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US Silica Company Mill Creek Quarry — Upper Oil Creek Formation (Ordovician) at Mill Creek in
Johnston County is fine-grained, well-sorted sandstone, which is poorly cemented with clay minerals.
The economic bed ranges from 30 to over 100 ft thick and is relatively flat. Oil Creek sand is com-
posed of nearly pure silica making it ideal for making glass. Unwanted colors in glass are prevented
because the sand contains very low amounts of iron oxide and other contaminants. Clay and other
cementing agents occur only in small amounts making hydraulic mining methods possible.

After stripping any overburden, miners drill and blast the sandstone bed to loosen it and provide
additional surface area for effective hydraulic mining. High-pressure water monitors wash the sand
from the mine wall (front cover) to a series of sturry pumps (photo above) that transport the sand to
the processing plant. The sand stream is dewatered and silt and slimes removed before drying.

Natural gas discoveries in Oklahoma provided the major impetus for building new glass plants in the
Tulsa and Okmulgee areas. By 1918 producers were shipping high silica sand from Mill Creek to the
glass plants. Today US Silica Company mines high silica sand about six miles north of Mill Creek. Tra-
ditional uses of the silica sand include glassmaking, foundry applications, and proppants. Grinding
mills produce silica flour for use in plastics, polishes and cleansers, paints, ceramic frits and glazes,
fiberglass, precision castings, and more.

Photos by Sue Britton Crites, Oklahoma Geological Survey
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Figure 1. A 100-ft diaeter, 60-ft deep collapse associated with a mine shaft on the Harrisburg lease west of Cardin,
Oklahoma. Photo by Kenneth V. Luza.

140 Oklahoma Geology Notes « v. 66, no. 4 « Winter 2006




THE PICHER MINING FIELD
SUBSIDENCE EVALUATION

Kenneth V. Luza
Oklahoma Geological Survey

W. Ed Keheley
Keheley & Associates
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Figure 2. A 30-ft circular, non-shaft related collapse that developed on the Admiralty No. 1 lease in 2005-2006. Photo by
Kenneth V. Luza.
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ABSTRACTT

Lead-zinc ore deposits were mined in the Picher Mining Field for almost 70 years. The mining era left a legacy of
open mine shafts, shaft-related and non-shaft-related collapses, more than 40,000 exploratory drill holes, hun-
dreds of abandoned deep-water wells drilled into the Roubidoux aquifer, large areas prone to subsidence, acid-
mine water drainage from the mines, poor water shed drainage, and millions of tons of mill tailings containing
lead, zinc, and cadmium spread over 5,000 acres. The U.S. Environmental Protection Agency added the site to the
National Priorities List on September 8, 1983. The Oklahoma portion of the Picher Mining Field, about 41 square
miles, became known as the Tar Creek Superfund Site.

Serious public health issues, which included potential contamination of the Roubidoux aquifer, a major aquifer
used by municipalities in northeast Oklahoma, with mine water and elevated blood-lead levels in children, were
the major focus of federal and state agencies at Tar Creek for the past 27 years. Public safety issues in the Picher
Mining Field also include large areas prone to subsidence and hundreds of mine shafts either open or in some stage
of collapse. These public safety issues were not addressed in depth until recently.

In August, 2004, the U.S. Army Corps of Engineers assembled a Subsidence Evaluation Technical Team to evaluate
subsidence potential of the Picher Mining Field in Oklahoma. The areas of primary concern were major transporta-
tion corridors and residential areas in Picher-Cardin, Hockerville, and Quapaw. The report was released on January
31, 2006. Exhibits depicted the location of mine workings, shafts, non-shaft collapses, roof falls, and estimated
maximum subsidence. This information was overlaid on 1 in. = 200-ft scale high resolution color photographs for
each section. The study defined estimated maximum subsidence as the maximum amount of subsidence (in ft) that
could occur at a given surface location as a result of collapse of the underground mine workings. The maximum
amount of subsidence that could propagate to the surface was based on stope heights, and the thickness and bulk-
ing characteristics of the overlying strata.

A total of 286 numbered sites and/or clusters in the study area were identified on 20 exhibits that could have some
degree of surface vertical settlement if the mine workings would completely collapse. A 150-ft buffer zone was
drawn around the sites to account for mine map and location inaccuracies, and draw angle. In Picher, the sites
contained 139 residential structures, 11 business structures, 13 public use structures/facilities, 53 streets, and 25
locations under or within 150 ft of a major transportation corridor.

An analysis of variables associated with past surface collapse and non-collapse case studies was used to determine
the most important factors that control subsidence. The most important variables determined by the analysis
were 1) stope width, 2) stope height, 3) combined thickness of the Boone Formation and overlying Chester rock
units above the stope, and 4) stope depth. These variables were used to estimate the probability of subsidence for
133 areas identified on the estimated maximum subsidence maps. Those areas included public use facilities, resi-
dences, businesses, and transportation corridors within the 150-ft buffer zone. Three probability categories were
used to estimate the potential for subsidence: > 50%, 20-50%, and < 20%. The results were presented on maps at
the same scale as the exhibits in a series of figures in the report.

The results, findings, and conclusions were used to develop both general and specific recommendations for the
study area. The general recommendations constituted minimum approaches to safety for the area. The team pro-
vided a series of options, and their associated costs, for policy makers to consider in a cost-benefit analysis assess-
ment to determine the most cost effective option(s) in the best interest of public policy.

The subsidence evaluation report changed the approach for addressing hazards and risks in the Picher Mining Field.
In the past, public health hazards were the principal issues of concern. Now, public safety hazards and public
health hazards are jointly considered in formulating public policy. After reviewing the report, policy makers con-
cluded that removing residents from the sites was the safest and the most cost effective option. This option, which
is voluntary, affects 695 residences, businesses, and public use facilities. Property appraisals for the buyout
began in November 2006.
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Introduction

The Picher Mining Field is located in northeastern
Oklahoma and southeastern Kansas and was part of
the Tri-State Mining District (Oklahoma, Kansas, and
Missouri). The Tri-State Lead-Zinc District was one of
the foremost mining districts in the world. Mineral
production began with the discovery of lead near Jo-
plin, Missouri, in 1848. A later discovery in 1891 in
Peoria, Oklahoma, expanded mining into Ottawa Coun-
ty. In 1914, Eagle-Picher announced the discovery of
rich lead-zinc ore deposits near Picher, Oklahoma. By
1920, the area was known as the Picher Mining Field.
The eventual depletion of high-grade ore deposits in
the 1930s and the consequent lowering of mine-run
ore grade caused a gradual decline in the Tri-State
District’s output of lead and zinc until the early 1970s
when the mining field closed.

Mining was random room-and-pillar method where
rooms were excavated and pillars were left to sup-
port the mine roof. Initial extraction ratios were about
85%. As mining depleted the ore, the mining compa-
nies performed a second stage of mining that included
pillar shaving (trimming) or the complete removal of
pillars, which were left during earlier mining. After
the higher-grade ore was removed, the mining com-
panies often subleased mine workings to independent
miners, who removed the last remnant of ore from
roofs, walls, pillars, and floors. Final extraction ratios,
which varied from mine to mine, approached 100%.

Depths of mine workings vary from 100 ft (east) to 400
ft (west). Stope heights varied from 10-20 ft to over
100 ft. The main ore minerals were sphalerite and ga-
lena; the zinc to lead ratio for the ore, based on total
production from the field, was about 4:1.

The mining era left a legacy of open mine shafts,
shaft-related and non-shaft-related collapses (Figs. 1
and 2), more than 40,600 exploratory drill holes, hun-
dreds of abandoned deep-water wells drilled into the
Roubidoux aquifer, large areas prone to subsidence,
acid-mine water drainage from the mines, poor wa-
tershed drainage, and millions of tons of mill tailings
containing lead, zinc, and cadmium spread over 5,000
acres. The U.S. Environmental Protection Agency (EPA)
added the site to the National Priorities List (NPL) on
September 8, 1983. The Oklahoma portion of the Pich-
er Mining Field, about 41 square miles, became krown
as the Tar Creek Superfund Site (Tar Creek).

Public Health Issues

Serious public health issues, which included the po-
tential to contaminate the Roubidoux aquifer, a major
aquifer used by municipalities in northeast Oklahoma,
with mine water and elevated blood-lead levels in
children, were the major focus of federal and state
agencies at Tar Creek for the past 27 years. EPA issued
its first Record of Decision (ROD) for the Site on June
6, 1984. This ROD called for preventing the downward

Figure 3. The 1967 col-
lapse in Picher, Oklaho-
ma, that caused damage
to personal property.
Photo courtesy of the US
Bureau of Mines.
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migration of mine water into the Roubidoux aquifer.
Initially, 66 well sites in Kansas and Oklahoma were
identified for closure. Forty-three wells were plugged
and their sites restored (IT Corporation, 1985). During
remediation, an additional 17 well sites were found;
14 were cleared and plugged (Engineering Enterprises,
Inc., 1986).

The impact of elevated blood-lead levels in children
six years or younger is the primary public health con-
cern in the Tar Creek Superfund Site since 1994. In
1992-1993, the Indian Health Service collected blood-
lead data from children living in the area. They found
that 34% of Native American children had elevated
blood-lead levels above federal standards (Ackerman,
1994). The EPA identified mill tailings that contained
high concentrations of lead, zinc, and cadmium as the
primary source of lead. In response, between August
1994 and July 1995, the EPA conducted a soil sampling
program in residential yards and public use areas to
determine the extent of lead contamination. Because
of widespread mill tailings throughout the Site, many
residential yards and public use areas in several com-
munities showed elevated lead levels in sufficient
quantities to require removal.

In June 1996 a soil remediation (removal) program was
quickly initiated in the affected communities by the
EPA with the participation of the state of Oklahoma.
Scil contaminated with lead was removed up to 18 in.
deep in hundreds of residential yards and public use
areas, and replaced with uncontaminated soil. From
1996 to 2006, over 2,100 residential yards were reme-
diated at a cost of over $150 million. Major sources
of lead from tailings piles, flotation ponds, dry mill
ponds, and remaining chat-pile bases were not con-
sidered as part of the initial EPA response. The EPA has
plans to address the mill tailings in the future.

In June, 2004, Governor Brad Henry signed the Tar
Creek relocation bill that established the Lead Impact-
ed Communities Relocation Assistance Trust (relocation
trust authority) and authorized $3 million to relocate
families with children 6-years-old and younger in the
towns of Picher, Cardin, Hockerville, and Zincville.
The voluntary plan gave families the opportunity to
sell their property to the State at the average market
value in Ottawa County. The plan helped renters find
and finance new rental property for 12 months. Land-
lords received a 12-month stipend. Fifty-two families
participated in the 2004-2005 program.
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Public Safety Issues

Published field surveys, discussions with former min-
ers, and analyses of mine maps raised significant ques-
tions about the stability of underground mine work-
ings. Public safety issues associated with unstable
mine workings were not addressed in depth until re-
cently.

Shaft- and non-shaft-related subsidence events oc-
curred in the Picher Mining Field during its productive
years as well as after mining ceased in 1970. Field
surveys in 1981-1983 (Luza, 1986) and 2004-2005 (Luza
and Keheley, 2006) indicate at least 1,193 shafts exist
in the Oklahoma portion of the Picher Mining Field.
There are 511 shafts open or in some stage of col-
lapse, and 104 non-shaft-related collapses. Some ex-
isting collapse features have enlarged while others
that previously were filled by 1981-1983, have re-col-
lapsed. Many collapse features were improperly filled
with decomposable material and/or mill tailings such
as chat and flotation fines. Several of these filled col-
lapses later re-collapsed when the fill material migrat-
ed down into mine workings. In the fall of 2004, the
U.S. Army Corps of Engineers (Tulsa District) began a
program to plug and/or cap open and dangerous mine
shafts. By the end of 2005, 62 shafts were plugged
and/or capped.

Fortunately, most subsidence events have occurred in
rural areas; however, there are some notable excep-
tions. On July 21, 1967, 18 persons occupied houses
that were affected by a 1.5-acre collapse on the Netta
White lease north of Picher High School (Fig. 3). Five
occupants suffered minor injuries as a result of the
collapse. Two houses were in the center of the col-
lapse, and one house on the lip of the collapse was
tilted 25° from the horizontal. An attached garage of
a fourth house on the rim of the collapse broke away
from the house and was severely crumpled. The sur-
face near the center of the collapse dropped about 25
ft. On May 12, 1971, a mine shaft on the Black Hawk
lease collapsed between two homes in the Picher fed-
eral housing complex. The shaft was filled and fenced
before any injuries occurred. Another mine shaft col-
lapsed beneath the Leatherman home on Alta Street
in Picher on March 10, 1974. One room of the house
fell into the shaft opening. Fortunately, no injuries
occurred. On May 31, 1978, a cave-in was observed
about 8 a.m. on the south side of East A Street. By
noon the cave-in had reached the center of the road.
The cave-in area was about 90 ft long, 40 ft wide, and
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50 ft deep. One fatality in an automobile accident is
attributed to the non-shaft collapse of May 31.

Tar Creek Superfund Site residents expressed their
concerns about the potential for subsidence to Okla-
homa Senator Jim Inhofe in the spring of 2004. In June
2004, he requested an assessment of the Picher Mining
Field for potential subsidence. The U.S. Army Corps
of Engineers was designated the lead agency on the
subsidence evaluation project. A Subsidence Evalua-
tion Technical Team, composed mostly of engineers
and scientists, was assembled in August 2004 to begin
the subsidence evaluation (Table 1). The report was
released January 31, 2006 (U.S. Army Corps of Engi-
neers, 2006). On that day, city and county officials and
the news media were briefed. In the evening, a public
hearing was held in the Picher High School Gymnasium.

The report had a profound impact in shaping public
policy for the Tar Creek Superfund Site. The following
sections describe the evaluation process, results, and
recommendations for mitigation and/or avoidance of
areas that have a potential for subsidence.

Evaluation Process

The U.S. Army Corps of Engineers gave the Subsid-
ence Evaluation Team one year to conduct the ini-
tial assessment. Areas of primary concern were major
transportation corridors and residential areas in Pi-
cher-Cardin, Hockerville, and Quapaw. Transportation
corridors were U.S. Highway 69 from the junction of
U.S. Highways 69 and 69A north through Picher to the
Kansas state line; U.S. Highway 69A through Quapaw

Table 1. Subsidence Evaluation Team Organization

Organization

|  Team Member

Government

U.S. Army Corps of Engineers, Tulsa District

Jonna Polk ‘

David Fittermen

James Martell

U.S. Department of Interior, U.S. Geological Survey Mark Becker
Bill Ellis !

U.S. Department of Interior, Office of Surface Mining Len Meier ,
Oklahoma Conservation Commission (OCC) Mike Sharp |

h . David Cates
Oklahoma Department of Environmental Quality (DEQ) Mary Jane Calvey
Oklahoma Geological Survey (OGS) Ken Luza
U.S. Department of Interior, Bureau of Indian Affairs Charles Head
Quapaw Tribe Tim Kent
Contractor Support

Montgomery, Watson, Harza (MWH)

John Redmond |
Bruce Narloch
Andrew Rossi

SubTerra, Inc.

Chris Breeds

Keheley & Associates, Inc. Ed Keheley
Wood Metallurgical Consultants Frank Wood
Others Contributing to the Evaluation Process

Oklahoma Department of Environmental Quality (DEQ) Kelly Dixon
U.S. Department of Interior, Bureau of Indian Affairs Bob Coleman
U.S. Army Corps of Engineers, Tulsa District Adman Crisp
U.S. Department of Interior, Office of Surface Mining Paul Behum
Montgomery, Watson, Harza (MWH) John Pellicer
U.S. Department of Interior, Bureau of Land Management [Doug Cook

Miami Integris Eaptist Hospital

Dr. Mark Osborn
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to the Kansas state line; East 20 Road (A Street) from
the west side of Picher to the junction with Highway
69A; and Cardin Road from the junction with U.S.
Highway 69 to the junction north of Commerce (Fig.
4). Areas within 150 ft of these transportation cor-
ridors were included in the study. Residential areas
and transportation corridors are referred to collec-
tively as the study area. Areas of secondary concern
which were set aside for future evaluation, included
railroads, power lines, natural gas transmission lines,
rural areas, and nonresidential areas.

The 4,400-acre study area is located in all or parts of
sections 13-17, 19-24, 26, 28-33, and 35in T. 29 N.,
R. 23 E.; and sec. 19, T. 29 N., R. 24 E. Portions or
all of 63 mines/leases were evaluated for subsidence
potential (Table 2). A traditional subsidence evalua-
tion, which utilizes field surveys to determine mine
stratigraphy, structure, and rock-mass properties, was
not possible because the mine workings were flooded.
Detailed geologic reports for most mines in the study
area did not exist and/or were not available. The Sub-

sidence Evaluation Team used mine maps and drill-
hole logs to determine subsurface stratigraphy and
geometry of underground mine workings. Fortunately,
hundreds of detailed mine maps, at scales from 1 in. =
40 ft to 1 in. = 100 ft, and thousands of drill-hole logs
were collected and microfilmed by the former U.S.
Bureau of Mines. The collection resides at Missouri
Southern State University in Joplin, Missouri.

The evaluation process began in September 2004. In
the initial stages of the evaluation process, an at-
tempt was made to locate mine maps for the study
area. Maps were found in mining museums, at federal
and state agencies, and in private collections. Over
one thousand mine maps of various scales and vintages
were located and inventoried. An ongoing project by
the Oklahoma Conservation Commission to scan mine
maps and to convert microfilm drill-hole logs into digi-
tal databases was expanded for the study. Over 40,000
drill-hole logs were converted into digital images. Six
subgroups were created to perform specific tasks:
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Figure 4. Major transportation corridors and areas evaluated for subsidence potential.
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Table 2. Mines/Leases Located in the Study Area.

Mine/Lease Section Township Range Mine/Lease Section Township Range
Scott 13 29N 23E Eudora Whitebird 21 29N 23E
Farmington 14 29N 23E No. 1 Black Eagle 21 29N 23E
Lucky Jenny 14 29N 23E Royal 21 29N 23E
Dobson 14 29N 23E Indiana 22 29N 23E
Niday No. 1 14 29N 23E Dardene 22 29N 23E
Brester 15 29N 23E Azetc 23 29N 23E
Beck 15 29N 23E St Louis No. 4 24 29N 23E
Eudora Whitebird 16 29N 23E Alice Greenback 26 29N 23E
Commonwealth 16 29N 23E Birthday 28 29N 23E
Swift 16 29N 23E Federal-Fort Worth 28 29N 23E
Netta White 17 29N 23E Skelton 28 29N 23E
Piokee 17 29N 23E New Chicago No. 1 28 29N 23E
Big Chief 17 29N 23E Midas 30 29N 23E
Otis White 17 29N 23E Beck 29 29N 23E
Crawfish 17 29N 23E Skelton 29 29N 23E
Goodwin 17 29N 23E Barbara J. 29 29N 23E
Cardin Townsite 19 29N 23E Rialto 29 29N 23E
John Beaver 19 29N 23E Baby Jim 29 29N 23E
Dorothy Bill No. 2 20 29N 23E Blue Goose No. 2 30 29N 23E
Vantage 20 29N 23E Hum-Bah-Wat-Tah 30 29N 23E
West Netta 20 29N 23E Jay Bird 30 29N 23E
East Netta 20 29N 23E Lucky Bill 30 29N 23E
Kenoyer 20 29N 23E Bennie 30 29N 23E
Bialto 20 29N 23E Ritz 30 29N 23E
Barbara J. 20 29N 23E Tom L. 30 29N 23E
Oko 20 29N 23E Woodchuck 30 29N 23E
Premier 20 29N 23E Southside 31 29N 23E
Golden Hawk 20 29N 23E Wesley Smith 32 29N 23E
Grace Walker 21 29N 23E John Hunt 33 29N 23E
New York 21 29N 23E Craig 33 29N 23E
Black Hawk 21 29N 23E Malsbury 19 29N 24E
Premier 21 29N 23E

1) Back Analysis Subgroup—refined the initial list of
variables; selected case study areas of previous mine
collapses for back analysis; interpreted mine maps,
drill-hole logs, and other sources of information to
determine and tabulate the values of selected vari-
ables for use by the forward analysis subgroup.

2) Forward Analysis Subgroup—used variables from
back-analysis case studies to develop a predictive
tool.

3) Drill-hole Analysis Subgroup—located and tabulat-
ed drill-hole log information for the study area; de-
termined drill-hole collar elevations; and interpreted
the logs for depths to various geologic units.

4) Communications Subgroup—prepared briefings;
scheduled and presented the subsidence report to
lawmakers and the public.

5) Bureau of Land Management (BLM) and Geologic
Documents Scanning Subgroup—scanned into digital
format the BLM mine map collection and geologic
documents.

6) Map Scanning and Acquisitions Subgroup—identi-
fied, inventoried, and scanned additional map col-
lections.
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Table 3. Summary of Subsidence Locations (numbered sites)
by Category within the 150-ft Buffer Zone

! Major
Residences or :
Transportation
Structures \
Corridors

Residences or Structures and
Major Transportation Corridors

Parks &

Playgrounds P

54 ) 33

The large size of the study area and the quantity of
available data made it necessary to adopt a system-
atic process of data collection and assimilation. Data
requirements were dictated by the selected predic-
tive tools and by the need to prepare and provide a
comprehensive database of underground mines, mine
shafts, and existing subsidence features. Selected
resources were indexed and scanned into electronic
format, including:

9 264 geology and mining related articles and
documents pertaining to the Picher Mining Field
(scanned by the U.S. Army Corps of Engineers)

D 173 mine maps (scanned from BLM archives)
f> 397 documents (scanned from BLM archives)

D 348 mine maps (scanned from the Picher Mining
Museum in Picher, Oklahoma) and

% more than 500 other maps (scanned from Missouri
Southern State University archives in Joplin, Mis-
souri).

Mine map images provided by the OCC were digitized
to create Mine Vector Graphics (MVGs). The MVG is a
vector representation of a scanned mine map includ-
ing separate matching Digital Elevation Models (DEMs)
that represented elevations of separate mine work-
ings. These data were geo-referenced to the Okla-
homa State Plane North coordinate system, NAD 83.
Subsurface geology was determined from an analysis
of 3,800 drill-hole logs. The data acquired and gener-
ated for the Picher Mining Field subsidence evaluation
were assembled and incorporated into a Geographic
Information System (GIS), which was used to develop
a Conceptual Site Model. The GIS model evaluated the
potential subsidence and probability of subsidence in
the study area. This model was intended to serve as a
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resource, and the basis for future studies and manage-
ment programs in the Picher Mining Field.

The Subsidence Evaluation Team identified two pri-
mary products that could convey useful information
on the extent, probability, and magnitude of mine
subsidence within the Picher Mining Field. The two
types of information were

1) maps presented as exhibits (U.S. Army Corps of
Engineers, 2006, v. 2) that showed the locations of
mine workings, mine shafts, and the potential maxi-
mum subsidence; and

2) maps presented as figures to show estimated
probability of subsidence.

Type one information (maps presented as exhibits) was
overlaid on 2004, high resolution, color photography
at 1 in. = 200-ft scale for each section.

Estimated maximum subsidence was defined for this
study as the maximum amount of subsidence (mea-
sured in ft) that could occur at a given surface loca-
tion as a result of the collapse of underground mine
workings. If mine workings collapsed, the maximum
amount of subsidence observed on the surface was
based on stope heights and the thickness and bulking
characteristics of overlying strata. A bulking factor of
1.2 was used for the overlying strata. Maximum esti-
mated subsidence values were grouped into six cat-
egories that ranged from < 2 ft to > 50 ft.

A total of 286 numbered sites and/or clusters (Table
3) in the study area that could have some degree of
surface vertical settlement if the mine workings would
completely collapse, were identified on 20 exhibits
(U.S. Army Corps of Engineers, 2006, v. 2). A 150-ft
buffer zone was drawn around the sites to account for
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mine map and location inaccuracies and an angle of
draw. (Note: The angle of draw is used in coal mining
subsidence. This angle is assumed to bisect the angle
between the vertical and the angle of repose of the
material. For nearly flat coal seams, the angle is about
20°). In Picher, numbered sites contained 139 residen-
tial structures, 11 business structures, 13 public use
structures/facilities such as churches, parks, a city
maintenance facility, a lodge facility, and the Picher
Mining Museum, 53 streets, and 25 locations under or
within 150 ft of a major transportation corridor.

For example, the analysis indicated that Reunion
Park (Fig. 5) in downtown Picher had the potential
for maximum subsidence greater than 50 ft. Reunion
Park is located on the south side of the East Netta

mine. Detailed mine maps indicated that a large pillar
near the center of the void beneath the intersection
of Main and Second Streets was 94 ft high and less
than 50 ft in diameter. Adjacent to the pillar, the mine
void reached a maximum height of 106 ft. In February
1950, the Eagle-Picher Mining and Smelting Company
issued notices to tenants to vacate five city blocks
(8.45 acres) in the heart of the business district of Pi-
cher within 30 days. Mining engineers were concerned
that pillars beneath the site were not sufficient to sup-
port the mine roof. Within one year, all the buildings
and residences were demolished and a high chain link
fence was built around the area preventing access. In
1996-1997, the fences were removed and Reunion Park
was built. Since 1997, the park was used as the site
of the annual miners’ reunion in Picher where about

Figure 5. Estimated maxi-
mum subsidence for Re-
unioni Park, Picher, Okla-
homa.

(feet)

100 feet

Buffer Zone
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1,000 - 1,200 visitors congregated along with a carni-
val, parking, and venders’ booths.

The size of the Picher Mining Field, compressed time-
frame for the study, and lack of detailed geologic and
rock-mechanics data prevented a detailed analysis of
individual sites identified by the estimated maximum
subsidence model. An empirical back-analysis ap-
proach offered the only viable method to determine
the probability of subsidence in the study area. Large
subsidence features were back analyzed to determine
those factors or combination of factors that may have
caused mine-roof failures.

The inventory of mine collapse features by Luza (1986)
was used to select a sample of typical collapse fea-
tures throughout the Picher Mining Field. The Back-
Analysis Subgroup evaluated 12 subsidence features
and 17 locations where the surface was not impacted
by subsidence in 28 case studies. Detailed mine maps,

> 50%
20 - 50%
<20%

1 in. = 40 ft to 1 in. =100 ft, and drill-hole logs were
used to determine the stope geometry and geologic
contacts. Other variables included the presence or
absence of roof falls, extraction ratios, and mapped
tectonic/geologic features within or near the stope
area. A qualitative judgment of high, medium, or low
was applied to the confidence of the stope-dimen-
sional data. The judgment was based on the age of
the map and the degree of difficulty in interpreting
the mine map. The back analysis was intended to re-
cord all variables that may contribute to mine collapse
throughout the entire region at selected locations.

Variables associated with past surface collapse and
non-collapse case studies were tabulated and ana-
lyzed statistically by the Forward-Analysis Subgroup.
The primary objectives of the statistical analysis were
to identify variables that are most highly correlated
with large surface collapses and to evaluate the re-
lationships between those variables. The statistical

Figure 6. Estimated probabil-
ity of subsidence for Reunion
Park, Picher, Oklahoma.

North
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relationships were used to quantify the probability
of large surface collapses that occurred in areas not
evaluated as part of the back analysis. The analysis
determined that 1) stope width, 2) stope height, 3)
combined thickness of the Boone Formation and over-
lying Chester rock units above the stope, and 4) stope
depth were the most important variables to estimate
the probability of subsidence. These variables were
used to estimate the probability of subsidence for
some areas identified on the estimated maximum sub-
sidence maps. One hundred thirty-three areas, which
included public use facilities, residences, businesses,
and transportation corridors within the 150-ft buffer
zone, were evaluated. The evaluation provided a nu-
merical prediction of the probability of future subsid-
ence at these locations. Three probability categories
(> 50% [red], 20-50% [green], and < 20% [dark blue])
were used to estimate the potential for subsidence.
Results are presented on Figs. 7.3B-7.3K (U.S. Army
Corps of Engineers, v. 1, 2006). For example, Reunion
Park, which had an estimated potential subsidence >
50 ft, had an estimated probability of subsidence >
50% (Fig. 6).

Summary and Conclusions

From the assembled data and the evaluations per-
formed, the following summarizes the major findings
of the study.

E The potential for shaft-related and non-shaft-re-
lated subsidence is a very serious threat to the
safety and economic well-being of people who re-
side in and travel through the area. Subsidence
can occur with little or no advance warning. Every
shaft has the potential to collapse, and the initial
opening of a shaft collapse is likely to be the di-
mension of the shaft itself, growing to as much as
30 ft in diameter.

% The magnitudes of possible subsidence range from
just < 1 ft to just > 50 ft at the locations evalu-
ated. Land use determines the potential impact
of a subsidence event on the population. For ex-
ample, a one-foot subsidence in a road has more
serious consequences than a similar or even larger
subsidence in an agricultural area.

% 3,130 acres in the 4,400-acre study area were not
undermined. 1,270 acres were undermined, of
which 88 acres displayed greater than nominal po-
tential for subsidence. The 88 acres found to dis-
play greater than nominal potential for subsidence

were identified at 286 separate locations and/or
clusters. Further review of all available informa-
tion may reveal additional areas that may have
potential for subsidence. It is likely that subsid-
ence features exist in the study area but were not
identified.

& Methodologies are not currently available to ac-
curately predict when subsidence will occur.

P 473 acres of the 1,390 acres studied in Picher are
undermined.

b 17 acres of the 58 acres studied in Cardin are un-
dermined.

P 25 acres of the 231 acres studied in Hockerville are
undermined.

B The Subsidence Evaluation Team located no maps
of mines in the vicinity of Quapaw, so as a result,
the areal extent of underground mines is unknown.
The presence of mine shafts and mill sites in the
area, however, indicates that some mining has oc-
curred beneath some parts of town.

b 4.5 miles of the 19 miles of major transportation
corridors in the study area are undermined.

& 15 shaft-related and 20 non-shaft-related subsid-
ence events have occurred in the study area since
the 1982 inventory by the Oklahoma Geological
Survey.

& Factors identified as contributing most to non-
shaft-related subsidence are stope width, stope
height, combined thickness of the Boone Forma-
tion and overlying Chester rock units above the
stope, and depth of stope. These were used to
develop a probability model that predicts the like-
lihood of future subsidence.

b Current groundwater levels in the study area
provide a buoyant effect that reduces the effec-
tive load on remnant pillars and mine roofs and
therefore may decrease the potential for subsid-
ence. Lowering the groundwater table to levels
below mine-roof elevations may locally increase
the probability of subsidence. This would probably
only occur through pumping; however, water level
fluctuations may cause increased shaft-related col-
lapses.

& Thorough evaluation of subsidence potential of
a mined area must include careful review of all
available mine maps. Mine maps are of different
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vintages; and the most recent maps do not al-
ways include mine workings shown on older maps.
Discrepancies were found on maps for the same
lease.

b Map symbols used to indicate different mine levels
are inconsistent from lease to lease, and in some
cases are inconsistent within the same lease. In-
terpretation of mine maps is sometimes difficult in
areas of multiple-level mining because of overlap-
ping and/or inconsistent map symbols.

P> Assay data from exploration drill-hole logs, in
places, was used to estimate mine floor and roof
elevations.

b Geology varies within short distances, and is indi-
cated by exploration drill-hole logs and available
published reports.

P> The extraction ratio for many of the mines, cal-
culated from detailed mine maps, is greater than
90%.

& Very little geotechnical and/or rock mechanical
data exist to assess the probability of subsidence
using available analytical methods.

b Very little documentation is available regarding
the shaving or removal of pillars, except for a few
isolated cases.

P> Details of the mechanics of non-shaft-related sub-
sidence in the study area are poorly understood.
Post-mining features (post 1970) in the Picher Min-
ing Field are smaller in size than previous collaps-
es, which suggest a different collapse and subsid-
ence failure mechanism than in earlier collapses.

P> Some existing houses in the Picher area do not
meet U.S. Department of Housing and Urban De-
velopment (HUD) requirements for habitability
and/or for financing home improvements and/or
sales.

P> Some areas in the mining field are not suitable
for residential or business development given the
safety risks and cost of mitigation.

& No funding mechanism exists for emergency re-
sponse to subsidence.

Recommendations

The results, findings, and conclusions were used to
develop general and primary recommendations for the
study area. The general recommendations constitute
the minimum safety approaches for the area. Due to
the anticipated high cost of some recommendations,
the Subsidence Evaluation Team further recommended
using a cost-benefit analysis as the primary manage-
ment tool. The cost-benefit analysis of all available
options will determine the appropriate final deci-
sion.

The following is a general summary of the recommen-
dations made by the Subsidence Evaluation Team.

> Establish an advisory committee composed of
federal, state, and local representatives to assist
with the implementation of recommendations con-
tained in the report, and to serve as a technical
and/or management resource for policy makers
and elected officials.

9 Establish a long-term program to locate, map, and
record all subsidence events as they occur in the
Picher Mining Field.

@ Establish a fund to address emergency subsidence
events in the Picher Mining Field. The fund should
provide for emergency evaluation of subsidence
features as they occur and provide an immediate
funding source for corrective measures. Existing
funding mechanisms do not provide for the abil-
ity to respond quickly to emergencies. The fund
should be replenished as it is drawn down.

b Continue the current mine-shaft closure program
to remove the immediate hazards associated with
open shafts, further reduce the potential for ad-
ditional shaft failures, and minimize the environ-
mental impacts from surface water drainage and
unauthorized dumping. Focus mine-shaft closure
efforts first on open mine shafts within city limits
and near occupied structures.

@ Develop and implement a subsidence training pro-
gram for workers from Picher, Quapaw, Commerce,
Ottawa County District 1, and Oklahoma Depart-
ment of Transportation maintenance staffs. The
program should be designed to teach workers to
recognize and report subsidence events and how
to take appropriate action to address subsidence
events as they occur. A similar program was de-
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veloped in Joplin, Missouri, and has worked effec-
tively for several years.

& Identify and inspect all shaft-related and non-
shaft-related subsidence features being used as
dump sites for commercial and household refuse to
reduce the environmental impacts of open subsid-
ence features. A priority ranking based on poten-
tial environmental impacts should be developed,
and additional funding provided to eliminate sur-
face runoff into the sites and, in some instances,
to close the sites not currently addressed. Gov-
ernmental regulatory agencies, cities, and Ottawa
County should work together to strengthen regula-
tions, enforcement, and penalties for unauthorized
dumping and to develop legal alternatives for trash
disposal.

P> Federal and state agencies involved in remedia-
tion and reclamation of lands at Tar Creek should
re-evaluate existing assumptions and approaches
used to address hazards in the mining field. Infor-
mation contained in the report (potential subsid-
ence and mine-shaft failure, underground mine
workings, etc.) should be factored into existing
projects, plans, and decisions. A process for evalu-
ating current and future land-use plans against ex-
isting hazards and the estimated cost for remedia-
tion and reclamation should be developed. A plan
for restoration and/or final disposition of mined
properties, including identification and mitigation
of known hazards, should be a product of the ef-
fort. Ottawa County and impacted cities should
establish a county-city land-use planning process
to evaluate current land use and to develop future
land use recommendations in the study area. Ot-
tawa County should adopt building standards and
land-use guidelines for mined lands.

@ HUD regulations related to existing housing and
future construction in the mining field should be
reviewed to determine their applicability and im-
pact.

g Identify a state agency responsible for maintain-
ing and building upon the GIS developed from the
project. GIS information should be made available
on the Internet and/or other electronic media.

5 Complete the subsidence evaluation for the re-
mainder of the Picher Mining Field. This could
include 1) further refinement of the subsidence
evaluation model, 2) evaluation of the effects of
mine water on the stability of mine workings, 3)
development of a better understanding of struc-

tural geology, physical, and engineering properties
of rock in the area, and 4) evaluation of failure
mechanisms for recent smaller, non-shaft subsid-
ence areas.

Given the study’s conclusions, measures are required
to mitigate the potential adverse impacts to public
safety. Areas with higher probabilities of subsidence
and greater consequence should be given priority with
regard to evaluation and mitigation. The following is
a brief listing of the Subsidence Evaluation Team’s
site-specific recommendations for public use areas,
residential/commercial areas, major transportation
corridors, residential streets, and rural, agricultural,
and undeveloped areas.

Public Use Facilities (maximum estimated
subsidence of 5 ft or greater)

P> Three options are available: 1) close/relocate the
facility, 2) conduct a site-specific evaluation, and
3) conduct a geotechnical evaluation, or perform
regular monitoring using visual and/or geotechni-
cal methods. The costs of the evaluation, and pos-
sible long-term monitoring should be determined.
The benefits of continuing to use these facilities
should be evaluated against the risk and overall
costs of closure/relocation, the geotechnical eval-
uation, and long term monitoring.

P Four public use facilities in Picher (grade school
playground, youth soccer field, Reunion Park, old
Little League Park) should be evaluated to deter-
mine if continued use is safe for the residents.

Residential/Commercial Areas

& All mine shafts should be investigated to determine
if they are filled with durable material. If not, the
shaft(s) should be backfilled and/or plugged with
concrete at the rock interface. Such areas should
be zoned to restrict future residential, commer-
cial, and/or public use.

b If a structure is located immediately over a shaft,
the structure should be relocated and or demol-
ished, or if cost effective, the shaft should be
properly sealed.

@ Detailed evaluations of site(s) that contain struc-
tures located within an Estimated Maximum Sub-
sidence 5 ft or greater and/or within a 150-ft buf-
fer zone are needed to verify the actual subsur-
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face conditions. If the site is not safe for contin-
ued occupation and/or use, and mitigation is not a
feasible option, then relocation and/or demolition
should be conducted.

@ The small number of mine shafts identified in Qua-
paw may indicate that the mine workings are not
extensive and/or located near the surface. Based
on the absence of non-shaft related-subsidence in
the past, city workers should be trained to recog-
nize and report any indications of subsidence or
shaft failure.

Major Transportation Corridors and Resi-
dential Streets

D> Even small collapses on transportation corridors
and residential streets have potential to cause se-
rious accidents. For transportation corridors and
residential streets that have an estimated maxi-
mum subsidence of 0-2 ft under or within 150 ft of
the road, establish and implement a routine survey
grade monitoring procedure, the results of which
should be reviewed by a qualified engineer on a
prescribed schedule.

P> short-term recommendations include 1) inform
transportation and utility managers of potential
risk, 2) consider imposing weight restrictions and
speed limits on vehicles, and 3) establish alternate
routes for school buses.

b Long-term recommendations include 1) geotech-
nical investigation to determine the stability of
the road bed, surface, and right-of-way, 2) training
city, county, and state transportation workers to
recognize signs of subsidence related to mining, 3)
establishing standard notification and road closure
procedures if shaft failure or subsidence is occur-
ring in or adjacent to a road and, 4) mitigation if
cost effective.

Rural, Agricultural, and Undeveloped Ar-
eas

Areas used for pasture and hay or row crops, and un-
developed areas used for hunting, off-road vehicle
use, or hiking expose fewer people to dangers asso-
ciated with subsidence than do roads or residential
areas; yet dangers to public safety and property still
exist. Undeveloped and lightly developed portions of
towns are likely locations for new construction or re-
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location of existing structures from other areas. It is
recommended that no new construction or relocation
of residential housing, commercial buildings, infra-
structure, or transportation systems be allowed im-
mediately above or within 150 ft of undermined lands
until the area is evaluated for potential subsidence.

In addition to the recommendations, the report pres-
ents options to address some of the existing subsid-
ence features. Options were divided into four catego-
ries and include 1) management approaches that may
be used to address subsidence, 2) instrumentation that
could be installed for early detection of potential sur-
face collapse, 3) mine geometry characterization to
better understand parameters contributing to poten-
tial surface collapse, and 4) hazard mitigation options
associated with subsidence.

Discussion

The Subsidence Evaluation Team applied scientific
principles to define, describe, and quantify poten-
tial subsidence in the study areas. Subsurface geol-
ogy was used to develop a three dimensional model
to assess maximum subsidence potential. Over 3,800
drill-hole logs were used to determine the thickness
of the Pennsylvanian and Mississippian stratigraphic
units that overlie mine workings. Bulking characteris-
tics of overlying strata and stope heights determined
whether or not subsidence could propagate to the
surface if the mine workings were to collapse. The 1)
stope width, 2) stope height, 3) combined thickness of
overlying Mississippian strata above the stope, and 4)
stope depth were the most important factors needed
to estimate the probability of subsidence. Potential
maximum subsidence maps and probability figures in
the report were used to identify areas that may be
a public safety hazard if subsidence occurred. These
illustrations made it easier for the public and elected
officials to visualize and understand the significance of
the public safety hazards, environmental effects, and
future land-use issues associated with subsidence.

The subsidence evaluation report changed the ap-
proach for addressing hazards and risks in the min-
ing field. The report showed that there was a greater
overall risk to the public than was previously recog-
nized. In the past, public health hazards were the
principal issues of concern. Now, public safety hazards
and public health hazards are both considered when
formulating public policy. Regardless of how much the
surface was remediated or reclaimed to eliminate lead
exposure, the area is not considered a safe place to
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live as long as subsidence hazards exist. The land is
not usable for residential, business, and/or other pub-
lic facilities in areas susceptible to subsidence.

The need to address the public safety hazards at Tar
Creek played a major role in shaping public policy for
the site. Public policy is a set of interrelated gov-
ernmental decisions, including political decisions, for
implementing programs to achieve societal goals. The
policy is generally made by the government in the
name of the “public” and in some instances may be
initiated by the government, but not always accepted
by the public. In other instances, public policy may be
initiated by the public. If the decision-makers react to
incomplete or misleading information, public policy
can be easily flawed. At Tar Creek, the public and rep-
resentatives of federal and state agencies played a
major role in developing public policy.

Informed decision-making is facilitated by providing
elected officials with alternative solutions for hazard
mitigation. Hazards to the public can be 1) eliminated,
either by removing the threat to the public, or 2) if
the hazards cannot be eliminated, removing the pub-
lic from the hazards. The report contained a number
of solutions, along with associated costs, for hazard
mitigation. These data could be used to evaluate the
most cost effective method(s) to eliminate the poten-
tial hazard(s).

Evaluation team members briefed Senator Inhofe and
his staff on the report findings, conclusions, recom-
mendations, and options in January 2006. After a
review of the report and assessment of the options,
Senator Inhofe concluded that removal of the sites’
residents was the safest, most cost effective solu-
tion, and in the best interest of public policy. In May
2006, Senator Inhofe announced that he had chosen

== s e s = . R e = T S ———— " T = == tH> == =,
¥ 3
KANSAS T35S, +
| Ji 1 [ WOKLAHOMA 29N
ur 1 ilfe ol
(3]
i 7Picher L .é‘incvllﬁe 4 1 x 18 17
j A-Street E 20 Road /
3 T 2 23 p— 20
5 '\ﬁv l/ 3
9 [ _il | -
26 28 27 5)4,6 @} 25 30 29 <
s% N / . -5
8 8
&S o MA r“ﬂ’ 4
35 k7Yl | | ] 34 Rt 36 31 32
J"\/
69
T29N SEm XN /@ 1298
T28N] e i e —
31 B4
1 4 3 2 1 ale 6 5
'-‘-G) Major Communities A “‘ﬂ"’ﬂ?ﬁ
Relocation Assistance Zone North @jﬁé‘j}
= Subsidence Study Areas 1
Location of map area
Major Transportation e
Corridors

Figure 5. Relocation assistance zone
Environmental Quality.

Oklahoma Geology Notes «

(shown in green) or buyout boundary developed by the Oklahoma Department of

V. 66, no. 4 « Winter 2006

155



the buyout option. This option, which is voluntary, is
for residents, businesses, and public-use structures in
the most affected areas of the Superfund Site. Okla-
homa Governor Brad Henry and Senator Inhofe agreed
that the state would manage the buyout using federal
funds. In June 2006, Governor Henry signed legisla-
tion, Senate Bill 1463, that reestablished the reloca-
tion trust authority that was used to relocate families
with children 6-years-old and younger in 2004-2005. In
July 2006, Governor Henry appointed trust members
to manage the buyout. The same boundaries, about
13,000 acres, for the previous relocation were used to
determine eligibility by the relocation trust authority
(Fig. 5). There are 695 residences, businesses, and
public use facilities eligible for the buyout. Appraisals
of property for the buyout began in November, 2006.

A comprehensive understanding of geology and the
ability to visually relate the mine workings to poten-
tial public safety hazards led to the present policy
at Tar Creek. The process used at Tar Creek was an
excellent example of public, state and federal agen-
cies, and elected officials working together to develop
public policy for addressing public health and safety
hazards at Tar Creek.
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of the largest oil refinery in the

southwest at the town of Jenks,
eleven mines east of Tulsa, ac-
cording to a report from there
today.

The Prairie Oil and Gas
Company, a’ child of the Stan-
dard, now owns three immense
tracts of land adjoining Jenks and
contiguous to the Glenn oil field
and has commenced this build-
ing of a tank farm, which when
completed, will have a storage
capacity of 1,000,000 barrels. ,

O30

Thursday, ?‘ebruary 14, 1907,
p. 1 ¥

700 MINERS THROWN
OUT OF EMPLOY-
MENT |
BISBEE‘ MINES CLOSE DOWN

, Bisbee, Ariz, Feb. 13.—
Seven hundred miners were laid
off in Bisbee today. The reason
givelf the men was that there
was shortage in fuel and himber
and in order to make some nec-
essary repairs it was decided to
close down some of the shalfts.

Today the Big Spray shatft
of the Copper Queen Company
was idle. This is one of the big

* @

producing shafts of the distriet.
and employs about 500 men.
The announc'ement i8 made that
in all probability the Czar shaft
will be idle tomorrow.

There is a general belief .
that the sitfiation is directly due
to the attempt being made by -
organizers of the Western Feder-
ation of Miners to make Bisbee
a union camp. The officials of
the company, however, refuse to

admit that this is the cause of the ..

Company’s action. The men laid
off are leaving for other camps
in Mexico and Nevada.
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“The smokestack has
been finished, the clear water
well is completed amd the fil-
tration plant building is ready,”
said he. “Ten days more of good
weather will complete the set-
tling basin.”

(0240

Sunday, February 17, 1907, p.
7

WHITE TEMPLE HAS
SUPERB PIPE ORGAN

MASSIVE MELODY MA-
CHINE WILL BE INSTALLED
FOR EASTER SUNDAY

Part of the new $12,000
pipe organ for the Baptist White
Temple has arrived. Another
car, load has been shipped and
remaining parts will follow soon.
Installation by experts will be-
gin soon, and the organ will be
ready to furnish grand melody
by Easter Sunday. «

This organ will be the fin-
est in the new state and will be
the equal of those in the churches
of the large cities. Its feature will
be a complete system of chimes,
and 3,000 pipes will supply the
finest music that has ever been
heard in this city.

(040
February 17, 1907, p. 8

STATE FAIR FUND
REACHES TWENTY-"
FIVE THOUSAND -
State fair subscriptions
are being received in substantial
amount. With 15 subscriptions of
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$1,000 each and smaller ones
aggregating $10,000, the mark
set by the committee has been
reached. But the committee will
not stop at this figure.

With the funds falready
subscribed a state fair is as-
sured. Additional subscriptions
will be received and eventually
the capital stock of $100,000 will
be paid up. With that amount
Oklahoma can have a state fair
and exposition that will take rank
with any in the United States.

February 17, 1907, p. 10

OKLAHONMA STATE
MEDICAL COLLEGE

PROMINENT PHYSICIANS
AND SURGEONS IDENTIFIED
WITH
THE ENTERPRISE

For the purpose of estab-
lishing a second medical col-

lege in Oklahoma City, articles

of incorporation have been filed
with State Secretary Chas. H. Fil-
son, who has granted a charter
with headquarters in this city.

The incdrporators and
stockholders include Dr. W. ].
Darnell, Mountain View, Okla.,
who has been chosen president
of the school; Dr.West Moreland,
Atlanta, Ga.; Dr. H. H. Baty.Rome,
Ga.; Dr J- R. Phelan, Oklahoma
City, secretary of the corpora—
tion; and J. P. Eckers of Oklahoma
City.:»

“The Oklahoma State
Medical College will be con-
ducted as a regular medical col-
lege,” saifl Dr. ]. R. Phelan, sec-
retary of the school, yesterday.

“The school will be open for a,
four-year course, commencing’
next September, and later on it
is the intention to establish post
graduate courses in laboratory,
operative, and work in bacteri-
ology” ¢

O30

Tuesday, February 19, 1907, p.
1

105 PERISH IN MINE DISASTER

DEATH REAPS HAR-
VEST OF HUMAN LIFE

EXPLOSION OF GAS IN
MEXICO MINE SEND$S

MINERS TO ETERNITY
THIRTY BODIES RECOVERED

SCENE OF CATASTROPHE /
ABOUT 75 MILES FROM.
EAGLE PASS, TEXAS

Monterey, Mexico, Feb.
18.—A dispatch to the News
from Las Esperanzas, Coahuila,
says that 105 men probably are

*dead and many injured as a re-
sult of an explosion of gas in the
coal mine there.

’ The explosion at Las Es-
peranzas occurred at 7 p. m. in
the Conquista Mine No. 3.

Thirty dead bodies have
been taken out of the wreck, and
it is estimated that 75 more are
yet in the mine.

Las Esperanzas is located
on the line of the International
Railway about 75 miles from Ea-
gle Pass, Tex. It is the principal
coal center in Mexico and many
men, including a large number of
Japanese, are employed there.
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and the interchange of gifts,” he
pralsed the club for having de-
livered Washington’s Birthday
from neglect or indolent remem-
brance and eloquently set forth
what the day means.

O30
February 23, 1907, p. 6

© WOMAN CROSSES
CHANNEL IN A BAL-
LOON hY

London, Feb. 22.—Mfis.
Harbord has magde a daring
dash and successful balloon trip
across the channel. The ascent
was made at Chelsea [on] Thurs-
day night. The balloon crossed
the channel in the neighborhood
of Calais and descended at 9:30
o’clock this morning at Stavelot,

170

Belgium, in the midst of a violent

snowstorm. Mrs. Harbord is the
second woman to cross the chan-
nel in a balloon.

162 4.9)
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February 23, 1907, p. 7

HOTEL BUILDING
BRINGS $45,000

ANDREW GOODHOLM YES-
TERDAY PURCHASED RAS-
BACH HOTEL PROPERTY

PLANS GREAT IMPROVE-
MENTS

Two Additional Stories Will Be
Added and Tile Floored Base-
ment—Office Building

Through the real estate
agency of Levy Bros., C. A. Rus-
sell, owner of the three story
building at the corner of Rob-

inson and California Avenues,
formerly occ1'1pied by the court-
house officials and now occu-
pied by the Rasbach Hotel, yes-
terday sold the property and lots
to Andrew Goodholm of this city
for a consideration of $45,000.

This was the largest real-
ty deal reported in realty circles
yesterday, although it is under-
stood several large deals are
now pending.

(G220
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Cardott Receives
AAPG EMD

Distinguished
Service Award

OGS geologist Brian Cardott received the American
Association of Petroleum Geologists (AAPG)
Energy Minerals Division (EMD) Distinguished Ser-
vice Award in
April 2007, at
the organiza-
tion’s annual
convention. His
award reads:
“In honor and
recognition
of outstand-
ing leadership
and dedicated
service to the
Energy Miner-
als Division,
having served
as President,
Vice Presi-
dent, Secretary, Councilor, Chairman for Alter-
native Energy Technology, Member Services,
Website, Nominations, Gas Shale Committee,
and compiler of the EMD Procedures Manual.”

Oklahoma Geology Notes « V. 66, no. 4 « Winter 2006

Summers Honored by
Energy Advocates

The Energy Advocates kicked off their 2007 Cen-
tennial Events on March 26t at the Tulsa Petroleum
Club with a “Salute to Women in Energy” that hon-
ored women that have worked tirelessly in the en-
ergy industry statewide, regionally, and/or nation-
ally.

Oklahoma Geological Survey staff member Michelle
Summers was among those honored at this event.

“This has
become one
of our most
popular
events in re-
cent histo- |§
ry,” said Mark
Stansberry, &
President of
The  Energy
Advocates.
“We are
proud to give
recognition [
to the wom-
en that have
made our en-
ergy industry
great!” “With this year’s series of events, we
are focusing on all aspects of the energy indus-
try — past, present and the future.

Christine Hansen, Executive Director of the Inter-
state Oil & Gas Compact Commission, was the lun-
cheon keynote speaker.
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GOLD LEVEL SPONSORS $1,000-$2,499

X Chesapeake Energy Corporation
Cleary Petroleum Corporation
Devon Energy Corporation
Dowdco

Multi-Chem

St. Mary Land & Exploration
Tony Oil Company

Ward Petroleum Corporation
Weatherford

XTO Energy

XRXRXXRXRXBRRN

SILVER LEVEL SPONSORS $500-$999
CBM Solutions

Core Laboratories

Dawson Geophysical Company
Dominion Exploration & Production, Inc.
Drilling Info, Inc.

Fronterra Geosciences

Geomap Company

Geo-Microbial Technologies, Inc.
Halliburton

IPS-Integrated Production Services

Jolen Operating Company

Liberty Pressure Pumping

Schiumberger

The Energy Advocates

R
R
R
R
R
R
R
R
R
R
R
R
R
28

BRONZE LEVEL SPONSORS $100-$499
X Noble Energy

X Oracle Resources, Ltd.

X Panhandle Oil and Gas Inc.

R Questar Exploration & Production Company
R Spyglass Energy Group LLC

X The GHK Companies
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AUGUST

8 Gas Reservoir Evaluation
With Limited Data Work-
shop, taught by Dr. Richard
G. Hughes, Louisiana State
University. To be held at Moore
Norman Technology Center;
Norman, Okla.; information:
Oklahoma Geological Sur-
vey; phone (405)325-3031 or
(800)330-3996. E-mail: mj-
summers@ou.edu; website:
http://www.ogs.ou.edu.

SEPTEMBER

9—11 AAPG Mid-Continent
Section Annual Meeting,
New Ideas - More Oil & Gas,
Wichita, Kansas. Sponsored
by Kansas Geological Society.
Information: Ernie Morrison;
EMorrison@MULLDRLG.com;
phone: (316)264-5368. Web-
site: http://www.aapg.org/
meetings/midcont07.pdf.

23—28 Society for Exploration
Geophysicists (SEG) Inter-
national Exposition & 77th
Annual Meeting, San Antonio,
Texas. Sponsored by Kansas
Geological Society. Informa-
tion: 8801 S. Yale, Tulsa, OK
74137; phone: (918)497-5538,
Fax: (918)497-5557; website:
http://meeting.seg.org/.

OCTOBER

3—6 2007 Precious Metals
Symposium, Tucson, Arizona.
Information: website: http://
www.smenet.org/meetings/.

6—9 AAPG Rocky Mountain
Section 56" Annual Meeting,
Exploration Discovery Suc-
cess, October, Snowbird, Utah.
Information: website: http://
WWW.aapg.org/meetings/index.
cfm#sections.

18 Oklahoma Oil & Gas Trade
Expo, Oklahoma City, OK.
Information: Oklahoma Com-
mission on Marginally Produc-
ing Oil and Gas Wells (MWC),
phone: (405)604-0460 or
(800)390-0460; website: www.
marginalwells.com.

28—31 Geological Society of
America, Annual Conven-
tion, Earth Sciences for
Society — Beginning of the
International Year of Planet
Earth, Denver, Colorado. In-
formation: Geological Society
of America, P.O. Box 9140,
Boulder, CO 80301; (303)
447-2020; fax (303)357-1071,;
e-mail: meetings@ geosociety.
org. Website: http://www.geo-
society.org/meetings/2007/.

NOVEMBER

6—9 14th Annual Internation-
al Petroleum Environmental
Conference, Houston, Texas.
Information: The University
of Tulsa, Continuing Engineer-
ing & Science Education, 600
S. College Avenue, Tulsa, OK
74104; phone: (918)631-3088.
E-mail: cese@utulsa.edu.

10—14 Society of Petroleum
Engineers (SPE) Annual
Conference and Techni-
cal Convention, Annaheim,
Calif.. Information: SPE, 1888
North Market St., Frederick, MD
21701; phone (301)694-5243
or (866)229-2386; website:
http://www.spe.org/atce/2007.

2008

FEBRUARY

TBA Oklahoma Aggregates
Association (OKAA) “Aggre-
gates Day at the Capitol”,
Oklahoma State Capitol Ro-
tunda. Information: OKAA, Jim
Rodriguez; phone (405)524-
7680; website: http://www.
okaa.org.

TBA Oklahoma Aggregates As-
sociation (OKAA) 7% Annual
Meeting and Field Trip, Clari-
on Meridian Convention Center,
Oklahoma City, Okla.. Informa-
tion: meeting, Jim Rodriguez,
(405)524-7680; fieldtrip, Stan
Krukowski, (405)325-3031.
Website: http://www.okaa.org.

MARCH

12 Geographical Informa-
tion Systems (GIS) Day at
the Capitol, Oklakoma State
Capitol Rotunda. Information:
Shellie Willoughby, (405)521-
4828; e-mail, shelliew@okcc.
state.ok.us.

TBA Granite Wash Workshop,
Moore Norman Technology
Center; Norman, Okla.; infor-
mation: Oklahoma Geological
Survey; phone (405)325-3031
or (800)330-3996. E-mail:
mjsummers@ou.edu; website:
http://www.o0gs.ou.edu.

MAR 29—APRIL 1 Geological
Society of America (:GSA)
South Central Section Meet-
ing, Hot Springs, Arkan. Infor-
matior:: e-mail, jbconnelly@
ualr.edu; website: http://www.
geosociety.org.

APRIL

17 ScienceFest Oklahoma,
Oklahoma City Zoo. Informa-
tion: Karla Beatty, (405)521-
6788; e-mail, karlab@okcc.
state.ok.us.

20—23 American Association
of Petroleum Geologists
(AAPG) Annual Convention
and Exhibition, San Antonio,
Texas. Information: AAPG Con-
vention Department; P.O. Box
979; Tulsa, OK 74101-0979
USA; 1(888) 945-2274 ext.
617 (U.S. / Canada); 1(918)
560-2617. Web site: http://

www.aapg.org/.
MAY

11—16 44" Forum on the Ge-
ology of Industrial Minerals,
Oklahoma City, Okla.; informa-
tion: Stan Krukowski, Oklaho-
ma Geological Survey; phone
(405)325-3031 or (800)330-
3996. E-mail: skrukowsi@
ou.edu.

OCTOBER

22—23 Oklahoma Gas Shales
Conference and Field Trip,
Oklahoma City, Okla.; infor-
mation: Oklahoma Geological
Survey; phone (405)325-3031
or (800)330-3996. E-mail:
mjsummers@ou.edu; website:
http://www.ogs.ou.edu.
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A
abstracts
American Association of Petroleum Geologists 44
Geological Society of America 91, 131
Tar Creek Symposium 131
Adrain, Jonathan M., see Waskiewicz, Raina A.; Westrop, Stephen R ;
and Adrain, Jonathan M.
Ahem, J.; and Gilbert, M. C.—Unusual Circular Structures in
Southern Oklahoma [abstract] 94
Amati, Lisa; Westrop, Stephen R.; and Saltzman, Matthew R.—Cor-
relation of Carbon Isotope (513C)Stratigraphy with Shifts in
Lithofacies and Trilobite Biofacies, Late Ordovician Viola Group,
Southern Oklahoma [abstract] 94
American Association of Petroleum Geologists
abstracts 44
co-sponsors Student Expo 2007 90
Energy Minerals Division Distinguished Service Award presented
to OGS geologist 173
Andrews, Richard D., see Cardott, Brian J,; Andrews, Richard D.:
Miller, Galen W.; and Paxton, Stanley, T.
artificial neural network (ANN), methodology applied to Anadarko Basin 59
astrolabe 73
Aufill, Michael; and Paxton, Stanley T—Evaluation of Magnetic
Susceptibility Relative to Spectral Gamma-ray Response in
the Upper Devonian — Lower Carboniferous Woodford Shale
of South-central Oklahoma [abstract] 91
basement wells 12
Bawden, Gerald, see Becker, Mark; Ellis, William; Bawden, Gerald;
Sharp, Mike; Halihan, Todd; and Martell, James
Beatty, Karla—Why Does Oklahoma Have a “State Soil’? 83
Becker, Mark; Ellis, William; Bawden, Gerald; Sharp, Mike; Halihan,
Todd; and Martell, James—Evaluation of a Recent Mine
Collapse, Picher Mining District, Ottawa County, Oklahoma
[abstract] 95
Becker, Mark, F., see Cope, Caleb, C.; Becker, Mark F.: and Dehay,
Kelli L.
Boardman, Darwin; and Puckette, Jim, authors of Stratigraphy and
Paleontology of the Upper Mississippian Barnett Shale of Texas
and Caney Shale of Southern Oklahoma (OF 6-2006) 47

Bohling, Geoffrey C., see Dubois, Martin K.; Byrnes, Alan P_; Bonhling,
Geoffrey C.; and Doveton, John H.

Boyce, Matt Louis—Surface and Subsurface Lithostratigraphy of
Devonian Successions, Northern Arkoma Basin, Oklahoma and
Arkansas [abstraci] 9

Brabander, Daniel, see McCarthy, Kathleen D.; Schaider, Laurel:
Brabander, Daniel; Senn, David; and Shine, James

Brabander, Daniel J., see Schaider, Laurel A.; Senn, David B.;
Brabander, Daniel J.; Holton, Michael, W.; McCarthy, Kathleen
D.; Serdakowski, Mary C.; and Shine, James P.

see also Zota, Ami; Schaider, Laurel A.; Brabander, Daniel J.:
Wright, Robert O.; Osborn, Mark; and Spengler, John D.

Brown, Ray—Clair Cameron Patterson: The Unsung Geologist 36
The Position and Shape of the Earth: A Story of Luck and
Misfortune 73
Byrnes, Alan P., see Dubois, Martin K.; Byrnes, Alan P.: Bohling,
Geoffrey C.; and Doveton, John H.
C
Campbell, Jock A.; and Weber, Jane L., authors of Wells Drilled to
Basement in Oklahoma (SP 2006-1) 12
Cardott, Brian, recipient of AAPG Energy Minerals Division award 173
Cardott, Brian J. —Potential Gas Shales in Oklahoma, U.S.A.
[abstract] 44
Cardott, Brian J,; Andrews, Richard D.; Miller, Galen W.: and Paxton,
Stanley, T. authors of Woodford Gas Shale Field Trip

!Reference is to first page of article containing indexed item.

(OF 1-2007)

127
Catlos, Elizabeth, J., see Hale, Geoffrey R. Jr.; Nichols, Bradley A ;
Puckette, Jim O.; Ogunyomi, Tope Q.; and Catlos, Elizabeth J.
Cedar Hills Sandstone, natural-gas geyser eruptions 52

Cemen, lbrahim; Sahai, Surinder; Kaya, Gultekin; Sadegi, Wahab;
Parker, William; and Collins, Marline—Using Balanced Structural
Cross-sections to Determine Strain Partitioning from the Central
Ouachitas to the Arkoma Foreland Basin, Southeastern Okla-

homa [abstract] 92

Christenson, Scott, see Osborn, Noel; Christenson, Scott: and
Halihan, Todd

coal and coalbed methane(CBM)

CBM activity in Kansas 79
CBM activity in Oklahoma 79
CBM conference in Oklahoma City 79
horizontal drilling 79

Collins, Marline, see Gemen, Ibrahim; Sahai, Surinder; Kaya,

Gultekin; Sadeqi, Wahab; Parker, William; and Collins, Marline

Cope, Caleb, C.; Becker, Mark F.; and Dehay, Kelli L—Characteri-
zation of Chat Leachate and Mine Discharge into Tar Creek,

Ottawa County, Oklahoma [abstract] 95

Counties

Johnston

Mill Creek quarry produces sandstone from Oil Creek 138
Kingfisher

natural-gas geyser 52
McClain

paleocanyon 4
Murray

Fort Sill Limestone 2

Royer Dolomite 2
Ottawa

Picher Mining Field 141

Cranganu, Constantin—Artificial Neural Networks and Overpressure

Prediction in the Anadarko Basin, Oklahoma 59
Artificial Neural Networks May Help Predicting Abnormal Pressures

in the Anadarko Basin [abstract] 46

Crites, Sue Britton, [cover photo] 50, 137, 138

The Woodford Gas Shale Conference and Field Trip 174

Cruse, Anna M., see Paxton, Stanley T.; Cruse, Anna M.: and
Krystyniak, Alischa

D

Daly, Colin, see Davies, Russell K.; Welch, Michael; Daly, Colin; and
Knipe, Rob

Davies, Russell K.; Welch, Michael; Daly, Colin; and Knipe, Rob—
Mechanical Modeling of Slip Along Regional Faults in the
Arbuckle Anticline to Estimate Fracture Orientation and Density
Constrained by Geohistory [abstract] 46

Dehay, Kelli L.—Surface-water and Sediment Quality in Tar Creek,
Neosho River and Spring River, Northeast Oklahoma, 2004-05
[abstract] 133

see Cope, Caleb, C.; Becker, Mark F.; and Dehay, Kelli L.

Doveton, John H., see Dubois, Martin K.; Byrnes, Alan P.; Bohling,
Geoffrey C.; and Doveton, John H.

Dubois, Martin K.; Byrnes, Alan P.; Bohling, Geoffrey C.; and Doveton,
John H.—Multiscale Geologic and Petrophysical Modeling of the
Giant Hugoton Gas Field (Permian), Kansas and Oklahoma
[abstract] 45

E

earth, early attempts to determine its shape 73

earthquakes

catalog for Oklahoma, 2005 101
intensity, Modified Mercalli scale 107
magnitude, measurement scales 107
relevance to petroleumn operations 100
Eliis, William, see Becker, Mark; Ellis, William; Bawden, Gerald;
Sharp, Mike; Halihan, Todd; and Martell, James

Oklahoma Geology Notes  v. 66, no. 4 « Winter 2006

181



- .- o, 5~ e L e LU L e s

F
Fayetteville Shale, Arkansas shale gas play 79
Felt, Vince L., see Wahiman, Gregory P.; Felt, Vince L.; and Moon,

Brad D.
Flowerpot Shale, natural-gas geyser eruptions 52
Foote, Jim—Paleoecology of a Lower Permian Locality in

Northern Oklahoma [abstract] 93
Geological Society of America, abstracts 91, 131
Gibson, Amie, job profile 128

Gilbert, M. C., see Ahern, J.; and Gilbert, M. C.
see also London, David; and Gilbert, M. C.

Goodrich, Harold B., compiler of Oklahoma Asphaltic Deposits — Field
Sheets and Map (“The Goodrich File”) (OF 2-2006) 47

Goodrich, Harold B.; and Jordan, Louise, compilers of Asphalts,
Asphaltites,and Asphaltic Pyrobitumens in Oklahoma
(“The Goodrich File”) (OF 3-2006) 47

Grillot, Larry R., named dean OU College of Earth and Energy 41

H

Hadaway, Steve; and Sahai, Surinder—Pre-Pennsylvanian Paleo-
canyon in a Portion of McClain County, Oklahoma: Implications
for Deese Oil and Gas Production 4
Hale, Geoffrey R. Jr.; Nichols, Bradley A.; Puckette, Jim O.;
Ogunyomi, Tope O.; and Catlos, Elizabeth J.—Electron
Microprobe Analysis of Lower Morrow Sandstone, Woodward
County, Oklahoma [abstract] 92
Halihan, Todd, see Becker, Mark; Ellis, William; Bawden, Gerald,
Sharp, Mike; Halihan, Todd; and Martell, James
see also Osborn, Noel; Christenson, Scott; and Halihan, Todd
see also Puckette, Jim; Sahai, Surinder; Halihan, Todd; Osborn,
Noel; and Paxton, Stanley T.
Hannibal, Joseph; and May, William, J—Millipeds (Diplopoda) from
the Fort Sill Fissures (Lower Permian) of Southwestern
Oklahoma: Rare Examples of Permian Millipeds and of Fossil
Millipeds from a Paleozoic Fissure Fill [abstract] 93
Holton, Michael W., see Schaider, Laurel A.; Senn, David B.;
Brabander, Daniel J.; Holton, Michael, W.; McCarthy, Kathleen
D.; Serdakowski, Mary C.; and Shine, James P.
Horn, Brian W.—Time, Surfaces, and Rock Volume: A Four-
Dimensional Re-Evaluation of Reservoir Development in the
Spiro Sandstone and Wapanucka Limestone, Arkoma
Basin, Southeast Oklahoma [abstract] 46
Huizenga, Robert, see Simonton, Steve; Seigrist, Larry; Huizenga,
Robert; Janwadker, Sandeep; and Isbell, Matt

Isbell, Matt, see Simonton, Steve; Seigrist, Larry; Huizenga, Robert;
Janwadker, Sandeep; and Isbell, Matt

Janwadker, Sandeep, see Simonton, Steve; Seigrist, Larry; Huizenga,
Robert; Janwadker, Sandeep; and Isbell, Matt
Jordan, Louise, see Goodrich, Harold B.; and Jordan, Louise

K

Kaya, Gultekin, see Gemen, Ibrahim; Sahai, Surinder; Kaya, Gultekin;
Sadegi, Wahab; Parker, William; and Collins, Marline

Keheley, Ed—History of the Picher Mining Field [abstract] 131

Keheley, W. Ed, see Luza, Kenneth V.; and Keheley, W. Ed

Knipe, Rob, see Davies, Russell K.; Welch, Michael; Daly, Colin;
and Knipe, Rob

Krystyniak, Alischa, see Paxton, Stanley T.; Cruse, Anna M.; and
Krystyniak, Alischa

Lawson, James E., Jr., and Luza, Kenneth V.—Oklahoma Earth-
quakes, 20056 101
London, David; and Gilbert, M. C., authors of Interpreting Igneous
Textures—A Field Trip to Outcrops in the Cambrian Wichita

Mountains Igneous Suite (OF 5-2006) 47
Luza, Kenneth V.—compiler of A Hundred Years Ago in Oklahoma
January 1907 113
compiler of A Hundred Years Ago in Oklahoma February 1907 157
Geology of the Picher Field in Okiahoma [abstract] 131

Tar Creek Oklahoma Superfund Site and lts Many Challenges

182

[abstract]
see Lawson, James E., Jr.; and Luza, Kenneth V.

Luza, Kenneth V.; and Keheley, W. Ed, authors of Inventory of Mine
Shafts and Collapse Features Associated With Abandoned
Underground Mines in the Picher Field Northeastern Okla-
homa (OF 1-2006) 47

The Picher Mining Field Subsidence Evaluation and Public Policy 141

M

Mankin, Charies J., named Regents’ Professor 40
Recent Oklahoma Earthquake Activities 100
Marteli, James, see Becker, Mark; Ellis, William; Bawden, Gerald,
Sharp, Mike; Halihan, Todd; and Martell, James
Martell, Jim—Subsidence Evaluation of Tar Creek Superfund Site
[abstract]
May, William J., see Hannibal, Joseph; and May, William, J.
McCarthy, Kathleen D.; Schaider, Laurel; Brabander, Daniel; Senn,
David; and Shine, James—Metals and Human Health: The
Characterization of Toxic Metals from Mine Waste at the Tar
Creek Superfund Site and Assessment of Exposure to the Tar
Creek Community [abstract]
McCarthy, Kathleen, D., see Schaider, Laurel A.; Senn, David B.;
Brabander, Daniel J.; Holton, Michael, W.; McCarthy, Kathleen
D.; Serdakowski, Mary C.; and Shine, James P.
meetings, upcoming 42, 43, 87, 90, 180
Miller, Galen W. —Interesting Outcrop in Southern Murray County,
Oklahoma [cover photo and description] 2
The Gas Geysers of Kingfisher 52
see Cardott, Brian J,; Andrews, Richard D.; Miller, Galen W.; and
Paxton, Stanley, T.

132

132

134

mine subsidence, Picher Mining Field {Tar Creek Superfund Site) 141
Moon, Brad D., see Wahlman, Gregory P.; Felt, Vince L.; and Moon,
Brad D.

Nichols, Bradley A., see Hale, Geoffrey R. Jr.; Nichols, Bradley A.;
Puckette, Jim O.; Ogunyomi, Tope O.; and Catlos, Elizabeth J.

Ogunyomi, Tope O., see Hale, Geoffrey R. Jr.; Nichols, Bradley A ;
Puckette, Jim O.; Ogunyomi, Tope O.; and Catlos, Elizabeth J.
Oklahoma

earthquakes, 2005 101
newspaper articles from January, 1907 113
newspaper articles from February, 1907 157
seismograph stations 101, 128

state soil described 83
Oklahoma City Geological Society, digital collection of its publications 86
Oklahoma Geological Survey

director named Regents' Professor 40
meetings and field trips (co-sponsored)
Coalbed Methane and Gas Shales 79
Oklahoma 3-D Seismic Applications 43
Woodford Gas Shale (conference and field trip) 174
new publications
Asphalts, Asphaltites, and Asphaltic Pyrobitumens in Oklahoma
(“The Goodrich File”y (OF 3-2006) 47
Hydrogeology and Water Management of the Arbuckle-Simpson
Aquifer, South-Central Oklahoma (OF 4-2006) 47
Interpreting Igneous Textures — A Field Trip to Outcrops in the
Cambrian Wichita Mountains Igneous Suite (OF 5-2006) 47
Inventory of Mine Shafts and Collapse Features Associated
With Abandoned Underground Mines in the Picher Field
Northeastern Oklahoma (OF 1-2006) 47
Oklahoma Asphaltic Deposits — Field Sheets and Map (“The
Goodrich File”) (OF 2-2006) 47
Stratigraphy and Paleontology of the Upper Mississippian
Barnett Shale of Texas and Caney Shale of Southern
Oklahoma (OF 6-2002) 47
Wells Drilled to Basement in Oklahoma (SP 2006-1) 12
Woodford Gas Shale Field Trip (OF 1-2007) 127
staff 128,173
Osborn, Mark—Elevated Blood Lead Levels in Small Children at
the Tar Creek Superfund Site [abstract] 133

see Zota, Ami; Schaider, Laurel A.; Brabander, Daniel J.; Wright,

Oklahoma Geology Notes  v. 66, no. 4 « Winter 2006



“

Robert O.; Osborn, Mark; and Spengler, John D.

Osborn, Noel, see Puckette, Jim; Sahai, Surinder; Halihan, Todd;
Osborn, Noel; and Paxton, Stanley T.

Osborn, Noel; Christenson, Scott; and Halihan, Todd, authors of
Hydrogeology and Water Management of the Arbuckle-
Simpson Aquifer, South-Central Oklahoma (OF 4-2006)

paleocanyon

Parker, William, see Cemen, Ibrahim; Sahai, Surinder; Kaya,
Gultekin; Sadeqi, Wahab; Parker, William; and Collins, Marline

Patterson, Clair Cameron, biographical sketch

Paxton, Stanley T., —Woodford Shale [cover photo and description]

see Aufill, Michael; and Paxton, Stanley T.

see also Cardott, Brian J,; Andrews, Richard D.; Miller, Galen W.:
and Paxton, Stanley, T.

see also Puckette, Jim; Sahai, Surinder; Halihan, Todd; Osborn,
Noel; and Paxton, Stanley T.

Paxton, Stanley T.; Cruse, Anna M.; and Krystyniak, Alischa—
Detailed Fingerprints of Global Sea-level Change Revealed in
Upper Devonian / Mississippian Woodford Shale of South-
central Oklahoma [abstract]

petroleum and natural gas

gas shales
Barnett (in Texas)
Caney
Fayetteville (in Arkansas)
Woodford
drilling complex structural features
natural-gas geyser, Kingfisher County
wells drilled to basement

Picher Mining Field

Port Silt Loam, state soil of Oklahoma

Puckette, James O. —Naturally Underpressured Compartments
and Geologic Sequestration of Carbon Dioxide [abstract]

Puckette, Jim; Sahai, Surinder; Halihan, Todd; Osborn, Noel; and
Paxton, Stanley T—Application of Petroleum Industry Data
to the Evaluation of the Arbuckle and Simpson Aquifers,
Arbuckle Mountains, Oklahoma [abstract]

Puckette, Jim, see Boardman, Darwin; and Puckette, Jim

Puckette, Jim O., see Hale, Geoffrey R. Jr.; Nichols, Bradley A ;
Puckette, Jim O.; Ogunyomi, Tope O.; and Catlos, Elizabeth J.

Sadeqi, Wahab, see Cemen, Ibrahim; Sahai, Surinder; Kaya,
Gultekin; Sadeqi, Wahab; Parker, William; and Collins, Marline
Sahai, Surinder, see Cemen, lbrahim; Sahai, Surinder; Kaya,
Gultekin; Sadeqi, Wahab; Parker, William; and Collins,
Marline
see also Hadaway, Steve; and Sahai, Surinder
see also Puckette, Jim; Sahai, Surinder; Halihan, Todd; Osborn,
Noel; and Paxton, Stanley T.
Saltzman, Matthew R., see Amati, Lisa; Westrop, Stephen R.; and
Saltzman, Matthew R.
Schaider, Laurel, see McCarthy, Kathleen D.; Schaider, Laurel;
Brabander, Daniel; Senn, David; and Shine, James
Schaider, Laurel A.; Senn, David B.; Brabander, Daniel J.; Holton,
Michael, W.; McCarthy, Kathleen D.; Serdakowski, Mary C.:
and Shine, James P—Mine Waste Piles as a Source Metal
Contamination at the Tar Creek Superfund Site [abstract]
Schaider, Laurel A., see Zota, Ami; Schaider, Laurel A.; Brabander,

Daniel J.; Wright, Robert O.; Osborn, Mark; and Spengler, John D.

Seigrist, Larry, see Simonton, Steve; Seigrist, Larry; Huizenga,
Robert; Janwadker, Sandeep; and Isbell, Matt

seismology, 3-D application

Senn, David, see McCarthy, Kathleen D.; Schaider, Laurel;
Brabander, Daniel; Senn, David; and Shine, James

Senn, David, B., see Schaider, Laurel A.; Senn, David B.; Brabander,
Daniel J.; Holton, Michael, W.; McCarthy, Kathleen D.;
Serdakowski, Mary C.; and Shine, James P.

Serdakowski, Mary C., see Schaider, Laurel A.; Senn, David B.;
Brabander, Daniel J.; Holton, Michael, W.; McCarthy,
Kathleen D.; Serdakowski, Mary C.; and Shine, James P.

Sharp, Mike, see Becker, Mark; Ellis, William; Bawden, Gerald:

47

36
98

44

79
79
79

79, 98, 174

13
52
12
141
83

45

92

135

43

Sharp, Mike; Halihan, Todd; and Martell, James

Shine, James, see McCarthy, Kathleen D.; Schaider, Laurel:
Brabander, Daniel; Senn, David; and Shine, James

Shine, James P., see Schaider, Laurel A.; Senn, David B.;
Brabander, Daniel J.; Hoiton, Michael, W.; McCarthy, Kathleen
D.; Serdakowski, Mary C.; and Shine, James P.

silica sand mining

Simonton, Steve; Seigrist, Larry; Huizenga, Robert; Janwadker,
Sandeep; and Isbell, Matt —Influx of Advanced Drilling
Technologies Maximizing Productivity of Mature Region

Society of Exploration Geophysicists, co-sponsors Student Expo 2007

soils

Spengler, John D., see Zota, Ami; Schaider, Laurel A.; Brabander,
Daniel J.; Wright, Robert O.; Osborn, Mark; and Spengler,
John D.

Student Expo 2007

Summers, Michelle, honored by The Energy Advocates

T
Tar Creek Superfund Site
study of public health and public safety issues
symposium
U
U. S. Department of Energy, co-sponsors Coalbed Methane and
Gas Shales workshop

vertical drilling system (VDS) tool

w

Wahlman, Gregory P; Felt, Vince L.; and Moon, Brad D.—Bromide
Dolomite (Ordovician) Inner Ramp Depositional Cycles,
Arkoma Basin, Southeastern Oklahoma [abstract]

Waskiewicz, Raina A.; Westrop, Stephen R.; and Adrain, Jonathan
M.—Cambrian (Steptoean-basal Sunwaptan) Trilobite
Biostratigraphy of the Honey Creek Formation, Wichita
Mountains, Oklahoma [abstract]

Weber, Jane—Coalbed Methane and Gas Shales Atiract Record Crowd

OCGS Compiles Publications into Digital Format

Weber, Jane L., see Campbell, Jock A.; and Weber, Jane L.

Welch, Michael, see Davies, Russell K.; Welch, Michael: Daly, Colin;
and Knipe, Rob

Westrop, Stephen R., see Amati, Lisa; Westrop, Stephen R.; and
Saltzman, Matthew R.

see also Waskiewicz, Raina A.; Westrop, Stephen R.; and Adrain,
Jonathan M.

Wiright, Robert O., see Zota, Ami; Schaider, Laurel A.; Brabander,

Daniel J.; Wright, Robert O.; Osborn, Mark; and Spengler, John D.

Zota, Ami; Schaider, Laurel A.; Brabander, Daniel J.; Wright, Robert
O.; Osborn, Mark; and Spengler, John D. —Residential
Exposures to Metals in Homes near the Tar Creek Superfund
Site [abstract]

Our thanks to OGS staff member Jane Weber, who compiled

the 2006 Oklahoma Geology Notes index.

Oklahoma Geology Notes « v. 66, no. 4 « Winter 2006

138

13

83

90
173

141
131

79

15

44

93
79

134

183



