells in
Chartiers Townshlp 35 and 103 feet of black shale are reported In
certain wells in the Burgettstown quadrangle this shale is entirely
missing, and the Salt sand rests directly upon the Big Injun. One
such occurrence has been reported in the northern part of the Amity
quadrangle, in the Thomas Templeton No. 1 well (111), at Linden.

Just where the Mauch Chunk formation dlsappears whether the
black shale between the Salt and Big Injun sands is Mauch Chunk
or Pottsville, and whether all reports of the running together of the
sands are correct, are questions which at this date can not be defi-
nitely answered.

Greenbrier limestone (Big sze) —This bed is well developed be-
neath the greater portion of the quadrangle, but northwest of Wash-
ington it seems to die out. A thinning toward the north has also
been noticed by Campbell in the Latrobe and other quadrangles.
The disappearance of the Greenbrier toward the northwest is entirely
independent of the unconformity mentioned above.

From the well sections it will be seen that the limestone is frequently
double, and this feature becomes more conspicuous toward the south-
west. The upper bed is known as the Little lime and the lower bed
as the Big lime, and they are usually separated by a thin, soft shale,
which breaks up in a very peculiar manner into small pieces about
the size of a slate pencil. The drill sinks rapidly in this shale as it
emerges from the hard limestone above, and the shale tends to “cave
in’’ after removal of the drill. The parting is therefore known to
the drillers as the Pencil cave.
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ROCKS BETWEEN THE GREENBRIER LIMESTONE AND THE CATSKILL RED BEDS (POCONO
FORMATION).

General statement.—The Pocono is the lowest formation in the Car-
boniferous system. Its uppermost member, which corresponds with
the Big Injun sand of the drillers (Burgoon sandstone of the Alle-

. gheny Front), extends downward 300 to 900 feet, according to differ-
ent authorities. Considerable doubt exists as to the true position of
its base, as there is a strong resemblance between the rocks contained
in it and those of the Chemung formation at the top of the Devonian,
and even where they outcrop it is difficult to draw a definite line of
separation between them. Such a boundary can be accurately defined
only on the evidence of fossils, and in a region where the only infor-
mation comes from well sections no fossils are known. The weight of
evidence in regard to the position of this boundary seems to be in
favor of the lowest limit (over 800 feet), and in this report it is drawn
provisionally at the top of a group of red shales just below the base of
the Fifty-foot sand.e

Character and thickness.—If the boundary as just defined is correct,
the average thickness of the Pocono formation in the wells where its
red-shale base can be determined is 875 feet. One of the best sections
of the formation is that of the J. L. Thompson No. 4 well (47), gwen
below:

Section of Pocono formation in the J. L. Thompson No. 4 well, borough of Deemston

Feet
Sand, Big Injun._ . .. .. ...l 60
Break. .. ot 12
Sand, Big Injun, bottom portlon .............................. 200
IS 1 7 40
Sand, Squaw. . . . il 130
Slate and shells. .. ... ..o oo e 130
Sand, Thirty-foot. .. .. ..o oo o 60
Red rock (Bedford?). ... ... e e e 10
Slate and shells. . . .. ... . Lol ... 50
Sand, Gantz. . . .. ... e .20
SIEE - - - o o e e e e e 20
Fifty-foot sand. .. .. ... Lol 25
Slate and shells. . . .. .. .. iiiiiiaa. 15
Sand ... iiiiieiiiiian 20
Slate and sand shells. ... ... .. il 40
T 0 10
Slate and shells. . .. ... . o 20

862

Directly below the bottom of this section is 10 feet of red rock, which
is considered the top of the Devonian system. The Thompson section
is fairly typical, but for comparison a second section, that of the Luse
well (15) near Beallsville, is given..

a For a discussion of the evidence on the position of this boundary, see the Amity folio (No. 144),
Geologic Atlas U. S,
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Section of Pocono formation in the Luse well near Beallsville.

Feou

Sand, Big Injun. . ... il 290
1 Y 7 20
“Slate shells. . ... e v 45
1S 10 T S RPIP 113
S1ate ShellS . - -« - o oo e e 36
7T Y 65
I 1 6
LM, | e 21
I Y 5
Slate shells. . ... .. 14
Hard lime . . .. e 20
Red rock (Bedford?). ... .. .. . .. .. 20
715 T Y 5
1] 118 7 17
Lime. o 13
Sand, Gantz. .. .. .. ... 30
Shabe . - e e e e eeeeeaan 21
Sand, Fifty-foot_ ... .. ........... e 24
Slate shells. - .. ..ol 5
Sand .. . eaeaiaiaaaa 35
Slate and shells. . .. .. .. .. .. 35
860

This formation contains five principal sandstone horizons—the
Big Injun, Squaw, Thirty-foot, Gantz, and Fifty-foot sands. The
most important of these geologically is the Big Injun, Mountain, or
Manifold sand, as it is variously called. In portions of Pennsylvania
where it outcrops it now goes by the name Burgoon sandstone. In
Washington County this sandstone averages 250 feet thick and is very
persistent. Its top is always in contact with the Greenbrier limestone
and is therefore perfectly definite and very convenient as a datum for
well drillers. The Gantz and Fifty-foot sands form a very prominent
oil horizon, made famous by many old wells in the Washington field.
These sands are recognizable in most of the wells. Toward the west,
northwest, and southwest they run together and are known as the
Hundred-foot sand. The various sands recognized by the drillers are
described in detail under the heading “Oil and gas’” (pp. 47-59).

Red shale (Bedford?).—In the Burgettstown quadrangle a bed of
red shale occurs at many places between the Thirty-foot and Gantz
sands and may be a part of the Bedford group of Ohio. . On account
of the scarcity of complete records in the Amity quadrangle it is
known here in only five wells, but when properly recorded it ought to
be a fair datum horizon. In the J. M. Miller well (306), in West Pike
Run Township, it is 5 feet thick; in the Luse well (15), at’ Beallsville,
. 20 feet; in the J. L. Thompson Nos. 3 and 4 wells (46, 47), in the
borough of Deemston, 10 feet. In the Gantz well, at Washington, it
isrecorded as 8 feet, of “reddish sand.” Inparts of western Pennsyl-
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vania it amounts to as much as 80 to 120 feet. In places, but not
everywhere, it occurs directly below the Thirty-foot sand.

DEVONIAN SYSTEM.
ROCKS BELOW THE TOP OF THE CATSKILL RED BEDS (CHEMUNG FORMATION).

General character—Throughout the Amity quadrangle the Devonian
rocks lie far below the surface. As hags been said, the top of the sys-
tem is very indefinite, but it has been provisionally placed at about
the top of the first red shale below the Fifty-foot sand-.

The Devonian rocks have been penetrated by wells to a depth of
over 1,000 feet. All these rocks are believed to belong to the Che-
mung formation. The greatest thickness is recorded in the Mrs. A. L.
Hawkins No. 1 well (31), near Beallsville. The record of this well is
very meager, but a number of shallower wells furnish good sections as
deep as the Elizabeth sand. The deepest complete section is on the
A. C. Mitchell farm, in West Pike Run Township. The top of the
formation here is in considerable doubt, as the red beds are less con-
spicuous than in some of the neighboring wells, and the section is
therefore made to include all beds up to the Fifty-foot sand. To be in
harmony with other wells, the top of the Devonian system should here
be placed approximately 30 to 50 feet below the bottom of this sand.

Partial section of rocks penetrated by the A. C. Mitchell well, West Pike Run Township.

. Feet.-
Sand, Fifty-foot _ ‘ 85
Slate ......... . ‘ C 5
Sand ......... probably Carboniferous .. ... ... ... . ... 10
Slate .. ....... ) . T 14
Sand .. .o ... - : 4
Slabe . - e e e i 14
Sand . . i 13
Shells................ . S 10
Red rock 5
Shells.. .. ... 20
Sand, Stray. - 24
Red rock. ... ;Catskill beds. ... . . . ... ... ...l 21
Sand, Gordon : . 60
Red rock. ... 55
Shells. ... _.. 30
1) TR NP 10
Sand.. ... ...l e 15
S 5
Sand, Bayard. .. ........ e e e e 65
Y 1Y S 27
Shells and slate . . .. ... ... i 38
Sand, Ehizabeth . ... .. ... .. L. 6
1S 1R 169
Shells. . . oo e 167



DEVONIAN SYSTEM. 31

Two of the best sections of the Devonian are furnished by the J. L.
Thompson No. 3 well (46) and the Luse well (15), and these are given
for comparison.

Section of Chemung formation in the J. L. Thompson No. 3 well, borough of Deemston.

Feet.
Red rock ..... 20
Sand ......... : 20
Slate and shells 30
Red rock - ...\~ pors .10
Slate and shells Catskill beds ... Srommmmemrees 55
" Red rock...... ‘ , 55
Dark slate.. .. 10
Red rock ..... : ) 20
Sand . . oo 25
Slate and shells. . . . .. ... 52
Sand, Bayard. .. ... ... ... ... Ll e 15 ’
" Slate and shells. . .. 69
Sand, Elizabeth . ... .. ... .. ... . .. S 12
I P 10
403
Section of Chemitng formation in the Luse well, near Beallsville.
Fect.
Red rock ..... : 15
Slate and shells 40
Red rock ..... 30
Slate and shells . 51
Red rock Catskill beds.... ... ... ... . % pos
Slate and shells 65
Sand, Fifth ... ‘ 20
Red rock ..... . : | 28
Slate.............._'..'. ................................... 85
Sand, Bayard...... . ... ...l et 6
St . . e e 28
Sand.. ... ... ... e el 6
Sl - - o e e ieaeaann 73
503

Catskill (or sub-Blairsville) beds.—In all the complete records which
penetrate the Chemung formation in this quadrangle an interval of
100 to 300 feet near the top of the formation is occupied by two to five

_beds of red shale, separated by sandstone, shale, and shelly layers.
Similar red beds, somewhat thicker but at approximately the same
. interval (900 to 1,100 feet below the top of the Big Injun) have been
noted by M. R. Campbell in many wells in the Latrobe quadrangle
and vicinity, and have been named the sub-Blairsville member, for the
- reason that the wells in which they were reported lie near the town of
Blairsville, Indiana County. They are believed to be the westward
feathering out of the Catskill formation, which, in eastern Pennsyl-
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vania and the Catskill Mountain region, is several hundred feet thick,
but which in this region is thinner and is dovetailed into the upper
part of the Chemung formation.

~ The general character of the group containing the red beds can be
seen from the well sections given in Pl. IT (p. 22). The individual
beds vary from 10 to 60 feet in thickness and the total amount of red
material in any one section is usually between 75 and 150 feet. In the
Latrobe quadrangle the thickness reaches 300 to 400 feet and the
member is more of a unit, so that it might almost be termed a forma-
tion, but in the direction of the Amity quadranvle it becomes thinner
and dovetails into the Chemung formation proper. This method of
dying out explains the great variation of the red beds in the different
sections and why they do not always occur at the exact top of the
formation.

Sandstones.—Between the horizons of these red beds several oil
and gas sands, notably the Gordon, Fourth, and Fifth, are frequently
reported. The very fact that these sands occur interstratified be-
tween red beds, which appear and disappear and sometimes thicken
up to the exclusion of the sands, indicates the nonpersistency of most
of the sands in this region. The .wells penetrating these beds are
located in the southeastern part of the quadrangle and nothing is
known of the behavior of the beds in other sections. It is considered -
very probable that toward the northwest they are more broken up, and
the Gordon and other sands become more persistent.

Most of the sands in the Pocono formation, commonly recoomzed by
drillers, are shown by records to be encountered rather regularly, and
are therefore considered fairly persistent beds. As the drill descends
into the underlying rocks, however, it penetrates beds of more and
more variable character; and even the most important oil and gas
sands are encountered with much less regularity than in the higher
formations. These variations are so great that it is now considered
probable that the sandstone horizons in the upper part of the Chemung
formation are not persistent members underlying the whole area, but
are In the nature of lentils, similar to the sandstone lentils of the
- Allegheny and Conemaugh formations outcropping at the surface.

This is in harmony with the character of the Chemung formation in
" regions where it outcrops,

The principal sands recognized by drillers in the Chemung forma-
tion are (from the top downward) the Gordon Stray or Nineveh Thirty-
foot, Gordon, Fourth, Fifth, Bayard, and Elizabeth. Of these the
Bayard and Elizabeth are the only ones which are at all persistent, as
they occur below the variable Catskill beds. A description of the
various sands is given in the section on oil and gas (pp. 47-59). -

b
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BEDS LOWER THAN THOSE PENETRATED IN THE AMITY QUADRANGLE.

The deepest well in the Amity quadrangle penetrates to a depth of
2,664 feet below the Pittsburg coal, or about 650 to 700 feet below the
Elizabeth sand, and but scanty data are given about the beds below
the Elizabeth. The nearest point at which anything is known of the
underlying beds is at West Elizabeth, Allegheny County, 12 miles
southeast of Pittsburg, where a well on the William Bedell farm was
drilled to a depth of 5,575 feet. As this is the deepest well in the
United States, and as it furnishes a key to the geology beneath Wash-
ington County, the record is given here in full, with geologic interpret-
ations. The mouth of the well is 130 feet below the Pittsburg coal.

Record of deep well near West Elizabeth.a

Formation. ) Record. Thickness.| Depth.
Feet. Fee:.
40 40 .
10 50
80 130
105 235
30 265
Conemaugh 40 305
3 308
100 408
2 410
75 485
40 525
10 535
2 537
25 562
65 627
15 642
Coal (Middle Kittanning?) .. ...........c.o.oovuiaa... 8 645
Allegheny.............. LAMeStONe. ..o ee ettt e 10 655
30 685
15 700
50 750
35 785
5 790
Sand, Salt ... i, 95 885
Pottsville.............. ‘smne and shells 115 1,000
30 1,030
Mauch Chunk.......... { 20 1,050
Big JMe. .ot e 50 1,100
Sand, Big Injun..........o i 310, 1,410
Slate and shells 60 1,470
15 1,485
1,492
Pocono 5 1,497
18 1,515
Sand (Thirty-foot or Berea) 50| . 1,565
Slateand shells. ... ... ... 60 1,625
Limestone.................. e eeeeeeaieeeaaan 10 1,635

a White, 1. C., West Virginia Geol. Survey, vol. 1 (a), 1904, p. 104,
Bull.. 300—07 3
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Record of deep well near West Elizabeth—Continued.
Formation. Record. Thickness. | Depth.
Feet, Feet.
Slateand shells. ... ... 100 1,735
: 25 1,760
Pocono (continued).... 20 1,780
10 1,790
20 1,810
, 15 1,825
45 1,870
20 1,890
5 1,895
- 40 1,935
3 1,938
18 1,956 -
SlateStray 30 1,986
Catskill. .o Sand . | L8
Redrock........ooiuimimn il SN 3 1,996
Sand, Gordon, Third, ete... ... ... . cc.coii... 65 2,061
Red rocK . ..o 5 2,066
Sand, Fourth. ...............ooooiii. 30 2,096
Red rock and shells. ...... ..o 15 2,111
15 2,126
5 2,131
3 2,13
18 2,152
Red rock and shells.......... i 30 2,182
Sand, Fifth or McDonald.............................. 25 2,207
Redrockandshells. ... ..o .. 35 2,242
Slate.....oooeeeaiineaeana.. e P 10 2,252
Sand. .. .. . 5 2,257
Slateand shells......... ... .. L. 25 2,282
Sand, Bayard; a littlegas.................. .. ... ... 5 2,287
SANG . .o 10 2,297
Redrock. ..o 25 2,322
Slate and shells . .. . 75 2,397
Sand, Elizabeth. . ... 3 2,400
ShellS. .. onnt e BT 200 2,600
SILC. - o oo s 150 2,750
Slateand shells. ... ...oouiiiiii e 200 - 2,950
Slate. e 100 3,050
Limestone and shells. ... 100 3,150
Sand, Speechley ... ..ot 15 3,165
1] 0 S S 335 3,500
Sand (Bradford), trace of oil ......... ... ... ... 20 3,520
Slate and shells................. .. .. EEETPTOTTTN 955 4,475
23 4,498
2 4,500
32 4,532
13 4,545
% 4,570
20 4,590
10 4,600
30 4,630
40 4,670
Limestone............. el iieaaiaaaaaa 20 4,690
£ 7 20 4,710
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Record of deep well near West Elizabeth—Continued.

35

Formation.

Thickness.

Record. Depth. )
Feet. Feet.
- 15 4,725
15 4,740
10 4,750
20 4,770
10 4,780
10 4,790
20 4,810
10 4,820
20 4,840
15 4,855
20 4,875
10 4,885
20 4,875
10 4,885
5 4,890
10 4,900
15 4,015
5 4,920
30 4,950
5 4,955
45 5,000
10 5,010
10 5,020
10 5,030
20 5,050
10 5,060
10 5,070
10 5,080
5 5,085
10 5,005
5 5,100
30 5,130
10 5,140
20 5,160
. 10 5,170
10 5,180
50 5,230 °
30 5,260
10 5,270
20 5,200
40 5,330
30 5,360
’ 5 5,365
15 5,380
10 5,390
20 5,410
20 5,430
15 5,445
5 5,450
- 20 5,470
10 5,480
95 5,575
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The following quotation from White’s report is as definite a state-
ment as can be made of the probable correlations for the rocks below
the Catskill red beds:

The hole stopped in a dark shale supposed to be the Marcellus, and probably not more
than 100 feet above the horizon of the Corniferous limestone, although of course this is a
mere inference based upon the fact that in the Conway deep well near Franklin, Pa., the
top of the Corniferous was struck at 3,608 feet below the top of the Venango oil sand group,
while the drill in the Bedell well stopped at 3,840 feet below the same horizon, and hence the
Devonian shales could not extend much deeper. The sand at 3,150 feet has been doubtfully
identified with the Speechley horizon, since it underlies the Pittsburg coal by an interval
(3,280 feet) 200 feet greater than in Butler County. This, however, would agree with the
general southeastward thickening, and is what would be expected. Messrs. Young and
Crocker are responsible for the identification with the Bradford horizon of the sand struck
at 3,500 feet. '

The Warren sand, which, according to Oliphant, lies 350 feet above the Speechley sand,
or 500 feet below.the top of the Fourth sand, does not appear to have been represented
by any distinct sand in this Bedell record. Its horizon belongs near the bottom of the
200 feet, of shells, the top of which was struck at 2,400 feet.

GEOLOGIC STRUCT URE.
METHOD OF MAPPING.

Structure contours.—The method of representing the structure or
“lay” of the beds is as follows: The top or bottom of some persistent
and easily recognizable stratum is selected as a datum surface, and its
elevation above sea-level determined at as many points as possible.
In the Amity quadrangle the horizon selected is the bottom of the
Pittsburg coal, the best known and most persistent bed in the region.
The structure is shown on the geologic map, Pl. I (pocket), by means
of red contour lines. These are drawn at uniform intervals above
sea level, and all points on a given contour have the same elevation.
In other words, a given structure contour is the line of intersection of
the datum surface with a horizontal plane, all points of which have .
the same elevation above sea level. For instance, the Pittsburg coal
at all points along the 650-foot contour has an elevation of 650 feet
above sea level. It descends in the direction of the 600-foot contour
and rises toward the 700-foot, contour.

The intersection of a surface contour with a structure contour of the
same elevation marks a point on the outcrop of the Pittsburg coal. At
points where the elevation of the surface is greater than that of the
coal, the approximate depth of the coal below the surface can readily
be found by subtracting the elevation of the structure contour from
that of the surface contour. Where the elevation of the surface is less
than the corresponding elevation of the coal, the latter has been’
removed by erosion and the contours simply show the structure. - In
case the depths of other beds than the Pittsburg are desired, their
intervals above or below this must be subtracted or added to the depth
of the Pittsburg coal. '

-
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To illustrate the use of structure contours, we will suppose that the
depth of the Pittsburg coal is desired at the junction of Daniels and
Little Daniels runs, in West Bethlehem Township.  As can be seen by
the map, the elevation of the bottom of the valley at this point is about
890 feet, and the point is very close to the 500-foot structure contour;
therefore the Pittsburg coal is calculated to be here about 390 feet
(890 — 500) below the surface.

Degree of accuracy.—It should be borne in mind that it is impossible
to make structure contours strictly accurate in all parts of the field.
Over large areas there are no mines nor wells by which the exact depth
of the coal below the surfacecan be determined. Insuch instances it is
necessary to depend on estimated intervals between the coal and beds
which show in outcrop, and as the intervals are in no case constant
over any considerable area an error may be introduced which will affect
the drawing of the structure contours. In.this quadrangle, however,
the inaccuracy is probably nowhere very great. By reference to the
map, it will be noticed that in certain localities the contours have many
waves and turns, while in other parts of the quadrangle they run for
miles in long regular curves. This difference is due partly to the
greater regularity of the folds in certain regions, but more largely to
the greater amount of data that could be secured in such mining dis-
tricts as Ellsworth, Peters Creek, and Chartiers Creek. In these fields
the location of the contours was determined from mine maps showing
the elevations of the coal in the areas which have been worked, and in
such areas their accuracy is good. In regions where a great many well
records are available, as in the Zollarsville field, the structure is like-

e

wise more accurate than in portions of the quadrangle that lack such ,

data.

In making the studies for this map and report all roads in the quad-
rangle have been traversed and the positions of the outcropping rocks
noted. These data have been supplemented by the records of as many
wells and drill holes in the quadrangle as could be obtained. Tt is
believed, therefore, that the structure of the territory has been deter-
mined with a good degree of accuracy. '

Limits of error—In general, the structure-contour’ interval in a
given area is decided by two factors—(1) the steepness of the dip, and
(2) the accuracy and abundance of the data available. The Survey is
indebted for much valuable information to all the oil and gas opera-
tors who have generously furnished well records, and to ‘the coal
operators, who have allowed the use of their mine levels. In a region
like'this, where the dips are all fairly gentle, only the second factor has
to be considered. Obviously, it is useless to make the contour inter-
val less than the ‘‘limit of error.” For example, if over a given area
the elevation of the datum horizon was determined to an accuracy of
within 50 feet, it would be useless to attempt to draw contours with a
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25-foot interval. Moreover, such a representation would be mislead-
ing to the reader, who would be led to believe that the elevation at any
given point was accurate within 25 feet, which would not be the case.
In general, then, the limit of error for any area is not greater than the
contour mterva,l

This point has an important bearing on the structure of the Amity
quadrangle as represented by the contours. With the exception of
those in the Zollarsville gas field, nearly all the wells in the quadrangle
were drilled years ago, at a time when records were generally kept
poorly, or not, at all, and in some parts of the quadrangle, on account
of the unreliability of manyrecords and the absence of wells, no figures
are available to determine the depth of the Pittsburg.coal, or to check
surface tracings and correlations. . It must be remembered, also, that
the intervals between the surface rocks and the coal are irregular, as
explained on page 42. Consequently there are few parts of the quad-
rangle for which it would be safe to say with certainty that the con-
tours on the Pittsburg coal are accurate enough to justify a 25-foot
interval. The closer interval in the Claysville quadrantrle to the west,
was made possible by the greater abundance and recency of the drill-
ings, and also by the fact that in that area the more expensive but
somewhat more accurate method of leveling with the spirit level to
outcrops and wells was used.

"STRUCTURE IN DETAIL.

In order to show the relations of the structure in this quadrangle
with that in ad]acent regions to the east and south, Pl. III has been
prepared, giving by contour lines the lay of the Pittsburg coal in the
Amity, Brownsville, Rogersville, Waynesburg, and Masontown quad-
rangles. This plate shows that the general structural features con-
sist of broad anticlines and synclines, whieh‘are most prominent along
the eastern border of the Appalachian basin and which become -
gentler in dip and less continuous toward the west.

STRUCTURE OF PITTSBURG COAL.

The geologic structure of the Amity quadrangle as represented
by the deformation of the Pittsburg coal is shown in Pl I (pocket).
The prm(:lpal features are three anticlines and two synclines, all
trending in a general northeast-southwest direction. These will be
described in order from east to west.

BELLEVERNON ANTICLINE.

This was called the Waynesburg anticline by J. J. Stevenson in
his report published in 1876¢. He also applied the same name to the
syncline lying west of the anticline. When the Brownsville quad-

a Second Geol. Survey Pennsylvania, Rept. K.
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rangle, cast of the Amity, was surveyed in 1901 there was some
doubt whether the anticline crossing Monongahela River near Belle-
vernon was continuous with the one passing near Waynesburg,’
named by Stevenson. On account of this uncertainty and the fact
that the term Waynesburg had been applied to two structural fea-
tures this axis in the Brownsville quadrangle was named by M. R.
Campbell® the Bellevernon anticline, and this name was continued
by R. W. Stone in the Waynesburg quadrangleb surveyed a year
later.

The anticline crosses the southeast corner of the Amity quad-
rangle and only about 14 miles of the axis lies in this territory. The
el’evation of the Pittsburg coal on its crest is 800 to 840 feet. '

WAYNESBURG (PIGEON CREEK) SYNCLINE.

This feature consists of a broad structural trough 10 miles wide
lying between the Bellevernon anticline on the east and the Amity
anticline on the west. It was named the Waynesburg syncline by
Stevenson, but on account of doubt as to its continuity with the
syncline having the same relations in the Brownsville quadrangle
it was termed by Campbell ¢ the Pigeon Creek syncline, after Pigeon
Creek, in this county. The present survey demonstrated that the
two synclines are one and the same, and since the name Waynesburg
had priority the term Pigeon Creek was discarded in its favor.

This synchne is a broad structural basin with generally low dips.
The axis enters the quadranvle at Bentleyville and takes a slightly
meandering course, averaging about S. 40° W., to the southern edge
of the quadrangle. From Bentleyville it follows the valley of Pigeon
Creek to Three and Four, where it turns southward and passes half a
mile east of Scenery Hill, crossing West Bethlehem Township, and
leaves the quadrangle directly south of Bissell.

At the point where the axis of the trough enters the quadrangle
from the east the Pittsburg coal is at an elevation of about 750 feet.
From this point it descends gradually to the southwest until at the
Greene County line the coal is less than 400 feet above sea‘level.
Throughout the basin the average d1p is less than 100 feet per mile,
except.on the eastern side of the axis, between Zollarsville and Bealls-
-ville, where for short distances it is as much as 150 feet per mile. In
this section the structure is largely determined from well records,
and shows several rather peculiar.nose-like projections from the flank
of the anticline. These are presumably about as represented, as the
well records seem to be mostly good, but in all cases due allowance
should be made for the possibility of errors in the records. In the

a Geologic Atlas U. 8., folig 94, U. 8. Geol. Survey, 1903.
b Idem, folio 121, 1905.
cOp. cit,
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center of the trough, between Bissell and Scenery Hill, data for
determining the depth of the Pittsburg coal are few and it is possible
that the basin may be somewhat deeper than it is shown.

AMITY ANTICLINE.

From the Waynesburg syncline the rocks rise gently to the north-
west to the crest of the Amity anticline. This was called the Pin-
hook anticline by Stevenson and White in their reports, the term
being taken from a name formerly applied to the village of Lone
Pine.* The name Pinhook has long since gone out of usage, and
since the village of Amity is located almost directly on the axis this
name was adopted by Stone in the Waynesburg folio and is here
-used for the northern extension of the same anticline.

The axis of this anticline crosses the Greene County line near the
boundary between Morris and Washington townships. From this
point it takes a slight bend or offset to the east, then continues about
N. 35° E., passing just east of Amity and through Lone.Pine, and
crossing the National pike 4 miles southeast of South Strabane post-
office. Beyond this place there is another slight eastward deflection,
but within 2 miles the axis veers to the north again and takes a course
about N. 30° E., passing west of Vanceville, through Kammerer,
-and across Nottingham Township to Peters Creek at Anderson. At
this place its location was very definitely determined, as it passes
through the Blanche mine of the Pittsburg Coal Company.

On the Greene County line the Pittsburg coal is at an elevation of
a little over 450 feet, this point being on a sag almost connecting the
Waynesburg and Nineveh synclines. South of Tenmile Creek the
axis commences to rise at an average rate of less than 50 feet per
mile, until 14 miles south of the National pike it forms an imperfect
dome with the Pittsburg coal, as determined by well records, at an .
elevation of something over 700 feet. Beyond this point the rise
does not average more than 20 or 30 feet per mile, except north of
Kammerer. A mile south of Peters Creek the axis rises abruptly,
bringing the coal from an elevation of less than 900 feet up to 1,040
feet just outside the quadrangle. At its north end this anticline is
identical with the Peters Creek anticline described by Stevenson.

On the eastern border of the quadrangle, in Nottingham Town-
ship, east of the Amity anticline, a local trough extends into the area
for a distance of over 2 miles.. It trends west-southwestward,
directly toward'another small indentation in the anticline. This
feature is evidently the cause of the rather sudden deflection of the
Amity axis at Mingo Creek, and there seems to be a slight depression
of the axis here. There is no true cross syncline, however.

At 4 number of localities on this anticline the lay of the coal is

" a Second Geol. Survey Pennsylvania, Rept. K, 1876, p. 27.
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rather uncertain, owing to lack of available data. West of Lone Pine
and Amity the dip ranges from 100 to 150 feet per mile toward the
Nineveh syncline. Farther north it becomes less steep, except
between Kammerer and Munntown, where it is estimated to be as
much as 100 feet per mile toward the southwest. -

NINEVEH SYNCLINE.

This syncline was named by Stevenson in his report on Washington
and Green counties from the village of Nineveh, Greene County, near
which the axis passes. From that place it runs northeastward and
enters the Amity quadrangle west of the village of Sunset. It takes a
course averaging N. 42° E. to a point about 2 miles north of South
Strabane post-office, whence it trends N. 10° II. nearly to Linden. -
At this place it makes another slight bend to the east, and leaves the -
quadrangle just east of Little Chartiers Creek.

The average breadth of this trough in the Amity quadrangle is
about 9 miles. Near Sunset, where the axis enters the quadrangle,
the elevation of the Pittsburg coal is supposed to be about 350 feet.
From this point the rocks rise gently to the northeast as far as Gam-
bles, where the elevation of the coal is a little above 700 feet. Between
Gambles and the edge of the quadrangle is a broad, rather flat, struc-
tural area, marked by a slight dome and a similar little basin, shown
on the map. These are determined by well records. Fast of Wyland- .
ville an arm of the basin extends to the east, as if to cut across the
Amity anticline, but dies out before reaching Kammerer In general,
the dips in the Nineveh syncline are very gentle, but on the flank
of the Amity anticline, between Amity and Mount Pleasant, they
amount in places to 150 feet per mile, and on the Washington anti-
cline they reach an extreme of 250 feet per mile for a short distance
northeast of Washington.

WASHINGTON ANTICLINE.

The axis of this anticline enters the Amity quadrangle just south of
Chartiers Creek, leaving the quadrangle half a mile west of Houston.
The crest is broad and flat, and the coal varies in elevation from 950
feet at the south, to nearly 1,050 feet at the north. To the southeast,
it descends rather stoeply into the Nineveh syncline This relatively
steep dip is interesting in view of the fact that it is along this slope
that the famous Washington oil field is situated. Numerous oil wells
in this section have assisted materially in the accurate determination
of the structure.

Throughout the quftdrangle all the folds are plunging toward the
.>outhwest in conformity with the general dip toward the center of the |
Appalachlan coal basin. .
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RELATION OF STRUCTURE OF PITTSBURG COAL TO STRUCTURE OF OTHER
BEDS.

LACK O[‘ PARALLELISM BETWEEN BEDS.

In using the contours represented on the map,it should be remem-
bered that few beds are exactly parallel, and hence allowance must be
made for the increase and diminution of intervals in various direc-
tions. For instance, the Upper Washington limestone, one of the
most persistent outcropplng beds, varies in this quadrangle from 630
to 710 feet above the Pittsburg coal, and the Waynesburg coal varies
from 290 to 360 feet above the same bed. Some of the formations
below the surface vary even more than this, as shown in the table of
oil and gas sands (pp. 70-87). 'The causes of variation are twofold—
(1) the slight increase and decrease in thickness of various beds due
to differences in sedimentation, and (2) the marked variations in the
Mauch Chunk formation, owing to an unconformity at its top. The
thickness of the Mauch Chunk decreases in general from southeast to
northwest.

STRUCTURE OF GANTZ SAND.

It has been said that the Mauch Chunk decreases in thickness from
nearly 200 feet at Deemston until it feathers out northwest of Wash-
ington. It iseven probable that in the northwest corner of the quad-
rangle, the Big Injun also may be eroded somewhat. Fig. 3 (p. 53)
shows graphically the interval between the Pittsburg coal and the
Gantz sand, decreasing from 1,960 to 1,800 feet. As determinations
of this interval at many points are not based on steel-line measure-
ments, the lines of equal interval may be somewhat in error. As a
name for these lines the term isochore is suggested. The word is
derived from the Greek isos (equal) and chora (space), and means
lines of equal space, or equal interval. That is, at all points along a
given line the interval between the Pittsburg coal and the Gantz sand
is the same. In order to determine the elevation of the Gantz sand at
any point it is only mecessary to find the approximate interval on
fig. 3 and subtract it from the ficures given for-the Pittsburg coal
for the same point on the general map. '

MINERAL RESOURCES.
PETROLEUM AND NATURAL GAS.
DISTRIBUTION OF OIL AND GAS FIELDS IN THE AMITY QUADRANGLE.

Fig. 2 is a map of western Pennsylvania and portions of south-
ern New York, eastern Ohio, and northern Maryland and West
Virginia, illustrating the distribution of oil and gas fields in the
northern Appalachians. The oil fields are represented by the dark
shade, the gas fields by the lighter shade. The Amity quadrangle,
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with its producing areas, is shown near the southwest corner of
Pennsylvania.

While oil and gas wells are widely scattered over the territory,
the great majority of them are limited to certain groups or fields,
in which the oil and gas appear to occur in so-called pools or reser-
voirs of some extent. The term field, as used in this report, means

= '\“ A
/W.VIRGINTIA J
X

Gas oil
F16. 2.—Map of oil- and gas-producing areas in the northern Appalachians.

simply a group of producing wells, or wells which have produced
-in the past, and it is not implied that-outside of the field the terri-
tory is unproductive. It is probable that in time other sections of
the region will be found to contain more or less oil and gas.

In this quadrangle oil is much more limited in its occurrence than
gas, and so far as known it occurs almost entirely in one area—the



44 ECONOMIC GEOLOGY OF AMITY QUADRANGLE, PA.

Washington field. This field extends in a northeast direction from
a point near Claysville, in the western part of the county, through
the town of Washington and across South and North Strabane
townships to the vicinity of Linden. The field includes the Morgan,
Willetts, Davis, Taylor, Barre, Smith, Manifold, Munce, Cameron,
Thome, Wright, Linn, Rooney, Martin, Wade, Kunz, L.e Moyne, and
other farms, which were widely known at the time of the oil excite-
ment for their many producing wells.

On the border of Greene County, in the extreme southwest corner
of the quadrangle, lies a small oil field, only partially within the
area, which is generally known as the Fonner field though some-
times as the Dunn Station field. Portions of this field lie in the
Waynesburg, Rogersville, and Claysville quadrangles.

Near the center of Somerset Township small quantities of oil
. have been produced by a number of wells, and it has been struck in
a few wells in West Bethlehem and North and South Franklin town-
ships. A short distance off the quadrangle, northeast of Linden, a
new oil field is now being developed.

The principal and only large gas field in the quadrangle is the
Zollarsville field, which contains about 70 wells, located mostly in
West Bethlehem Township and the borough of Deemston It has
a length of 5 miles and a breadth of about 2 miles. In the Waynes-
burg quadrangle, south of Zollarsville, there are a few wells in this
same belt.

In general, producing gas wells are much more scattering than oil
wells and are spread widely over the area. To a few wells in the
central part of Amwell Township, between Hackneys and Lone Pine,

the name Amity field is often applied. Along this same line to the
" northeast a small group is encountered west of Odell, in West Beth-
lehem Township (Ross field), and in central Somerset Township are
a number of good gas wells which will be referred to as the Somerset
field. Another group, the southward extension of the Cannonsburg
field, lies in Chartiers and western North Strabane townships near
" the quadrangle line. Gas has been found in a number of wells scat-
tered throughout the Washington oil field and in its northern exten-
sion near Linden. To the group in this vicinity the term Lmden
field has been applied. )

BRIEF HISTORY OF DEVELOPMENT IN WASHINGTON COUNTY.®

.

EARLY HISTORY.

The earliest known drilling for oil or gas in Washington County
was by the Washington County Eureka Oil Company, organized in

a For much of the information contained here the writer is indebted tc the staff of the Washington
Daily Reporter, who allowed the consultation of its files. Other facts are taken from the Handbook
of Petroleum, Derrick Publishing Company, Oil City, 1898.
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A. GANTZ WELL, AT WASHINGTON.

First well to produce oil from the Gantz sand.

B. PRESENT APPEARANCE OF OIL OPERATIONS ON WILLETTS FARM, WASHINGTON
FIELD
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1861. A shallow well was sunk on the Mannon farm, at West Amity
station, on the Waynesburg and Washington Railroad. This well
was drilled to a depth of 900 feet and abandoned. - About the same
time several wells were drilled by other companies at Prosperity,
Lone Pine, and in South Strabane Township, but all. the workings
were abandoned. The Morgan Oil Company came into the region
in 1880 and drilled its first wells-on the Alexander McGuigan farm,
in South Strabane Township. In the second well, at 2,247 feet,
the largest flow of gas in the world was struck. "It was allowed to
2o to waste in the air for more than a year before a 6-inch main
was finally laid to Pittsburg. At the close of 1885 about five wells
had been drilled in the Canonsburg field. By November 1, 1886,
17 wells in that field were supplying gas to Pittsburg.

WASHINGTON FIELD.

March 18, 1884, the People’s Light and Heat Company was organ-
ized. It commenced drilling on the Hess farm, 1 mile from Wash-
ington, in the Claysville quadrangle, and April 30 struck an excellent
flow of gas at a depth of 2,068 feet. A few months later another
big well was struck on the Harvey property. For some time these
two wells supplied the town of Washington with gas.

Later in the year the Citizens Natural Gas Company wasorganized,
and commenced a well on the Gantz mill property, opposite the Chest-
nut street station of the Pennsylvania lines in Washington. Ihstead
of striking gas, the drill penetrated a sand at 2,191 feet which produced
oil. This was December 31, 1884. The Gantz well was the first pro-
ducing oil well in the county (PL. IV, A4), and the producing sand
came therefore to be known as the Gantz sand. The Gantz well
made two flows, one in January and one in February, 1885, but, after
, this the well was only a “pumper.” For some time it was closed
down, but was later drilled to the Gordon sand.

Immediately on the circulation of the news that oil had been dis-
covered at Washington great excitement arose among persons inter-
ested in oil. The town was at once invaded by a large number of oil
experts and other persons, and within three months 21 wells were
underway in various parts of the county. Some of these were drilled
for gas. In April, 1885, a well was started by the People’s Light and
Heat Company on the Gordon farm, on the edge of the Claysville
quadrangle, north of Washington, and August 22 a sand was encoun-
tered at 2,392 feet, from which the oil gushed at a rate of 25 barrels
per hour. At that time the Gordon well was the deepest producing
oil well in the world, and the sand was called the.Gordon sand-
Later in the year thls well averaged 104 barrels per day for thirty-
nine successive days.

With the news that oil had been struck in the Gordon, drlllmg began
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in earnest. Other prominent wells'in 1885 were the McNary gas well
and the Gordon No. 2. The production of oil in Washington County
in that year was 10,500 barrels. January 6, 1886, a well was finished
on the Smith farm, which proved to be a gusher w1th a production of
1,500 barrels per day. March 11,a big pool of oil was struck by a
\'vell on the Manifold farm, at a depth of 1,425 feet. This was a pecu-
liar well, as the oil was foun_d in the “Big Injun’ sand, several hun-
dred feet nearer the surface than any other strike of oil in thecounty:
The production the first day was estimated at about 700 barrels.

The Manifold No. 2 and W.llletts No 11 wells l&ter obtained oil from
the same sand.

In April, 1886, the Thayer well came in-with 2,000 barrels of oil
per day. At the close of May the field contained 16 producing wells.
and the production was 4,000 barrels per day. In June it had risen
to 10,120 barrels. The maximum was in October, when the produc-
tion amounted to 17,549 barrels per day. After this it declined. The
discovery of oil in this field brought the price of petroleum from $1,
about a year before, down to 60 cents a barrel at the end of October.
Two enormous wells were the Barre 1 and Cameron 1, both in South
Strabane Township. The Cameron 1, finished in May, was probably
the largest producer in the field. When at its best it yielded from
140 to 175 barrels per hour. In November of the same year it was
still producing about 25 barrels per day. Another great producer
was the Stewart well. August 17, 1886, this well produced 2,558 bar-
rels. According to the Washington Reporter, the number of  pro-
ducing wells up to September 13, 1886, was 61; and, the average cost
of a single well being taken as $8,000, the total cost of the producing
wells would be $488,000. There were 25 dry holes in the field, which,
with the average cost of each at $7,000, would amount to $175,000.

The amount paid in bonuses and purchases was $466,000 and the
estimated running expenses $75,000. The total estimated cost was
$1,184,700.

For a few years Washlnvton was a great oil camp. Hundreds of
wells were drilled in the southern, western, and eastern parts of the
town and in the area extending to the northeast as far as Lindcn.
New producers became frequent and the excitement was intense.
Nearly all the successful wells were oil wells, though the field has
contained a few scattering gas wells. As usual in the rich fields,.the
greatest production was confined to a very few farms, some of which
contained from 10 to 30 wells apiece. Most of these had a rather
short life, and the number of producing wells has since steadily
decreased until, at the present date, only a few.derricks are standing as
a reminder of the productiveness of over a decade ago (PL IV, B).
Many of the rich farms have been completely exhausted. In gen-
eral the sites of the wells have been plowed over or grown up to grass,
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but in some cases a pile of débris; the remains of a bull wheel, or a
wooden conductor mark the site. ’

Few wells have been drilled in this part of the field in several years..
One or two have recently been drilled to the fifth sand and produce
oil from it. In the region southwest of Washington, however, devel-
opment is still going on. At Meadowlands, in the valley of Char-
tiers Creek, a pumping station of the Southwest Pennsylvania Pipe
“Lines is located, and in this valley, between Meadowlands and Hous-
ton, are situated about 50 tanks, with an average capacity of 29,350
barrels, in which oil of the southwest district is stored. .

The prosperous growth of the town of Washington was largely due
to the influx of oil men during the boom and to' the productiveness
of neighboring farms. Large amounts have been.paid in leases to
landowners throughout the country. In consequence, many of the
farms have a very prosperous appearance and in East Washington
handsome residences have been built. Many families, who became
well to do at the time of the oil boom, still reside in the town, and a
few former operators are now interested in oil fields in other distriéts.

FONNER FIELD.

Oil was discovered in this field in March, 1897, in a well drilled on

the farm of William Fonner. The first well produced 1,800 barrels
per day for a short time and then the production declined. A number -
of wellsweredrilled in 1898-99 to the Gantz and Fifty-foot sands, which
yield the oil.
A number of dry holes were struck in territory immediately adjoin-
ing productive wells. In February, 1903, there were 10 wells in the
Fonner field, with a daily production of about 50 barrels. The oil is
pumped into small tanks and transported by the Southwest Pennsyl-
vania Pipe Lines to the Meadowlands storage tanks.

ZOLLARSVILLE FIELD.

Except in the Fonner field, little drilling for oil has been done in the
quadrangle since the eighties, but there has been much prospecting for
gas.” The largest producing gas field is in the southeastern part of the

"quadrangle, between Beallsville, Zollarsville, and Deemston. This
field contains about 70 wells, and in it new wells are still being drilled.
It is operated by the Manufacturers Light and Heat, the Monongahela
Gas, the Carnegie, and the Philadelphia companies. In 1904 oil was
struck in one or two wells on the western edge of the field.

OIL AND GAS ROCKS.
DESCRIPTION OF THE MAP.
On the geologic map (Pl. I, pocket) three classes of wells are repre-

sented, printed in green, red, and.black, respectively. Those shown
in green are wells which at some time have produced oil; those in red



48 ECONOMIC GEOLOGY OF AMITY QUADRANGLE, PA.

have produced gas; and those in black were either dry or the p%oduct
has not been reported. Persons familiar with the region will observe
that in the Washington field and in general over the northern and
western portions of the quadrangle the data are very incomplete;
many wells are omitted, and in others the product isnot known. The
wells shown on the map include only those of which the exact positions
were noted by the geologists in the field, no attempt being made to
give any of which the location is doubtful In portions of the Wash-
ington field the wells are bunched so. close together that their repre- .
sentation on the general map is impossible. In this field, therefore,
only those wells are mapped of which the records have been obtained

. and published in this report. The remaining wells and those not accu-

rately located are omitted, but the approximate limits of the oil fields
are represented on the map by the green shading.

DEPTH OF WELLS.

In the Washington field the wells are only 2,200 to-2,900 feet deep,
and this is about the average throughout the quadrangle. In the
Zollarsville field the depth is somewhat greater, averaging 2,700 to
3,100 feet. The deepest section in the quadrangle is that of the Mrs.
A. L. Hawkins No. 1 well (31) in the borough of Deemston. This well
extends 3,611 feet below the surface, or over 3,100 feet below the low-
est exposed horizon in the quadrangle.

MODE OF OCCURRENCE OF OIL AND GAS.

The three requisites for the occurrence of oil and gas are, first, a
sufficient supply from some source; second, a bed of porous rock in
which the oil and gas can accumulate; and third, suitable impervious
confining beds—clays or shales—to prevent the escape of the oil and
gas into surrounding strata.

OIL AND GAS SANDS.

Drillers’ names.—In western Pennsylvania all the oil and gas yet
discovered have been produced from beds of sandstone, or “sands,”
as they are called. The various sands penetrated by the drill have

- been given common or fanciful names by the drillers, and these names

have come into common usage as descriptive of the various beds.
Their relations are shown in the following table, which gives the -
driller's name, the depth above or below the Pittsburg coal, and
the geologic formation to which the sand belongs. .
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Drillers’ terms for oil and gas rocks, etc., and their geologic correlations.

[+ indicates above Pittsburg coal; — indicates below Pittsburg coal.]

r

Approxi-| Average
mate | interval
. . maxi- [to top of| Correlation with
Formation. Drillers’ name. Geologists’ name. mum |bed from| sands in neighbor-
thick- Pitts- ing fields.
ness in bur;
- thisarea.| coal.
Feet. Feet.
Washington ...} Bluff sand.......... Waynesburg sand- 60| + 390
: stone.
Waynesburg or | Waynesburg coal.... 5 + 330
Pinhook coal.
Mooongalela ..
Mapletown coal . ...} Sewickley coal....... 6| + 110
Pittsburg coal...... Pittsburg coal....... 10 0
Murphy............ Morgantown sand- 100 | — 200
stone
Conemaugh ... Limed Dunkard | Saltsburg sandstone. 0| - 370
sand. .
\Big Dunkard sand.| Mahoning sandstone. 100 | — 500 | Hurry-up sand.
Allegheny ... {Conuo] Isville coal...| Upper Freeport coal. 6| — 600
-((Gassand........... Kittanning or Clar- 70| — 800
ion sandstone.
Pottsville...... Saltsand........... Pottsville sandstone 180 | — 900
(Homewood +
Connoquenessing).
Redrock........... Mauch Chunk red 100 | —1,050
Mauch Chunk.. . shale.
Biglime............ Greenbrier limestone. 60 | —1,150
Big Injun or Mani- | Burgoon sandstone.. 300 { —1,200 | Mountain sand.
fold sand
Squawsand........|l. .ol 130 ~1,530
Pocono. ....... Thirty-foot sand ...|....................... 170 | —1,750 | Berea or Butler
County gas sand.
Gantzsand.........| ...l 60 | —1,900 | Firstsand llufgg:t‘d-
Fifty-foot sand.....|. ... 100 | —1,950 [------en-n- sand.
Nineveh Thirty- ). . .................. 30| —2,050 | Second sand.
foot sand. )
Gordon Stray sand.|....................... 30| —2,100{ Gray or bowlder
sand.
Gordonsand.......|... ... .. ... ...... 50 | —2,130 { Third sand.
Chemung.. . .... Ff)urth sand . ..ol 50 2,200
Fifthsand..........l.... ..., 50 2,300 | ‘McDonald sand.
Bayard or Sixth ...l 50 2,400
sand.
Elizabeth sand.....|.... 2,500
................ 2,700 | Warren First sand.
................. 2,750 | Warren Second sand.

Murphy sand.—The uppermost sand commonly reported by drillers
is known in the southeastern part of the quadrangle as the Murphy
It occurs in the Conemaugh formation at an interval of 170 to
220 feet below the Pittsburg coal and varies in thickness from 25 to 120
This sand probably corresponds with the Morgantown sand-
stone, which outcrops at about the same horizon in certain parts of

sand.

feet.

southwestern Pennsylvania and northern West Virginia.

productive of gas or oil.
Dunkard sand.—This is the name given to a sand or group of sands

Bull. 300—07—4

It is not

.
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occurring in the Conemaugh formation 480 to 540 feet below the Pitts-
burg coal and 50 to 100 feet above the Upper Freeport coal.¢ It is
frequently recorded as a double sand, in which case the upper and
lower divisions - are known as Little Dunkard and Big Dunkard,
respectively. :

The Big Dunkard sand in many places lies almost directly on top
of the Upper Freeport coal. It therefore corresponds in position with
the Mahoning sandstone, which is one of the most conspicuous sand-
stone lentils farther north and east in western Pennsylvania. The
thickness of the Big Dunkard varies from 30 to 100 feet. Where sim-
ply the Dunkard sand is recorded, the Big Dunkard is most commonly
referred to, and this is believed to be the more persistent of the two -
beds. In some cases, however, the sand is thick enough to include
both divisions.

The top of the Little Dunkard sand usually occurs at 170 to 240 feet
above the Upper Freeport coal, and this sand is therefore considered
the equivalent of the Saltsburg sandstone, a lentil which forms a con-
spicuous surface feature over large areas in the western part of the
State. The thickness of the Little Dunkard is generally 20 to 40 feet.

The name of these sands was taken from Dunkard Creek, near the
mouth of which an oil pool was discovered in 1861. The Dunkard
sand has produced oil in several places, but not in this quadrangle.

Gas sand.—Several sands occur in the Allegheny formation. The
principal bed recorded by the drillers is known as the Gas sand and lies
near the middle of the formation, 670 to 840 feet below the Pittsburg
coal. Although rather variable in position, it generally corresponds,
where correctly noted, with the Kittanning sandstone, between the
Upper and Lower Kittanning coals. In thickness this sand varies
from: 15 to 70 feet. A small quantity of gas is occasionally encountered
in it. '

Salt sand.—The Salt sand corresponds to the Pottsville formation
of northern and central Pennsylvania and occurs from 870 to 990 feet
below the Pittsburg coal. It varies in thickness from 100 to 170 feet,
but generally contains a break of shale near its center. This sand
sometimes contains a little gas, but is otherwise unproductive. It is
important to the drillers for the reason that it contains a large quan-
tity of salt water.

- It should be noted that the Salt sand of this region occurs above the
Big Injun, while in Armstrong County the same name is applied to a
gas-bearing stratum below the Big Injun.

Big Injun sand.—This is the name given by the drillers to a hard,
fine-grained, gray sandstone, which occurs at the top of the Pocono
formation, directly below the Big lime. It corresponds with the Bur-
goon sandstone, which outcrops on the Allegheny Front, and is also

2 Unless otherwise stated, all intervals in this report are from top to top of the respective beds.
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known as the Mountain sand. In Washington County the Big Injun
is sometimes called the Manifold sand, for the reason that in a well on
the Manifold farm (180), near Washington, oil was found in it.

The Big Injun sand is everywhere present and can be easily recog-
nized by the drillers. In thickness it varies from 250 to over 350 feet.
In many places it contains two or three coarse, porous, and, in some

- cases, pebbly layers, filled with oil, gas, or salt water. These are what
the drillers call “pay” streaks. An interesting feature of the sand is
a shaly break, which is frequently encountered about one-third of the
distance from the top. This break locally amounts to as much as 20

feet in thickness. It has been recorded especially in the J. L, Thomp-

son wells and in a well in Morris Township.
The interval from the Plttsbmg coal to the top of the Big Injun
sand varies from 1,115 feet in the Culbertson well at Washington, to

1,202 feet in the Burkehammer well near Deemston. In general, it
is greater toward the southeast, owing largely to theincreased thickness
of the Mauch Chunk in that direction. (See pp. 27, 53.) Inthevicinity
of Washington and in North and South Strabane townships the inter-
val is usually between 1,130 and 1,160 feet. In several wells in North
Franklin Township it is reported as 1,200 to 1,225 feet, but to the
south, along the western edge of the quadrangle, it dmumshes to about
1,140 to 1,190 feet. One record reports as small an interval as 1,075
feet, but the accuracy of this is doubtful.

In the Zollarsville field a large number of measurements of this
interval are at hand, and these show a good agreement. Near Zol-
larsville it varies only between 1,233 and 1,257 feet; near and west of
Deemston between 1,200 and 1,286 feet, and southwest of Beallsville

_between 1,210 and 1,245 feet. Only a few records from Somerset
and Nottingham townships are at hand, but in these the figures
are 1,196 feet near Ellsworth, 1,205 feet northeast of Vanceville, 1,217
feet north of Bentleyville, 1,156 feet near Kammerer, 1,188 feet mid-
way between Kammerer and Munntown, and about 1,200 feet near
Finleyville.

In general, the Big Injun sand is unproductive, but in several places
it has locally produced oil. The most important instance of this
kind was in the Manifold No. 1 well, drilled in 1886, on the Manifold
farm near Washington. This is one of the most remarkable wells in
the Washington field on account of its great yield of oil, its long-
continued production, and the lack of interference from neigh-
boring wells. Although located in a district which was thoroughly
perforated by holes, none of the neighboring wells harmed it, and in
none of them, with two or three exceptions, was oil found at this
horizon. Of theé-other wells which produced oil at this horizon, the
most important is the Willetts No. 11 close by. The Manifold well
flowed about 700 barrels per day. A little gas is reported from this
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sand in several wells in West Bethlehem Township and the borough
of Deemston.

This sand was named Big Injun by some driller in this county on
account of its unusual thickness and hardness.

Squaw sand:—In the northern and eastern portions of the quad-
rangle a sand commonly occurs 20 to 50 feet below the bottom of the
Big Injun. This is known to drillers as the Squaw sand. In many
places it is over 100 feet thick, and in the J. L. Thompson wells it
reaches 130 feet, but it is irregular and often missing. In the Rogers-
ville quadrangle it has not been recognized.

Thirty-foot sand.—This sand occurs below the Squaw and 450 to -
650 feet below the top of the Big Injun sand. The name Thirty-foot
means nothing as regards its thickness, for it varies from a knife edge
up to 170 feet. The sand is not uniformly present and occurs rather
irregularly; but is believed to correspond approximately in its upper
and lower limits to the Berea sand of the Burgettstown and Beaver
regions, to the Butler gas sand of northern Pennsylvania, and to the
Berea grit of Ohio.

The interval from the Pittsburg coal to the top of this sand varies
from 1,560 to 1,865 feet. In South Strabane Township the known
limits are between 1,560 and 1,630 feet; in the southwest corner of the
quadrangle 1,750 and 1,770 feet. In the immediate vicinity of Zollars-
ville the sand is not recorded, but near Deemston the limiting figures
are 1,810 and 1,865 feet. Several wells in this vicinity exhibit a
much smaller interval—only 1,720 to 1,740 feet—this being due to a
local thickening of the sand. Southvvest of Beallsville the interval is
usually 1,800 to 1,855 feet, but it varies irregularly, and some meas-
urements are reported which are considerably less. In the Somerset
field 1,805 feet is recorded, and near Finleyville about 1,850 feet. The

Thirty-foot sand, so far as known, is not productive anywhere in the
quadrangle.

The Thirty-foot sand of Wa,slnngton is not the same as the Thirty-
foot of Armstrong County, but probably corresponds closely with
what is there known as the Gas, Butler, or Murrysville sand. '

Gantz sand.—Next below the Thirty-foot sand 1s the Gantz, which
was named from the farm near Washington on which oil was first pro-
duced from this sand This was the first producing oil well in the
county.

The Gantz sand ranges from 60 to 160 feet below the top of the
Thirty-foot sand and is a short distance above the Fifty-foot sand.
It varies in thickness from 10 to 60 feet. In some wells the Gantz
thickens up enough to unite with the Fifty-foot, and in such cases the
combined sand is known as the Hundred-foot and is the equivalent
of the Hundred-foot sand of Beaver, Butler, and Armstrong counties.
It is supposed also to be the same as the First sand of Qil Creek.
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The interval from the Gantz sand to the Pittsburg coal seems to
be more variable than that of any other persistent sand. Within the
quadrangle it varies from 1,790 feet in the Ross well in Chartiers
Township to 1,985 feét in one of the J. L. Thompson wells in the

Zollarsville field. As with the upper sands, there is a gradual thick-
~ ening of the interval from northwes: to southeast, as shown by figures
in the various districts. In Chartiers Township the variation is from
1,790 to 1,821 feet; at Washington, 1,805 to 1,827 feet; in North and

—_

F1c. 3.—Sketch map showing the diminution of interval between, the Pittsburg coal and the Gantz
sand, corresponding to theunconformity at the top of the Mauch Chunk formation. A, Amity; B,
Beallsville; E, Ellsworth; H, Houston; L, Linden; T, Tenmile; V, Venetia; W, Washington; Z,
Zollarsville. '

South Strabane townships, 1,815 to 1,870; in North and South Frank-

lin townships, 1,820 to 1,880; in the northwestern part of West

Bethlehem Township, 1,877 to 1,883; in the Fonner field and vicinity,

1,900 to 1,929; near Zollarsville, 1,890 to 1,955; west of Deemston,

1,910 to 1,985, with two wells as low as 1,820 and 1,845; at Deems-

ton and farther east, 1,910 to 1,970; southwest of Beallsville, 1,886

to 1,933; south of Ellsworth, 1,910; northeast of Vanceville, 1,940; .
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near Kammerer, 1,907; southeast of Munntown, 1,925; and at Fin-
leyville, about 1,967 feet. This progressive thickening of the interval
toward the south and east is shown by isochore lines in fig. 3, as
interpolated from well records. At all points along a given line in this
figure the interval from the coal to the Gantz sand is equal, and it
thickens or diminishes 20 feet for each line. :

The interval from the top of the Big Injun sand to the top of the
Gantz varies from 574 to 751 feet, the extremes being, respectively,

-the well on the Harding lot at Washington and the Gamble well near -
Kammerer. In single instances considerably greater intervals have
been observed, but these are believed to be due either to poor records
or to a mistaken correlation of the sands. In North and South Stra-
bane townships the interval varies from 675 to 710 feet; in the
borough of ‘Washington, 574 to 670 feet; in the Fonner field, 719 to
748; near Zollarsville, 650 to 722; in the vicinity of Deemston, 630 to
720; and southwest of Beallsville, 650 to 700 feet. In a comparison
of these groups of measurements the most noticeable feature is that,
unlike the intervals from the coal, they do not show.any general
thickening toward the southeast. This fact is in harmony with the
view that the thickening of the strata is due principally to an uncon-
formity at the top of the Mauch Chunk formation.

The Gantz sand has probably furnished a greater number of pro-
ducing wells than any other sand in the county. The great majority
of the wells in the Washington field obtained their oil fromit. Insome
places the sand has two or three “pay’’ streaks a few feet apart. An
immense quantity of oil has been produced from the Gantz, some of
the early gushers having flowed hundreds of barrels the first day. In
several cases the productlon the first twenty-four hours reached 2,000
to 3,000 barrels.

The Gantz sand is also the prmmpal producing sand of the Fonner
field, where it furnishes both oil and gas. In this part of the quad-
rangle, however, the Gantz and Fifty-foot are frequently found in
contact, forming the Hundred-foot. The Gantz sand also produces
gas in a few wells in the Zollarsville and Somerset fields, and it is the
principal gas sand of Chartiers Township in this quadrangle.

Fifty-foot sand.—This is the lower division of the Hundred-foot
and has a wide distribution in the Amity quadrangle. Under this
name drillers often include the Gantz in wells where the two sands are
combined. The Fifty-foot sand itself locally splits into two sands. Its
distance from the bottom of thie Gantz sand varies up to 80 feet, being
greatest toward the southeast. Where distinct from the Gantz, the
sand is here and there as much as 100 feet thick, though generally
thinner. '

The distance from the Pittsburg coal to the Fifty-foot sand varies
from 1,807 feet in the Matthew Linn well at Washington to 2,057 feet
in the Burkehammer well in the borough of Deemston. This interval
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in the Washington field, including North and South Strabane town-
shlps and the borough of Washington, varies from 1,817 to 1,930 feet;
in the Amity and Fonner fields, from 1,905 to 1,941 feet; in the Zol—
larsville field, from 1,940 to 2,057 feet. The bottom of the Fifty-foot
sand is usually not over 50 feet above the top of the group of red shales
which are consideréd the Catskill beds at the top of the Devonian sys-
tem. This sand is therefore considered as most probably the lowest
sand in the Carboniferous system. (See discussion on p. 28.)

The distribution of oil and gas in the Fifty-foot sand shows a fair.
agreement with their occurrence in the Gantz, as would naturally be
the case where two sands in close association are in places combined.
In the Washington field the Fifty-foot sand has furnished many good
wells, including some of the great producers. Many of the wells
which found oil in both the Gantz and Fifty-foot obtained the greater
proportion from the lower of the two sands. ~ The Fonner field has
also furnished oil wells from this sand. In this field the Fifty-foot and
Gantz sands are generally united.

The Fifty-foot sand has not yet produced a great amount of gas,
but in Somerset Township several wells have obtained gas in this sand
and it has occasionally been found at this horizon in the Zollarsville

field. In the Washington field a large proportion of the oil wells, in-
" cluding most of the enormous producers, have long since ceased to be
productive and have been abandoned. '

Gordon Stray sand.—Above the Gordon sand and near the top of the
red beds a sand is sometimes reported by the name of Gordon Stray.
Sands at about this horizon are also frequently called Butler Thirty-
foot, Nineveh Thirty-foot, or simply Thirty-foot or Stray. There is
considerable doubt whether this horizon should properly be included
in the Chemung formation or in the Pocono, but as in a few cases
thin red shales have been reported just above it, the Gordon Stray

sand is here considered one of the lentils in the Catsklll member of the
Chemung.
"~ Although not classed as one of the productive sands, the Gordon
Stray is frequently known to produce gas, and in the. borough of
Washington gas has from time to time been found in it. One of these
gas wells was that of Matthew Linn, in which the rock pressure .
amounted to over 600 pounds per square inch.

Gordon sand.—In the vicinity of Washington this is one of the prin- -
cipal oil sands, and occurs near the top of the Venango oil group
and of -the Third sand horizon of Oil Creek. The name ‘‘Gordon”
originated from the Gordon farm near Washington, where the sand
was first pierced by the drill in August, 1885. In the Gantz well this
sand occurs 245 feet below the top of the Gantz sand, and in other
wells in that vicinity the interval varies from 240 to 300 feet. It is
usually about the first conspicuous sand below the top of the Catskill
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red beds. The usual position of the Gordon sand is shown by the
Kountz No. 1 well (174) in South Strabane Township. The sand,
which is here designated Gordon, was noted by the driller as the
“Stray sand,” but, to judge from the intervals, this was a mistake.

Partial section of Kountz No. 1 well, South Strabane Township.

) > ’ Feet.
Sand, Gantz. 104
Slate. . ..... }P°°°"°z' TreTerresessressenesennene e { 81
Red rock ..... . ’ 10
Sand and slate 10
Slate......__. 16
Sand (Gordon). Catskill ... 60
Slate . ........ 19
Sand. . ....... 20
Slate......... 3
323

In the Fonner field, just off the southwest corner of the quadrangle,
the William Fonner No 2 well gives a section which shows a similar
relation of beds.

Partial section of William Fonner No. 2 well, Morris Township, Greene County.

Feet.
Sand, Gantz. . .. ' 29
Slate. . ........ 2
Sand, Fifty-foot . POCODO? """""""""""""""""" 35
~Slate, black. .. .. . | 1
Sand, red...... . 15
Slate...........| ’ : | 53
Red rock....... 5
Sand shells, gray . Cotskille oo oo oo oo 15
Pencil cavea. . . 5
Sand, Gordon. .. . 50
Slate, black . . ... ' ' 80
Sand and shells. . 35
335

The thickness of the Gordon sand varies from 10 to 50 feet. At
- Washington and in South Strabane Township it seems to be fairly per-
sistent and has probably been always correctly identified by the drill-
ers. In other parts of the quadrangle, however, its persistency is not
. so certain. In North Strabane Township it is rarely reported, except
in the vicinity of Linden. In the southeast corner of the quadrangle
it is frequently recorded, but is just as often missing and is very irregu-
lar. Where recorded in this reglon it sometimes apparently 1ncludes
the Fourth sand.

The interval from the Plttsburg coal to the Gordon sand in South
Strabane Township and Washington varies from 2,051 to 2,125 feet;

aThe usual **pencil cave” horizon of the drillers occurs in the Mauch Chunk formation several
hundred feet nearer the surface.
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in Chartiers Township it runs 2,029 to 2,078; in the vicinity of Linden
2,077 to 2,129; in North Franklin, according to the few available rec-
ords, it is fairly constant at 2,070 to 2,078 feet; at Sunset it is 2,123
feet; in the Fonner field the variation is from 2,080 to 2,095 feet; in
‘the Zollarsville field, from 2,110 to 2,240, with occasional reports as
low as 2,047 and 1,979; and southwest of Kammerer the amount is
2,160 feet.

The Gordon sand has locally furnished both oil and gas, but it can
not be ranked as one of the principal producers. The original flow of -
oil from the Gordon well was 25 barrels per hour. As stated above, it
is improbable that the Gordon sand is in reality one continuous bed
beneath the whole quadrangle.

Fourth sand.—Where present, this sand is dovetailed into the Cat-
skill beds, about 40 to 140 feet below the top of the Gordon. Like
the Gordon, it is irregular, and probably not persistent, as a definite
bed. In thickness it varies from 10 to 50 feet. The distance from
the Pittsburg coal is as follows: In South Strabane Township, 2,101
to 2,135 feet; in the vicinity of Linden, 2,138 to 2,160; at Washington,
2,130 to 2,163; in North Franklin Township, 2,121 to 2,165; in the
Ross field, 2,102 to 2,130; in the Zollarsville field, 2,211 to 2,350 feet.

In only a few instances has this sand produced gas. The sand
has been noted no more frequently than the Gordon, which indicates
something of its nonpersistence and variability.

Fifth sand.—The Fifth sand is also within the limits of the Catskill
beds; but it seems to be more persistent than either the Stray, Gor-
don, or Fourth. In general it occurs near the lower limit of the
Ca,tskﬂl and in some pla,ces hasno red shale below it. In one well the
Fifth is reported as a “red sand.” The position of the sand is 250
to 400 feet below the top of the Gantz, and it is reported in nearly
all wells which are deep enough to reach it. In a considerable num-
ber of records in the borough of Deemston and in East Bethlehem
Township, however, no Fifth sand is mentioned. This sand varies
in thickness from 10 to 50 feet.

The interval below the Pittsburg coal varies in North Strabane
Township from 2,186 to 2,220 feet; in South Strabane, 2,175 to
2,280; at Washington, 2,174 to 2,201; in North Franklin, 2,181 to
2,207; in South Franklin, 2,208; in the Ross field, 2,180 to 2,181;
2 miles northeast of Lone Pine, 2,205; in the vicinity of Zollarsville,
2,352 to 2,409; west of Deemston, 2,272 to 2,371; near Deemston,
2,327 to 2,359; southwest. of Bea]lsvﬂle 2,272 to 2 ‘336 and north of
Bcntleyvﬂle, 2 300 feet. -

With the exceptlon of the Bayard and Elizabeth sands, the Fifth
has been one of the most important gas-producing sands of the quad-
rangle, but most of the wells obtaining gas from it are now aban-
doned. They were situated in the northern extension of the Wash-

.
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ington oil field in the vicinity of Linden and west of Gambles station.
A number of these wells north of Linden occur in the syncline. Just
outside of the borough of Washington the Morgan No. 11 well, drilled
in 1900, has produced oil from this horizon. In North and South
Franklin townships the sand has given a little oil in several wells.
Some gas has been produced from this horizon in the Zollarsville
and Somerset fields.

Bayard sand.—In the western and northwestern parts of the quad-
rangle the wells are in general not deep enough to reach the Bayard
sand, and nothing is known of it. In Morris Township. several wells
pass into the Elizabeth without reporting the Bayard, and as few of
the deep wells in the Rogersville quadrangle note this sand it may
die out in that direction. It is reported in one well in North Frank-
lin Township. In the Deemston field and vicinity a great many
wells penetrate the Bayard, which is usually reported 50 to 150 feet
below the top of the Fifth. Owing to its position it is frequently
called the Sixth sand, but this name has also been applied to the
Elizabeth. In thickness it averages about 20 or 30 feet, here and
there amounting to as much as 50 feet.

The Bayard sand is reported in numerous wells in the Zollarsville
field, where the distance below the Pittsburg coal varies from 2,337
to 2,479 feet. In a well southeast of Munntown it is 2,400 feet, and
in North. Franklin Township 2,231 feet.

A large part of the gas produced in the Zollarsville field comes from
the Bayard sand. In other sections the sand is not important,
although beneath a large proportion of the quadrangle it has never
yet been penetrated. '

Elizabeth sand.—The deepest sand which has yet proved of any
importance is the Elizabeth, which lies 50 to 150 feet below the top
of the Bayard. It is also sometimes known as the Sixth sand, though
this name is more often applied to the Bayard, In general the Eliza-
beth is supposed to be more persistent than the Bayard, being re-
ported in nearly every well which reaches its horizon. It is, however,
one of the thinnest of the sands, rarely exceeding 20 feet, and usually
considerably-less. In the Waynesburg quadrangle to the south it is
not known to exceed 7 feet.

Notwithstanding its great depth, this sand has been penetrated
by many wells in the Zollarsville field, where its distance below the
coal ranges from 2,470 to 2,530 feet. By comparison with the meas-
urements given for the Bayard sand it will be noticed that the Eliza-
beth is much more constant. One measurement of 2,588 feet is
reported, but this is an exception. The interval is 2,482 feet in a
well north of Bentleyville, 2,506 at Lone Pine, and 2,400 in the
Fonner field.

In the Zollarsville field the interval from the Elizabeth to the top
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of the Gantz sand is 528 to 620 feet, with occasional records as high
as 743. The excessive amounts are generally due to indefiniteness
in_the position of the top of the Gantz sand. In the Fonner field
this interval is 500 feet and at Lone Pine 600 feet.

" The Elizabeth sand is at present the great gas producer of the
Zollarsville field. Gas has also been obtained from it in Somerset
Township. Beneath'the greater part of the Amity quadrangle this
sand has never been penetrated, but it would seem to offer good
opportunities for future prospecting. Oil and gas are reported to
occur in this sand in one well in North Franklin Township.

Beds below the Elizabeth sand.—In general, the Elizabeth sand may
be considered the bottom of the geologic record, but a few wells in the
quadrangle have reached greater depths. The Mrs. A. L. Hawkins
. No. 3 (32), in the borough of Deemston, reports a “Sweet sand” 40

feet below the top of the Elizabeth. The recorded thickness is only
4 feet. In the H. H. Richards No. 1 well (293), in West Bethlehem
Township, this sand has the same thickness and occurs 69 feet below
the top of the Elizabeth. A number of wells penetrate this horizon
without reporting the sand. In the George Thompson No. 1(309), in
West Pike Run Township, a sand 30 feet thick was noted 290 feet
below the top of the Bayard and 101 feet lower the bottom of a bed of
“broken shells and slate” is recorded. These beds have not been
definitely correlated, but are believed to approach the horizon of the
Warren First and Second sands of northern Pennsylvania. In the
Mrs. A. L. Hawkins No. 1 well, near Beallsville, beds of a different
character occur. Nothing is recorded there in the interval of 747 feet
below the top of the Fifty-foot sand, but at that depth—2,264 feet
below the Pittsburg _'coal—there are 48 feet of “sand and lime.”
Below that the record gives only 474 feet of ‘““slate and shell.” This
record was cv1dently considerably generalized by .the driller. In
only one instance, in the southern part of the Zollarsville field, is gas
known to occur below the Elizabeth sand.

PRODUCTION OF OIL AND GAS.
WASHINGTON OIL FIELD.

The principal production of oil in the Washington field was in the
years immediately following its discovery in 1885. Throughout the
history of the field oil has been obtained mostly from the Gantz and
Fifty-foot sands, and all the gushers were from these sands.. In the
early days the flows from some of the big wells were enormous.
Among the noted wells were the William Barre Nos. 1 and 3; William
Davis Nos. 1, 2, 3, and 4; Morgan Nos. 5 and 9; Matthew Taylor Nos.
. 1,2, 3, and 4; Workman Nos. 1 and 2; the Gordon well; A. M. Smith

Nos. 1 and 3; Manifold; Taylor; Willetts Nos. 1, 3, and 5; Munce No.
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11; and Cameron No. 1, all of which flowed over 100 barrels m the
ﬁrst twenty-four hours.

Of these, the Davis No. 2 produced 2,200 barrels per d&y, the Davis
No. 4, 1500 barrels during the first twenty—four hours; the A. M.
Smith No. 3, 2,800 barrels, and the Matthew Taylor No. 3, 2,300 barrels
in the same length of time. The largest well in the field was the Cam-
eron No. 1, which at first produced 50 barrels pér day, but after a few
days reached 140 to 175 barrels per hour. May 31, 1886, the field con-
tained 16 producing wells, the list of which, according to the Wash-
ington Reporter, is as follows:

List of producing wells in W ashington field May 31, 1886.

Well. ) Owner. P]ggrdggt;on
Barrels.
McGovern. .. .......coooanl. Union Oil Co. .ot e ce e 28
Taylor. ... ..o R [ J O 722
Lead works. ................ Mulholland McKeever & [0 S 12
Do Caldwell & Marsh .. ... . i . 18
Gantz............ s Citizens Oil and GasCo.................. 25
Weaver.........oooiiiiiiiiidiann 1 10
Montgomery . ........coooann. M. S. Kinney Bros. ........oiiiiiiiiiiiiiiiiii i 7
Gordon, No. 1 ................ People’s Light and Heat Co.........o.....ooooi.. 90
Gordon, No. 2.............foeaen L ) 8
- Gordon, No.4...............|..... do........ e e ‘ 275
Hess, No. 2. |..... QO e 40
Munce Purchase, No. 1....... B T S 2 - 150
Munce Purchase, No.3.......{..... [ Y ettt 725
Munce Purchase, No 5.......|..... 16 1T 200
Smith, No. L. ........ooeenen. BeIMONT Ofi €0 . o nenteneeiee e aeeaeaeeeenens 536
Cameron, No. 1...............f.... & 1o N 2,424

Some of the wells, including those on the Davis, Willetts, and neigh-
boring farms, have maintained their production wonderfully, and
these farms stlll have several producing wells. After fifteen years the
 William Smith No. 3 produced 7 barrels per day. The production of
the Washington field for 1887 was estimated at 2,859,344 barrels, or
7,800 barrels per day. For 1888 it was 2 ,322,189‘73 barrels. Most of
the old wells have, however, run dry and have been abandoned, and
those still existing are gradually disappearing.

Besides the Gantz and Fifty-foot sands the Gordon has yielded oil in
a few wells in the Washington field and the Fifth sand in several. The
deeper sands have not yet been prospected, but they would seem to
offer a field worth testing. As explained on page 51, the Big Injun
sand proved productive in the Manifold and Willetts No. 11 wells—
hence the name Manifold sand. The pocket of oil in that.sand was,
however, a very local one.

One characterlstlc of the Washington field is that it was worked by
a great number of small operators. At the time the excitement was at
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1ts height, the Washington Reporter published a list of 125 wells and
their owners, in which over 40 different companies and individuals
were represented. The more extensive operations were carried on by
the . Forest Oil Company, People’s Light and Heat Company, Willetts
Oil Company, Associated Producers Company, Manufacturers Light
and Heat Company, Chartiers Oil Company, John McKeown, Pew &
Emerson, and the Belmont Oil Company.

In the vicinity of Meadowlands there are about 50 oil tanks, having
an average capacity of about 29,350 barrels each, a total of 1,467,000
barrels, in which the oil produced in the southwest Pennsylvama dlS-
trict is stored. The total tankage at Meadowlands at one time was
about 2,409,000 barrels, contained in 76 tanks.

A number of wells in the Washington field have produced gas in
considerable quantities. "

FONNER OIL FIELD.

The Fonner is a small field which now produces about 50 barrels
of oil per day, from the Gantz and Fifty-foot sands. Some gas is
also produced in this field. The operations are carried on by the
_ South Penn Oil Company.

ZOLLARSVILLE GAS FIELD.

This is the great gas field of the quadrangle and has had a large pro-
duction for the past few years. The yield is principally from the
Elizabeth and Bayard sands, though small quantities are found at
all the important sand horizons. This field is being operated by the
Monongahela Natural Gas Company, the Philadelphia Company, the
Carnegie Natural Gas Company, the Greensboro Natural Gas Com-
pany, and the Manufacturers Light and Heat Company. :

On the extreme western edge of the field several small oil wells
were tapped in 1904. One of these, on the Margaret Ilill farm (278)
flowed 65 vo 75 barrels per day.

MISCELLANEOUS WELLS. ~

A number of miscellaneous wells in various parts of the quadrangle
have encountered oil in small quantities. None of them. are worth
mentioning. Gas wells are more widely distributed, and some of the
scattered wells are good producers. One of the more continuous belts
of wells runs from the Fonner field northeastward along the Amity
anticline to beyond the National pike. Another group occurs in cen-
tral Somerset Township. The gas in these scattermg wells occurs at

. no particular horizon, but has been found in all sands from the Big
Injun down to the Stray below the Elizabeth. The most commonly -
productive sands are, however, the Gantz, Fifty-foot, Fourth, and
Fifth. The majority of the scattering wells were drilled by the Car-
negie Natural Gas Company, the Philadelphia Company, and the
Manufacturers Light and Heat Company.
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PRESSURE OF NATURAL GAS.

The original pressure of gas in the Washington County district was
about 500 pounds to the square inch, minute pressure. Since its dis-
covery.every gas field in the State has exhibited a constantly dimin-
ishing pressure.- The pressure is different for the different sands and
also varies for a given sand in various parts of the field. Few pres-
sure records are available for publication.

THEORY OF OIL AND GAS.

Early in the history of oil and gas development attempts were
made to discover some means of predicting their occurrence. Since
1859 various geologists and others have published papers attenipting
to solve this problem. Among others T. Sterry Hunt (1859 and
1863), E. B. Andrews (1861), and H. Hoefer (1876) long ago recog-
nized certain general relations of oil and gas pools to the anticlinal
structure of the region. It remained for I..C. White and Edward
Orton to bring the occurrence before the public in such a way as to
force a measure of belief in the theory which they advanced.

_ THE ‘‘ANTICLINAL THEORY."

In an article on the geology of natural gas, published in 1885,¢
White first formulated the ‘“anticlinal theory,” in which he showed
that nearly all the great gas wells and pools are situated near the
crests of anticlinal folds; while wells bored in the synclines on one
side .or the other of the anticlines more often obtained little or no
gas but in many cases large quantities of salt water. In 1892 the
same writer published a paper,’ in which he extended the theory to
include the occurrence of oil as well as gas, and stated how he had
located the Washington, Mannington and other large fields by means
of the prln(;lples 1nvolved in the theory.

The view is, in brief, that when the rocks are gently tilted the 011
gas, and salt Water contamed in them are caused to separate out in
the order of their densities; water (if present) in the synclines, oil
next above, and gas nearest the crests of the anticlines. In western
Pennsvlvanla and northern West Vlrglma these accumulations take
the form of belts approximately parallel with the axes, in a general
northeast-southwest direction. White states various apparent excep-
tions, but in reality modifications, of the theory, due to the nonpar-
allelism of surface beds with the oil and gas rocks, etc.

Considerable has been written, pro and con, about this theory by
various geologists and others, and some have seriously doubted
whether it is true. By most geologists the theory is now accepted,
not, however, as absolute in its limitation of the occurrence of oil

a Science, June 26, 1885. White gives credit to W. A. Earseman, an operator of Pittsburg, who had
previously noted the relations of oil and gas to geologic structure.

b The Mannington oil field and the history of its development: Bull. Geol. Soc. America, vol. 3, 1892,
pp. 187-216; reprinted in part in West Virginia Geol. Survey, vol. 1 (a), Oil and gas, 1904, pp. 54-59.
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and gas, but as explaining their occurrence to a considerable extent.
The distribution of the pools is dependent also on the presence or
absence of water in a given region or a given sand; on the continuity
and shape of the anticlines, whether they are ascending or plunging
in a given direction; on the porosity of the oil rock, its capacity to
hold oil, the directions of its variation, etc.

APPLICATION OF ANTICLINAL THEORY IN PENNSYLVANIA. .

Thus far the Pennsylvania folios® which have been published
show a certain degree of correspondence of distribution of these
deposits to geologic structure. The gas fields occur generally on
the anticlines; the oil fields part way down the slope if water is
present, in the bottom of the synclines if water is absent. To take
the Pennsylvania and northern West Virginia fields as a group, the
evidence at present seems to warrant the ‘followm«7 generalizations
regarding structural distribution:

(1) When not affected by other conditions, accumulations of oil
and gas show a definite relation to the structure of the region.

(2) The greatest elongation of the pools is generally in a direction
approximately parallel with the axes of the folds.

(3) Where both oil and gas occur they are distributed according
to their densities, the oil in the lower and the gas in the higher por-
tion of a stratum.

(4) When salt water is present oil may occur in that pmt of the
stratum lying directly above the water level.

(5) Oil may occur on the crests of anticlinal folds below water
level.

(6) When salt water is absent the occurrence of oil is more irregu-
lar and more affected by other conditions; it may occur along the
synclinal axes or at many points scattered over the slope.

(7) Oil may occur on a structural slope at points where the dip
changes from gentle to steep.

(8) Gas occurs most commonly on the higher portions of the
anticlinal arches, above the upper level of the oil.

(9) Gas also occurs in widely scattered localities, owing to small
local folds or changes in porosity.

Structure is not the only condition determining the occurrence of
gas and oil. The structure may be favorable, yet neither oil nor
gas occur. The chief condition other than those given above is the
existence of rock of such character as to act as a reservoir.

RELATION OF OIL AND GAS RESERVOIRS IN THE AMITY QUADRANGLE 10 GEOLOGIC
STRUCTURE.

Washington field.—A study of the geologic map of the Amity
guadrangle with reference to the dlstubutlon of oil and gas ShO\\S

a (eologic Atlas U. S., folios 82, 92, 94, 102, 110, 115, 121, 123, 125, 134,
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certain relations which hold good with respect to the individual
fields. The Washington ,0il field, theé most striking example, is
located on the eastern flank of the Washington antlchne which it
follows in this quadrangle for a distance of 5 miles. The field aver-
ages about a mile in width and in position agrees closely with the
lower portion of the steepest grade of the anticlinal slope. The
greater proportion of wells aré grouped in a belt about a mile wide
just above a change in grade from the gentle structural slopes of
the bottom of the syncline to the steeper slopes of the anticline.
Along this belt the dip of the rocks is unusually steep—about 200
feet in a mile. This.is the steepest continuous dip in the quad-
rangle and is greater than usually occurs in Pennsylvania oil fields.
It will be noticed that the map shows a nose-like projection from
the axis directly east of the Manifold mine, and that a projection
of the oil field agrees with this. -

One small area in the Washington field— the group of wells wes?

“of Gambles—shows structural 1elat10ns somewhat different from
those in the rest of the field. This area is near the north end ot
the Washington field, and here the belt bends to the east and oil
occurs down to the bottom of the syncline. As operations in this
part of the Washington field ceased long ago, it is difficult to obtain
data for drawing conclusions regarding the cause of these peculiar
conditions. It is suggested, however, that if the rocks directly
below this pool are dry the oil may have descended from farther up
the slope, and thus the relations of the field may be accounted for.
Another peculiar feature of this field is the presence of a number
of gas wells in the bottom of the syncline north of Linden. Such
an occurrence is exceptional, as gas is more often present on the
anticlines. The gas occurs, however, above the oil, as would be
expected.

Examples of the anticlinal tendency of gas.—A typical illustration
of the structural relations of natural gas is afforded by the scattered
wells lying high up on the Washington anticline in Chartiers and
western North Strabane and South Strabane townships, where they
occur over a broad arch in the strata. The Canonsburg gas field is
a continuation of this belt.

Perhaps the best illustration of the anticlinal tendency of gas is
afforded by the Amity anticline, between the Greene County line
and Kammerer. This anticline is a rather broad arch having gen-
tle dips at its crest, and along it occur a large number of gas wells.

Zollarsville field.—The principal gas field of the quadrangle—the

- Zollarsville field—can not be said to hold any definite structural
position. Instead of occurring high up on the anticline southeast
of Deemston, as might be expected, it lies on the west flank of the
anticline and stretches over nearly the entire synclinal slope between
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Beallsville and Zollarsville, a few wells occurring nearly to the cen-
ter of the basin. The apparent disregard of structure here may per-
haps be due to the nonparallelism of the oil sands and the Pittsburg
coal, but the data at hand are not sufficient to permit the accurate
drawing of contours on any sand. Near the axis of the syncline,
southwest of Beallsville, oil has been struck in several wells.

Summary.—The distribution of oil and gas in the quadrangle as a
whole can be said to show a fair agreement with the geologic struc-
ture. The most favorable location for oil seems to be on the flanks of
the anticlines, and for gas either on the broad anticlinal arches or the
upper part of the synclinal slopes—always, however, higher up the
slope than where oil is found.

ORIGIN OF OIL AND GAS.

[

The theories for the origin of petroleum and natural gas can be di-
vided into two groups, viz, (1) those which refer these products to in-
organic action or chemical affinity in mineral matter, and (2) those
which regard them as due to partial decomposition of vegetable and
animal matter stored in the rocks. The various modifications of these
theories have been discussed in considerable detail by Edward Orton. ¢

.The theory now most generally accepted by geologists is briefly as
follows:

When the Paleozoic rocks were deposited they contained large
amounts of carbonaceous matter, the remains of animal and vegetable
organisms. This material was present in sufficient quantities to give
rise to oil and gas, through the process of decomposition and the phys-
ical and chemical changes to which it has been subjected during geo-
logic time. The products may originally have been formed in greater .
abundance in shales, but when once formed they probably migrated
into the more porous rocks, especially sandstones, in which they are
now held. As there are at present no surface indications of the pres-
ence of either oil or gas, it is probable that considerable quantities have
escaped from outcropping strata during the process of erosion.

MISCELLANEOUS NOTES ON OIL AND GAS.
CHARACTER OF THE OIL.

Washington County lies in what is known technically as the south-
west district of Pennsylvania and northern West Virginia. All the
oil produced 1n this district is a high grade of petroleum. It has a
paraflin base and a high degree of purity. In color it varies somewhat.
Though generally green, it is sometimes black, and in a few cases
amber or even nearly transparent.

@ Report Geol. Survey Ohio, vol. 6, Economic geology, 1885, pp. 60-83.
Bull. 300—07—-5
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:COMPOSITION OF NATURAL GAS.

Chemically,natural gas from the Pennsylvaniafields consists chiefly
of the hydrocarbons of the paraffin series, with nitrogen, traces of
carbon dioxide, oxygen, hydrogen, and ammonia. The chief con-
stituent is methane (CH,), the lowest member of the paraffin series of
hydrocarbons. Methane is one of the products of the destructive dis-
tillation of coal and consequently constitutes a large proportion of
ordinary coal gas. It is also produced in association with hydrogen
when plants decay at the bottom of rivers and swamps. The name
“marsh gas’ is therefore sometimes applied to it. Methane, when
pure, is odorless and not poisonous. Its specific gravity is 0.55297.
One cubic meter weighs 0.7148 kilogram; 1 cubic foot, 312.36 grams.
Methane requires twice its volume of oxygen, or 10 volumes of air, for
its-complete combustion, and the products are carbon dioxide and
water vapor.

Occasionally a well ylelds this gasin a nearly pure condition. Gen-
erally, however, there is quite a proportion of impurities. A number
of analyses have been made at various times of gas from Pennsylvania
wells, One of these is from the Houston well at Houston, one-third of
a mile west of the station, on Plum Run. The well is 1,794 feet deep

- and is drilled nearly through the Gantz sand. The Salt sand and its

gas were found at 850 feet, but this was cased off. The well may
therefore be considered as yielding gas from the Gantz sand exclu-
sively. The gas from the Salt sand is said to burn with a whiter but
more sooty flame than that from the greater depth. The occurrence
of an upper, less productive sand, yielding gas of greater illuminating
power, is said to be a common feature in the gas fields of the State.
The sample of gas was collected on March 18, 1887. The analysxs is

glven below : ¢
Analyszs of gas from the Houston well.

. Nitrogen .. ... i - 15.30 | Oxygen. . ...l Trace.
* Carbon dioxide (COy). . ..........- .44 | Hydrogen sulphide (H,S)......... 0
Hydrogen...................... 0 Parraffins (mostly) (CH4)......_.. 84.26
Ammonia (NHy) . ............... Trace. _—_
: 100

The paraffins mentioned in this analysis have the following average
composition: Carbon, 76.68 per cent; hydrogen, 23.32 per cent.

The following analysis represents a fair average for Pennsylvania
naturdl gas in general and is given here for comparison:

’ Average analysis of natural gas in Pennsylvania and West Virginia.b

Marsh gas (CH) .- .. .. ........... 80.85 | Hydrogen. ... ......_..._....... 0.10
Other hydrocarbons.............. 14 Hydrogen sulphide (H,S) ,..... .. 0
Nitrogen. . ... . ............... 4.60 | Oxygen ........................ Trace.
- Carbon dioxide (CO) . ... .. ..... .05 —_—
Carbon monoxide (CO)........... 40 ’ ' 100

a White, I. C., West Virginia Gebl Survey, vol. 1 (a), Oil and gas, 1904, p. 539.
b Oliphant, F. H., The production of natural gas; extract fromMmeral Resources U. S. for 1904, U. S.
Geol. Survey, 1905, p. 12,



PETROLEUM AND NATURAL GAS. ' 67
WASTE OF NATURAL GAS.

The waste of natural gas in the western Pennsylvania and Ohio
fields in the early days of production was enormous. From some
wells it has been estimated as equivalent to hundreds of tons of coal
per day. This was due largely to the enormous pressure developed
at the outset in some of the big producers. Measures were soon
taken to stop the waste. The gas from the McGuigan well, however,
as already stated, flowed away for more than a year before a main
was laid to Plttsburg
Aside from the waste due to uncontrollable prcssure in the early
wells, there has been a great deal of loss of gas owing to the fact that
the producers and consumers were careless in its transportation and
utilization. . Much gas is still wasted through unplugged wells, from
leaky joints, and from producing oil wells. ~Many farmers who own
gas wells foolishly allow the gas to burn all day from pipes in front.of
their houses. In one case gas was observed burning at the top of a
pipe in the center of a corn ﬁcld The writer has passed through vil-
lages where the street lights were allowed to burn all day. I. C.
White has estimated that in West Virginia one-fourth of the entire
production is daily wasted without accomplishing any useful purpose. ¢
Recently there has been a gradual awakening to the inexcusable
waste, and it is hoped that before long all the gas produced will be

utlhzed.
VALUE OF GOOD WELL KECORDS.

The advantage of keeping accurate and complete records of the
wells is almost universally underestimated. In the great majority of
cases only one or two coal beds and the principal oil and gas sands
are noted by the drillers. These answer their purpose for recognizing
the sands, but tell nothing of the character or distribution of the
intervening formations, and thereby render it impossible to draw
any geologic conclusions of value.

A few drillers and contractors have kept records in which the
thickness and dépth of all beds from the surface to the bottom of the
well have been noted. It is urged that more such records be kept.
Especially is it important to note the positions and character of all
coal, red shale, and limestone beds, as on these the geologist depends
most of all for his correlations. Such data assist in the determination
of geologic structure and frequently enable him to define the limits of
a certain formation, and thus to give the geologic name corresponding
to the driller’s term for a certain sand. To meet the needs of drillers
and other persons who wish to keep pace with the most modern
methods of taking notes, the United States Geological Survey keeps
in stock a large number of pocket record books, which may be

e West Virginia Geol. Survey, vol. 1 (a), Oil and gas, 1904, p. 30.
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obtained without cost by all drillers who desire them. The covers
of these notebooks contain a few geologic notes and suggestions to
drillers. The Survey is also glad to receive samples of formations
passed through at various depths in the wells, as by careful study and
comparison it is frequently possible for the geologists to make inter-
pretations which the record alone will not give.

RECORDS OF WELLS IN THE AMITY QUADRANGLE.

For the convenience of persons prospecting and o'pera'tin'g in this
region the following table has been prepared, giving the depths to the
_principal oil and gas sands and other important beds penetrated by
the drill. The accuracy of these figures can not be vouched for, but
they are taken from the best available records furnished by the
drillers.

°
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Depths, in feet, to coals and principal

{From records furnished by the owners. *Significs that the figures given represent the depths of gas

by level.  All other elevations

=
N Iili%‘;f’ Name of well. Owner. P Product. Producing sand.
g
S
Z
Amwell Township.
1] 1,135 | Daniel Baker, No. 1 ....|.......ooooieeeoiaeeeie.
2| 1,215 | Zach Baker........... ..o oot
3] 1,010 | BaKer.....oooeeeeiome]ei e
41,0507 Beboub. ..o
5 940 | Clark Hackney, No.1..| Fergus Oil Co.............
6 950 | Hackney, No. 2 .:...... Carnegie Natural Gas Co.?.
71 1,320 | Jas. M. Kuntz, No.1? ..
8 960 | Meloy, No. 1
9 968 | Meloy, No. 2
10 [..oaees Grant Moniger, No. 2
(or 3).
11| 1,110 | Onias Moniger
12 950 | Swart. ... ...l y Dry.
13 | 1,020 | Webb, No.1........... | Carnegie Natural Gas Co..| Gas.....ooooofoieaeaenaoi.
Borough of Beallsville.
14| 1,160 | Mrs. A. L. Hawkins, | Manufacturers’ Light and | Gas...... [ S,
No.2. Heat Co.
“15| 1,070 | Luse, No. 1 ............ Gré:ensboro Natural Gas |..... do........ Bayard...........
0.
16 | 1,095 | A. C. Mitchell, No.l....[..... do ....eeiiial.. DU P £ 1S S PPN
Borough of Bentleyville.
17 | 1,080 | Mrs. R. L, Jones ...... Philadelphia Co........... [ ¥ T
18 955 | J. G. McCormick, No.1. |..... [ L S 0} 3 AU
Chartiers Township. R
19 955 | Arnold, No. 1..........
20 | 1,120 | Peter Martin, No. 1 e
21-| 1,000 | C. R. Riggle, No. 2 ..... Manufacturers’ Light and
Heat Co
Borough of Deemston.
22 | 1,185 | Burkehammer, No. 1...| Monongahela Natural Gas
Co.
23 ¢ 1,035 | N. T. Clark, No. 1...... Manufacturers’ Light and |..... Ao
Heat Co.
24 865 | A. B. Crumrine, No.'I .. Gl&ccnsboro Natural Gas |..... do....... Fiizabeth........
0. .
25 | 1,115 | Demas Crumrine, No. 1 .| Manufacturers’ Light and |..... [ Lo A R
Heat Co.
26 | 1,105 | Volluntyne Crumrine, | Monongahela Natural Gas “..__..... ... | ... ...
No.1. Co. . | -
27 { 1,035 | Volluntyne Crumrine, |..... (< (s W ’ [ S
No. 2. . ‘
28 925 | Wm. Crumrine, No. 1 .. Gl(':eensboro Natural Gas FEPP do........ Elizabeth........
. 0.
29 840 | Matilda Davis, No. 2 ...i..... do..ooii l ..... do
30 965 | F. L. Hastings, No. 1 .. Mgnong:mcm Natural Gas ...
0. | )
31| 1,045 | Mrs. A. L. Hawkins, | Manufacturers’ Light and { Gas..........|..c..oociiiaoa..
No. 1. Heat Co. l .
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sands in the Amity quadrangle.

or oil in the sand; t signifies known steel line measurement; I, means that the clevation was determined
were determined by aneroid barometer.]
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671...... 400]...... 1,360; 1,595\ 1,645 2,140 2,333 2,373......|...... 2,622} 2,672| 2,819 | 2,894
112 318 434f.....f.ooo|.o 600l 2,350] 2,401 ... .o oaen 2,7700 2,920 |.......
.................. 936)......| 1,483) 1,545(......]......] 2,270, 2,450] 2,495|......|......] 2,6707| 2,8007
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90| 315 420| 1,100] 1,357...... 1,650 2,274} 2,350| 2,420. ..... 2,600 2,670]. ... 2,786 | 2,925
...... 85| 208 812) 1,200 .| sl ] 2,502 | 2,608
............ 478l 1,6300 1,605(..... ] 2,380 2,400|......| 2,603|...._| 2,803 2,872 | 2,971
............ 387  990| 1,345.....| 1,638] 2,110| 2,330 2,370 2,755 2,795 | 2,800
............ 397| 1,000{ 1,355|......| 1,648| 2,120 2,340| 2,380|......|[......0......| 2,765 2,505 | 2,900
............ 265 8435 1,200 1,450 1,520] 2,130 2,190| 2,245|......|......|......|......| 2,675 | 2,760
R 2000 804|...... 1,405| 1,455|...... 2,120...... 2,387) 2,402). .||l
T IO 200]...... 1,100]...... 1,450[.. ... 2,170 ..o e 2,430[...... 2,553 2,620 | 2,705
...... 2080 425......0 1,418 1,589f 1,645\......[......| 2,34 ...
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Depths, in feet, to coais and principal

[From records furnished by the owners. *Signifies that the figures given represent the depths of gas

41
42
43
44

- 45
46
47
48

or &1 oo
PRI )

o
&

56

62
63
64
€5
66

by level.

All other elevations

Etli%‘[’la' Name of well. Owner. Product. Producing sand.
Borough of Deemston— .
Continued.
1,035 | Mrs. A. L. Hawkins, | Manufacturers’ Lightand | Gas...........l.. oo ... ...,
No. 3. Heat Co.
1,000 | L. V. Martindale, No.1.}. ... ... ... ............
1,080 | L. V. Martindale, No.2.|. . ...,
1,225 | Wm. Michiner, No. 1... Mgn(mgahelﬂ. Natural Gas
0.
015 | Jas. M. Miller, No. 1 ....[..... [
1,050 | W. 8. Morey, No.1.......... [ e T,
845 | Oberholt, No. 1 ........[..... (¢
875 | Porter, No. 1..... PP Carnegie Natural Gas Co. ..
995 | Geo. T. Regester, No. 1. Mgnongnhel;m Netural Gas
. 0. . '
1,165 | Spindler, No. 1 .........
1,155 | David Teagarden, No. 1.
1,045 | Hiram Teagarden, Nc.1.
1,175 | J. L. Thompson, No.1..
1,105 | J. L. Thompson, No. 2 .
1,045 | J. L. Thompson, No. 3 . .| Elizabeth. .
1,020 | J. L. Thompson, No. 4 . Bayard..... ._...
1,030 | J. I.. Thompson, No. 5 . Elizabeth. ... ...
1,045 | Wm. Ward.............] Monongahela Natural Gas |................looee ot
1,235 | A.M. Wickerham, No. 1.[. ... 0., O U
925 | John B. Wise, No. 2. ... Philadelphia Co........... (€77 T P
1,005 | Mary S. Wise, No. 1?...|..... do..ooiiiii do........ Elizabeth........
1,090 | Grant Zollars, No.1.... Mocnongaheln. Natural Gas |..... do ..o
0.
East Bethlehem Town-
ship. N
1,200 | Blakely, No.1......... Monongahela Natural Gas | GasS._ ......o.o|evieiiiiiiiiais
Co.
1,145 | Selig heirs ..............|..... L o S P DO
Morris Township,
Greene County.
1,270 | Bristor Bros., No.3....| South Penn Oil Co........ Oil........... Gantz............
1,265?) Crummerine............ Gas.......o.ees do............
1,485 | Wm. Fonner, No.4 . ...| South Penn OilCo........[ Oil............|..... do............
1,470 | Abner Lacock.......... J.L.Dunn&Co....ooooo. . ... do........ - Hundred-foot. . ..
1,228 | ElmasLoughman, No.1) Tim Ross & Co............|..... do........ Gantz............
1,170 | John Ross, No. 1? ... .| oo, Gas.coveeeei]enan do.. ...
Morris Township, Wash-
inglon County.

........ Carcy, No.1............ TimRoss & Co............| Qil...........| Fifty-foot........
1,130 | EImas Carcy, No. 1 ... .| Dunns Station OilCo...._[..... do.......0..... do............
1,050 | D. A.Conger........... J.L.Dunn & Co........ ..

990 | Ringland............... Carnegio Natural Gas Co..| Gas........... Gantz. . .........
1,350 | J. I.. Dunn, No. 1 .._... Dunns Station Oil Co...... Oil...ooooiiifoas do............
1,000 | Dunn, No. 2...........diiccdoeeeniinnonnnncineiin o
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sands in the Amity quadrangle—Continued.

or oilin the sand; f signifies known steel line measurement; L meansthat theelevation was determined
were determined by aneroid barometer.]

Depth to—
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Depths, in feet, to coals and principal

[From records furnished by the owners. *Signifies that the figures given represent the depths of gas
by level. All other elevations

o
D:-; htli?)\;f- Name of well. Owner. Product. Producing sand.
o
S .
7z,
North Franklin Town-
ship.
67 | 1,305 | Isaac Elmer, No.1..... Manufacturers’ Light and |........o.o. |l
Heat Co.
68 | 1,135 [ Wm. Knox, No. 1. .o feee a0 oiioiiii e
69 | 1,220 | W. H. McElree, No. 1 ..|..... [ DUy
70 | 1,165 | M. Mounts.........._...|..... A0
71 1 1.250 | Mrs. Snyder............]. ceedon Oilandgas...|......occeviieaan...

N orth Strabane Fown-
ship.

72 995 | Jacob Bell

73 920 | Bell, No. 2

74 985 | Bell, No. 3

75| 1,025 | Matthew Berry, No. 1.l oo i [ Lo J R F
76 1 1,000 | Matthew Berry, No. 3..| Manufacturers’ Light and |..... L6 L
. Heat Co.
77§ 1,110? | Fife heirs, No. 1 (?) ....| Jeflferson GasCo...........
T8 |eceennnn Fife heirs, No. 2 __._._..l._ .. do....oil
79| 1,245 | Robt.Herronheirs, No. | Manufacturers’ Light and
1. Heat Co.
80 | 1,115 Rc2>bt;‘ Herron heirs, No. |..... do. .ot
81| 1,100 Rgl)c.Horronhcirs,No. eene@On et i F S
82 985 | E.T. Hitchman, No. 1 .| Canonsburg - Light and | Dry...........l..................
Heat Co. -,
........ Hixon..................| Jefferson Gas Co....oooonfoveniiiii i oii i
83| 935 | A.C.Hormer . .......|.... A0 DY, e e
84 | 1,075 | Robt. Johnson, No.1...| Manufacturers’ Light and | Gas...........l....ooooooooo... .
. Heat Co.
85 | 1,295 | Bella Lyle (2).......... Jefferson Gas Co...........|..... do........ Fifth.............
86| 1,120 1 sam Linn, No.3........ Manufacturers’ Light and | Oil........ ..l oo,
Heat Co. .
87 | 1,080 | Sam Linn, No.4......
88 | 1,120 | Sam Linn, No.5.......
89 | 1,230 | Sam Linn, No.6.......
90 | 1,140 | J. B. McBride,No.2....I..... Ao

91 995 | J.J. Manes,No.1._.....
92 9557 | John P. Manes,No.1...
93 | 1,010? | John P. Manes,No.2. ..

94 | 1,025 | Jas. V. Manes,No.1.._|..... do............ R do........0..... do............
........ Martin,No.9.... ..
........ Martin,No.11.......... .
95 | ....... A. E. Mollenauer.......|..... i T IR PR
96 | 1,180 | H. P. Mollenauer, No.1.] Manufacturers Light and | Oil......... ... ........... s
: Heat Co. :
............. Aol

97 | 1,140 | H. P. Mollenauer, No. 2.
98 | 1,155 | H. P. Mollenauer,No. 3.
99 983L|( H. P. Mollenauer,No. 4.
100 | 1,070 | H. P. Mollenauer,No.5.
101 995L) J. W- Pollock,No.1....[..... do........ . L O
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sands in the Amity quadrangle—Continued.

NATURAL GAS.

75

or oil in the sand; t signifies known steel line measurement; 1, mexms that theelevation was determined
were determined by aneroid barometer.]

Depth td—
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Depths, in feet, to coals and principal

[From records furnished by the owners. *Signifies that the figures given represent-the depths of gas
by level. All other clevations

Eleva-

tion Name of well. ., Owner. : Product. Producing sand.

No.on PL. 1.

North Strabane Town-
ship—Continued.

102| 1,205 | J W. Pollock, No. 2....| Manufacturers’ Light and | Oil
-Heat Co.

103{ 1,075 | J. W. Pollock, No.3....
104 1,145 | J.W.Pollock,No.5.. ...

105/ 1,050L| J. W. Pollock,No.6. ...
106 1,305 | Quail,No.1l.............
107} 1,305 | Quail,No.2....... e
108  960? | Mrs. C. M. Reed........ Associated Producers Co . .{..
109 1,325 | “Rooney well”” (No. 2).| Chartiers OQil Co...........
110| 1,300 | Rooney,No.5.......... Manufacturers Light and | Gas...........l.............. ...
. Heat Co.
111} 1,015 | Thos. Templeton,No.1.| Philadelphia Co.......... Y P do........ fe
12 ... Thome,No.1........... Jefferson Gas Co.o........l......... P e
Thome,No.3...........]..... Ao |
wieee..| Thome,No.4. ... .. A0 R U SO
........ Thome,No.5...........[..oodoouoionin e Gasooooo L Fifthe el ool
115 920 | Washerbaugh,No.1._..|.. .. [ [ . R
116{........ Washerbaugh,No.2....{. ... [ o TSP, Gas...oooo i
7., Washerbaugh,No.3....[..... U J R A, Ao
118| 1,155 | Joshua Wright,No.1...[ Chartiérs Oil Co...........]..... do........ Gantz............
19, ... Joshua Wright,No.4...|.. 7. .do..................... Oil..........b.... A0,
Nottingham Township. '
| Hoffer,No.1............ Carnegie Natural Gas Co. .
E.T.Hyde....... ....| Liberty Oil and Gas Co...
McClean heirs_ . ... ... ool
122| 1,1807 | James Thomas (?) .. ...[ Philadelphia Co...... PO

Somersct Township.

123} 1,175? | Henry Andrews, | Carncgie Natural Gas Co._.

No. 1 (?)
124{ 1,275 | J. W. Frost,No.1......[..... [ (o P
125 1,100 | J. W. Frost,No.2. ... .[..... do ...l
126] 1,115 | Andrew Gamble........ Philadelphia Co...... et
127{ 1,170 | Eli Hawkins,No.1...... Monongahela Natural Gas
Co.

128| 1,000 | A. Hetherington,No.1..| Philadelphia Co...........
129 975 | J. A.Hoffman.......... M(o:nonga.hcla Natural Gas

0. (?) .
130 985 |J.J.Hoffman.......... Fergus OilCo.............
131| 1,135 | Mrs. M. A.Jones....... Loury OilCo. .............
132| 1,200 | Joseph Kammerer......|.......coiiiiiiaiaiiiaoeaan.
133 1,280 | Margaret Martin, No.1 | Monongahela Natural Gas

Co.’

134] 1,265 | J M. Oller,No.1.......| PhiladelphiaCo...........
135 1,090 | A.T. Scott,No.1....... Mgnongahcla Natural Gas

o, .
136 1,100 | Issac Tombaugh, | Philadelphia Co...........

No. 2 (7).
South Framklin Town-
ship. )

137| 1,145 | Doctor Dodd.......oi feeeriiiiiiiii it
138| 1,150 | Ira Laeock............. Oil (little)....
139| 1,170 | Jas. McClintock




PETROLEUM AND NATURAL GAS. . V&

sands in the Amily quadrangle—Continued.

or oilin the sand; t signifies known steel line measurement; L means that the elevation was determined
were determined by aneroid barometer.]

Depth to—
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78 ECONOMIC GEOLOGY OF AMITY QUADRANGLE, PA.
Depths, in feet, to coals and principal

[From records furnished by the owrers. * Signifies that the figures given represent-the depths of gas
. . by level. All other elevations

- -
~ Etli%;&— Name of well. Owner. Product. Producing sand.
z ;
)
Z

South Strabane Town-

ship. )

140, 1,079L° Wm. Barre, No. 1...... Forest Ojl Co.............. Oil. ...
141 1,115 | Wm. Barre, No.3......|..... O L,

142{ 1,260 | Wm. Barre, No.
143| 1,315 | Wm. Barre, No.
144! 1,265 | Wm. Barre, No. 6..
145 1,320 | Wm. Barre,No.7..".
146! 1,340 | Wm. Barre,No.8.

147| 1,275 | Wm. Barre,No.9.......

148} 1,265 | Wm. Barre,No.10......|. @0 e KA do........ Gantz, Fifty-foot.

149)........ ‘Wm, Barre,No.11......|..... [ 10 D U P do........ Gantz, Gordon ...

150; 1,325 | Wm. Barre,No.12......|..... Ao do........ Gantz, Fifty-foot.

151) 1,190 | Wm. Barre,No.13......|..... do...eiiiiol.. U do............ s (s T

152 1,142L J. & G. M.Cameron, | Chartiers Oil Co...........[|. Lodoalill Gantz._._.........
No. 2.

153| 1,210 | J.& G.M.Cameron, j..... (o T FUSI do..& ... do.....ooo..

- No. 3.

154 1,333 [ J.& G.M.Cameron, |..... L& T PR Ao
No. 5. ’ .

155 .1,192 J.f\]& G.M.Cameron, {..... do........ PO PO do........ Gantz, Fifty-foot.

0. 6. .

156) 1,285 (J.& G.M.Cameron, |..... {6 0 T P do........ Gantz............
No. 9. :

157] 1,255 | J.& G.M.Cameron, |..... Ao o do.......|..... do............
No. 1l.

158 1,260 J.&Q G.IZM. Cameron, |..... [« Lo Oil and gas...| Gantz, Fifty-foot.

0.12. .

159 1,260?{J. & G.M.Cameron,|..... (i (T Oil........... Gantz............

: No. 13. . .

.160| 1,325 | William'Davis,No.1...| Associated Producers Co..[..... do........ Gantz, Fifty-foot.

161] 1,280 | William Davis,No.2. .. do do ...do :

'162) 1,260 | William Davis,No.3. ..
163| 1,215 | William Davis,No.4...|....
164|........ William Davis,No.5. ..
165] 1,200 | William Davis,No.7. ..
166 1,235 | William Davis,No.8. ..

Fifty-foot, Gantz.

167| 1,325 | William Davis, No.9. .. Fifty-foot........
168, 1,255 | William Davis, No.10. . Gantz............
169 1,200 | Fergus,No.1...........|oeeeeiiieieiiiiiinnaandon Ll do............
170{ 1,110?)..... [ [ Fergus Oil Co............]..... oo
171) 1,115 | Fergus, No.2 (?) . T Hanover Oil Co...........|............... ... e
172} 1,115 | Fergus, No.4 (?) ...... .
........ S. P. Fergus, No.1......
........ S. P. Fergus,No. 2......
1,286L| S. P. Fergus,No. 5......
........ S.P Fergus,No.6......{.
....... S. P. Fergus, No.7......[.....do.. ...
........ S, P. Fergus, No.11 ... |.....do...oeeniniiiaal,
173} 1,140 | Robert Forest,No.1....| Forest OilCo.............
174]..._.. .| Kountz,No.1.......... Pcople’s GasCo. .. ........
175| 1,165 { Kountz,No.2..........[..... [ (o T e
176 1,065 | Kountz,No.3.......... W. F. Borchers...........
1771 1,220 { J. H. Little,No.1....... Carnegie Natural Gas Co..
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sands in the Amity quadrangle—Continued. ;

oroilin the sand; t signifies known steel line measurement; L means that the elevation was determined
were determined by aneroid barometer.]

Dépth to—
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ECONOMIC GEOLOGY OF AMITY QUADRANGLE, PA.

Depths, in feet, to coals and principal

[From records furnished by the owners. *Signifies that the figures given represent the depths of gas

by level. All other elevations
-
: Iili%\;f' Name of well. Owner. Product. Producing sand.
g .
(=]
Z

South Strabane Town- ’
ship—Continued.
178 1,075 | J. D. McNary, No.1....| Chartiers Ol Co....n...... Oil........... Fifty-foot........
179] 1,215 | J. D. McNary, No.2....| Manufacturers’ Light and |..... ... ... |-l
-Heat Co.

180[ 1,060?| Manifold, No.1(?)..... Manifold Oil Co
181 1,045? Manifold,No.2(?)......
182| 1,200 | Martin Bros.,No.1.....
183{ 1,120 { Martin Bros.,No.2.....
184] 1,160 | Martin Bros., No.3. ...l ...d0. .o ieeeeeieiinoe] e
185 1,115 | Martin Bros, No.4. ... oidOmneeemeeme e [ RUUSR
186 1,255 | Martin Bros.,No.5..... Gantz............
187) 1,255 | Martin Bros.,No.6..... Gantz, Fifty-foot.
188] 1,250 | Martin heirs,No.1... .| Fifty-foot........
189| 1,290 | Martin heirs,No.2...
190 1,215 | Martin heirs,No.3......
1011 1,200 | Martin heirs,No.4......
192| 1,270 | Martin heirs,No.5......
193| 1,255 { Martin heirs,No.6......

........ Morgan,No.1.......... Gantz, Fifty-foot.
194 1,290% Morgan,No.2 (?)....... Gantz............

........ Morgan,No.3...........

........ Morgan,No.5..

........ Morgan,No.6..

........ Morgan,No.7...........

........ Morgan,No.8...........

........ Morgan,No.9...........

[ Morgan heirs, No.11....

......... "R.J. Munce,No.1......

......... R.J.Munce,No.2.__.._.|.
195 1,345 | W.J. Munece,No.1..... .| McKeoun Oil Co........... Oil........... Gantz, Fifty-foot.
196! 1,305 | Munce,No.2............1..... L YRR N do..o..... Fifty-foot ........
197| 1,360 | Munce,No.3......... N R do........: RN IR do........ Gantz (or Fifty-

foot). *
198 1,280 | Munce,No.4............
1991 1,330 | Munce,No.5............
200] 1,350 | Munce,N0.6............
201} 1,390 [ Munce,No.7........... B
202} 1,280 | Munce,No.8...........
-203| 1,260 | Munce,No.10...........
204] 1,280 | Munce,No,12....,......
205| 1,260 | Munce,No.13...........
206] 1,350 | Munce,No.14...... et
207| 1,240 | Munce.N0.15...........
"208| ‘1,085 | Munce,No.16...........
209| 1,135 | Munce,No.17...........
210( 1,095 | Munce,No.18...........
211{ 1,190 | Munce,No.20...........L..... [ R PR [ T J P [ T I
212( 1,190 | Myers,No,1............ Carnegie Natural Gas Co..| Gas......ccoofoiiiiiiiiiinns
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sands in the Amity quadrangle—Continued.

81

oroil in the sand; t signifies known steel line measurement; L means that the elevation was determined
were determined by aneroid barometer.)
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ECONOMIC GEOLOGY OF AMITY QUADRANGLE, 'PA.‘

Depths, in feet, to coals and principal

[From records furnished by the owners. *Signifies that the figures givel? represent the depths of gas

. y level. All other elevations
—
~ 1*31;1,10"9" Name of well. Owner. Product. Producing sand.
g on. .
S
Z
South, Strabane Town-
ship—Continued. N
213| 1,195 | Quail,No.1............. Quail il Co.....oooeenn. Dry.oooeeii i
214| 1,100 | Quail (2d),No.2........ McKeoun 0il Co Fifty-foot........
215 1,070 | Alvin M. Smith, No.1...| Chartiers Oil Co.. Gantz............
216! 1,060 | Alvin M.Smith,No.2...{.....do.....ooooeiiiiitoidOn ], do....ooioolL
217| 1,280 | Alvin M. Smith.No.3...[.....do.......c...o.oooo.oiiiiidoa o falias (<[ P
218 1,290 | Alvin M. Smith,No.4...|.....d0....ccoiiiaii]eecdon i, do...ooenaa...
219 1,070 | Alvin M.Smith,No.5...{.....do............o....foocdo ool do.. ...l
220] 1,192 | Alvin M.Smith,No.6...|.....do...........o....of.cadoaaaai ol [
221| 1,125 | Alvin M. Smith,No.7.. . |.....do................oo ... doal o]l do....ooo.....
222\ 995 | W.J.8Smith,No.2......] Forest OilCo..............| Dry ... ... oo
2231 1,2307 | W. W.Smith, No. 1(?) . |ceeo 0. e
2241 1,175 | W. W. Smith,No.4..... Fifth_ .. ...
........ Mary Stewart, No.1.. .| Gantz. . ..........
2250 1,120 | J.R. Taylor,No.1......|..cc.dO:eoerninieninnnnaitfeaadoo oo
226 1,159L{ M. Taylor,No.1........ Gantz, Fifty-foot.
227 1,250 | M. Taylor,No.2.......f.eeeedOneeeeiiiiiiiiendeeenndon i fonnnn do............
228| 1,325L4 M. Taylor,No.3........[.....do.. ... fiodon ol do....ooo..l
229, 1,280 | M. Taylor,No.4........}.....do....oooiiiiiininenen @Ol do............
‘230l 1,225 | M. Taylor,No.5........ Gantz............
231' ........ M. Taylor,No.6........L.....do ... dioiodoa ool Aol
232| 1,280 | M. Taylor,No.7........ Bayard...........
233) 1,300 | Wade,No.2._.......... Gantz._........~.
234| 1,225 | Washington Floral Co.. ..| Gantz, Fifty-foot.
235 1,155 | Willetts,No.1.......... | Gantz............
236{ 1,135 | Willetts,No.2..........
237) 1,100 | Willetts,No.3..........
238| 1,130 | Willetts,No.4..........
239 1,070 | Willetts,No.5..........
240| 1,100 | Willetts,No.G..........
‘241§ 1,215 | Willetts, No.7..........
242} 1,315 | Willetts,No.8..........
243| 1,185 | Willetts,No.9.
2441 1,190 | Willetts, No.
245) 1,065 | Willetts, No.
........ Willetts, No.
........ Willetts,No.
........ Willetts, No.
........ Willetts, No.
........ Willetts, No.
246| 1,160 | Willetts,No.17.........
..... ~..] Willetts,No.18.........
........ Willetts,No.19.........
247| 1,135 | Willetts,No.20.........
________ Willetts, No.
Willetts, No.22. ........

‘Willetts,No.
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sands in the Amity quadrangle—Continued.

oroilin the sand; 1 signifies known steel line measurement; L means that theelevation was determined
were determined by aneroid barometer.]

2,130
2, 263
2,108 oo

’
9,575 ... 2,540 ... 9,650, 2,735 2,800 ...
2,90644(2,424 Lo .o ool } ....... Lo
2,316 2,369 |......|...... 2,637 2,702I ....... ...

2,507
2,220
2,280
2,382
................................................ 2,468 |2
............ 616 |ooo el e 2e, 33
2,358
2,305
2,415

................................................ 2,516
280|...... 622 |...... 1,530/ 1,700| 1,760| 2,270(2, 440
............ 4507, ... ]2, 286

............ 1400 ... 2230

Depth to—
o] = %) I} o o ;| = a.’'l = ] o a
5 5 & B . s S B | o © =1 3 w
2. |2 |=. &8 s a9 B e8|l g | B |l
@ — = |aZd &g & ¢ || S| @ |w2|vd|vD ] ag [Fog
IR I et I = = a | 8 =1 | g @ g &8
€S 128 pg 7w @ = IR 8 8 “'g‘ g T E=] g ~ 3
O35 155 25| 2 | 5 =7 |57 8 1gF SE SR 2 g | R A
2 |13 |~ |p @ | A [a (& S |& |ow|o [ R 2
2,236 (2,291 |...... 2,530]...... 2,625(. ... | ... -
. 2,130 (2,188 ..ol
................................................ 2, 142
................................................ 2,121
2,340
2, 362
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- Depths, in feets to coals ane principal

[‘F,rox'n records furnished by the owners. * Signifies that the figures given represent the depths of gas

1,185

Mocnon gahela Natural Gas
o.

by level. All other elevations
-
5‘; ]?1‘;11%\1’1&- "Name of well. Owner. Product. Producicg sand.
g
3
4
South Strabane Town- )
ship—Continued.
248! 1,100 | Willetts, No.25
2491 1,140 | Willetts,No.28
250{ 1,250 | Workman,No.1..._....
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