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INTRODUCTION

Purpose

This text is to be used in conjunction with the Federal Coal Resource
OccurrencegFCRO) and Federal Coal Development Potential (FCDP) Maps of the
northeast quarter of the Heavener 15-minute quadrangle, Le Flore County,
Oklahoma.

This report was compiled to support the land-planning work of the Bureau
of Land Management (BLM). The work was undertaken by Geological Services of
Tulsa, Tulsa, Oklahoma, at the request of the United States Geological Survey
under contract number 14-08-0001-17989. The resource information gathered
for this report is in response to the Federal Coal Leasing Amendments Act of
1976 (Public Law 94-377). Published and unpublished publicly available
information was used as the data base for this study. No new drilling or
field mapping was done to supplement this study, nor were any confidential
or proprietary data used. The coal data used in this map report were origi-
nally compiled on an enlarged version of the Heavener 15-minute quadrangle
base. Subsequently, the Heavener 7.5-minute topographic quadranagle map
base was completed by the U.S. Geological Survey. The more recent base map
was used in compositing plates 1, 4, 5, 6, 7, and 8 in the accompanying map
set. Minor discrepancies may exist in the locations of the traces of the
coal bed outcrops and other surface data points; however, the enclosed maps
are internally consistent. The decision to use a more modern and accurate
base with the designated plates should not significantly affect the reserve
base or reserve tonnage.

Location
The northeast quarter of the Heavener 15-minute quadrangle is located

on the east side of the Howe-Wilburton mining district in the southern part



part of the southeastern Oklahoma Coal Field. All the quadrangle is within
Le Flore County. The town of Heavener in the southwest corner of the study
area is the largest settlement in the study area. The city of McAlester is
70 miles (112 km) west, and the city of Tulsa is approimately 120 miles
(192 km) northwest of Heavener. The only other town of any size in the area

is Monroe, in the northeast corner of the quadrangle.

Accessibility

The town of Heavener is accessible by U.S. Routes 59 and 270, which
intersect at the north edge of town. State Route 128 runs south of Heavener
out of the study area toward the small town of Hontubby. The area is also
served by the Kansas City Southern Railroad, which runs along the southern and
western edge of the quadrangle, and by the Chicago, Rock Island and Pacific
Railroad, which runs across the northern edge of the quadrangle.

Much of the area is accessible by primary and secondary roads, with the
exception of Poteau Mountain, which is accessible only by scattered jeep

trails and other unimproved roads.

Physiography

The northeast quarter of the Heavener 15-minute quadrangle is in the
Arkoma Basin on the northern edge of the Ouachita Mountains, in the Arkansas
Valley physiographic province (Hendricks, 1939). The Choctaw fault, which
marks the southern edge of the basin, is approximately 4 miles to the
south.

The Heavener area is an area of reverse topography, with synclines form-
ing mountains and anticlines forming valleys. The major topographic feature

in the northeast quarter of the Heavener 15-minute quadrangle is Poteau



Mountain, which takes up a good portion of the eastern half of the area. The
mountain has a vertical relief of over 1,300 feet (397 m), reaching a height of
(610 m) above sea level.

Resistant sandstone units have formed sharp ridges in the area, some of
which bend through the southwestern edge of the northeast quarter of the
Heavener 15-minute quadrangle. These rise 50 to 100 feet (15 to 30 m) above
the intervening valleys, which average 550 to 600 feet (168 to 183 m) in
elevation.

The northeast Heavener 15-minute quadrangle is drained by numerous small
streams and creeks whose courses are influenced greatly by topography. The

Poteau River cuts through only the extreme northwest corner of the area.

Climate and Vegetation

The climate in southeastern Oklahoma is for the most part fairly
moderate, winters are short, and extremely cold weather is rare. Summers,
however, are generally long and hot. The mean annual temperature is about
62° F (17° C), and ranges from a daily average of about 41° F (5° C) in January
to about 82° F (28° C) in July though it is not unusual to have occasional
periods of very hot days (Hendricks, 1939). Annual precipitation in the area
averages approximately 41 in. (105 cm), with rains generally abundant in the
spring, early summer, fall and winter (Hendricks, 1939).

The area supports a wide variety of vegetation, with oaks, blackjacks,
hickories, elms and hackberries being most common. On the higher mountains
and ridges pines can also be found. In parts of the valleys that have not
been cleared for farming, thick stands of water and willow oaks, hickories,

cottonwoods, willows and wild plums may be present (Hendricks, 1939).



Land Status
There are no designated Known Recoverable Coal Resource Areas (KRCRA)
within the northeast quarter of the Heavener 15-minute quadrangle. The Federal
Government holds title to the coal mineral rights for approximately 21,240
acres (54 percent) of the quadrangle. As of October 19, 1979, 8,200 acres

(39 percent) of this land was unleased (plate 2).

GENERAL GEOLOGY
Previous Work

Much work has been done on the southeastern Oklahoma coal field. The
first geologic study of the Howe-Wilburton district, of which the Heavener
15-minute quadrangle is a part, was published by Chance (1980) and included a
map showing the outcrops of the most important coal beds in the area. In 1897,
Drake published the results of his study on the coal fields of the Indian
Territory, which consisted of a map and text of the principal coal beds,
general stratigraphy, and structural features.

From 1899 to 1910, Taff and his associates published several reports on
the Oklahoma coal lands. These included a number of investigations carried
out for the United States Geological Survey on the extent and general character
of local stratigraphy, including coal beds. Much of his work was a part of
Senate Document 390 (1910), which represented a compilation of material col-
lected for the purpose of determining the value and extent of coal deposits in
and under the segregated coal lands of the Choctaw and Chickasaw Nations in
Oklahoma.

The Oklahoma Geological Survey published a bulletin by Snider in 1914 on
the geology of east—central Oklahoma, emphasizing the geologic structure and
oil and gas possibilities of the area. Further studies on the southern

Oklahoma coal lands were carried out by Shannon and others (1926), Moose and
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Searle (1929), and Hendricks (1939). These, along with later works by Knechtel
and Oakes in the 1940's added greatly to the body of knowledge on Oklahoma
coals, particularly in terms of their quality, chemical composition and extent.

Several estimates as to original and remaining coal reserves have been
published, among them are the figures published in papers by Trumbull (1957)
and Friedman (1974). Nonproprietary information from coal test holes drilled
in various years in the Wilburton quadrangle were obtained from USGS files.

In recent years a number of masters' theses have been done on various
sections of the southeastern Oklahoma coal field. Donica (1978) studies the
Hartshorne coals in parts of the Heavener 15-minute quadrangle, and some of

his work has been incorporated into this report.

Stratigraphy

The Arkoma Basin, once part of the larger Ouachita geosyncline, formed as
a result of subsidence beginning in Mississippian time and continuing through
Early and Middle Penmsylvanlan. Strata in the basin are thought to have been
deposited in a deltaic environment with sediment coming primarily from eroding
highlands to the northeast, north and northwest (Branan, 1968). Evidence that
the basin was becoming full 1s provided by coal seams in the upper Atoka and
lower Desmoinesian section. Sedimentation continued until late Pennsylvanian
time, when the Arbuckle Orogeny of southern Oklahoma took place (Branan, 1968).
In Early Permian time, Ouachita mountain building to the south of the basin
compressed Arkoma Basin strata into a series of long, narrow, east—-west anti-
clinal and synclinal folds (see section on Structure below).

All the rock units cropping out in the northeast quarter of the Heavener
15-minute quadrangle are of Pennsylvanian age, and include the Atoka Formation,
as well as the Hartshorne, McAlester, Savanna and Boggy formations of the Lower-
Desmoinesian Krebs Group. The Hartshorne, McAlester and Boggy formations are

coal bearing in this quadrangle.



The Atoka Formation was named by Taff and Adams in 1900. It is the oldest
exposed formation in the study area, and crops out across the southeastern and
southwestern sections of it (Hendricks, 1939). The formation consists mostly
of black to gray sandy shale interbedded with ridge-forming brown or light-gray
sandstone units. The shales tend to be silty and micaceous, and contain lenses
of siderite nodules. The sandstones are highly variable in character, both
from bed to bed and within a single bed. In most exposures it is fine-grained,
silty and irregularly bedded; however, locally it may be coarse-grained, clean,
and massive to thick-bedded (Hendricks, 1939). The Atoka Formation thickens
toward the southwest across the quadrangle from about 8,500 feet (2,592 m) in
the northwest to more than 9,000 feet (2,745 m) at the Choctaw Fault in the
southeast (Hendricks, 1939).

The Hartshorne Formation, which forms the basal unit of the Desmoinesian
Series, crops out in a band paralleling the southeastern edge of Poteau
Mountain and in a gentle arc in the southwest corner of the quadrangle
(Hendricks, 1939). It is most probably conformable with the underlying Atoka
Formation (McDaniel; 1961, Oakes and Knechtel, 1948), although the sharp and
irregular contact between the Hartshorne and Atoka formations has led some
observers to conclude that a minor unconformity separates them, at least
locally (Hendricks, 1939, and Branson, 1962). The contact between the Hart-
shorne Formation and the overlying McAlester Formation is conformable (Hen-
dricks, 1939).

The boundaries of the Hartshorne Formation have been modified several
times since the unit was first mapped by H. M. Chance in 1980. Then called
the "Tobucksy” sandstone, the formation was renamed the Hartshorne sandstone
by Taff in 1899. Early workers defined the formation such that the Upper

Hartshorne coal was considered to be part of the overlying McAlester Formation.
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However, Oakes and Knechtel (1948) recognized a convergence of the Upper and
Lower Hartshorne coals in northern Le Flore and eastern Haskell counties, and
redefined the formation to include both coals. The Hartshorne coal, undivided
to the north, splits into Upper and Lower Hartshorne coals along a northeast-
southwest~trending line. This split line lies far to the north of the Heavener
quadrangle. The present definition of the Hartshorne Formation is one pro-
posed by McDaniel (1961), which supports the boundaries suggested by Oakes and
Knechtel (1948), but formally divides the formation into upper and lower
members where applicable (based on the above mentioned coal "split line").

The Hartshorne Formation is highly variable in character and thickness
throughout the Howe-Wilburton district. In general, it contains interbedded
sandstones and shales which tend to become discontinuous as the upper and
lower coals merge. The sands are for the most part fine-grained, white to
gray, silty and micaceous, and the shales are gray and sandy. Plant fossils
are abundant in the shales. The formation is roughly 300 feet (92 m) thick
in the Heavener area.

The McAlester Formation lies conformably on the Hartshorne Formation,
and is approximately 2,200 feet (670 m) thick in the Heavener quadrangle.
Hendricks (1939) shows a dramatic thinning of the McAlester Formation in the
Heavener area; however, the authors of this report believe he made an error in
correlation, based on several factors. Hendricks labels a coal cropping out
around Poteau Mountain as the McAlester coal (plate 1). However, based on
later geologic mapping to the north by Knechtel (1949) and on a well log from
Sec. 29 of T. 6 N. R. 26 E., it 1is believed that this coal is in fact a
local coal above the Warner Sandstone (see below) stratigraphically much lower
than the McAlester coal. Thus, much of what Hendricks showed as Savanna

Formation on Poteau Mountain is more probably the McAlester Formation.
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(Knechtel mentioned the discrepancy between his map and Hendricks' in his 1949
publication, specifically referring to the correlation of units on Sugarloaf
Mountain to the north of the Heavener quadrangle.)

The McAlester Formation consists mostly of gray shale and silstone inter-
bedded with several sandstone members. In ascending order, it comprises the
McCurtain Shale Member, and the Warner, Lequire, Cameron, Tamaha and Keota
Sandstone Members.

The lowermost unit of the McAlester Formation 1is the McCurtain Shale
Member, a dark-gray, clayey shale with numerous siderite concretions and plant
material (Hendricks, 1939). The McCurtain Shale Member contains a few thin
sandstone units, including a locally persistent thin sandstone with an associ-
ated unnamed local coal found approximately 250 feet (76 m) above the base of
the shale.

The most persistent sandstone of the McAlester Formation is the Warner
Sandstone Member, a fine-grained, argillaceous unit which forms the first
prominent escarpment stratigraphically above the Hartshorne Formation. This
member forms the upper boundary of the McCurtain Shale. It is highly variable
in thickness (Oakes and Knechtel, 1948), and has a locally persistent coal
associated with it. Above the Warner Sandstone is an unnamed shale unit which
is dark gray, silty and fissile, and contains a local coal mapped by Hendricks
(1939) as the McAlester coal.

The Lequire Sandstone Member of the McAlester Formation overlies this
unnamed shale. This unit includes lenticular sandstone beds interbedded with
siltstones and shales, and can include a thin local coal. Units between the
Lequire and Keota Sandstone Members are highly variable in thicknegs and lateral
extent. They include two unnamed shale units and the Cameron and Tamaha

Sandstone Members.



The Cameron Sandstone Member is a buff, non-fossiliferous, fine-grained
sandstone (Knechtel, 1949). The overlying shale includes the Upper and Lower
McAlester coals, though the exact correlation of these coals through the
Heavener area has not yet been determined (Donica, 1978). The overlying
Tamaha Sandstone Member is a relatively thin, somewhat irregular bed of buff,
rippled, flaggy and calcareous sandstone roughly 15 feet (5 m) thick (Knechtel,
1949). The Keota Sandstone Member, separated from the Tamaha by a fairly thick
(up to 500 feet, 150 m) unnamed dark—-gray shale unit, is the uppermost sand
member of the McAlester Formation (Knechtel, 1949). It is generally a silty,
buff, fine-grained sandstone, ranging in thickness from 30 to 70 feet (9 to
21 m). Both the Tamaha and Keota Sandstones tend to be erratic and discontin-
vous (Russell, 1960). A dark, fissile to blocky shale with siderite concre-
tions marks the top of the McAlester Formation.

The Savanna Formation crops out in a series of alternate shale and sand-
stone bands on Poteau Mountain (Hendricks, 1939). In some places the boundary
between it and the McAlester Formation appears to be gradational, while in
others it is highly irregular. The sandstones of the Savanna Formation form
prominent ridges, as evidenced by the southern edge of the Sanbois Mountains.
These sandstone beds are generally brown, dense, finegrained and micaceous,
and the interbedded shales are brown to grayish green.

The Boggy Formation is the upper unit of the Kreb Group in the Desmoin-
esian Series. It lies conformably on the Savanna Formation, and is the young-
est unit exposed in the area. In the northeast quarter of the Heavener 15-
minute quadrangle it crops out on the top of Poteau Mountain, as mapped by
Hendricks (1939). The formation consists of alternating shale and sandstone
units, and its lower boundary is defined as the base of the Bluejacket Sand-

stone (Russell, 1960).



The Secor coal, part of the Boggy Formation, does not crop out in the
northwest quarter of the Heavener quadrangle.
Quaternary deposits of alluvium cover some stream valleys and flood

plains in the area.

Structure

The Heavener quadrangle lies within a zone of folded Pennsylvanian rocks
characterized by broad, shallow synclines and narrow anticlines (Russell,
1960). The axes of these structures are commonly en echelon, and in general
run parallel to the frontal margin of the adjacent Ouachita salient, marked
by the Choctaw fault a few miles south of the study area. The principal
surface structures in the northeast quarter of the Heavener 15-minute
quadrangle are shown on plate 1. They include the Hartford anticline, the
Poteau syncline, the Heavener anticline and the Pine Mountain syncline. No
major faults have been recognized in the northeast Heavener area.

The Hartford anticline cuts across the northern portion of the study
area and extends eastward into Arkansas. It trends northeast-southwest across
the region, and is divided by a structural saddle (plate 6) into two sections:
the southwest section plunges to the northeast, and the northeast section
plunges to the southwest (Donica, 1978). The anticline is symmetrical and the
beds are gently folded, exposing strata of the McAlester Formation.

The Poteau syncline bends through the central part of the northeast
quarter of the Heavener 15-minute quadrangle in a general east-west direction,
beginning in sec. 31, T. 6 N., R. 26 E., and extending eastward into Arkansas.
It is a symmetrical structure, with dips of 6° to 18° on both 1limbs (Donica,
1978), and forms the prominent topographic feature, Poteau Mountain.

South of the Poteau syncline is the Heavener anticline, which begins in

sec. 10, T« 5 N., R. 26 E., and extends west out of the area. The anticline
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is tightly and symmetrically folded, with dips up to 40° to 65° on both flanks
(Hendricks, 1939). Many of the beds exposed near the crest of the fold are
broken and slickensided, and it is likely that much minor faulting has taken
place near the axes and on the flanks of the anticline (Hendricks, 1939).

Only a few miles of the Pine Mountain syncline extend into the southern
edge of the northeast quarter of the Heavener quadrangle. This structure
trends east and plunges to the east. This syncline 1is gently and symmetri-

cally folded, with dips of 5° to 9°.

COAL GEOLOGY
The only major coal beds that have been identified and mapped in the
northeast quarter of the Heavener 15-minute quadrangle are the Upper and
Lower Hartshorne coals. Hendricks (1939) mapped the McAlester coal around
Poteau Mountain. However, as discussed above, this is thought to be a local

coal above the Warner Sandstone.

Upper and Lower Hartshorne Coal Beds

The Upper and Lower Hartshorne coals crop out along the south side of
Poteau Mountain and in the wide arcuate valley to the west (plate 1). Their
dip is very generally toward the north and east. The structure on both the
Upper and Lower Hartshorne coals is shown on plate 6, and their position
within the Hartshorne Formation is shown on the composite columnar section on
plate 3.

The primary souce of specific information on the Hartshorne coals in the
Heavener area for this report was Donica (1978), as most of the information on
file at the USGS was proprietary. Very few "original” data were available for

use in this report, and those came from Hendricks (1939), Moose and Searle

-11-



(1929), Senate Document 390 (1910) and oil and gas well logs. Appendix I pro-
vides a complete list of references for all data points shown on plate 1.

The Lower Hartshorne coal is generally thicker than the Upper Hartshorne.
As the isopach (page 5) shows, measurement of the Lower Hartshorne vary from
about 2 feet (0.6 m) to as much as 6.7 feet (2 m) in the southeast corner of
the quadrangle. Not enough data were available to extend the isopach contours
into the east-central portion of the quadrangle. This also holds true for the
Upper Hartshorne coal.

The Upper Hartshorne varies from only 0.1 foot (0.03 m) to an estimated
4 feet (1.2 m) in thickness. The coal experiences some localized thinning
near the west—-central edge of the quadrangle. The interburden between the
Upper and Lower Hartshorne coals is shown on page 7, and varies from less
than 40 feet (12 m) in the southeast to more than 120 feet (37 m) in the west.
Once again there were insufficient data to map the interburden on Poteau
Mountain.

As shown on plate 1, only the Lower Hartshorne coal has been mined in the

northeast quarter of the Heavener area.

Chemical Analyses of Coal

The only chemical analyses available for coal in the Heavener area were
from an appendix in Donica's thesis (1978). He does not specify which coal
(Upper or Lower Hartshorne) his information pertains to, and for the purposes
of this report it is assumed that all data are on the Lower Hartshorne coal,
since that is the only coal that has been mined in northeast quarter of the
Heavener 15-minute quadrangle.

Table 1 presents a summary of the above-mentioned chemical analyses.
Average analyses are given, as well as the range for all samples used to calcu-
late each average value. Donica does not present sufficient information on the

-12-



chemical analyses for data points within the northeast quarter of the Heavener
quadrangle to determine a rank for the Lower Hartshorne coal: no data were
available on the heating value (Btu) or moisture content. However, based on
information in areas adjacent to the area considered by this report, he ranks
the coal as being low to medium volatile bituminous. He bases this on a dry,
mineral-matter-free fixed carbon percentage, which in the Heavener area he

places at 70 to 84 percent.

COAL RESOURCES

Data from drill holes, mine measured sections, outcrops, well logs and
mine maps were used to construct outcrop, isopach, and structure contour maps
of the Upper and Lower Hartshorne coal beds in the northeast quarter of the
Heavener 15-minute quadrangle. The source of each indexed data point shown on
plate 1 is listed in Appendix I at the end of this report.

A system for classifying coal resources has been published by.the U.S.
Bureau of Mines and the U.S. Geological Survey, and published in U.S.
Geological Survey Bulletin 1450-B (1976). Under this system resources are
classified as either identified or Undiscovered. Identified Resources are
specific bodies of coal whose location, rank, quality and quantity are known
from geological evidence supported by specific measurements, while Undiscovered
Resources are bodies of coal which are thought to exist, based on board geo-
logic knowledge and theory.

Identified Resources may be subdivided into three categories of relia-
bility of occurrence, according to their distance from a known point of coal-
bed measurement. In order of decreasing reliability, these categories are:
measured, indicated and inferred. Measured coal is that which is located
within 0.25 mile (0.4 km) from a measurement point, indicated coal extends

0.5 mile (0.8 km) beyond measured coal to a distance of 0.75 mile (1.2 km)
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Table 1. Average chemical composition of coal beds in the
northeast quarter of the Heavener 15-minute quadrangle,
Le Flore County, Oklahoma

LOWER HARTHSHORNE COAL BED

NUMBER OF
ANALYSIS (%) SAMPLES |  AVERAGE RANGE

PROXIMATE

Moisture - - -

Volatile Matter 26 18.62 16.51 21.60

75.33

Fixed Carbon 26 70.64 41.31

Ash 26 11.56 5.38 - 42.18

ULTIMATE
Sulfur 26 1.00 0.54 - 1.76
Hydrogen - - -
Carbon - - -
Nitrogen -= - -

Oxygen - - —

Heating Value
Calories - - -

Btu/1b. - - -

Information presented on this table is from Donica (1978).
The Form of Analysis was not given, nor were any Heating
Values.
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from the measurement point, and inferred coal extends 2.25 miles (3.6 km)
beyond indicated coal, or a maximum distance of 3 miles (4.8 km) from the
measurement point.

Undiscovered Resources may be either hypothetical or speculative. Hypo-—
thetical resources are those undiscovered coal resources that may be expected
to exist in known coal fields under known geologic conditions. They are
located beyond the outer boundary of inferred resources (see above) in areas
where the coal-bed continuity is assumed based on geologic evidence. Hypo-—
thetical resources are those more than 3 miles (4.8 km) from the nearest
measurement point. There are no hypothetical resources in this quadrangle.

Speculative resources are Undiscovered Resources that may occur in favor-
able areas where no discoveries have yet been made. Speculative resources
have not been estimated in this report.

Coal resources for the Upper and Lower Hartshorne coals were calculated
using data obtained from their coal isopach maps (plates 4 and 5, respectively).
The coal-bed acreage (measured by planimeter and calculated using the trape-
zoidal method [modified from Hollo and Fifadara, 1980] multiplied by the
average thickness of the coal bed, and by a conversion factor of 1,800 short
tons of coal per acre-foot (13,238 metric tons per hectare-meter)) for bitu-
minous coal yields the coal resources in short toms. Coal resource tonnages
were calculated for Identified Resources in the measured, indicated, and
inferred categories for unleased Federal coal lands. All coal beds thicker
than 1 foot (0.305 m) that lie less than 3,000 feet (914 m) below the ground
surface are included in these calculations. These criteria differ from those
stated in U.S. Geological Survey Bulletin 1450-B, which calls for a minimum
thickness of 28 inches (70 cm) and a maximum depth of 1,000 feet (305 m) for

bituminous coal. Narrow strips between mines where undisturbed coal is less
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than 75 meters from the nearest mine are considered to have no reserves and
are included within mined-out areas. Mine boundaries are only approximately
located (as stated in the legend on plate 1) and therefore these narrow areas
may in reality not even exist. For this reason they are considered to have
no reserves, and have not been planimetered.

Reserve Base and Reserve tonnages for the above-mentioned coal beds are
shown on plates 9 and 10, and have been rounded to the nearest 10,000 short
tons (9,072 metric tons). In this report, Reserve Base coal is the gross amount
of Identified Resources that occurs in beds 1 foot (0.3 m) or more thick and
under less than 3,000 feet (914 m) of overburden. Reserves are the recoverable
part of the Reserve Base coal. In the southeastern Oklahoma coal field, a
recovery factor of 80 percent is applied toward surface-minable Reserve Base
coal, and a recovery factor of 50 percent is applied toward sub-surface-minable
coal. No recovery factor is applicable for in-situ coal gasification methods.

The total tonnage per section for Reserve Base coal, including both surface
and subsurface minable coal, is shown in the northwest corner of the Federal
coal land in each section on plate 2. All values shown on plate 2 are rounded
to the nearest 10,000 short tons (9,072 metric tons), and total approximately
44.48 million short tons (40.35 million metric tomns) for the entire quadrangle.
Reserve Base tonnages from the various development potential categories for
surface and subsurface mining and in-situ coal gasification methods are shown
in tables 2 and 3.

The authors have not made any determination of economic recoverability

for any of the coal beds described in this report.

COAL DEVELOPMENT POTENTIAL
Coal development potential areas are drawn to coincide with the boundaries

of the smallest legal land subdivisions shown on plate 2. In sections or parts
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of sections where no land subdivisions have been surveyed by the BLM, approxi-
mate 40-acre (l6-hectare) parcels have been used to show the limits of the high,
moderate, or low development potentials. A constraint imposed by the BLM
specifies that the highest development potential affecting any part of a 40-
acre (l6-hectare) lot, tract, or parcel be applied to that entire lot, tract,
or parcel. For example, 1if 5 acres (2-hectare) within a parcel meet the
criteria for a high development potential; 25 acres (10-hectares), a moderate
development potential; and 10 acres (4-hectares), a low development potential;
then the entire 40 acres (l6-hectares) are assigned a high development poten—
tial; then the entire 40 acres l6-hectares) are assigned a high development
potential. For purposes of this report, any lot or tract assigned a coal
development potential contains coal in beds with a nominal minimum areal

extent of 1 acre (0.4 hectare).

Development Potential for Surface Mining Methods
Areas where the coal beds of Reserve Base thickness are overlain by 150
feet (46 m) or less of overburden are considred to have potential for surface
mining and are assigned a high, moderate, or low development potential based
on their mining ratios (cubic yards of overburden per ton to recoverable coal).
The formula used to calculate mining ratios for surface mining of coal is as
follows:

MR = to (cf)
where MR = mining ratio

te (rf) to = thickness of overburden in feet

rf = recovery factor (80 percent for
this quadrangle)

cf = conversion factor to yield MR
value in terms of cubic yards
of overburden per short tons
of recoverable coal:

0.896 for bituminous coal
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Note: To convert mining ratio to cubic meters of overburden per metric ton

of recoverable coal, multiply MR by 0.8428.

Areas of high, moderate, and low development potential for surface mining
methods are defined as areas underlain by coal beds having respective mining
ratio values of O to 10, 10 to 15, and greater than 15. These mining ratio
values for each development potential category are based on economic and
technological criteria and were provided by the U..S. Geological Survey.

Areas where the coal data are absent or extremely limited between the
150-foot (46 m) overburden line and the coal outcrop are assigned unknown devel-
opment potential for surface mining methods. This applies to areas where coal
beds 1.0 foot (0.305 m) or more thick are not known but may occur. Limited
knowledge pertaining to the areal distribution, thickness, depth and attitude
of the coals in these areas prevents accurate evaluation of development poten-
tial in the high, moderate, or low categories. There are no such areas in this
quadrangle.

The coal development potential for surface mining methods is shown on
plate 11. All tonnage values are summarized in table 2. Of Federal coal land
not subject to currently outstanding coal lease, permit, license or preference
right lease application having a known development potential for surface
mining, 6 percent is rated high, less than 1 percent is rated moderate, and
5 percent is rated low. The remaining Federal lands (89 percent) is classified

as having no development potential for surface mining methods.

Development Potential for

Subsurface Mining and In-Situ Coal Gasification Methods
Areas considered to have a development potential for conventional sub-

surface mining methods are those areas where the coal beds of Reserve Base
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Table 2.

Coal Reserve Base data for surface mining methods for
Federal coal land (in short tons) in the northeast
quarter of the Heavener 15-minute quadrangle, Le Flore
County, Oklahoma.

HIGH MODERATE LOW
COAL DEVELOPMENT DEVELOPMENT DEVELOPMENT TOTAL
POTENTIAL POTENTIAL POTENTIAL
Upper Hartshorne 20,000 10,000 250,000 280,000
Lower Hartshorne 180,000 100,000 910,000 1,190,000
Total 200,000 110,000 1,160,000 1,470,000
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thickness are between 150 and 3,000 feet (46 and 914 m) below the ground
surface and have dips of 15° or 1less. Coal beds lying between 150 and
3,000 feet (46 and 914 m) below the ground surface, dipping greater than
15°, are considered to have a development potential for in-situ coal gasifi-
cation methods.

Areas of high, moderate, and low development potential for conventional
subsurface mining methods are defined as areas underlain by coal beds at
depths ranging from 150 to 1,000 feet (46 to 305 m), 1,000 to 2,000 feet (305
to 610 m), and 2,000 to 3,000 feet (610 to 914 m), respectively.

Areas where the coal data are absent or extremely limited between 150 and
3,000 feet (46 to 914 m) below the ground surface are assigned unknown develop-
ment potentials. This applies to areas where coal beds of Reserve Base thick-
ness are not known, but may occur. There are no such areas in this quadrangle.

The coal development potential for conventional subsurface mining methods
is shown on plate 12. A summary of all tonnage values is presented in Table 3.
Of the Federal land areas having a known development potential for either con-
ventional subsurface mining or in-site gasification methods, 36 percent 1is
rated high, 51 percent is rated moderate, and none is rated low. Four percent
of remaining Federal land in the area is classified as having no development
potential for conventional subsurface mining methods.

Based on criteria provided by the U.S. Geological Survey, coal beds of
Reserve Base thickness dipping between 15° and 35° regardless of tonnage, have
a low development potential for in~situ coal gasification methods. Beds dip-
ping from 35° to 90°, with a minimum of 50 million tons of coal in a single
unfaulted bed or multiple, closely spaced, approximately parallel beds have a

moderate development potential for in-situ coal gasification. Coal 1laying
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Table 3.

Coal Reserve Base data for subsurface mining and in-situ

gasification methods for Federal coal land (in short tons)

in the northeast quarter of the Heavener 15-minute

quadrangle, Le Flore County, Oklahoma.

COAL HIGH MODERATE LOW LOW IN-SITU
DEVELOPMENT | DEVELOPMENT | DEVELOPMENT | DEVELOPMENT TOTAL
POTENTIAL POTENTIAL POTENTIAL POTENTIAL
Upper Hartshorne| 4,910,000 | 1,670,000 | —==————- 30,000 6,610,000
Lower Hartshorne| 7,260,000 (24,240,000 10,000 4,890,000 | 36,400,000
Total 12,170,000 |25,910,000 10,000 4,920,000 | 43,010,000
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between the 150-foot (46 m) overburden isopach and the outcrop is not included
in total coal tonnages available because it is needed for cover and containment
in the in-situ process.

In the northeast quarter of the Heavener 15-minute quadrangle, 13 percent
of Federal coal land has a low development potential for in-situ gasification
methods. However, 35 percent of this land also has a potential for conven-
tional subsurface mining methods. No land in the area has a moderate develop-

ment potential for in-situ coal gasification.

-22-



REFERENCES

American Society for Testing and Materials, 1980, Gaseous fuels; coal and
coke; atmospheric analyses: 1980 Annual Book of ASTM Standards, Part 26,
Pe 225*226.

Branan, C. B. Jr., 1968, Natural gas in Arkoma Basin of Oklahoma and Arkansas,
in Natural gases of North America: American Association of Petroleum
Geologists Memoir 9, p. 1616-1635.

Branson, C. C., editor, 1962, Pennsylvanian System of the Mid-Continent, in
C. C. Bramson, editor, Pennsylvanian System in the United States:
American Association of Petroleum Geologists, Symposium, p. 431-460.

Chance, H. M., 1890, Geology of the Choctaw coal field: American Institute of
Mining Engineers, Transactions, v. 18, p. 653-660.

Drake, N. F., 1897, A geological reconnaissance of the coal fields of the
Indian Territory: American Philosophical Society Proceedings, v. 36,
ps 326~419.

Donica, D. R., 1978, The geology of the Hartshorne coals (Desmoinesian) in
parts of the Heavener 15-inch Quadrangle, Le Flore County, Oklahoma: M.S.
thesis, Univ. of Oklahoma, 128 p.

Friedman, S. A., 1974, An investigation of the coal reserves in the Ozarks
section of Oklahoma and their potential uses: Ozarks Regional Commission
Final Report, 117 p.

1978, A field guidebook to Desmoinesian coal deposits in part of
the Arkoma Basin, eastern Oklahoma: American Association of Petroleum
Geologists, National Annual Meeting, Oklahoma City, Preconvention Field
Trip 2, April 8-9, 1978, 62 p.

Hendricks, T. A., 1939, Geology and fuel resources of the southern part of the
Oklahoma coal field, part 4 - the Howe-Wilburton District, Latimer and
Le Flore Counties: U.S.Geological Survey Bulletin 874-D, p. 254-300.

Hollo, R., and Fifadara, H., 1980, TI-59 Reservoir Engineering Manual:
Keplinger and Associates, Inc., Houston, 220 p.

Johnson, K. S., 1971, Reclamation of mined coal lands in eastern Oklahoma:
Oklahoma Geology Notes, v. 31, no. 6, Dec. 1971, p. 111-123.

Knechtel, M. M., 1949, Geology and coal and natural gas resources of northern
Le Flore County, Oklahoma: Oklahoma Geological Survey Bulletin 68, 76 p.

McDaniel, G., 1961, Surface stratigraphy of the Hartshorne Formation, Le Flore,
Latimer and Pittsburg Counties, Oklahoma, in Arkoma Basin and north-
central OQuachita Mountains of Oklahoma, Tulsa-Ft. Smith Geological
Societies Field Conference, 1961, Guidebook: Tulsa Geological Society,

p. 66-71.

-23-



Moose, J. E., and Searle, V. C., 1929, A chemical study of Oklahoma coals:
Oklahoma Geological Survey Bulletin 51, 112, p.

Oakes, M. C., and Knechtel, M. M., 1948. Geology and mineral resources of
Haskell County, Oklahoma: Oklahoma Geological Survey Bulletin 67,
136 p.

Russell, Dearl T., 1960, Geology of northern Latimer County, Oklahoma:
Oklahoma Geological Survey Circular 50, 57 p.

Snider, L. C., 1914, Geology of east-central Oklahoma: Oklahoma Geological
Survey Bulletin 17, 25 p.

Taff, J. A., 1899, Geology of the McAlester-Lehigh coal field, Indian
Territory: U.S. Geological Survey 19th Annual Report, Part 3, p.423-456.

1902, The southwestern coal field: U.S. Geological Survey 22nd Annual
Report, Part 3, p. 367-413.

1905, Progress of coal work in Indian Territory: U.S. Geological Survey
Bulletin 260, p. 382-401.

Taff, J. A., and Adams, G. I., 1900, Geology of the eastern Choctaw coal field,
Indian Territory: U.S. Geological Survey 21st Annual Report, Part 2,
p. 257-311.

Trumbull, James V. A., 1957, Coal resources of Oklahoma: U.S. Geological
Survey Bulletin 1042-J, p. 307-382.

United States Congress Documents, 1910, Coal lands in Oklahoma: 61st Congress,
2d Session, Senate Document 390, 374 p.

Wilson, C. W., Jr., and Newell, N. D., 1937, Geology of the Muskogee-Porum
District, Muskogee and McIntosh Counties, Oklahoma: Oklahoma Geological
Survey Bulletin 57, 156 p.

Zubovic, P., and others, 1967, Distribution of minor elements in some coals in

the western and southwestern regions of the Interior coal province: U.S.
Geological Survey Bulletin 1117-D, 33 p.

24—



25

X S$S9UYOTY] T®0D ¢z | N9 I 11
pesn sem TeOO 03 yidop 1Z# °10H 210¢g X U9 pPINQIIAQ 9¢ uO0T309g| _
‘1 *ddy ur Kouedaadosip ,1|06 °d ‘1 °ddv ‘g/61 ‘®oTUOQ| | [X] | | u0T3e007 | MS dS| |
| |1 IX] | | ssewioTul 1e0d| & Gz 4 | N 9 I| OT |
| L1# @TOH 2309| | |X]| | | uapInqiaaQ | 9¢ UOT3IVaG| I
[€7 *1d ‘68 *d ‘8761 ‘®oTUOA| | |X}| | | UOT3BI0T| SUTT N ua)] |
_ 1 | IX| | ssowydTyl feO0D| @ Sz ¥4 | N9 I|] 6 |
| Zi# @T0H =109 ¢/ *Td| Xl | ]| U2pINqIDAQ| GZ UO0T3I09g|
[°26-96 ‘68 °d ‘gr/61 ‘®oTuoq| | [X| | | uoT3e8207| 45 AN| _
*1 +ddy s,eotuoq| |1 I%X] | | ssaujdTyl TeO0D] 9¢ 4 | N9 1| 8 |
ut Aouedaadstp 319 :HI| LT# @TOH @30g| | | | |¥] uapINqIdAQ | 0¢ UOT3O3§| I
03 yjdap Jo Juapryuod 3JoN|¢s °Td ‘06 °d ‘gr/61 ‘®oTUOQ| | | [X] | UOT3BO0T| AN dS| I
307 dtuOg| [l | I%| | sseuidTyr Te0)| 392 ¥ | N9 I|] £ |
uo ¢°0g9 19 ‘D¥d-sd ‘9 ‘oad| 9961 ‘1# 3run| x| | | | U9pINGIaAQ| 6C U0T3IO9g|
‘SHI ‘19 @Aoqe ,7°8T ST €| suodT uuy 0) TT0 TTAOW|X| | | | | UOTIEI0T] MS AN| |
19ux00 IAN| IX] | | | | sseujdT1yl TeOD| 9z 4 | N9 I 9 |
30 M,SLE S.588 ‘06 *d “9z#| v-61-€|X| | | | | USpINGISAQ] 87 UOT30ag|
HY ‘§/61 ‘®BOTUOQ UT OSTV|3TOH @30d ‘9961 ‘SaTIF sosn|xX| | | | | U0I3B007| AN AN| |
_ L X[ | | sseuwyoryl 7®00| 4 /2 ¥ | N9 I|] & |
| 9¢# @T10H ?aod| | |X] | | U2 pINGIDAQ | 61 UOTIO3S| I
|06 °d 1 -ddy “g/61 ‘®otuod} | [X] | | uoT3IBO07| MS MN| I
| 1%l | | | ss3uydTyL TEOD| 92 4 | N9 1| % |
GZ# OTOH @10g ‘s,edtuoq| €Z# OTIOH @309 ‘g9 -d| |X| | | | U2 PIANGIDAQ | AR EEER I
se owes o9q 03] POASTIag| ‘0I61 ‘06€ Iuswnooq @23euaS|X| | | | | uo0T3IBI07| 4S MN| I
_ |_| |X| | | sseuwyopul 7e0d| @ 9z & | N 9 I| € |
| %Z# OTOH @3o0g ‘1 -ddy| | [xX]| | | uspINqIdAQ| 9] UuOF3dag| _
€L *1d ‘06 4 ‘gr6T ‘®oTUOQ| | |X| | | UOT3BD0T| 4S 9N | |
| |1 %] | | ssouwydTIyl TeOD| 9z 4 | N9 I [4 |
pasn jou| €Z# OTOH @x0g ‘7 -1d| | | [X] | ua2pangIaaQ| ¥1 Uu0T3dag| |
009 3O -ad12 -3s@ s,edtuoq|‘y -ddv 06 -d ‘g/61 ‘®oTUOQ| | |X| | | U0TIBI01| MS dS| |
I [X] | | | | sseu¥dTyr Te0)| 492 ¥4 | N9 L] T |
| TT4 °TO0H @3og -1 ddv|x| | | | | Ud9pPIANGIDAQ] €1 uoT3dag|
] ‘zo1 B 06 °d ‘gre1 ‘®oTUOAIX] | | | | UOTIEDO0T| MS dS|
SINEWWOD /SALON | HONTIIA T Isiv|elc]T] ALTTIGVITHY| NOILVOOT  |# INIOd|
| | ONISVHEONI | | vivdaj|
1 1 _ 1 _ 1

*sjurod e3ep TeENPIATPUT 03 Sufureijaad sjusmmod I0 S330uU Aue I8 pojuasaid OSTy °*T 9IB[d UO UMOYS
UOTJIPWIOJUT [I® JO LIT[IqET[2I pPue 22In0S 3yl 03 se Surjunoode jupod £q Jurod ® ST MOT9q Pa3ISTI

°T 3LVId NO QHSN VIVA d0 ALITIEVITHY ANV dD¥N0S °I XIANH4AV



*po3aodai]| | X SSOUYOTYL fe0D| A 92 ¥ | NG LI| %
SeM SUON *SSaUNITY3| 06# 9TOH 210g| X uapanqiIaaQ G UOT3IO3g|
HN 3o @ans jou eojuog|ge °d ‘1 °ddy “g/e1 ‘Boruog] | |X| | | uoOT3ed07]| MN MN]
_ |_L I%{ | | ssowioful T80D| & 92 ¥ | N S 1| €2
*pesn sem Te0D 03 yidap -| €64 °TOH 2x04| | | |¥X] | uapaIngiaaQ| ¢ uOF3Oag|
a1qe3 1 °ddy uy Louedsadostafge °d ‘1 °ddy ‘g/e1 ‘eotuog] | x| | | UOTIBO0T| MS MS|
*posn sem TBOD| |1 I%] | | ssuyOTyy Te0D| H 92 ¥ | N 6 I (44
03 yideg -°1qe3 S,BOTUO(Q| T64# °TOH @a0q| | | [¥]| | udpPINGIdA(| G U0T3D3g|
ut AouedazdsTp °33 []|g6 *d ‘1 -ddy ‘g/61 ‘®BoTUOQ| | |X| | | UuOT3BI0T| MS MN|
_ |_1X| | | | SS°WoFyL feoD| ¥ 92 ¥ | NG I| 1¢
19u102 | H64 OTOH @10d *80T-LO0T ‘€6] X | | | u2pINqIdAQ| G UOT3IO3g|
MS 30 N,00¢ Pue ¥,006¢| °d ‘1 -ddy ‘g/e1 ‘®otUOQ|X| | | | | uoT3IBO07]| MS HS|
_ [_ ] I%] | | ss9u¥oFyL Te0D| ¥ 92 ¥ | N 6 I| 0T
*pesn sem Te0D 03 yidep -| 16# TOH ?a0g| | | [%X] | uapInqiaag| G UOT303g|
a1qe3 1 °ddy ut Louedaadstg|ge *d ‘1 °ddy °g/61 ‘®OFTUOCd| | [X] | | UOT3eO07| AN AN|
| [ 1X] | | sseujdTyl Teop| 4 92 ¥ | N 9 I 61
| GE# OT0H @a0g| | |X| | | UapINGIBAQ 7€ UOT303G|
|06 *d ‘1 -ddy ‘g/eT ‘®oTuUOA| | |X| | | U0F3Ie007| MS MN|
_ |X| | | | | seouwydTul 1e00| 3 9z ¥ | N 9 I| 81
I9ui0?| €E# OTOH 2304 ‘€01 ‘06|%X| | | | | u9pINqIaAQ| 1¢ UOTIO3G|
HS 30 N,08¢ Pue M,8207| °d ‘1 -ddv ‘g/e1 ‘eotuogix| | | | | uoT3ed07| HS MS|
| | X | SsaudTyl TB0D| H 92 ¥ | N9 1] L1
9149®1| 8Z# °TOH 2104 ‘g °Td| x| | ua2panqissQ 1€ U0T109g|
1 *ddy ut Louedaiostp ,1{06 °*d ‘1 °ddy ‘g/61 ‘®oTUOQ| | |X] | | uOT3BI07| AN MN|
| [ 1*] | | sseudTyl Te0D| H 92 ¥ | N 9 1| 91
Te02 03 yjdap pasn ‘1 -ddy| O¢# °TOH 2104 ‘6 *1d| | | | |¥] U9pPINGI3AQ| 1€ UOT3I03g|
‘o1qe3 uy Aouedaadstp ,8|06 °d ‘1 ddy ‘g/e1 ‘®OTUOQ| | |X| | | UOFIeJ07]| MS AN|
_ L | [*| | sseuwjoryy Te0D| 4 92 4 | N 9 I| &I
BOTUO(Q | IE# OTOH 2304 ‘6 °1d| | | [X] | uapINgIaa(| 1€ UOTIO9g|
£q umouy jou ssauydIYyl HN|06 °d ‘1 °ddy °g/61 ‘®BOoTUOQA| | [X]| | | UQF18007]| MS MS|
_ || |X] | | ssouydtyy Te0d| @ 92 ¥ | N 9 I| 1
pesn jou| 6C# °TOH 2aog| | | [|X]| | uapaInqIsa)| 1€ ﬁOﬁuowm_
,06% 30 °*A9Td +3sd s,edtuoq|oe °*d ‘1 °ddy °g/e1 ‘®oTUOQ| | [X]| | | UOF]Ed07T] MN MN|
_ || 1X] | | sseu¥dTyl 10| & 92 ¥ | N 9 I| €1
| T¢# 9TOH @aog| | |X] | | uapINGIaAQ | 1€ UOT33g|
106 *d ‘1 -ddy ‘g/e1 ‘®oruOQ| | [X]| | | uoTIBI07| MS MS|
| | IX] | | sseuyoTyl Teo)| ¥ 62 ¥4 | N9 1] A
| 61# °TOH @210¢| | | |x| | UapINqIaAQ| 9¢ UOT3IOG|
|68 *d ‘1 -ddv ‘g/61 ‘®oruOQ] | |X| | | U0T38007 | AN FS|
SINTWWOD /SELON | HONTIII T |Sl¥7|€]2|T] ALITIEVITHY | NOILVDO1 | # INIOd|
| _Allllllll ONISVHAEONI | | qLva|
_ 1

26



_0Hnmwmwu Mu yadep .mmo.ﬁ%ms
_ dy ug hocmawuwmﬁm_o Thg o _ x
_ I30 _ 6 °d ‘1 -ddy .QNOHHWW axog | < SSOUNOTUL TEBO
|21qP3 1 +ddv =wﬁmcmvu=pum>o_ eoruod] | |x| | |  FET | NG I
2
“ ueda1os1q|06 °d .M«%QWHom a10g ‘g .am“ B mm@ﬂ&UﬁOﬂuMUOA_ 1 U0T393§| L |
L4 € H
| “ V '8461 ‘eopuod] | “x_x“ | aommwnwwmwh sz ¥ | zmm = “
XL
| . g6 _-d S6# STOH 3104 ‘6 | L 1%} | " s89 U0I38007| 1 aoﬂuowm“ 9% |
_ 30U 3T 3x0dax 1 -ddy ‘g ; Td|_| |* YOIyl Te0 AN
_ PIP PuB Ssauyd _ NOH NUHﬁOh: _ _ _ uspan Uh 997 4 _ mw_ _
_ HQ 3O @ans jou moaﬂnu_ | “ EI ° q1aa0)| 5 :m Il |
(pesodsueil £ Tuod| €6 od €7 - 96# ®TOH @ao0 | IX] | sseu 01318207 | 13095|
“ Mumpasz ‘1 .ma<amﬁmmom_ 1 +ddy ‘g/61 .muacom_ [ 1] | | mwﬂsa Teoo| 2 92 ¥ MN MN|
R tomdearera] proal |LAxl L | pang2940| e Ll v |
_ 1os1a|ge *d ‘1 +dd L6} @104 wuom_ | | |%| | ssau ocoﬂumooq_ u0T303G|
v _‘8/61 ° I AOTUL TBO MS MN _
_ _ RN PANGI9AQ R ¢ 1| st _
| g6 *d ¢ -dd mm* STOH wuom_ L1 1% | mwwaxu=0ﬂumuog_ 9 UOT303§| _
_ _ V °8/61 ‘eoTuo _ _ _ ;Nn_ _ ﬁOﬂSB HNOU& 9z MN mm_ _
_ _ Q“ X pPanqIaAQ| Mo_ N ¢ I 7E “
|g6 *d ‘T ° 00T1# °TOH ® X SS UOT3EO0T U0T309§|
“ | 1 vddy ‘8/61 .moﬂMMm_ Ax ] wGMMﬁSH 180D 9z MS EN|
_ | a“ “ I paraiol LB e dl I _
. |€6 *d ‘T ° T10T# °TOH @10 |X] | | ssau 0T31ed07| 0T323§|
“ vwmw 1800 031 yadep ‘o _ 1 *ddv ‘8/61 .moﬂcomh WEEN Mwﬁsa 180D A MS AS|
_ ddy ut £ouedaad Tqel| N PaANQIaAQ | N & & o€ |
| °pesn sTp ,1|¢6 *d ‘1 -dd NWH* 21CH muom_ 1x] {1 | mwocxo=0ﬂuMU0A_ 9 UO0T3IO3s| |
|1 e 3 yadep ‘o _ vV _‘8/61 .mugaomhx_x_ T T Teoo| @ 97 1 MS dS|
_ dy ut Aouedsios Tqel| INEEN pPANqIaAQ| | NS i 6¢ |
_ ™ ,1jg6 *d ‘1 -dd €014 STOH T mmoﬁhoﬂsoq_ 9_UO0T3d3s]| |
| | V_8/61 .moﬂaonh | | |X] | cm.sﬁ Te0)| YA Ms dS|
_ _ _ + IEIHN Musauw>o_ o_az S H_ 37 “
l€6 d ‘1 ° 86# °ICH ® [ X] | S 0T31B007] 0131098
_ _ EREEN PANGISAQ| A NS 1| 12 _
| g6 *d 1 -dd SOT# STOoH muom“ [ 1%] | ] mmocxucOﬂumuoq_ 9 uor31dag|
|o1qea pasn Te0d 03 yad _ v ‘8/61 ‘®oTUOq| [ %] | | amﬂsa Teo] | 573 AN 48|
| 1 -ddy uo o3 P - IEI Mu:ngm>o_ o_cz < 1| 92 _
_ SLNFWROD /SILON umﬂn“mm d 1 .ma<qmm& oo muom_ “ "x_ || mmmcxoamwuﬂoog owwuwm_ |
L61 ‘®d X - BOD s
| | HONTIHITT Tuoq| | |¥ “ USpINGIDAQ | 9¢ 4 | N 9 H.;_ = |
1 el ez RarTave | g GoTa5%5| |
|-~ oszmwwwmw | zoESomm 2 “
_ | # INIOd|
| aLvaj

I

_ _

A7



|
|16 °d ¢ gyi @ NE
| 1 -day ‘gle1 v sao0g]_| L &
_ @H .NUH.QOQ N— — — H.&H. .—...NOO_
l16 -d 9c “ TEITE USPANGIAAQ | A6c 84 | NG L
| <1 +ddy ,w* STOH i0g]| X | Ssou Uu0T3E07| A} aoﬂuumm_ 0s |
_ 61 aNUHﬁOQ X _ A2 TUL HNOU\_I AN _ _
LS uopan 462 ¥ AN |
16 °d ° VT RE - u d1940] | NS L] _
_ 1 +ddy awmmaﬁwm a10g| | “ [ | wmwQMUAMHumooqL {1 _UOT3I3g| 67 |
X YL T®
_ BOfuoQf | X | | uo od| 4 45 uN _
[ PaANQI9A 6Z ¥4 | |
|16 °d ¢1 °d €G# °T°H 1 1X] | | uoI1l 0| A4 ﬂz s L 8 |
| dv_‘g/61 cH sxod] | 1X| “ “ SSOWADTUL Muoq_ 0F3235] v
_ Tuoq| | |X uspan BOD| 4 G AN dS _
QoA zu | |
(16 ° 1 111 0 NG I
s S SRR 7
B0 TUOQ | | 1 _TB0D AN |
16 - - 054 “ e zmmusgum>o“ ARy |
I 1 +ddy ‘gy me axog|_| [X] | | ssawyp 0T3E20T ¢1 UoT3Ives 9% |
_ 61 ‘®OTUOQ 1% ] 1 TYL Te0D| AN | _
B HREIEN USPINQIIAQ | 46294 | NS 4S | _
6 *d ‘1 +d Ly# STOH @ 11X uoT3ed 21 uo L Gh
_ dy ‘g/61 ¢ Om_ _ % | | ssauyod | Huumm_ _
[IE3] uspanqa 462 ¥ AN |
|16 +d * 9y# o L || e ket | NS 1 _
_ L -ddy ‘grer ceopmed B | sssmpr ool iTwpws| |
BOT A
_ ruog| | [x%| || uapan 1800| 4 6T ¥ AN MN| _
cem [06 +d ¢ 64 @ WE [ 1 = qI9A0| | NS 1] I
TBO0® 03 yadep ¢ pasn| 1 *ddy ‘g ﬁwm aaog| | | | | ssouyo OTIBO0T| ¢1 uofloag| gy |
1 +ddy ug adep “o1q23] 61 ‘eoyuoq| | hmh || o T80 & <z ¥ | _
19STA| 06 ° 8 | 1 41940 | NS
_mefgﬁm@ginz_;gmwgw Ty
X L 1I®
_ B2TUO(Q [ | 1®0D MN _
{06 *d .NM% oToH 210§ ¢ __lu_lg_w#_ _ ﬁwMu:nhw\rO__ 4629 | NS BWH.“ _
_ 1 -ddv .wnmﬂm.mw "Td|_| _xh _%wwwaxoﬁmwumooq_ 1 Cot3995| R
| Tuoq| | |X e MM 3N |
1 Ty el A sz i
16 * | 0 N G
_ 6 d A.H -Qnm< ._W.Q* 9TOH 0..‘nom_ —’\—N\—’_ _ 5s .—HO.MU.NUOA_ 1 uorao h—,,._ O‘N “
| 8/61 ‘EoTUO WNERR 2UNOTYL [BO _ N oS | _
SIN _ al | [x] uspanqas o) I IR YA AN|
HWHWOD /S |16 *d ¢ GY 1 |1 A0] | NS & _
1ON 1 -d # °TOH @ [%] UoT3E 1 G
| o St otom ssonl I X woris| |
_ AONTE BOTUO(Q | | ]| 4l TBOD| as |
i LKL _m“ BTN Uapangiaa | HGSZY | NS 1S |
™ L
e TV | Topws| |
oN 173 | 4S @S|
ISVANDNT | |
NOIIVOO1 | # INIOA |
| Vviva|

_
_
1
_

25



| |_L IX| | | ssauyd
-posn TeO® 03 y3adop MOTYL TeOD| H 92 ¥ | NG L €9
‘1 _+ddy uj £ouedeidsyp .ﬁ"qa d ‘1 .aa<nwwwawawwuwmmm_ . UoPINd1940] L aoﬂuumm“ |
| T L
c,vaWHn H.WOU 01 SUQUV QUHQWU_ m.H HNOU d @N g:! _ N m. H_— N@ —
" 1# °TOCH @104| | | |¥%] ua
1 *ddy uy AouedaadsTp od ‘1 °d ¢ ¢ | PANGI9A0] £ 101998
o o . 1£1176 1 *ddv ‘g/61 NUHmoo“ | _M_ | 1 wmmaxomowumooqg MN mm“ “
2 031 yads 5 Yl T®OD
L day mummamwomawpwuﬂ-_g o o7 +da wmg wawm a10g| X nmwmappgo_b 3 9¢ mN_anmomW__ 19 |
| V_ 861 "®otuoq| | (xf [ | UOTIBIOT| MS AN | "
| Z11# °1°H wuom"L_ M_ | SSowidYUL 1800] 4 9z ¥ | N ¢ L] 09 |
. g6 -d ‘1 ~ddy ‘gr61 ‘oruog|T] x_ | U2PINGI3AQ / U0T199g| _
o e EELEEEm— o e—r .
N.uw Hm womMmHmou ww yadaq| €1T# °TOH 2zod| | | |X]| | MQWMWAWMMWH‘m e | Mo L 6s |
V ut 210sTq[¥6 *d ‘1 *ddy ‘grzel ‘®otucg| | |X | [/ UOT329§| |
_ L T FiL Fe0] S |
X | sseuyoTyl TEO
“mm 4t edaw it 2TCH szoq| | |x| | | amuusnwm>w% - mh_nwﬂmuom_ 8
. . ¢
| 1 V_‘g/61 ‘eotuod| | x| | | uoF1e00T| MN MZh “
_ 1 I%| | | ssowioryr teop| 92 ¥ | NG I| LS
y114 oTon 30| | |¥| | | uepanqeao |
_qm od ‘1 .&&¢ .wmma .mowaoa_ % ; L uOHuomm_ _
_ e
X SsSaUYO B
_ LOT# @TOH @ao0g| | [X| | 1 m TML T20) 3928 | N¢ If 95 |
[€6 *d ‘1 -ddy ‘g/61 ‘EdTUO _ SPangiea0) L 1013938
| e in R L S
pesn Te0d 03 yadep X | SSSuyOTyl TeOD| @ 92 4 | N ¢ I
({ ~ddy up NAhuaﬁam..ﬁwg__mm o .m%«omw* waWMuouom_ 11| USpINQIaAQ | 7 aoﬂuuwm“ 49 “
_ L61 Haoo“ “ hx_ | | UOT3IBI0T| MN MN| |
X| | | sseuydoTyl TBO
[P o v L ey B
. . <
_ 6 1 vV ‘g/61 ‘eotuoqg| | [X]| | | UOT3BI0T| MN zm“ “
| ccy oToR muom_ | _m_ | | sseuyOTyy TeOD| d G2 ¥ | NS I| €6 |
116 *d ‘1 +ddy ‘g/61 .NUHaoo“ " s ¢1 uot3das| _
SuTATOAUT STSOY] S QOﬁaMM“ [_d ﬁx“ “ ﬁ mmmaxowmwuﬂwmw” T zmz as|
. : IS# °TOH @109 % S L] zs |
uy AJewouue evlEp poATO0Sa1uf| 16 *d ‘1 +ddv “g/61 .mUﬁdoQ“ ;_Lun_ L\_ ﬁwv..:ﬁuw\rogr Z1 ﬁowuomm_ _
X SS9UNO
pesn jou| 510 _ MOTYL BoD| 4 G2 ¥ | NG 1 16
0ES 30 *AST® -3ss s,edfuog|1e *d ‘1 -ddy mmwmﬁﬁ.wom“om_ o 9PANq1940] A aOﬂuoom“ “
SINTHROD /SAION _ e Tuoaj | x| | | uoT31ed07]| AN AN] |
| sivlele|T] ALITIEVITEE | [# INTOd|
| ONISVHANONT | NOILVO0T |  VIVd]|

1 _

27



1

| | X SSOUNOTYL TBOD [c ¥ | NG 1] 9L
| 9E€T# OTOH @109 | X uspPINqIAdAQ 61 UOTID3G|
juesqe HA|G6 *d ‘1 -ddy ‘g/61 ‘®OFUOQ] | |X]| | | uoI3IBI07] MS MN|
| [_] | I%x]| | ss3®ujdTyr T®O) [Zd | NS I SL
eOTUO( | GET1# OTOH 2z04| | | |X%] | U9pIANGISAQ| 61 UOTIDDG|
£q umouy jou sSsSaUNITYI HA|ye °d ‘1 -ddy ‘g/e1 ‘®otuog| | x| | | uoT3eI07| MS MN|
_ [l | |¥| | ssouydoryl 1e0)| ¥ /2 ¥ | NG I| %L
edoTuo(q | yE€1# OTOH @x04| | | |X]| | uapINGIIAQ | 61 UOTIO3S|
Aq umouy jou ssou¥OIYl HA|ye °d ‘1 -~ddy ‘g/61 ‘®ofuod] | x| | | uoT3IB007| MS MN|
_ |1 1X] | | ssewidTyl 10| 3 9z ¥4 | N ¢ 1| €L
| T1Z1# °TO0H @1o0d| | |X] | | uapINqIaAQ | %7 UOT329g|
|v6 +d ‘1 -ddy ‘g/e1 ‘eoyuoq| | |x| | | uoF3ev07] ds M|
_ || IX] | | ssou¥oyul 1800| 4 9z 4 | N 61| <L
*pesn jo0u /]/ JO °A9TI| €ZT# OTOH @30d| | | |X] | udpINGIdAQ| GZ UO0T3I9g|
*1s9 s,eoruoQ ‘juesqe HA(¥6 d ‘1 -ddy ‘g/e1 ‘EoTUOQ| | | |X]| | U0T38007| 4S MS|
| [ %] | | sseuidTylL Te0)| 92 4 | N § 1] 1L
| 0Z1# 9TOH @ao04d| | |X] | | uapanqisag | % UOFID3G|
|%6 d ‘1 -ddy ‘g/61 ‘®dTUOQ| | [X| | | UOTIE207| MS FS|
_ | | I¥X| | | ssou¥otyl 1200| @ 9z 4 | NS 1| 0L
| ZZ1# °T10H @aog| | |X]| | | uapaInqisaQ| % UOFIO3G|
166 *d ‘1 -ddv ‘g/61 ‘®dTUOQ] | |X| | | U0T318007| MS dS|
I 3 O% °99s| | IX] | | ssauydTyl Teod| 92 4 | N S 1] 69
*sBalm ‘LT ‘SAOTAPUSH ‘SHO| *0) Bufull Te0D paepueig| | x| | | u9pINGIdAQ | 81 UOF3I03g|
Z WOo1J Teod 33u Jo 98ei1dAY|g¢ °d ‘6261 ‘OTIEOS R 9SO0OK| | |x] | UOFIBO07T| MN MN|
€y R Ty °O9s| SUTW T|_| [¥] | | SSSUj¥oTyl TeoD| 9z 4 | N & I] 89
*seall ‘LT “SAOTIPUSH ‘SHO|°ON Teo) SsaTaxows aauaaesy| | |X]| | | uapINqIdA( | 81 UOF303g|
Z WolJ Te0oD 39u Jo 28e1dAV|g¢ °d ‘6761 ‘OTIeOS % 9S00W| | | |X] | uotT3ed07| MN S|
_ [X| 1 | | | sseuddtyl Te0D 94 | NS I| 49
I2u1o0d | 611# OIOH @309 ‘601 .qm_x_ 1] uspangasaQ 8 uUoT309g|
MN Jo ¥,067 pPue §5,0661] °d ‘1 -ddy ‘g/e1 ‘®BoTUOQ|X| | | | | uoT3BI07]| MN MN|
pesn Te0d 03 |_ ] IX] | | SseuddFyl Te0d| & 92 4 | N & L] 99
yadap -33 1 3o Aduedaidsyp| 80T# °TOH @10d| | | |X] | UdPINGIIAQ | [ UOT3IO9S|
‘8014 ‘°1qea 1 -ddy s#ag|ge °d ‘1 -ddy ‘g/eT ‘®oruog| | |X| | | UoT3BI07]| AN AN|
_ [_1 J%| | | ssoujdTyl T80)| T 92 4 | N 6 I| 69
*pesn Teod 03 yidsp ‘a1qel| 60T# OTOH @a0d| | | | |¥X] UuapINGIIAQ | [ UOT3IO9§|
1 °ddy ut Aouedaiosip ,1l¢6 *d ‘1 -ddv ‘g/e1 ‘BOTUOQ| | |X| | | uoF3ed07| N AN |
_ |_L IX| | | ssouyofur 1e0d| @ 9z ¥ | N ¢ I| %9
*pasn Teod 03 yidap ‘orqel| L11# OTOH ?104| | | |X] | udpINGIIAQ | [ UOF3I03g|
1 °ddy uf Aouedaidosip ,T|¥6 °d ‘1 *ddy ‘g/61 ‘®oTUOQ] | |X] | | UoF3IBO07| dS AN|
SINAWWO0D /SHTLON | HONTIHITE lsivielz]T] ALTTIGVITHYE | | # INIOC|
| | . ONISVIEONT | NOILVOO1 | vivaj

Jo



e — . — — — ——— — ——— — ———n St S . S, Sttt o Gt e S S, S— — — ——— —— — — —— —

|

|

s i — s s S .ttt ot Sttt i, S Sttt S St Sttt et S, it s S et ottt i St it St

| [_L IX[ | | ssauyoIyl Te0d| A ¢z 4 | NG I| S8
pesn jou| 6G# ®T0H 2xo0d| | | [%] | uspanqiaap| GZ UOT1095|
0.9 3O °aA9T® *3sd s,edTuod|i6 °*d ‘1 °ddy ‘g/e1 ‘BOTUOG| | |X| [ UOTIBI07| MN 3S]|
| |_ | IX|_ | | ssewydryl Te0d| & 62 4 | N S 1| %8
| 09# °TOH 2xoq| | |[%]| | | uapIngaaaQ| GZ UOTID3G|
|16 *d ‘1 +ddy ‘gr61 ‘eotuoq| | [X| | | u0TIED0T| MN_dS|
| | Ix| | | sseujdryl Je0oD]| 4 GZ ¥ | N ¢ 1| €8
| 8G# OToH @z0d| | |x]| | | udpINgIdAQ| GZ UOF1Idag|
|16 °d ‘1 °ddy °‘g/61 ‘®dFUOCQ| | |X] | | UuoT3Ied07| |IN HAN|
| |1 1%] | | sssuydTyl 1eO)| G2 ¥4 | NG 1] 8
| LS# ®T0H =109 | [X] | | udpINqIdaQ| GZ uOTIO3G|
|16 °d ‘1 -ddy ‘g/e1 ‘®d1ucd) | [*| | | UOT3IBV0T| AN aN|
| |1 I%X| | | ssS3uy2Tyl TEOD| 9z 4 | N S 1j 18
| 9Z1# °TOH =xod| | x| | | uapIngiaaQ| Qg uor3oag|
|6 *d ‘1 -ddy ‘g/e1 ‘®dTuOq| | |X| | | u0T3I8d07| MN MN|
| |_ | IX] | | ssouyoTyl TB0D| H 9z ¥ | NG L] 08
| %Z1# OTOH @304| | %] | | uapIANGIIAQ | GZ UOFIVAG|
juasqe H|¥e °d ‘1 °ddy ‘g/61 ‘®OTUOG| | |X] | | UOF31e207]| MN MN|
| |1 1| | | sseujdTyl TB0D| 4 92 ¥ | N G I| 6L
| GZT# °TOH @x0g| | x| | | uapanqiaag| GZ UOT3I09ag|
|76 *d ‘1 -ddy ‘g/61 ‘®oruod| | [X] | | UOTIBI0T | MN MN|
| |1 I%| | | ssouyoryy] 1e00| ° /Z 4 | NS 1| 8¢
| 8CT# OTOH d10d| | [X]| | | uapINqIaiQ| 61 u0T1O3g|
6 °d ‘1 -ddy ‘g/61 ‘BoTuUOG| | |X| | | uoT31e007| MS MN|
_ |l IX] | | sseuydtyl fe0od| 4 /2 ¥ | N S L] [/
| LET# OTOH 2x0d| | |X] | | UapINGIdAQ| 61 UOTIDAG|
|[S6 *d ‘1 -ddy ‘g/61 ‘eotuod| | x| | | uoT31Ee207| MS MN|
SINAWNO0D /SALON | HONTIAI TS |sivl€elT]| T XIITIGVITHY | | # INIOd]
| | P — ONISVHIYONI | NOILVDO1 | viva|
_

s/



26T AN MS MN MN LT-9-61
0T6¢C AN Q °ON 1B9JI3]UTM/HR0 °pul °uwy

896T 7/MN 97-9-¢¢
0099 49D 31074 9T ‘+33d 094(Q

996T 086 N UN MS AND 9¢-9-6¢
%G20T 086 suodT °V T#/TT40H

861 066 IN N TMd 0GLT IS4 0€S¢ 97-9-8¢
0069 066 £113quanines gz-1#/0°4a

9/6T AN aN AN MS dIND 9¢-9-1¢
8166 N TINH T#/024d

9/61 IN aN N qSO 9¢-9-0¢
0099 AN Iduang, 14/094q

9/61 AN IN N TMd O%¥€T IS4 0T€T 9¢-9-61
0S99 AN pa9y T4#/094Q

8L6T1 aN aN ¥/MN 30 TMA %9%T IS4 06€T 97-9-%1
0289 YOoT4eTg #T1-T#/024a

MS MS MS 9¢-S-11
TH€C
2Tuo0S *J9TH| INOOg 1e02 yidop pue

aeag (13) * su9( PWWRY) | TITId paed SsauyoOTY3l uoTlIedO] 84-ug-o9g

‘q°l *juy 307 dol |°s3ixeq modg | ‘pajiodaa TeOO wie3y/iojexadp
:s807 I9TTTaq

*sTeO) duxoysiiey moTaq ATTeoTydeal8Tieils TeAI9juf pad307 4

*sSpaed 3Inods ayj pue s8o] IASTITIP

ayl £q poliodaa se ‘suojspueg auaoysiaey ayl jo dol ayil o3l PpIOITrap syidsp poinsesuw
3yl sufejuod L 3Inodg/ TTTIq/*SIABH, POTITI uwnyod 3yl ,°IeOD PIAE) INOIG, PITITI
uunyod 3yl ur saeadde pied Inods 3yl uo poilxodaa ST Teod YITym je yidsp paanseau
YL °(°1°9H 03 poduaaagyax *(G*] woaJ Lixea Lew STYL :930N) °@°l O3 PIo3IeTAdIqqE U]
sey ‘g *d I0 °g°*) 01 padcusisea ‘yidsp Te3zol 8oy ISTIFad copuos aeyndoiizaed 9yl £q
pa830T Teaia3ur 9yl jo doj ay3 o3 yidep paansesm dYl o3 saayax ,*3Jul o7 doJ, :330N

SWIOH LSHL SVO ANV TIO 40 SUTIVI °II XIANUddV

J2



