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FRONT COVER: Top: Turbine blade near water tower at city of Rock Port, Atchison County, 
Missouri. John P. Pope provides scale. Photo by Diana Pope, 2010. Lower left: Suzlon-88 wind 
turbine at Cow Branch Wind Farm east of Rock Port, Atchison County, Missouri. Photo by Diana 
Pope, 2010. Lower right: Old beam balanced pump beside new electric submersible pump in 
shed, at Tarkio Oil Field, Atchison County, Missouri. John P. Pope provides scale. Photo by 
Diana Pope, 2010. 

 
 
 
 

BACK COVER: Photo from 2008, of Curzon cyclothem at Barrett Hollow, Holt County, Missouri. 
Outcrop is located along the north cutbank of the creek, just west of the bridge, in the SE SW NE 
Section 24, T. 59 N., R. 38 W. Northwest Missouri State University graduate student Diana Pope 
provides scale. Photo by John P. Pope, 2008. 
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FRIDAY, 8 OCTOBER 2010 

1:30 pm – Meet at Faculty/Staff Lot 26 parking lot 

1:45 – Biomass/Pelletizing Plant 

2:30 – Power Plant/Chiller Plant 

4:00 – Geology Museum 

 

SATURDAY, 9 0CTOBER 2010 

8:00 am – Meet at Commuter Lot 27 parking lot  (UTM Zone 15 N, 0339967, 4468831, Elev. 
1208 ft.) 

Mileage   

0.0 Depart Commuter Lot 27 behind (north) of Garrett-Strong Science Building.  Turn left on 
College (north). 

0.4  Turn left on W. 16th 

0.9  Turn right on Icon Road 

2.9  Turn left (west) on US Hwy 71 

12.7  Turn left (west) on US Hwy 136 

14.3  City Limit of Burlington Junction 

16.1  Nodaway River (the river floodplain is about 2 miles wide) 

16.6  Mill Creek 

21.0  Enter Atchison County 

28.9  Left (south) on S Avenue (CR 261) 

31.0  220th Street (CR 249) 

31.3  Turn in and park by the southern storage tanks. 

  STOP 1 – TARKIO OIL FIELD 

  UTM Zone 15 N – 0302259, 4475206, Elev. 1085 ft. 
  Located mainly in:  NW and NW SW S 32 – T 65 N – R 39 W 
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  Retrace route to US Hwy 136

iii



 

33.6  Turn left (west) on US Hwy 136 

35.3  Tarkio River (the floodplain is about 1 ½ miles wide) 

36.0  City Limit Tarkio 

36.7  Left on US Hwy 136 & US Hwy 59, continue on US Hwy 136 

40.6  Cow Branch Creek 

41.4  Power station 

41.6  Turn right into gravel road/parking lot 

  STOP 2 – COW BRANCH WIND FARM 

  UTM Zone 15 N, 0291063, 4477745, Elev. 1093 ft. 
  SE Corner of S 24 – T 65 N – R 41 W 
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  Return to US Hwy 136, turn right (west) 

44.4  City Limit Rockport and Rock Creek 

45.7  Turn left on Highland Avenue, proceed uphill to the water tower. 

 

v



  STOP 3 – LOESS HILLS WIND FARM AND TURBINE BLADE 

  UTM Zone 15 N, 0284780, 4477448, Elev. 1165 ft. 
  Center SW NW S 28 – T 65 N – R 41 W 

 
 
  Loess Hills Wind Farm to the south 
 
  Retrace route back to US Hwy 136 

vi



46.1  Left (west) on US Hwy 136 

47.3  Right into the Shell Station parking lot 

  STOP 4 – LOESS HILLS 

  UTM Zone 15 N, 0283330, 4476411, Elev. 1018 ft. 
  NE Corner NW NW S 32 – T 65 N – R 41 W 
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Return to US Hwy 136, turn right 

47.7  Cross over I-29 

47.9  Turn left into McDonald’s parking lot 

  LUNCH 

  Turn right out of McDonald’s parking lot 

48.1  Enter I-29 South ramp 

73.1  City Limit Mound City (Missouri River Floodplain is about 12.5 miles wide) 
 
73.6  Exit for Mound City 
 
73.8  Turn left on MO Hwy 118 

74.1  Turn right (south) on US Hwy 59 

74.3  Proceed straight on County Road E 

78.0  Pass under I-29 

78.7  Turn right (west) on US Hwy 159 

79.3  Squaw Creek National Wildlife Refuge 

81.6  Turn left (south) on MO Hwy 111 

85.3-85.8 Shales and sandstones in upper Shawnee Group or lower Wabaunsee Group 

86.1  City Limit of Forest City 

87.0  Turn right (south) on County Road T 

87.6  Upper Shawnee Group (Howard & Severy formations) in backslope to left 

88.1  Abandoned quarry in Ervine Creek LS 

89.0  Cross railroad tracks – you may see a Wyoming Coal train 

92.7 Turn left, up over the RR tracks, (Quail Road), follow gravel road to the right 

93.2  Just over the 6 ton bridge, turn left uphill 

viii



 

93.6  STOP 5A – CURZON CYCLOTHEM  (Left of the road) 

  UTM Zone 15 N, 0319424, 4420795, Elev. 930 ft 
  SE SW NE S 24 – T 59 N – R 38 W 
 
93.6  STOP 5B – SHELDON CYCLOTHEM (Right of the road) 

  UTM Zone 15 N, 0319434, 4420858, Elev. 955 ft. 
  SE SW NE S 24 – T 59 N – R 38 W 
 
93.7  STOP 5C – HOLT CYCLOTHEM  (Right of the road) 

  UTM Zone 15 N, 0319445, 4420949, Elev. 970 ft. 
  SE SW NE S 24 – T 59 N – R 38 W 

ix



 

x



 
  Retrace route back to County Road T 

94.7  Right (north) on County Road T 

98.4  Cross railroad tracks 

100.0  City Limit of Forest City 

100.4  Right (east) on MO Hwy 111 

  Loess road cuts 

102.3  City Limit of Oregon 

102.9  Left (north) on US Hwy 59 (MFA Oil station for restroom break) 

106.9  Pass under I-29 

113.1  Right on MO Hwy 113 

125.1  Enter Nodaway County 

126.2  Nodaway River 

126.6  City Limit of Skidmore 

131.1  Right on MO Hwy 46 

140.4  Left on Icon Rd. 

140.7  Right on College Avenue 

141.3  Left on University Drive 

141.7  Go through stop sign, then left into Commuter Lot 27 
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Northwest Missouri State University Alternative Energy Project 

Introduction to Alternative Fuels 
Reducing the University’s dependence on petroleum-based fuels (natural gas and heating oil) has 

been a goal for over 25 years. Beginning in 1982, choice of fuels incrementally shifted to alternative 
materials: 1) wood chips (1982), 2) pelletized paper (1992), 3) animal waste blended with dry 
feedstocks (2001), 4) pyrolysis oil (2010).  Sources for these materials are found in Missouri and 
adjacent states. After 25 years of operation, approximately $12,500,000 in savings has resulted from 
the use of alternatives fuel sources as compared to purchasing natural gas and oil. These savings have 
been reallocated into the University’s instructional programs and provided a portion of the funding 
needed to bring faculty, administrative, professional and support staff salaries to market-based levels. 
 
Utilization of Alternative Fuels 

Northwest Missouri State University (Northwest) is a comprehensive, coeducation, state-assisted, 
regional university. Northwest is a leader in its field as a result of a systematic, sustainable culture that 
is embedded throughout the organization. Known as the “Culture of Quality”, it has been continuously 
adapted for over 20 years and has consistently produced high levels of performance providing 
Northwest a key competitive advantage. 

Northwest’s primary focus is undergraduate education, which includes 42 hours of general 
education plus a major and minor. It offers 141 undergraduate majors, 44 master’s programs, 3 
specialist’s degrees, and a cooperative doctorate in Educational Leadership. Programs in Business, 
Education, Geography and Agriculture graduate the largest number of students each year. Northwest 
also houses the Missouri Academy of Science, Mathematics and Computing, which is an on-
campus, accelerated learning program for exceptional high school juniors and seniors.  

Northwest enrolls approximately 7,000 students annually, sits on a 370-acre campus containing 70 
major buildings and support structures consisting of over 2,300,000 square feet of building and 
support space, and is located in the northwest corner of Missouri in Maryville, a community of 
approximately 11,000 residents. We also operate educational centers in St. Joseph and Liberty, 
Missouri; a 448-acre laboratory farm two miles north of campus; and a 315-acre rural lakefront tract of 
land designed for student and community educational/recreational activities. We continuously improve 
our facilities following a comprehensive master plan and have invested over $200 million in 
renovations over the past 15 years to meet the changing needs of our students and stakeholders. A 
combination of historical and innovative facilities and operations allows Northwest to respect and 
honor our traditions while adjusting to a rapidly changing environment. 

In the mid-1970s the price of natural gas and No. 5 heating oil were projected to increase in excess 
of 20 percent annually. The University administration was concerned about whether state 
appropriations would keep pace with these spiraling energy costs. After a two week period of subzero 
temperatures in the winter of 1977-78 on the heels of the energy shortage crisis, the utility company 
shut off the natural gas supply to the University. This occurred because the University is categorized 
as an interruptible customer with a lower supply priority than residential customers during fuel 
shortages. The campus community hung by a thread, as it waited for an oil tanker truck to make the 
600-mile trip from Memphis, Tennessee, with the fuel needed to supply the campus energy needs for 
two weeks, during which time temperatures hovered below zero. There had to be a solution to reduce 
the University’s dependence on petroleum-based energy sources. 

To guide its search for what would become a major cultural shift in how the University met its 
energy needs, Northwest used the following criteria to choose an alternative source of energy: 

 
• Availability of a large, diverse supply of energy resources  
• Environmentally safe and compatible with existing systems  
• Minimal effect on campus aesthetics  

1



• Contributes to conservation of fossil fuels  
• Represents a truly renewable energy source  
• Convenient storage and access  
• Constructed from off-the-shelf equipment and hardware  
• Requires minimal operator training  
• Enhances the quality of life for regional constituents  
• Potential for significant cost savings  
• Provides for redundancy and diversity of energy sources  
• Decreases Missouri’s out-of-state energy dependence 
 
After a period of investigation, Northwest determined that wood chips, a by-product of the wood 

products industry, were suitable as an alternative fuel source. The University developed an 
implementation plan, secured necessary private funding through a $2 million conditional lease, and 
embarked upon its path toward energy self-sufficiency. Northwest harvests no trees to supply fuel 
utilized by its power plant. Only wood waste naturally generated as a result of the manufacturing 
processes developed by the forest products industry is used. Large quantities of wood waste are 
generated by the forest products industry for which disposal is a problem. The University’s need for 
wood chips created a new market for a waste by-product of the forest products industry. With an 
economic incentive to satisfy the University’s demand, a growing number of wood chip suppliers went 
into business providing a variety of new jobs for citizens in the region. In 1983, the wood plant 
operation earned the Energy Conservation Resource Steward Award for the State of Missouri. In 1984 
the U.S. Department of Energy proclaimed the wood plant operation an outstanding example of the 
use of renewable energy sources. In 1985 the Missouri Governor recognized Northwest with an Award 
for Energy Innovation. Other innovative ideas have been implemented at Northwest to support the 
community and expand the utilization of alternative fuel sources. 

In 1990, the Missouri General Assembly passed Senate Bill 530 which targeted a 40 percent 
reduction in the amount of waste accepted by state landfills and created geographic waste districts to 
develop plans to carry out this mandate. The City of Maryville Landfill serves a five-county region of 
northwest Missouri. Together with the Northwest Missouri Regional Council of Governments and the 
City, the University conducted a study with the intent of implementing a plan to meet this waste 
reduction mandate. Discarded newspaper, corrugated and cardboard boxes, magazines, and other clean 
paper products flooded the recycling market in the early 1990’s. Transporting these items from the 
landfill operated by the City of Maryville to regional recycling centers (over 100 miles away) proved 
to cost more than the proceeds received from their sale. The Maryville Landfill has a finite capacity 
and by law when that capacity is reached, the City will be required to close the Landfill permanently. 
Landfill closure costs and higher trash disposal fees would affect Maryville residents and residents of 
the five counties served by the Landfill. The University conducted a pilot study to determine the 
financial feasibility of pelletizing clean paper products and burning them in the University energy 
system. The study found that it is economically sound to pelletize and the energy generated from the 
pellets provides the BTU values needed to heat and cool the campus. The decision was made to divert 
the clean waste paper formerly deposited in the landfill to the University for conversion into dense 
pellets as a source of energy. The University retrofitted a boiler to accommodate paper pellets, 
constructed a building and purchased equipment to produce paper pellets and established a 
comprehensive campus-wide recycling program. Simultaneously, an educational program was 
developed by the Northwest Missouri Regional Council of Governments to encourage regional 
citizens to separate their recyclable products from other waste materials. Trash haulers worked with 
the City to develop a collection and delivery plan for transporting residential, business and industrial 
paper and other recyclable products to the recycling center at the Maryville Landfill. This cooperative 
effort contributed significantly to the extension of the life of the Maryville Landfill. Removal of the 
combination of recyclable materials (glass, plastics, tin, aluminum, tires and paper) extended the life 
of the Landfill by 7.5 years thereby postponing the $350,000 to $400,000 per acre in capital 
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expenditure necessary for acquiring additional permitted landfill space. In 1997 Northwest received 
the 4th Annual Governor’s Pollution Prevention Award. In 2000, industry association awards were 
received, including the American Feed Industry Association (AFIA) 2000 Environmental Award and 
the Missouri Recycling Association (MORA) Award for Outstanding Contribution to Waste 
Minimization and Recycling. Regrettably for financial reasons, the City Landfill stopped accepting 
waste in April 2002 and become a transfer station. However, the University has continued to accept 
clean paper from trash haulers, local residents and companies, and the campus community for fuel 
pellets. 

Northwest continued to explore alternative fuel sources for its campus energy needs and to further 
contribute to the recovery of waste in the region. Beginning in 1996 the University studied the 
availability of common non-hazardous fuel feedstocks in northwest Missouri. Once it was determined 
that sufficient amounts of recoverable waste existed, the financial and practical feasibility of 
pelletizing a variety of potential biomass such as: warm season grasses, animal waste, non-hazardous 
industry waste, and other fuel feedstocks was studied. As a result of this research, the University 
determined that biomass sources acquired from industrial and agribusiness feedstocks can be produced 
into a pellet with high BTU value and cleanly combusted. These additional sources were expected to 
help the campus reach its goal of 80-85 percent alternative fuel usage. Using its own internal funds, 
the University built a $700,000 addition onto its existing pellet processing facility (known as the 
Biomass Processing Center). Using funds from the Missouri Department of Economic Development 
through MAMTC-Missouri, equipment was purchased to add a second production line dedicated to 
producing biomass fuels from a variety of agricultural and agribusiness waste resources. A newly 
designed swine facility and dairy operation were built at the University Farm adjacent to the poultry 
facility where the waste from these operations is separated into liquid and solid components, mixing 
the solids with dry agricultural feedstocks, and transporting the virtually odor-free dry mixture to the 
processing facility for pelletization into an energy fuel source. The University acquired a United States 
Patent No. 6,49,694 for this “animal waste to energy production” process in November 2000. In 2001 
it received the top rank of “Environmental Friendliness” by the National Wildlife Federation. 

Although not required by any state or local ordinance, Northwest recycles paper, cardboard, 
aluminum, plastic, tin, used printer cartridges, rechargeable batteries, wood chips and feedstock. 
Moreover, this practice is not just the result of administrative direction and it has also been 
enthusiastically embraced by the student body. For four years starting in 2004-05, Northwest students 
have competed with students from other colleges and universities across the nation in a program called 
“Recyclemania,” finishing 4th, 5th, 7th and 2nd respectively in the rate of recycling of waste paper per 
person. The most important aspect of Northwest’s recycling program, however, is its use of wood 
chips, paper, cardboard and feedstock as alternatives to petroleum-based fuels in the operation of its 
own heating and cooling systems. 

By using wood chips, paper pellets and pellets from animal waste, Northwest has been meeting 
80-85% of its energy needs without reliance on petroleum-based fuels. Not only has its recycling 
program and use of alternative fuels established Northwest as a leader in environmental stewardship, 
the alternative fuels program has saved the state of Missouri approximately $12,500,000 that it would 
otherwise have had to appropriate to cover Northwest’s fuel costs of the past 25 years. 

Increasingly, rural communities are withering away partly because of their lack of access to 
resources, thriving businesses, and partly because of the cost of keeping a small community running. 
The cost of waste management is becoming a larger part of the total cost. The vitality of rural America 
depends on wise use of available resources and employment opportunities within the community. 
Most of these communities could derive great benefits from technological innovation that allows them 
to reduce or eliminate those costs. Northwest Missouri State University is located in and serves rural 
northwest Missouri and consequently has a vested interest in the vitality of the surrounding region--
rural America. For 25 year it has been the University’s goal to demonstrate a bio-energy use model 
that is flexible enough to fit almost any situation whether it is rural or urban. In the region there is a 
strong interest in diverting other non-hazardous waste products from the waste stream deposited into 
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landfills which will further extend their life capacity and will provide additional forms of waste for 
conversion into energy.  

With fluctuating electrical energy prices, the University believes it is wise to expand its system to 
include the ability to generate electricity through non-hazardous, biodegradable waste. Northwest’s 
vision is to establish a Graduate Applied Research Center in its Center of Innovation and 
Entrepreneurship to provide: 

• A site for Northwest students to apply what they learn in the classroom.  
• Serve as a demonstration facility where regional businesses and municipalities can bring 

samples of their non-hazardous waste materials for evaluation. 
Research will study future options such as small-scale electrical generation capacity. The 

generator might be powered by gasifying bio-fuels and then combusting those gases in a turbine. 
Another option may be utilization of the latest in digestion technology using organic material to 
produce methane, carbon dioxide and other valuable products. The first phase of this process will be to 
assess and then install the chosen technologies in actual application. Assuming they prove to be 
technically and economically feasible, these technologies would be designed and demonstrated to 
allow them to be applied in virtually any situation regardless of scale or location. The final result 
would be a multifaceted model capable of demonstrating to the public a broad range of technologies 
that can make use of a large array of waste materials to produce energy and valuable marketable 
chemicals while at the same time reducing the amount of useful resources lost to rapidly dwindling 
landfill space. These efforts and future plans exemplify the University’s commitment to resource 
recovery, energy conservation and preservation of air, water and land quality and dedication to serving 
as a responsible member of our regional community.  

The University has shown that a simple model can produce positive results. Its alternative energy 
system is not high tech. It uses ordinary everyday equipment that can be found most anywhere. Not 
every potential user can make efficient use of steam for heating/cooling. Therefore, the University has 
an interest in establishing a model of bio-energy use that has as its core the current system but adds 
additional new and diversified components to make it complete. 
 
http://www.nwmissouri.edu/services/sustainability/northwest.htm 
Sustainability at Northwest 

• After 25 years of operation, approximately $12,500,000 in savings has resulted from the use of 
alternatives fuel sources as compared to purchasing natural gas and oil. These savings have 
been reallocated into the University’s instructional programs and provided a portion of the 
funding needed to bring faculty, administrative, professional and support staff salaries to 
market-based levels.  

• Reducing the University’s dependence on petroleum-based fuels (natural gas and heating oil) 
has been a goal for over 25 years. Beginning in 1982, the choice of fuels incrementally shifted 
to alternative materials—wood chips (1982), pelletized paper (1992) and animal waste 
blended with dry feedstocks (2001), pyrolysis oil (2010)—from sources found in Missouri and 
adjacent states.  

• By using wood chips, paper pellets and pellets from animal waste, Northwest has been 
meeting 80-85% of its energy needs without reliance on petroleum-based fuels.  

• In 2006-07 355.39 tons of clean paper/corrugated paper from the campus and 1,471.41 tons 
from the community for a total of 1,826.70 tons pelletized; roughly 2.5 tons of plastic were 
recycled.  

• For the past four years starting in 2004-05, Northwest students have competed with students 
from other colleges and universities across the nation in a program called “Recyclemania,” 
finishing 4th, 5th, 7th and 2nd respectively in the rate of recycling of waste paper per person. 
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Source: Northwest Missouri State University, November 2008 

• “… the University first began collecting wastepaper for conversion into pelletized fuel used to 
generate energy to heat and cool the campus in 1993.”  

• “The University currently collects about a ton of bottles a week, or approximately 12 cubic 
yards, in addition to converting 10-13 tons of paper and cardboard into fuel pellets.”  

• “Northwest produces about 15 tons of non-recycled waste a week, which means current 
recycling levels prevent almost half of the University’s total trash and refuse output from 
ending up in a landfill.” 

Source: Northwest News: November 19, 2008, Quote from Associate Director of Environmental 
Services Lezlee Johnson 

Pellet Plant (Biomass Processing Center) 
The Pellet Plant is where the paper and animal waste pellets are manufactured, both of which are 

used as an alternative fuel source for campus. The supply of wood chips is also stored here. Clean 
waste paper formerly deposited in the city landfill is used in making the paper pellets. Northwest 
accepts clean paper from trash haulers, local residents and companies and the campus community. In 
2000 Northwest discovered a way to turn animal waste collected from the University farm into 
burnable pellets. This process was patented and the building was named the Biomass Processing 
Center. 

The Pellet Plant also does some grinding of campus wood waste and pallets. Most of this is reused 
on campus as mulch. Nearly all the wood chips used to fuel campus are supplied by vendors off 
campus.  
Location: The Pellet Plant is located on Country Club (Icon) Road, just west of campus. 
Hours of Operation: Monday-Friday: 7 a.m. - 3 p.m. 
Contacts: Robert Lager, Derek Swaney, Bob Wiederholt 
 

 
Woodchips stored outside to maintain proper moisture content.  

John Pope for scale. Photo by Diana Pope, 2010 
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Wood chipper. Photo by John Pope, 2010. 

 

 
Bales of paper waiting to be pelletized. Photo by John Pope, 2010. 
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Paper pelletizer. Paper being loaded into grinder at left and extruded  

as pellets to the right in photo. Photo by John Pope, 2010. 
 

 
Paper pellets with car key for scale. Photo by John Pope, 2010. 

 

 
Animal waste waiting to be pelletized. Photo by John Pope, 2010. 

Power Plant 
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The Power Plant is where the fuel is burned to heat and cool campus. Besides burning natural gas, 
Northwest uses other alternative fuels such as wood chips, paper pellets, animal waste pellets, and 
pyrolysis oil. By using alternative fuels Northwest meets 80-85% of its energy needs without reliance 
on petroleum-based fuels. The Power Plant produces enough energy to heat and cool 2.3 million 
square feet of building and support space. 

A few years ago Northwest stopped burning No. 5 heating oil fuel all together. In 2010 Northwest 
contracted with a local manufacturing company, Carboxylic Materials Company, to purchase their 
used pyrolysis oil and use it as another source of fuel for campus.  

The power plant burns 9,000 to 13,000 tons of wood chips per year depending on availability of 
wood chips, price of natural gas and weather conditions. The plant may also consume up to 3,300 tons 
of paper pellets in a year. 
Location: The Power Plant is located on 9th Street, between the Thompson-Ringold Building and the 
Chiller Plant, on the east side of campus. 
Hours of Operation: 24 hours - 7 days/week 
Contact: James Teaney, Supervisor. 
 

 
George burning woodchips. Photo by Diana Pope 2010. 
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Woodchips burning in the boiler. Photo by Diana Pope, 2010 

 

 
Steam boilers fired by natural gas or oil. Photo by Diana Pope, 2010 

 

 
Conveyor for burning paper pellets. Photo by Diana Pope, 2010 
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Chiller Plant 
The Chiller Plant manages the heating and cooling on campus as well as maintains all refrigeration 

equipment. 
Location: The Chiller Plant is located on the corner of 9th Street and University Drive, on the east 
side of campus. 
Hours of Operation: Monday-Friday; 8 a.m. - 5 p.m. 
Contact: Terry Scadden, Supervisor. 
 

 
Adsorber. Photo by Diana Pope, 2010 

 

 
Water Chiller. Photo by Diana Pope, 2010 
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Cooling tower. Photo by Diana Pope, 2010 
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TARKIO OIL FIELD, ATCHISON COUNTY, MISSOURI 
 

Geography, Geology and Structure of the Field 
 

The Tarkio Oil Field (Figures 1, 2) is located mainly in the NW ¼ (Jim Cook & Watkins) and 
the NW ¼ of the SW (Craigmile) section 32, T. 65 N., R. 39 W. Additional wells were drilled in 
the SW SW section 29 (Glen Gray), the C NE SE NE section 31 (Rankin Estate). A single test 
well (Lasell # 1) was drilled in the NW SW NW section 5, T. 64 N., R. 39 W., and in the C NE 
NE NE (Fields) section 6, T. 64 N., R 39 W. All of the wells outside of section 32 were dry holes 
(Wells, 1960b; Netzler, 1982).  

The Tarkio Field was discovered by Cities Service Oil Co., during a drilling program starting 
in 1941 and ending in 1942. Glacial till and loess in the area is about 200-400 feet thick and 
covers all bedrock in the area, but it is not certain why Cities Services originally drilled in this 
location. The first well drilled was the Cities Service Glen Gray No. 1 (completed in September, 
1942) in the C SW SW SW section 29, T. 65 N., R. 39 W., at a total depth (TD) of 2,427 feet in 
the Silurian and Devonian “Hunton [Group]”. The “Hunton Group” is a series of dolomitic 
limestones with minor amounts of sandstone, shale and evaporates. The Glen Gray No. 1 only 
had oil show in the Pennsylvanian, but the presence of oil in the area was established.  

The first producing (discovery) well (Figures 1, 2) was the Cities Service, Cook No. 1 in the 
SE NW NW NW section 32, T. 65 N., R. 39 W., and was completed in February, 1943, at a total 
depth (TD) of 1,454 feet (Netzler, 1982). Production casing was set to 1,440 feet, with no 
perforations. It was an open-hole completion, shot with nitroglycerine. Nitroglycerine fracturing 
was a stimulation treatment routinely performed on oil and gas wells in low-permeability 
reservoirs. The fractures extend away from the wellbore in all directions, creating high-
conductivity communication with a large area of the formation.  Initial production in the hole was 
16 barrels per day, with some water. Most wells are now fractured by using hydraulic pressure.  

The Tarkio Field produces from a clean to argillaceous, fine- to medium-grained sandstone 
with interbedded dark shales, that is thought to be stratigraphically near or within the Bluejacket 
Formation, Krebs Subgroup, Cherokee Group, upper Moscovian (Desmoinesian) Stage, Upper 
Pennsylvanian Series, Pennsylvanian Subsystem Carboniferous System (Figure 3, 4).  The 
sandstones in the Bluejacket Formation are known informally by drillers as the “Bartlesville 
Sand” [“true Bartlesville” (Bartle, 1938) or “Bartlesville sandstone” (Anderson and Wells, 1968)] 
from sandstone exposures at or near the same interval around Bartlesville, Oklahoma. The 
informal “Bartleville sand” of the northern midcontinent oil fields (Greene and Pond, 1926) may 
also be equivalent to the stratigraphically lower Warner Sandstone (formation) of Gentile and 
Thomson (2004), previously known as the Warner sandstone of the Warner formation (Searight, 
1955). Drillers often informally use the name “Bartlesville” for any of several Cherokee Group 
sandstones which occur below the Ardmore Limestone.  

The “Bluejacket Sandstone” or “Warner Sandstone” in the Forest City basin may not be the 
same sandstone as the Bluejacket Sandstone in its type area (west of Bluejacket, Craig County, 
Oklahoma) or the Warner Sandstone in its type area (north of Warner, Muskogee County, 
Oklahoma), but may have been deposited at or nearly at the same time. The old models 
concerning the origin of individual Cherokee sandstones (like the Bluejacket) described them as 
deposits of either: 1) alluvial channels, 2) deltaic distributaries, 3) offshore bars, or 4) other 
environments (Doveton, 2002).  The Bartlesville and associated sands are lenticular shoestring 
sands, described by Bass (1936) as having been deposited as buried offshore bar sands. More 
recently, models have been suggested that infer these sandstone bodies are the result of filling of 
incised paleovalleys, based on detailed sequence stratigraphy, 3-D seismic and dipmeter analysis. 
In these models, a vertical facies sequence of alluvial, estuarine, tidal, and marine deposits are 
commonly observed in incised valley sandstone cores. Tadpole plots from dipmeters run through 
the Morrow sandstones of western Kansas, show unidirectional cross-bedding in the alluvial 
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sandstone facies and bidirectional dips in the overlying tidal facies (Luchtel, 1999). At this point 
in time it is not possible to positively correlate isolated sandstone bodies over long distances. 
Most likely, the isolated sandstones may have been deposited at or near the same time as separate 
paleovalleys fills and are not correlatable. 

In the (Figure 3, 5) William Gruenerwald and Associates, Inc., Watkins No. 1 well (SE NW 
SW NW section 32, T. 65 N., R. 39 W.), the Bluejacket Sandstone (if correctly identified) is 
about 87 feet thick and is between 1,420 and 1,507 feet in depth. The Warner? Sandstone (with a 
good oil show near its top) is about 242 feet thick and is between 1,547 and 1,789 feet in depth. 
Above the Bluejacket, there are three sandstones, 10-15 feet thick (at about 1,310 ft., 1,385 ft., 
and 1,410 ft. in depth) that also had oil show. The well was drilled to test production from the 
Kimmswick Limestone of the Ordovician. With a total depth (TD) at 3,310 feet, it penetrated 20 
feet into the Eminence Formation, Upper Cambrian Series, Cambrian System. The Kimmswick 
was dry. It never produced from the Pennsylvanian Cherokee Group, because there were only oil 
rights for the well, below the Pennsylvanian section (Netzler, 1982). The well had casing set 
below the glacial till-bedrock contact, at a depth of 402 feet. Calculations, using electric logs, 
indicate an average porosity of 25%, and a water saturation of 38% - 55% for the Pennsylvanian 
pay zone (Wells, 1960b).  

The Tarkio Field encompasses about 120 acres, with initial 10 acre well spacing, and 
produces from a structure (Figure 6) that was mapped on the base of the overlying (about 600 ft. 
above the pay zone) Sniabar Limestone Member (Hertha Formation, Bronson Subgroup, Kansas 
City Group, Missourian Stage) as an elongate anticline, with a small saddle on the southern edge 
of the Watkins lease (Netzler, 1982). Wells (1960b) mapped the structure (Figure 2) on the top of 
the overlying (about 800 feet above the pay zone) Lansing Group. Here the structure is seen as an 
elongate dome centered in the C W ½ NW section 32, T. 65 N., R 39 W. Twenty-three total wells 
were drilled, but less than half have been productive.  

The Tarkio field is seemingly a water driven system (Figure 7), as no gas has been reported 
and considerable water is produced with the oil. In gas-drive systems, expansion of gas in the gas 
cap or oil phase, provides the energy to move the oil. Water pressure in the Tarkio Field is too 
low to allow natural flow of the oil to the surface, so all wells in the Tarkio Field must be pumped 
(Photo 1). The field is currently owned by Investment Equipment, L.L.C., of Ft. Collins, 
Colorado. 
  

Tarkio Oil Characteristics 
 

Crude oils are compared and described by their specific gravity or density using a 
standardized scale, usually the American Petroleum Industry (API) scale (Hyne, 2001). The ºAPI 
of crude oil ranges from 5-55, with intermediate (average) weight oils ranging from 25-35. Light 
oils (very fluid) are from 35-45 and heavy oils (very viscous) are less than 25. The color of crude 
oil varies greatly, and in general, the lower the ºAPI the darker the oil. The Saunders Petroleum 
Company test (before 1960), showed an ºAPI of 26.2 at 60º F (15.6º C) for Tarkio oil. Water has 
an ºAPI of 10. The formula for computing ºAPI density is:  

 
[(141.5- specific gravity at 60º F (15.6º C)) – 131.5] = ºAPI 

 
In 1982 (Wells, 1960b; Netzler, 1982) oil of ºAPI 25.5-26.5, dark brownish black to black in 
color, was being produced in the Tarkio Field. The majority of Missouri’s oil is in the 
intermediate to heavy range (MODNR Fact Sheet 19). 

Since all oils contain paraffin molecules, they are tested for the amount of wax in them. This 
is indicated by the pour point of the oil, or the lowest temperature at which oil will pour before it 
solidifies. Pour points for crude oil varies between +125º F and -75º F (+52º C to -60º C), with 
higher temperatures reflecting higher wax content. Tarkio oil (Wells, 1960b; Netzler, 1982) has a 
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pour point of 5º F (-15º C) and a viscosity of 277 @ 100º F (38º C), with higher numbers being 
more viscous. The pour point is related to the cloud point, the temperature at which a cloud of 
wax crystals first appears in a liquid that is cooled at a specified rate. This is usually 2-5º F (1-3º 
C) above the pour point. 

No gas has been reported in the Tarkio field, but considerable water is produced with the oil. 
All wells produce some water, ranging from 25 barrels of oil to 1 barrel of water to 60 barrels of 
oil and 60 barrels of water. Water in the Cook No. 1 contains 5,124 ppm total dissolved solids 
(TDS) (Wells, 1960b; Netzler, 1982). The water/oil contact in the Gray and Cook No. 1 wells was 
about 366 feet below sea level (Wells, 1960b). 

Basic Sediment & Water (BS & W) in the Tarkio oil is 0.3% maximum (Wells, 1960b; 
Netzler, 1982). BS & W is measured from a liquid sample of the production stream. It includes 
free water (the water that separates easily from a mixture of fluids), sediment and emulsion (a 
combination of two or more immiscible fluids, including gas, that will not separate into individual 
components) and is measured as a volume percentage of the production stream. 

The Flash Point for the Tarkio oil is 170º F (76.7º C), Cleveland Open-Cup method (Wells, 
1960b; Netzler, 1982). The Flash Point is the lowest temperature at which application of a flame 
to the test chamber of a tester causes vapors of the sample in the chamber to ignite. 

Crude oil is classified as sweet or sour, based on their sulfur content. Sweet crudes have less 
than 1% sulfur by weight and sour crudes have greater than 1% sulfur. Missouri crudes are 
classified as sweet (MODNR Fact Sheet 19).   

 
Missouri Oil and Tarkio Oil Field Production 

 
Missouri currently produces oil and gas from three areas (Figure 8) in the state: 1) the Forest 

City Basin in northwestern Missouri, 2) the Bourbon Arch in western Missouri, and 3) the 
Lincoln Fold in northeastern Missouri. Within these fields, oil and gas production comes from 
two (Figure 9) main producing zones: 1) the Pennsylvanian-age Pleasanton, Marmaton and 
Cherokee groups, and 2) the Ordovician-age Kimmswick Formation.  

The depth of production in the Cherokee Group ranges from less than 200 feet in the Eastern 
Field of Vernon County to more than 1,500 feet in the Tarkio Field in Atchison County. 
Production in the Kimmswick Formation ranges from 1,200 feet in the Florissant Dome in St. 
Louis County to more than 2,800 feet in the Runamuck (Corning) Field in Atchison County. 
Producing intervals in the Pennsylvanian come from sandstones, with organic-rich black shales 
being the source rocks. The Ordovician Kimmswick Formation is a fractured limestone and 
dolostone. Structures (Figure 10) most commonly associated with oil and gas production are 
anticlines (or elongated domes) and typically do not extend in length for more than one-quarter to 
one-half mile. 

 The Tarkio Oil Field produced 346,021 barrels of oil (Table 1) between January 1943 and 
December 1981 (Netzler, 1982). Between January 1982 and December 2009 another 108, 803 
barrels were produced. Between January 1993 and December 1998 the field only produced 805 
barrels. In 2007 the Tarkio Field produced 6,674 barrels, 10,507 barrels in 2008, and 14,064 
barrels in 2009 for a total of over 31,000 barrels in the last three years. The Tarkio field has 
produced nearly 500, 000 barrels of oil since its discovery in 1942. 
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Figure 1. Tarkio Oil Field. From Netzler, 1982. 
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Figure 2. Structure map on top of Lansing Group.  From Wells, 1960. 
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Figure 3. Log of upper part of Watkins No. 1 well. From Netzler, 1982. 
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Figure 3. (cont.). 
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Figure 3. (cont.). 
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Figure 4. Cross section A-A' from Figure 2. From Wells, 1960 
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Figure 5. Complete log of Watkins No. 1 well. From Wells, 1960. 
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Figure 6. Structure map on top of Sniabar Limestone, Kansas City Group. From Netzler, 1982.  
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Figure 7. In water-drive reservoirs, the oil is driven from the reservoir formation by the action of water 
invading the lower reservoir from adjoining aquifers. (From Schlumberger Limited, 2010 Oilfield 
Glossary) 
 

 
Figure 8. From MO DNR Fact Sheet 19. 
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Figure 9. From MO DNR Fact Sheet 19. 

 

 
Figure 10. From MO DNR Fact Sheet 19. 
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Table 1. Tarkio Oil Field production from 1943-1982. From Netzler, 1982. 

 
 
 

26



 
Photo 1. Old beam balanced pump beside new electric submersible pump, in shed. Photo by Diana Pope, 

2010. 
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WIND ENERGY IN NORTHWEST MISSOURI 
Northwest Missouri State University 

 
[Information slightly modified from the Wind Capital Group website 

(www.windcapitalgroup.com), the Wind Energy Works website (www.windenergyworks.org) of 
the American Wind Energy Association (AWEA-www.awea.org), unless otherwise specified.] 

 
 
 
What is wind energy? 

In reality, wind energy is a converted form of solar energy. The sun’s radiation heats different 
parts of the earth at different rates - most notably during the day and night, but also when 
different surfaces (for example, water and land) absorb or reflect heat at different rates. This, in 
turn, causes portions of the atmosphere to warm differently. Hot air rises, reducing the 
atmospheric pressure at the earth’s surface, and cooler air is drawn in to replace it; the result is 
wind. Air has mass, and when it is in motion, it contains the energy of that motion (“kinetic 
energy”). Some portion of that energy can be converted into forms of mechanical force or 
electricity that we can use to perform work. 

 
What is a horizontal-axis wind turbine (HAWT) and how does it work? 
 

A wind energy system 
transforms the kinetic energy of the 
wind into mechanical or electrical 
energy that can be harnessed for 
practical use. Wind electric turbines 
generate electricity for homes and 
businesses and for sale to utilities.  
  
Turbine subsystems include: 
• a rotor, or blades, which converts 
the wind’s energy into rotational 
shaft energy 
• a nacelle (enclosure) containing a 
drive train, usually including a 
gearbox* and a generator 
• a tower to support the rotor and 
drive train 
• electronic equipment such as 
controls, electrical cables, ground-support equipment, and interconnection equipment 
* Some turbines do not require a gearbox. 
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Components of a typical horizontal-axis wind turbine (from Wikipedia) 
 
 

In most horizontal-axis wind turbines the blades are upwind from the tower to reduce 
turbulent flow (mast and nacelle wake) and are kept pointed into the wind at an optimal angle by 
winds sensors and servo motors (yaw drive assembly). The upwind design of the blades also 
reduces blade fatigue, associated with repetitive turbulence. The variable blade pitch, which 
gives the turbine blades the optimum angle of attack, allows the turbine to collect the 
maximum amount of wind energy for the wind speed, wind angle, time of day and 
season.  

Many have a gear box that converts the slow rotation of the blade and low-speed shaft to a 
faster rotating high-speed shaft that is much more efficient in turning the generator to produce 
optimum power.  

 

 
Components of a horizontal-axis wind turbine (gearbox, rotor shaft and brake assembly) being lifted into position. 

 
Most turbines use an odd number of blades to reduce cyclic stress that causes blade, rotor 

shaft and bearing fatigue. Usually the wind is slightly faster above the tower as the blade reaches 
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vertical at the top of its rotation, and the wind velocity is slightly lower as the blade reaches 
vertical at the bottom of its rotation. The stresses are highest in machines with an even number of 
blades, when one is straight up and another is straight down. The gyroscopic precession effect can 
also cause component fatigue. This effect tries to twist the turbine disc along its horizontal axis. 
For each blade on a wind generator's turbine, precessive force is at a minimum when the blade is 
horizontal and at a maximum when the blade is vertical. 

 

 
Wind turbine smoke test showing how wind speed is higher at the top of the rotor than at the bottom 

(NASA/DOE) 
 

How big is a wind turbine? 
 

Utility scale wind turbines for land-based wind farms come in 
various sizes, with rotor diameters ranging from about 50 m (164 ft) to 
about 120 m (390 ft), and with towers of roughly the same size. A 90 m 
(295 ft) turbine that Wind Capital Group might use at this time, with a 
90 m (295 ft) tower, would have a total height from the tower base to the 
tip of the blade of approximately 135 m (442 ft). Small wind turbines 
intended for residential or small business use are much smaller. Most 
have rotor diameters of 8 m (26 ft) or less and would be mounted on 
towers of 40 m (131 ft) or less in height. The electricity generated by a 
utility scale wind turbine is normally collected and fed into utility power 
lines, where it is mixed with electricity from other power plants and 
delivered to utility customers. This picture shows a 90 m (295 ft) 
diameter, wind turbine superimposed on a Boeing 747 jumbo jet 59.6 m 
(196 ft) wide. 
  
 
What are wind turbines made of? 

The towers are mostly tubular and made of steel. The blades are made of fiberglass reinforced 
polyester or wood-epoxy. 
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How much electricity can one wind turbine generate? 

The ability to generate electricity is measured in watts. Watts are very small units, so the 
terms kilowatt (kW-1,000 watts), megawatt (MW-1 million watts) and gigawatt (pronounced 
“jig-a-watt,” GW-1 billion watts) are most commonly used to describe the capacity of generating 
units like wind turbines or other power plants. Electricity production and consumption are most 
commonly measured in kilowatt-hours (kWh). A kilowatt-hour means one kilowatt (1,000 watts) 
of electricity produced or consumed for one hour. One 50-watt lightbulb left on for 20 hours 
consumes one kilowatt-hour of electricity (50 watts x 20 hours = 1,000 watt-hours = 1 kilowatt-
hour-kWh). The output of a wind turbine depends on the turbine’s size and the wind’s speed 
through the rotor. Wind turbines being manufactured now have power ratings ranging from 250 
watts to 5 megawatts (MW). Example: A 10-kW wind turbine can generate about 10,000 kWh 
annually at a site with wind speeds averaging 12 miles per hour, or about enough to power a 
typical household. A 5-MW turbine can produce more than 15 million kWh in a year - enough to 
power more than 1,400 households. The average U.S. household consumes about 10,000 kWh of 
electricity each year. Wind Capital Group typically uses 1.5-MW to 2.1-MW turbines. 
  

   
 

How big are wind farm projects? 
Wind farms can range in size from a few megawatts to hundreds of megawatts in capacity, 

from one turbine to as large as 400 or more turbines. Wind Capital Group typically focuses on 
utility scale projects that are 50 MW or greater (20 or more turbines, depending on the turbines 
used).  

Wind farms take up less space than most people think. The areas around the turbines can be 
used for farming, ranching and grazing. In open, flat terrain, a utility-scale wind plant will require 
about 60 acres per megawatt of installed capacity. However, only 1.7% (1 acre) or less of this 
area is actually occupied by turbines, access roads and other equipment - 98.3% remains free for 
other compatible uses such as farming or ranching.  
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Environmental Impact 

Wind farm projects, like all other energy technologies, have some environmental impact. 
However, unlike most conventional technologies, the impact of wind energy systems is minimal. 
The wind energy industry has implemented many practices leading to greater protection of the 
environment and wildlife. Companies conduct Environmental Impact Assessments (EIA) to 
investigate identified issues of potential concern.  

 
Wind plants are generally quiet 

Wind plants are always located where the wind speed is higher than average, and the 
"background" sound of the wind will often "mask" any sounds that might be produced by 
operating wind turbines – especially because the turbines only run when the wind is blowing. An 
occasional exception to this general rule occurs when a wind plant is sited in hilly terrain where 
nearby residences are in downwind dips or hollows which are sheltered from the wind—in such a 
case, turbine noise may carry further than on flat terrain. 

 
The basics of sound 

People perceive sounds through sensations in the ear that are caused by pressure variations. 
Sounds can be distinguished by a loudness (sound pressure) component, measured in decibels, 
and a frequency component, measured in Hertz. Sound pressure measurements that are weighted 
to how humans perceive them are called A-weighted and are denoted by the unit dB. In the range 
of 35 to 45 dB, at a distance of 350 m (1150 ft), sound produced by wind turbines is similar to the 
background sound found in a typical home. 
 
The source of wind turbine sounds 

The sounds emitted from wind turbines can be mechanical, from internal equipment such as 
the gearbox or yaw drive, or aerodynamic, from air moving past the rotor blades. Current turbine 
designs effectively reduce mechanical sound through sound proofing; therefore, the aerodynamic 
sound, often described as a “whooshing” sound, is what can normally be heard. 

 
Acoustic Study 

Companies carry out sound assessments in accordance with industry standards to 
ensure that there will be minimal impact on nearby properties. Regulatory agencies 
agree that 50 decibels at approximately 305 m (1,000 ft) present no sound issues for 

residents. An operating wind farm at a distance of 305 m (1,000 ft) is no noisier than a kitchen 
refrigerator or a moderately quiet room. Wind plants are very, very quiet compared to other types 
of energy facilities. Virtually everything with moving parts will make some sound, and wind 
turbines are no exception. However, well-designed wind turbines are generally very quiet in 
operation, and compared to the noise of road traffic, trains, aircraft or agricultural activities, to 
name but a few, the noise from wind turbines is very low.  
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Wildlife Study 
Companies are committed to wildlife protection, and they work with the State 
Department of Conservation and the United States Fish and Wildlife Service (USFWS) 
to conduct studies early on in the wind farm planning process to identify any potential 
issues. Wind, a 100% clean energy source, is one of the healthiest energy options, and 
one of the most compatible with animals and humans. Modern day wind farms are 

collectively far less harmful to birds than cats, power lines, buildings, hunters, vehicles, 
communication towers or pesticides; for every 10,000 birds killed by human activities, less than 
one bird death is caused by a wind turbine (Erickson et al., 2002, Summary of Anthropogenic 
Causes of Bird Mortality.). The National Audubon Society publicly endorses the use of modern 
wind turbines and wind farms as a means of creating clean, renewable energy.  
 
Shadow Flicker Study 

Shadow flicker (sunlight flashing through moving turbine blades) occurred in earlier 
wind facilities. With today’s technology, computer modeling during project design 
can greatly reduce flicker issues, and in most cases proper planning can eliminate it 
entirely. The possibility of shadow flicker is investigated early on as part of the 
environmental assessments during the wind farm planning process. As part of the 
design of its wind farms, Wind Capital Group utilizes a software program called 

WindFarmer® that analyzes the arc of the sun throughout the year to avoid shadow flicker.   
 
 Ice and blade throw 

The rotating blades may throw ice that may build up on them, but this is rare. Setbacks 
typically used to minimize noise are sufficient to protect against danger to the public. In addition, 
ice buildup slows a turbine's rotation and will be sensed by a turbine's control system, causing the 
turbine to shut down. 

Blade throws were common in the industry's early years, but are unheard-of today because of 
better turbine design and engineering. Utility-scale wind turbines are certified to international 
engineering standards including ratings for withstanding different levels of hurricane-strength 
winds and for other criteria. 
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Wind energy is one of the cleanest, most environmentally friendly energy sources. 
To generate the same amount of electricity as today's (2007) U.S. wind-turbine fleet (almost 

20,000 MW) would require burning 29 million tons of coal (a line of 10-ton trucks over 11,000 
miles long) or 92 million barrels of oil each year.  

A single 1.5-megawatt turbine offsets 13 tons of sulfur dioxide and 6 tons of nitrogen oxide 
emissions each year.  

A single 1-MW turbine displaces 1,800 tons of carbon dioxide, the primary global warming 
pollutant, each year (equivalent to planting a square mile of forest), based on the current average 
U.S. utility fuel mix. Wind-energy development helps provide cleaner air and healthier habitats 
for wildlife.  

Using more wind energy can save water in the arid western U.S. To generate the same 
amount of electricity as a single 1-MW wind turbine using either fossil fuels or nuclear power 
requires, on average, withdrawing roughly 60 million gallons of water a year from streams or 
rivers, of which nearly 1 million gallons are lost to evaporation.  

Forty-six of the 50 states contain wind resources suitable for commercial development, and 
rapid expansion of the nation's wind-turbine fleet is expected to produce over 36,000 megawatts 
in the near future. Production was only 11,603 MW at the end of 2006 and 25,170 MW were 
produced by March of 2009 (Wind Capital Group website). The US produced about 4.0 trillion 
kWh of electricity in 2008 Annual Energy Review, 2008). 

 
Location of wind farms 

Wind speed is a crucial element in projecting turbine performance, and a site's wind speed is 
measured through wind resource assessment prior to a wind system's construction. Utility-scale 
wind power plants require minimum average wind speeds of 6 m/s (13 mph). The power available 
in the wind is proportional to the cube of its speed, which means that doubling the wind speed 
increases the available power by a factor of eight. Thus, a turbine operating at a site with an 
average wind speed of 12 mph could in theory generate about 33% more electricity than one at an 
11-mph site, because the cube of 12 (1,768) is 33% larger than the cube of 11 (1,331). (In the real 
world, the turbine will not produce quite that much more electricity, but it will still generate much 
more than the 9% difference in wind speed.) The important thing to understand is that what seems 
like a small difference in wind speed can mean a large difference in available energy and in 
electricity produced, and therefore, a large difference in the cost of the electricity generated. Also, 
there is little energy to be harvested at very low wind speeds (6-mph winds contain less than one-
eighth the energy of 12-mph winds). 

The wind blows faster at higher altitudes because of the reduced influence of drag of the 
surface and lower air viscosity. The increase in velocity with altitude is most dramatic near the 
surface and is affected by topography, surface roughness, and upwind obstacles such as trees or 
buildings. 

Many wind farms are located on hills or ridges that are perpendicular or nearly so to 
prevailing winds, because winds tend to increase in speed as they rise over the average elevation 
of an area. Some of the problems involved include turbulence, wind shear and inflow angles. 

 
Wind speeds are strongest near the tops of ridges. (practicalaction.org) 
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The "wind park effect" refers to the loss of turbine output due to mutual interference between 

turbines. Wind farms have many turbines and each extracts some of the energy of the wind. 
Where land area is sufficient, turbines are spaced three to five rotor diameters apart perpendicular 
to the prevailing wind, and five to ten rotor diameters apart in the direction of the prevailing 
wind, to minimize efficiency loss. 

Another important element in the location of a wind farm is the availability of transmission 
lines to move the electricity into the power grid. 
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Wind Capital Group Cow Branch and Loess Hills Wind Farms 
The Wind Capital Group Cow Branch Wind Farm sits on about 7000 acres, and is located 

between Tarkio and Rock Port in Atchison County, Missouri, around Cow Branch, a tributary to 
the Tarkio River. The Atchison-Holt Electric Cooperative (AHEC) is a part of the Cow Branch 
Wind Energy Project. Associated Electric, located in Springfield, is the wholesale power supplier 
for NW Electric located in Cameron. An agreement between Cow Branch Wind Farm and 
Associated Electric means that all the energy produced will be purchased by Associated Electric 
for the next 20 years. 
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Construction began in early 2007 and was finished in early 2008. The wind farm generates 
50.4 MW from 24 Suzlon S-88 (2.1 MW) turbines, which is enough for about 20,000 to 30,000 
homes. 

Cow Branch Wind Farm was the second of three wind farms developed in northwest 
Missouri. These wind energy projects are being developed by Wind Capital Group. WCG's 
president is Tom Carnahan is the president of Wind Capital Group, based out of St. Louis, 
Missouri. Project financing was provided by John Deere Wind Energy, based in Johnston, Iowa, a 
unit of Deere & Company, the world's leading manufacturer of agricultural equipment. About 35 
Atchison County landowners are involved in the wind farm. 

The Loess Hills (Rock Port) Wind Farm, located in the loess hills in the western part of the 
town of Rock Port, generates 5 MW from four Suzlon S-64 (1.25 MW) turbines, and can more 
than supply the town of Rock Port when the wind is blowing at optimum conditions. The S-64 
blades are 27 m (90 ft) long and when turning, all three blades sweep an area of about an acre. 

Rock Port uses about 13 million kilowatt hours (kWh) each year, but the Loess Hills Wind 
Farm will produce about 16 million kWh each year. Excess electricity is moved onto transmission 
lines and is purchased by the Missouri Joint Municipal Electric Utility Commission (MJMEUC), 
which supplies power for 56 municipal utilities throughout Missouri, for use in other areas. Thus, 
Rock Port is the only town in the US capable of supplying all of its annual electrical needs from 
wind power. 
 

 
Part of Wind Capital Group Cow Branch Wind Farm (Diana Pope, 2010) 

 

 
Part of Wind Capital Group Cow Branch Wind Farm (Diana Pope, 2010) 
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Turbine with upper blade in vertical position (Diana Pope, 2010) 

 

 
Base of tower showing access door and mounting bolts (John Pope, 2009) 
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Cow Branch Wind Farm power substation (Diana Pope, 2010) 

 
S-88 Suzlon wind turbine 

The Suzlon Corporation was founded in 1995 and has its headquarters in Pune, India. Suzlon 
has about a 9% market share of the world’s wind energy market and is the world’s 5th largest 
producer ( BTM Consult ApS – March, 2008) of wind turbines, with products in 21 countries. 
Suzlon has a manufacturing facility in Pipestone, Minnesota that produces rotor blades and nose 
cones. The S-88 turbine is Suzlon’s highest rated (output wattage) turbine, rated at 2.1 MW (2100 
kW) and is designed for a medium wind speed regime. The wind turbine concept is based on 
robust design with pitch regulated blade operation, a three-stage gearbox with 2200 kW rating 
and flexible coupling to the asynchronous induction generator. The S-88 is designed to withstand 
extreme conditions and operate effectively with low maintenance costs. 
 

 
Suzlon S-88 2.1 MW wind turbine (from Suzlon website) 
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The three turbine blades are molded composite of epoxy resin and fiberglass. Each blade 

weighs about 6,700 kg (14,771 lbs), is 42.5 m (139.5 ft) long. The blade assembly is 88 m (290 
ft) in diameter when mounted on the rotor shaft, and weighs 35,172 Kg (77,541 lbs). The pitch of 
the blades is controlled electrically, in increments as small as 0.1 degree, for maximum 
efficiency. When turning, the blades sweep an area of 6082 m2 (65,466 ft2-1.5 acres). The hub 
height is 79 m (259 ft) with operation in wind speeds as low as 4 m/s (9 mph). Full power output 
(2.1 MW) is achieved at wind speeds of 14 m/s (31 mph), and the turbine cuts out when winds 
exceed 25 m/s (56 mph). If the wind speed falls below 14 m/s (31 mph) the power output falls 
exponentially. The blades rotate at 15-17.6 rpm with a blade tip speed of 69-81 m/s (155-181 
mph). The generator is a four-pole, slip-ring, synchronous type, turning at 1500 rpm (via a gear 
box) and is rated at 690/600 volts at 50/60 Hertz, capable of producing 2.1 MW. The nacelle, 
containing the gear box, generator, and other components weighs 72,040 kg (158,821 lbs). The 
tower is constructed in four sections and is nearly 4.5 m (15 ft) in diameter. The entire wind 
turbine unit weighs about 180,970 kg (398,971 lbs), nearly 200 tons. Steel reinforced concrete 
foundations for the towers are 4.6 m (15 ft) in diameter and are 10.4 m (34 ft) deep. The tower is 
held to the base by a ring of large bolts (from Suzlon website and personal communication with 
Eric Chamberlain, 2009). 

 
Power output relative to wind speed (from Suzlon website). 

 

 
A view from the top (from Suzlon website). 

42



 
Wind Capital Group 

The Wind Capital Group also owns several other wind farms in Missouri. The Bluegrass 
Ridge Wind Farm, north of King City in Gentry County, was the first commercial wind farm in 
the state. It covers 10,000 acres and generates 56.7 MW from 27 Suzlon S-88 turbines.  

The Conception Wind Farm, located on the windswept ridges surrounding the Conception 
Abbey in Nodaway County, Missouri about 18 km (11 mi) east and 13 km (8 mi) south of 
Maryville. Wind Capital Group moved Missouri into the ranks of the leading wind energy 
production states in the nation with the wind farm’s completion in early 2008. The 24 Suzlon S-
88 wind turbines in the Conception Wind Farm have a capacity of 50.4 megawatts (MW) of 
power. The wind farm is supplying energy to homes and businesses through Associated Electric 
Cooperative, Inc., and is connected to the 69,000-volt electrical transmission system owned and 
operated by NW Electric Cooperative, Inc. More than 20,000 homes and businesses throughout 
Missouri receive renewable electrical energy from the Conception Wind Farm. There is a CO2 
savings of about 100,000 metric tons/year compared to traditional electrical production.  Wind 
Capital Group is currently constructing Missouri’s largest wind farm in DeKalb County (Lost 
Creek Wind Farm). It will generate 150 MW from 100 1.5 MW General Electric turbines.  

They are also planning the Northwest Energy Center, north of Maryville. Northwest Missouri 
State University is a large stakeholder in this project, as it involves part of the University Farm 
property, but the University has no money invested in the project. The project may have as many 
as 60 turbines spread over 7,000-10,000 acres, and may also tie into training for wind technicians, 
a joint program currently underway with North Central Community College, Crowder College 
and Northwest Missouri State University (personal communications with Eric Chamberlain and 
Ray Courter, 2009). 

Along with their recycling projects, wood chip and pelletized paper alternative energy project 
for generating steam, the wind turbine project will make Northwest Missouri State University one 
of the leading “green” universities in the state. 

 
Iberdrola Renewables Farmers City Wind Farm 

The Farmers City Wind Farm is located just northwest of Tarkio, Atchison County. It 
was named for a historic farmers market that was located within the wind farm’s boundaries. 
The wind farm spans about 25,000 acres of land, however, the actual footprint of the turbines and 
associated facilities will use less than two percent of the total acreage. 
The wind farm produces from seventy-three 2.0 MW Gamesa turbines, and generates 146 
megawatts (MW) of electricity. 

 
Wind speed maps from Missouri Department of Resources Website: 

http://dnr.mo.gov/energy/renewables/wind-energy.htm 
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Introduction 
 
Characterization of the subsurface by a qualified geologist is a critical public safety 
concern for successful design and construction of large civil structures such as dams, 
bridges, and buildings.  The primary goal for an engineering geologist in subsurface 
characterization is to obtain, interpret, and disseminate this data for the public's health, 
safety, and welfare.  This applies both to geologists employed in public service (including 
academia) and to those engaged in private practice without exception.  Of course, 
limitations required by client confidentiality should be respected, and intellectual and 
private property rights must also be protected.   
 
Foundations of wind turbines also require subsurface foundation information, and should 
compel the same level of care in determining what geological materials are present and 
the engineering geologic characteristics of those materials.   A comprehensive 
understanding of the geologic limitations of a site's foundation materials enables the 
design and permitting of constructible and economical wind projects.  Though the 
ultimate source of energy is not contained nor present in rock at a wind turbine site, 
geologists can and should be involved. 
 
There are multiple geologic inputs in the development process for wind power projects 
that need to be covered.  For these inputs to be made successfully, an interdisciplinary 
team is needed, with no one specialist from any field being preeminent.  Geologists 
should be consulted in the initial site screening process to identify obvious geologically 
limited or even hazardous sites.  Should remediation of a chosen site be necessary, a 
geologist should also be involved.  Finally, a geologist should be the first individual 
consulted in the final design for the project. Determining the nature of the foundation 
material is critical in identifying what methods should be used in preparing a foundation 
for turbine installation, insuring success for a project.  If a geologist isn't consulted in the 
planning phase, there is an increased likelihood that a general foundation failure could 
result, with disastrous consequences. 
 
To effectively understand and address the foundation geology of a potential wind turbine 
development site, an explanation of the phases of wind power development is offered 
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here for readers to integrate with their own experiences and know-how into a working 
plan to address such projects. 
 
Phases in the Development of Wind Power Projects. 
 
Should a municipality, power company, or a private concern decide that they want to 
augment their electrical power capacity with the addition of wind-generated power, a 
project or potential project is broken down into five phases American Wind Power 
Association (AWPA), 2008).  These phases are: 
 
 1)   Site Screening 
 2)   Design 
 3)  Permitting 
 4)  Construction 
 5) Operations and Maintenance 
 
Site selection and screening at its simplest consists of basic questions.  The first question 
is, "Is the site windy?"   This obvious question becomes more complex when areas are 
eliminated that are unlikely to be developed due to land use, environmental concerns, or 
simply low-lying topography.  The United States Department of Energy's National 
Renewable Energy Laboratory published a map that answers this site screening question, 
which is reproduced here as Figure 1. 

 
 

Figure 1.  U.S. Department of Energy's NREL  Wind Resource Map. 
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Potential areas for wind power development should then be screened with one other 
question:  "Is the potential site near adequate "take-away" transmission?"  Budgetary 
issues may arise also in the consideration of this second screening question, as additional 
power lines, substations, and other facilities are considered and added to the overall cost. 
Once the two basic questions of 'windiness' and transmission line availability are 
answered, then a proposal should be investigated further.  This will determine whether or 
not land is even available for such a project, the degree of acceptability present for a 
project with state and local government (as well as with the public at large) and what 
environmental or engineering constraints are present that bear on the proposal. 
 
Site screening is accomplished by a process known as "Critical Issues Analysis", which 
identifies a site's physical conditions and potential location issues.  It also projects 
potential impacts on schedules and budgets, and provides management strategies to 
reduce or eliminate those impacts. 
 
Care should be exercised to not omit certain critical issues that may bear on the project or 
its potential site.  Even the most simple of issues can become a potential 'showstopper'.  
A recent anecdote that became available during the preparation of this narrative illustrates 
this concept.  The Pyramid Lake Paiute Nation in the state of Nevada was approached at 
their tribal council regarding potential siting of wind towers on their lands.  The lead 
engineering firm had prepared an extensive proposal to illustrate their desires and the 
potential benefits to the Paiute people.  However, once it became known that the wind 
turbines would also be installed to offset carbon dioxide emissions in other areas owned 
by the company, the Paiutes declined the offer, feeling that their tribe would not be 
favorably portrayed as sustainable.  Instead, the tribe has active pursuits in both 
geothermal and solar energy  (Staff, Indian Country Today, 2010).  
 
It is both cost-saving and useful to develop and maintain a map of the constraints bearing 
upon the area chosen for a wind ‘farm”.   Additional limitations may be added as they are 
recognized in the investigative process, or limitations may be removed from the map if it 
is found that they will not have any bearing on the site.  An example of such a constraint 
map is shown as Figure 2. 
 
Design is often a question of what's desirable versus what's available, sometimes based 
on inherent geotechnical limitations.  Defining the scope of the limitations is the first task 
facing the geologist.    When millions of dollars will be spent on design and construction 
of turbine facilities, geotechnical limitations should be included in ANY preliminary 
report so that problems can be identified in advance.  What should be included in any 
report prior to design?  Rock units present should be identified as to type of rock, and a 
stratigraphic column should be added to the report.  Structural geologic constraints 
should be discussed.  Is there any karst?  Are there any faults present in the area and are 
they active?   The overall seismicity for an area should also be addressed, so that the 
ground shaking hazards of an earthquake can be determined.  The types of soil present 
above bedrock also need to be identified.  The agricultural soil surveys published by the 
National Resources Conservation Service of the U.S. Department of Agricultural are 
extremely useful in this regard for targeting areas where additional investigation is 
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needed.  Landslides and slope stability should also be considered.  If seismicity was 
indicated by geologic studies, the propensity for liquefaction  and other seismic-related 
hazards should also be identified.  All of these items (and others, such as the presence of 
abandoned underground mines, the swelling potential of the soil and other potential 
hazards) should be examined in any preliminary report. 
 

 
 
Figure 2.  An example of a Wind Turbine ‘Farm‘ Constraint Map.  Note in particular the 
areas marked in gray, which represent areas where a safe setback from structures, roads, 
and other features is delineated.   Such a map would be extremely useful in the wind 
power siting process.  Geologic or soil map units could then be added at a later time to 
identify those areas most suitable for foundations so that foundation costs could be 
minimized.   (map from Alberici, 2005.) 
________________________________________________________________________ 
 
The process of obtaining necessary permits may also find need for a geologist or 
someone with geological expertise, but the final phase in a wind power project that 
should require the services of a geologist is the construction phase.  During construction, 
a geologist constitutes the most effective type of on-site guidance available as he or she 
will be able to respond to subsurface conditions questions as they are encountered and 
come up with reasonable, workable, and economical solutions to problems as they occur 
with no delay between encountering a problem and its resolution. 

48



Engineering Geology Foundation Considerations 
 
The foundation for a wind turbine is important, possibly requiring up to up to 75 percent 
of the funds available for construction.  This figure, of course, depends on local ground 
conditions as well as the required foundation design needs of the tower being installed.  
Once the site has been identified , cleared of potential hazards and limitations to 
installation have been addressed, detailed geologic studies are necessary to determine the 
site characteristics that bear on the installation of the proposed wind turbine(s).  There are 
three critical foundation criteria to consider when investigating the potential foundation 
for a wind turbine tower: 
 
 1.The type of rock and soil to be encountered in excavation; 
 2. The overall depth to bedrock in the excavation, or the depth to a competent  
    bearing soil stratum; and  
 3.The depth in the underlying strata to water. 
 
The type of soil and rock involved is important for both the issues of constructability and 
stability in the short term, and structural stability and/or soil-structure interaction in the 
long term.  Constructibility in this case deals with the amount and type of work necessary 
for foundation grading, pile driving or shaft construction, and even any potentially 
expensive ground improvement that may be undertaking to make a site safe for the 
foundation used.  For constructability and short-term structural stability requirements, the 
type of soil or rock present needs to be known so that decisions can be made regarding 
the weight of the proposed turbine, tower, and base.  Any slope stability issues (including 
for any excavations being made) should be identified and corrected.  Expected wind 
speeds should be quantified.  Finally, the site soils should be thoroughly inspected, 
described, and sampled as necessary.  Further information about potential soil-structure 
interactions can then be predicted (such as corrosion of steel or degradation of concrete). 
 
Types of footing can be addressed adequately once a preliminary soils/geologic 
investigation has been completed.  Spread footings are possible in areas where shallow 
competent rock occurs which has characteristics that are sufficient not only to withstand 
the load of the tower and turbine weights but the forces generated that are transmitted 
down the height of the tower in the form of torque.  Shale is normally unsuitable for this 
type of footing, as well as many poorly indurated types of sandstone.  Granites are ideal 
unless heavily fractured or otherwise altered from their normal highly durable state.  With 
a spread footing the design loads are distributed over an expanded area at the base of the 
tower.  This can be both a robust design and a financial benefit during construction, as it 
can reduce the overall costs of  footing installation substantially. 
 
Pile foundation footings may also be used for robust design parameters and cost savings 
realized as a result.  In some areas of the country, this type of foundation is actually 
preferred.  With this type of footing, a geotechnical foundation investigation is essential.  
Tower foundations must not settle, tilt, or be uplifted.  In many cases, the pile 
foundations may extend into the ground from 1/3 to 2/3 the overall height of the tower.  
The geotechnical investigation is normally given to an engineering design group to 

49



determine the piling type necessary to support the weight of the tower and turbine to be 
used.  Finally, a construction management team uses the finished design to install the 
piles to specifications, upon which a rigid footing is created on which the tower rests. 
 
This method was used recently in northern Alaska by the Alaska Villages Energy 
Cooperative (AVEC).  Complicating this foundation installation was the presence of 
permafrost.  In this case, predrilling through the permafrost was used to start the piles.  
This has the added advantage of allowing a vertical or near-vertical pile installation.  A 
collage of photos from the pile-driving processes in Alaska is shown as Figure 3. 
 
_____________________________________________________________________ 
 

 

 
 
 
 
 
 
Figure 3.  Pre-drilling (upper left), pile-driving (upper right), and finished piles cut prior to 
concrete pour (lower) as pile installation examples.  This work was completed for foundation 
preparation for the Toksook Bay and Kasigluk wind turbine installations.  The Toksook Bay and 
Kasigluk wind turbine foundations are based on a steel frame embedded within a 2-foot thick 
concrete foundation supported by piles. At Toksook Bay six piles per tower were driven 
approximately 18 feet deep to rock.  (Photos from article by Murphy, 2008; see also Al Satairi 
and Hussain, 2005) 
 
______________________________________________________________________________ 
 
 
It should be noted that in these Alaskan installations, shifting permafrost represented the 
largest challenge in construction other than the mixing and pouring of concrete in 
freezing temperatures.   The installations for AVEC were challenging enough, and 
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successful enough to win the 2007 U.S. Department of Energy designation of “Wind Co-
op of the Year” for AVEC. 
 
Deeper foundations in more temperate climates often allow the use of drilled shaft 
foundations.    A drilled shaft foundation is a deep foundation type that allows the 
placement of fluid concrete in a drilled hole.  This type of foundation can carry both axial 
and lateral loads and is known to be extremely useful in highway bridge foundations.  
The hole is constructed by the use of rotary drilling equipment, and the borehole may be 
left unsupported in rock or it may be kept open by the use of drilling fluids or casing in 
granular or bouldery soil conditions.  Another added advantage of this method is that it 
allows the use of reinforcing steel to further strengthen the foundation. 
 
One new type of foundation that has been used with success in Gentry County, Missouri 
uses corrugated metal pipe and concrete creating a ‘tensionless pier’ foundation.  A 
schematic diagram for this patent-pending method is shown as Figure 4. 
 

 
 
Figure 4.   ‘Tensionless pier’ design used in Gentry County, Missouri.  This foundation 
method  employs the nesting of two corrugated metal pipes (usually of a galvanized steel) 
with concrete poured between the two pipes.  Concrete costs are drastically reduced, and 
the remainder of the hole area is refilled with soil  (Schematic diagram from Staff,  
Global Energy Concepts, 2005). 
________________________________________________________________________ 

51



A Note on Tower Type That Influences Geologic Investigation 
 
It should be emphasized that the type of tower that will be used has a direct bearing on 
the overall foundation costs for an installation.    The two current choices employed for 
towers both in the United States and in foreign installations are concrete and steel.  
Hybrid towers utilizing both materials have been constructed and perform well (Seidel, 
Marc, 2003).  Concrete towers use high-strength precast segmented construction,  the 
capability of being used in marine environments, and the advantage of a high damping 
capability to the forces that may be generated during operation.  Steel, on the other hand, 
provides excellent strength over long term installations with high loads, though 
operational forces are not dampened, but transmitted to the underlying soil and rock.  For 
this reason, geological investigation should consider not only the dead load of the weight 
of the turbine and tower, but should also consider any vibrational forces that may be 
transmitted down the height of the tower (Singh, 2007). 
 
Overall Scope of Geotechnical Investigation 
 
Whether in private or public (including academia) service, a geologist should at the very 
least become familiar with the necessary functions of an engineering geologist in 
determining the overall scope of a geotechnical and/or geological investigation for wind 
power installations.  The scope of an initial report for such installations that meets the 
standards of the State of California, pursuant to the terms of their Environmental Quality 
Act, includes the following: 
 

1) “A review of readily available published literature pertaining to the soil and 
geologic conditions within a proposed project site and vicinity, including the 
review of figures presented by a client; 

2) Evaluation of natural and manmade surface features at a proposed project’s site 
and contiguous areas based upon initial site reconnissance; 

3) Evaluation of seismicity for a subject property including issues relating to 
potential liquefaction, lateral spread, and other potential seismic impact; and 

4) Preparation of a report and accompanying illustrations to present findings, 
conclusions, and recommendations pertaining to a limited evaluation for an 
Environmental Impact Report (EIR)” (example from: Gery and Higley, 2005). 

 
This list is sufficient for the preliminary stages of the wind power development process 
during site screening.  A much more comprehensive list of potential items for evaluation 
should be prepared for preliminary design purposes.  Once this second more 
comprehensive list is developed with input from all stakeholders in the process, then 
additional input becomes necessary to determine specific site requirements.  Individual 
potential sites are selected, investigated in depth, and either accepted for use or ruled out.  
Questions may be developed during the on-site investigative process that require further 
investigation, new sites may be selected and found to be acceptable or ruled out, or 
information may be derived from anecdotal evidence or other sources that may also need 
to be evaluated.  The process is complete only when a sufficient number of sites are 
located and available for use. 
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Offshore sites require additional and even more comprehensive evaluation.  This may 
include synthesis of all existing data, retrieval of sediment cores, seismic stratigraphic 
studies, bedform analysis, current measurements, and other studies (Le Bot, S. et al, 
2005).  This occurs even before final site screening is to take place. 
 
Conclusions 
 
The necessity of a professional geoscientist during the wind power project development  
phases of site screening, design and construction is essential for high-quality foundation  
construction and stability of the finished product.  Substantial , comprehensive, and  
meaningful investigation should take place prior to all construction activity so that a  
economical and constructible foundation can be employed.  
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LANDFORMS OF NORTHWEST MISSOURI 
(Loess Hills and Missouri River Alluvial Plain) 

 
Eastern Nodaway County is in major land resource area (MLRA) 108D (Figure 1), Soil Survey 

Region 10, as defined by the USDA’s Natural Resources Conservation Service (NRCS). The area 
108D (Western Part of Illinois and Iowa Deep Loess and Drift) is in the Dissected Till Plains Section 
of the Central Lowland Province of the Interior Plains or is part of the southern extension of the 
Southern Iowa Drift Plain.  

 

 
Figure 1. MLRA 108D in Soil Survey Region 10. From NRCS website. 

 
It is an area of rolling hills interspersed with uniformly level upland divides and level alluvial 

lowlands. Dendritic drainage patterns characterize the area. The northeastern part of the area consists 
of flat, table-like uplands with steep or hilly land occurring only near the margins of stream valleys. 
Other parts of the area are more dissected, have less extensive upland divides, and consist mostly of 
hillslopes. Nearly level, broad valley floors are along a few large rivers. Elevation ranges from 660 
feet (200 m) in the lowest valleys to 980 feet (300 m) on the highest ridges. Local relief is mainly 10-
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20 feet (3-6 m), but valley floors can be 80-160 feet (25-50 m) below the adjacent uplands. Also, 
some upland flats and valley floors have local relief of only 3-6 feet (1-2 m).  

Thin deposits of loess mantle the surface of almost all of the uplands in this MLRA. Glacial drift 
that is high in clay content underlies the loess. Alluvial clay, silt, sand, and gravel deposits are in all 
of the stream and river valleys and can be very thick in the major river valleys. Pennsylvanian shale 
and limestone bedrock lies beneath the glacial and alluvial deposits in Nodaway County.  

In most years the favorably distributed, moderate precipitation provides enough water for crops. 
The many small perennial streams and a few large streams are additional sources of water. Since the 
ground water is highly mineralized, many communities in the area rely on surface water for their 
supply of drinking water. The streamflow fluctuates widely and frequently, so storage (e.g. Mozingo 
Lake) is required to maintain public supplies. Ground water supplies from glacial drift are small, 
undependable, and of poor quality. This water is naturally high in total dissolved solids, commonly 
exceeding the national drinking water standard of 1,000 parts per million (milligrams per liter). Some 
ground water is pumped for irrigation from alluvial deposits along the larger rivers in the area. Major 
rivers in eastern Nodaway County are the One Hundred and Two (102) River and Platte River.  

Western Nodaway County, Atchison County, and Holt County are in major land resource area 
(MLRA) 107B (Figure 1), Soil Survey Region 10, as defined by the USDA’s Natural Resources 
Conservation Service (NRCS).  The area 107B (Iowa and Missouri Deep Loess Hills) is a subdivision 
of area 107 (Figure 2), which extends from near Sioux City, Iowa to Kansas City, Missouri, mainly 
on the eastern side of the Missouri River.  
 

 
Figure 2. MLRA 107 in Soil Survey Region 10. From NRCS website. 

 
Elevation ranges from 660 feet (200 m) along the Missouri River flood plain in the south to 1640 

feet (500 m) on the highest ridgetops in the north. This rolling to hilly, loess-mantled plain is 
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intricately dissected (Photo 1). Small valleys have narrow flood plains, but the larger valleys have 
broad floors (1-2miles/1.6-3.2 km wide). Local relief is mainly tens of feet (several meters) to more 
than 160 feet (50 m). 

Deposits of loess, up to 160 feet (48 m) thick, mantle the surface of almost all of the uplands 
adjacent to the eastern side of the Missouri River. The loess thins rapidly to the east in this MLRA. 
Glacial drift that is high in content of clay underlies the loess. Alluvial clay, silt, sand, and gravel 
deposits are in all of the stream and river valleys. They can be extensive in the major river valleys. 
Pennsylvanian shale and limestone bedrock lies beneath the glacial drift and alluvial deposits in 
Nodaway, Atchison and Holt counties. Pennsylvanian bedrock may also lie directly beneath some of 
the loess adjacent to the Missouri River floodplain in Atchison and Holt counties. 

The moderate precipitation and abundant streamflow are important sources of water. Ground 
water is abundant in deep outwash in valleys but is less plentiful on the uplands. The Missouri River 
is a major transportation artery and is also used for recreation. Some ground water is pumped for 
irrigation from alluvial deposits along the larger rivers (e.g. Missouri River and Nishnabotna River) in 
the area. Major rivers in the area are the Missouri River, Nishnabotna River, Tarkio River and 
Nodaway River. 

As the oldest stage in the North American regional subdivision of the Quaternary (Figure 3), the 
Pre-Illinoian precedes the Illinoian Stage (Hallberg, 1986; Richmond and Fullerton, 1986). 
Researchers have identified 11 distinct glacial stages (Pre-Illinoian A to Pre-Illinoian K) during the 
Pre-Illinoian Stage. The Pleistocene prior to the Illinoian stage had previously been subdivided 
(Figure 4) into the Nebraskian, Aftonian, Kansan glaciation, and Yarmouthian stages (ages) (Flint, 
1957). However, detailed studies of these stages revealed that the assumptions and criteria on which 
they were defined proved to be wrong to such a point that these stages became meaningless in terms 
of the actual glacial-interglacial record (Dort, 1966; Boellstorff, 1978a; Boellstorff, 1978b).  

For example, what was presumed to have been a single volcanic ash bed, which was used to 
correlate and differentiate between Kansan and Nebraskan glacial deposits, was found to be three 
volcanic ash beds of greatly differing ages. Similarly, paleosols used in the definition of the stages 
were found to have been greatly miscorrelated, as they consisted of paleosols of greatly differing 
ages. Because of these and other major problems, the concepts on which the Nebraskian, Aftonian, 
Kansan, and Yarmouthian (Yarmouth) stages are defined were discredited. North American 
geologists discarded these stages as unusable and merged them into the Pre-Illinoian Stage (Hallberg, 
1986; Roy et al., 2004). The boundary between the Neogene/Quaternary (Pliocene/Pleistocene) has 
been moved from 1.8 million to 2.58 million years ago. The glacial drift in northwest Missouri is all 
Pre-Illinoian in age.  

 

 
Photo 1. Satellite view of the Loess Hills in Iowa 

Photo from USGS website 

57



 
Figure 3. North American Stages-second column from right. From Gibbard and Cohen, 2008. 

 

 
Figure 4. From Frye and Leonard, 1952. 
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The Loess Hills of Missouri and Iowa 
 
What is loess? The word loess, is of German origin and means “loose.” It was first applied to 

deposits in the Rhine River Valley c. 1820, by Karl Caesar von Leonhard. Von Leonhard probably 
coined the word ‘loess’ by borrowing one of the local names (‘Loesch’) used by country people from 
the Upper Rhine region to denote the yellow lime soil (‘Lischen’) or the so-called ‘snail-shell soil’ 
(Smalley et al., 2001). Early geologists thought loess was either deposited by a river (fluvial) or 
formed in a lake (lacustrine) or was a product of weathering and soil formation. Ferdinand von 
Richthofen (Smalley et al., 2001) was the first person to suggest the aeolian theory of loess 
deposition, in a report on the provinces of Honan and Shansi, China, written in 1870. Loess is often 
defined as having a glacial origin, but there are many non-glacially derived loesses (Iriondo and 
Kröhling, 2007), including desert (salt, thermal, and frost wedging), explosive volcanic sources, soil 
eluviation, and drying of water bodies (e.g. playas). 

“Common dirt" is composed of particles of many sizes, ranging from grains of sand (62.5μm-
2000μm in diameter), to silt (3.9μm-62.5μm), to particles of clay (< 3.9μm). Pye (1987) defined loess 
simply as a terrestrial, windblown silt consisting chiefly of quartz, feldspar, mica, clay minerals, and 
carbonate grains in varying proportions. Pésci (1990) listed 10 characteristics that, in his view, define 
loess. These include: loess is wind-deposited, homogenous, porous, permeable, pale-yellow, 
predominantly coarser silt (10–50 μm) with small amounts of fine silt and clay, dominantly quartz 
(SEM image 1) with some feldspars, micas (SEM image 2) and carbonate, usually unstratified (but 
contains paleosols), slightly cemented, stable when dry, easily eroded when wet, and contains fossil 
flora and fauna.  

Loess is not as homogenous as it looks. The wide range of mean particle size and relatively poor 
sorting in a loess body, compared to eolian sand, can be the result of: 1) multiple sources, 2) clay-
sized particles being transported as silt-sized aggregates, 3) loess bodies extending considerable 
distances from their sources, or 4) varying wind strengths over time (Muhs and Bettis, 2003). 

 

 
SEM image 1. Quartz grain (Pope, 2010)       SEM image 2. Muscovite mica grain (Pope, 2010) 
 
The chemical composition of loess most often falls within the following percentage ranges: silica 

(SiO2) 50-60 %; alumina (Al2O3) 8-12 %; iron oxide (as Fe2O3) 2-4 %; iron oxide (as FeO) 0.8-1.1 
%; titanium dioxide (TiO2) and manganese oxide (MnO) about 0.5 %; lime (CaO) 4-16 %; and 
magnesium oxide (MgO) 2-6 %. The CaO and MgO are derived from calcite (CaCO3) and dolomite 
(CaMg(CO3)2) bedrock. About 2 to 5 percent of the silt is composed of such heavy minerals as 
amphiboles, apatite, biotite, chlorite, disthene (cyanite), epidote, garnet, glauconite, pyroxenes, rutile, 
sillimanite, staurolite, tourmaline, and zircon, derived from igneous and metamorphic bedrock. In the 
finest grain-size fractions (< 3.9 μm), clay minerals such as montmorillonite (58-79 %), illite (15-24 
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%), kaolinite (3-11 %), and vermiculite (0-10 %) predominate over the detrital constituents (Bettis et 
al., 2003). Clay minerals may be formed by various processes before, during, and after (e.g. 
weathering) the accumulation of loess. 

The most common dissolved salts in loess are bicarbonates and ferric hydroxides. The 
characteristic carbonate content of loess depends on the nature of the dust source, on geochemical and 
biological processes that occur during and after deposition, and on precipitation and leaching by 
groundwater. Carbonates are present in loess in a variety of forms, primarily as incrustations on 
quartz grains and clay-particle aggregates, as small granules, and as shell fragments (often 
gastropods). Secondary concentrations include concretions or nodules (loess-dolls or loess kindchen) 
(Photos 2a, b) and layers of lime accumulation (caliche).  

 

 
Photos 2a, b. Loess kindchen near Little Sioux, Iowa. Photos by Diana Pope. 

 
Lime and iron hydroxides form frequent tubular incrustations along decayed plant roots 

(rhizoliths), vertical fissure fillings and similar avenues in loess, due to vertical flow of ground water, 
vertical infiltration to the capillary zone or vertical capillary rise during evaporation (Iriondo and 
Krohling, 2007). Each of these salts is mobilized and precipitated within a specific climatic regime 
determined by the annual precipitation. The mineral precipitates are then redissolved and eventually 
again precipitated. This process may occur a number of times. The result is the generation of weak 
cohesion and the appearance of vertical structures in loess. Some geologists infer the vertical cliffs 
formed by loess are the result of flat sides (it is very difficult to round silt size particles) on silt grains 
(e.g. quartz and micas), packing of the silt particles, or thin clay coatings on silt particles. See SEM 
images one and two above. Whatever the reason, when loess is partially dry or dry it may form very 
steep faces, including vertical cliffs, which may stand that way for decades despite abundant rainfall 
(Photos 3a, b). Swallows and bees often build nests in the soft loess (Photo 4). 
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Photo 3a. Roadcut in loess on Highway 111, east of Forest City, Missouri, 1997?. From  

Soil Survey of Holt County, Missouri. 
 

 
Photo 3b. Roadcut in loess on Highway 111, east of Forest City, Missouri. Photo by  

Diana Pope, 2010. 
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Photo 4. Swallow nests in loess, Hamburg, Iowa. Photo by  

Diana Pope, 2007. 
 

Loess typically exhibits a low moisture content which increases as porosity decreases. Loess 
porosity averages 50-55 %, decreasing slightly downward to a depth of about 33 feet (10 m). Below 
this depth, porosity varies as a function of the grain-size distribution. If the loess is enriched with 
clay, then the porosity may decrease to 34-45 %. The porosity of sandy loess is about 60 percent, thus 
loess may drain and dry very quickly, so irrigation may be necessary for good crop production. When 
loess is saturated with water it looses cohesion very readily and can slump very easily. 

In North America (Figure 6), there are five distinct areas of loess: (1) extensive but discontinuous 
bodies of loess in Alaska and adjacent Yukon Territory, (2) the Palouse loess of eastern Washington 
and adjacent Oregon, (3) the Snake River Plain and adjacent uplands of Idaho, (4) the Great Plains 
region of the midcontinent, and (5) the central lowlands region of the midcontinent (Muhs and Bettis, 
2003), which includes the Loess Hills of western Missouri and Iowa. 
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 Figure 6. North and South American loess deposits. 
From Muhs and Bettis, 2003) 

 
In Eurasia (Figure 7) there are also extensive deposits of loess. Most loess in Eurasia is 

distributed in a latitudinal belt between about 40° and 60°N, covering areas south of the limits of 
continental or mountain glaciers of Quaternary age. Eurasian loess deposits include: 1) the Loess 
Plateau of China, 2) the Russian loess belt, 3) the Ukrainian loess belt, 4) the Central European loess 
belt, which includes the Danube Basin, along the Rhine River, the German-Polish plain, and in the 
Paris Basin. The Chinese Loess Plateau is has the thickest deposit of loess in the world (165–260 feet; 
50–80 m), and borders the middle part of the Huang He (Yellow River) basin. 
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Figure 7. Eurasian loess deposits. From Muhs and Bettis, 2003) 

 
The loess record in midcontinental North America is a good example of sedimentary extremes: 

abundant loess deposition occurred during glacial periods, whereas very little or no loess deposition 
took place during interglacial, which are periods of soil formation (Figure 8). In northwest Missouri 
and Iowa, loess was deposited over ice-free landscapes as continental glaciers melted to the north, 
during glacial periods. In the summer, warm air would melt the glaciers creating tremendous flows of 
water down river valleys, particularly the Missouri River Valley. The Missouri River floodplain was 
wide, and its braided channel was clogged with exposed bars of sediment. When the weather became 
cold during winter, the glaciers stopped melting, exposing wide mud flats with little vegetation, in the 
river valley. Strong prevailing westerly winds sorted the exposed sediments and swept the finer 
materials off of the flood plain into huge clouds of dust, depositing them downwind to the east in the 
bluffs. During interglacial periods, when sediment accumulation was low and the Missouri River 
floodplain became vegetated, loess deposition was low. Soils then had time to develop on the loess 
deposits. 
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Figure 8. From Muhs and Bettis, 2003. 

 
In northwest Missouri, multiple tills that predate the Illinoian glaciation underlie the lowest loess 

unit (Loveland Loess), which is thought to date from the Illinoian glaciation. Thermoluminescence 
(TL) age estimates of Loveland range from ~110,000 to ~165,000 cal yr B.P (Muhs and Bettis, 2000). 
The last interglaciation is represented by the Sangamon Geosol, which is developed in Loveland 
Loess. A thin loess unit called the Pisgah Formation (Bettis, 1990) overlies the Sangamon Geosol and 
is ~13 feet (~4 m) thick at the Loveland paratype locality. Pisgah Formation loess accumulation 
began along the Missouri River Valley, at Loveland, Iowa, about 46,3007  ± 3900 yr BP (Forman and 
Pierson 2002). The Pisgah Formation has weak pedogenic alteration to the Farmdale Geosol, mainly 
in the form of organic matter accumulation, in the upper part of the unit (Muhs and Bettis, 2000). The 
Farmdale Geosol, at Loveland Iowa, has yielded TL ages of ~30,000 and ~23,000 cal yr B.P. (Forman 
et al., 1992). 

Above the Pisgah Formation is the Peoria Loess, a light-brown, massive silt loam. At Loveland, 
Iowa, the Peoria Loess is as much as 130 feet (41 m) thick. TL ages of basal Peoria Loess, at 
Loveland, are 22,000 – 18,000 cal yr B.P. (radiocarbon ages of 27,000 – 24,000 14C yr B.P.) (Forman 
et al., 1992). From stratigraphic relationships with other units Muhs and Bettis (2000) concluded that 
Peoria Loess deposition in western Iowa [and Missouri] may have begun ~27,000 –24,000 14C yr B.P. 
Loess deposition could have ended as early as 14,000 14C yr B.P., and certainly ended before ~11,000 
14C yr B.P. The Peoria Loess, deposited during the Last Glacial maximum (LGM) in North America, 
is probably the thickest LGM loess in the world (Bettis et al., 2003). 

The Loess Hills (Photo 5) extend as a narrow band, north-south along the bluffs which border the 
Missouri River Valley of Missouri and Iowa. The Loess Hills and Midwest loess deposits are the 
thickest and largest loess deposits in the world, after the Loess Plateau of China. The main loess 
deposits are between St. Joseph, Missouri and Sioux City, Iowa, a distance of about 240 miles (386 
km). South of St. Joseph, the dominant material in the river bluffs is Pennsylvanian bedrock. The 
landscape is characterized by steep, narrow ridge crests, peaks and saddles; numerous steep side 
slopes and branching spurs; and precipitous bluffs, some with sheer, nearly vertical faces rising from 
the nearly level Missouri River floodplain (Photo 6). The slopes of some loess ridges are crossed with 
a series of horizontal stair-like or terrace-like features known as "catsteps," (Photo 7) due to slumping 
of the loess. 
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Photo 5. Loess Hills at I-29 exit 107. Photo by Diana Pope, 2010. 

 

 
Photo 6. Peoria Loess at Highway 136 and I-29, Atchison County, Missouri.  

Photo by Diana Pope, 2010. 
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Photo 7. “Catstep” terraces in loess. 

 
The Missouri River Valley loess deposits have been the subject of numerous studies over several 

decades. Ruhe (1954) demonstrated that loess thins systematically away from the Missouri River in 
western Iowa [and Missouri]. In addition to eastward thinning of loess deposits, grain-size properties 
of loess change significantly with distance from river valleys that are thought to be their main 
sources (Smith, 1942). Some of these trends, including decreases in coarse and medium silt and 
increases in fine silt and clay to the east, are considered to be the result of downwind winnowing of 
coarse particles (Ruhe, 1954). Ebens and Connor (1980), in geochemical studies, found that Al2O3 
and Fe2O3 contents increased and CaO and MgO contents decreased eastward from the Missouri 
River, in northwest Missouri. Missouri River Valley loesses contain carbonate derived from 
Cretaceous and Palaeozoic marine limestone, dolostone, and calcareous shale. Carbonate content and 
carbonate mineralogy of the loess thus reflects the source sediments (McKay, 1977). Peoria Loess in 
western Iowa is interpreted to have had at least two sources: the Missouri River valley, and an 
additional source which lay to the west of the Missouri River valley (Muhs and Bettis, 2000). Valley 
sources, such as the Missouri River, have narrow bands of loess on their west sides that thin westward 
(Bettis et al., 2003). Loess accumulation was also time transgressive with respect to distance from 
individual source areas. In western Iowa the base of the Peoria Loess is as much as 5500 radiocarbon 
years older near the Missouri River Valley than at localities to the east (Bettis et al., 2003). 

Results of these studies indicate that south of the Laurentide ice sheet, from Colorado to Ohio, 
winds over the North American midcontinent were dominantly from the west or northwest during 
loess transport, with minor deposition from less frequent easterly winds (Muhs and Bettis, 2000). 
Interactions between glaciers, climate, vegetation, and land surface processes controlled the rate of 
silt production, availability of silt for deflation, and loess accumulation (Bettis et al., 2003).  

 
Missouri River Valley 

 
The Missouri River (Figure 9) flows 2,341 miles from its headwaters, at Brower’s Spring 

on the Jefferson River, before joining the confluence of the Gallatin, Madison, and Jefferson 
Rivers in the Rocky Mountains at Three Forks, Montana (where it officially begins), to its 
confluence with the Mississippi River at St. Louis, Missouri. It drains one sixth of the United 
States and is the longest river in North America. Most tributaries to the Missouri River in the area of 
northwest Missouri and southwest Iowa have been channelized to decrease flooding and to drain 
marshlands. 
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Figure 9. Missouri River and drainage basin. From MO DNR Website. 

 
The Missouri River Valley is about 5.2 miles (8.4 km) wide at I-29 exit 110 west of Rockport, 

Missouri. It narrows to 3.6 miles (5.8 km) at Corning, northern Holt County. Here the Indian Cave 
Sandstone outcrops on the Nebraska side at Indian Cave State Park, and the Reading Limestone 
outcrops on the Missouri side, just below a hillside cemetery (Photo 8). To the south, from Mound 
City, Missouri across the river to Rulo, Nebraska, the valley widens to nearly 12.4 miles (20 km), 
near the confluence of the Big Nemaha River. Here softer, more easily eroded shales, dominate over 
sandstones and limestones. The river narrows again to 2.8 miles (4.5 km) at the town of Forbes. The 
narrowing of the Missouri River Valley south of Forest City is due to the outcrop of the thick Ervine 
Creek Limestone of the Deer Creek Formation, Shawnee Group.  

The hills across the river in Nebraska and Kansas are often hazy, but quite conspicuous. White 
Cloud, Kansas is nearly straight west of Forest City, Missouri and Iowa Point is almost due southwest 
of Forest City. Lookout Mountain (el. 1195 ft.) is almost straight south of Forest City.  

 

 
Photo 8. Cemetery near Craig, Missouri. Photo by Diana Pope, 2010. 
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Selected Soils in Northwest Missouri Loess Deposits and the Missouri River Valley 

 
The selected soils developed in the thick upland loess deposits are Monona/Ida association 

(Figure 10, Photos 9, 10, 11) Timula/Hamburg association (Photo 12) and Monona/Ida/Hamburg 
association (Figure 11). 

 

 
Figure 10. Monona/Ida soil pattern. From Soil Survey of Atchison County, Missouri. 

 

 
Photo 9. Typical Monona/Ida soils in Atchison County, Missouri.  

From Soil Survey of Atchison County, Missouri. 
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MONONA SERIES:  

TAXONOMIC CLASS: fine-silty, mixed, superactive, mesic Typic Hapludolls (mesic- 8 to < 
15º C soil temperatures; typic- typical, representing the middle of the great group; hapl- simple, ud- 
humid, oll- Mollisoll). Mollisolls are developed under grasslands and are typified by a thick, dark 
(organic-rich) surface layer. Udolls are soils of humid (udic) climates in temperate regions. 

Monona series consist of very deep, well-drained, dark-colored soils developed on thick leached 
(nonclacareous) loess, mainly on upland ridges (0-5 percent slopes) where erosion of the loess is low. 
Some soils in the series are on side slopes with 5-40 percent slopes, are moderately to severely eroded 
and have thinner and lighter colored upper layers. Mean annual air temperature is 47-54º F (8-12º C) 
while mean annual precipitation is about 26-32 inches (66-81 cm). In a representative profile (Photo 
10), the surface layer is a very dark brown silt loam about 16 inches (40 cm) thick. The subsoil is 
friable silt loam which extends down to about 30-34 inches (76-86 cm), and is dark brown to a depth 
of 24-30 inches (60-76 cm). Below 30 inches (76 cm) and extending down to 50-60 inches (127-152 
cm) it is brown, very friable silt loam. 

The Monona series are very low to low in available nitrogen or phosphorous, but are high in 
available potassium. Content of organic material varies, depending on slope and subsequent erosion, 
and ranges from low to moderate. The surface is medium to slightly acid and the subsoil is slightly 
acid to neutral. Most areas are used for row crops, including corn, soybeans, and small grains 
(wheat, sorghum, oats). The native vegetation is big bluestem, little bluestem, Indian grass, switch 
grass, and other grasses of the tall grass prairie. Steeper areas are used for pasture, which may contain 
scattered trees.  

 

 
Photo 10. Monona soil profile, Atchison County. 
From Soil Survey of Atchison County, Missouri. 
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A or Ap horizon: 
Hue--10YR 
Value--2 or 3 
Chroma--1 to 3 
Texture--silt loam or silty clay loam 
Clay content--20 to 35 percent 
Sand content--less than 5 percent 
Reaction--moderately acid to neutral  
 
AB or BA horizon (if it occurs): 
Hue--10YR 
Value--2 or 3 
Chroma--2 or 3 
Texture--silt loam or silty clay loam 
Clay content--20 to 30 percent 
Sand content--less than 5 percent 
Reaction--slightly acid or neutral 
Thickness--0 to 6 inches  
 
Bw horizon: 
Hue--10YR 
Value--4 or 5 
Chroma--3 or 4 
Texture--silt loam or silty clay loam 
Clay content--20 to 27 percent 
Sand content--less than 5 percent 
Reaction--slightly acid or neutral  
 
BC horizon (if it occurs): 
Hue--10YR 
Value--4 or 5 
Chroma--3 or 4 
Texture--silt loam 
Clay content--18 to 26 percent 
Sand content--less than 5 percent 
Reaction--neutral or slightly alkaline 
Thickness--0 to 12 inches 
Redoximorphic features--believed to be relict, not considered to be related to present day saturation  
 
C horizon: 
Hue--10YR 
Value--4 or 5 
Chroma--3 to 6 
Texture--silt loam 
Clay content--18 to 24 percent 
Sand content--less than 10 percent 
Calcium carbonate equivalent--0 to 25 percent 
Reaction--neutral to moderately alkaline 
Redoximorphic features--believed to be relict,not considered to be related to present day saturation 
Some pedons have sandy and gravelly sediments within a depth of 60 inches  
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IDA SERIES: 
TAXONOMIC CLASS: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthents 

(typic- representing the middle of the great group; ud- humid, orth- true, ent- Entisol). Entisols are 
soils with little or no evidence of development of pedogenic horizonz. Orthents are relatively well 
drained Entisols that are loamy or clayey. 

Ida series consists of very deep, well drained, light-colored soils formed in thick 
unleached (calcareous) loess on side slopes and narrow ridge crests (2-60 percent slopes). 
Mean annual air temperature is 47-54º F (8-12º C) while mean annual precipitation is about 26-32 
inches (66-81 cm). In a representative profile (Photo 11) the surface layer is a brown to grayish 
brown silt loam about 5-7 inches (13-18 cm) thick. The substratum below this, to a depth of 
50 inches (127 cm), is a yellowish brown, very friable, silt loam with light grayish brown 
mottles and carbonate concretions.   

The Ida series are very low in available nitrogen and phosphorous, but medium to high in 
available potassium. Content of organic material is low to very low and calcareous 
concretions may be on the surface in local areas. The soils are mildly to moderately alkaline. 

The less sloping areas are cultivated, with principal crops being corn, soybeans, small 
grain (wheat, sorghum, oats), and hay. The native vegetation is big bluestem, little bluestem, 
sideoats grama, Indian grass, switch grass, and other grasses of the short grass and tall grass 
prairie. The more sloping areas are pastured or may have small tracts of timber. 

 

 
Photo 11. Ida soil profile, Atchison County.  

From Soil Survey of Atchison County, Missouri. 
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Ap or A horizon: 
Hue--10YR 
Value--3 to 5 
Chroma--2 or 3 
Texture--silt loam or silty clay loam 
Clay content--18 to 30 percent 
Sand content--less than 10 percent 
Calcium carbonate equivalent--8 to 12 percent 
Reaction--neutral to moderately alkaline 
Special features--Redoximorphic concentrations are considered relict  

AC horizon (if it occurs): 
Hue--10YR 
Value--3 to 5 
Chroma--3 or 4 
Texture--silt loam 
Clay content--18 to 25 percent 
Sand content--less than 10 percent 
Calcium carbonate equivalent--8 to 12 percent 
Reaction--slightly alkaline or moderately alkaline 
Special features--Redoximorphic concentrations are considered relict  

C horizon: 
Hue--10YR or 2.5Y 
Value--4 or 5 
Chroma--3 to 6 
Texture--silt loam 
Clay content--18 to 25 percent 
Sand content--less than 10 percent 
Calcium carbonate equivalent--8 to 12 percent 
Reaction--slightly alkaline or moderately alkaline 
Special features--Redoximorphic concentrations and depletions are considered relict  
 
HAMBURG SERIES: 

TAXONOMIC CLASS: Coarse-silty, mixed, superactive, calcareous, mesic Typic Udorthents 
(typic- typical, representing the middle of the great group; ud- humid, orth- true, ent- Entisol). 
Entisols are soils with little or no evidence of development of pedogenic horizonz. Orthents are 
relatively well drained Entisols that are loamy or clayey. 

Hamburg series consists of very deep, somewhat excessively drained soils on moderately steep to 
very steep convex shoulders or backslopes (slopes range from 20-90 percent) on uplands, formed in 
thick, unleached (calcareous), coarse-grained loess. Mean annual air temperature is 45-55º F (7-13º 
C). Mean annual precipitation is 20-40 inches (51-102 cm). In a representative profile the surface 
layer is dark grayish brown coarse silt loam about 2 inches (5 cm) thick. The substratum, extending to 
a depth of 54 inches (137 cm) is brown, yellowish brown and pale brown, very friable, coarse silt 
loam. These soils typically have distinct natural terraces, “catsteps,” (Photo 13) that apparently form 
as a result of soil slump. Hamburg soils are generally located in the western parts of the loess hills. 

The Hamburg series are very low in available nitrogen and phosphorous, but medium to high in 
available potassium. Content of organic material is low to very low and calcareous concretions may 
be on the surface in local areas. The soils are mildly to moderately alkaline. 
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Almost all areas are used for pasture or wildlife habitat. The native vegetation is little bluestem, 
big bluestem, Indian grass, switch grass, and other grasses of the short and tall grass prairie and thin 
stands of white oak, bur oak and eastern red cedar. Yucca and other semiarid plants grow in some 
areas.  

 

 
   Photo 12. Area of Timula-Hamburg silt loams, 30-90 % slopes, on the loess bluffs adjacent to  
    the Missouri River valley. The Timula soil is forested, while the steepest areas of Hamburg soil  

   support grasses and shrubs. From Soil Survey of Atchison County, Missouri. 
 

 
Figure 11. Monona/Ida/Hamburg association. From Soil Survey of Fremont County, Iowa. 
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  Photo 13. Hamburg silt loam, 40-75 % slopes, in Fremont County, Iowa. Note “catstep” terraces. 

From Soil Survey of Fremont County, Iowa. 
 

A or Ap horizon: 
Hue--10YR 
Value--3 or 4 
Chroma--2 or 3 
Texture: silt loam, silt, or very fine sandy loam 
Clay content--6 to 15 percent 
Sand content: 10 to 50 percent, mostly very fine sand 
Reaction--neutral to moderately alkaline  
 
AC horizon (if it occurs): 
Hue--10YR 
Value--4 to 6  
Chroma--3 or 4 
Texture--silt loam, silt, or very fine sandy loam 
Clay content--6 to 12 percent 
Sand content--10 to 50 percent, mostly very fine sand 
Reaction--slightly alkaline or moderate alkaline  
 
C horizon: 
Hue--10YR 
Value--4 to 6 
Chroma--2 to 4 
Texture--silt loam, silt, or very fine sandy loam 
Clay content--6 to 12 percent 
Sand content: 10 to 50 percent, mostly very fine sand 
Reaction--slightly alkaline to strongly alkaline 
Redoximorphic features--depletions or concentrations below a depth of 20 inches are believed to be 
relict features  
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TIMULA SERIES: 
TAXONOMIC CLASS: Coarse-silty, mixed, superactive, mesic Typic Eutrudepts (typic- 

typical, representing the middle of the great group; eutr- fertile, high base saturation, ud- humid, ept- 
Inceptisol). Inceptisols are embryonic soils with few diagnostic features.  

Timula series consists of very deep, well drained soils formed in thick coarse-grained loess on 
uplands, with slopes ranging from 2-60 percent. Mean annual air temperature ranges from 44-54º F 
(7-12º C), and mean annual precipitation ranges from 29-42 inches (74-107 cm). Hamburg soils 
occupy very similar areas on the landscape, but are not as well developed as Timula soils. 

The gently sloping to moderately steep areas are used for cultivated crops and pasture, 
while steep and very steep areas are used for pasture or are wooded (Photo 12). Native 
vegetation is deciduous forest, mainly oak, hickory, and birch. 
 
VANMETER SERIES: 

TAXONOMIC CLASS: Fine, illitic, mesic Oxyaquic Eutrudepts (oxyaquic- saturated, but not 
reduced; eutr- fertile, high base saturation, ud- humid, ept- Inceptisol). Inceptisols are embryonic soils 
with few diagnostic features.  

Vanmeter series consists of moderately deep or deep, moderately well drained soils on 
moderately steep to steep (slopes range from 5-60 percent) convex side slopes and escarpment-like 
areas that parallel major streams on uplands. These soils formed in residuum from calcareous shale 
[sandstone and limestone]. Some areas have a thin mantle of silty or loamy material over the 
weathered shale. The geological origin of the mantle is uncertain although it is thought to be loess, 
till, loess-till mixture, pedisediments, or residuum from interbedded shale and sandstone. Mean 
annual air temperature is about 47-54º F (8-12º C). Mean annual precipitation is about 30-35 inches 
(76-89 cm). Most areas are pasture or deciduous forest, with some used as wildlife conservation areas 
(e.g. Riverbreaks Conservation Area, Barrett Hollow, Holt County). 

Vanmeter flaggy silt loam, 14-35 percent slopes, may contain as much as 35 percent flagstones. 
Depth to bedrock is less than 60 inches (152 cm). Shelby soils, developed on glacial till are above the 
Vanmeter soil and contain sand and gravel. In other areas above Vanmeter soils are ledges of 
limestone and sandstone rock outcrops, areas with more than 35 percent limestone flagstones, and 
abandoned limestone quarries. Vanmeter soils are seen from just north of Forest City southward 
along the Missouri River Valley. 
 
MISSOURI RIVER VALLEY SOIL ASSOCIATIONS: 

There are several soil series and very complex soil associations (Figure 12) in the nearly flat, 
poorly to excessively drained, floodplain of the Missouri River Valley. Most of these soils formed in 
clayey, silty, loamy, and sandy alluvium on high and low benches associated with natural levee, clay-
filled abandoned channels, and various other floodplain deposits. Most of the soils have organic-rich 
surface layers which are dark grayish brown to dark gray to black in color. Many of these soils are 
rarely to frequently flooded when levees (natural and man-made) are topped or breached. Water may 
stand on the surface for several hours to several days after flooding or heavy rains, but soils which 
have extensive sand layers may need to be irrigated in drier years. Soils include Entisols (Haynie and 
Grable- Mollic Udifluvents, Sarpy- Typic Udipsamments, Modale and Kenmoor- Aquic Udifluvents), 
Mollisols (Blencoe- Aquertic Hapludolls, Wabash- Vertic Endoaquolls, Leta and Gilliam- 
Fluvaquentic Hapludolls), and Vertisols (Luton- Typic Endoaquerts). 

In Holt County, a typical soil association is the Leta/Grable/Haynie (Figure 13), with Gilliam, 
Luton, Kenmoor, Modale, and Sarpy as minor soil series. Big Lake State Park is located within this 
association. Another typical soil association, in Holt County, is the Luton/Wabash/Blencoe, with 
Gilliam, Grable, Haynie, Leta, and Modale as minor soil series. In Atchison County, a typical soil 
association is the Blencoe/Haynie/Luton (Photo 14).  
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Figure 12. Complex relationships of soils on Missouri River flood plain.  From Soil Survey of  
     Fremont County, Iowa. 
 
 
 
 

 
  Figure 13. Leta/Grable/Haynie association in Missouri River Valley. From Soil Survey 

of Holt County, Missouri.  
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  Photo 14. Blencoe/Haynie/Luton association, Missouri River Valley. From Soil Survey of  

   Atchison County, Missouri. 
 
Squaw Creek National Wildlife Refuge 

(most of the following is slightly modified from the US Fish and Wildlife Service Website) 
 

Squaw Creek National Wildlife Refuge is located in northwestern Missouri within the Missouri 
River floodplain. The 7,350-acre refuge was established in 1935, by President Franklin D. Roosevelt, 
as a resting, feeding, and breeding ground for migratory birds and other wildlife. Many of the original 
facilities were built by the Civilian Conservation Corps and the Works Progress Administration in the 
late 1930s. The refuge headquarters are located five miles south of Mound City, Missouri, just west of 
I-29. 

The refuge area is situated in a low area of the Missouri River Valley floodplain, where the water 
table is high, creating semi-permanent wetlands. This area is probably the result of fining of sediment 
away from the natural levees of the Missouri River. Most surface water is provided by Squaw Creek, 
Wildcat Creek and Davis Creek. The railroad grade to the west may produce more surface water 
ponding then would normally occur, and the water levels are now artificially manipulated. The 
principal refuge habitats are seasonal and semi-permanent wetlands (3,200 A), native warm and cool 
season grasslands (2,020 A), woodlands (1, 560 A), and croplands (490 A). The refuge also includes 
part of the Loess Hills to the south of US Highway 159.  

Some of the last parcels of native plants, of a once vast native prairie, can be found here. 
Remnants of Missouri's native prairie are found here and include Indian grass, big bluestem, blazing 
star, compass plant, yucca, beard-tongue, and skeleton plant. Some native prairie has been restored on 
the loess hills and in the bottomland. Red-tailed hawks and great horned owls hunt for mice and voles 
in these grasslands.  

Woodland slopes are covered by mature oak-hickory trees are where towhees, robins, nuthatches, 
chickadees, woodpeckers, and tanagers can be seen during the summer. The woodlands provide 
resting and feeding perches for hawks and bald eagles. White-tailed deer and turkey are also common 
in the woodlands, and bobwhite quail and pheasants are found in the grassy edge near the woodlands.  

Squaw Creek Refuge's wetlands can attract as many as 400,000 snow geese (Photos 15a, b) if 
conditions are correct during spring and fall migrations. Fall and winter waterfowl migration can peak 
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with 100,000 ducks. Wetlands range from open pools and mud flats to flooded woodlands and cattail-
filled marshes. An abundant population of muskrats is evident from the number of muskrat houses 
dotting the large wetlands. These dome-shaped houses make handy perches for bald eagles, double-
crested cormorants, and Canada geese.  

In the shallow, reedy marshes live secretive species like the sora rail and American bittern. The 
same reedy marshes are filled in the evening by thousands of roosting songbirds, including yellow-
headed and red-winged blackbirds. Open shallows give views of great blue herons wading on long 
legs fishing for frogs and fish. Marsh water levels are drawn down in spring to create shorebird 
habitats. Many species of sandpipers, plovers, dowitchers, and curlews prefer to migrate along 
freshwater routes, such as the Missouri River flood plain, foraging on mudflats.  

Bald eagles follow concentrations of snow geese to the refuge feeding on sick and injured birds. 
Eagle numbers can peak with 300 birds or more in early December. A single pair of adult bald eagles 
has been nesting on the refuge in spring since 1997. Other federal and state threatened and 
endangered species observed on the refuge include the peregrine falcon, piping plover, and the 
Eastern massasauga rattlesnake.  

In total the refuge hosts over 301 bird species, 33 mammal species, and 35 reptile and amphibian 
species. 

 

 
Photo 15a. Snow geese at SQNWR, Photo by Diana Pope, 2009. 

 

 
Photo 15b. Snow goose at SQNWR, Photo by Diana Pope, 2009. 
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CYCLOTHEMS OF THE MIDDLE AND UPPER 
TOPEKA FORMATION, (UPPER SHAWNEE 

GROUP, VIRGILIAN) IN BARRETT HOLLOW, 
HOLT COUNTY, MISSOURI 

 
The Forest City Basin 

 
Most of the Pennsylvanian of Missouri, including all of northwest Missouri, occurs within the 

Midcontinent Basin. The relatively shallower central and northern part of the Midcontinent Basin is 
referred to as the Northern Midcontinent Shelf. Most of the Midcontinent Basin lies within northwest 
and western Missouri, southwest Iowa, southeast Nebraska, eastern Kansas, and northeast Oklahoma.  

The original usage of the name Forest City was for a pre-Mississippian basin (eastern part of the 
Kansas Basin) in northeast Kansas and adjacent areas of Missouri, Iowa, and Nebraska (Ockerman, 
1935). At or near the end of the Mississippian, movement on the Nemaha Uplift nearly bisected the 
older Kansas basin in half (Jewett, 1951). The western part of the older basin (west of the Nemaha 
Uplift) was called the Salina Basin, and the eastern part (east of the Nemaha Uplift was called the 
Forest City Basin (e.g. McQueen and Greene, 1938). The Forest City Basin (a sub-basin of the 
Midcontinent Basin), as now defined, lies in northwest Missouri, southwest Iowa, east of the Nemaha 
Ridge in Kansas and Nebraska, and north of the Bourbon Arch in southeastern Kansas (Figure 1). 
Many modern geologists define the Forest City Basin on the distribution of Pennsylvanian strata. The 
Forest City Basin was named after Forest City, Holt County, Missouri, where the oldest Pennsylvanian 
strata of the basin is thickest (Figure 2), after study of a deep core drilled in 1901.  

Basal Pennsylvanian units (Des Moinesian-Atokan) in the basin were deposited during a period of 
infilling of an erosionally dissected Mississippian, and older Paleozoic, surface. Deposition was 
controlled by variations in gross basinal structure, local tectonic structural trends, irregular erosional 
surfaces (paleovalleys and interfluves; karst), regional dip, and the extent of marine transgressions and 
regressions.  

Pennsylvanian units within the Forest City Basin include in ascending order: (possible Morrowan 
in northwest Missouri), definite Atokan, Desmoinesian, Missourian, and Virgilian stages (Burchett, 
1979; Peppers and Brady, 2007). The first oil and gas west of the Mississippi River was produced 
from the Forest City Basin in Kansas (Anderson and Wells, 1968). 
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Figure 1. Pennsylvanian outcrop and tectonic map of interior United States. Note Forest 
City Basin (FCB). From Pope, 2009. Modified from Jewett, 1951; Anderson and Wells, 
1968; Rascoe and Adler, 1983; Greb et al., 1992; Rice, 1994; Muehlberger, 1997. 
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Figure 2. Map showing outline of the Forest City basin and its relation to the northern end of the Cherokee 
basin and to the escarpment on the east side of the Nemaha anticline. The basins are outlines by a contour 
indicating a thickness of 650 feet between the base of the Hertha limestone and the top of the Mississippian 
limestone. The deepest part of the basin is outlined by the 1000-foot thickness contour. Data for northeastern 
Kansas are adapted from figures 17 and 18 of Lee, 1943; for Missouri in part after McQueen and Greene (1938, 
pl. 4); for southeastern Kansas after Bass (1936, pl. 1); and for Iowa and Nebraska after Holl (1932). From Lee, 
1943. 
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Cyclothems 
 

It is now recognized that most lithologic units in the Pennsylvanian of the Midcontinent Basin 
were deposited in various environments that resulted from glacial-eustatic rise and fall of sea-level 
brought about by waxing and waning of Gondwanan glaciers (Wanless and Shepard, 1936; Heckel, 
1977, 1980, 1994, 2003, 2008). Termed cyclothems by Wanless and Weller (1932), these cycles of 
transgression and regression were recognized by Heckel (1986, 1990, 1994, 2002, 2007, 2008) as 
marine transgressive-regressive sequences, centered on thin, nonsandy, black, phosphatic ‘core’ shales 
(Figure 3).  Cyclothems are allostratigraphic (genetic) units (‘stratigraphic sequences’ of sequence 
stratigraphy), which are defined on the basis of bounding discontinuities. In northwest Missouri these 
discontinuities are often paleosols, developed during times of sea level lowstand and subsequent 
subaerial exposure.  
    

 
          Figure 3. Typical idealized major marine cyclothem of Northern Midcontinent Shelf (Heckel, 1994) 

 
On the Northern Midcontinent Shelf, cyclothems are classified informally into three scale-based 

groups identified by the extent of marine transgressive and highstand units (Heckel, 1999). Major 
marine cycles are characterized by a widespread, conodont-rich gray to black shale, located between 
the transgressive and regressive limestones that extend across the entire shelf. Intermediate cycles are 
characterized by a conodont-rich gray shale or limestone, and are distributed with limited extent 
toward the northern part of the shelf.  Minor cycles typically extend only a short distance northward 
from the Oklahoma basinal region, or represent minor reversals of sea-level within more major 
cyclothems. 

Most major Midcontinent cyclothems, and some intermediate ones, display a distinctive vertical 
sequence of lithic members (Heckel, 1977). Each lithic member represents a particular phase of 
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deposition during a single phase of glacial-eustatic sea-level change (transgression-regression).  In 
northwest Missouri, most cyclothems overlie a basal mudstone (lowstand systems tract of sequence 
stratigraphic terminology). Pope (1999) and Heckel (2002) recognized that coal beds often overlie 
these basal mudstones (underclays), now recognized as paleosols that can be identified and traced 
beyond the limits of a local coal bed (Joeckel, 1995). They regarded the top of the paleosol, near or at 
the base of a coal (when present), to be the most widespread disconformity and the boundary between 
cyclothems. Heckel (1995), Pope (1999) and Heckel (2002) considered the coal to be more temporally 
and genetically related to the overlying marine units, because it formed by the ponding of fresh water 
on a coastal plain of low relief at the leading edge of the transgression. 

Above the lowstand deposits is typically a thin transgressive limestone (transgressive systems 
tract) representing a deepening-upward sequence that was deposited in a marine environment as the 
sea covered the land.  Overlying the transgressive limestone is the offshore ‘core’ shale (highstand 
systems tract) interpreted as deep-water high-stand deposits that represent a condensed interval 
deposited under conditions of sediment starvation at maximum marine transgression (Heckel, 1977, 
1994). This was in water deep enough to inhibit benthic carbonate-producing algal growth or 
preservation of carbonate mud. Above the offshore shale is typically a thick regressive limestone 
(‘regressive systems tract’) deposited as sea level lowered to the point that benthic algal production of 
carbonate mud resumed, and this mud was preserved.  These limestones often shallow upward into 
shoal-water and tidal-flat deposits.  Shale is often found above the regressive limestone along with 
local sandstones, deposited during final regression or lowstand.  These shales are often capped by gray 
to red blocky mudstones identified as paleosols. Such deposits represent the lowstand systems tract 
where soil formation and erosion, including the formation of paleovalleys (Pope and Goettemoeller, 
2002), occurred.  The top of the paleosol marks the upper sequence boundary of the underlying 
cyclothem, beneath the base (lower sequence boundary) of the overlying cyclothem. For a more 
comprehensive discussion of cyclothems see Heckel (1977, 1980, 1994, 2003). For a brief history of 
Midcontinent cyclothems see Marshall (2009). 

 
UPPER CARBONIFEROUS 

 
The Coal Measures was the original name for the coal deposits of England, and similar deposits 

were known in the rest of Europe. In 1822, Conybeare (in Conybeare and Phillips) used the name 
Carboniferous (from the Latin words for coal-bearing) for the Coal Measures and three underlying 
units: Millstone Grit, Mountain Limestone, and Old Red Sandstone. This included strata from what is 
now the Devonian up through the Pennsylvanian. Murchison placed the Old Red Sandstone in the 
Devonian (on a map drawn in 1836) and in 1840, Sedgwick and Murchison officially removed the Old 
Red Sandstone from the Carboniferous and placed it in the Devonian.  

After the Old Red Sandstone was placed in the Devonian, European geologists realized the 
Carboniferous consisted of a lower sequence (Lower Carboniferous) comprising the Mountain 
Limestone and Millstone Grit, and an upper sequence (Upper Carboniferous) comprising the Coal 
Measures. The Coal Measures were also recognized in North America, especially in Pennsylvania 
(Rogers, 1836), and a carbonate sequence underlying the Coal Measures was recognized in the 
Mississippi River Valley. Winchell (1870, p. 136) first mentioned the name Mississippian, which he 
proposed to apply to the lower carbonate sequence in North America, for exposures near St. Louis, 
Missouri. Williams (1891) also recognized the Mississippian, and correlated it with the Lower 
Carboniferous of Europe, thus leaving the Upper Carboniferous of North America as essentially 
equivalent to the Upper Carboniferous of Europe. Later in 1891, Williams used the name 
Pennsylvanian for exposures of Upper Carboniferous (Coal Measures) strata in North America, with 
the state of Pennsylvania as the type area. Interestingly, the name Pennsylvanian was first used by 
Williams (in Simonds, 1891) in a report on Washington County, Arkansas. The U.S. Geological 
Survey did not officially adopt the names Mississippian and Pennsylvanian until 1953.  
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Western and eastern European geologists did not use the North American terminology and 
American geologists did not use western and eastern European terminology. In the latter part of the 
twentieth century, global correlation of Carboniferous strata became important for understanding 
climate cycles, but the North American names were so engrained in the North American literature, 
most American geologists did not want to abandon them. Like-wise western and eastern European 
geologists did not want to abandon European and Russian names.  

In the process of formally adopting a worldwide classification scheme for the Carboniferous, the 
Mid-Carboniferous Boundary Working Group of the Subcommission on Carboniferous Stratigraphy 
(SCCS) was established after the 10th Congress on Carboniferous Stratigraphy and Geology in 
Madrid, Spain, 1983. The Working Group was to find a Global Stratotype Section and Point (GSSP) 
for a boundary in the middle of the Carboniferous System that would coincide with the evolutionary 
first appearance of the conodont Declinognathodus noduliferus s. l. in its evolutionary sequence from 
Gnathodus girtyi simplex. In 1995, the Working Group recommended to the SCCS that a GSSP for the 
middle of the Carboniferous be established at 82.90 meters above the top of the Battleship Wash 
Formation and within the lower part of the Bird Spring Formation at Arrow Canyon, Nevada, USA. 
This GSSP proposal was overwhelmingly approved by the voting members of the SCCS and later 
ratified by the Executive Committee of the IUGS in January 1996. See Lane et al. (1999).  

 
PENNSYLVANIAN SUBSYSTEM 

 
Partially because of ambiguity in the use of the terms ‘Upper’ and ‘Lower’ Carboniferous, the 

Sub-Commission on Carboniferous Stratigraphy (SCCS) of the International Commission on 
Stratigraphy (ICS) of the International Union of Geological Sciences (IUGS), voted to officially 
recognize the Mississippian and Pennsylvanian as subsystems of the Carboniferous System on a 
worldwide basis (see Heckel, 2004). 

 
UPPER PENNSYLVANIAN SERIES 

 
Swallow (1855) divided the Coal Measures of North America into an ‘Upper, Middle, and Lower 

Coal Series.’ Later the ‘Lower’ and ‘Middle’ series were combined into the ‘Lower Coal Measures.’ 
This led to the use of the names ‘Upper Coal Measures’ and ‘Lower Coal Measures’ for the two major 
divisions of what is now the Pennsylvanian. Workers in the midcontinent realized that Appalachian 
stratigraphic nomenclature (Branson, 1962) was inadequate for the midcontinent, because of lateral 
facies changes in units, unconformities and faunal changes, so they started using midcontinent names. 
Keyes (1893) proposed the name ‘Des Moines’ (that essentially applies to the ‘Lower Coal Measures’) 
and the name ‘Missouri’ (that essentially applies to the ‘Upper Coal Measures’). Moore (1932) 
divided the ‘Missouri’ into a lower ‘Missouri’ and an upper ‘Virgil’ at a ‘major unconformity,’ in 
what is now the Douglas Group. Moore (1937) and other workers used the terms Morrowan, Atokan, 
Desmoinesian, Missourian, and Virgilian series, with the Atokan Formation placed in the lower part of 
the Desmoinesian, in the midcontinent. Cheney et al., 1945) used only the terms Morrowan, 
Desmoinesian, Missourian, and Virgilian series, with the Atoka Formation placed in the lower part of 
the Desmoinesian, Jewett and others (1968, in Zeller, ed.) used the five subdivision names Morrowan, 
Atokan, Desmoinesian, Missourian, and Virgilian as stages in Kansas, and these are still in use today  

 
Pennsylvanian System 
 Upper Pennsylvanian Series 
  Virgilian stage 
  Missourian stage 
 Middle Pennsylvanian Series 
  Desmoinesian Stage 
  Atokan Stage 
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 Lower Pennsylvanian Series 
  Morrowan Stage 
 
The Pennsylvanian Subsystem now has an official global series and stage classification and 

nomenclature (Heckel, 2004; Heckel and Clayton, 2006), which were ratified by the SCCS of the ICS 
and IUGS (Figure 4). Because Global Stratotype Sections and Points (GSSPs) have not yet been 
determined, the exact boundaries of all the stages have not been selected at this time. 

The ratified global upper Carboniferous System (Pennsylvanian Subsystem) subdivisions are as 
follows: 

 
Carboniferous System 
 Pennsylvanian Subsystem 

Upper Pennsylvanian Series 
  Gzhelian (mostly = Virgilian) Stage 
  Kasimovian (mostly = Missourian) Stage 

Middle Pennsylvanian Series 
  “upper” Moscovian (mostly = Desmoinesian) Stage 
  “lower” Moscovian (mostly = “upper” Atokan) Stage 

Lower Pennsylvanian Series 
 Bashkirian (mostly = “lower” Atokan) Stage 

  Bashkirian (= Morrowan) Stage 
 
The Eastern European stage names (Gzhelian, Kasimovian, Moscovian, and Bashkirian) are 

officially recognized as global stage names, while the Virgilian, Missourian, Desmoinesian, Atokan, 
and Morrowan will be retained as regional stages in North America (Heckel, 2004; Heckel and 
Clayton, 2006). See Figure 4. 

 

 
Figure 4. Approximate equivalency of global subdivisions to regional stage subdivisions in North America 
(specifically midcontinent United States) (modified from Heckel and Clayton, 2006a, fig. 1, p. 404; and Heckel 
and Clayton 2006b, fig. 1, p. 394). The position of the Moscovian-Kasimovian boundary (dashed line) has been 
uncertain, but recent work (Villa and Task Group, 2008) suggests the boundary may be close to the 
Desmoinesian-Missourian boundary level. From Sawin et al., 2009. 
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Forest City Basin Stratigraphy 
 

VIRGILIAN (GZHELIAN) STAGE  
 

Moore (1932) defined the Virgilian series as all the strata between the unconformity in the 
Douglas Group to the base of the Permian, the boundary of which has been disputed for several 
decades. See Moore (1949), figure 3, p. 6, for boundary placement between 1859 and 1937. After 
1936 the boundary was stabilized at the base of a ‘major unconformity above the Brownville 
Limestone, marked by the Indian Cave Sandstone in the northern Midcontinent. These strata were the 
former upper ‘Missourian’ of Keyes (1893). Condra (1949) designated the type locality of the 
Virgilian as being along the Verdigris River from west of Madison to Virgil (Greenwood County) 
southeastward to central Wilson County, Kansas. Jewett, et al. (1968) proposed the Virgilian as a stage 
in the Upper Pennsylvanian Series.  

The Virgilian Stage (Figure 5) comprises five groups in ascending order (Boardman, 1999): 
Douglas (above base of Cass Limestone), Shawnee, Wabaunsee, Admire, and Council Grove (to base 
of Bennett Shale Member or the top of the Glenrock Limestone Member of the Red Eagle Limestone). 
Others (e. g. Ross and Ross, 2002) propose leaving the upper boundary of the Virgilian at the base of 
the Admire Group. 

 

 
Figure 5. Groups within the Virgilian Stage and relationships to Missourian 

Stage and Permian System. Only the members of formations at the lower 
group and stage boundary and upper subsystem/system boundary are shown. 
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SHAWNEE GROUP  

 
The Shawnee Group (Figure 6) was originally named the Shawnee formation by Haworth (1898) 

from exposures in Shawnee County, Kansas. The Shawnee was originally defined to include strata 
from the top of the Oread Limestone to the base of the Tarkio (Burlingame of present usage) 
Limestone. Condra (1927) revised the Shawnee to include in ascending order the: Kanwaka Shale, 
Lecompton Limestone, Tecumseh Shale, Deer Creek Limestone, Calhoun Shale, Topeka Limestone, 
Severy Shale, Howard Limestone, and Scranton Shale members. Moore (1931) revised the Shawnee to 
include the Topeka Limestone at the top and the Oread Limestone at the base, as it is presently known, 
and raised it to group rank. In Missouri, the Shawnee Group comprises seven formations: Oread, 
Kanwaka, Lecompton, Tecumseh, Deer Creek, Calhoun, and Topeka, in ascending order, with thirty-
four named members (Gentile and Thompson, 2004). The Shawnee Group overlies the Douglas Group 
and underlies the Wabaunsee Group.  

 

 
   Figure 6. Shawnee Group in Missouri and Iowa, compared to older Iowa classifications. From Pope, 2009. 

There are some minor differences in nomenclature between Missouri and Iowa in the Douglas Group. 
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TOPEKA LIMESTONE 
 

The name Topeka was first used by Bennett (1896). Ver Wiebe and Vickery (1932) located the 
type section 1 mile (1.6 km) east and 1 mile (1.6 km) south of Topeka, Kansas. Moore (1936) located 
good exposures in the SE section 5, T. 11 S., R. 16 E., northeast of Topeka, Shawnee County, Kansas. 
Smith (1909) had used the name Braddyville limestones for the strata between the Forbes limestone 
(Ervine Creek Limestone) and Nodaway Coal. Condra and Reed (1937) established the present 
definition of the Topeka, which comprises nine members in ascending order: Hartford Limestone, 
Iowa Point Shale, Curzon Limestone, Jones Point Shale, Sheldon Limestone, Turner Creek Shale, 
DuBois Limestone, Holt Shale, and Coal Creek Limestone. The Topeka Limestone overlies the 
Calhoun Shale and underlies the Severy Shale of the Wabaunsee Group.  

 
Coal Creek Limestone Member  

 
The Coal Creek Limestone was named by Condra (1927) from exposures on Coal Creek 0.75 mile 

(1.2 km) north of Union, Cass County, Nebraska. It is unclear, but Condra is assumed to have 
described a section in T. 10 N., R. 13 E. The Coal Creek had been named the Union Limestone by 
Condra and Bengtson (1915). The Coal Creek Limestone Member overlies the Holt Shale Member 
and underlies the Severy Shale of the Wabaunsee Group.  

 
Holt Shale Member  

 
The Holt Shale was named by Condra (1927) from exposures in Holt County, Missouri. Condra 

(1949) further defined the type section as in the SW NE section 32, T. 60 N., R. 38 W., at the 
southeast edge of Forest City, Holt County, Missouri. The Holt Shale Member overlies the DuBois 
Limestone Member and underlies the Coal Creek Limestone Member.  

 
DuBois Limestone Member  

 
The DuBois Limestone was named by Condra (1927) from exposures on Turner Creek about 4 

miles (6.4 km) southeast of DuBois, Pawnee County, Nebraska. It is unclear, but Condra is assumed to 
have described a section in T. 1 N., R. 12 E. This appears to be the same as the Turner Creek Shale 
Member type section. Condra (1927) spelled the limestone ‘Du Bois,’ Moore (1932) spelled it 
‘Dubois,’ whereas the town is spelled ‘DuBois.’ The DuBois Limestone Member overlies the Turner 
Creek Shale Member and underlies the Holt Shale Member.  

 
Turner Creek Shale Member  

 
The Turner Creek Shale was named by Condra (1927) from exposures in Turner Creek about 4 

miles (6.4 km) southeast of DuBois, Pawnee County, Nebraska. It is unclear, but Condra is assumed to 
have described a section in T. 1 N., R. 12 E. This appears to be the same as the DuBois Limestone 
Member type section. The Turner Creek Shale Member overlies the Sheldon Limestone Member and 
underlies the DuBois Limestone Member.  

 
Sheldon Limestone Member  

 
The Sheldon Limestone was named by Condra (1930), and Condra (1949) indicated it was named 

from exposures at the Sheldon quarry and farm about 1 mile (1.6 km) east of Nehawka, Cass County, 
Nebraska. It is unclear, but Condra is assumed to have described a section in T. 10 N., R. 13 E. The 
Sheldon Limestone had been called the Meadow Limestone by Condra (1927) in Nebraska. The 
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Sheldon Limestone Member overlies the Jones Point Shale Member and underlies the Turner Creek 
Shale Member.  

 
Jones Point Shale Member  

 
The Jones Point Shale was named by Condra (1927) from exposures at Jones Point in the Missouri 

River Bluffs, and Condra (1949) designated the type area about 4 miles (6.4 km) east of Union, Cass 
County, Nebraska. It is unclear, but from the description, Condra may have described outcrops in T. 
10 N., R. 14 E. The Jones Point Shale Member overlies the Curzon Limestone Member and underlies 
the Sheldon Limestone Member.  

 
Curzon Limestone Member  

 
The Curzon Limestone was originally called Curzen’s (Curzons) Limestone by Gallaher (1898, 

1900). Condra (1927) spelled the name Curzen. The reason for the change in spelling (noted by 
Condra in 1935), Curzen instead of Curzon is unknown. Condra and Reed (1937) stated the type 
locality was [at an unspecified location] east of Curzon Station, southeast of Forest City, Holt County, 
Missouri and defined its present usage. A 1907 map in Hinds and Greene (1915) locates Curzon 
[Station] about half way between Forest City and Forbes (Figure 7). Cordell (1947) located a section 
in the SW NE section 32, T. 60 N., R. 38 W., at or close to the original type section. The change in 
spelling (noted by Condra in 1935, Curzen instead of Curzon) is unknown. The Curzon Limestone 
Member overlies the Iowa Point Shale Member and underlies the Jones Point Shale Member.  

 

 
Figure 7. Location of Curzon Railroad Station, Holt County, Missouri. From Geological Map of Missouri, 
1907, in The stratigraphy of the Pennsylvanian Series in Missouri: Hinds, H., and Greene, F.C., 1915, Missouri 
Bureau of Geology and Mines, v. XIII, 2nd Series, with a chapter on invertebrate paleontology by G.H. Girty. 
Horizontal lines- Missourian (no Virgilian recognized at that time) 5th Principal Meridian at 91° 3′ 42″ 

 
 

93



Iowa Point Shale Member  
 

The Iowa Point Shale was named by Condra (1927) from exposures in the Missouri River bluffs, 
just east of Iowa Point, Doniphan County, Kansas. It is unclear, but Condra is assumed to have 
described a section in T. 1 S., R. 19 E. The Iowa Point Shale was revised as presently used by Condra 
and Reed (1937). The Iowa Point Shale Member overlies the Hartford Limestone Member and 
underlies the Curzon Limestone Member. One or two unnamed coals (Thompson, 1995; J.P. Pope, 
unpublished field notes) occur in the Iowa Point Shale in northwestern Missouri (e.g. Forest City area 
and New Point quarry in Holt County; Pumpkin Center quarry in Nodaway County). 

 
Hartford Limestone Member  

 
The Hartford Limestone was named by Kirk (1896) and the type section was located by Moore 

(1936) underneath the highway bridge at the north edge of Hartford, Lyon County (Coffey County in 
Moore, 1936; Neosho County in Moore et al., 1944), Kansas. It is unclear, but Moore’s type section 
may have been in section 15, T. 20 S., R. 13 E. Condra (1927) called the Hartford the Meadow 
Limestone. The Hartford Limestone Member overlies the Calhoun Shale and underlies the Iowa Point 
Shale Member.  

The Hartford Limestone is usually characterized by two limestone units separated by a conodont-
rich shale that is medium gray (N4) in the upper part and black (N1) in the lower part. This sequence 
is seen in the Graham quarry (Nodaway County, Missouri) and in the Braddyville Quarry, Page 
County, Iowa (See Leger and Pope, 2008). It also occurs as a single limestone bed in the Riverton core 
(Fremont County, Iowa). At the Corning and Mt. Etna quarries (Adams County, Iowa) the middle 
shale is split by a thin limestone (Leger and Pope, 2008; Pope et al., 2008).  In general, the lower 
limestone represents the transgressive systems tract, the middle shale is the high stand deposits, and 
the upper limestone represents the regressive systems tract. The middle limestone represents a sea 
level drop during highstand. In many places the Hartford contains abundant calcareous sponges coated 
with red algae and encrusting foraminifers.  

 
Barrett Hollow Cyclothems 

 
The section just above and below the bridge in Barrett Hollow exposes all of the Topeka 

Formation (Figure 8), except the lower part of the Iowa Point Shale and below this, the Hartford 
Limestone, representing the marine portion of the intermediate Hartford cyclothem. Both lower 
members are exposed to the west and north in an abandoned quarry, along with the Calhoun Shale and 
the Ervine Creek Limestone Member of the Deer Creek Formation. The Ervine Creek Limestone 
represents the regressive systems tract of the Deer Creek major cyclothem. 

 
Curzon cyclothem 

 
The Curzon minor cyclothem comprises the upper two feet (0.6 m) of the Iowa Point Shale (above 

the blocky mudstone), the Curzon Limestone, and the Jones Point Shale (to the top of the blocky 
mudstone) (Photo 1; Figure 9). Farther south in Kansas the Curzon Limestone contains fusulinids, 
corals, bryozoans, clams, gastropods, nautiloids, trilobites and crinoids. There are also sparse numbers 
of the conodont Streptognathodus and Adetognathus. No conodonts and few fossils were found at the 
Barrett Hollow section. This tends to indicate the sections in Kansas were more open marine, while the 
section at Barrett Hollow was at or near the shoreline during most of its deposition. 

The Curzon cyclothem at Barrett Hollow was studied in detail by Diana Pope in 2008 (Pope and 
Pope, 2008) as part of a research project at Northwest Missouri State University, and presented at the 
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North-Central Section of the Geological Society of America meeting in Evansville, Indiana. The 
following is from that project. 

 

 
Figure 8. Stratigraphic column of units at Barrett Hollow. 
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           Figure 9. Stratigraphic column of Barrett Hollow Curzon cyclothem,  
              Holt County, Missouri. From Pope and Pope, 2008. 

 

Photo 1: (above) Curzon cyclothem at Barrett Hollow, Holt County, Missouri.  Lithologic units outlined in red. Diana Pope for 
scale. 
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Lithology 
 

     The lower Iowa Point Shale is a light to medium gray (N5-N7) blocky mudstone. Above this is a 
thin argillaceous lime mudstone, and about two feet (30 cm) of light to medium gray (N5-N7) silty 
shale. The upper part of the shale has scattered laminated lime mudstone nodules which increase in 
abundance upward. These nodules eventually form a thin bedded (unit 1), barren, laminated dolomitic 
lime mudstone (Photos 2A, 2B, 2C). Sparse vertical to subvertical shale-filled tubes disrupt laminae 
and some zones show evidence of soft-sediment deformation. Calcite and dolomite laminae alternate 
with laminae containing quartz silt and muscovite mica. 

Above this (unit 2) is an 8-10 inch (20-25 cm) thick argillaceous lime wackestone to packstone 
(Photos 3A, 3B, 3C). Vertical to subvertical tubes that disrupt sparse laminae have blocky calcite-
dolomite spar filling cement, druzy calcite-dolomite spar rim cement linings, or are open. The base of 
this unit contains a few millimeter size clay clasts. Fossils observed in this unit are common 
ostracodes, with rare brachiopod and clam fragments. Many fossils could not be identified. The unit 
has argillaceous zones with numerous micro-stylolites. 

The next higher unit (3) is a complexly bedded series of laminated lime mudstones alternating 
with lime grainstones (Photos 4A, 4B, 4C, 4D, 4E). The lime mudstones are faintly laminated and 
some contain ostracodes, small foraminifers and rare clam fragments. They range in thickness from 
0.125-1 inch (3-25 mm) and contain common vertical to horizontal tubes. These tubes are hollow and 
lined with limonite or are filled with euhedral void-filling dolomite spar cement. The lime grainstones 
consist of silt and sand size intraclasts of lime mudstone and coated fossil grains, with some internal 
bedding. Occasionally larger clasts (up to 2 cm across) of the laminated lime mudstones are 
incorporated in them (Photo 4D). Most of the cement is dolomite spar and the tubes and ostracodes 
seen in the mudstone layers are less common. Some laminae have zones of probable diagenetic pyrite. 

Unit 4 is a 30 inch (76 cm) thick mostly laminated, barren, dolomitic lime mudstone. The base has 
extensive areas of vertical to horizontal limonite lined tubes that disrupt most laminae (Photo 5A, 5B, 
5C). The tubes are hollow or filled with anhedral to euhedral void-filling dolomite cement. Many areas 
near the middle and top of the unit show at least two generations of tube development (Photo 5A, 5B), 
as tubes cutting across tubes. Many of the early generation tubes are totally filled with carbonate 
material, while later generation tubes have geopetal carbonate fills before dolomite spar cement fills. 
Only rare, indistinct laminae are visible in the upper part of the matrix. 
     A light gray (N7) mudstone with no visible internal structure makes up unit 5. It is about 6 inches 
(15 cm) thick and did not contain fossils. 

97



 
 

The base of unit 6 is a lime grainstone (Photo 6A, 6B, 6C) with fossils that include green 
dasycladacian algae, small foraminifers, gastropods, and red algal coated grains. It also contains 
abundant rounded and flat intraclasts of shale and carbonate. Most fossils are not identifiable. The 
middle of the unit is a lime packstone. The top of the unit (Photo 7A, 7B, 7C) is a laminated lime 
mudstone (faintly laminated) with zones of lime wackestone to packstone. The wackestones and 
packstones contain a few ostracodes, snails, clams, while most fossils cannot be identified. This part of 
the unit also contains rounded and flat clasts of shale and carbonate material. Many of the carbonate 
clasts contain small foraminifers and ostracodes. The top of the unit shows in-situ brecciation of the 
carbonate matrix, with clasts surrounded by grayish green (10GY 5/2) shale-filled tubes.  

The Jones Point Shale, overlying the Curzon Limestone, is a light gray (N7) to medium gray (N 5) 
blocky mudstone with siltstone lenses. The Jones Point Shale is about 5.5 feet (1.7 m) thick at this 
location. 

Photos  2A (above left): Scanned slab of barren laminated dolomitic lime mudstone of Unit 1 (slab approx 5 inches 
in width); 2B (above center): Photomicrograph of micro-laminations in Unit 1 (field of view is approx. 3 mm 
wide), 2C (above right): Scanned thin-section of Unit 1 showing disrupted laminae (slide is approx. 2.5 cm wide).   

Photos 3A (below left):  Photomicrograph showing micro-stylolites and calcite spar replaced fossils in Unit 2 (field 
is approx. 7 mm wide); 3B (below center): Scanned thin-section of Unit 2 (slide is approx. 2.5 cm wide); 3C 
(below right): Photomicrograph of calcite spar filled ostracode (field of view is approx. 7 mm wide). 
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Photos 5A (above left): Photomicrograph with dark area on the left showing the first generation root mold that is carbonate mud-
filled and it is cross-cut by a dolomite spar filled second generation root mold (field of view is approx. 8 mm wide); 5B (above 
center): Scanned thin-section of Unit 4 with red showing first generation root molds and yellow showing second generation root 
molds.  The green indicates partial geopetal fill of second generation root molds (slide is approx 2.5 cm wide); 5C (above right): 
Scanned thin-section with dolomite spar filled root molds (slide is approx. 2.5 cm wide).   

Photos 4A (above left): Scanned slab of Unit 3 showing alternating 
lime mudstones and grainstones (slab is approx. 12.5 cm wide); 4B (top 
center): Photomicrograph of lime mudstone on bottom and grainstone 
at top (field of view approx. 2 cm wide); 4C (far right):  
Photomicrograph of dolomite filled root mold in lime mudstone (field 
of view approx. 14 mm wide); 4D (center): Scanned thin-section of 
intraclast (outlined in red hachures) and ostracodes (indicated with 
green lines), (field of view approx. 3 cm wide); 4E (bottom left): 
Photomicrograph of dolomite-spar filled root mold (Cross-polarized 
light, field of view approx. 1 cm wide). 
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Interpretations 
 

     The lower Iowa Point Shale is interpreted as a shale unit that was modified by pedogenic processes 
into a blocky mudstone, representing soil formation at sea level lowstand. The top of this unit is an 
erosional unconformity marking the lower sequence boundary of the Curzon cyclothem. The upper 
Iowa Point Shale was deposited in a nearshore environment where fine clastics kept the water turbid 
enough that little benthic carbonate producing algae could live. 
     Unit one of the Curzon Limestone was deposited as most clastic influx was probably diverted 
elsewhere. Here, in very low energy conditions, carbonate and some clastic material was deposited as 
micro-laminae on a tidal flat, and preserved. The vertical to subvertical tubes that sometimes disrupt 
laminae, may represent root molds of plants growing on the tidal flat during subaerial exposure, or 
possibly burrows of invertebrates.  
     We interpret unit two as being deposited in a higher energy environment as a storm deposit on the 
tidal flat, where larger grains (including intraclasts of clay) from more offshore environments, were 
deposited or it may represent lagoonal deposits. The clay clasts are probably derived from storm 
waves ripping up parts of adjacent tidal flats. This unit also shows evidence of subaerial exposure, 
seen as root molds of plants. 
     Unit three is interpreted as being deposited during times of fair and storm weather on a tidal flat. 
The lime mudstones were deposited during fair weather with micro-laminations formed by tidal 
cycles. These layers were often subaerially exposed, and plants roots grew down into them, disrupting 

Photos 6A (above left): Photomicrograph of grainstone intraclast in grainstone matrix from base of Unit 6 (field of view is 
approx. 1 cm wide); 6B (above center):  Photomicrograph of dasyclad green algae in grainstone (field of view is approx. 1 cm 
wide); 6C (above right): Scanned thin-section of intraclasts (seen as dark areas) in grainstone (slide is approx. 2.5 cm wide).  

Photos 7A (above left): Photomicrograph of in-situ brecciation in top of Unit 6 (field of view approx. 1.5 cm wide); 7B (above 
center): Photomicrograph of solution tube filled with shale (field of view approx. 1.5 cm wide); 7C (above right): Scanned 
thin-section showing intraclast and micro-karst (slide is approx. 2.5 cm wide).  
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and destroying most of the laminations. The grainstones were deposited during storm events as waves 
and currents ripped up the fair weather zones and redeposited them as abraded, intraclastic, sand-sized 
storm debris.  Occasionally larger, up to a centimeter across, intact clasts derived from the fair weather 
zones, were deposited. The storm deposits show less evidence of plant root molds then do the fair 
weather deposits. The storm deposits were probably rapidly covered by laminated fair weather 
deposits, and only the largest roots penetrated deep into the sediment. 
     Unit four is a faintly laminated lime mudstone, and is highly penetrated by plant root molds. The 
rootings probably destroyed most original laminations. The rootings in this unit, show at least two 
generations of emplacement with later roots penetrating older root molds. The earlier generation of 
root molds seem to be entirely filled with carbonate material, while the later generation show only 
partial filling, seen as small geopetal fills. 
     The mudstone of unit five shows no visible internal structure or fossils. We interpret it as being 
rapidly deposited as some event swept clastics onto the tidal flat. 

Unit six could represent shoal water deposits at the base and lagoonal deposits in the middle. The 
top is again mainly laminated lime mudstone deposited on a tidal flat. Occasional storms would bring 
in ripped up material from adjacent deposits of shale and carbonate and deposit them as intraclasts.  

Above unit six the Jones Point Shale was deposited as the sea withdrew from the area. Subsequent 
subaerial exposure of this unit produced a blocky mudstone, interpreted as a paleosol, produced during 
sea level lowstand. During this period of time soil formation was also affecting the top of the 
underlying Curzon Limestone (unit six). This is seen as in situ brecciation of the limestone and shale 
filled tubes, interpreted as microkarst, produced as the limestone was partially dissolved. The top of 
the paleosol in the Jones Point Shale marks the upper sequence boundary of the Curzon cyclothem. 
     Most limonite linings in root molds, pyrite, and most matrix and void filling dolomite was probably 
deposited during later diagenesis. The pyrite in unit three may have been derived from organic-rich 
layers that produced micro-reducing environments along laminae. 
     The Curzon Limestone seems to have been deposited during a single rise and fall (transgression-
regression) in sea level. At this location, it seems to have been deposited almost entirely in a tidal flat 
environment as rooted, laminated lime mudstones, during extended periods of calm weather. 
Occasionally storm events would interrupt low energy deposition, seen as zones of packstones and 
grainstones containing ripped up clasts from the fair weather deposits. 

 
Sheldon cyclothem 

 
The Sheldon minor cyclothem comprises the very upper part of the Jones Point Shale (above the 

blocky mudstone), the Sheldon Limestone and most of the Turner Creek Shale (to the top of the 
blocky mudstone). The Turner Creek Shale is about three feet (0.9 m) thick at this location. Early 
transgressive deposits may be represented by the very upper part of the Jones Point Shale. The 
Sheldon Limestone represents late transgressive, high stand and early transgressive deposits. The 
Turner Creek Shale represents late regressive deposits which were later altered by pedogenic 
processes. At Barrett Hollow the Sheldon Limestone is a very argillaceous lime mudstone to lime 
wackestone, about 14 inches (35.6 cm) thick, grading laterally into medium gray (N 5) to greenish 
gray (5GY 6/1) calcareous shale. No conodonts have been found in the Sheldon Limestone at this 
location, although sparse Adetognathus have been reported from Kansas (Boardman, 1999). We 
interpret the deposition of the Sheldon Limestone as being relatively nearshore, during a period of 
heavy clastic influx, which partially smothered benthic carbonate producing algae.  

 
Holt cyclothem (upper Topeka cyclothem) 

 
Britton and Pope (2004, 2005) documented multiple (probably glacial eustatic) sea-level 

fluctuations within the high-stand systems tract (HST) of the Deer Creek cyclothem, similar to those 
seen in the Holt (upper Topeka) cyclothem at this and other locations in Kansas.  

101



The upper Topeka cyclothem lies mainly within the Topeka Formation (lithostratigraphic unit) of 
the upper Shawnee Group, Virgilian Series, upper Upper Pennsylvanian (Figure 10), and is a major 
cyclothem as defined by Heckel (1994), with a conodont-rich black phosphatic shale facies in the 
‘core’ shale (HST). The Holt (upper Topeka) cyclothem includes the top of the underlying Turner 
Creek Shale (above the paleosol), the transgressive DuBois Limestone, Holt ‘core’ shale, regressive 
Coal Creek Limestone, and the base of the overlying Severy Shale to the top of the paleosol, in the 
Wabaunsee Group.  

The Holt Shale of the Holt (upper Topeka) cyclothem at Barrett Hollow was studied in detail by 
Ashley Leger in 2007 (Pope and Leger, 2007) as part of a research project at Northwest Missouri State 
University, and presented at the combined meetings of the North-Central/South-Central Sections of 
the Geological Society of America meeting in Lawrence, Kansas. The following is from that project. 

 
Lithology 

 
The Turner Creek Shale is the lower low-stand systems tract (LST) of the upper Topeka 

cyclothem and the upper LST of the underlying Sheldon cyclothem. It contains a greenish-gray (5G 
6/1), blocky-mudstone paleosol, the top of which is the lower sequence boundary of the Holt (upper 
Topeka) cyclothem. The DuBois Limestone is a thick bedded, massive, skeletal lime wackestone to 
packstone characterized by large triticitid fusulinids, and is part of the transgressive systems tract 
(TST) deposited within the photic zone. The Holt Shale carries an abundant conodont fauna of several 
hundred to several thousand per kilogram of shale, dominated by Streptognathodus spp., including 
Streptognathodus holtensis, (Ritter, 1994; Boardman, 1999) and contains the condensed interval 
(lower black (N1), phosphatic, fissile facies) deposited as the high-stand systems tract (HST).  The 
Coal Creek Limestone is a skeletal lime wackestone at its base to skeletal lime packstone near its top, 
capped by various grainstone to laminated lime mudstone shallow water facies. It is part of the 
regressive systems tract (RST) and contains triticitid fusulinids and phylloid algae. The top of the light 
gray (N7), blocky mudstone paleosol within the Severy Shale is the upper sequence boundary of the 
Holt (upper Topeka) cyclothem. The Severy Shale below the mudstone, represents the upper low-
stand systems tract (LST) of the Holt (upper Topeka) cyclothem. 

In local outcrops in southwest Iowa and northwest Missouri (north of Forest City), the lower Holt 
Shale (generally a black (N1), fissile, phosphatic shale facies) is reportedly separated from the upper 
shale (generally a lighter gray-colored) shale facies by a thin lenticular limestone (Condra, 1927; 
Hershey et al., 1960; Gentile and Thompson, 2004), which was not observed at this location. This 
limestone may be a less well-developed equivalent of the Haynies Limestone that splits the Larsh-
Burroak HST in the stratigraphically lower Deer Creek cyclothem, or the unnamed limestone splitting 
the middle-shale facies of the Hartford limestone in Adams County, Iowa. South of Forest City, 
Missouri (Photos 8, 9, 10; Figure 10) near Forbes (Barrett Hollow), the lower Holt is separated from 
the upper Holt, by a 23 cm light-gray (N7) shale. This gray shale may be equivalent to the limestone 
reportedly observed farther north. At Barrett Hollow, Missouri, a 20 cm black (N1) fissile phosphatic 
zone occurs in the lower Holt Shale, which is overlain by a medium gray (N5) shale and another black 
(N1) to dark gray (N3) shale. Two more black (N1) to medium dark gray (N4) shale zones separated 
by medium light gray (N6) to light gray (N7) shales occur in the upper Holt. At Topeka, Kansas, near 
the Nemaha Uplift, the lower black (N1) fissile phosphatic facies is considerably thinner (9 cm), and 
only one of the three black (N1) zones in the upper lighter gray facies persist. At Wauneta, Kansas, the 
Holt is reduced to 46 cm in thickness, where the lower 30 cm is a grayish black (N2), fissile, 
phosphatic shale overlain by a 15 cm thick medium light gray (N6) shale. 
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Interpretations 
 

At maximum sea-level high-stand, of the Holt (upper Topeka) cyclothem, the water was deep 
enough to allow establishment of a pycnocline that inhibited vertical circulation and oxygen from 
reaching the bottom. The lower black fissile phosphatic Holt Shale represents deposition below the 
photic zone (Figure 10) and below this pycnocline, with anoxic conditions that preserved organic 
material. Above this, the gray shale represents a minor drop in sea-level that caused the pycnocline to 
become less well-developed, allowing more bottom oxygenation and deposition of gray shale below 
the photic zone. Then another minor rise in sea-level deposited a second thinner, black shale in anoxic 
conditions below the pycnocline.  

The middle gray Holt (and possible limestone to the north) was deposited as a larger drop in sea-
level destroyed the pycnocline in the area and brought the northern shelf region into or near the base of 
the photic zone allowing benthic algae growth and carbonate production in the extreme north.   

The upper Holt Shale was deposited as gray shale in dysoxic conditions below the photic zone as 
water shallowed during early regression. This shallowing probably destroyed the pycnocline, but at 
least two other minor sea-level rises allowed temporary periodic reestablishment of the pycnocline and 
the deposition and preservation of organic material as thin dark-gray to black shales. 

The very thin lower black, phosphatic shale facies at Topeka near the Nemaha Uplift and at other 
outcrops, suggests that the Northern Midcontinent Shelf was a region of low relief and that the base of 
the pycnocline (when established) was never far above the ocean bottom. Relatively small changes (on 
the order of a few meters) in ocean bottom topography and sea-level could cause large changes in 
depositional environments. Near the Kansas/Oklahoma border, west of Wauneta, Kansas (Heckel, 
Boardman, et al., 1999, stop C9) in a more basinal setting, the water was deep enough that the minor 

Photo 10 (Above). Close-up of 
Holt Shale at Barrett Hollow, 
showing the black/gray cycles.  
Black fissile shale occurs at base 
of sequence, partly covered by 
debris. 

Photo 9 
(Left).  
Outcrop at 
Barrett 
Hollow, 
Missouri, 
showing 
cycles in  
Holt Shale.    

Photo 8 (Left).  
Outcrop at Barrett 
Hollow, Missouri, 
showing overlying 
Coal Creek 
Limestone and cycles 
within Holt Shale. 
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sea-level fluctuations did not affect bottom sedimentation. We propose that the interval above the top 
of the lower black fissile phosphatic Holt Shale facies (to the north) is coalescing to the south and may 
be represented by only a few centimeters of black shale at the Wauneta section. 

Conodont abundances increase in the dark-gray and black shale facies as do deeper water, more 
offshore genera, with Streptognathodus dominating the fauna.  The gray shale facies and limestones 
generally have fewer numbers of conodonts and more shallow water, nearshore genera (e.g. 
Hindeodus, Adetognathus). This suggests that the darker shales were deposited during periods of 
relatively long still-stand in offshore deeper water under sediment starvation conditions, allowing the 
accumulation of large numbers of pelagic organisms in the sediment. The gray shales were deposited 
in more near-shore shallower water conditions where sediment accumulation diluted accumulating 
pelagic organisms (Figure 11). 

Based on these interpretations, the Heckel 1994 (Figure 3) sea level curve for the Upper 
Pennsylvanian can then be modified (Figure 10) to accommodate the minor sea-level changes. These 
studies of the Holt (upper Topeka) and other cyclothems may provide a detailed understanding of 
complex relatively short-term (possibly on the order of 20,000 to 40,000 years, or less) climate 
changes, their driving mechanisms, and how they affect sea-level on a world-wide basis. 

The conodont and lithologic data allowed the following depositional interpretations: 1) the DuBois 
Limestone is part of the TST, with deposition in increasingly deeper water within the photic zone 
during sea-level rise, 2) the Holt Shale is the HST, being deposited at maximum water depth below the 
photic zone, 3) the Coal Creek Limestone is part of the RST, with deposition in increasingly shallower 
water within the photic zone during sea-level fall. 

 

 
Figure 10. Sea level curve for part of Upper Topeka cyclothem  
observed at Forest City, Missouri. From Leger and Pope, 2007. 
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       Figure 11. Inferred living distribution of major conodont genera in Midcontinent  

Pennsylvanian sea relative to major water masses developed at maximum transgression.  
Modified from (Heckel and Baesemann, 1975) and (Swade, 1985). 

 
Paleontology of units in the Holt Shale, Barrett Hollow 

 
upper 1 inch (2.5 cm) thick light gray (N 7) shale, pyrite. 
 Brachiopods: productids, orbiculoids, Lingula, Crurithyris planoconvexa, Derbyia, Dielasma 

bovidens 
 Foraminifers: uniserial, panispiral, serpulopsid 
 Conodonts: > 700/kg, Streptognathodus, Hindeodus 

Echinoid spines; crinoid debris; fish debris; sponge spicules; burrow fills; scolecodonts; 
bryozoans; ostracodes; “worm egg cases or brood pouches” 

 
3 inch (7.6 cm) thick medium gray (N 5) shale. 

 Brachiopods: productids, orbiculoids, Crurithyris planoconvexa with borings 
 Foraminifers: ammodiscoid, serpulopsid 
 Conodonts: > 600/kg Streptognathodus 
 Cephalopods: orthoconic nautiloids, pyrite internal molds of ammonoids 

Burrow fills; crinoid debris; fish teeth and spines; sponge spicules; gastropods, “worm egg 
cases or brood pouches” 

 
5 inch (12.7 cm) thick light gray (N 7) shale. 
 Brachiopods: orbiculoids, Crurithyris planoconvexa 
 Foraminifers: ammodiscoid, serpulopsid, endothyrid 
 Conodonts: > 1000/kg, Streptognathodus, Hindeodus 
 Cephalopods: orthoconic nautiloids, pyrite internal molds of ammonoids 

Pelecypods; gastropods; sponge spicules; fish debris; burrow fills; scolecodonts; “worm egg 
cases or brood pouches” 

  
5 inch (12.7 cm) thick medium gray (N 5) shale. 
 Brachiopods: productids, orbiculoid, Crurithyris planoconvexa 
 Foraminifers: ammodiscoid, serpulopsid 

Conodonts: > 900/kg, Streptognathodus, Hindeodus, Adetognathus 
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Cephalopods: orthoconic nautiloids, pyrite internal molds of ammonoids 
Fish debris; burrow fills; gastropods; scolecodonts; “worm egg cases or brood pouches” 
 

9 inch (22.9 cm) thick light gray (N 7) shale. 
 Brachiopods: productids, orbiculoids, linguloids 
 Foraminifers: ammodiscoid, serpulopsid 

Conodonts: > 400/kg, Streptognathodus, Adetognathus 
Burrow fills; fish debris; gastropods; sponge spicules; crinoid debris; ostracodes; bryozoans; 

scolecodonts; “worm egg cases or brood pouches”  
 

5 inch (12.7 cm) thick dark gray (N 3) shale. 
 Brachiopods: inarticulates, Crurithyris planoconvexa 
 Foraminifers: ammodiscoid, serpulopsid 

Conodonts: > 1000/kg, Streptognathodus, Hindeodus, Adetognathus 
 Cephalopods: orthoconic nautiloids 
 Burrow fills; fish debris; gastropods; pelecypods; ostracodes; scolecodonts; “worm egg cases 

or brood pouches” 
 
8 inch (20.3 cm) thick medium gray (N 7) shale, selenite gypsum. 
 Brachiopods: Lingula, Crurithyris planoconvexa 
 Foraminifers: ammodiscoid, serpulopsid 
 Conodonts: > 800/kg, Streptognathodus, Hindeodus 
 Burrow fills; “worm egg cases or brood pouches” 
 
10 inch (25.4 cm) thick black (N 1) fissile, phosphatic shale. 
 Conodonts: > 600/kg, Streptognathodus 
 
basal 1-2 inch (2.5-5.0 cm) thick light gray (N 7) shale: 

 Brachiopods: productids, orbiculoids, Crurithyris planoconvexa 
 Foraminifers: fusulinids, ammodiscoid, serpulopsid 
 Conodonts: > 500/kg, Streptognathodus, Hindeodus 

Echinoid spines; crinoid debris; fish debris; carbonized wood; burrow fills; scolecodonts; 
bryozoans; “worm egg cases or brood pouches” 
 

This is one of a few (D.R. Boardman, personal communication, 2010) documented occurrences of 
abundant ammonoid cephalopods in a HST deposit in the northern Midcontinent, and probably the 
first occurrence in Missouri. The “worm egg cases” or “brood pouches” (Plate 2; figs. 3, 4, 5, 6, 7, 8) 
are still of unknown affinity, but are almost always associated with scolecodonts (Plate 2; figs. 1, 2), 
the jaws of Polychaete worms. The “egg cases” were documented by Pope (2006) at several localities 
and horizons in the Pennsylvanian and lower Permian of the Midcontinent, but this location is their 
first known occurrence in the Holt Shale. 
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PLATE 1 
 

Figure 1. Pyrite filling of the chamber of an unidentified coiled ammonoid cephalopod. Note suture 
pattern and marginal siphuncle. View with ventral side of shell facing away. 

 
Figure 2. Pyrite internal mold of an unidentified involute coiled ammonoid cephalopod. Note suture 

pattern. 
 
Figure 3. Pyrite internal mold of an unidentified pelycepod. 
 
Figure 4. Siliceous planispirally coiled foraminifer. 
 
Figure 5. Pyrite internal mold of an unidentified gastropod. 
 
Figure 6. Pyrite internal mold of an orthoconic nautiloid cephalopod. 
 
Figure 7. Fish spine. 
 
Figure 8. Fish tooth.  
 

PLATE 2 
 
Figure 1. Articulated Polychaete worm jaws. 
 
Figure 2. Polychaete worm jaw element (scolecodont). 
 
Figure 3. Possible Polychaete worm brood pouch or egg case. Note smaller tube on shoulder of pouch 

(near top end) that may possibly be a larval escape structure. 
 
Figure 4. Nearly complete, uncrushed brood pouch. Note long connecting neck on the left end, which 

attaches to another pouch, creating ”chained” brood pouches. 
 
Figure 5.Two partial brood pouches. Note short connecting necks and enlargement where they join. 
 
Figure 6. Short, highly inflated, short-necked brood pouch. Compare to longer, less inflated form in 

figure 7. 
 
Figure 7. Long, slightly inflated brood pouch. Note large larval escape tube on right end with partially 

intact flange. 
 
Figure 8. Two nearly complete and one partial brood pouch connected in a “chain”.  
 

PLATE 3 
 
Figure 1. Silicified sponge spicule. 
 
Figures 2, 3, 4, 5, 6. Views of the conodont, Streptognathodus sp. P1 (platform) element.  
 
Figures 7, 8. Views of the conodont, Hindeodus sp. 
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