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The meeting of the Goodhue County Planning Advisory Commission was called to order at 5:30 
PM by Chair Darwin Fox at the Goodhue County Government Center 3rd Floor Court Room in 
Red Wing, Minnesota. 

Roll Call 

Commissioners Present: Ron Allen, Tom Drazkowski, Len Feuling, Tom Gale, Darwin Fox, Marc 
Huneke, Richard (Dick) Nystuen, Sarah Pettit 

Commissioners Absent: None (Commissioner Huneke arrived at 5:42 PM – see below) 

Staff Present: Land Use Management Director Lisa Hanni, Zoning Administrator Mike Wozniak, 
Zoning Assistant Ryan Bechel 

1. Approval of Agenda 

1Motion by Commissioner Feuling; seconded by Commissioner Drazkowski to approve the 
meeting agenda. Motion carried 7:0 (Huneke absent) 

2. Approval of Minutes 
2Motion by Commissioner Feuling; seconded by Commissioner Nystuen to approve the previous 
month’s meeting minutes. Motion carried 7:0 (Huneke absent) 

3. Conflict/Disclosure of Interest  

There were no reported conflicts of interest.  

4. PUBLIC HEARINGS: Request for amendments to Article 11, Section 24 
(Preservation of Farming Practices) 
Request submitted by Circle “K” Farms (Michael, Yon, & Jeff Kohlnhofer) to consider proposed 
text amendments to Goodhue County Zoning Ordinance Article 11, Section 24 (Preservation of 
Farming Practices). 

The applicant was present to represent the application. 

5:42 PM: Commissioner Huneke enters 

Lisa Hanni (Hanni) presented the staff report and attachments. Hanni detailed the County’s 
application process, public noticing requirements and further clarified the request before the 
PAC was not an amendment to the County’s existing Feedlot Ordinance (Article 13). 

Jack Perry (Applicant’s representative) discussed the importance of agriculture, particularly 
animal agriculture, citing it accounts for a third of Minnesota’s economy. He conveyed 
concerns with nuisance claims for agricultural uses that are in compliance with all applicable 
state, local, and federal regulations that are brought on by neighboring parties after 
significant financial resources have been put into a site. Perry detailed a legal case he was a 
part of in Todd County, MN and discussed outside interests that have provided financial 
resources for neighboring parties to bring legal actions against feedlot operators. He feels 
there is a need for stronger ordinance language, similar to those enacted by Todd County, to 
protect agricultural operators from nuisance claims lacking proximate cause. Mr. Perry stated 
that he was in favor of Staff’s recommended wording for the proposed amendments. He added 
that Staff’s suggested wording clarified the County’s position regarding nuisance claims 
against agricultural operators that are complying with all specified requirements. 

Hanni added clarification of the proposed staff changes stating the wording is to clarify that 
the County’s position: if a feedlot is following all of the rules and requirements placed upon 
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them by state and local authority, the County will not consider the operation to be a nuisance. 
Hanni reminded the PAC and attendants of the hearing that the proposed amendments apply 
to all agricultural operators in the county, not any one specific feedlot.  

Chair Fox opened the Public Hearing. 

Beth Slocum 31005 CTY 7 BLVD Welch, MN provided a written statement (see attachment 1) 
She stated the proposed amendment language doesn’t serve the best interests of all Goodhue 
County residents adding that it removes exemptions to feedlot operators exceeding 1000 
animal units. She stated the current ordinance is clear, concise, and adequate to protect the 
public interest. The proposed ordinance changes are vague and add ambiguity to the 
language. She conveyed concerns regarding changes to feedlot operations over time that are 
not present at the initial permit issuance. She further added concerns that the Applicants are 
attempting to preempt themselves from future air quality nuisance concerns. She suggested 
the PAC either deny the request or table the item and form a study group to further evaluate 
the proposal. 

Kristi Rosenquist 42883 228th Ave, Mazeppa, MN provided various documentation regarding 
feedlot air emissions (see attachment 2). She stated she believes the proposed changes are 
detrimental to property owner rights and may even be unconstitutional. She further added 
that Jack Perry has submitted similar changes to the legislature which have failed to gain 
traction and she is worried that he is now working to impose his desired changes at the local 
level. She stated the Right-to-Farm language was originally intended to protect existing 
operators from nuisance claims, not newly proposed feedlots moving in near established 
residences. She feels the existing language has been effective and does not need to be updated 
and that, statewide, nuisance claims against feedlot operators are a rarity. She added that the 
Staff’s proposed changes are not adequate to protect existing property owner’s rights and 
don’t provide enough explanation as to why they are necessary. She cited 3M’s recent legal 
case as an example of a business that was in compliance with regulations but was found to be 
a nuisance through a lawsuit. She suggested the PAC either deny the request or table the item 
and form a study group to further evaluate the proposal as has been done with other requests 
such as wind and mining. 

Bob Rosenquist 42883 228th Ave, Mazeppa, MN provided a written summary of comments and 
documentation regarding air monitoring emissions studies (see attachment 3). He cited 
various studies that suggest air emissions coming from hog feedlot operations exceed 
recommended levels and are harmful to public health and safety. He stated the hog industry 
should face the challenge of odor emissions head-on rather than attempting to modify existing 
regulations to suit their needs. He stated there is not adequate evidence provided by staff to 
support agricultural operations have been impacted by nuisance claims and urged the PAC to 
deny the request and leave the existing language in place. 

Keith Allen lives in an A1 zone where he operates a goat dairy farm near Kenyon, MN. He is in 
full support of the proposed changes. He discussed how the agricultural industry has adapted 
over time to address issues. He stated he has had the opportunity to visit numerous ag 
operations during his life and believes the vast majority of agricultural operators are good 
stewards of the land and are cognizant of the importance of preserving it for future 
generations. 

Marie Mcnamara 35815 165th Ave, Goodhue, MN stated she farms in Goodhue County. She 
mentioned that the ordinance should protect the interests of all people and avoid unintended 
consequences. She stated that a lot of time and energy went into developing the feedlot 
ordinance earlier and that the proposed changes are premature. She questions whether the 
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proposed changes are protective of all citizens of the County. She submitted documentation 
regarding the Wendinger family vs Wakefield Pork Inc. (see attachment 4). She stated the case 
found that compliance with all applicable requirements does not preclude an operator from a 
negligence lawsuit. She was concerned that the staff recommended wording didn’t address 
potential operational issues after a permit had been issued. She stated the wording proposed 
to be removed from subd. 3 should not be removed. She further added she was concerned 
about environmental impacts to the County’s Karst features. 

Darwyn Tri of Zumbrota Township grew up on a local dairy farm and is a neighboring 
landowner to the Kohlnhofer’s newest proposed swine facility. He provided a written 
summary of comments (see attachment 5). He stated he has experience in air quality 
monitoring and has conducted air quality monitoring of hog feedlots and has serious concerns 
with feedlot odor emissions and existing data being utilized by the MPCA. He detailed various 
air emissions studies and contaminants. He recommended that the request is put in front of a 
committee for further study. 

Dan Forsythe of Welch Township state he believes the intent of the Applicant’s submitted 
language is to deny the rights of citizens to due process. He stated the request should be denied 
because it gives business an unfair advantage over others. He feelsStaff’s suggested wording 
would limit and deny the rights of Goodhue County citizens. He suggested the PAC either deny 
the request or study it further prior to making a decision. 

Sharon Pagel 41567 CTY 42 BLVD Mazeppa, MN provided a written statement and “Explosion 
of CAFOs” study (see attachment 6). She stated she lives on her family farm that has been 
established since 1877. She relayed concerns regarding pollutants in odor emissions from hog 
feedlot operations. She stated that the Kohlnhofers are establishing a new hog operation near 
her residence and is very concerned about air pollution impacts to the health and well-being of 
citizens in the vicinity of these types of operations. She recommended the PAC delay amending 
existing ordinances until the MPCA completes current odor emissions studies. She is opposed 
to the requested changes. 

Josh Betcher County 42 BLVD Mazeppa, MN stated he lives on a 5th generation family farm. 
He feels the debate needs to be refocused to the proposed amendments as they would apply to 
all agricultural operators in the County, not specific rules that would apply to one farm or hog 
operation alone. He feels the proposed changes add clarity to existing rules and allow 
agricultural operators to have a clearer understanding of regulations when applying for 
permits and making investments within the County. He noted a lot of work and review had 
been completed by Staff regarding the proposed amendments and agreed with the proposed 
language. He added that there are a number of agricultural operations aside from feedlots 
that this language applies to such as shrimp producers.  

Susan Johnson lives in Red Wing city limits. She questioned whether existing language has 
been problematic for the County. She asked if examples were available of past problems with 
the existing language. She was concerned that the proposed amendments removed language 
regarding injury to neighbors and pollution of water resources. She believes the existing 
ordinance is already working and should be left alone.  

Shelly Nygard of Belle Creek Township stated she is a lifelong resident of Goodhue County. She 
suggested the prepared staff reports provide no account of how changes could affect rural 
residents. She is concerned the proposed language limits citizen’s avenues of redress for future 
problems with agricultural operations. She feels inadequate explanation has been provided 
regarding impacts to rural residents. She stated the proposed changes could allow entities to 
operate uninhibited with no accountability. She noted the Kohlnhofers are going to be studied 
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for air emissions issues currently. She recommends the request be put in front of a committee 
for further study or be denied, but either way, she doesn’t believe modifications are necessary.  

Dale Post lives on an A1 zoned farm in Zumbrota Township. He is opposed to both the 
Applicant’s wording and Staff’s suggested language. He feels the amendments treat residences 
as if they are intruders in the agricultural area. He feels that residences shouldn’t be 
considered a conflict to farming. He noted that a feedlot of the Kohlnhofers will be subject to 
air emissions monitoring after testing indicated levels exceeding standards. He stated he 
would like 3 things included in the record: 1. At risk communities may citizen report hydrogen 
sulfide emissions in Minnesota; 2. MPCA Commissioner John Stein issued a statement 
regarding concerns of potential air quality issues at 2 Kohlnhofer hog facilities; 3. The MPCA 
did not use the air quality monitoring equipment available to them to address emissions 
concerns at the Kohlnhofers farms. He also mentioned the county Comprehensive Plan has 
goals regarding feedlots and environmental concerns for adjacent landowners. He 
recommends no change to the ordinance at this time.  

Jack Perry requested a petition including 18 signatures supporting the Applicant's request be 
included in the record (see attachment 7). 

Sonya Trom-Eayrs is from Dodge County, MN. She is a member of Dodge County Concerned 
Citizens. Her parents are longtime members of the community and have many feedlots 
surrounding their longtime family farm that have caused odor issues. She stated her parents 
and pets have suffered health issues in response to hog odor in the area surrounding their 
property. She fears that the pork has a history of changing local ordinances in response to 
lawsuits. She asserted that local planning commissions can be biased due to members being 
involved in the pork industry. She suggested the pork industry is trying to take advantage of 
the elderly and rural citizens.  

Allan Muller of the city of Red Wing submitted written comments (see attachment 8). He 
stated he felt the proposed changes were an attempt by the Applicant to reduce the rights and 
powers of people to challenge their operations. The amendments could curtail County efforts to 
address feedlot issues in the future. Particularly, the removal of the exemption for 1000 animal 
units is undesirable to the public interest. He also has concerns about public notice 
requirements not being met. He recommends there be an advisory committee and additional 
research conducted prior to any decisions being made. He stressed concerns regarding the 
limitations of regulations to address environmental concerns such as odor emissions. He also 
mentioned that if higher authorities opt for reduced regulations, that it would also impact 
permits then at the local level. He is opposed to any amendments being approved.  

Douglas Eayrs is from Dodge County, MN. He is a member of Dodge County Concerned 
Citizens. He provided documentation regarding 2 nitrate monitoring reports (see attachment 
9). He conveyed concerns regarding feedlot contamination of groundwater in areas with 
Karst geography. He reminded the PAC that they have the power to create a standard higher 
than state standards. He posited that the hog industry wants free water from county aquifers, 
space to spread untreated animal manure and that they have their own “agenda” which 
doesn’t care for county residents. He is against the proposed amendments and recommends 
the PAC consider the impacts to rural residents.  

Jed Post of Belle Creek Township stated he recently purchased a dairy farm in Goodhue 
County. He raised concerns regarding the effectiveness of the existing odor offset model. He 
questioned how many residents of Goodhue County are in favor of the proposed amendments. 
He would encourage the PAC to take into consideration all rural residents. He also stated he 
felt the notification process for hog facility public hearings is inadequate.  
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Melissa Post stated her husband put his retirement into the farm and they have been directly 
impacted by feedlot odors surrounding their property.  

Fredrick Frederickson is a dairy farmer located in Zumbrota Township. He stated he is a 
neighbor of the Kohlnhofers and is against the proposed changes. He recommends that a more 
thorough study of the changes be done prior to further consideration. 

Sara Freed is a farmer located in southeastern Goodhue County. She is not supportive of the 
change. She has no issues with the rules and regulations and feels that the ordinance is being 
changed only as a result of the Kohlnhofer’s lawsuit. She believes the amendments are too 
vague and reduce the ability of citizens to address issues with agricultural operators.  

Elvie Day is a new resident of Goodhue County. She stated she no longer eats pork because of 
the impacts of hog farming to the local environment. She raised concerns about health risks to 
humans from hog waste. She stressed that the needs of the many should outweigh the wants of 
a few.  

Kristi Rosenquist reappeared to discuss the aforementioned Todd County feedlot facility. She 
mentioned that the owners of the facility do not live in the vicinity and that locals in the area 
moved away as a result of its establishment. She feels it is a concerning trend in the industry 
that owners of the facility no longer live at the facilities and are exposed to the impacts those in 
the surrounding properties may be subject to. She mentioned the process of drafting the 
current version of the Goodhue County Feedlot ordinance and stressed not to change it without 
further study.  

Sonya Trom-Eayrs reappeared and encouraged the PAC to visit her website “dodge.cc.org” for 
additional information regarding “factory farms.” She raised concerns regarding the pork 
industries business model which displaces people for profits.   

Josh Betcher reappeared to mention that he feels a lot of effort has been put into this review. 
He stated he felt that the industry has done a good job of innovating to address problems and 
would be concerned about increasing regulations that could stifle that innovation. 

Brandon Shafer of Belvidere Township stated he was a previous member of the Goodhue 
County Planning Commission. He made a point of clarification that the proposed changes are 
not an amendment to the existing feedlot ordinance. He stated that the feedlot ordinance has 
been a very effective ordinance which has done a good job at balancing the needs of all citizens 
of the county. He stressed that this amendment request is not about one project but rather 
public interaction as it relates to agriculture and farming practices. He does not believe the 
intent is to weaken any existing regulations, but rather clarify how perceived nuisances can be 
addressed in the future. He stated he is supportive of the amendment.  

3After Chair Fox asked three times for comments. It was moved by Commissioner 
Feuling and seconded by Commissioner Pettit to close the public hearing. Motion 
carried 8:0 

Commissioner Allen questioned the Applicant if the existing ordinance has hindered their 
operations. 

Jack Perry responded on behalf of the Applicant. He stated the request is in response to the 
implications of the Todd County legal case which demonstrated that an operator can be sued 
for negligence or nuisance despite compliance with all applicable regulations. He also stated 
feedlot owners are concerned with the financial investments of outside interests to support 
nuisance lawsuits against feedlot operators. He also stated that if an operator is found liable 
as a temporary nuisance, the owner can be subjected to perpetual lawsuits. He added there is 
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a real concern that even if a feedlot operator is in conformance with all imposed requirements 
they may still be stripped of their ability to operate after investments have been made.  

Commissioner Allen asked Goodhue County Attorney Steve Betcher (Attorney Betcher) if he felt 
there was a need to amend the existing ordinance language. 

Attorney Betcher responded that the request before the PAC was originated by the Applicant 
based on their perceived need. He stated the Staff’s recommended changes are not reflective of 
the County’s feeling that changes are necessary. He clarified that given the request was 
submitted by an applicant, and not generated by request of the PAC, staff followed the 
alternative process to propose recommended changes to the language. Staff’s proposed 
language is an attempt to limit the liability of the county in the event that a party was to 
challenge what did or did not constitute a nuisance as determined by the county. The new 
language simply states that unless you are violating a requirement, the county will not 
consider you a nuisance. An aggrieved party still has the opportunity to bring a nuisance 
action against an operator. We did not agree with the Applicant’s language which sought to 
limit the ability of a party to bring an action against an operator. If there is no violation of any 
regulation required of the operator, the county will not consider the operation to be a 
nuisance. If you do violate any terms of a permit or regulations, this language does not 
preclude the county from pursuing a nuisance claim. The proposed language prevents the 
county from attempting to mediate nuisance claims amongst neighbors.  

Commissioner Drazkowski asked Attorney Betcher for clarification about the language 
regarding an operation not being a nuisance on the date of establishment or permit issuance. 
What happens later? 

Attorney Betcher replied the date is only used to determine if it may qualify as a nuisance. If 
you are operating a legal farming operation in Goodhue County and your neighbors decide 
that they don’t like it, the county will not look at it as a nuisance as long as it continues to 
comply with all the requirements. If the requirements change, the operator will still be 
required to come into compliance with the new requirements. It simply means that opinions 
will continue to be private opinions and the county will not insert itself to determine what will 
be considered a nuisance. 

Commissioner Drazkowski questioned Attorney Betcher why he would suggest requiring 
existing sections “A” through “E” regarding other regulations. 

Lisa Hanni responded that those items are still covered in Staff’s proposed wording. If an 
individual causes harm to a person or pollutes, they would not be considered to be following 
the rules and therefore could still be considered a nuisance. 

Attorney Betcher added that there is often disagreement by those opposed to feedlot projects 
regarding the standards administered by the MPCA. The county has been repeatedly requested 
to interpret these other agencies regulations. The County does not have expertise or 
jurisdiction to reinterpret the interpretations of regulations put forth by the other state 
agencies. 

Commissioner Drazkowski asked what the role of the Goodhue County Feedlot Officer is. 

Attorney Betcher replied that the County Feedlot Officer is responsible for administering the 
county feedlot ordinance and the state has delegated the authority to enforce the state feedlot 
regulations to Goodhue County.  

Commissioner Drazkowski questioned if we are opening up Goodhue County citizens to future 
injury by changing regulations for one specific industry or operator. 

Attorney Betcher responded that the commission has the option to recommend the proposal for 
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further review. He stated that the Staff recommended changes are a result of our experience of 
how the existing ordinance has been interpreted. He mentioned that the County is currently in 
a multiple-year lawsuit for a permit that was ultimately reviewed and permitted by the state 
based on the county interpretation of the state rules. The proposed changes seek to reduce the 
county’s liability in interpreting the rules of other agencies involved in agricultural operations.  

Commissioner Drazkowski questioned the need to amend the ordinance preemptively when it 
appears the existing ordinance has been effective in serving the public.  

Attorney Betcher replied it is the PAC’s position to determine what is in the best interests of the 
county moving forward. Staff proposed the amended language as an alternative to the 
applicant’s proposal that offered the county an opportunity to clarify its legal stance in the 
event of a future court challenge. There is nothing that requires the PAC to act on it in any such 
way.  

Commissioner Gale asked if an additional public hearing would be needed to decide on Staff’s 
proposed language.    

Attorney Betcher responded that due to the “60 Day Rule,” the PAC needs to make a decision 
regarding the proposed language put forth by the Applicant. The PAC may go one step further 
and make a decision regarding Staff’s recommended amendments.  

Lisa Hanni added that the Applicant has expressed that they are in agreement with Staff’s 
proposed changes. She also reiterated the language is not about one specific project, this is not 
the feedlot ordinance, and that this language covers all agricultural operations in the County. 
This language is a rewording of existing language that clarifies that if you are permitted and 
following all the rules and regulations required for the operation the County will not view you 
as a nuisance. If you are not following the rules, the County still has the ability and authority 
to pursue enforcement action.  
4Motion by Commissioner Drazkowski seconded by Commissioner Gale, for the 
Planning Advisory Commission to recommend the County Board to  

• adopt the staff report into the record;  
• accept the application, testimony, exhibits, and other evidence presented into the record; 

and; 

Recommend the County Board of Commissioners DENY Staff’s recommended wording for the 
text amendment request and DENY the language changes requested by the applicants to the 
extent they are inconsistent with staff recommendations. 

Commissioner Fueling commented that the language is an opportunity to affirm the County’s 
position as an agricultural community.  

Commissioner Allen stated he felt the County has been an agricultural County and that the 
existing language has been sufficient to support agriculture in the community. 

Commissioner Nystuen stated he felt it was important to reinforce the County’s position 
regarding nuisance claims given the amount of investment required in modern agricultural 
operations. 

Commissioner Huneke echoed Commissioner Nystuen’s comments and added that it would be 
good to limit the County’s liability as it is not the County’s responsibility to be a mediator in 
nuisance claims. He is supportive of Staff’s proposed amendment.  
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Commissioner Pettit stated that Staff’s proposed changes cover the items proposed to be 
struck. She stated that ultimately operators will still be required to follow all the rules but are 
provided improved clarity with regards to nuisance claims at the county level.  

Motion to Deny Failed 3:5 

 
5Motion by Commissioner Pettit seconded by Commissioner Nystuen, for the 
Planning Advisory Commission to recommend the County Board to  

• adopt the staff report into the record;  
• accept the application, testimony, exhibits, and other evidence presented into the record; 

and; 

Recommend the County Board of Commissioners APPROVE Staff’s recommended wording for 
the text amendment request and DENY the language changes requested by the applicants to the 
extent they are inconsistent with staff recommendations. 

Commissioner Gale asked if the proposed language was going to stop nuisance actions similar 
to the ones mentioned in Todd County. 

Commissioner Fox responded that all it was going to do was stop the County from having to be 
the mediator in a nuisance complaint.  

Commissioner Gale asked if the County would be vulnerable to a lawsuit by not referring the 
proposed language for further study. 

Hanni replied the County cannot know who may bring future actions against it. 

Motion Carried 5:3 

 

PUBLIC HEARINGS: Request for Map Amendment (Rezone) 
Request for map amendment submitted by Blake Thompson to rezone 38 acres from A3 (Urban Fringe 
District) to R1 (Suburban Residence District). Parcels 31.001.6100 and 31.001.6200. Part of the SW ¼ 
of SE ¼ and GOVT Lot 2 in Sect 01 Twp 112 Range 15 in Featherstone Township. A3 Zoned District.  
 
Michael Wozniak (Wozniak) presented the staff report and appendixes. 

Blake Thompson (Applicant) commented that he desires to build a house on an available flat 
spot across a steep ravine on his property. The Applicant added that the township indicated 
this particular property is one of a few the Township has identified for future residential 
districts. He added that there is natural gas service currently available in the northwest corner 
of his property that he would like to utilize. He also added that the ability to sell some property 
would help to offset the costs necessary to construct the necessary infrastructure to access the 
site. 

Chair Fox opened the Public Hearing. 

Jay McClary 2471 Hay Creek Trail, Featherstone Township stated he understands R1 zone 
means residential only and not future business or commercial traffic moving past his property. 
He has concerns about the future use of the roads in the vicinity being capable of supporting 
additional residences.  

Wayne Allar 28670 Hay Creek Trail, Featherstone Township is an adjacent landowner and 
stated he is very concerned about erosion issues with the highly-erodible soils on the property. 
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He referenced the Crop Productivity Index provided by the Applicant which indicates 24 of the 
38 acres have slopes approaching 45%. He added there is a small stream on the property that 
drains into Hay Creek that is concerning. He is opposed to allowing additional residential sites 
on the property.  

Rebecca Jansen 23700 289th ST Featherstone Township read a statement on behalf of Tony and 
Sara Poole. She stated they were against the rezone due to County not requesting landowner 
input prior to the meeting, the soils of the property are not stable enough for development, they 
are concerned of potential future septic runoff affecting their well water, and have concerns with 
traffic safety and road maintenance. They added that development should be directed to areas 
already zoned for such uses rather than rezoning for one landowner. 

Ted Vajgrt lives on 289th ST and is a neighbor to the Applicant. He questioned how many lots 
the Applicant was requesting. Hanni responded “4.” Mr. Vagert asked who is responsible for 
maintenance and repair of the existing private drive along 289th ST. He has concerns that 
widening of 289th ST in the future could lead to increased traffic through his property.   

Wozniak clarified that the development proposal is a 2 step process. If the rezone request were 
to be granted, the Applicant would be required to Plat the property through a second public 
process where things like access and road standards as well as lot configurations would be 
examined. He added that Featherstone Township would be a signatore of any proposed Plat 
within their jurisdiction.  

Hanni read comments received from Eugen Reitmann (see attachment 10) 

6After Chair Fox asked three times for comments. It was moved by Commissioner 
Feuling and seconded by Commissioner Huneke to close the public hearing.  

Motion carried 8:0 

Commissioner Pettit stated she was concerned with changing the zoning just to accommodate 
an individual wanting to put additional dwellings on a property. She indicated that R1 seemed 
to be too high of a density for the property and that this property seemed better suited for a 
“Conservation Subdivision” type of design which is in the initial stages of development.  

Hanni commented Staff has encouraged citizens wishing to add density to go through a rezone 
process to avoid having people request variances. She added that even with a zone change, 
given the properties topography, setbacks, and access issues, the site will not be able to 
accommodate more dwelling sites than the applicant has indicated (4).  

Wozniak added the only option the County currently has available for higher density non-
agricultural development is R1. Staff is currently developing a proposal for a “Conservation 
Subdivision Design” ordinance which may lend itself to this type of development but is simply 
not available to the Applicant at this time. He added that many of the conservation type 
standards could easily still be applied through the Platting process. 

Commissioner Allen questioned how the Applicant’s proposal fits with annexation activities of 
the city of Red Wing.  

Hanni responded that a review of city planning documents did not reveal any information 
indicating the city has future annexation plans for the Applicant’s property. 

Wozniak added that the terrain and topography severely limit annexation potential for the 
property both from a practical and economic standpoint for the city. A low-density solution 
such as the Applicants makes sense given the physical constraints of the property.  
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Commissioner Nystuen asked if the SWCD has any oversight in the process. 

Commissioner Fox responded that the SWCD would need to be involved in the Plat process to 
review soil erosion and water concerns.  

The Applicant added that Featherstone Township has a minimum frontage requirement of 200 
feet on a public road. He added that he has had conversations with civil engineers ahead of 
time to ensure it was physically feasible to negotiate the slopes to create access.  

Commissioner Drazkowski commented that if the township is supportive of the area to be 
zoned R1 it wouldn’t make sense for the County to be opposed. 
7Motion by Commissioner Nystuen seconded by Commissioner Huneke, for the 
Planning Advisory Commission to: 

• adopt the staff report into the record; 
• accept the application, testimony, exhibits, and other evidence presented into the record; 

and 
Recommend the County Board of Commissioners APPROVE the map amendment request from 
Blake Thompson to rezone 38 acres from A3 (Urban Fringe District) to R1 (Suburban Residence 
District). 
 

Motion Carried 7:1 

PUBLIC HEARING: Request for CUP for a Veterinary Clinic  
Request submitted by Nicholas and Krystyna Stoffel for CUP to establish a Veterinary Clinic at 26336 
130th Ave Welch, MN 55089. Parcel 46.029.0303. Part of the NW ¼ of NW ¼, SW ¼ of NW ¼, and 
SE ¼ of NW ¼,  Sect 29 Twp 113 Range 16 in Welch Township. A2 Zoned District.  
 

The Applicants were present to represent their application. 

Wozniak presented the staff report and appendixes.  

The Applicant stated she has been a mobile equine practitioner for over 11 years. Her clientele 
has expanded to greater a distance which prompted the desire to allow people to bring horses 
to her property to reduce their travel time. She added she does not do emergency veterinarian 
services at this time.  

Chair Fox opened the Public Hearing. 

Aaron Bauer 26469 130th Ave Welch, MN stated he is the closest neighbor to the Applicants and 
is supportive of their request. He believes no additional traffic will be created as a result of the 
request.  

8After Chair Fox asked three times for comments. It was moved by Commissioner 
Feuling and seconded by Commissioner Allen to close the public hearing.  

Motion carried 8:0 

Commissioner Nystuen asked if there was a condition limiting the transfer of the CUP to a 
third party. 

Hanni replied, no, that is the township’s requirement.  
9Motion by Commissioner Allen seconded by Commissioner Pettit, for the 
Planning Advisory Commission to: 

• adopt the staff report into the record; 
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• adopt the findings of fact; 
• accept the application, testimony, exhibits, and other evidence presented into the record; 

and 
Recommend the County Board of Commissioners APPROVE the request from Nicholas and 
Krystyna Stoffel for a CUP to establish a Veterinary Clinic. 
Subject to the following conditions: 

1. Activities shall be conducted according to submitted plans, specifications, and narrative unless 
modified by a condition of this CUP; 

2. Hours of operation shall be Monday through Friday, 8:00 AM to 6:00 PM, and Saturdays from 
9:00 AM to 1:00 PM (excluding holidays); 

3. On-street parking shall be prohibited; 

4. On-street loading or off-loading shall be prohibited; 

5. Applicants’ shall obtain Building Permit approvals for change of use for the existing structure from 
the Goodhue County Building Permits Department prior to establishing the use; 

6. Applicants’ shall work with Goodhue County Environmental Health to achieve compliance with the 
Goodhue County SSTS Ordinance; 

7. Compliance with Goodhue County Zoning Ordinance including, but not limited to Article 22 A-2 
(Agriculture District); 

8. Compliance with all necessary State and Federal registrations, permits, licensing, and regulations. 
 

Motion Carried 8:0 

PUBLIC HEARINGS: Simanski Metals LLC (Kevin Simanski) 
29409 HWY 58 BLVD, Red Wing, MN 55066. Parcels 34.008.1400 and 34.008.1500. Part of the 
SE ¼ of NW ¼, Sect 08 Twp 112 Range 14 in Hay Creek Township. A2 and B2 Zoned District.  
A. Map Amendment (Rezone)  

Request for map amendment to rezone part of Parcel 34.008.1500 from B2 to A2. 
B. CUP for a Junk/Salvage Reclamation Yard 

Request for a conditional use permit (CUP) to establish a Junk/Salvage Reclamation Yard for 
storage, loading, and processing of recyclable materials.  

The applicant was present to represent the application. 

Wozniak presented the staff report and attachments. He read an e-mail provided by the 
Applicants that detailed plans to alter the proposal to remove the transfer facility component 
(see attachment 11). 

Hanni commented that Applicant should clarify what exactly they are requesting and the PAC 
should determine if they are comfortable with the proposal or if they feel it is necessary to 
table the item and have the Applicant resubmit their application. 

Kevin Simanski (Applicant) stated that the transfer station is secondary to their original 
purpose of the site so they are removing it given the issues the neighbors have had with it. He 
stated that removal of the transfer station component should address many of the concerns 
with traffic, trash, and noise at the site. He stated he would like to move forward with the 
rezone as requested and the CUP request as amended. 

Hanni reviewed the Applicant’s application to clarify which components of the application 
were being struck from the proposal (see attachment 12). 
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Hanni asked the Applicant to clarify the overall plan for the site. 

The Applicant replied they need a place to store their containers, trucks, and trailers and a 
shop/yard to work on their equipment. They also would like a place to store a loaded container 
that may need to be stored overnight or over the weekend occasionally. He added that the 
trucks leave in the morning and are primarily off-site throughout the day servicing accounts 
in the Twin Cities and Red Wing which greatly reduces truck traffic at the site. 

Commissioner Gale asked if loads arriving at the site would be tarped. 

The Applicant replied that anything that legally needs to be tarped would be tarped to comply 
with state law. 

Commissioner Allen asked the Applicant to detail their long-range plan. 

The Applicant responded he currently has 5 trucks and doesn’t envision growing beyond 10 
trucks.  

Chair Fox opened the Public Hearing. 

Jim Maybach is a resident of Hay Creek Township and lives about 2 miles from the site. He 
submitted written remarks (see attachment 13). He stated Hay Creek Township had hosted a 
meeting regarding the request and residents were not in favor of the proposal. He mentioned 
drainage and groundwater contamination concerns with the Applicants proposal. In 
particular, he detailed concerns regarding grading and impervious surfaces increasing runoff 
to neighboring properties. He added that even if containers are only being stored there, 
pollutants could still leach out of the containers and contaminate groundwater resources. 

Commissioner Allen asked what the Township’s position was. 

Jim Maybach responded that the Township does not have an ordinance regulating the use but 
elected to have a Township Planning Commission meeting to review the proposal. The minutes 
from that meeting have been submitted to the PAC for review. The Town Board does not have 
an official position regarding the request.  

Brad Johnson 29126 HWY 58 BLVD is a half mile from the proposed facility. He stated that the 
use is not compatible with existing residential uses in the vicinity. He questioned if there are 
more appropriate locations in the county to suit the Applicant’s request. He stated he was 
concerned about industrial noises associated with the proposed operations (tools, backup 
alarms, metal bins etc.). He was concerned about impacts to property values and future 
enforcement of violations by the Applicants or subsequent owners of the property. He is 
opposed to the request. 

Scott Reed lives on Hay Creek Hills DR a mile away from the property. He stated that the 
neighbors are opposed to a junkyard. He is also concerned automobile salvage will be brought 
on site. He stated the Township should have a chance to review the Applicant’s alternative 
proposal prior to a decision being made. He raised concerns regarding access to the site and 
the condition of the existing road to support heavy truck traffic. He recommends the 
Applicants be required to resubmit their application with the proposed changes.  

Teresa Gadient 29407 HWY 58 BLVD has lived on their property for 35 years. She raised 
concerns of light and noise disturbances to animals on her property. Her property adjoins the 
site on 2 sides and she is opposed to the Applicant’s request. She stated the site is surrounded 
by numerous residences that would be impacted by the use. She feels the request is 
inharmonious with the uses already established in the area. She also raised concerns about 
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containers and equipment the Applicants are currently storing on site without appropriate 
permits. Teresa submitted a written statement (see attachment 14). 

John Tittle 30619 Hay Creek Hills DR stated even though MnDOT has approved the Applicants 
access request, it doesn’t represent their approval of the plan. They are generally just trying to 
limit the number of accesses to the road which they accomplished by removing the second 
access to the property. He raised concerns with semis blocking the road when attempting to 
enter HWY 58.  

Sue Reed lives on Hay Creek Hills DR is concerned about the impacts to property values in the 
area if the use is established. She is opposed to the request.  

Denny Tebbe lives 2 miles north of the site on HWY 58 stated he was a prior member of the 
Wacouta Town board and also served on a number of county and city committees. He stated it 
is important to respect the opinions of the residents even if you don’t agree with what they 
have to say. He added he believed the use is an industrial use and belonged in an industrial 
zone. He stated there may be other options available for recycling materials in the city. He 
commented about high groundwater sensitivity in the area with the local trout stream. He 
stated he believes the use needs an industrial stormwater permit. Denny submitted written 
comments via e-mail (see attachment 15). 

Kathleen Bibus lives on Hay Creek Hills DR. She noted concerns with the sharp turn along the 
access route. She stated there is over 5000 vehicle per day on HWY 58 and it is not a good 
place for semi traffic. The site would be an “eyesore” to neighbors and passers-by. She 
encouraged the PAC to deny both the rezone request and the CUP. 

Pat Oneill 29380 HWY 58 BLVD lives across the street from the property and is concerned 
with the hours of operation and the number of trucks at the site. He stated the Applicant 
appears out of compliance now so how can we expect the Applicant to be compliant if a permit 
is approved. He asked who would regulate the use if approved.  
10After Chair Fox asked three times for comments. It was moved by Commissioner 
Pettit and seconded by Commissioner Nystuen to close the public hearing. Motion 
carried 8:0 

Commissioner Allen questioned Staff if the Applicant compliant currently. 

Wozniak stated no and referenced a violation letter sent to the Applicant requiring the 
operations to cease.  He added that Staff has been working with the Applicants to achieve 
compliance which included requiring them to obtain appropriate permits. He noted that the B2 
zone on site does allow a range of administratively permitted uses which could include the 
Applicants proposed shop area.  

Commissioner Nystuen asked what would happen if the rezone request was denied. 

Hanni replied that a CUP would still be needed on the A2 portion of the property for the 
activities but the site plan would have to be reconfigured to accommodate the existing zoning.  

Wozniak discussed business development goals and objectives outlined in the Goodhue County 
Comprehensive Plan and Staff’s recommended findings and decisions. He recommended if the 
PAC would like to entertain approval of the proposal as stated he would recommend they table 
the issue and request additional information be submitted by the Applicants.  

Commissioner Fox noted that another similar business was permitted for a trucking use but 
denied an expansion request due to traffic and access issues which could not be overcome due 
to its location. The Applicants proposal appears to be similar and is located on a high access 
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corridor, unlike the other situation.  

Commissioner Drazkowski stated that it is important for developers to get together with their 
neighbors to work out how to address potential impacts and resolve conflicts. He stated the 
PAC is hesitant to come up with how to resolve those conflicts and would prefer the Applicants 
work with their neighbors to find solutions that are agreeable to both sides. 
11Motion by Commissioner Nystuen seconded by Commissioner Huneke, for the 
Planning Advisory Commission to recommend the County Board to  

• adopt the staff report into the record;  
• adopt the findings of fact; 
• accept the application as amended, testimony, exhibits, and other evidence presented 

into the record; and; 

Recommend the County Board of Commissioners DENY the map amendment request from 
Simanski Metals LLC to reconfigure Zone Districts for Parcel 340081400 and Parcel 340081500 
resulting in amendment of the Official Zoning Map to result in 3.20 acres to be included in the 
A2 (Agriculture) District and 0.84 acres to be included in the B2 (Highway Business) District.  

Part of the SE ¼ of NW ¼ of Sect 8 Twp 112 Range 14 in Hay Creek Township. As legally 
described on the attached “Rezoning Exhibit. 

Motion carried 6:2 

There was discussion of future uses on the existing B2 zoned district. 
12Motion by Commissioner Nystuen seconded by Commissioner Drazkowski, for 
the Planning Advisory Commission to recommend the County Board to  

• adopt the staff report into the record;  
• adopt the findings of fact;  
• accept the application as amended, testimony, exhibits, and other evidence presented 

into the record; and; 

Recommend the County Board of Commissioners DENY the Conditional Use Permit request 
from Simanski Metals LLC to construct and operate a Junk/Salvage Reclamation Yard as 
proposed on Parcel 340081400 and Parcel 340081500.   

Part of the SE ¼ of NW ¼ of Sect 8 Twp 112 Range 14 in Hay Creek Township. 

Motion carried 7:1 
13Adjourn: Moved by Commissioner Feuling, second by Commissioner 
Drazkowski, to adjourn the Planning Commission meeting at 9:18 PM.  
 
Motion carried 8:0 

Respectfully Submitted,  

Ryan Bechel; Recording Secretary 

 

 

                                                 
1 APPROVE the PAC meeting agenda.  
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Motion Carried 7:0. 

2 APPROVE the previous month’s meeting minutes.  
Motion Carried 7:0. 

3 Motion to close the Public Hearing.  
Motion Carried 8:0 

4 Recommend the County Board of Commissioners DENY staff’s recommended wording and DENY language 
changes requested by the Applicant: 

Motion Denied 3:5 
5 Recommend the County Board of Commissioners APPROVE staff’s recommended wording and DENY language 
changes requested by the Applicant: 

Motion Carried 5:3 
6 Motion to close the Public Hearing. 

Motion Carried 8:0 
7Recommend the County Board of Commissioners APPROVE the rezone request submitted by Blake Thompson 

Motion Carried 7:1 
8 Motion to close the Public Hearing. 

Motion Carried 8:0 
9Recommend the County Board of Commissioners APPROVE the CUP request for a vet clinic by Nicholas and 
Krystyna Stoffel 

Motion Carried 8:0 
10 Motion to close the Public Hearing.  

Motion carried 8:0 
11 Recommend the County Board of Commissioners DENY the rezone request be Simanski Metals LLC: 

Motion Carried 6:2 
12Recommend the County Board of Commissioners DENY the CUP request for a junk/salvage yard by Simanski 
Metals LLC: 

Motion Carried 7:1 
13 ADJOURN the Planning Commission meeting:  

Motion Carried 8:0 
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PUBLIC HEARING: Request for CUP for a Utility Scale Solar Energy System (SES) 
Request for a CUP submitted by Nokomis Hiawatha LLC (applicant) and Douglas Stegemann 
(owner) for a Utility Scale Photovoltaic Ground 1 Megawatt Solar Energy System (SES) occupying 
approximately 5 acres. Parcel 28.016.0300. TBD HWY 19 BLVD, Cannon Falls, MN 55009. Part of 
the SW ¼ of NE ¼ in Sect 16 Twp 112 Range 17 in Cannon Falls Township. A2 Zoned District. 
 
Application Information: 
Applicant: Nokomis Hiawatha LLC (applicant) and Douglas Stegemann (owner) 
Address of zoning request: TBD HWY 19 BLVD, Cannon Falls, MN 55009 
Parcel(s): Part of the SW ¼ of NE ¼ in Sect 16 Twp 112 Range 17 in Cannon Falls Township 
Township Information: Cannon Falls Township approved a CUP (with conditions) for the applicant’s 
request on 4/11/18. 
Zoning District: A2 (Agriculture District) 
 
Attachments and links: 
Application and submitted project summary  
Site Map(s) 
Goodhue County Zoning Ordinance (GCZO): 
http://www.co.goodhue.mn.us/DocumentCenter/View/2428  
 
Background:  
The applicant has submitted a CUP request to establish a one (1) Megawatt photovoltaic (PV) utility 
scale solar garden on approximately 5 acres of leased land located in Cannon Falls Township that is 
currently owned by Douglas Stegemann. The project would be developed in conjunction with the 
State of Minnesota Solar Garden program and Xcel Energy's Solar Rewards Community Program. 
The program allows developers to design, permit, own, and operate solar energy systems and sell the 
generated power directly to consumers. Upon completion, the “Byllesby Solar Garden” would 
connect to Xcel Energy’s distribution grid and generate a projected 1.8 million kWh of energy 
annually over the next 25 or more years.   

Per Goodhue County regulations, Solar Energy Systems (SES) that are the primary use of the land 
and are designed to primarily provide energy to off-site users or export to the wholesale market may 
be conditionally permitted as a “Utility-Scale SES” within the County’s A2 zoned districts.    

Goodhue County Zoning Ordinance: Article 4 Conditional/Interim Uses 
No CUP/IUP shall be recommended by the County Planning Commission unless said Commission specifies 
facts in their findings for each case which establish the proposed CUP/IUP will not be injurious to the use and 
enjoyment of other property in the immediate vicinity for the purposes already permitted, will not 
substantially diminish and impair property values within the immediate vicinity, will not impede the normal 
and orderly development and improvement of surrounding vacant property for uses predominant to the 
area, that adequate measures have been, or will be, taken to provide utilities, access roads, drainage and 
other necessary facilities, to provide sufficient off-street parking and loading space, to control offensive odor, 
fumes, dust, noise and vibration so that none of these will constitute a nuisance, and to control lighted signs 
and other lights in such a manner that no disturbance to neighboring properties will result. 
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Project Summary: 
 The approximately 5-acre site to be leased by the applicant is currently used for row-crop 

agriculture (corn and soybeans) by the owner. 

Adjacent land uses include agriculture, low-density residential and undeveloped forest-land. 

The nearest residence is located approximately 500 feet north of the proposed facility. 

 All adjacent zoning districts are A2 (Agriculture District). 

 The solar array would consist of 4,140 solar modules arranged in 25 rows with 26 feet of space 
between each row.   

Panels will be mounted at a fixed angle atop steel driven posts embedded in the ground and will 
rise approximately 7 feet from grade at the highest point. The array will interconnect to the power 
grid via a pad mounted transformer located at the north end of the site. 

 The site is proposed to be accessed off the owner’s existing driveway access which connects to 
State HWY 19 in the northwest corner of the subject parcel. 

A recorded ingress/egress easement is not required for the property given the site is to be leased 
and all land to be crossed to access the site will remain under common ownership. 

A separate fire number will be required for the site. 

 Adequate emergency vehicle access is available to service the location. 

The access route would be composed of crushed aggregate to facilitate emergency vehicle access 
in inclement weather conditions. 

 Once constructed, traffic to the site would be limited to 1-4 visits per year by maintenance 
personnel and groundskeepers.  

 The solar garden is sited to comply with all GCZO setback requirements for solar energy systems. 

Per the request of Cannon Falls Township, the solar garden was moved north to be 64 feet from 
the edge of the State HWY 19 R-O-W to improve screening of the site from an existing residence 
to the east.  

 The site has relatively minor relief and the soils appear adequate to support the proposed use 
without creating future erosion issues. 

The applicant is proposing to hydroseed the site in the spring following construction to ensure 
soils are stable post-construction. The cover crop inside the footprint of the system will be a 
combination of low growth native crops and a “pollinator friendly” seed mix. 

 The submitted drainage plan indicates the applicants will install a storm water retention basin in 
the southwest corner of the site.  

An erosion control and storm water management plan is proposed to be submitted for review at 
the time of building permit application. 

Existing drainage patterns are expected to be consistent with current conditions given surfaces 
below the panels will remain pervious. 

 An intermittent stream/wetland feature has been identified along the eastern boundary of the 
subject parcel. The application indicates the site will not be located within any protected wetland 
features or water resources and has low flooding potential. 

 The applicants are proposing to install vegetative screening in the spring of the year following 
construction of the solar array along the eastern edge of the site to limit visual impacts to 
neighboring residences east of the site. Trees would consist of Black Hills Spruce or an equivalent 
species.  

An existing forested “oasis” east of the site will provide additional screening of the solar garden.  

 A six-foot tall wood agricultural fence will enclose the site to secure the area and further reduce 
the visual impacts of the site to surrounding property owners.  

“To effectively promote the safety, health, and well-being of our residents” 
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 Ample room exists on the property to fulfill GCZO off-street parking requirements.  

 This project utilizes silicon based solar panels with an anti-glare coating. There are no moving 
parts or hazardous materials in the system. No noise other than typical transformer humming is 
anticipated. 

 Construction is targeted for the late summer of 2018 and proposed working times would be 
between the hours of 8AM-5PM. 

 Byllesby Garden LLC will have a long-term maintenance plan to ensure safety, reliable operation, 
and production of the system. Monitoring and metering equipment installed on site will alert the 
maintenance team in real time of a system performance issue.  

 The applicants have offered to provide a financial surety to cover the anticipated cost ($42,300) 
of decommissioning the site.  

Per GCZO Article 19, the applicant may be required to provide a financial surety at up to 125% of 
the estimated decommissioning cost. The county has not typically exercised the right to financial 
assurance requirements for similar solar installations.  

 The provided decommissioning plan states all equipment (modules, inverters, wiring, electrical 
equipment, racking and foundations, fencing, underground wires and conduit and concrete pads) 
will be removed within one (1) year from the day the system is no longer in service or 
discontinued and the project site will be restored to a condition comparable to its 
pre-construction use excluding topography or original cover crop.  

Unless requested otherwise, permanent access roads constructed for the project will be removed. 

 The applicant completed a Phase 1 Environmental Site Assessment (ESA) as part of their review. 
The report indicates no Recognized Environmental Conditions (RECs), Controlled Recognized 
Environmental Conditions (CRECs), or Historical Recognized Environmental Conditions 
(HRECs) exist on the property. 

 The Cannon Falls Planning Commission reviewed the request on 4/5/18 and the Township Board 
approved a Conditional Use Permit for the applicants’ request on 4/11/18; subject to the 
following conditions: 

1) “Visual barriers (2-3 year old pines) along CTY RD 8 side of project” 
2) “Move Community Solar Garden project up to Goodhue County zoning setback 

requirements to HWY 19” 
 

Draft Findings of Fact: 
The following staff findings shall be amended to reflect concerns conveyed during the PAC meeting 
and public hearing. 
 

1. The proposed Solar Garden does not appear injurious to the use and enjoyment of properties in 
the immediate vicinity for uses already permitted, nor would it substantially diminish and impair 
property values in the immediate vicinity. The use appears harmonious with the established uses 
in the vicinity. 

2. The establishment of the proposed Solar Garden is not anticipated to impede the normal and 
orderly development and improvement of surrounding vacant property for uses predominant to 
the area. The use is proposed to meet all development standards of the Goodhue County Zoning 
Ordinance and is does not appear incompatible with adjacent land uses. 

3. A review of the applicants submitted project summary indicates adequate utilities, access roads, 
drainage and other necessary facilities are available to accommodate the proposed use.  

4. The submitted plans identify means to provide sufficient off-street parking and loading space to 
serve the proposed use and meet the Goodhue County Zoning Ordinance’s parking requirements.  

5. The submitted plans detail adequate measures to prevent or control offensive odor, fumes, dust, 
noise, and vibration so that none of these will constitute a nuisance. Furthermore, the applicants’ 
lighting plans appear capable of controlling lights in such a manner that no disturbance to 
neighboring properties will result. 
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Staff recommendation is based on the review of the submitted application and project area prior to 
the public hearing. 
 
Staff Recommendation: 
LUM Staff recommends the Planning Advisory Commission  

• adopt the staff report into the record;  
• adopt the findings of fact;  
• accept the application, testimony, exhibits, and other evidence presented into the record; and 

 
Recommend that the County Board of Commissioners APPROVE the request for a CUP submitted 
by Nokomis Hiawatha LLC (applicant) and Douglas Stegemann (owner) for a Utility Scale 
Photovoltaic Ground 1 Megawatt Solar Energy System (SES) occupying approximately 5 acres. 
Subject to the following conditions: 

1. Activities shall be conducted according to submitted plans, specifications, and narrative 
unless modified by a condition of this CUP;  

2. The project shall be decommissioned according to Article 19 Section 6 of the Goodhue County 
Zoning Ordinance and submitted plans;  

3. A decommissioning agreement between the landowner and the solar energy system company 
shall be maintained to ensure reclamation of the area; 

4. LUM staff shall be notified by the landowner or solar company 30 days prior to ownership 
transfer or operator changes; 

5. A stormwater management and erosion control plan shall be submitted for administrative 
review and approval prior to construction of the facility;  

6. Vegetative screening shall be established according to submitted plans within 1 year of 
completion of the facility; 

7. Applicants’ shall work with the Goodhue County Soil and Water Conservation District to 
determine an appropriate seed mix of native vegetation to establish on disturbed areas of the 
site; 

8. Applicants’ shall obtain Building Permit approvals from the Goodhue County Building 
Permits Department prior to establishing the use; 

9. Compliance with Goodhue County Zoning Ordinance including, but not limited to, Article 19 
Solar Energy Systems (SES) and Article 22 (Agricultural District); 

10. Compliance with all necessary State and Federal registrations, permits, licensing, and 
regulations; 

11. This CUP shall expire 25 years from the date of approval unless terminated prior to that date. 
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Environmental Health | Land Surveying | GIS 
Telephone:  651.385.3223 

Fax:  651.385.3098 

Lisa M. Hanni, L.S. Director 
Building | Planning | Zoning  
Telephone: 651.385.3104 
Fax: 651.385.3106 

Goodhue County Land Use Management 
Goodhue County Government Center | 509 West Fifth Street | Red Wing, Minnesota 55066 

 County Surveyor / Recorder 

To:  Planning Commission 
From: Land Use Management  
Meeting Date: May 14, 2018 
Report date: May 7, 2018 
 
PUBLIC HEARING: Request for Map Amendment (Rezone) 
Request for map amendments for specific parcels in Stanton Township in Sections 13, 24,25,30 and 
36, T112N, R18W; changing from County A2 and A3 districts to R1 district. 
Attachments and links: 
Stanton Request 
Change of Zone Project Review 
Table of Uses – General District Regulations 
Goodhue County Zoning Ordinance 
(GCZO): http://www.co.goodhue.mn.us/DocumentCenter/View/2428  
Background:  
Stanton Township Supervisors have requested that the County amend the zoning designation for a 
number of areas within the Township to be more in line with their residential zoning.  The County 
has worked with Stanton Township in the past with a similar request for parcels in the Lake Byllesby 
West plat along Lake Byllesby. 

Initially, Stanton was looking at a few parcels along Highway 19 and near Oxford Mill Road.  LUM 
staff met with the Township Supervisors and discussed looking at the entire Township.  The parcels 
presented in this request are based on the Township discussion.  LUM prepared maps based upon 
areas that were already being used as dwelling sites, the size of the parcels, and the Township 
Residential zoned parcels.   

Stanton Township invited all of the parcel owners to an informational meeting on March 20, 2018 to 
discuss the changes. 

Staff Recommendation: 

LUM Staff recommends the Planning Advisory Commission  
• adopt the staff report into the record;  
• accept the application, testimony, exhibits, and other evidence presented into the record; and 

 

Recommend that the County Board of Commissioners APPROVE the map amendments in Stanton 
Township as listed: 

PIN ACRES OWNER 
Current 

Zone 
New 
Zone 

410300600 0.25 WALLACE J HAMP A1 R1 
410300800 0.26 GREGORY L ANDREWS A1 R1 

410301100 (southerly 304 feet) 10.37 GLEN EMERY A1 R1 
410301300 0.39 NICHOLAS C LARSON A1 R1 

410301600 (southerly 300 feet) 2 TROY D ARMSTRONG ET AL A1 R1 
410302100 0.75 STANTON TOWNSHIP A1 R1 
410302101 0.28 GREGORY L ANDREWS A1 R1 
410302200 1.4 BRIAN K VALEK A1 R1 
410302300 0.26 STANTON TOWNSHIP A1 R1 

http://www.co.goodhue.mn.us/DocumentCenter/View/2428
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PIN ACRES OWNER 

Current 
Zone 

New 
Zone 

410361700 3.55 JOSEPH S CROSBY A2 R1 
410361800 6.49 BRUCE D SHOWEL A2 R1 
410361900 4.24 MITCH A OTTO A2 R1 
410252600 0.53 DANIEL C LUCE A2 R1 
410360200 1.49 JON C WERSAL A2 R1 
410360300 1.46 MITCH A OTTO A2 R1 
410360301 1.75 LOUISE M BOWMAN A2 R1 
410360500 11.57 TROY A ISENBERG A2 R1 
410360600 0.63 LOUISE M BOWMAN A2 R1 
410360601 0.71 LOUISE M BOWMAN A2 R1 
410360700 1.67 DEAN R CLARE A2 R1 
410360800 2.09 STEVEN M RICHTER A2 R1 
410360900 1.72 QUENTIN L GARLETS JR A2 R1 

     
PIN ACRES OWNER 

Current 
Zone 

New 
Zone 

410133600 0.5 JOHN W HOGAN A3 R1 
410133700 2.46 DAVID A SCHULTZ A3 R1 
410133800 0.62 ARLENE B ERICKSON A3 R1 
410133900 1.15 BRETT K KLAVON A3 R1 
410134200 1.07 WALTER W PIERCE A3 R1 
410134300 1.38 JOSHUA T HUNEKE A3 R1 
410134600 0.53 CARRIE VOVK A3 R1 
410134700 0.91 CASEY T CARLSON A3 R1 
410134800 0.83 STEPHANIE HALBERT A3 R1 
410134900 3.37 BRYANT BECHTHOLDT A3 R1 
410135100 1.44 TIMOTHY M LANGDON A3 R1 
410135200 0.94 CHRISTOPHER STRICKLAND A3 R1 
410135400 1.14 LARRY L STRAIN A3 R1 
410240200 1.33 SCOTT OLSON A3 R1 
410240300 3.86 CHAD MILLER A3 R1 
410240400 5.18 DANIEL BANKS A3 R1 
410240500 5.18 KERRY R BANKS A3 R1 
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July 14, 2017 
 
Cheryle Peters, Clerk/Zoning Administrator Stanton Township 
31186 40th Avenue Way 
Cannon Falls, MN 55009 
 
Lisa Hanni, Director Goodhue County Land Use Management 
Goodhue County Government Center 
509 West Fifth Street 
Red Wing, MN 55066 
 
Dear Ms. Hanni: 
 
Stanton Township would like to express its appreciation for the recent 
density map and survey/questionnaire issued from Goodhue County’s 
Land Management Office. The completed survey form regarding the 
general subject of “dwelling potential” is enclosed with this letter.  The 
purpose of this letter is to supplement the completed survey by 
addressing  persistent concerns associated with Goodhue County’s A-3 
zoning, in Stanton Township,  particularly in the north east end of the 
township, near the intersection of Oxford Mill Road and State Highway 
19. 
 
In recent years, several property owners have submitted zoning 
requests, of Stanton Township, involving county A-3 zoning, in this area 
and other areas, as well. The snapshot density of this vicinity is 
consistently more concentrated than a 35 acre minimum. Currently, the 
neighborhood more closely resembles a Stanton Township Residential 
Zoning District: 5 acre minimums with overlays of 12 per section, one 
per quarter, quarter. Several smaller parcels exist, as well. The 
Woodland Heights Plat sites some lots, less than even one acre.  
 
In process, the township defers to the county until applicants can secure 
county approval. Generally, this will create a delay for the property 
owner.  Administratively, expectations can become unclear.   
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Regarding county zoning and dwelling potential, Stanton Township 
respectfully requests conversion of this A-3 area to an R-1 district. It 
would seem to be the least restrictive to administrate and the most 
compatible with the characteristics of Stanton Township’s Residential 
Zoning District. Your consideration would be appreciated.  Thank you, 
again, for the map. 
 
On behalf of Stanton Township and the Board of Supervisors, 
 
 
 
Cheryle A. Peters 
Clerk/Zoning Administrator  
Stanton Township 
 
 
 
 
 
 
 
 
Enc. 1 
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Environmental Health | Land Surveying | GIS 
Telephone:  651.385.3223 

Fax:  651.385.3098 

Lisa M. Hanni, L.S. Director 
Building | Planning | Zoning  
Telephone: 651.385.3104 
Fax: 651.385.3106 

Goodhue County Land Use Management 
Goodhue County Government Center | 509 West Fifth Street | Red Wing, Minnesota 55066 

 County Surveyor / Recorder 

Project Review per Article 3, Section 2, Subd. 5-10: 
 
Subd. 5  A. The names and addresses of the petitioner or petitioners and their signatures to the 

petition.  Stanton Township – Goodhue County LUM   
B.  Survey information: See Maps 1-3 
C.  The current and proposed district:  A1, A2, A3 to R1 
D. The current use and the proposed use of the land. Goodhue County LUM staff 

have been working with Stanton Township Supervisors to change the 
zoning designations for specific parcels to reflect the actual current use 
of the parcels as residential. 

E.  The reason for the requested change of zoning district. Stanton Township has the 
parcels designated as Residential.  The parcels range in size from 
approximately 0.25 -11.57 acres.  They are all being used as residential 
properties and most are adjacent to existing R1 zoned properties.   

F.  A copy of the soil map showing the soils types within the proposed boundary and the 
surrounding area. See Map 4 

G. Prime Farmland Rating of the soil types in F.  See Map 4 
H.  A statement of how the requested change is compatible with the Goodhue County 

Comprehensive Plan including but not limited to the following: 
1.  The environmental impacts of the proposed use of land on the: 

a.  Groundwater 
b.  natural plant and animal communities 
c.  existing trees and vegetation 
d.  bluffland stability 
e.  shoreland stability 

The properties are already established as residential.  Any new 
structures or uses would need to comply with current County 
regulations. 
2.  The compatibility with surrounding land uses. 

Surrounding land uses include low-density residential and crop 
agriculture.  There is a registered feedlot south of Hwy 19 in Sec 31, 
across from the parcels in Section 30.  Both uses (residential and 
feedlot) have been established for many years. 

3. The physical and visual impacts on any scenic or historic amenities within or 
surrounding the proposed parcel. 
No impacts to existing historic amenities are anticipated as a result 
of the proposed rezone.  There is a cemetery and Carleton Airport 
historic Airfield to the east of the parcels in Section 30; Byllesby 
Dam is over a half mile to the northwest of the parcels in Section 13 
and over a mile to the northwest from the parcels in Section 24; 
Oxford Mill is over one half mile to the northwest of the parcels in 
Section 25 and 36. 

Subd. 6 The housing density of the affected Section 
Section 13:  This section consists of A3 and R1 zoned properties, along with a 
small portion of the City of Cannon Falls. The 13 parcels all have dwellings on 
them and range in size from approximately 0.5 – 3.37 acres.  The A3 minimum 
parcel size is 35 acres. 
Section 24: This section consists of A3 and R1 zoned properties.  The 4 parcels 
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all have dwellings on them and range in size from approximately 1.33 – 5.18 
acres.  The A3 minimum parcel size is 35 acres.   
Section 25: This section consists of A2 and R1 zoned properties. Changing the 
zoning to R1 would remove 1 dwelling from the section dwelling count 
(currently 27 in the A2 zone).  The parcel is approximately 0.5 acres. 
Section 30: This section consists of A1 and R1 zoned properties.  Changing the 
zoning to R1 would remove 5 dwellings from the section dwelling count 
(currently 7 in the A1 zone). Syngenta owns approximately ¾ of the section.  
The parcels range in size from approximately 0.25 - .80 acres.  Parcels 41-030-
1600 and 41-030-1100 are larger parcels with a dwelling on them.  We are 
proposing to have split zoning on these 2 parcels – putting the dwelling site in 
R1 and leaving the existing zoning designation of A2 on the remainder of the 
parcel. 
Section 36: This section consists of A2 and R1 zoned properties. Changing the 
zoning to R1 would remove 4 dwellings from the section dwelling count 
(currently 18 in A2 zone).  Of the 12 parcels proposed to be changed, 8 of the 
parcels are owned by an adjacent dwelling parcel and range in size from 
approximately 0.6 and 2.09 acres.  

 
Subd. 7 The impact on any surrounding agricultural uses 

The proposed rezone appears compatible with adjacent land uses in the 
immediate area, mainly due to the fact the parcels have existing dwellings on 
them, or in the case of Section 36, are parcels owned by adjacent dwelling 
parcels.  Any change of use would require the appropriate approvals and 
permits. 

Subd. 8 The impact on the existing transportation infrastructure 
All of the parcels, with the exception of those mentioned in Section 36, 
currently have road access.  There is no anticipated increase in traffic due to 
the zoning change. 

Subd. 9 The impact on surrounding zoning districts 
 No substantial negative impacts to adjacent properties are anticipated as a 

result of the proposed rezone. 
Subd. 10 . A statement concerning the cumulative effect and compatibility of the requested zoning 

change on the affected Township and any cities located within 2 miles of the proposed 
parcel. 
The rezone does not add any additional impacts to adjacent properties. 

Subd. 11. Additional information as may be requested by the Planning Commission or zoning staff. 
 



MAP 1



MAP 2



MAP 3



Section 13, T112N, R18W Map 4, page 1 



Section 24, T112N, R18W Map 4, page 2 



Section 25-36, T112N, R18W Map 4, page 3 



Section 30, T112N, R18W Map 4, page 4 



A-1 A-2 A-3 R-1

P P P P
NP NP NP P
P P P P

C/I  C/I C/I NP
NP NP NP  C/I

P P NP NP
C/I C/I NP NP
P P P NP
P C/I NP NP

C/I C/I NP NP

C/I C/I C/I NP

P P P NP
P P P NP

C/I C/I C/I NP
P P P NP
P P P NP

C/I C/I C/I NP
C/I C/I NP NP
C/I C/I C/I NP
C/I C/I C/I NP

C/I

P P P P
P P P I
I I I NP

C/I C/I C/Ibc NP
C/I C/I C/Ibc NP
C/I C/I C/Ibc C/I
C/I C/I C/Ibc C/I
C/I C/I C/I NP
C/I C/I NP NP

P P NP NP
C/I C/I NP NP

a. Accessory buildings > 500ft 2  shall be ≥ 100ft from any lot line and ≥ 200ft from the nearest dwelling  (Art.23 § 3 subd. 1)

KEY: P = PERMITTED     NP = NOT PERMITTED     C = CONDITIONAL USE PERMIT     I = INTERIM USE PERMIT

Non-Agricutlural Uses Associated W/Agritourism  (Art. 11 § 30)
3  horses on a minimum 5 acre lot

Junk/Salvage Reclamation Yard (Art.11 § 10)
Mining, Quarrying, Excavating/Filling  (Art.14)

Industrial

Contractors Yard (Art.11 § 33)
Veterinary Clinic

Commercial 

Two, Three, Or Four Family Dwellings

b. Any mining, excavating, or filling of land for these uses shall be by conditional use (Art.23 § 3 subd. 10)

c. Accessory structures and uses customarily incidental to this use shall be by conditional use (Art.23 § 3 subd. 11)

Mobile Home Park ( Art. 16 )
Residential Accessory Buildings ≥ 7,200ft2 (Art. 11 § 6)

Accessory Dwelling Unit (ADU) (Art. 11 § 31)

New Feedlot (Art.13)

Farm Market/On-farm market/Roadside Stand < 2400ft2 (Art. 11 § 29)
Farm Market/On-farm market/Roadside Stand > 2400ft2 (Art. 11 § 29)
Plant Nurseries & Sales
Farm Wineries < 10,000ft2 (Art. 11 § 27)
Farm Wineries > 10,000ft2 (Art. 11 § 27)

Home Businesses - Tier 3 (Art.11 § 12)
Commercial Kennel/Raising of fur-bearing animals (Art.11 § 26)
Commercial/Industrial Uses primarily intended to serve Ag. Community
Boarding or Rooming Houses as an accessory use
Bed and Breakfast Inn (Art.11 § 13)

Agricultural 

Residential 

Agricultural Operations (including tree farms) (Art.11 § 24)

Feedlot expansion up to ≤ 100 Animal Units (Art.13)
Feedlot expansion to ≥ 300 Animal Units (Art.13)
Feedlot expansion to ≥ 500 Animal Units (Art.13)

Animal waste storage structure ≥ 500,000 gallons
(lagoon system, earthen basin, or associated structure [pit]) (Art.13)

GOODHUE COUNTY ZONING ORDINANCE  
Table of Uses

Home Businesses - Tier 1 (Art.11 § 12)
Home Businesses - Tier 2 (Art.11 § 12)

Use

Single-Family Dwelling

Temporary/Seasonal Off-Site Roadside Produce Stands
Education Farm Retreat (Art. 11 § 14)

New Feedlot outside of Farmyard (Art.13)

Feedlots (Art.13)



A-1 A-2 A-3 R-1

C/I C/I C/I NP
C/I C/I C/Ibc NP
NP NP NP C/I
C/I C/I NP NP
C/I C/I C/I NP
NP C/I C/I NP

C/I C/I C/Iabc NP

NP C/I NP NP

NP NP C/Ibc NP

NP C/I C/I NP

C/I C/I C/Ibc C/I
C/I C/I C/Ibc C/I
C/I C/I C/Ibc NP
C/I C/I NP NP
C/I C/I C/Ibc C/I
C/I C/I C/Ibc NP
C/I C/I C/Ibc NP
NP NP C/Ibc NP

NP NP C/Ibc NP

P P P P
P P C/I NP

C/I C/I NP NP
P P C/I NP

C/I C/I C/I NP
P P P P
P P P P

C/I C/I NP NP
C/I NP NP NP
C/I NP NP NP
C/I C/I NP NP
C/I C/I C/I NP

KEY: P = PERMITTED     NP = NOT PERMITTED     C = CONDITIONAL USE PERMIT     I = INTERIM USE PERMIT 

WECS (Non-Commercial Micro) (Art. 18)

Commercial Outdoor Recreation Storage Structure (size & location to be approved 
by the Planning Advisory Commission)

Public Stable

Non-agricultural Lagoons (In accordance w/ MPCA regulations)
Migratory Labor Camp
Commercial Radio Towers/TV Towers/Transmitters

Institutional
Community Building

Cemetery
Memorial Garden
Public School

SES (Utility Scale)  (Art. 19)
SES (Commercial Scale)  (Art. 19)

GOODHUE COUNTY ZONING ORDINANCE 
Table of Uses

Use

Private School
Nursery School

Commercial Outdoor Recreation Facilities (including, but not limited to, Golf 
Courses/Driving Ranges, Tennis Courts, Skiing, Swimming Pools, Park Facilities)

Park/Recreational Area (operated by a governmental agency)
Park/Recreational Area
Hunting Club/Shooting Preserve
Campground &/or RV Site (Art.16 § 7)
Park Manager's Residence (1 per campground/RV park w/ ≥ 30 campsites)

Recreational 

Miscellaneous

SES (Residential Scale) (Art. 19)
Aircraft Landing Fields & Facilities 
Sanitary Landfills/Sewage Disposal Works

Commercial Outdoor Recreation Health Facilities

Retreat Centers (Art.11 § 25)

Church

WECS (Meteorological Tower) (Art. 18)

Funeral Home
Hospital, Sanitarium, Philanthropic/Eleemosynary Institutions (except 
correctional institutions, animal hospitals)

WECS (Non-Commercial)  (Art. 18)
WECS (Commercial) (Art. 18)



A-1 A-2 A-3 R-1

4 per section 12 per section               
(1- 1/4 1/4)

1 per 35 acres        
(6000 sq feet if 

sewered by Muni)

20,000 sq feet* (6000 
sq feet if sewered by 

Muni)

60 feet 60 feet 60 feet 40 feet
30 feet 30 feet 30 feet 8 feet

100 feet 100 feet 100 feet NA

30 feet 30 feet 30 feet 30 feet

Exempt NA NA NA

35 feet 35 feet 35 feet 35 feet

2 acres* 2 acres* 35 acres 20,000 sq feet*

 

Dwelling lot size (minimum)
Lot Size

b. Mining activities: 1000 ft (reduced to 300 ft by written consent) (Art.14 § 6 subd. 4)

*The lot is large enough and so situated to meet the SSTS standards

Side and Rear (livestock building)

Bluff Impact Zone

Bluff Setbacks

Principal buildings 

c. Feedlots: 1000 ft or 94% Odor OFFSET to nearest dwelling(other than operator's dwelling); 1000 ft or 96% Odor OFFSET for new R1 Districts(Art.13 § 7)

a. Accessory buildings > 500ft 2  shall be ≥ 100ft from any lot line and ≥ 200ft from the nearest dwelling  (A3-Art.23 § 3 subd. 1)

Yard Setbacks

Density

Dwelings

GOODHUE COUNTY ZONING ORDINANCE                                                                                                                                                                                                                                   
General District Regulations

Agricultural Buildings

Right of Way Line

Height Requirements

Side and Rear
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Goodhue County Land Use Management 
Goodhue County Government Center | 509 West Fifth Street | Red Wing, Minnesota 55066 
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To:  Planning Commission 
From: Land Use Management  
Meeting Date: May 14, 2017 
Report date:  May 7, 2017 

 
PUBLIC HEARING: Non-Metallic Mineral Extraction Facility - Conditional Use 
Permit (CUP)  
Request by Doug Mahoney (applicant/owner) for CUP for a Non-Metallic Mineral Extraction 
Facility.  Proposed mining includes a limestone quarry and sand/gravel pit and associated 
processing/transport equipment and facilities.  The total site area is 61.5 acres. The area to be 
mined is approximately 13.4 acres.  This CUP proposes to reopen an inactive/lapsed non-metallic 
mining operation located at 32245 296th Street, Red Wing, MN 55066. 
 
Application Information: 
Applicant(s): Doug Mahoney 
Address of zoning request: 32245 296th Street, Red Wing, MN 55066 
PID: 32-009-1201 
Short Legal Description: Part of the W 1450.00 feet of the S ½ of the NW ¼ and that part of the W 
1450.00 feet of the N ½ of the SW ¼ of Section 9, Twp 112 N, Range 13 W, Florence Township. 
 
Township Information:  The Applicant has informed Florence Township that he has submitted 
both CUP and Variance requests to the County related to the proposed Mineral Extraction Facility.  
To date the Applicant has attended two Township Planning Commission Meetings including 
conducting a site visit for Township Officials.  Florence Township will require the Applicant to 
obtain an Interim Use Permit to operate the proposed mining facility as well as a Variance to allow 
a portion of the operation within a Bluff Impact Zone. 
 
Attachments:  
Application Submittals (Hard Copy to PAC of Existing Conditions, Operations, Reclamations Site 
Maps, Excerpts from Mining Plan, CUP Application Form)  
Complete application submittals are available online 
Goodhue County Zoning Ordinance: http://www.co.goodhue.mn.us/DocumentCenter/View/2428 
Florence Township Questions/Issues  
 
Background:  
Doug Mahoney, owner of the subject property has submitted a Conditional Use Permit (CUP) 
Application proposing to re-open a previously operated mining site to extract non-metallic mineral 
aggregates.  The site is proposed to include 13.4 acres of mining located on a parcel of property of 
61.5 acres.  The proposed mining operation will include a rock quarry (north pit) and sand and 
gravel mining area (south pit).  The Mahoney CUP Application does not propose to mine within the 
Jordan Sandstone layer (frac sand). The subject property (Parcel #320091201) is located within 
Section 9, Florence Township, on property located within an A2 (Agriculture) Zone District.  
Mining that includes extraction of more than 400 cubic yards of non-metallic minerals resources 
per year is subject to approval of a Conditional Use Permit or an Interim Use Permit by the County 
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Board.  Portions of the proposed mining areas are located within Blufflands (Bluff Impact Zone).  
Current Bluffland Regulations restrict mining within the Bluff Impact Zone.  Mr. Mahoney has also 
submitted a Variance Applicant for consideration by the Board of Adjustment to allow part of his 
proposed operations to occur within a Bluff Impact Zone.  Mr. Mahoney’s Variance request will be 
considered by the Board of Adjustment at their May 21, 2018, Regular Meeting. 
 
More than ten years ago, Mr. Mahoney allowed the required annual registration for his mine to 
lapse.  He was provided numerous reminders to renew his registration before he was informed that 
he would no longer be allowed to operate his mining operation (2007).  When Mr. Mahoney 
contacted the Land Use Management Department approximately two years ago to inquire about re-
opening mining operations, he was told that he would be subject to obtaining a Conditional Use 
Permit or Interim Use Permit based on current County Mineral Extraction regulations.  In 
addition, he was told that he would only be able conduct mining operations within the Bluff Impact 
Zone if he was able to obtain a Variance to the restriction on mining within Bluff Impact Zone set 
forth in the County’s Bluffland Regulations. 
 
Mr. Mahoney initially approached the County about applying for the CUP and Variance in January 
2018.  At that time, he had not contacted Florence Township and so he did not make application to 
the County.  Mr. Mahoney proceeded to contact Florence Township to make Township Officials 
aware of his mining proposal and intent to apply for a CUP and Variance to Goodhue County.  He 
attended a March 7, 2018, Florence Township Planning Commission Meeting and briefed that 
group regarding his proposal.  The Florence Planning Commission informed Mr. Mahoney that is 
proposed mining operation would be subject to obtaining an Interim Use Permit and Variance (to 
mine within a Bluff Impact Zone) from the Township.  They proceeded to schedule a site visit on 
April 9, 2018, for Township Officials to visit the proposed mining site with Mr. Mahoney.  County 
Planner and Zoning Administrator, Michael A. Wozniak, AICP, attended both the March 7 and 
April 9, Florence Township Planning Commission Meetings. 
 
Florence Township has taken no action as of the date of this Staff Report (May 7, 2018) regarding 
Mr. Mahoney’s Mining Proposal.  The Township Planning Commission has posed a variety of 
questions and raised various issues of concern in order to help inform County review of the 
Mahoney proposal.  The Township has requested time be allotted at the Planning Advisory 
Commission Meeting on May 14, to allow Township Officials to present Florence Township 
concerns regarding Mr. Mahoney’s CUP request.  Staff will ask the Township to submit their 
comments in writing if possible so that they may be shared with the Planning Advisory Commission 
prior to the May 14, PAC Meeting.   
 
Following his making Florence Township aware of Mining proposal and intent to apply to Goodhue 
County, Mr. Mahoney submitted on March 21, 2018, a Conditional Use Permit for a Non-Metallic 
Mineral Extraction Facility and a Variance request to allow a portion of his mining operation to 
occur with a Bluff Impact Zone.  Application materials including numerous site planning, 
narratives and various supporting date were submitted at that time.  Following initial review of his 
application submittals, the County Planning and Zoning Administrator informed Mr. Mahoney by 
way of letter dated April 5, 2018, that his applications were not considered complete.  The April 5, 
2018, letter called out specific application provisions that had not been addressed sufficiently or 
were in need of further clarifications.  Mr. Mahoney and his consultant, Johnson and Scofield Inc, 
have subsequently provided additional maps and written explanation to supplement the extensive 
application materials provided on March 21, 2018, to address the items set forth in the April 5, 
2018 letter. 
 
A determination was made by Land Use Management Department Staff that Mr. Mahoney had 
sufficiently met application submittal requirement to place consideration of his Conditional Use 
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Permit Application on the May 14, 2018, Planning Advisory Commission Meeting and to schedule a 
public hearing for that date. 
 
 
Project Summary: 
 
Mr. Mahoney and his consultant, Johnson and Scofield Inc, have devoted a considerable amount of 
time during the past year to prepare a proposal to conform to County application submittal 
requirements and pertinent performance standards to operate a Non-Metallic Mineral Extraction 
Facility at 32245 296th Street, Florence Township (Parcel #320091201).  Goodhue County Zoning 
Ordinance, Article 14 (Mineral Extraction) includes detailed application submittal requirements 
and performance standards.   
 
Non-Metallic Mineral Extraction Facilities are recognized as a permitted land use within the A2 
Zone District, however, extraction of more than 400 cubic yards per year is subject to approval of a 
CUP or IUP by the County Board. 
 
Portions of the proposed mining operations (see Maps B1 and B2 with Bluff Impact Zone 
Boundary) lie within a Bluff Impact Zone.  The County’s Bluffland Regulations (Article 12) include 
a restriction on Mineral Extraction within the Bluff Impact Zone (Section 4, Subd. 7).  The only 
grading activity that may be permitted is approved erosion and sediment control measures.  Mr. 
Mahoney has applied to the Board of Adjustment for a variance to allow mineral extraction and 
related activities to occur within those portions of his site that lie within the Bluff Impact Zone.   
 
Land Use Management Department Staff have conducted a thorough review of Mr. Mahoney’s CUP 
Application submittal including supplemental materials requested following initial review of the 
application.  Hard copy of the completed CUP Application Form, key site maps, narrative 
information describing the project, and relevant comments/questions raised by Florence 
Township, the Goodhue SWCD (Beau Kennedy) and the Minnesota DNR have been provided in the 
Planning Advisory Commission Packets. In additional a link has been provided for access to all of 
Mr. Mahoney’s CUP Application Submittal Materials. 
 
The following key issues were a focus of the review of the Mahoney Mining Proposal: 
 
Water Resources:  
Potential impacts on surface water and ground water resources must be considered when reviewing 
the Mahoney Mining Proposal.   
 
The Applicant has stated, “Surface water runoff quality will not be a major issue or concern due to 
the fact that all surface runoff will be contained within the mining site area (page 8. Non-Metallic 
Mining Reclamation Plan).  Proposed Erosion and Sedimentation Measures have been detailed on 
Map B1 (Proposed Operations - South Pit) and Map B2 (Proposed Operations – North Pit).  In 
additional the Applicant has provided an illustration of the general pattern of surface drainage on 
Map A3 (Hydrology). 
 
The applicant has identified “the primary threat to water quality at the mining operation will be 
leakage or spillage of diesel fuel, hydraulic, motor and other oils, anti-freeze and other equipment 
operational fluids.”  Mr. Mahoney’s Application further states:  “To minimize this type of 
contamination, the Owner will centralize the servicing and fueling of all mobile equipment in the 
existing Mahoney pit and all fuel will be brought on-site by mobile transport trucks.  For minor 
fueling needs, there is a 1000-gallon MSHA approved above round Diesel fuel tank that is used on 
the existing Mahoney pit.” 
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An additional water resources issue stems from the fact that Applicant has proposed the use of a 
mobile wash plant at the site.  The Application states:  “All material washing activities will take 
place at the existing sand pit.”  Further noted is that “Raw mined materials is dumped into a feed 
grisly and conveyed to the wash plant.  Within the wash plant are three vibrating grates causing 
separation into three size groups after removing most of the 200 (opening/inch) minus fines.  
Through the use of sieves, jigs and shakers, four products are produced.  These products are then 
used to create the gradation mixes required by the Owner’s customers.” 
 
The Applicant has stated “to facilitate this washing process, wash water historically was collected in 
a ground water basin in the existing sand pit”.  Map B1 (Proposed Operation – South Pit) illustrates 
and identifies the proposed water extraction site, Mobile Wash Plant, and proposed wastewater 
sedimentation ponds.  Joe Richter, MNDNR Hydrologist who is responsible for reviewing/issuing 
Water Appropriation Permits if required has indicated that he will need to an estimate of the 
volume of ground water to be drawn (from the pond extending below the water table) and rate of 
withdrawal.  These factors may affect any concerns regarding area water resources including 
wetlands and a calcareous fen located approximately 2000 feet from the proposed mining site.  
Beau Kennedy, Water Planner/Wetland’s Coordinator with the Goodhue SWCD has also expressed 
the need for information regarding volume and rate of water usage in respect to potential impact on 
nearby Wetlands.  The need for this further clarification regarding water usage has been passed on 
to the Applicant.  It is expected that the Applicant will offer further information regarding water 
usage at the May 14, Planning Advisory Commission Meeting. 
 
See proposed conditions 5-7 to address the water resources concerns. 
 
Noise, Dust, Vibration: 
Impacts from the proposed Mahoney Non-Metallic Mineral Extraction Facility (rock and 
sand/gravel mining) may include noise, vibration and dust.  Noise may be expected by periodic 
blasting (north pit), crushing (north pit), washing (south pit) and the use of heavy equipment from 
mining and loading.  In addition, noise may be created by mining activity and transport of mining 
products.   
 
Mr. Mahoney has indicated that explosives will be used in the North Pit for blasting rock.  He has 
stated that no explosives will be stored on site and that the third party will be responsible for all 
applicable permits, notifications and seismic monitoring.  Any approval of the CUP should include 
a condition that no blasting may occur prior to submittal of a plan from a qualified party regarding 
the location of blasting, timing, notifications, and seismic analysis. 
 
 The Mining Operations would be subject to complying with applicable MPCA Noise Standards.  
The Applicant has not proposed specific dust control measures, however, some of the features 
included in the Operations Plan such as creating earthen berm around the perimeter of mining 
area that would be seeded to establish vegetative cover would help mitigate dust. 

 
Aesthetics:   
Aggregate mining is a high impact land use that results in significant long-term alteration to the 
landscape in addition visual impacts for the duration of the mining activity.  These may include 
seeing open pits, major equipment such as the mobile wash plant, mobile crusher, front-end 
loaders and gravel hauling trucking.   
 
The North Pit as proposed will be visible only from limited vantage points from the bluff to the east 
and north, generally it should not be highly visible from nearby dwelling sites.  The mobile crushing 
and screening equipment to be located in the North Pit would generally not be visible from most 
vantage points. 
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Vehicles using the site access road to reach the North Pit would be visible from some of the 
dwelling sites located east of Mahoney Mining Site and from the facilities on Mt. Frontenac (Golf 
Course and Ski Jump/Recreation Complex (if constructed). 
 
Activity in the South Pit will be partially visible from Hwy. 61 when traveling southbound and form 
some of the higher vantage points including Mt. Frontenac.  Some of the mining will be occurring 
below grade and will be partially screened with an Permanent Screening Berm as illustrated on 
Map B1 (Proposed Operations – South Pit).  The proposed mobile wash plant and truck/load 
weighing scale would be somewhat more visible depending on the vantage point. 
 
Truck traffic proposed at an average of 50 trucks/day would generally be visible on 296th and Hwy 
61. 
 
Traffic Safety:  Mr. Mahoney has indicated that he expects an average daily estimate of 50 trucks 
per day.  The access to the mining site is 296th Street, a Florence Township road.  The driveway 
access from the Mahoney Property onto 296th is located approximately 1500 feet east of the 
intersection of 296th and Minnesota Trunk Highway 61.  No direct access to Highway 61 is being 
requested the mining site does not front directly onto Highway 61.  Land Use Management Staff 
have forwarded relevant information regarding the Mahoney Mining Proposal to the MNDOT 
District 6 Planning Office for comment.  Further information will be provided to the Planning 
Advisory Commission on May 14, at the Meeting. 
 
Setbacks:  The Applicant has indicated that mining activity will be setback the required minimum 
of 50 feet or further from property boundaries based upon proposed Operations Plans and the 
Surveyed and Legally Described boundaries of proposed mining areas.  The proposed South Pit and 
the Access Road to the North Pit, fall within the 1000-foot setback required for new mineral 
extraction facilities from existing dwellings.  The nearest dwelling sites to the proposed mining site 
include five dwelling sites that range from approximately 630 to 2000 feet.  One dwelling (Parcel 
32-009-1204 owned by Byrce Dankers) falls within the required setback of 1000 feet 
(approximately 630 feet to the closest part of the mining operation) for new mining operations 
from existing dwellings.   New mining operations may be allowed within 300 feet of an existing 
dwelling if written consent of the property is first secured.  Mr. Mahoney has not as of yet indicated 
that he has secured written consent to conduct mining within closer than 1000 feet to Mr. Dankers 
dwelling. 
 
Bluff Impact Zone:  The Applicant has identified the boundaries of the Bluff Impact Zone (Toe to 
Top of Bluff) based on Bluff Impact Zone data provided by the Land Use Management Department 
GIS Staff that was confirmed with field checking with spot elevations to confirm the location of the 
toe and top of bluff (see Map B1 and B2).  Approximately 75% of the proposed mineral extraction 
facility lies outside of the bluff impact zone with roughly 25% of the 13.4 acres of proposed mining 
falling within the bluff impact zone.  The site access road to reach the North Pit from the base of the 
property is sited mainly within the bluff impact zone; this improvement is already in place. 
 
Actions for consideration: 
Staff recommendation is based on the review of the submission and project area prior to the public 
hearing. The following staff findings should be amended to reflect any concerns conveyed during 
the PAC meeting and public hearing: 

Draft Findings of Fact:  

• The proposed use does not appear to be injurious to the use and enjoyment of other property 
in the immediate vicinity, nor substantially diminish and impair property values within the 
immediate vicinity.  
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Mining is by nature a high impact land use.  Operations involve for a quarry and 
sand/gravel mine involve blasting, crushing, washing including the use of heavy equipment 
for earth moving and transport of mined/processed materials.  The proposed mining 
operation would involve re-opening a previously mining site of limited size and scope (13.4 
acres of mining) 

• That the establishment of the CUP/IUP will not impede the orderly development and 
improvement of surrounding property for uses predominant to the area. 

The nearest dwelling sites to the proposed mining site include five dwelling sites that range 
from approximately 630 to 2000 feet.  One dwelling (owned by Byrce Dankers) falls within 
the required setback of 1000 feet (approximately 630 feet to the closest part of the mining 
operation) for new mining operations from existing dwellings.   New mining operations 
may be allowed within 300 feet of an existing dwelling if written consent of the property is 
first secured.  Mr. Mahoney has not as of yet indicated that he has secured written consent 
to conduct mining within closer than 1000 feet to Mr. Dankers dwelling. 

• That adequate utilities, access roads, drainage and other necessary facilities have been or are 
being provided. 

The proposed Mahoney Mining Operation will utilize an existing site access road that 
provides access to 296th Street a Florence Township Road.  Mining related truck traffic will 
access Minnesota Highway 61 at the intersection with 296th Street, approximately 1530 feet 
from where the Mining site driveway intersects with 296th Street.  Information regarding 
the proposed mining operation has been forwarded to the MNDOT District 6 Planning 
Office for comment.  Any comments received will be provided to the Planning Commission 
at the May 14, 2018, Meeting.  

• That adequate measures have been or will be taken to provide sufficient off-street parking 
and loading space to serve the proposed use. 

Off-street parking and loading areas have been identified on the Operations Site Maps 
submitted by the Applicant. 

• That adequate measures have been or will be taken to prevent or control offensive odor, 
fumes, dust, noise, and vibration so that none of these will constitute a nuisance, and to 
control lighted signs and other lights in such a manner that no disturbance to neighboring 
properties will result. 

Impacts from rock and sand/gravel mining may include noise, vibration and dust.  Noise 
may be generated by blasting (north pit), crushing (north pit), washing (south pit) and the 
use of heavy equipment and trucks.  In addition, noise may be created by mining activity 
and transport of mining products.   

Mr. Mahoney has indicated that explosive will be used in the North Pit for blasting rock.  He 
has stated that no explosives will be stored on site and that the third party will be 
responsible for all applicable permits, notifications and seismic monitoring.  Any approval 
of the CUP should include a condition that no blasting may occur prior to submittal of a 
plan from a qualified party regarding the location of blasting, timing, notifications, and 
seismic analysis. 

The north pit is relatively isolated limited aesthetics impacts from Hwy 61 or nearby 
dwelling sites. In addition, the relative isolation and bowl shape of the north pit should help 
limit the noise, vibration or dust generated by control blasting.  Much of the activity in the 
south pit will occur below grade helping to mitigate dust and noise impacts. 

The Mining Operations would be subject to complying with applicable MPCA Noise 
Standards.  The Applicant has not proposed specific dust control measures, however, some 
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of the features included in the Operations Plan such as creating earthen berm around the 
perimeter of mining area that would be seeded to establish vegetative cover would help 
mitigate dust. 

 

Staff Recommendation: 
LUM Staff recommends the Planning Commission  
• adopt the staff report into the record (dated May 7, 2018);  
• adopt the findings of fact;  
• accept the application, testimony, exhibits, and other evidence presented into the record; and 

Recommend that the County Board of Commissioners APPROVE the request of Doug Mahoney 
for a Conditional Use Permit to operate a Non-Metallic Mineral Extraction Facility.  Subject to the 
following conditions: 

1. This CUP replaces and removes any prior authorization conduct mining of Non-
Metallic Minerals Resources on the subject property; 

2. Activities shall be conducted according to submitted plans, specifications, and 
narrative included with the Conditional Use Permit application submitted to 
Goodhue County Land Use Management Office, minor adjustments may be made to 
approved mining plans with approval from the Zoning Administrator; 

3. Hours of Operation shall be limited to 6:00 a.m. to 10:00 p.m., Monday through 
Saturday.  Any exceptions must comply with Article 14, Section 6, Subd. 4. 

4. No blasting may occur prior to submittal to the Land Use Management Department 
of a plan that specifies the location and timing of blasting; measures to be taken to 
mitigate noise, vibration and dust; method of notifying nearby property owners 
within ½ mile, Florence Township and the Zoning Administrator. 

5. Compliance with all necessary State and Federal registrations, permits, licensing, 
and regulations.  Evidence shall be provided to the County of all required permits, 
including but limited to MPCA NPDES Permit, and MNDNR Water Appropriate 
Permit (if required) prior to start of Mining Operations. 

6. No Mining Operations shall commence unless the Applicant/Owner has provide 
evidence that a Water Appropriation Permit has been obtained from the Minnesota 
Department of Natural Resources, or written confirmation that a Water Appropriation 
Permit is not required.   

7. The Applicant shall obtain a written confirmation from Wetland’s Coordinator, Beau 
Kennedy, indicating Wetland’s review requirements have been prior to start of Mining 
Operations. 

8. The owners will cooperate with inspections of the facility in coordination with Land 
Use staff. 

9. All final grades and restoration must be consistent with the approved and amended 
reclamation plans. 

10. Within twelve (12) months after completion of mineral extraction or after 
termination of the permit, all equipment, vehicles, machinery, materials, and debris 
shall be removed from the subject property. 

11. Site reclamation must be completed within twelve (12) months after completion of 
mineral extraction, after termination of the permit, or according to an approved plan 
schedule. Failure to annually register the mineral extraction facility will be 
considered termination of the mineral extraction facility and the twelve (12) month 
period begins. 

12. Security.  The applicant/owner (Doug Mahoney) of the property on which the 
mineral extraction is occurring, shall post a letter of credit, bond, or cash escrow in 
$70, 875.00.  If the required Security is provided in the form of a “Letter of Credit” 
or a “Performance Bond”, it shall be subject to review and approval by the County 
Attorney prior to start of Mining Operations.  Goodhue County shall be listed as the 
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eligible party to access the Security to reimburse the following costs upon failure of 
the Applicant/Owner to comply with requirements of this Conditional Use Permit: 

A. Costs of bringing the operation into compliance with the mineral extraction 
permit requirements including site monitoring and enforcement costs. 

B. Extraordinary costs of repairing roads due to the special burden resulting 
from the hauling of materials and traffic associated with the operation. 

C. Site restoration. 
D. Costs the county may incur in enforcing the terms of the conditional use 

permit, and land use permit, including attorney’s fees. 
E. A Bond or Letter of Credit shall be valid for a minimum of one (1) year; and 

shall include a provision for notification to the County at least thirty (30) 
days prior to cancellation or non-renewal. 

13. Mineral Extraction and related activities are limited to Parcel A and Parcel B as 
legally described on the Certificate of Description for:  Doug Mahoney (Drawing 
Number S-7492, certified by Marcus S. Johnson, Minnesota License NO. 47460, 
Date: April 26, 2018.   

 
Located at 32245 296th Street, Red Wing, MN 55066, Parcels 320091201, Part of the W 1450.00 
feet of the S ½ of the NW ¼ and that part of the W 1450.00 feet of the N ½ of the SW ¼ of Section 
9, Twp 112 N, Range 13 W, Florence Township. 
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This is to be a non-metallic mining operation. Sand and rock will be surfaced mined and then hauled

off-site.

Existing structures are not part of this mining operation. A small parking lot, scale with shack, approved

fuel storage, and a portable toilet will be added for the mining process, but removed during reclamation.

The hours of operation are estimated to be from 6 a.m. to 10 p.m Monday to Saturday.

The site has existing haul roads and access to Highway 61 from 296th street. The additional traffic from

the mining operation should not cause any additional traffic congestion.

Five employees are proposed at this time, however the demands of the mine may increase this number.

N/A. There is no building being erected for this mining operation.

An aggregate parking lot with five spaces will be built. If the number of permanent employees rises the

parking lot will be increased to meet the demand of additional employees. Parking shall meet county standards.

Sanitary sewage will be collected and disposed of in portable toilets. No potable water system is planned.

All utilities needed are already installed on the property.

A dumpster or other county approved collection method will be used for disposing solid waste.



Any emergency services needing access to this site can use Highway 61 and 296th street.

Stockpiles of aggregates will be kept in the pits and screened from public view by the pits themselves

and safety berms around the mining pits.

Chainlink fence, and signs shall be installed around the mining areas for safety and security.

There is no proposed exterior lighting planned. In the event mining operations take place during dark

hours mobile lighting may be used.

All surface-water drainage shall be managed per MPCA standards, permits, and BMP's .

There shall be no food or liquor prepared at this location.

The overburden of the site will be stripped, stockpiled, and then respread during the reclamation process.

Best Management Practices (BMP) will be used to mitigate any nuisance that results from this mining

operation.

Please see attached existing conditions, proposed operations, and reclamation plan.

No exterior signage is proposed at this time. If in the future a sign is proposed all county zoning standards

will be followed.

























1 
 

 

 

 

 

 

Nonmetallic Mining 
Reclamation Plan 

 

Location: Part of the NW ¼ & SW ¼ Sec 
9, T112N, R13W, Florence Township 

Goodhue County, Minnesota 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Owner & Proposer: Doug Mahoney 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by: 

Johnson & Scofield, Inc. 
1203 Main Street 

Red Wing, MN 55066 



2 
 

JOHNSON & SCOFIELD INC. 

  SURVEYING AND ENGINEERING   

1203 Main Street • Red Wing, MN 55066 • Telephone: Red Wing (651)388-1558 • Fax: (651)388-1559 

626 Jefferson Ave • Wabasha, MN 55981• Telephone: Wabasha (651)565-3244 • Fax: (651)565-4394 

1112 TH 55, Suite 201 • Hastings, MN 55033•Telephone: Hastings (651)438-0000• Fax: (651)438-9005 

4240 West 5th Street • Winona, MN 55987 • Telephone: Winona (507) 454-4134 • Fax: (507) 454-2544 

David A. Johnson Alan K. Scofield Marcus S. Johnson Mitchell A. Scofield Brian K. Wodele Steven P. Voigt Tony A. Blumentritt 

Minnesota and Minnesota Minnesota Licensed Minnesota and Minnesota Minnesota Licensed Minnesota and Minnesota Minnesota Licensed Minnesota and Minnesota 

Licensed Land Surveyor 
Wabasha County Surveyor 

Land Surveyor Licensed Land Surveyor Land Surveyor Licensed Land Surveyor Professional Engineer Licensed Land Surveyor 

 

 

May 22, 2017 
 

Mr. Doug Mahoney 
32245 296th Street 
Red Wing, Mn 55066 

 

Re: Reclamation Plan 
Goodhue County 
Parcel 320091201 
Near Frontenac Minnesota 

 

Dear Mr. Mahoney: 
 

As one of the requirements of a Conditional Use permit you received for an expansion of your 
existing mining operation, we are please to present this Reclamation Plan for your industrial 
zoned mining operation near Frontenac, Mn. This plan contains the plan narrative and maps of 
existing and proposed future topography for your entire mining site. 

 

It has been our pleasure to assist you in preparing this plan and we thank you for choosing 
Johnson & Scofield, Inc. to be your consultant for this service. If you have questions about this 
plan, or if there are additional services we can provide in support of this plan or other work you 
propose to do, please call our office (651) 388-1558 and talk with either Steve Voigt (Ext.103) 
or Marcus Johnson (Ext.107). 

 

Sincerely, 
 

JOHNSON & SCOFIELD INCORPORATED 
 

 

 

 

 

 

Steven P. Voigt 
Senior Engineer 
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June 17, 2017 DOUG MAHONEY MINING RECLAMATION PLAN 

 

 

SITE INFORMATION 
 

 

Description of Operation 
 
 

Responsible Person: The Owner is the responsible person with legal and operational 
responsibility for this proposed mining pit and its’ operation and long term maintenance. 

Owner contact information is: 
Mr. Doug Mahoney 
32245 296th Street 
Red Wing, Mn 55066 
Phone (651) 380-3071 

 

Location: The Owner proposes to reopen an existing mining area to extract nonmetallic 
mineral aggregates. The proposed pit location is in the West 1450.00 feet of the South 
Half of the Northwest Quarter and That part of the West 1450.00 feet of the North Half 
of the Southwest Quarter of Section 9, Township 112 North, Range 13 West, Goodhue 
County, Minnesota, which lies northerly of the centerline of the concrete paved 
Township Road (Old State Highway Number 61).  in the Florence Township, Goodhue 
County, Minnesota. Specifically, the area is in Goodhue County Parcel #’s 320091201. 
This parcel and other contiguous parcels are currently zoned “A2-AGRICULTURAL”. 
(See attached Appendix "O").  The total site area is 61.5 acres. The area to be mined is 
approximately 13.4 acres (See attached Appendix “A” for legal description and 

boundary survey of subject parcel). 
 

Estimated Time of Operation: This Mining operation could last as long as 20 years. 
The general hours of operation is estimated to be from 6 a.m. to 10 p.m., and will be 
opened from Monday to Saturday. 

 

List of Equipment: This Mining operation will use traditional equipment for the 
excavation, transport and processing of nonmetallic mineral aggregate. See Appendix 
“B” for the list of planned operation equipment. 

 

Explosives: This Mining operation will use explosives in the North Pit for blasting rock. 
This will be handled by a third party. No explosives will be stored on site. The third party 
will be responsible for all applicable permits, notifications, and seismic monitoring. 

 

List of Chemicals: There are no plans to use any chemicals for dust suppression or 
mining purposes on this site. 

 

Traffic and Weight Enforcement: There will be a scale onsite to weigh vehicles before 
they leave the mining site. The site will have access to U.S. Highway 61 from 296th 
street. 296th street is a concrete paved road, and Hwy 61 has no spring weight 
restrictions (See attached Appendix "N"). Mr. Mahoney owns the land between the 
entrance on 296th and Hwy 61, therefore the houses to the east of the subject property 
should not be affected by the additional traffic load created for hauling the mineral 
products. 
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Source and Disposition of Water: Water use is planned at this site. All material 
washing activities will take place at the existing sand pit. A brief description of the 
washing process here follows. Raw mined material is dumped into a feed grisly and 
conveyed to the wash plant. Within the wash plant are three vibrating grates causing 
separation into three size groups after removing most of the 200 (opening/inch) minus 
fines. Through the use of sieves, jigs and shakers, four products are produced. These 
products are then used to create the gradation mixes required by the Owners 
customers. 

 

To facilitate this washing process, wash water historically was collected in a ground 
water basin in the existing sand pit. 

 

 
Topographic Map: Maps showing the existing site conditions and the projected 
conditions after reclamation activities are complete can be found in Appendix  "F",“G”, & 

”H” of this plan identified as Existing Conditions, Proposed Operations, and Reclamation 
Topographic maps. 

 

Depth of Excavations: 
Existing – Excavations in the existing sand pit are on average 20-30 feet in depth. 
Excavations in the existing rock quarry are on average 70-80 feet in depth. Previous 
mining activity has occurred on this property from which topsoil was removed to create 
required berms along 296th street. These berms are permanent and will remain 
throughout the life of this mining project and beyond. 

 

Proposed – The Owner proposes to open and operate, over a period of several years 
(perhaps 20 years or longer), approximately 16.0 acres of this property. This will be 
accomplished in phases. Each phase will consist of strips of land running north and 
south (roughly parallel with the west property lines of the parcel). The topsoil will be 
stripped at the commencement of each phase and added to existing and proposed 
topsoil stockpiles currently located around the existing pits. 

 

 

 

In the sand pit mineral aggregates will be removed from this pit commencing at a point 
not closer than 50 feet from the property line to a depth of approximately 30 feet or a 
maximum of 8 feet below the ground water table elevation. The ground water level is 
well known due to the previous mining activities in the pit. When most of the existing 
mineral deposit located above the water table is removed, backhoe excavation will 
continue below the water table in the center of the pit or dredging equipment will be 
brought into the site to remove additional mineral material depending on slope stability 
and mineral availability. Contemporaneous reclamation will be done on this site due to 
the need to store topsoil and overburden. 

 

 

 

In the rock quarry, mineral aggregates will be removed from this pit commencing at a 
point not closer than 30 feet from the property line to a depth of approximately 75 feet. 
The ground water level is well below (100-200 feet) the intended excavation depths. 
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Topsoil Removal and Storage: A significant amount of the available topsoil has and 
will be removed from existing mining areas and placed into stockpiles and berms. These 
berms will be constructed in a 30 foot corridor area lying between the pit sites and the 
property lines along the highway. No grading will take place during this topsoil removal 
that would create slopes that could contribute to erosion and sediment runoff to 
surrounding surface waters. 

 

As explained above, the majority of topsoil will be removed in stages as access to 
mineral deposits is needed. The remaining topsoil will  be added to existing, and 
proposed topsoil stockpiles. As mining operations progress and as room becomes 
available in this new pit, topsoil may be stockpiled in areas of this pit where mining 
operations will have been completed and no additional mining is anticipated. 

 

All of the topsoil in the Rock Quarry areas on this site is classified as silt loam. The 
topsoil in the Sand Pit is approximately 80% silt loam with the remaining 20% being 
sandy loam located along the northern pit boundary . See Appendix “D” for a detailed 
soils report of this site. 

 

The Owner gives assurance that 12 to 18 inches of topsoil will be salvaged and/or 
substituted and stored for final site reclamation. The Post-mining land use will continue 
to be A2-agricultural and it is assumed that related man-made structures will be added 
to this site at some future time. If a pond is made and is of sufficient size and depth, it 
may support fish habitat and provide that additional recreational use. 

 

Biological Resources, Plants and Wildlife: The present use of this site is agricultural 
and forest/wooded land. This site contains no protected or special plant communities or 
wildlife species. This statement is made from the Owners personal knowledge of the 
site and from an Endangered Resources Review Request reports for both the existing 
Mahoney pit and this new proposed pit area. These reports were made in response to 
Endangered Resources Review Requests submitted to the Minnesota DNR (See 
Appendix “E"). There are no other known biological resources present on this site. 
There is no plan to eliminate some of the forested areas. Any future plans to eliminate 
forested areas should be minimal and will have a minimal impact on wildlife habitat. This 
reclamation plan does not propose to restore forest area to the pre-reclamation 
condition. 

 

Man-made Features: This site is surrounded by man-made features. Along the South 
property line parallel with 296th street, is the highway and utilities within the right-of- 
way. 

 

Near the east property line is an existing home site with buildings, fences, wooded area, 
a driveway and a well. 

 

Across the North property line is an existing wooded area with no man made features. 

Along the west property line is an agricultural field, and wooded area. 
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Historical and Archeological Sites : There are no known Historical, Cultural, and 
Archeological features within one mile of the proposed mining facility. The closest 
known historical features would be the Old Frontenac Historic District. 

 

Monitoring of the Mine: The Owner will be responsible for the over-all operation and 
management of the mine. This includes minimization of mining waste and management 
of mining waste disposal (primarily stripping waste material that will be used for final 
slope construction). 

 

It also includes disposal of wastes that are not mining wastes (temporary structures, 
equipment refuse, miscellaneous and temporary debris storage, etc.). Any non-mining 
waste will not be allowed to accumulate in significant quantities within the mine. These 
will be disposed of in accordance will local, state and federal laws through proper use of 
demolition landfills and recycling facilities. Equipment or materials that are unrelated to 
the mining operation (ie: junk-yard collection) will not be allowed to be stored on this 
mining site. 

 

Any waste materials stored on the mining site will be Non-Toxic. Safety of these areas 
will be address primarily by creating stable 3:1 or flatter slopes when the storage areas 
are made. All entrances to the mine will be posted to warn of “NO TRESPASSING” by 
non-employees to discourage any public access. Since the owner of this mine lives on 
site someone will usually be present to help enforce the restricted access and other 
mining safety rules. 

 

Groundwater quality is always a concern. The primary threat to water quality at this 
mining operation will be leakage or spillage of diesel fuel, hydraulic, motor and other 
oils, anti-freeze and other equipment operational fluids. To minimize this type of 
contamination, the Owner will centralize the servicing and fueling of all mobile 
equipment in the existing Mahoney pit and all fuel will be brought on-site by mobile 
transport trucks. For minor fueling needs, there is a 1000-gallon MSHA approved above 
ground Diesel fuel tank that is used on the existing Mahoney pit. 

 

Surface water runoff quality will not be a major issue or concern due to the fact that all 
surface runoff will be contained within the mining site area. Any erosion that occurs will 
be negated by the continuing mining operation. Any siltation or runoff deposition will be 
captured through the mining and material sorting process. Any erosion or sedimentation 
that does occur will take place below the existing ground surface elevation and will 
therefore have no possible way to flow into and contaminate existing surface waters in 
the surrounding area. 

 

POST- MINING LAND USE 
 

The existing zoning for this site is Agricultural and the post-mining land use will continue 
to be Agricultural unless the property is re-zoned at some future time. As stated above, 
it is assumed that future Agricultural development will occur on this property. This will 
likely result in the creation of man-made structures such as buildings, fences and 
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associated infrastructure. Examples of future potential uses
nurseries and sales, or agricultural operations, are 
 

RECLAMATION MEASURES
 
The sand pit site will be excavated to a
ground level. This excavation will be a continuation of 
current excavation. A possible exception to this would be deeper excavation near the 
center of this site which would probably become a permanent pond. All slopes around 
the boundary of this site will be constructed to 3:1 (3
a pond is constructed, a 4:1 slope will be constructed from 
point where it intersects the water table. From this point, a 
constructed below the water surface for 
followed by a 3:1 or steeper final slope to the pond bottom.
deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times.
 
3:1 final slopes will be constructed
areas of the mine will be covered with approximately 
topsoil to support re-vegetation
temporary cover crop of oats or rye will be planted to produ
site stabilization until the permanent seed mixture begins to grow. 
  

PROJECTED COST OF RECLAMATION
The costs for reclamation will consist of final site grading to produce 3:1 and other 
proposed slopes as shown on the Post
spreading of overburden and 
crop and required seed mixture as specified by 
Costs will also include maintenance until site stabilization. With lengthy 3:1 slopes 
prevalent at this site, washouts will likely occur from significant rain events necessitating 
some minor re-spreading and or replacement of topsoil followed by re
hasten site stabilization, erosion control blankets may be installed in some of the more 
challenging areas of the site. The 
more expensive remedy and performing repeated repairs in the more problematic a
of the pit. 
 
 
Estimate of Reclamation Costs (In 201

• Dozer and grading operations:
• Topsoil Placement:  
• Category 3 Erosion Co
• Seed    
• Mulch    
• Repairs and Maintenance

     TOTAL ESTIMATED RECLAMATION COST
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associated infrastructure. Examples of future potential uses such as tree farming, plant 
nurseries and sales, or agricultural operations, are just a few possibilities.

RECLAMATION MEASURES 

site will be excavated to a depth approximately 30 feet below the existing 
This excavation will be a continuation of and westerly progression of

A possible exception to this would be deeper excavation near the 
of this site which would probably become a permanent pond. All slopes around 

the boundary of this site will be constructed to 3:1 (3-feet Horizontal to 1-
4:1 slope will be constructed from the final ground surfac

point where it intersects the water table. From this point, a 10:1 bench will be 
below the water surface for a minimum of 10 feet horizontal distance 

final slope to the pond bottom. This final slope is not 
deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times.

be constructed along the entire proposed pit perimeters
areas of the mine will be covered with approximately 18 inches of salvaged or substitute 

vegetation, over a minimum of 2 feet of overburden material 
temporary cover crop of oats or rye will be planted to produce quick germination and 
site stabilization until the permanent seed mixture begins to grow. (See Appendix “

PROJECTED COST OF RECLAMATION 
The costs for reclamation will consist of final site grading to produce 3:1 and other 

slopes as shown on the Post-Reclamation Topographic map, the retrieval and 
overburden and topsoil on all exposed areas, and the planting of the nurse 

crop and required seed mixture as specified by Florence Township or Goodhue
ll also include maintenance until site stabilization. With lengthy 3:1 slopes 

prevalent at this site, washouts will likely occur from significant rain events necessitating 
spreading and or replacement of topsoil followed by re-planting. To 

erosion control blankets may be installed in some of the more 
challenging areas of the site. The Owner will strive to find a balance between using this 
more expensive remedy and performing repeated repairs in the more problematic a

Estimate of Reclamation Costs (In 2017 dollars): 
Dozer and grading operations:               40 Hours @ $150/hr     

               40 Hours @ $500/hr    $
ontrol Blanket            Lump Sum @       $

                Lump Sum @          
      Lump Sum @         

Repairs and Maintenance                Lump Sum @       $10,000
TOTAL ESTIMATED RECLAMATION COST       $

such as tree farming, plant 
just a few possibilities. 

feet below the existing 
progression of the 

A possible exception to this would be deeper excavation near the 
of this site which would probably become a permanent pond. All slopes around 

foot Vertical). If 
the final ground surface to a 
10:1 bench will be 

horizontal distance 
This final slope is not 

deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times. 

perimeters. Exposed 
inches of salvaged or substitute 

, over a minimum of 2 feet of overburden material . A 
ce quick germination and 

(See Appendix “K”). 

The costs for reclamation will consist of final site grading to produce 3:1 and other 
Reclamation Topographic map, the retrieval and 

topsoil on all exposed areas, and the planting of the nurse 
Goodhue County. 

ll also include maintenance until site stabilization. With lengthy 3:1 slopes 
prevalent at this site, washouts will likely occur from significant rain events necessitating 

planting. To 
erosion control blankets may be installed in some of the more 

wner will strive to find a balance between using this 
more expensive remedy and performing repeated repairs in the more problematic areas 

  $6,000 
$20,000 
$15,000  
 $2,500 
 $3,200 

$10,000 
$56,700 



 

CRITERIA OF RECLAMATION PLAN
 
The criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 
criteria: 
 

1.) No slopes shall remain on the 
are greater than 3:1 which is equivalent to a slope angle of approximately 18.5 
degrees. This can be easily 
use of a fabricated template with a level

 
2.)  Re-vegetation and stabilization success shall be identified 

control plots established either earlier in the same year or in previous years on 
areas that are relatively flat (less than 2% slope) and have standing vegetation of 
at least 6 inched in height. Re
vegetative cover density on the entire site is approximately 85% of the control 
plot density. 
 

3.) Successful establishment of tree growth shall be recognized when, after 6 month 
from planting, 95% of planted trees are still in good health, showing no signs of 
distress (such as wilting or discolorization),
 

 
 
 

CERTIFICATION OF RECLAMATI
 
Certification of this Reclamation Plan shall be accomplished in accordance with
Goodhue County article 14 Mineral Extraction.
 
The Owner (or his designee) shall submit to 
when reclamation work has been completed.
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CRITERIA OF RECLAMATION PLAN 

criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 

No slopes shall remain on the reclamation site (except for rock quarry walls)
an 3:1 which is equivalent to a slope angle of approximately 18.5 

easily field verified by use of transits or clinometers
fabricated template with a level attached to the horizontal arm

vegetation and stabilization success shall be identified by comparison to 
control plots established either earlier in the same year or in previous years on 

relatively flat (less than 2% slope) and have standing vegetation of 
at least 6 inched in height. Re-vegetation shall be considered successful when 
vegetative cover density on the entire site is approximately 85% of the control 

establishment of tree growth shall be recognized when, after 6 month 
% of planted trees are still in good health, showing no signs of 

(such as wilting or discolorization), and are properly supported.

CERTIFICATION OF RECLAMATION PLAN 

Certification of this Reclamation Plan shall be accomplished in accordance with
article 14 Mineral Extraction. 

The Owner (or his designee) shall submit to Goodhue County a request for inspection 
when reclamation work has been completed. 
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criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 

(except for rock quarry walls) that 
an 3:1 which is equivalent to a slope angle of approximately 18.5 

clinometers or by 
attached to the horizontal arm. 

by comparison to 
control plots established either earlier in the same year or in previous years on 

relatively flat (less than 2% slope) and have standing vegetation of 
vegetation shall be considered successful when 

vegetative cover density on the entire site is approximately 85% of the control 

establishment of tree growth shall be recognized when, after 6 month 
% of planted trees are still in good health, showing no signs of 

properly supported. 

Certification of this Reclamation Plan shall be accomplished in accordance with  

County a request for inspection 
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May 22, 2017 
 

Mr. Doug Mahoney 
32245 296th Street 
Red Wing, Mn 55066 

 

Re: Reclamation Plan 
Goodhue County 
Parcel 320091201 
Near Frontenac Minnesota 

 

Dear Mr. Mahoney: 
 

As one of the requirements of a Conditional Use permit you received for an expansion of your 
existing mining operation, we are please to present this Reclamation Plan for your industrial 
zoned mining operation near Frontenac, Mn. This plan contains the plan narrative and maps of 
existing and proposed future topography for your entire mining site. 

 

It has been our pleasure to assist you in preparing this plan and we thank you for choosing 
Johnson & Scofield, Inc. to be your consultant for this service. If you have questions about this 
plan, or if there are additional services we can provide in support of this plan or other work you 
propose to do, please call our office (651) 388-1558 and talk with either Steve Voigt (Ext.103) 
or Marcus Johnson (Ext.107). 

 

Sincerely, 
 

JOHNSON & SCOFIELD INCORPORATED 
 

 

 

 

 

 

Steven P. Voigt 
Senior Engineer 
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SITE INFORMATION 
 

 

Description of Operation 
 
 

Responsible Person: The Owner is the responsible person with legal and operational 
responsibility for this proposed mining pit and its’ operation and long term maintenance. 

Owner contact information is: 
Mr. Doug Mahoney 
32245 296th Street 
Red Wing, Mn 55066 
Phone (651) 380-3071 

 

Location: The Owner proposes to reopen an existing mining area to extract nonmetallic 
mineral aggregates. The proposed pit location is in the West 1450.00 feet of the South 
Half of the Northwest Quarter and That part of the West 1450.00 feet of the North Half 
of the Southwest Quarter of Section 9, Township 112 North, Range 13 West, Goodhue 
County, Minnesota, which lies northerly of the centerline of the concrete paved 
Township Road (Old State Highway Number 61).  in the Florence Township, Goodhue 
County, Minnesota. Specifically, the area is in Goodhue County Parcel #’s 320091201. 
This parcel and other contiguous parcels are currently zoned “A2-AGRICULTURAL”. 
(See attached Appendix "O").  The total site area is 61.5 acres. The area to be mined is 
approximately 13.4 acres (See attached Appendix “A” for legal description and 

boundary survey of subject parcel). 
 

Estimated Time of Operation: This Mining operation could last as long as 20 years. 
The general hours of operation is estimated to be from 6 a.m. to 10 p.m., and will be 
opened from Monday to Saturday. 

 

List of Equipment: This Mining operation will use traditional equipment for the 
excavation, transport and processing of nonmetallic mineral aggregate. See Appendix 
“B” for the list of planned operation equipment. 

 

Explosives: This Mining operation will use explosives in the North Pit for blasting rock. 
This will be handled by a third party. No explosives will be stored on site. The third party 
will be responsible for all applicable permits, notifications, and seismic monitoring. 

 

List of Chemicals: There are no plans to use any chemicals for dust suppression or 
mining purposes on this site. 

 

Traffic and Weight Enforcement: There will be a scale onsite to weigh vehicles before 
they leave the mining site. The site will have access to U.S. Highway 61 from 296th 
street. 296th street is a concrete paved road, and Hwy 61 has no spring weight 
restrictions (See attached Appendix "N"). Mr. Mahoney owns the land between the 
entrance on 296th and Hwy 61, therefore the houses to the east of the subject property 
should not be affected by the additional traffic load created for hauling the mineral 
products. 
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Source and Disposition of Water: Water use is planned at this site. All material 
washing activities will take place at the existing sand pit. A brief description of the 
washing process here follows. Raw mined material is dumped into a feed grisly and 
conveyed to the wash plant. Within the wash plant are three vibrating grates causing 
separation into three size groups after removing most of the 200 (opening/inch) minus 
fines. Through the use of sieves, jigs and shakers, four products are produced. These 
products are then used to create the gradation mixes required by the Owners 
customers. 

 

To facilitate this washing process, wash water historically was collected in a ground 
water basin in the existing sand pit. 

 

 
Topographic Map: Maps showing the existing site conditions and the projected 
conditions after reclamation activities are complete can be found in Appendix  "F",“G”, & 

”H” of this plan identified as Existing Conditions, Proposed Operations, and Reclamation 
Topographic maps. 

 

Depth of Excavations: 
Existing – Excavations in the existing sand pit are on average 20-30 feet in depth. 
Excavations in the existing rock quarry are on average 70-80 feet in depth. Previous 
mining activity has occurred on this property from which topsoil was removed to create 
required berms along 296th street. These berms are permanent and will remain 
throughout the life of this mining project and beyond. 

 

Proposed – The Owner proposes to open and operate, over a period of several years 
(perhaps 20 years or longer), approximately 16.0 acres of this property. This will be 
accomplished in phases. Each phase will consist of strips of land running north and 
south (roughly parallel with the west property lines of the parcel). The topsoil will be 
stripped at the commencement of each phase and added to existing and proposed 
topsoil stockpiles currently located around the existing pits. 

 

 

 

In the sand pit mineral aggregates will be removed from this pit commencing at a point 
not closer than 50 feet from the property line to a depth of approximately 30 feet or a 
maximum of 8 feet below the ground water table elevation. The ground water level is 
well known due to the previous mining activities in the pit. When most of the existing 
mineral deposit located above the water table is removed, backhoe excavation will 
continue below the water table in the center of the pit or dredging equipment will be 
brought into the site to remove additional mineral material depending on slope stability 
and mineral availability. Contemporaneous reclamation will be done on this site due to 
the need to store topsoil and overburden. 

 

 

 

In the rock quarry, mineral aggregates will be removed from this pit commencing at a 
point not closer than 30 feet from the property line to a depth of approximately 75 feet. 
The ground water level is well below (100-200 feet) the intended excavation depths. 
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Topsoil Removal and Storage: A significant amount of the available topsoil has and 
will be removed from existing mining areas and placed into stockpiles and berms. These 
berms will be constructed in a 30 foot corridor area lying between the pit sites and the 
property lines along the highway. No grading will take place during this topsoil removal 
that would create slopes that could contribute to erosion and sediment runoff to 
surrounding surface waters. 

 

As explained above, the majority of topsoil will be removed in stages as access to 
mineral deposits is needed. The remaining topsoil will  be added to existing, and 
proposed topsoil stockpiles. As mining operations progress and as room becomes 
available in this new pit, topsoil may be stockpiled in areas of this pit where mining 
operations will have been completed and no additional mining is anticipated. 

 

All of the topsoil in the Rock Quarry areas on this site is classified as silt loam. The 
topsoil in the Sand Pit is approximately 80% silt loam with the remaining 20% being 
sandy loam located along the northern pit boundary . See Appendix “D” for a detailed 
soils report of this site. 

 

The Owner gives assurance that 12 to 18 inches of topsoil will be salvaged and/or 
substituted and stored for final site reclamation. The Post-mining land use will continue 
to be A2-agricultural and it is assumed that related man-made structures will be added 
to this site at some future time. If a pond is made and is of sufficient size and depth, it 
may support fish habitat and provide that additional recreational use. 

 

Biological Resources, Plants and Wildlife: The present use of this site is agricultural 
and forest/wooded land. This site contains no protected or special plant communities or 
wildlife species. This statement is made from the Owners personal knowledge of the 
site and from an Endangered Resources Review Request reports for both the existing 
Mahoney pit and this new proposed pit area. These reports were made in response to 
Endangered Resources Review Requests submitted to the Minnesota DNR (See 
Appendix “E"). There are no other known biological resources present on this site. 
There is no plan to eliminate some of the forested areas. Any future plans to eliminate 
forested areas should be minimal and will have a minimal impact on wildlife habitat. This 
reclamation plan does not propose to restore forest area to the pre-reclamation 
condition. 

 

Man-made Features: This site is surrounded by man-made features. Along the South 
property line parallel with 296th street, is the highway and utilities within the right-of- 
way. 

 

Near the east property line is an existing home site with buildings, fences, wooded area, 
a driveway and a well. 

 

Across the North property line is an existing wooded area with no man made features. 

Along the west property line is an agricultural field, and wooded area. 
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Historical and Archeological Sites : There are no known Historical, Cultural, and 
Archeological features within one mile of the proposed mining facility. The closest 
known historical features would be the Old Frontenac Historic District. 

 

Monitoring of the Mine: The Owner will be responsible for the over-all operation and 
management of the mine. This includes minimization of mining waste and management 
of mining waste disposal (primarily stripping waste material that will be used for final 
slope construction). 

 

It also includes disposal of wastes that are not mining wastes (temporary structures, 
equipment refuse, miscellaneous and temporary debris storage, etc.). Any non-mining 
waste will not be allowed to accumulate in significant quantities within the mine. These 
will be disposed of in accordance will local, state and federal laws through proper use of 
demolition landfills and recycling facilities. Equipment or materials that are unrelated to 
the mining operation (ie: junk-yard collection) will not be allowed to be stored on this 
mining site. 

 

Any waste materials stored on the mining site will be Non-Toxic. Safety of these areas 
will be address primarily by creating stable 3:1 or flatter slopes when the storage areas 
are made. All entrances to the mine will be posted to warn of “NO TRESPASSING” by 
non-employees to discourage any public access. Since the owner of this mine lives on 
site someone will usually be present to help enforce the restricted access and other 
mining safety rules. 

 

Groundwater quality is always a concern. The primary threat to water quality at this 
mining operation will be leakage or spillage of diesel fuel, hydraulic, motor and other 
oils, anti-freeze and other equipment operational fluids. To minimize this type of 
contamination, the Owner will centralize the servicing and fueling of all mobile 
equipment in the existing Mahoney pit and all fuel will be brought on-site by mobile 
transport trucks. For minor fueling needs, there is a 1000-gallon MSHA approved above 
ground Diesel fuel tank that is used on the existing Mahoney pit. 

 

Surface water runoff quality will not be a major issue or concern due to the fact that all 
surface runoff will be contained within the mining site area. Any erosion that occurs will 
be negated by the continuing mining operation. Any siltation or runoff deposition will be 
captured through the mining and material sorting process. Any erosion or sedimentation 
that does occur will take place below the existing ground surface elevation and will 
therefore have no possible way to flow into and contaminate existing surface waters in 
the surrounding area. 

 

POST- MINING LAND USE 
 

The existing zoning for this site is Agricultural and the post-mining land use will continue 
to be Agricultural unless the property is re-zoned at some future time. As stated above, 
it is assumed that future Agricultural development will occur on this property. This will 
likely result in the creation of man-made structures such as buildings, fences and 
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associated infrastructure. Examples of future potential uses
nurseries and sales, or agricultural operations, are 
 

RECLAMATION MEASURES
 
The sand pit site will be excavated to a
ground level. This excavation will be a continuation of 
current excavation. A possible exception to this would be deeper excavation near the 
center of this site which would probably become a permanent pond. All slopes around 
the boundary of this site will be constructed to 3:1 (3
a pond is constructed, a 4:1 slope will be constructed from 
point where it intersects the water table. From this point, a 
constructed below the water surface for 
followed by a 3:1 or steeper final slope to the pond bottom.
deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times.
 
3:1 final slopes will be constructed
areas of the mine will be covered with approximately 
topsoil to support re-vegetation
temporary cover crop of oats or rye will be planted to produ
site stabilization until the permanent seed mixture begins to grow. 
  

PROJECTED COST OF RECLAMATION
The costs for reclamation will consist of final site grading to produce 3:1 and other 
proposed slopes as shown on the Post
spreading of overburden and 
crop and required seed mixture as specified by 
Costs will also include maintenance until site stabilization. With lengthy 3:1 slopes 
prevalent at this site, washouts will likely occur from significant rain events necessitating 
some minor re-spreading and or replacement of topsoil followed by re
hasten site stabilization, erosion control blankets may be installed in some of the more 
challenging areas of the site. The 
more expensive remedy and performing repeated repairs in the more problematic a
of the pit. 
 
 
Estimate of Reclamation Costs (In 201

• Dozer and grading operations:
• Topsoil Placement:  
• Category 3 Erosion Co
• Seed    
• Mulch    
• Repairs and Maintenance

     TOTAL ESTIMATED RECLAMATION COST
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associated infrastructure. Examples of future potential uses such as tree farming, plant 
nurseries and sales, or agricultural operations, are just a few possibilities.

RECLAMATION MEASURES 

site will be excavated to a depth approximately 30 feet below the existing 
This excavation will be a continuation of and westerly progression of

A possible exception to this would be deeper excavation near the 
of this site which would probably become a permanent pond. All slopes around 

the boundary of this site will be constructed to 3:1 (3-feet Horizontal to 1-
4:1 slope will be constructed from the final ground surfac

point where it intersects the water table. From this point, a 10:1 bench will be 
below the water surface for a minimum of 10 feet horizontal distance 

final slope to the pond bottom. This final slope is not 
deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times.

be constructed along the entire proposed pit perimeters
areas of the mine will be covered with approximately 18 inches of salvaged or substitute 

vegetation, over a minimum of 2 feet of overburden material 
temporary cover crop of oats or rye will be planted to produce quick germination and 
site stabilization until the permanent seed mixture begins to grow. (See Appendix “

PROJECTED COST OF RECLAMATION 
The costs for reclamation will consist of final site grading to produce 3:1 and other 

slopes as shown on the Post-Reclamation Topographic map, the retrieval and 
overburden and topsoil on all exposed areas, and the planting of the nurse 

crop and required seed mixture as specified by Florence Township or Goodhue
ll also include maintenance until site stabilization. With lengthy 3:1 slopes 

prevalent at this site, washouts will likely occur from significant rain events necessitating 
spreading and or replacement of topsoil followed by re-planting. To 

erosion control blankets may be installed in some of the more 
challenging areas of the site. The Owner will strive to find a balance between using this 
more expensive remedy and performing repeated repairs in the more problematic a

Estimate of Reclamation Costs (In 2017 dollars): 
Dozer and grading operations:               40 Hours @ $150/hr     

               40 Hours @ $500/hr    $
ontrol Blanket            Lump Sum @       $

                Lump Sum @          
      Lump Sum @         

Repairs and Maintenance                Lump Sum @       $10,000
TOTAL ESTIMATED RECLAMATION COST       $

such as tree farming, plant 
just a few possibilities. 

feet below the existing 
progression of the 

A possible exception to this would be deeper excavation near the 
of this site which would probably become a permanent pond. All slopes around 

foot Vertical). If 
the final ground surface to a 
10:1 bench will be 

horizontal distance 
This final slope is not 

deemed to be potentially hazardous as depth of the pond is not likely to be very great 
for economic reasons and because this slope would be submerged at all times. 

perimeters. Exposed 
inches of salvaged or substitute 

, over a minimum of 2 feet of overburden material . A 
ce quick germination and 

(See Appendix “K”). 

The costs for reclamation will consist of final site grading to produce 3:1 and other 
Reclamation Topographic map, the retrieval and 

topsoil on all exposed areas, and the planting of the nurse 
Goodhue County. 

ll also include maintenance until site stabilization. With lengthy 3:1 slopes 
prevalent at this site, washouts will likely occur from significant rain events necessitating 

planting. To 
erosion control blankets may be installed in some of the more 

wner will strive to find a balance between using this 
more expensive remedy and performing repeated repairs in the more problematic areas 

  $6,000 
$20,000 
$15,000  
 $2,500 
 $3,200 

$10,000 
$56,700 



 

CRITERIA OF RECLAMATION PLAN
 
The criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 
criteria: 
 

1.) No slopes shall remain on the 
are greater than 3:1 which is equivalent to a slope angle of approximately 18.5 
degrees. This can be easily 
use of a fabricated template with a level

 
2.)  Re-vegetation and stabilization success shall be identified 

control plots established either earlier in the same year or in previous years on 
areas that are relatively flat (less than 2% slope) and have standing vegetation of 
at least 6 inched in height. Re
vegetative cover density on the entire site is approximately 85% of the control 
plot density. 
 

3.) Successful establishment of tree growth shall be recognized when, after 6 month 
from planting, 95% of planted trees are still in good health, showing no signs of 
distress (such as wilting or discolorization),
 

 
 
 

CERTIFICATION OF RECLAMATI
 
Certification of this Reclamation Plan shall be accomplished in accordance with
Goodhue County article 14 Mineral Extraction.
 
The Owner (or his designee) shall submit to 
when reclamation work has been completed.
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CRITERIA OF RECLAMATION PLAN 

criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 

No slopes shall remain on the reclamation site (except for rock quarry walls)
an 3:1 which is equivalent to a slope angle of approximately 18.5 

easily field verified by use of transits or clinometers
fabricated template with a level attached to the horizontal arm

vegetation and stabilization success shall be identified by comparison to 
control plots established either earlier in the same year or in previous years on 

relatively flat (less than 2% slope) and have standing vegetation of 
at least 6 inched in height. Re-vegetation shall be considered successful when 
vegetative cover density on the entire site is approximately 85% of the control 

establishment of tree growth shall be recognized when, after 6 month 
% of planted trees are still in good health, showing no signs of 

(such as wilting or discolorization), and are properly supported.

CERTIFICATION OF RECLAMATION PLAN 

Certification of this Reclamation Plan shall be accomplished in accordance with
article 14 Mineral Extraction. 

The Owner (or his designee) shall submit to Goodhue County a request for inspection 
when reclamation work has been completed. 

RECLAMATION PLAN June 17, 2017 

 

criteria for assessing when reclamation is complete and, therefore, when the 
financial assurance can be released shall be based upon the following quantifiable 

(except for rock quarry walls) that 
an 3:1 which is equivalent to a slope angle of approximately 18.5 

clinometers or by 
attached to the horizontal arm. 

by comparison to 
control plots established either earlier in the same year or in previous years on 

relatively flat (less than 2% slope) and have standing vegetation of 
vegetation shall be considered successful when 

vegetative cover density on the entire site is approximately 85% of the control 

establishment of tree growth shall be recognized when, after 6 month 
% of planted trees are still in good health, showing no signs of 

properly supported. 

Certification of this Reclamation Plan shall be accomplished in accordance with  

County a request for inspection 
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Appendix A 
 
 

Certified Boundary Survey with Legal Description 
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Appendix B 
 
 

Planned Mining Operation Equipment List 
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Planned Mining Operation Equipment List 
 

 

 

1. 1-Power Crusher / Screener  
2. 1-Wash Plant 
3. 4-Loader 
4. 2-Excavators 
5. 1-Skidsteer loader 
6. 1-Pit Truck with welder and torch 
7. 80’ x 10’ Cardinal Scale & Scale Shack 
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Appendix C 
 
 

Site Specific Well Log Report Certificates 
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Site Detailed Soils Report 
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Preface
Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
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alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that
share common characteristics related to physiography, geology, climate, water
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil

5



scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soil
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:12,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Goodhue County, Minnesota
Survey Area Data: Version 12, Sep 19, 2016

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Jul 6, 2011—Jul 20,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

Goodhue County, Minnesota (MN049)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1010 Pits, quarry 2.9 1.2%

N507B Timula-Mt. Carroll complex, 2 to
6 percent slopes

3.2 1.4%

N507C2 Timula-Mt. Carroll complex, 6 to
12 percent slopes,
moderately eroded

21.1 9.0%

N507D2 Timula-Mt. Carroll complex, 12
to 18 percent slopes,
moderately eroded

5.5 2.4%

N507E Timula-Mt. Carroll complex, 18
to 25 percent slopes

4.5 1.9%

N518B Lindstrom silt loam, 2 to 6
percent slopes

8.9 3.8%

N518C2 Lindstrom silt loam, 6 to 12
percent slopes, moderately
eroded

10.7 4.6%

N518D2 Lindstrom silt loam, 12 to 18
percent slopes, moderately
eroded

4.3 1.8%

N577A Shandep-Cylinder complex, 0 to
2 percent slopes

9.8 4.2%

N586D2 Ridgeton, sandy substratum-
Eden Prairie complex, 12 to
20 percent slopes,
moderately eroded

9.6 4.1%

N590D2 Tama silt loam, valleys,
driftless, 12 to 18 percent
slopes, moderately eroded

3.9 1.7%

N598D2 Winneshiek-Waucoma complex,
12 to 18 percent slopes,
moderately eroded

8.9 3.8%

N621B Udifluvents, loamy, 2 to 12
percent slopes, frequently
flooded

2.2 1.0%

N636A Houghton muck, ponded, 0 to 1
percent slopes

36.9 15.7%

N638G Brodale, flaggy-Bellechester
complex, 30 to 70 percent
slopes

9.2 3.9%

N639G Frontenac-Lacrescent complex,
30 to 70 percent slopes

86.0 36.7%

N642E Frankville-Nasset complex,
Oneota formation, 18 to 35
percent slopes

6.9 2.9%

Totals for Area of Interest 234.6 100.0%
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Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
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shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Goodhue County, Minnesota

1010—Pits, quarry

Map Unit Setting
National map unit symbol: 1vg33
Elevation: 980 to 1,310 feet
Mean annual precipitation: 28 to 33 inches
Mean annual air temperature: 43 to 48 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Pits, quarry: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pits, Quarry

Setting
Landform: Valley sides, hills

N507B—Timula-Mt. Carroll complex, 2 to 6 percent slopes

Map Unit Setting
National map unit symbol: 1vg2j
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Timula and similar soils: 60 percent
Mt. carroll and similar soils: 40 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Timula

Setting
Landform: Loess hills
Landform position (two-dimensional): Summit, shoulder
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loess

Typical profile
Ap - 0 to 6 inches: silt loam
Bt - 6 to 15 inches: silt loam
Bw - 15 to 28 inches: silt loam
C - 28 to 80 inches: silt loam
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Properties and qualities
Slope: 2 to 6 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: High (about 11.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No

Description of Mt. Carroll

Setting
Landform: Loess hills
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess

Typical profile
Ap - 0 to 8 inches: silt loam
Bt - 8 to 24 inches: silt loam
Bw - 24 to 46 inches: silt loam
BC - 46 to 60 inches: silt loam
C - 60 to 80 inches: silt loam

Properties and qualities
Slope: 2 to 6 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: Very high (about 12.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No
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N507C2—Timula-Mt. Carroll complex, 6 to 12 percent slopes, moderately
eroded

Map Unit Setting
National map unit symbol: 1vg2k
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Timula, moderately eroded, and similar soils: 65 percent
Mt. carroll, moderately eroded, and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Timula, Moderately Eroded

Setting
Landform: Loess hills
Landform position (two-dimensional): Summit, shoulder
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
Ap - 0 to 6 inches: silt loam
Bt - 6 to 15 inches: silt loam
Bw - 15 to 28 inches: silt loam
C - 28 to 80 inches: silt loam

Properties and qualities
Slope: 6 to 12 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: High (about 11.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No
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Description of Mt. Carroll, Moderately Eroded

Setting
Landform: Loess hills
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess

Typical profile
Ap - 0 to 8 inches: silt loam
Bt - 8 to 24 inches: silt loam
Bw - 24 to 46 inches: silt loam
BC - 46 to 60 inches: silt loam
C - 60 to 80 inches: silt loam

Properties and qualities
Slope: 6 to 12 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: Very high (about 12.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No

N507D2—Timula-Mt. Carroll complex, 12 to 18 percent slopes,
moderately eroded

Map Unit Setting
National map unit symbol: 1vg2l
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Timula, moderately eroded, and similar soils: 70 percent
Mt. carroll, moderately eroded, and similar soils: 20 percent
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Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Timula, Moderately Eroded

Setting
Landform: Loess hills
Landform position (two-dimensional): Shoulder, summit
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
Ap - 0 to 6 inches: silt loam
Bt - 6 to 15 inches: silt loam
Bw - 15 to 28 inches: silt loam
C - 28 to 80 inches: silt loam

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: High (about 11.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Description of Mt. Carroll, Moderately Eroded

Setting
Landform: Loess hills
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess

Typical profile
Ap - 0 to 8 inches: silt loam
Bt - 8 to 24 inches: silt loam
Bw - 24 to 46 inches: silt loam
BC - 46 to 60 inches: silt loam
C - 60 to 80 inches: silt loam

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: Very high (about 12.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

N507E—Timula-Mt. Carroll complex, 18 to 25 percent slopes

Map Unit Setting
National map unit symbol: 1vg2m
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Timula and similar soils: 65 percent
Mt. carroll and similar soils: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Timula

Setting
Landform: Loess hills
Landform position (two-dimensional): Shoulder, summit
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
A - 0 to 6 inches: silt loam
Bt - 6 to 15 inches: silt loam
Bw - 15 to 28 inches: silt loam
C - 28 to 80 inches: silt loam

Properties and qualities
Slope: 18 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: High (about 11.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Other vegetative classification: Steep; Fine Texture (G105XS017MN)
Hydric soil rating: No

Description of Mt. Carroll

Setting
Landform: Loess hills
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess

Typical profile
A - 0 to 8 inches: silt loam
Bt - 8 to 24 inches: silt loam
Bw - 24 to 46 inches: silt loam
BC - 46 to 60 inches: silt loam
C - 60 to 80 inches: silt loam

Properties and qualities
Slope: 18 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 35 percent
Available water storage in profile: Very high (about 12.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Other vegetative classification: Steep; Fine Texture (G105XS017MN)
Hydric soil rating: No

Custom Soil Resource Report

20



N518B—Lindstrom silt loam, 2 to 6 percent slopes

Map Unit Setting
National map unit symbol: 1vg2t
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Lindstrom and similar soils: 75 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Lindstrom

Setting
Landform: Valley sides
Landform position (two-dimensional): Footslope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Silty alluvium over colluvium

Typical profile
Ap,A - 0 to 29 inches: silt loam
Bw - 29 to 60 inches: silt loam
C - 60 to 80 inches: loam

Properties and qualities
Slope: 2 to 6 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very high (about 13.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No
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N518C2—Lindstrom silt loam, 6 to 12 percent slopes, moderately eroded

Map Unit Setting
National map unit symbol: 1vg2v
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Lindstrom, moderately eroded, and similar soils: 75 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Lindstrom, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Footslope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Silty alluvium over colluvium

Typical profile
Ap,A - 0 to 29 inches: silt loam
Bw - 29 to 60 inches: silt loam
C - 60 to 80 inches: loam

Properties and qualities
Slope: 6 to 12 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very high (about 13.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No
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N518D2—Lindstrom silt loam, 12 to 18 percent slopes, moderately
eroded

Map Unit Setting
National map unit symbol: 1vg2x
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Lindstrom, moderately eroded, and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Lindstrom, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Footslope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Silty alluvium over colluvium

Typical profile
Ap,A - 0 to 29 inches: silt loam
Bw - 29 to 60 inches: silt loam
C - 60 to 80 inches: loam

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very high (about 13.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Custom Soil Resource Report

23



N577A—Shandep-Cylinder complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 1n8jh
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 180 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Shandep and similar soils: 50 percent
Cylinder and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Shandep

Setting
Landform: Swales on outwash plains, swales on stream terraces
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy sediments over sandy and gravelly outwash

Typical profile
Ap - 0 to 5 inches: loam
A - 5 to 29 inches: clay loam
Bg1 - 29 to 37 inches: clay loam
Bg2 - 37 to 45 inches: loam
2Cg - 45 to 60 inches: loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.20 to 2.00 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 20 percent
Available water storage in profile: High (about 9.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: B/D
Other vegetative classification: Level Swale, Neutral (G105XS001MN)
Hydric soil rating: Yes
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Description of Cylinder

Setting
Landform: Flats on outwash plains, flats on stream terraces
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy sediments over sandy and gravelly outwash

Typical profile
Ap,A1 - 0 to 14 inches: loam
A2 - 14 to 18 inches: loam
Bg1 - 18 to 24 inches: clay loam
Bg2 - 24 to 28 inches: loam
2BC,2C - 28 to 80 inches: gravelly loamy sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.20 to 2.00 in/hr)
Depth to water table: About 18 to 24 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 15 percent
Available water storage in profile: Moderate (about 7.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: B/D
Other vegetative classification: Level Swale, Neutral (G105XS001MN)
Hydric soil rating: No

N586D2—Ridgeton, sandy substratum-Eden Prairie complex, 12 to 20
percent slopes, moderately eroded

Map Unit Setting
National map unit symbol: 1qfjn
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Ridgeton, sandy substratum, moderately eroded, and similar soils: 65 percent
Eden prairie, moderately eroded, and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Custom Soil Resource Report

25



Description of Ridgeton, Sandy Substratum, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Footslope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy colluvium over eolian sands or sandy outwash

Typical profile
Ap,A - 0 to 34 inches: loam
Bt - 34 to 62 inches: loam
2BC - 62 to 68 inches: loamy sand
2C - 68 to 80 inches: sand

Properties and qualities
Slope: 12 to 20 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent
Available water storage in profile: High (about 11.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Description of Eden Prairie, Moderately Eroded

Setting
Landform: Terraces
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Coarse-loamy sediments over sandy outwash

Typical profile
Ap - 0 to 10 inches: sandy loam
Bt - 10 to 16 inches: sandy loam
2Bt - 16 to 26 inches: loamy sand
2C1 - 26 to 50 inches: sand
2C2 - 50 to 80 inches: sand

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Low
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Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00
in/hr)

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent
Available water storage in profile: Low (about 4.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Unnamed (G105XS022MN)
Hydric soil rating: No

N590D2—Tama silt loam, valleys, driftless, 12 to 18 percent slopes,
moderately eroded

Map Unit Setting
National map unit symbol: 2tc5v
Elevation: 560 to 1,740 feet
Mean annual precipitation: 31 to 39 inches
Mean annual air temperature: 41 to 50 degrees F
Frost-free period: 120 to 190 days
Farmland classification: Not prime farmland

Map Unit Composition
Tama, valleys, moderately eroded, and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tama, Valleys, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loess

Typical profile
Ap - 0 to 6 inches: silt loam
BA - 6 to 9 inches: silty clay loam
Bt - 9 to 35 inches: silty clay loam
BC, C - 35 to 79 inches: silt loam

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.14 to 1.42 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Available water storage in profile: High (about 11.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Minor Components

Timula
Percent of map unit: 5 percent
Landform: Valley sides
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Linear
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Lindstrom
Percent of map unit: 5 percent
Landform: Valley sides
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Linear
Other vegetative classification: Sloping Upland, Neutral (G105XS002MN)
Hydric soil rating: No

Nasset
Percent of map unit: 5 percent
Landform: Valley sides
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Linear
Other vegetative classification: Sloping; Fine Texture (G105XS023MN)
Hydric soil rating: No

Custom Soil Resource Report

28



N598D2—Winneshiek-Waucoma complex, 12 to 18 percent slopes,
moderately eroded

Map Unit Setting
National map unit symbol: 1t20s
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Winneshiek, moderately eroded, and similar soils: 45 percent
Waucoma, moderately eroded, and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Winneshiek, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Shoulder, backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy sediments over residuum over limestone bedrock

Typical profile
Ap - 0 to 7 inches: loam
E,BE - 7 to 16 inches: loam
Bt - 16 to 21 inches: clay loam
2Bt - 21 to 24 inches: clay
3R - 24 to 60 inches: weathered bedrock

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 4.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Other vegetative classification: Sandy (G104XS022MN)
Hydric soil rating: No
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Description of Waucoma, Moderately Eroded

Setting
Landform: Valley sides
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy sediments over residuum over limestone bedrock

Typical profile
Ap - 0 to 6 inches: loam
E,BE - 6 to 17 inches: loam
Bt - 17 to 45 inches: loam
2Bt - 45 to 55 inches: clay
3R - 55 to 60 inches: weathered bedrock

Properties and qualities
Slope: 12 to 18 percent
Depth to restrictive feature: 40 to 80 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: High (about 9.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Other vegetative classification: Sloping; Fine Texture (G104XS023MN)
Hydric soil rating: No

N621B—Udifluvents, loamy, 2 to 12 percent slopes, frequently flooded

Map Unit Setting
National map unit symbol: 20j5h
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Udifluvents, loamy, frequently flooded, and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Udifluvents, Loamy, Frequently Flooded

Setting
Landform: Drainageways
Landform position (two-dimensional): Toeslope
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
A - 0 to 9 inches: silt loam
C - 9 to 26 inches: stratified silt loam
Ab - 26 to 39 inches: silt loam
Bw - 39 to 52 inches: silt loam
2C - 52 to 60 inches: very gravelly loam

Properties and qualities
Slope: 2 to 12 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Available water storage in profile: Very high (about 12.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: B
Other vegetative classification: Wet Frequently Flooded (G105XS015MN)
Hydric soil rating: No

N636A—Houghton muck, ponded, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 1vg45
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 135 to 155 days
Farmland classification: Not prime farmland

Map Unit Composition
Houghton, ponded, and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Houghton, Ponded

Setting
Landform: Depressions on stream terraces
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Organic material

Typical profile
Oa - 0 to 80 inches: muck

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 6.00 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Available water storage in profile: Very high (about 23.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8w
Hydrologic Soil Group: A/D
Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: Yes

N638G—Brodale, flaggy-Bellechester complex, 30 to 70 percent slopes

Map Unit Setting
National map unit symbol: 1vhlx
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Brodale, flaggy, and similar soils: 45 percent
Bellechester and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Brodale, Flaggy

Setting
Landform: Valley sides
Landform position (two-dimensional): Shoulder
Down-slope shape: Convex
Across-slope shape: Convex
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Parent material: Loamy colluvium

Typical profile
A - 0 to 12 inches: channery loam
C - 12 to 60 inches: very flaggy loam

Properties and qualities
Slope: 30 to 70 percent
Percent of area covered with surface fragments: 15.0 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Excessively drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 60 percent
Available water storage in profile: Low (about 6.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: B
Ecological site: Dolomite Colluvium Bluff Prairie (R105XY001WI)
Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: No

Description of Bellechester

Setting
Landform: Valley sides
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy colluvium and/or residuum

Typical profile
A - 0 to 16 inches: loamy sand
Bw,BC - 16 to 42 inches: sand
Cr - 42 to 60 inches: weathered bedrock

Properties and qualities
Slope: 30 to 70 percent
Depth to restrictive feature: 40 to 60 inches to paralithic bedrock
Natural drainage class: Excessively drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high

(0.14 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent
Available water storage in profile: Low (about 3.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
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Hydrologic Soil Group: A
Ecological site: Sandstone Colluvium Bluff Prairie (R105XY002WI)
Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: No

N639G—Frontenac-Lacrescent complex, 30 to 70 percent slopes

Map Unit Setting
National map unit symbol: 1vhlw
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Frontenac and similar soils: 55 percent
Lacrescent and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Frontenac

Setting
Landform: Valley sides
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy sediments over loamy-skeletal colluvium

Typical profile
A,AB - 0 to 12 inches: silt loam
Bw - 12 to 30 inches: silt loam
2C - 30 to 80 inches: very channery loam

Properties and qualities
Slope: 30 to 70 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Available water storage in profile: High (about 9.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
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Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: No

Description of Lacrescent

Setting
Landform: Valley sides
Landform position (two-dimensional): Shoulder
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Silty and loamy sediments over loamy-skeletal colluvium

Typical profile
A - 0 to 10 inches: silt loam
AB - 10 to 17 inches: channery silt loam
2Bw - 17 to 28 inches: very channery silt loam
2C - 28 to 60 inches: very channery silt loam

Properties and qualities
Slope: 30 to 70 percent
Percent of area covered with surface fragments: 0.0 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Available water storage in profile: High (about 9.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: No

N642E—Frankville-Nasset complex, Oneota formation, 18 to 35 percent
slopes

Map Unit Setting
National map unit symbol: 1vhlg
Elevation: 590 to 1,310 feet
Mean annual precipitation: 30 to 35 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 160 days
Farmland classification: Not prime farmland
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Map Unit Composition
Frankville, oneota formation, and similar soils: 40 percent
Nasset, oneota formation, and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Frankville, Oneota Formation

Setting
Landform: Valley sides
Landform position (two-dimensional): Backslope, shoulder
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over clayey residuum over limestone bedrock

Typical profile
A - 0 to 6 inches: silt loam
BE - 6 to 14 inches: silt loam
Bt - 14 to 23 inches: silt loam
2Bt - 23 to 28 inches: clay
3R - 28 to 80 inches: weathered bedrock

Properties and qualities
Slope: 18 to 35 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 5.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Other vegetative classification: Not Suited (G105XS024MN)
Hydric soil rating: No

Description of Nasset, Oneota Formation

Setting
Landform: Valley sides
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over clayey residuum over limestone bedrock

Typical profile
A - 0 to 6 inches: silt loam
BE - 6 to 12 inches: silt loam
Bt - 12 to 37 inches: silt loam
2Bt - 37 to 44 inches: clay
3R - 44 to 60 inches: weathered bedrock
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Properties and qualities
Slope: 18 to 35 percent
Depth to restrictive feature: 40 to 60 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Other vegetative classification: Steep; Fine Texture (G105XS017MN)
Hydric soil rating: No
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COUNTY ATLAS SERIES
ATLAS C-12, PART A

Plate 4—Quaternary Stratigraphy

GEOLOGIC  ATLAS  OF  GOODHUE  COUNTY,  MINNESOTA

GOODHUE COUNTY

QUATERNARY STRATIGRAPHY

By

Howard C. Hobbs

1998

MINNESOTA GEOLOGICAL SURVEY
D.L. Southwick, Director

���������������������������
���������������������������
���������������������������

�����

500

600

700

800

900

1000

1100

500

600

700

800

900

1000

1100
Qpkt

Qmal

Qmal

Qpvf

Qmc

Qmo
Qgct

Qhal

loess

loess

Qmc

Qpvf

Qmc

Qmc Qmc

of the Mississippi River
Older, diversionary channels

Qmal

the Miss. River
Present valley of

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

NORTH
A'

SOUTH

A

��������
��������

���
���

500

600

700

800

900

1000

1100

500

600

700

800

900

1000

1100

QhalQdo

Qmal

Qhal

loess

Qmc

loess

Qmc

Qmc
Qmal

Qmc

Cannon River valley

S e c t i o n  f o l l o w s  a x i s  o f  t h e  S p r i n g  C r e e k  v a l l e y

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

NORTH
B'

SOUTH

B

������������������
������������������
������������������

���
���

500

600

700

800

900

1000

1100

500

600

700

800

900

1000

1100

Qmo

Qhal
Qgct

Qwal

loess

loess
U.S. 61

Qmal

Qmc
Qmc

Qmc

M i s s i s s i p p i  R i v e r  v a l l e y

Prairie Island

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

NORTH
C'

SOUTH

C

Vermillion
River

����������������������������������������
����������������������������������������
����������������������������������������
����������������������������������������

�������
�������������

������

950

1000

1050

1100

950

1000

1050

1100

Qpkt

loess

eolian sand
loess

Qmc

Vertical exaggeration x 60

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

EAST
D'

WEST

D

�����

700

800

900

1000

1100

1200

700

800

900

1000

1100

1200

QmalQmal

QmalQdo Qdo

Qpkt

Qmal
Qmc

Qmc

Qpkt

Qmc

Qmc

Qmal

Qmc Qhal Prairie Creek

Qhal

Little
Cannon River

eolian sand

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

WEST

E
EAST

E'

����������������������
����������������������

�����������
�����������
�����������
�����������

900

1000

1100

1200

1300

900

1000

1100

1200

1300

loess

Qmc

Qpkt

Qhal

Qpkt

Qmc
Qpkt

Qmal

loess

B e l l e  C r e e k  v a l l e y

old course current course

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

WEST

F

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

EAST

F'

���������������������������������
���������������������������������
���������������������������������

���������������������������
���������������������������
���������������������������

�����

������
������
������

1000

1100

1200

1300

1000

1100

1200

1300

Qpsg

loess

Qhal

upper Qpkt

basal Qpkt

upper Qpkt

basal Qpkt basal Qpkt

Qpkt
lower-middleQpkt

upper-middle

upper Qpkt

GR-1

loess

meander scarRiver
Little Cannon

lower-middle Qpkt

upper-middle Qpkt

Qpkt

upper-
middle

loess
loess

Qmc

upper-middle Qpkt

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

WEST

G

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

EAST

G'

����������������������������������
����������������������������������
����������������������������������

�����
�����
�����

900

1000

1100

1200

1300

900

1000

1100

1200

1300

upper-middle Qpkt

Qpkt
QdoQhal

loess
Qpsg

upper-middle

basal Qpkt

upper Qpkt

Qmal

upper-middle Qpkt

Qpsg

Qpkt

loessZumbro River
North Fork

Qpkt

upper

Qpkt

basal

Vertical exaggeration x 30

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

SOUTH
H

Fe
et

 a
bo

ve
 s

ea
 le

ve
l

NORTH
H'

undivided

���
���

500

600

700

800

900

1000

1100

1200

500

600

700

800

900

1000

1100

1200

Qmc

loess

Qpo

Qmo

Qmo

Qgct

Qhal

Wells Creek

Qhal

sand

sand and gravel

sand and gravel
clay

Lake Pepin
fine to very fine sand and silt

clay

Vertical exaggeration x 30

F
ee

t a
bo

ve
 s

ea
 le

ve
l

WEST

I

F
ee

t a
bo

ve
 s

ea
 le

ve
l

EAST

I'

INTRODUCTION
This plate is a companion to the surficial geologic map (Plate 3) as it shows Quaternary

deposits at depth.  The units are described and correlated on Plate 3.  The cross sections are
enlarged about four times the horizontal scale relative to the map, and thirty times the vertical
scale (sixty times for D–D') to show details and thin layers.  The cross sections should be
regarded as diagrams illustrating significant points, rather than precise geometric relationships.
The reader should be able to use this information, along with the thickness of Quaternary sediments
(also on Plate 3) to predict, at least in a general way, Quaternary stratigraphy in areas where cross
sections were not constructed.

Some aspects of the sections are more precise than others.  The land surface (upper line) is
based on topographic contours (at the 1:24,000-scale) that cross the line of section.  It is the most
accurate and detailed line on the sections.  However, this surface is misleading in places where
the line of section crosses a hillslope obliquely.  Here the slope looks more gentle than it would
be if the line were drawn straight down the slope.  However, the great vertical exaggeration
makes all of the hillslopes look steeper than they really are.

The accuracy of the bedrock surface (lowest line) is variable.  Where surficial cover is thin,
the bedrock surface is approximated by the land surface, and is just as accurate.  Elsewhere, the
elevation of the bedrock surface is extrapolated from widely separated sources of information like
water-well logs, many of which are not on the line of section.  For such areas, the line of the
bedrock surface represents what the geologist thinks it should be, but the potential margin of error
is large.

The uppermost sediment at any given place generally corresponds (given the difference in
scale) to the surficial mapping unit on Plate 3.  The distribution of buried sediment layers are
inferred from scattered subsurface data.  The lines chosen for cross sections have a greater than
average density of subsurface data, but much extrapolation is still required.

THICKNESS OF QUATERNARY SEDIMENTS AND
QUATERNARY STRATIGRAPHY

Most of the thickness of drift (or Quaternary sediments) in Goodhue County is till, except in
the valley of the Mississippi River and its tributaries.  In general, the till is thickest in the western
part of the county (Plate 3).  Some of the four tills sheets of the Pierce Formation (unit Qpkt)
identified in the western part of the county may not have extended farther east; for example, the
lower-middle till of the Pierce was not identified near Wanamingo (section H–H').  An area of
thick drift is present north of Zumbrota, in the lee of a major north-south bedrock escarpment.
The bedrock surface drops 200 feet from the Galena Group to the Prairie du Chien Group in two
to three miles (Plate 2).  This area would have been relatively protected from glacial erosion, and
may have accumulated thick till, especially in the earlier glaciations.

DISTINGUISHING TILL UNITS
Till of the Pierce Formation (unit Qpkt) has been subdivided into four separate till sheets in

parts of the cross sections.  Although descriptive logs from water wells and soil borings can be
used to classify a material as till, they do not permit the till to be subdivided.  Individual tills can
be recognized only in areas where good samples were obtained from excavations and soil borings.
All the tills of the Pierce Formation are of Winnipeg provenance (Plate 3) but can be separated by
subtle differences in texture and rock type.  Four tills were recognized in Rotasonic boring MGS-
GR-1 (Fig. 2); they are here named informally by their position in the sequence.

The basal till contains a high proportion of Paleozoic rock fragments.  Roughly half are
angular, and appear to be local.  This is expected, inasmuch as the bedrock in this region is
Paleozoic, and basal tills are typically enriched in the local bedrock.  The texture of the basal till
is variable.  At the Rotasonic boring MGS-GR-1, where it overlies the Decorah Shale, it is rather
clayey.  In a quarry site at the east end of section G–G', it incorporates an older, oxidized loess at
its base and is silty.

The lower-middle till is low in clay.  The proportion of Paleozoic carbonate rock is higher
than in the upper-middle and upper tills, but less than in the basal till.  Red grains of Superior
provenance are sparse to very sparse.  Cretaceous grains are more common than in the basal or
upper tills, but less than in the upper-middle till.

The upper-middle till is fairly clayey; it is the richest of all these tills in Cretaceous grains,
especially in calcareous shale.  It also appears to contain more expandable clay than the other
tills, because it develops wetting and drying cracks on exposed surfaces.  It has the lowest
number of Superior-provenance grains of all the Pierce Formation till sheets.

The upper till contains the lowest proportion of Paleozoic grains of the four tills, and the
highest proportion of Superior-provenance grains.

Gray till of the Illinois Episode has been recognized in a few places in and near Goodhue
County, but not along the lines of sections on this plate.  Its texture is similar to the older tills of
the Pierce Formation.  In general, this till is richer in Paleozoic and Cretaceous carbonate grains
than most of the older Pierce Formation samples.  It is also richer in dark though not red grains.

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is based; however,
the Minnesota Geological Survey does not warrant or guarantee that there are no errors.  Users may wish to verify critical information;
sources include both the references listed here and information on file at the offices of the Minnesota Geological Survey in St. Paul.
In addition, effort has been made to ensure that the interpretation conforms to sound geologic and cartographic principles.  No claim
is made that the interpretation shown is rigorously correct, however, and it should not be used to guide engineering-scale decisions
without site-specific verification.

Section I-I’  shows Mississippi River–valley sediments in a wide part of the valley.  In

most places along the Mississippi valley south of the Twin Cities, the bulk of the valley fill is

coarse sand and gravel, washed out of glaciers farther north.  The Mississippi was a braided

stream, whose floodplain occupied the whole valley from bluff to bluff.  Within the floodplain

was a multiplicity of shifting channels, separated by gravel bars.

The western part of this cross section is somewhat protected by the bedrock bluffs to the

north, and by a buried bedrock high shown on the section.  These barriers kept this area out of

the main force of the current during most of the time the valley filled with glacial outwash.  As

a result, much of the sediment is finer than is typical for Mississippi valley train (unit Qmo).

East of the buried bedrock high, the valley train is mostly sand and gravel.  One bed of

basal clay may have been deposited behind a low bedrock rise that temporarily protected the

area from the mainstream.  No older sediments are shown on this side, due to lack of

information.  In other places along the river, outwash of the last glaciation extends to bedrock,

far below the current river level.

Meltwater sediments in the semi-isolated basin west of the central bedrock high form a

coarsening-upward sequence of clay and clayey silt; fine to very fine sand and silt; and fine to

coarse sand.  The sequence is overlain in part by a tongue of sand and gravel that apparently

spilled over the bedrock barrier from the main channel.  Wood fragments were sieved from

cuttings at the base of the valley train west of the bedrock barrier, or from the soil on top of

the underlying sediments.  A radiocarbon date of 26980 ± 280 years before present indicates

that the filling of the Mississippi valley was underway by this time.

The underlying sediments are oxidized and leached;  some samples show soil

development.  They may not represent a single deposit, but they are significantly older than

the Michigan Subepisode valley fill.  Pebbles of local bedrock are common, but erratic pebbles

are also present, indicating that this is not just a bedrock colluvium.  Most likely, these

sediments are a remnant of older valley fills, elsewhere mostly eroded away but here

preserved in a protected location.

Postglacial alluvium (unit Qhal) under the Mississippi River and Wells Creek is thick, due

to the effect of post–River Warren filling.  Wells Creek enters the Mississippi valley from the

west, flows south of the line of cross section, then loops north through the section.  Its

alluvium has blocked the lower part of the Frontenac channel, dammed up a shallow lake, and

built a small delta into Lake Pepin.

The two valleys in the center of section A–A'  apparently formed as

diversion channels of the Mississippi River when the main channel was blocked

by glaciation.  The depth of these valleys is unknown.  Presumably, the

sediment of the streams that originally cut the valleys composes the lower part

of the valley-fill sediment (unit Qpvf).

Only Michigan alluvium (unit Qmal) and the top of the valley-fill sediment

(unit Qpvf) were penetrated by shallow drilling in the larger valley  The alluvium

(Qmal) is mostly silt and sand derived from upland loess and old till and bedrock

on the valley sides.

The top of the valley fill (Qpvf) is mostly fine to very fine sand and

probably slopewash, but strong oxidation indicates pre-Wisconsin age.  A layer

of sand and gravel (too thin to show) between Michigan alluvium (Qmal) and

valley-fill sediment (Qpvf) is apparently spillover outwash from the Mississippi

valley at its highest level.

The Michigan alluvium (Qmal) that interfingers with Mississippi outwash

(unit Qmo) was deposited in a tributary valley that joins the Mississippi valley

from the south.  The top of this outwash represents the highest level of outwash

accumulation in the valley.  Grey Cloud terrace was cut into the Mississippi

outwash unit by River Warren; its sediment (unit Qgct) is largely composed of

reworked outwash.

Modern alluvium (unit Qhal) in the Mississippi valley is very thick.  The

valley is slowly refilling with sediment, after having been overdeepened by

drainage from Lake Agassiz.

Section B–B'  follows the lower part of the Spring Creek valley northward to its junction with the Cannon

River.  The valley is filled mostly with sandy alluvium of the Michigan Subepisode (unit Qmal) that accumulated

during the last glaciation, while the Cannon and Mississippi valleys filled with glacial outwash (units Qdo and

Qmo, respectively).

Some of the outwash (Qdo) coming down the Cannon River filled the lower part of the Spring Creek valley,

roughly concurrent with the deposition of Qmal in the rest of the Spring Creek valley.  The contact between Qmal

and Qdo was not observed and is here represented by an arbitrary vertical line.  The flow of the creek was

impeded as the valley filled, and it spilled over into a diversion channel to find a new course to the Mississippi.

Lacking a stream connection to the Cannon River, the Spring Creek valley escaped the River Warren

downcutting and subsequent backfilling.

The Michigan alluvium (unit Qmal) at the base of the small valley near the

south end of section C–C'  consists mostly of silt, fine sand, and silty clay.

It was deposited in thin flat beds under quiet water as the Cannon River filled

with outwash.  This slackwater silt is underlain by oxidized, leached sand (unit

Qwal), interpreted as pre-Michigan alluvium.  Pebbles in the sand are mostly

chert, with a few erratics derived from old tills.

The uplands are composed of bedrock that is mantled with loess.  The

bedrock surface was once covered by till, and thin patches of till may remain,

but none were observed near the line of section.  However, erratic cobbles and

pebbles of Superior provenance are present on top of the bedrock in places,

under the loess.  The Mississippi River valley is deep and is filled chiefly with

outwash (unit Qmo) from the last glaciation; the upper part of the outwash was

removed and reworked by River Warren.  Prairie Island is a gravel bar that

formed in this giant stream.

Section D–D'  was drawn with twice the vertical exaggeration (60 times

rather than 30 times) to show the thin windblown deposits.  In the western part

of the section, till of the Pierce Formation (unit Qpkt) is at or near the surface,

mantled by loess too thin to show.  Here the surface is dominated by wind

erosion.  A lag of pebbles and larger rocks overlies the till; many of the rocks

have been sandblasted by strong winds.

The eastern part of the section is blanketed by roughly 20 feet of loess.

Windblown (eolian) sand forms a narrow transition between zones dominated by

wind erosion and deposition.  The loess within a mile or two of its western

boundary (adjacent to the transitional eolian-sand zone) is extremely coarse for

loess, consisting of coarse silt and very fine sand; locally, it is called sugar clay.

In section E–E' , Prairie Creek and the Little Cannon River occupy small inner valleys flanked by broad

sandy terraces within wide bedrock valleys.  The terraces along Prairie Creek are composed of outwash from

the last glaciation (New Ulm Formation outwash; unit Qdo), whereas the Little Cannon River terraces are

composed of locally derived sand deposited during the last glaciation (unit Qmal).  In both places, the material

that makes up the terraces also underlies the relatively thin alluvium (unit Qhal).

On the east side of the Prairie Creek valley, unit Qmal interfingers with outwash (Qdo).  This part of the

valley is actually a tributary valley.  Its surface is higher than the outwash surface (Qdo) in the main valley, and

its sediment is derived from valley walls and nearby uplands.

The presence of pre-Wisconsin sediment along the valley bottoms cannot be ruled out, although none was

observed during mapping.  Both the Prairie Creek and Little Cannon valleys contain bedrock islands, or knobs,

that rise above the valley fill.  In the main valley of the Little Cannon River, the top of the valley fill is less than

900 feet but rises above 920 feet east of the bedrock island, which may have protected the fill to the east from

downcutting when the main stream changed from depositional to erosional.

Farther east, sandy soils (too thin to map) extend upslope to about 1000 feet, much higher than the valley

fill.  This is interpreted as a layer of windblown sand derived from the valley fill.  There is even a patch of eolian

sand on top of the bedrock hill on the east side of the cross section, above 1100 feet.

Section F–F'  runs through an isolated bedrock hill in the Belle Creek valley.  The modern

course of the creek swings east around the hill.  Between the hill and the west side of the valley is a

short stretch of abandoned valley.  Under the loess is a remnant of till (unit Qpkt), similar to the till

that mantles the bedrock uplands.  The till in the present valley was eroded, and the major streams

have cut through it into bedrock.  However, the abandoned segment has suffered only local

slopewash erosion since the main stream was diverted.  It is not known whether the till layer was

deposited after the river changed course, or whether glaciation actually caused the diversion.  An

alternative explanation is that this till is a mudflow deposit, derived from the till on the uplands.  In

this case, the drainage diversion could be younger than the last glaciation to cover this area

Section H-H' cuts through the valley of the North Fork Zumbro River from one drainage divide to the other.  The bedrock

surface shows roughly the same valley configuration.  The southern part of the section follows a series of shallow soil borings

from the southern divide to the south side of the Zumbro valley.  The northern part of the section was sketched in from water-well

logs; not enough information was available to subdivide the Pierce Formation till unit (Qpkt).  The area of transition from divided to

undivided Qpkt is beneath the alluvium of the Michigan Subepisode (Qmal) near the center of the section.

The surficial till sheets along the southern part of the section are upper and upper-middle tills, even at relatively low

elevations.  This suggests that these tills were draped over an existing valleyside.  However, the basal till is in the shallow

subsurface at the top of the valley slope.  This suggests that the valley did not exist at the time of deposition of the basal till.  No

lower-middle till was penetrated in any of the soil borings used in creating the section.

Section G-G’  shows till stratigraphy of the Pierce Formation (unit Qpkt) in an area that has relatively good subsurface

information (a deep borehole [GR-1] forms the west end of the cross section).  Drift is thickest here.  Eastward to the Little

Cannon River, the bedrock surface slopes up as the land surface slopes down.  East of the Little Cannon, the section

crosses an old meander scar.  Farther east, till mantles the surface of the bedrock, but the rock is fairly high, and the till

never gets very thick.

The informally defined till sheets within unit Qpkt form a relatively simple pancakelike stratigraphy, as though the

stack of tills were laid down and then dissected by stream erosion.  The basal till is restricted to the areas of lowest

bedrock elevation on the west side of the section, except for a remnant patch on the east side, at a higher elevation.  The

remnant is exposed in a quarry, under the upper-middle till.  Here the basal till is highly oxidized, indicating a long period of

exposure.  The lower-middle till is missing, presumably eroded away.

In the center of the section, the stack of tills has been eroded by the Little Cannon River and its tributaries.

Paradoxically, the bedrock surface is fairly high here, where the land surface is the lowest.  The modern course of the Little

Cannon River must have been established over thick drift.  The streams did not encounter bedrock until their courses were

well established.  The upper-middle till, the thickest one, forms the surface over a significant extent of the section.  The

upper till seems to be present only under the highest elevations; elsewhere it is eroded away.  It has apparently been

exposed to weathering and erosion for a long time, judging by the thickness and intensity of its oxidized zone.  The

oxidized zones in the tops of the underlying tills are thinner and less intense.

Figure 2.  Summary of pertinent information for samples taken from Rotasonic borehole MGS-GR-1.  Lithology was determined using the
1–2-millimeter-size fraction of the samples.  The three lithologic classes—Precambrian–Paleozoic–Cretaceous—generally correspond to crystalline–
carbonate–shale rock types.  Texture was determined using the less-than-two-millimeter-size fraction of the samples.

Figure 1.  Map of Goodhue County showing selected physical and cultural features and the lines of section.
Rotasonic borehole MGS-GR-1 forms the west end of section G–G'.

Minnesota Geological Survey borehole MGS-GR-1; unique no. 250780; elevation, 1197 ± 5 feet

T. 110 N., R. 18 W., sec. 7, CBCBBB
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Silt—Oxidized silt loam (loess); leached to 3-ft depth; black at top
Loamy till—Highly oxidized, calcareous; leached to about 7 ft.
 Thin sandy zone at top; sandy loam at bottom.  Secondary
carbonate blebs at 10–11 ft

No record—Presumably sand and gravel

Loamy till—Calcareous; highly oxidized at top; unoxidized by 35
ft.  Small inclusions of carbonized organic material or lignite in
lower 6 ft

Accretion gley—Variable texture; clayey silt, silt loam, sandy
clay loam, clay loam; few pebbles.  Mostly noncalcareous;
ranges from massive to clearly bedded; mostly greenish-gray;
organic-rich; much of it is moldy and smells musty

Loamy till—Calcareous; upper 6 ft is mottled, highly oxidized
and gleyed, and contains secondary carbonate; rest of interval is
generally gray and unoxidized; inclusion of nonpebbly clay loam
at 56–57 ft; small inclusion of partly oxidized silt at 75 ft; inclusion
of loamy gravel at 91–91.5 ft; otherwise fairly uniform; many
brown dolomite grains, especially in the lower half 

Transition zone—Loamy till, sandy loam till, loamy sand, fine
sand, silt and clay; calcareous with secondary carbonate;
oxidized to unoxidized; probably local material at base of till
Sand and silt—Fine to medium sand; interbedded silt and
silty clay to 118.5 ft.  Below, mostly coarse nongravelly sand;
calcareous, unoxidized to gleyed
Gravel—Calcareous, unoxidized or gleyed sand and gravel; looks
like normal outwash; upper foot may contain a paleosol:  black,
silty clayey fine sand over clayey gravelly sand over organic silty
clay
Clayey till—Moderately calcareous clay loam; unoxidized except
in upper few inches; contains fragments of Decorah Shale; matrix
may contain abundant ground-up shale; tough and hard to split;
inclusion of red clay at about 129 ft
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EXPLANATION OF CROSS SECTIONS
Qhal Alluvium.

Qgct Sand and gravel of Grey Cloud terrace.

Qmal Alluvium of the Michigan Subepisode.

Qwal Older alluvium.

Qpvf Valley-fill sediment.

Qmc Colluvium.

Loess.

Eolian sand.

Qmo Mississippi valley train (outwash)—The unit is divided in section I–I' into the following
textural components:

sand and gravel

sand

fine sand and silt

clay

Qpo Older Mississippi valley train (outwash).

Qdo Outwash of the New Ulm Formation.

Qpkt Till of the Pierce Formation.  The unit is divided in sections G–G' and H–H' into the
following till sheets:

upper till

upper-middle till

lower-middle till

basal till

Qpsg Glaciofluvial deposits of the Pierce Formation.

Undivided bedrock.

Contact.

Contact between subunits in sections G–G', H–H', and I–I'.
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Table 1. General characteristics of glacial deposits
in southeastern Minnesota.

[See also Figure 1.  Lithology (rock type) was determined from samples of
1–2-millimeter-size rock particles in till and outwash.]

PROVENANCE RIDING MOUNTAIN WINNIPEG SUPERIOR

TILL TEXTURE ....................... Mostly loamy .............. Loamy to clayey ......... Loamy to sandy
TILL COLOR

Oxidized .............................. Yellow to ..................... Yellow-brown .............. Reddish-brown
olive-brown

Unoxidized .......................... Gray ............................ Gray ............................ Grayish-red
ROCK TYPES IN TILL
AND OUTWASH

Precambrian
Black to gray- .................. Uncommon ................. Uncommmon ............... Common
green rock
Red sandstone ................ Absent to rare .............. Rare to ........................ Uncommon to
& felsite uncommon common

Paleozoic carbonate ............. Common ..................... Common to ................. Uncommon to
abundant common

Cretaceous
Gray shale ....................... Uncommon to .............. Absent to rare .............. Absent

abundant
Limestone & .................... Rare ............................ Rare to ........................ Absent
calcareous shale uncommon

Superior
Provenance

Winnipeg
ProvenanceRiding Mountain

Provenance

Figure 1. The major source areas of
glacial deposits in Minnesota.
Almost all the till in Goodhue
County was deposited by glaciers
that entered Minnesota from the
northwest, picking up Paleozoic
carbonate rocks from the
Winnipeg lowland.  See also
Table 1.
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GEOLOGIC EVENT TERMINOLOGY
The terminology used for correlating map units follows a new system that emphasizes

correlation by event, rather than by years (Hansel and Johnson, 1996).  The new system
replaces the Wisconsinan Stage with the Wisconsin Episode; the late Wisconsinan glaciation
becomes the Michigan Subepisode.  Sediments of the River Warren Phase were deposited
after ice had left the area, though the ice continued to influence sedimentation by damming
large glacial lakes that overflowed down the Mississippi River.  Postglacial sediments of
the Hudson Episode look much like sediments that are being deposited today.

The transition between adjacent event units (for example, between the Michigan
glaciation and the postglacial Hudson Episode) did not occur at the same time wordwide.
The time differences are negligible within a county, so correlation by radiometric dating
is theoretically possible, but very few such dates exist for sediments in Goodhue County.
Units are correlated  by physical characteristics of the sediment, stratigraphic position,
and proxy data on elapsed time, such as soil development.  For example, soils formed on
deposits of the Michigan Subepisode show a normal degree of development compared
with Minnesota soils in general, most of which formed on Michigan Subepisode deposits.
Older sediments commonly are capped by remnants of older soils having a stronger
degree of soil development, including one or more of the following:  deeper leaching,
redder or more intense brown oxidation colors, thicker, more clayey B horizons, and more
intense weathering of rock fragments.  Complete profiles of these older soils are rarely
found; erosion commonly has removed the A horizon (topsoil), part or all of the B
horizon (subsoil), and, in some places, the entire soil profile.  In these places, subsequent
soil development begins anew, as if on freshly deposited material.  Remnants of old soils
are taken as evidence that the entire stratigraphic unit is pre-Michigan.

PROVENANCE OF GLACIAL DEPOSITS
Glacial provenance refers to the area from which a particular lobe or sector of a

glacier derives the bulk of its sediment, or a distinctive, recognizable component of it.
Table 1 summarizes the distinctive features of three provenances known from Goodhue
County.  The characteristics of tills of Riding Mountain and Superior provenance are
included for completeness, even though the only tills mapped in the county are of
Winnipeg provenance.  Light grains of granite and quartz are common to abundant in all
samples and therefore are not included in the table.

Almost all the till in Goodhue County was deposited by glaciers that entered
Minnesota from the northwest, picking up Paleozoic carbonate rocks from the Winnipeg
lowland (Fig. 1).  Some samples of till are highly oxidized and leached, or contain
mostly local rock fragments, or both, so their provenance is not easily determined.
Several till sheets have been recognized in the western part of the county (Plate 4).
They all have the general characteristics of Winnipeg provenance, but can be distinguished
by subtle differences.

The defining characteristics of Superior provenance (red, sandy till rich in red and
black Precambrian rock fragments) were acquired as the ice passed through the basin of
Lake Superior (Fig. 1).  Superior ice of the last glaciation did not extend as far southeast
as Goodhue County but contributed a great deal of outwash to the Mississippi valley
train (map unit Qmo).  The River Falls Formation was deposited by the most recent
advance to reach the county.  No till remains of the River Falls Formation and only
small patches of outwash.  Some sediment may have been buried by younger deposits.
The rest has been eroded away, leaving only some of the larger rocks behind to show
that it was once there.

Older deposits of Superior provenance have been observed, but they are extremely
scanty and not mappable.  However, the gray tills have incorporated some of the red

debris from these earlier Superior-lobe advances.  Almost every sample of sand from
gray till contains at least one "red" grain; most samples contain 1–2 percent of these
reds.  Some blocks of Superior-provenance till have apparently been incorporated into
the gray till, but only partly disseminated.  A soil boring in Vasa Township penetrated
several feet of reddish sandy till, overlain and underlain by gray till.

The Red River valley–Winnipeg lowland is bounded on the west by the Pembina–
Riding Mountain escarpment.  Glaciers that passed from west to east over this escarpment
brought large amounts of gray Cretaceous shale to Minnesota.  The Des Moines was the
only glacial lobe of Riding Mountain provenance in southeastern Minnesota.  Although
it did not enter Goodhue County, its meltwater carried outwash down the valleys of the
Cannon and Zumbro Rivers.

REFERENCES CITED
Attig, J.W., Clayton, L., and Mickelson, D.M., 1988, Pleistocene stratigraphic units of

Wisconsin 1984-87:  Wisconsin Geological and Natural History Survey Information
Circular 62, 61 p.

Hansel, A.K., and Johnson, W.H., 1996, Wedron and Mason Groups:  Lithostatigraphic
reclassification of deposits in the Wisconsin Episode, Lake Michigan lobe area:  Illinois
State Geological Survey Bulletin 104, 115 p.

Leverett, F., 1932, Quaternary geology of Minnesota and parts of adjacent states:  U.S.
Geological Survey Professional Paper 161, 149 p.

Mason, J.A., 1992, Loess distribution and soil landscape evolution, southeastern Minnesota:
University of Minnesota, M.S. thesis, 408 p.

Mason, J.A., Nater, E.A., and Hobbs, H.C., 1994, Transport direction of Wisconsinan
loess in southeastern Minnesota:  Quaternary Research, v. 41, p. 44–51.

Mickelson, D.M., and others, 1984, Pleistocene stratigraphic units of Wisconsin:  Wisconsin
Geological and Natural History Survey Miscellaneous Paper 84-1, 15 p. + appendices.

DESCRIPTION OF MAP SYMBOLS

Geologic contact—Most are approximately located; less precise where covered by thick 
eolian sediment.

Ice margins of the Illinois Episode (?)—Ticks point toward the ice.  Inferred from scattered 
or indirect evidence.  

River Falls

Pierce

Abandoned stream beds cut into bedrock—Two types are recognized:  meander scars and 
diversion channels.  

Meander scar—Relatively distinct; eroded and obscure.  Ticks point downslope.  Inner hill, 
if present, is not hachured.

Meander scars were formed by an earlier phase of the stream, at a higher level within 
the same valley.  As the stream shifts its course during downcutting, some of its 
abandoned meander loops are left behind; they are gradually obliterated by slope 
erosion and small tributary streams.  Although classified as either relatively distinct or 
as obscure, there are many gradations in the degree of erosion.  The older, more 
obscure scars are generally higher above stream level. 

Diversion channel—Relatively distinct; eroded and obscure.  Ticks point downslope.
Most diversion channels cut across the modern drainage network.  A few of them 

connect two parts of the same valley (cross section F–F' on Plate 4).  Diversion 
channels are formed by glaciation in two ways:  they may be carved by meltwater 
diverted around the glacier, or a pre-existing valley is partly blocked by glacial 
deposits, diverting the postglacial stream into a new course.

Scarp within outwash—Ticks point downslope.  Mapped only in New Ulm outwash (map 
unit Qdo).  Represents the edge of a channel or the remains of an erosion event that 
affected only part of the unit.  Geologic contacts between adjacent fluvial units 
(outwash, terrace deposits, alluvium) are also commonly scarps.

General direction of fluvial transport—Shown on outwash and terrace units.  Actual flow 
directions varied with time and were more complex than shown.

Line of equal thickness of Quaternary sediments—Contour interval 50 feet.  The 100-foot 
contour line has been interrupted in areas of very steep slope.

50

DETERMINING THE THICKNESS OF
QUATERNARY SEDIMENTS THROUGH COMPUTER MODELING

Contours representing the shape of the bedrock surface were drawn by hand on the basis of
bedrock elevations from outcrops and water-well records and on geomorphic inferences.  The
contours were then entered in a digital Geographic Information System (GIS).  That surface was
mathematically compared to a digital-elevation model of the land surface prepared by the U.S.
Geological Survey.  The land-surface model represents the land surface with a single elevation
value for each 90-meter-square parcel in the county.  The space between the land surface and the
bedrock surface is occupied by Quaternary-age materials.  The thickness of these materials was
derived by calculating the difference in elevation between the models of the land and bedrock
surfaces.  The thickness values were then contoured by the computer.  The resulting map was
checked against known locations of outcrops and information on depth to bedrock from well
records; contour lines were modified, where necessary, to agree with this information.  Most
discrepancies are near steep escarpments where a single elevation value cannot adequately represent
elevation for a 90-meter cell.

Because the method compares a high-resolution (detailed) model of the land surface with a
low-resolution model of the bedrock surface, the resolution of the resulting thickness map was
adjusted by removing all contoured areas smaller than about 500 feet in diameter.  These small
areas suggested a level of accuracy that is not actually supported by the data.

One of the surficial map units (MzPz) also addresses the thickness of glacial drift.  The map
unit, derived in part from soil characteristics, is used in areas where the interpretation of the
surficial geology indicates bedrock is at or near the land surface.

Because two methods, both imperfect, have been used to represent the thickness of Quaternary
sediments, areas of disagreement exist between them.  Neither interpretation is appropriate for site-
specific information, and map users should always rely on site-specific studies for more accurate
information on thickness.  This is especially true for areas where the two mapping methods result
in different interpretations.

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is
based; however, the Minnesota Geological Survey does not warrant or guarantee that there are no errors.  Users may
wish to verify critical information; sources include both the references listed here and information on file at the offices of
the Minnesota Geological Survey in St. Paul.  In addition, effort has been made to ensure that the interpretation
conforms to sound geologic and cartographic principles.  No claim is made that the interpretation shown is rigorously
correct, however, and it should not be used to guide engineering-scale decisions without site-specific verification.

DESCRIPTION OF SURFICIAL MAP UNITS
NONGLACIAL DEPOSITS

Qho Organic deposits (Holocene)—Peat and organic-rich silt and clay deposited in poorly
drained depressions.  Most organic deposits in Goodhue County are in floodplains,
especially of the Mississippi River, and are included in the alluvium map unit
(Qhal).  Only two delineations of organic deposits are shown:  one in an outwash
plain in the northwestern part of the county (sec. 5, T. 111 N., R. 18 W.), and one
in the Frontenac diversion channel (T. 112 N., R. 13 W.).  The Frontenac channel
deposit has been partly filled and drained.  Organic deposits also are present in the
middle of the Wacouta diversion channel, east of Red Wing, but the delineation is
too narrow to portray at the map scale.

Qhal Alluvium (Holocene)—Deposits of modern streams; channel sand and gravel overlain
by overbank silt and clay in floodplains; peat and organic-rich clay in places.

Qwal Older alluvium (Pleistocene)—Shown only on cross section C–C' (Plate 4).  Deposited
by streams before the period of hillslope instability of the Michigan Subepisode.
Sand with some gravel (mostly chert and a few erratics); highly oxidized and
leached.

DEPOSITS INDIRECTLY RELATED TO GLACIATION
Qgct Sand and gravel of Grey Cloud terrace (Holocene and Pleistocene)—Deposits of

River Warren.  Coarse, clean sand and gravel derived from the Mississippi valley
train (map units Qmo and Qpo) and reworked by the swift water of River Warren.
Depth of reworking uncertain.  Unit consists of more than one level, separated by
scarps.  Normal terrace elevations in the county, 680–720 feet.

Qlt Sand and gravel of Langdon terrace (Pleistocene)—Deposits of River Warren as
described above.  Normal terrace elevations in the county, 740–780 feet.  The
surface of both the lower (Grey Cloud) and upper (Langdon) terraces slopes gently
in the same direction as the slope of the bed of the Mississippi River, from northwest
to southeast.

Qmal Alluvium of Michigan Subepisode (Pleistocene)—Deposited by braided streams and
sheetfloods in  valleys.  Predominantly sand, but unit includes some gravel, finer
sediment,  and, in valleys adjacent to the Mississippi River, backwater silt.  Unit
forms terraces above the modern floodplain that range from only slightly higher
than modern floodplain levels to over 100 feet higher.  Unit also underlies modern
alluvium in many places (see cross sections E–E' and F–F' on Plate 4).  Where
both units are exposed but the valley is too narrow to map each, the widest unit is
mapped.

Qpvf Valley-fill sediment (Pleistocene)—Shown only in section A–A' (Plate 4).  Deposited
by slopewash and stream sediment in an overdeepened valley.  Partly fills the
Strusz diversion channel (sec. 34, T. 113 N., R. 15 W.); may underlie alluvium of
Michigan Subepisode (map unit Qmal) in other diversion channels.  Where sampled,
the valley-fill sediment is fine to very fine sand, highly oxidized but calcareous.

Qmc Colluvium (Pleistocene)—Hillslope deposits derived from bedrock and from loess
upslope.  Typically consists of two subunits:  (1) a rocky lower unit of angular
carbonate clasts in a silty to sandy matrix, which is overlain by (2) a unit, primarily
composed of silt, that contains a few carbonate clasts.  The composition of the
lower unit reflects the bedrock upslope; the upper unit is largely reworked loess.
Both strata are thin (less than 5 feet) on the upper parts of the slope; they thicken
downslope to a maximum of about 30 feet.  Exposure of bedrock is common,
especially on the upper parts of slopes.  On the cross sections (Plate 4), the
colluvium map unit is only shown on the lower parts of the slopes, where it is
thickest.  On the ground, colluvium and bedrock exposures form an intimate
association, which can only be roughly captured on the map.

Qmm Mudflow sediment (Pleistocene)—Deposited on footslopes of valley sides, generally
downslope from outcrops of Decorah Shale (see Plate 2 for description and distribution
of the Decorah).  Unbedded gray clay or clayey diamicton; contains a few pebbles,
most of which are fossil hash from the Decorah, although a few are glacial erratics
reworked from older glacial deposits.  The unit typically is present near the contact
between colluvium and alluvium in patches too small to delineate at the map scale.
The actual mudflow sediment is commonly covered by a few feet of sand or silt
(map unit Qhal or Qmal).

Peoria Formation (Pleistocene)—Windblown (eolian) sediment.  Loess, the dominant
facies, was deposited as dust from the air.  Eolian sand was blown along the
ground.

Loess—Uniform unbedded silt to very fine sand, mixed with some clay.  Overlies
unmapped eolian sand in places.  Unit is 5–15 feet thick where shown on the map.
Thin unmapped loess is present almost everywhere over the county, except on
modern alluvium (map unit Qhal), which in turn is composed mostly of reworked
loess.  Pattern omitted on colluvium.

Eolian sand—Unbedded fine to medium sand.  Unit is 5–10 feet thick where shown
on the map.  Thinner patches are not mapped.

GLACIAL DEPOSITS
Qmo Mississippi valley train (Pleistocene)—Outwash deposited by meltwater from the

combined ice lobes of Minnesota and western Wisconsin; its provenance is mixed
Superior and Riding Mountain (Fig. 1; Table 1).  Gray shale from the Des Moines
lobe is sparsely present in places; its abundance has been greatly reduced in transit.
Chiefly sand and gravel, but finer grained facies were deposited in quieter backwater
areas, as illustrated on cross section I–I' (Plate 4).

Qpo Older Mississippi valley train (Pleistocene)—Shown only on section I–I' (Plate 4).
Analogous to unit above (Qmo) but older; oxidized and partly leached.

Qdo Outwash of the New Ulm Formation (Riding Mountain provenance) (Pleistocene)—
Deposited by meltwater streams from the Des Moines lobe, west of Goodhue
County.  Chiefly sand and gravel with some beds of silt.  Rock types represented
in the outwash are dominated by limestone, dolostone, and granite; unit also contains
small amounts of gray shale.  In addition to the areas where it is mapped at the
surface, the outwash is present in places under the alluvium in the valleys of the
Cannon and the North Fork Zumbro Rivers (see cross section B–B' and H–H' on
Plate 4).

Qpso Outwash of the River Falls Formation (Superior provenance) (Pleistocene)—Deposited
by meltwater.  Chiefly sand and gravel; in places it contains a gravelly clay B soil
horizon at the top of the deposit.  Deeply leached in most places but contains some
carbonate clasts below the leached zone.  Present in valleys and in low areas on
the uplands.  May underlie alluvium in diversion channels.  No till of the River
Falls Formation was observed or mapped.  Instead, in places within the area formerly
covered by the ice lobe, a lag of Superior-provenance pebbles, cobbles, and boulders
is present on the surface of the bedrock.  Soil development in this "old red" drift
indicates a pre-Michigan age; these deposits have traditionally been considered
Illinoian (Leverett, 1932).

Pierce Formation (Winnipeg provenance) (Pleistocene)—Till of this formation has
been called "old gray" till.  As defined in Wisconsin (Mickelson and others, 1984),
the Pierce Formation is stratigraphically below the River Falls Formation, but as
mapped here, it includes some material that may belong to the Illinois Episode
(map unit Qpko and a little Qpkt).

Qpko Outwash—Deposited by meltwater streams from an ice lobe to the west.  The unit
includes only the most recent outwash of the Pierce Formation; it forms a terrace
higher than the surfaces of alluvium of the Michigan Subepisode (unit Qmal) and
New Ulm outwash (unit Qdo) in the valley of the North Fork Zumbro River.  Soil
development on the terrace suggests a pre-Michigan age for the glaciation.  Chiefly
sand and gravel; rich in carbonate clasts below the leached zone.  In contrast to
New Ulm outwash, this unit contains no shale.

Qpkt Till —Unsorted, unstratified drift deposited by several pre-Wisconsin glaciations (see
Plate 4 for additional information).  Typically loam to clay loam that contains
subangular to rounded clasts of both local and erratic rocks (mainly the latter).
Mapped where generally thicker than 5 feet; thinner patches over bedrock are not
mapped.

Qpsg Glaciofluvial deposits—Deposited by meltwater streams from old glaciations.  Unit
is included in the Pierce Formation because most of it is mostly of Winnipeg
provenance.  Includes both outwash and ice-contact stratified drift.  Chiefly sand
and gravel with minor beds of silt and clay in places.  Strongly weathered from the
top to a depth of several feet to as much as 15 feet.  Calcareous material is present
beneath the weathered zone in places.  The unit is present in patches within the
uplands as remnants of more extensive deposits.  Includes deposits covered by a
thin layer of till or by a lag of cobbles and boulders from a till.

BEDROCK
MzPz Bedrock, undivided (Cretaceous, Ordovician, Cambrian)—Bedrock outcrops and

bedrock that is generally within 5 feet of the surface, exclusive of loess.  Includes
scanty and widely scattered deposits and weathering residuum of Cretaceous age,
as well as more recently weathered bedrock.  Solid bedrock, therefore, is deeper
than 5 feet in many parts of this map unit.
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DESCRIPTION OF MAP UNITS AND SYMBOLS
Carbonate Rock Resources

To have value as a resource, carbonate rocks must be reasonably thick (30 feet or more) and not
deeply buried.  The map shows where carbonate rock is the uppermost bedrock and the thickness of
overlying deposits is less than 50 feet thick.

Galena Group—Although parts of the Galena Group produce aggregate suitable for use in
concrete,  its content of insoluble residue is too high for use in bituminous pavement.
The Cummingsville Formation has abundant interbedded shale, especially in its lower
half, which makes it unsuitable for some uses.  The Prosser Limestone is the part of
the Galena Group most likely to provide a significant resource.

Shakopee Formation—Material from the Shakopee Formation will commonly fail to meet
paving standards.  A Los Angeles Rattler (LAR) test value of 40 percent or less is
required for use in concrete or bituminous paving.

Oneota Dolomite—Some material from the Oneota Formation meets the requirements for
use in concrete and bituminous paving, but some samples fail the magnesium sulfate
requirements

Rock quarry—Symbol represents active and inactive pits.  The mined rock unit is indicated
by a four-letter code (the codes are those used in the County Well Index data base to
identify geologic units).

OGPR Prosser Limestone (Galena Group)
ODCR Decorah Shale
OPVL Platteville Formation
OSTP St. Peter Sandstone
OPSH Shakopee Formation
OPOD Oneota Dolomite

Chemical analyses—As reported in Niles and Mossler (1988).

Quarry

Outcrop

Clay Resources
Clay pit—Symbol represents active and inactive pits.   The mined deposit is indicated by a

four-letter code (the codes are those used in the County Well Index data base to
identify geologic units).

QUUU Quaternary sediment
KWOS Windrow Formation (Cretaceous)
ODCR Decorah Shale (Ordovician)

Sand and Gravel Resources
Sand and gravel deposits are classified as primary and secondary deposits according to their

gravel content, thickness, and the thickness of overlying sediments.  A tertiary classification is used for
deposits of significantly poorer quality.  In addition to sufficient thickness and gravel content, and
minimum of cover, a relatively wide range of size from sand to gravel is desirable in a deposit, because
different size mixtures are required for different uses.  The demand for gravel relative to the supply is
generally higher than for sand, so gravel-rich deposits are more valuable than sand-rich deposits.

Areas shown by pattern are considered to have potential for aggregate resources.  Pockets of
gravel are also present in unpatterned areas, but such deposits tend to be small, thin, and covered.
However, many small pits are opened in areas not mapped as resources, as shown on the map.  Much of
this gravel is used locally, for example, on the same farm from which it is extracted.

Primary resource—Deposits generally have (1) more than 35 weight percent gravel (material
larger than 2 millimeters in diameter), (2) sand and gravel deposits more than 20 feet
thick and (3) less than 10 feet of overburden.  The resource is limited in areas having
a high water table.

Low water table—Water table is generally 20 or more feet below surface of resource.

High water table—Water table is less than 20 feet below surface of resource.

Secondary resource—These deposits are (1) less than 35 percent gravel, (2) less than 20
feet thick, or (3) have more than 10 feet of cover.  A high water table may also be a
limiting factor but is not separately mapped.  Some areas mapped as secondary contain
pockets of primary resource, but these generally cannot be mapped with confidence.

Tertiary resource—Both the quantity and quality of gravel are severely limited.  Tertiary
resources can be used for common fill and for applications that require mostly sand.
In places, gravel is abundant enough to be mined for applications that do not require
high resistance to abrasion.

Sand and gravel pit—Symbol represents active and inactive pits.
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GOODHUE COUNTY

INTRODUCTION
Goodhue County is endowed with geologic resources useful to its residents.  The demand

for particular resources has changed over time as needs and the technology to satisfy them
have changed.  Historically, the geologic formations of the county provided stone for building,
lime for mortar, and clay for pottery, brick, and tile.  Currently, crushed rock, sand, and
gravel are extracted, mostly for building roads.

The map shows the location of both inactive and active pits and quarries.  It is common
for quarries to cease operations, lie dormant for some time, and then go back into operation as
demand and prices change.

This map is based solely on geologic criteria.  Urban development, land-use restrictions,
and economic considerations are also important factors in determining the feasibility of mining
natural resources.  These factors are subject to abrupt changes and therefore are not considered
here.  The digital version of this map can be compared with these other themes in a Geographic
Information System (GIS).

BEDROCK RESOURCES

Carbonate Rock Resources
Carbonate bedrock is quarried in the county and crushed for use as aggregate, riprap,

and agricultural lime.  The Minnesota Department of Transportation has compiled a limited
body of data regarding the suitability of these carbonate rocks in concrete and bituminous
pavement.  The samples that were tested can be related to specific formations, but not always
to specific members of a formation.  Consequently, the test results can only be used as a
general guide, and they may not apply to the entire thickness of a formation, or over its entire
subcrop (Table 1).

Limited tests suggest that rock of the Galena Group (or those parts of it that have been
tested) produces aggregate suitable for use in concrete, but its insoluble residue content is too
high for bituminous pavement.  The Stewartville Formation of the Galena is not present in
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Table 1.  Summary of analytical test results for crushed rock from carbonate
rock units in Goodhue County, Minnesota.

[Data from Minnesota Department of Transportation.  Avg, average;
no, number of separate analyses on which average values are based; range, minimum

and maximum values obtained; n.a., not available.]

Geologic Los Angeles1 Insoluble2 Magnesium3

Unit Rattler Test Residue Sulfate
Avg (no) Range Avg (no) Range Avg(no) Range

Galena 34.0(6) 30.3–40.0 13.0(18) 9.3–15.0 n.a. n.a.
Group

Shakopee 40.1(5) 38.7–42.7 3.7(9) 2.7–4.4 18.7 (15) 10.7–24.1
Formation

Oneota 35.6 (4) 33.6–37.9 2.9(24) 2.0–3.7 14.5 (15) 4.9-27.2
Dolomite

1Test results expressed as percentage of loss.
2Test results expressed as percentage of insoluble material.
3Test results expressed as a percentage of fine material lost.

Table 3.  Summary of Los Angeles Rattler and spall-content test results of sand and gravel
for aggregate from pits in Goodhue County, Minnesota.

[Data from Minnesota Department of Transportation pit sheets, which provide average values by pit ; see text for discussion.
See Plate 3 for additional information on geologic units.  No, number.]

 Data Los Angeles Rattler Tests1 Spall Material2

Geologic Units Sources (no) Size A (3/8–1-1/2 inch) Size B (3/8–3/4 inch) Shale in Iron
Pits Borings Mean Range Mean Range Sand Gravel Oxide

PRIMARY RESOURCES

Grey Cloud & Langdon terrace 5 152 24.6 20.0–26.7 25 21.0–26.7 0.09 0.04 0.07
deposits (Qgct & Qlt)

Miss. valley train (Qmo) 1 6 22.3 22.3 28.4 28.4 0.3 0 0

New Ulm Fm. outwash (Qdo)3 6 342 27.9 27.4–29.2 26.4 25.4–27.4 0.75 0.38 0.51

SECONDARY RESOURCES

New Ulm Fm. outwash (Qdo)4 5 234 30.7 28.0–33.7 29.1 28.0–33.5 0.14 0.14 1.68

Pierce Fm. outwash (Qpko) 3 40 25.1 25.1 25.8 25.8 0.1 0 5.45

River Falls Fm. outwash (Qpso)5 4 50 27.6 24.6–30.7 27.4 26.0–29.5 Trace Trace 4
and Pierce Fm. glacio-
fluvial deposits (Qpsg)

TERTIARY RESOURCES

Michigan alluvium (Qmal) 1 21 49.3 49.3 47.9 47.9 0 Trace 0.8

1Test results expressed as percentage of loss.
2Test results expressed as percentage of spall material.
3Outwash within Prairie Creek and Cannon River drainages.
4Outwash along the North Fork Zumbro River.
5No pit data were available for unit Qpso; it is included here owing to its similarity to unit Qpsg.

Table 2.  Summary of pertinent information on sand and gravel for aggregate
from pits in Goodhue County, Minnesota.

[Data from Minnesota Department of Transportation pit sheets; see text for discussion.  See Plate 3 for additional information on
geologic units.  Abbreviations:  ft, feet; avg, average; no, number; %, percent.]

Overburden Borings Gravel Content
Geologic Units Number of Thickness (ft) Depth(ft) To Water All Pits(%)

Pits Borings Avg Range Avg  Table (no) Avg Pit Range

PRIMARY RESOURCES

Grey Cloud & Langdon 7 198 3.1 1.0–5.5 24.1 5 63.10 48.6–81.9
terrace deposits (Qgct & Qlt)

Miss. valley train (Qmo) 2 13 1.4 1.3–1.5 22.4 0 38.70 36.6–40.8

New Ulm Fm. outwash (Qdo)1 8 405 2.4 1.3–3.1 19.1 56 39.40 31.5–44.7

SECONDARY RESOURCES

New Ulm Fm. outwash (Qdo)2 6 257 2.7 2.3–3.1 17.2 45 32.10 28.3–44.0

Pierce Fm. outwash (Qpko) 5 70 2.2 1.9–3.3 14.2 0 36.90 17.2–66.7

River Falls Fm. outwash (Qpso)3 10 115 2.6 0.8–5.3 17.0 3 34.00 17.4–58.0
and Pierce Fm. glacio-
fluvial deposits (Qpsg)

TERTIARY RESOURCES

Michigan alluvium (Qmal) 2 13 4.0 1.8–6.3 21.2 0 25.70 16.9–34.6

1Outwash within Prairie Creek and Cannon River drainages.
2Outwash along the North Fork Zumbro River.
3No pit data were available for unit Qpso; it is included here owing to its similarity to unit Qpsg.

TESTS FOR QUALITY OF AGGREGATE
LAR (Los Angeles Rattler test)—This is a standard

method of testing the resistance of aggregate to abrasion,
in which coarse crushed rock is rotated in a steel cylinder
for a specific period of time.  The percentage of fine material
that is abraded from the aggregate in relation to the amount
of aggregate originally placed in the cylinder is the LAR
loss percentage.

Magnesium sulfate test—This test requires repeated
cycles of immersion of aggregate in a solution of MgSO4
and drying, and causes some rock to weaken and be lost
upon repeated expansion of salt crystals in pore spaces.  The
results are expressed as a percentage of fine material lost,
and therefore the sounder the aggregate, the lower the values.
The test is used to simulate and predict the effects of freezing
and thawing.

The MgSO4 values typically are larger, indicating "less
sound material," in aggregate having large percentages of
bedding features and high clay content (Harvey and others,
1974).  In addition, nearly pure limestone or dolostone tends
to be more sound than limy dolostone or dolomitic limestone.

Insoluble residue is the material that remains after
solution of the rock in hydrochloric acid.  Residues typically
consist of silica (sand, silt, and chert), shale, iron oxide,
and organic material, which are deleterious for many
aggregate uses.

Spall material is a term used by the Minnesota
Department of Transportation for rock particles, such as
shale, which expand when wet, causing a popout or spall
in hardened concrete.  The percentage of shale in a sample
is determined both from sand-size particles, which pass
through the number 4 sieve, and from the gravel, which is
retained on the number 4 sieve.  Openings in this sieve are
0.187 inch (4.75 mm) in diameter.  The percentage of iron
oxide and unsound chert, however, are determined from the
gravel only.  Sand-size particles of shale float when placed
in a heavy liquid (specific gravity of 1.95), and are thereby
separated from particles of sand, which sink.  The amount
and type of spall material in the gravel are determined by
visual examination of each pebble in the sample.

Figure 1.  A Goodhue County clay pit at the turn of the century.  Miners used shovels to dig the clay and place it in the buckets, which were

lifted out of the pit by the derrick.  From the historical photographic collection of Phil Revoir, Red Wing, Minnesota (published with

permission).
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Goodhue County, and the Cummingsville Formation has abundant interbedded shale, especially
in its lower half, making it less desirable as a resource.  The Prosser Limestone is the only
part of the Galena Group likely to provide a significant resource.

Tests of samples from the Shakopee Formation indicate LAR abrasion loss of 38.7–42.7
percent with a mean value of 40.1 percent.  A value of 40 percent or less is required for use in
concrete or bituminous paving.  Magnesium sulfate tests yielded values of 10–24 percent loss
and a mean of 18.7 percent.  Use in concrete paving requires less than 15 percent loss, and
use in bituminous paving requires less than 20 percent loss.  All tests for insoluble residue
show values well within the requirement of less than 10 percent for bituminous paving.
These limited data suggest material from the Shakopee Formation will commonly fail to meet
paving standards.

Samples from the Oneota Formation indicate some material from the formation meets
the requirements for use in concrete and bituminous paving, but some samples fail the magnesium
sulfate requirements.

There are no available data on the suitability of the Platteville Formation in paving
mixtures.

The map shows the location of both active and inactive quarries.  Only three counties
statewide have more active quarries than Goodhue County, and there are almost 100 inactive
quarries (Nelson and others, 1990).  Existing quarries are generally located near an eroded
edge of a resource because of the advantages associated with mining horizontally into the
rock.  More site-specific studies within these areas would be required to locate resources
more accurately.  The limestone of the Platteville Formation is not mapped as a resource
because it is generally too thin to be quarried economically.

Sandstone Resources
The St. Peter Sandstone is mined for fill.  The Jordan Sandstone is also a likely source

for this use.  There are historic accounts of white sand from the Red Wing area being used for
the manufacture of glass (Hancock, 1888).

Historic Resources

Dimension Stone
The bluffs of Red Wing supplied dimension stone blocks for foundations, bridges, and

other uses from the middle of the nineteenth century until at least 1916 (Eide, 1941).  Most of
the quarries were located at Barn Bluff or Sorins Bluff, or at other locations very close to
downtown Red Wing.  The quarries produced stone from the Shakopee and Oneota Formations.
Proximity to the river made shipping by barge attractive.  Much stone was used locally, but it
was also shipped and used in projects like the stone arch bridge at Saint Anthony Falls in
Minneapolis (Eide, 1941).  Quarry locations in the city eventually worked against the industry
when residents became annoyed with the noise and flying debris produced by blasting.

Clay
Possibly the most widely known of Goodhue County's natural resources is the clay that

was mined there, due to the reputation of the stoneware, dinnerware, and other pottery
manufactured from it.  Accounts of the history of the industry from the Goodhue County
Historical Society indicate that the clay was used for pottery at least as early as 1862 (Red
Wing Collectors Society, 1996).  By the late 1800s, the clay was mined in commercial
quantities and was later used to manufacture sewer pipe as well as stoneware (Fig. 1).

The clay and associated sediments have been assigned to the Ostrander Member of the
Cretaceous Windrow Formation (Andrews, 1958).  F.W. Sardeson (1889) suggested that the
clays were an example of glacial transport of large bedrock blocks en masse.  This phenomenon
has been documented elsewhere in the state since that time (for example, Knaeble, 1996).  It
is an attractive theory because the clay occurs in "lenses or tabular bodies as much as a few
feet thick and several tens of acres in areal extent that are intercalated with ferruginous
sands" (Austin, 1963).  Only the clay bodies that have been mined have been shown to extend
over such wide areas.

There is very little left of these deposits today.  The industry declined because the
known deposits were mined out, and suitable replacements could not be found.  By the early

1930s one large sewer-pipe factory closed for this reason.  Previously, the clay was mined by
men with hand shovels so that thin sand layers within the clay could be kept separate from the
clay (Johnson, 1986 ) (Fig. 1).  Later, powered equipment was used for excavating because
the remaining clay was of insufficient quality for pottery, and clay for sewer pipe did not
require hand work.  The pottery operation continued for some time by importing clay from
Ohio and elsewhere.  Sewer pipe was manufactured until 1972.

A previous investigation (Austin, 1963) mapped Cretaceous strata in an area approaching
75 square miles in east-central and northeastern Goodhue County.  Since that time, a subsurface
data base of well records and downhole geophysical logs has been created as an aid to
bedrock mapping.  This information shows that the deposits are too discontinuous to be
represented as a mappable unit.

The clay pits shown on the resource map all relate to this industry, with the exception
of the pit northeast of Wanamingo that mined Decorah Shale.  One of the clay pits northeast
of Goodhue, known as the Hinsch pit, mined Pleistocene clay.

Lime
Before the invention of portland cement, natural hydraulic cement was produced by

burning limestone.  A limestone with the proper amounts of calcium carbonate and clay was
required, and the bluffs near Red Wing yielded a well-suited limestone.  The lime manufacturing
industry flourished in this area from the mid 1800s to about 1908 (Blondell, 1940).  Its
product was known throughout the northwest until the advent of portland cement ended
demand for it (Blondell, 1940).

QUATERNARY RESOURCES
The major Quaternary resource in Goodhue County is sand and gravel, which is used

mostly for road construction and maintenance but also in general construction.  Contractors
prefer to obtain gravel close to the site of use, because the cost of hauling is a large part of
the total cost.  Thus, gravel is mined in many parts of the county, rather than in just a few of
the very best deposits.  Some sand and gravel deposits are limited by high water table.  In
Goodhue County, probably more gravel exists below the water table than above.  Although it
is possible to extract gravel below the water table, it requires special equipment, or the
deposit must be dewatered.

Sand and gravel resources are further distinguished by geologic origin, because
the quality of the deposit is influenced by its origin.  For example, gravel derived
from the Des Moines lobe contains at least a little shale, whereas gravel from
other sources contains very little or no shale.  The content of iron-oxide clasts
tends to be higher in the Des Moines lobe deposits as well, though the highest
iron-oxide values are found in older deposits and are probably due to weathering.
Los Angeles Rattler (LAR) values (Table 3) are also correlated to geologic origin.
Gravel from the Des Moines lobe has relatively high values because of its content
of soft shale and carbonate fragments.  The highest LAR values are from the
alluvium of the last glaciation (alluvium of the Michigan Subepisode; unit Qmal on
Plate 3), which includes much local limestone derived from the valley walls.

Sources of Data
The numerical data shown in Tables 2 and 3 were summarized from pit

sheets of the Minnesota Department of Transportation.  Pit in this context means
the area tested for aggregate, regardless if there is an actual pit there.  The pit
sheets report the results of soil borings and sampling undertaken by Minnesota
Department of Transportation in areas where state highway projects are planned.
The distribution of soil borings and other data is not optimal for a statistical study
of the various gravel deposits in the county.  The information was collected as
needed, where needed, to support anticipated construction projects.  Test results
that are consistently similar from many pits within the same unit are probably
representative.  A large variation among pits is a signal that the average values
may not be valid.  In short, although these numbers can be taken as a guide to
aggregate quality, on-site investigation still has to be done to ensure that the
deposit meets specifications.

All active and many inactive pits were visited, and the deposits described in
a general way.  The depth of leaching and other signs of weathering were noted.
Texture and rock type of samples were also determined.

Economic Ranking of Quaternary Resources
Primary Resources

Grey Cloud and Langdon terrace deposits (units Qgct and Qlt on Plate 3):  all the pits with
test results are in Grey Cloud terrace, but both deposits are similar and combined here.  This
resource is frequently used by gravel pit operators, in part because it is in and near the Mississippi
River valley, close to Red Wing and Highway 61, and because of the high quality of the deposits.
The proportion of gravel (Table 2) is the highest of the sand and gravel units in the county, and
LAR and spall values are among the lowest.  High water table was not a problem in the reported
pits, but it could be in lower lying parts of this deposit, most of which have not been mined.
Urban development covers much of the deposit, especially in the Red Wing area.  The largest
remaining undeveloped areas are Prairie Island and eastern Florence Township.

The Mississippi valley train (unit Qmo on Plate 3) is exposed at the surface in only a small
area, but it underlies most of the Mississippi terrace deposits.  Its proportion of gravel is within
the range for a primary source of aggregate, and the LAR and spall values are low (Table 2, 3).
Most of the material was washed from glacier margins in the Minneapolis–St. Paul area, and
stream transport has broken down some of the weaker fragments.  The largest component of the
gravel came from the Superior lobe of the ice sheet, so it is rich in hard igneous and metamorphic
rocks.  Some limestone and dolostone fragments are present, and a very small amount of shale,
but both are fewer than in Des Moines lobe outwash.  Iron-oxide grains are not a problem in
either this unit or in Mississippi terrace deposits.

Des Moines–lobe outwash is widespread and contains many gravel pits despite its marginal
quality.  The outwash is here divided into two subunits:  that in the Prairie Creek and Cannon
River drainages is the poorest of the primary resource, and that along the North Fork Zumbro
River is the best of the secondary resource.  The deposit is thicker than 20 feet in most places
where it is mined, but the shallow water table is a problem in places.

Des Moines outwash within the Prairie Creek and Cannon River drainages (part of unit
Qdo on Plate 3) has an average gravel content that is in the range for a primary resource, and the
spall values are generally acceptable for concrete aggregate.  Shale values are somewhat higher
than for Des Moines outwash along the North Fork Zumbro River, but the iron oxide content is
much lower.

Secondary Resources
Des Moines outwash along the North Fork Zumbro River (part of unit Qdo on Plate 3) has

lower average gravel content and higher average spall and LAR values than that along Prairie
Creek and Cannon River.  A high water table is also a common limitation.  Nevertheless, this unit
is heavily mined.

Outwash of the Pierce Formation (unit Qpko on Plate 3) forms a terrace along the Zumbro
River that is higher than that formed by Des Moines outwash discussed above.  The water table is
low.  The deposit is mostly too thin to be a primary resource.  Gravel content varies.  Iron-oxide
content is high, which is generally true of older deposits.

The secondary resource of glaciofluvial deposits includes outwash of the River Falls Formation
and glaciofluvial deposits of the Pierce Formation (units Qpso and Qpsg on Plate 3).  Some
deposits would rank as a primary resource, but the average test values do not place it there.
Because of the upland position of the resource, the water table generally does not occur within it.
The thickness of overburden is variable, but it generally is not thick enough to preclude mining.
However, many unmined delineations of this unit are covered by loess (Plate 3), and the overburden
is correspondingly greater.

These deposits were weathered during one or more warm interglacial periods.  Many rock
particles are weakened by weathering, and the content of spall material tends to be high, almost
all of it iron oxide.  LAR values are moderately high but acceptable.  The deeper parts of some of
these deposits are significantly less weathered, but most of them are not thick enough to have
much unweathered material.

Tertiary Resources
Alluvium of the Michigan Subepisode (unit Qmal on Plate 3) is mostly sand and has a

variable amount of gravel.  It forms terraces in places above the modern floodplains but also fills
the valleys under the modern alluvium.  In most places, thickness is not a limiting factor.  Gravel
content is low on average and quite variable from place to place.  Only one pit sheet in this unit
shows LAR and spall values (Table 3):  the LAR values are too high for use in highway pavement,
but the spall values are acceptable.  At this site, most of the gravel is clasts of local carbonate
rock, weathered from the walls of the valley.  Lower LAR values might be expected from pits in
this unit in the Red Wing area, where glacially derived pebbles are more common, but no data are
available.  The parts of this alluvium overlain by loess were not mapped as a resource, because
the additional overburden on an already marginal deposit probably precludes mining.

Modern alluvium (unit Qhal on Plate 3) is not mapped as a resource as it contains little or
no gravel itself.  However, it overlies gravel-rich deposits in places.  Some gravel pits could be
expanded into areas of alluvium, although a high water table and occasional flooding would be
expected.  In the upper reaches of many streams, the layer of alluvium is thin enough to be
stripped, but in the Mississippi valley, and the lower parts of its tributaries, the alluvium is too
thick for this to be feasible.
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INTRODUCTION
The landscape of Goodhue County reflects a long and complex interaction of erosion and

deposition under climatic conditions that have varied from subtropical to glacial.  The earth
materials found at the land surface range in age from bedrock formed more than 500 million years
ago to sediments that are accumulating today.  In much of the county, the present landscape is
strongly influenced by the configuration of the underlying bedrock surface.

One of the most prominent features on the landscape is a network of valleys cut into the
bedrock.  Most of these valleys are oriented north-south or east-west; the valley floors slope
downward to join the valley presently occupied by the Mississippi River.  The tributary valleys
contain a significant thickness of sediment (Plate 3) and were once deeper than they are now.  The
sediment in the valley of the Mississippi River is more than 350 feet thick in places.

The topography of the land surface between the valleys is similar to the underlying bedrock
surface in many places, particularly where that bedrock is covered by less than 50 feet of glacial
sediment, as it generally is in the northern half of the county (Fig. 1A; also Plate 3).  At least half
of the southern part of the county has more than 50 feet of glacial drift overlying bedrock, and in
some areas the thickness of these deposits exceeds 250 feet.

MAP PREPARATION METHODS
The bedrock topography was mapped by compiling information on the elevation of the

bedrock surface from field mapping of outcrops, soil maps, borings, and records of water-well
construction.  Where the bedrock surface is near the land surface and information is abundant, the
contours that delineate that surface show great detail.  In areas where the bedrock is deeply
buried, points of known bedrock elevation are more sparsely distributed, and such detail is not
possible.  The distribution of the data points is shown on the data-base map (Plate 1) and should
be considered in assessing the reliability of the map at any particular place.

THE TOPOGRAPHY OF THE BEDROCK SURFACE
Harder layers of rock are more resistant to weathering and erosion; softer layers are more

vulnerable to disintegration.  Harder rock types will therefore occupy the greatest area of the
bedrock surface, and more erodible rock types will compose the bedrock surface over a much
smaller area.  Extensive limestone and dolostone formations form the bedrock surface over most
of the county.  Weaker sandstone and shale units are at the bedrock surface only in and along the
edges of valleys cut into the bedrock (Figs. 1B and 1C; also Plate 2).

In most of the western half of the county, resistant limestone of the Galena Group (the
Prosser and Cummingsville formations on Plate 2) forms extensive flat areas on the bedrock
surface.  At the edges of these mesas, the more erodible rocks of the formations underlying the
Galena—the Decorah Shale, Platteville Limestone, Glenwood Shale, and St. Peter Sandstone—
form the shoulders and walls of valleys cut into the Galena rocks.  These same formations form
the slope of the escarpment between the Galena Group subcrop and the lower tier of the bedrock
surface which is composed of rocks of the Prairie du Chien Group (Shakopee and Oneota formations
on Plate 2).

The limestone and dolostone of the Prairie du Chien Group underlie the upland areas of
eastern Goodhue County, the northern edge of the western part of the county, and the valley of the
Cannon River in that area (Figs. 1B and 1C; also Plate 2).  Valleys cut through the Prairie du
Chien Group rocks into the Jordan Sandstone, the St. Lawrence Formation, and the Ironton and
Galesville Sandstones.  In the broad bedrock valley now occupied by the Mississippi River, the
Eau Claire Formation and the Mt. Simon Sandstone compose the uppermost bedrock formations
(Plate 2).

Bedrock valleys are more closely spaced in the northeastern part of the county, possibly
owing to more extensive fracturing of the Prairie du Chien Group rocks that is related to the
faulting in this area.  The valleys are oversized for the streams that now occupy them, an indication
that earlier in their history stream flow was much higher.

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is based; however,
the Minnesota Geological Survey does not warrant or guarantee that there are no errors.  Users may wish to verify critical information;
sources include both the references listed here and information on file at the offices of the Minnesota Geological Survey in St. Paul.
In addition, effort has been made to ensure that the interpretation conforms to sound geologic and cartographic principles.  No claim
is made that the interpretation shown is rigorously correct, however, and it should not be used to guide engineering-scale decisions
without site-specific verification.

EXPLANATION

Line of equal elevation on the bedrock surface—
In feet above mean sea level.  Contour interval 200 feet;
supplementary contours at 450, 500, 1100, and 1150 feet.

Figure 1.  Three-dimensional representations of the land and bedrock surfaces of Goodhue
County, illustrating the relations between geologic units and the surfaces they form.  The
portrayal of the present-day land surface (A) includes the geologic units described on
Plate 3, Surficial Geology.  The other two models (B  and C) illustrate the shape of the
bedrock surface and the geologic units present at that surface (Plate 2).   The scale of
each image is 1:400,000; the vertical scale is exaggerated three times.

PERSPECTIVE IMAGES OF GOODHUE COUNTY

A. The land-surface topography of the surficial geologic units as viewed
looking down on the county from the southwest corner toward the
northeast.

C. Topography of the bedrock geologic units as viewed looking down on the
county from the southwest corner toward the northeast.

B. Topography of the bedrock geologic units as viewed looking down from the
northeast toward the southwest corner of the county.
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DESCRIPTION OF MAP UNITS
Prosser Limestone—Very fine grained, thin- and crinkly bedded limestone; dolomitic

near top.  Fossils form thin coquina layers.  Distinguished from Cummingsville For-
mation below by near-absence of shale interbeds.  As much as 70 feet thick.

Cummingsville Formation—Interbedded limestone and shale.  Shale is green-gray, cal-
careous, thick bedded in lower part.  Limestone is fine grained, fossiliferous, thin and
crinkly bedded.  Unit presents a sawtooth profile in exposure owing to the inter-
bedding of weathered, soft, recessive shale and hard limestone.  Unit thickness, 70–75
feet.

Decorah Shale—Green-gray shale with thin interbeds of fossiliferous limestone.  Fer-
ruginous oolites at top.  Unit thickness, 60–65 feet.

Platteville Formation—Fine-grained, fossiliferous, thin- to medium-bedded limestone;
sandy at base.  Thin shale beds are most common in upper part.  Contacts with units
above and below are gradational.  Unit forms prominent ledge where it caps small
plateaus.  Unit thickness, 10–15 feet.

Glenwood Formation—Sandy, green-gray shale containing phosphatic grains as much as
one centimeter in diameter.  Thin, quartzose, fine- to coarse-grained sandstone inter-
beds are common.  Unit thickness, 5–15 feet.

St. Peter Sandstone—Mostly very fine grained to medium-grained, poorly cemented
sandstone.  Lacks structure or, less commonly, shows subtle cross-stratification,
especially in uppermost part.  Some intensely burrowed, pale-green shaly intervals.
Grain size becomes progressively finer upward in lower half, coarser upward in upper
half.  A shale bed as thick as one foot in lower three feet of formation extends
laterally at least across the northern part of county.  Possible unconformity along basal
contact.  Commonly exposed along steep hill slopes that are held in place by caps of
Platteville Formation.  Unit thickness, 100–115 feet.

Shakopee Formation—160–180 feet thick.
Willow River Member—Thin- to medium-bedded dolostone, sandstone, sandy dolostone,

and minor amount of shale.  As much as 150 feet thick.
New Richmond Member—Quartzose sandstone as much as eight feet thick overlying

intraclastic, oolitic dolostone and sandy dolostone.  Basal contact is a disconformity.
As much as 50 feet thick.

Oneota Dolomite—105–200 feet thick.
Hager City Member—Dolostone and silty dolostone as much as 115 feet thick in

medium to thick, irregular, tabular beds.  Most beds are internally structureless or
faintly laminated, and have relatively minor vuggy porosity.  Some beds have algal
lamination and are stromatolitic and vuggy, with secondary porosity and calcite
mineralization.

Coon Valley Member—Interbedded sandstone, sandy dolostone, and minor amount of
shale; member thickness, 20–85 feet.  Lower contact is an unconformity, which is
directly overlain by a poorly sorted sandstone bed containing pebbles of Precambrian
rocks that are as much as two centimeters in diameter.

Jordan Sandstone—Sandstone consisting of a coarsening-upward sequence of two
distinct facies:  (1) quartzose facies of mostly friable, yellow to white sandstone, and
(2) feldspathic facies of very fine grained sandstone, siltstone, and shale.  About 30–
100 feet thick.

St. Lawrence Formation and Franconia Formation.
St. Lawrence Formation—Tan to gray, well-cemented, thin- to medium-bedded silty

dolostone and siltstone; thin shale beds.  Dolostone contains variable amounts of clay,
silt, sand, and glauconite.  Thin to medium beds of very fine grained sandstone are
common, particularly in upper 20 feet.  Unit thickness, 40–50 feet.

Franconia Formation—Mostly glauconitic, feldspathic, very fine to fine-grained
sandstone; green and gray shale and pink or tan, sandy, glauconitic dolostone.  Intra-
clasts and burrow mottling are common.  Generally coarser grained and more poorly
cemented than St. Lawrence.  About 160–175 feet thick.

Reno Member (upper 90–100 feet)—Very fine grained to fine-grained glauconitic
sandstone interbedded with siltstone and shale.
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INTRODUCTION
The map on this plate shows bedrock that is exposed at the land surface or lies

directly beneath unconsolidated deposits of Cretaceous and Quaternary age.  The bedrock
geologic cross sections show the bedrock formations from a third dimension, as they would
appear along the side of a trench cut 1200 feet below the land surface.  The geologic
formations are very thin relative to their areal extent and would be only one-tenth as thick
as shown on the sections if no vertical exaggeration were used.  The map and cross sections
are based on field mapping of outcrops, water-well records, engineering borings, drill
cuttings, and geophysical logs (see Plate 1, Data Base); geologic studies by Frey (1937),
Crain (1957), Sloan (1964), Stone (1980), and Sansome (1986) were also consulted.  Where
bedrock is buried by more than 100 feet of unconsolidated deposits (see Plate 5 for depth to
bedrock), the geology is necessarily generalized because data on bedrock type and depth
are sparse.

Bedrock is the consolidated sandstone, limestone, and shale that are exposed on the
steep bluffs along the Mississippi River and its tributaries, in rock quarries, and along
roadcuts in Goodhue County.  The rocks form distinguishable layers that are given formal
names like Jordan Sandstone, Decorah Shale, and St. Lawrence Formation (Mossler, 1987).
The characteristics of each formation in Goodhue County are given in the Stratigraphic
Column and Description of Map Units.

The bedrock layers were deposited as sediments in a shallow sea that covered southeastern
Minnesota and the surrounding region 520–350 million years ago.  Some unconsolidated
clay and sand of Cretaceous age (about 100 million years old) have been described in
Goodhue County (Sloan, 1964), but mappable units of such sediments were not found in
the course of this study.  Very small, isolated pockets of Cretaceous sediments (derived
from weathered Paleozoic bedrock) may be present in depressions like sinkholes.  Such
pockets were once mined for pottery clay, and their likely locations are shown on Plate 6,
Geologic Resources.

USES OF THE MAP
The bedrock geologic map provides some of the basic information needed for oversight

of natural resources like ground water and minerals in Goodhue County.  Information on
bedrock is also used to prepare related geologic maps, such as Thickness of Quaternary
Sediments (Plate 3), Bedrock Topography (Plate 5), and Geologic Resources (Plate 6).  The
water within the bedrock formations is perhaps the most important resource of all, and
understanding how the various bedrock types convey or impede the flow of ground water is
imperative.  Water-bearing attributes of the rocks are used with other information on ground
water to define the aquifers and confining units depicted in the hydrogeology plates of Part
B of the atlas.  The likelihood of sinkhole formation and the sensitivity of ground water to
contamination are also determined in part by the bedrock geology.

HYDROSTRATIGRAPHY
Hydrostratigraphic components are distinguished and characterized by their porosity

and permeability, which are the fundamental controls on ground-water movement.  Porosity
is simply the open spaces in a rock, such as cracks, voids, and tiny pore spaces.  Permeability
pertains to the relative ease with which a rock can transmit a liquid through these open
spaces.  The conductivity of a rock, also discussed below, is the rate at which water can
move through it.

Hydrostratigraphic Components
The Paleozoic bedrock in Goodhue County consists of four distinct hydrostratigraphic

components, which have been defined and characterized in studies elsewhere in southeastern
Minnesota (Setterholm and others, 1991; Miller and Delin, 1993; Runkel, 1996b).  The
components are (1) fine clastic, (2) coarse clastic or quartzose, (3) mixed carbonate and
clastic, and (4) carbonate.  A clastic rock is a sedimentary rock composed principally of
broken fragments derived from pre-existing rocks.  The stratigraphic position of these
components relative to the formally defined groups, formations, and members of the Paleozoic
rocks is shown in the Stratigraphic Column.  Porosity and permeability were determined
through laboratory tests of plug samples and hydraulic testing of water wells in southeastern
Minnesota, including Goodhue County.

The fine clastic component consists of very fine grained sandstone, siltstone, and
shale in thin to medium-thick beds that are strongly to moderately cemented.  The component
has low to very low relative permeability, several orders of magnitude less than that of the
coarser grained sandstone of the coarse clastic (quartzose) component.  Vertical conductivity
is low to very low in the fine clastic component, commonly 0.001–0.00001 (10-3–10-5) feet
per day for interbedded, very fine sandstone and shale (Miller and Delin, 1993), and as low
as 0.0000001 (10-7) feet per day for units composed almost entirely of shale (Freeze and
Cherry, 1979).  Horizontal conductivity in interbedded sandstone and shale is typically
more than 100 times greater than vertical permeability (Miller, 1984; Setterholm and others,
1991; Miller and Delin, 1993).

The coarse clastic (quartzose) component is a mostly uncemented, moderately sorted
to well-sorted, fine- to coarse-grained sandstone composed of about 98 percent quartz.
Plug-sample tests indicate it has high to very high permeability and porosity due to its
relatively large, well-connected, intergranular pore spaces. Wells drawing water mostly
from this component typically pump about 2–20 feet per day, indicating a moderate to high
conductivity (Miller, 1984; Setterholm and others, 1991; Miller and Delin, 1993; Runkel,
1996a).

The carbonate rock component consists of limestone or dolostone with minor amounts
of shale and sandstone. Fractures and solution features formed through karst processes are
the principal influence on porosity and permeability, because porosity of the rock matrix is
negligible.  Permeability, therefore, varies substantially from place to place, depending on
the size, extent, degree, and interconnections of fractures and solution features, and on the
scale of the method used to determine it (Libra and Hallberg, 1985; Visocky and others,
1985).  In most places where such features are well developed, the component has moderate
to highly conductivity, 1–40 feet per day (Delin and Woodward, 1985).  However, in places
where fractures and solution features are few, such as where carbonate rock is deeply
buried by younger bedrock, the component can have very low conductivity, even at a large
scale (Libra and Hallberg, 1985; Visocky and others, 1985).

The mixed carbonate and clastic component is composed of interbedded siltstone,
very fine to very coarse grained sandstone, sandy dolostone, and shale (Setterholm and
others, 1991; Runkel, 1996b).  The degree of cementation varies; beds of medium- to
coarse-grained sandstone are typically friable, but very fine to fine-grained sandstone and
siltstone commonly are strongly cemented.  This component of mixed rock types varies
markedly in permeability from bed to bed.  Weakly cemented, coarse-clastic sandstone
beds are likely to be highly permeable.  The more strongly cemented, finer grained, clastic
beds have low permeability (Setterholm and others, 1991).  These finer grained clastic beds
form the bulk of the component, and meager pumping data indicate a lateral conductivity
about one-fifth that of the coarse clastic (quartzose) facies (Runkel, 1996a).

The density and connection of fractures vary laterally and vertically and can markedly
affect the hydrologic behavior of each of the components.  Fractures and the connections
among them are most abundant where bedrock is at or within 100 feet of the surface.
Clastic components like heterolithic, very fine grained sandstone, siltstone, and shale have
low to very low intergranular permeability.  Where near the surface, they may be orders of
magnitude higher in conductivity, because a substantial component of flow is along fractures.
Conversely, some carbonate units may have a relatively low conductivity and act as confining
units where they are covered by younger bedrock and have little secondary porosity (Libra
and Hallberg, 1985; Visocky and others, 1985).  Additionally, flow along fractures may
dominate, even in the coarse clastic (quartzose) component, which has high intergranular
permeability where it lies near the surface.

Delineation of Aquifers and Confining Units
The coarse clastic (quartzose) and karstic carbonate rock components likely contribute

most of the yield to water wells developed in Paleozoic strata.  The fine clastic component
can potentially yield moderate quantities of water, particularly where it is fractured near the
surface.  More importantly, it acts as a confining unit that separates coarse clastic and
karstic carbonate aquifers (Wenck and Associates, Inc., 1997).  The mixed carbonate and
clastic component contains individual beds that can yield moderate quantities of water, but
where greater than 10 feet thick, it apparently also acts as a confining unit (Setterholm and
others, 1991).  Unfractured carbonate rock can also serve as a confining unit (Visocky and
others, 1985; Alexander and others, 1991; Barr Engineering, 1996).

Two of the most widely used aquifers in Goodhue County, the Franconia-Ironton-
Galesville and the Prairie du Chien–Jordan and are not single, hydraulically connected
aquifer systems as previously believed (Kanivetsky and Walton, 1979).  Pumping tests
(Miller, 1984; Delta Environmental Consultants, Inc., 1992; Miller and Delin, 1993) and
carefully collected measurements of local static-water levels (Delta Environmental Consultants,
Inc., 1992; Wenck and Associates, Inc., 1997) clearly indicate that water in the upper part
of the Franconia is hydraulically separated from water in the lowermost Franconia, Ironton,
and Galesville formations.  Some fractured, carbonate-cemented rock in the lower part of
the Franconia where it is at or near the surface is a source of many springs in the county
and is perhaps the only highly permeable conduit for ground water within the Franconia.
The Prairie du Chien–Jordan aquifer is also two distinct aquifers, an upper carbonate
aquifer and a lower, quartzose aquifer, which are separated by an intervening confining
unit composed of the mixed clastic and carbonate component.  Hydraulic separation of the
carbonate and quartzose aquifers is indicated by several lines of hydrologic evidence gathered
in Goodhue and adjacent counties, including potentiometric data (Kanivetsky, 1988; Alexander
and others, 1991), pumping tests (Barr Engineering, 1996), and ground-water chemistry
(Alexander, 1990; Setterholm and others, 1991; Wall and Regan, 1994).

Table 1.  Hydrostratigraphic components of Paleozoic strata in Goodhue County.

COMPONENT DESCRIPTION CEMENTATION PERMEABILITY

Fine clastic Very fine grained sandstone, Strong to moderate Low to very low
siltstone, and shale

Coarse clastic Fine- to coarse-grained sandstone Mostly uncemented High to very high
(quartzose) (98% quartz)

Carbonate Limestone or dolostone; minor shale Strong Moderate to high where fractures
and sandstone and solution features are present

Mixed carbonate Interbedded siltstone, very fine to Friable to strongly High to low, depending on dominant
and clastic very coarse grained sandstone cemented rock type
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Tomah Member (medial 40 feet)—Interbedded, very fine grained sandstone, siltstone,
and shale; minor amount of glauconite.  This member is finer grained and has more
shale than adjacent members

Birkmose Member (basal 30 feet)—Very fine grained to fine-grained sandstone; abun-
dant glauconite.  Dolomite cement and sandy dolostone beds are common.

Ironton Sandstone and Galesville Sandstone—Fine-grained to very coarse grained
quartzose sandstone.  Total unit thickness, 50–65 feet.

Ironton Sandstone—Ironton is more poorly sorted than Galesville and has coarser sand-
stone beds.  Substantial shale and siltstone form thin interbeds or a matrix in poorly
sorted sandstone.  White, brown, or black shell fragments are locally common in
upper 10–15 feet.  Subtle disconformity in middle of Ironton is capped by pebbly,
coarse to very coarse sandstone bed.  Above this bed, grain size of Ironton becomes
finer upward and passes transitionally into the Franconia Formation; below this bed,
grain size becomes finer downward.

Galesville Sandstone—Fine to coarse grained, well to moderately sorted; minor amounts
of shale, siltstone, and very fine grained sandstone beds.  Lower one-third locally
intertongues with feldspathic, very fine grained sandstone of underlying Eau Claire
Formation.

Eau Claire Formation—Commonly interbedded sandstone, siltstone, shale; thin to
medium-thick beds.  The sandstone is very fine grained to fine grained, tan, variably
glauconitic, laterally stratified, hummocky stratified or bioturbated.  Siltstone is tan to
gray, laterally stratified or bioturbated.  Shale is gray to greenish-gray.  Gray to black
shell fragments are common.  Unit coarsens upward, with shale and siltstone replaced
in abundance upsection by sandstone.  Uppermost 10–20 feet is mostly very fine
grained sandstone and siltstone.  About 120–140 feet thick.

Mt. Simon Sandstone—Mostly white to yellow, fine- to coarse-grained, friable,
quartzose sandstone.  Scant subsurface data indicate that the Mt. Simon is as much as
250 feet thick.  The top of the Mt. Simon is marked locally by a thin "rusty"
sandstone that contains iron-coated, fine to coarse sand grains and abundant black
shell fragments.  Beds of variegated shale, siltstone, and feldspathic, very fine grained
sandstone are common, particularly in the upper two-thirds of the formation.  Pebble
conglomerate or pebbly sandstone is common in the lowermost 100 feet of the
formation.

Proterozoic rocks, undifferentiated—Samples from a few deep water wells that
penetrated the entire Mt. Simon beneath the city of Red Wing indicate that the rocks
beneath the Mt. Simon include buff to tan quartz arenite of the Hinckley Sandstone
and arkosic red sandstone, shale, and siltstone of the Fond du Lac Formation.

DESCRIPTION OF MAP SYMBOLS
Geologic contact—Approximately located; generally concealed.

Fault—Approximately located; generally concealed.  U, upthrown side; D, down-
thrown side.

Line of section.

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is based; however,
the Minnesota Geological Survey does not warrant or guarantee that there are no errors.  Users may wish to verify critical information;
sources include both the references listed here and information on file at the offices of the Minnesota Geological Survey in St. Paul.
In addition, effort has been made to ensure that the interpretation conforms to sound geologic and cartographic principles.  No claim
is made that the interpretation shown is rigorously correct, however, and it should not be used to guide engineering-scale decisions
without site-specific verification.

U

D

Od

Ogc

Ogp

Ogw

Os

Ops

Opd

Cj

Csf

Cig

Ce

Cmt

1200

1000

800

600

400

200

1200

1000

800

600

400

200

SEA
LEVEL

B B'

    SEA
LEVEL

E
le

va
tio

n 
in

 fe
et

E
le

va
tio

n 
in

 fe
et

Ops Ops

Opd

Quaternary
  deposits

Opd

Ops

Opd

Opd

Quaternary
  deposits

Ops

Bellechester

Wells
Creek

(Lake Pepin)

Miss. River

Csf–

Ce–

Cig–

Cj–

Cmt–

Ce– Cig–

Cj–

Csf–

Ce– Cmt–

Cj–

Cig–

Csf–

Ce–

Csf–

Cj–

Vertical exaggeration x 10

200

400

600

800

1000

1200

14001400

1200

1000

800

600

400

200

200

SEA
LEVEL

200

A A'

E
le

va
tio

n 
in

 fe
et

E
le

va
tio

n 
in

 fe
et

    SEA
LEVEL

Opd Opd

Ops Ops
Os Os

Quaternary deposits Quaternary
   deposits

Ogc Opl Ogc

OgpOgp

Od Ogc

Os

Ops

Ogc

Opl
Od Opl

Os Os

Ops
Ops

Opd
Opd

Ops
Os

Od Od

Ogp

Opl

Opl Ogc

Ogw
Ogw

   North Fork
Zumbro River US 52

Ogp
Ogw

 Belle
Creek

Minn. 19 Quaternary
  depositsCannon

River

US 61

Quaternary
  deposits

Ops

Miss.
River

Cj–

Cig–

Cmt–

Csf–

Ce–

Csf–

Cj–

Cig–

Ce–

Csf–

Cmt–

Csf–

Cig–

Cj–

Csf–

Ce–

Csf–

Cj–

Cmt–

Cig–

Vertical exaggeration x 10

Opl

A A'



DOUG MAHONEY MINING RECLAMATION PLAN June 17, 2017 

 

 
20 

 

 
 
 
 
 
 
 
 
 

Appendix J 
 
 

Groundwater Hydrology 
Geologic Atlas of Goodhue County 

Mn DNR Division of Waters 
 
 
 



���������	
�������������������������������
�����������������������
��������������
������������������������
�����������
����������������������������
��������� ���!�"����#����#�"��������������$�	%�&�'�(�&%)*+,��)	
-.�	%.�-�&�&�/)��.0�+*�	�)��)/�&(.1�/�1�&�	.&$

������������

���������	�
������������������������������	����������������	����	���������	
�	����������������	������������	�����������	�������������������������	����������
�����������	���  !�"������������������� �#$�%�������������	����	��������	��&	����
�������	�����	�������������	��������������'��	��������	�����������������	��������'
���'��	����	����������������	��	�	�����	������������	��������$�
�����	�����������������	
�	����������	������	��� '����������������������	����������� ��������	�� ���� ��	
�����������	���������	��'����	������������������	����������	������	������������	�$�(���
����	���������	���������������'�������'	����	�� ���������	�
������������	��	�����	
������������������	���������	�������'���$

%������)��'	�����	��)��'	������������	��	������������������������������	���������'�����
���������'���	��)��'	��*���������������	��	���������+��������������	������,#$����������	

��������	����	����	��������������	����	��������)��'	����	����	����������	�����	��-�����
�	����������	���������������������	���	�������������������������'������������������
�	��	�������$

%������)��'	�����	������������	�����	���������������	����	�����������	�����'��	
���	����������������'������	���������������������	�����	��	����	�������'��	������������	�$
.��	�������������)��'	��������	�����	����������	����	�����������'���	������������������
�)��'	��$����	������������)��'	����������	��	�	�������	���	�����$�/��	�	������		�
�������)��'	���'�����	������	�������	����������	��������	��������������)��'	����������
��������	�$�(�	�������������������	���������'��������)��'	�����	�	0��	�	����������	���
��������	���������	����'����	�$

(�	�	''	�����'��������	�	����	���	0�	����	����	�������	���������	��������	������
�������)��'	��$�����������	��'����������������������)��'	����������	��������-��	��
����������)��'	��$�(�	����	��'�������'�����������)��'	�����������������	�����'��	
����������������������������������������	��'������������	��	�����$���	����	������
����������	����	����������	����'��	���	��������	���������	��������������������������	
���	��������'��	����	�����������	��$

	
������������

1�������	��������	����	���	���	����������������	������$�1�������	������	����	���
�������	��
�2��
.3#,#���������	�������	��
�
.3#�����	����	����	����������	���������	
�������	$�(�	�	���	�������	������������	�����������������������	�	�����������	����	���	
���������������������	����������������	�
�����$

���	�����������������������������	������������0��	�����������'������������$����	�
��������������0��	�������	����'���������������������	������������������������
�������	�������	������������	$�(�	�	���	�������	����������	�������������	��	�$���	�
����������	������������������	������������0��	����������	�����������	���������	����	����
��������	����	������������	��������������	��������������	�������������������	�����$
4��	���	��������������������	�������	���	����	��������	���������	�	�������������	�
��	�������	����	��'���	�	0�	������������	$�(������	�������	��������	������	��		��������	�
���������	����'�'����������������������	���������������	�$

1������	�����������	���	�����	�	�������������	�������������	�������������	��������'
������	�����������	�����	����	������������	����������	���	��$�5���	�������	��������	��'���	�
������������	�����������������������	�����������	���������������	�'���	�������	�	���
���	�����������	�����������'������������������$

%�������������	����	������	'��	������������	���	�������������������'���	�����������
�������	�$�6�-��	�����	�������������	��������������	��������������������������������
�������	�������������''	�	����������	�	����	��$�6����������	���������	���	�������������	�
��	�������'�������������	��	�����	��'����������������������������	��	'��	��������	�����
���	��'��	���	������	���������������	�����������	�������''	����������	�	����	��$

���������	�
��������	��	����	�	���	����������������	����	���������	���������������$
(�	�����	����������	��	�����	����	��	�	���	�������	����	������������'���������������-��	��
������	������	��$�(�	�'���������������	�������'��������	����������'��	��������������������	
������������$�6��	������	����	�	���	����������������	�����	�	���	�������	�5�����		
"��������������	�'��������������'�	���	���������	�
�����$�1�''	�	������	��������'���	
���������	����������������������	������	��	������������$�(�	����	���������������	
7�����	����
��	����������	����	��	�����������	�����������'�������''�$�(�	���	��	�
�������������������	��������	������������	���������	�2����������$�(�	�����	��	�����������
�����	������	������	��	��	'��	��		����	����������	�����	���	���������������	��������	
�����	������	���	�����	��������	�	����	��$

(�	��	��������	���������������	��'���	����'���������	�����������������	�����������'
������	�������'	����	�$����������	�
������������'	����	����	����	��������	����������	���	�
���	�	����������	������������89�'		���'����'���������	�����$

:�����������������'�����	�������	����	����	��������������	������������	���������
�	�	����	��$�(�	�	�'	����	��������	���	�������������	����������������	�����������	�
���	�������������	����	��	�����$�����������	������������)��'	���'��������	��������
������������	���	��������	����������������	���	���'���	��-����������������$�%�����������
���	�����	����'��	����	�������������������������	��������	���	����	�	�����������	
'�������	�����������������������	�������	������'���$��'���	��������	�	������	���-����	�
����������	���������	�����	��	���������	�	����	����������	�����	�$


�����	������������	�����������	�	����	��$�5���������'���������	�������������	������
������������	��	���	�������������	�����������������������������	�������	���  #$�(�	
���	����	��������������	���'�������	�
���������	��		�����	����	������-	��	���������
�������������������������	��	������	���	����	��������������	�7��	�&�����/	��	�����
6�	0���	���� 8#$�6�������	������'�������������	���	��������������	�
�	���	�������
(	�������������	��������	�����	���'����	�������'	����	���6���	�����8 #�������	�	
����	)�	���������	��������������	������������	�7�	�����	�	$�(�	����	��������������������
������������	����������	���������������	�7�	�����	�	����	���'��	��	����	��	�	����	��
�'����������������	�
������������	���	�	���	�����������	���	���2���	��������	�
�����������	������'�����	�������	������	���;��	����� 3#$

���	�����

5������	����	�����	���	��	������������'���������	��	������'���	�����������'���	
���	�������������	��	����������'���������������	��������	��		�����'��	����	�����
����������	�$�5������	����	����	��	����	������&	��	��		������	��������'	����	���������
����������	������������	��������'	����	�����������������������$����������	�
�����
�������	������	�'�����	��������3�'		��������	�������99�'		���������	�	������'������'���
���������<9�'		������	���$�2�����'���	����	�'�����9�'		�����=9�'		���������	�	������'���
8�'		�����=9�'		���		�$�5������	����	�������������	������������������������������	�'���
�	������	������������������	��������������	���������������������	�����	�$����������	

�������������	����������������'���	��	�������������	��		����	����	���������������	
�����'���	�:������5�������	$

(�	�����	����������	��	�����	�����������	�
���������������5������	�7�����������
��	����''�������	�	���	������	��'���	�;����	�
������>��	�����������������	��	��	������'
�'�;	���(�������$�5�������	����'���	�5������	�7���������������������������	����''�������
��	����������	��'���	�?�����@�������'���	�2����	�"�����'���	�A������>��	����������	��
>����	�(�������$�@����5������	�7��������	�����	��	�	���	�������	�7����	��"��������
�'���	����	��������$�(�	�	0�	����'���	�7����	��"�����������������������	������������
���	������	����$�(�	�;	���(��������5������	�7��������	�����	���	������	���	����'��
������'�������������	��	�����	�������	0�	���������	����������������1���	�.����	�
����"������	�������	�������������	������������	���	�������$�(����5������	�7��������	��
����	�	���	����������	������	���	���	��	��'���	����	������������������	��$�6��	����
����	����������'��������	����������������''��	�����������	�7�����	����
��	�����''�������
��	�2�����������>��	�������������������	�$�(����������'��������	������	�	���	��������
��	�	���	�5�����		�"��������������	�'������	�����$�(����������'��������	��	�	����	��
����������'���������	����'�;������2��	���	���	��������2��	���	����/����7����������
��	������	���	��	�$

�'�������'��	�	����������������������	��������'��	���-����	���������'���������	
�	���	������������������������������	��	�	����$�(�	��������	��'�������	�������	��	�����
���	�'�������	$�2������������������������	����	�����������������������������	����������������
	���	���������	�����	�$��'� ��	�������'��	�	���������������������	�������	����'��	
��-����	�����������	��	��������	�'����$�5�����	��	��������	��'���������������	���	��
������	�������	�����	��-���������	�	�����	�������������	��	���������'��	����	�'��������	�$
5�����	��	��������	��������������������	����������	���	��	����������������	�	�����	��

������$�(�	����	��'�������	��	�������	��''	��	�������	���������'��	���	��������	����
���	������������������	�����'������	����'��	���������������	����������	��&��	#�������
��	�	�����	��-�����$��'���	����	��'�������	��	������������	��������	�������	����	�����	�
������������	�$��'��������������	��	��	������������	���������'���������	���	������'����	$

6��������	��������	�������������������������	������	������������������	������������
�����������	������������������	��	$�.��	���������	�������	���������������	��	����
���	���������	�����������������$�
����������������������	��	��������	����	�	����	��	��
����������������'�����������	��	��������	���������������	�$

5��'��	����	���	�������'����������������	��	��	�������������	���������	�������'��	
����������	���������'��������	�������������	��	���	���	����		�	���������	��	�����$
(�	����	��'��	���	�����������������������	��������	���	����	���������	��		�����'��	
���	����������������	��������	����	��'��	����������������	�	����	���	��	����	��������	
��������	����������������������	���'������$�B����'���������������	���������	$�(�	�	0���	��	
�'����������	��������	����������������������	*�������������	�	�����������	��	������	����
	0�		����	�'�����������	��	�$

5������	����	�'�����������������������	���	���2���	�����'��������������������
�����������	������	�$�1����	��������6�	0���	����� =���#�����2�����	�	�����8#�'����
�������	����	��'��������	�'�������������������,��	��	����	���	����'���	����������	�����
�'��������	�$�(�������	������''���	������������	������'���	��������	�����89��	���$�5���	
������'���	��������	����	�����������	����	�������89��	������	���������	��'�'��������
�����	�������������������	����	�	��	�	����'	����	���������������	���	����	����	�������
�'���	���������	$�6��������������������	��'�������	����	���������������	��	��������	�
�'���������������	����	���������������	��������	�'����������6�	���������	�����C,#$

5������	����	�'���	��������������������������'����������	��	�$�(�	�����'�������	����)�	�
����	�'�����������'���������	��������	�������������������������������	�����	�������
	0�����	������	�����	���������������	���������'���	��������	�������������������'����	��	���	
���	��������������	�����	�	�������������	�'	����	�$�2����'���	���������	�����	��	����	�
����	��'����	���	���������	��'���	�����	��	��	�	�$���������''�����������	�������	��	���
�������	�������	���������	���	����	�������	�'����������������������	��������	�����	����
�	���		����	���'�	�$

�����������������	�����	�������	�������	�	�����'���	�������	��������	�������������	�
����	���'��������	�'���	�����	��������	��	0�������������	�
�����$�(�	�	����	��������	�
�����	����	��	����	�����������������'����������	��	���������	���	����'������	��	�����
���'��	$�(�	�	0���	��	��'����	��������	�������		�����'���	������	��	���������'��������
�������	����������������������������������������	������������������������	�$�(�	�'�������
�'���	�	����	��������	������	�'������	���������	���	�����6���	�����8 #��������
�����������	���	���	���	��������������������	���	���������	'�	�����	���������������'������
����	��	�����������	�
�������/	��	������6�	0���	���� 8#$

�����������
����
����������	�����

����������	�����������������������-�������	������������	�
�����*����������	��
�������������������������	����'���	������$�5������	���	��	�������	�������	��������	��		�
���'��	�����''�������	����	����������	������	��)��'	��$�%���������	�������������	�����
���	������'���������	��	�������	������&��	����������������'��	����	�����	��������	���	�
������������	�������	����	��������)��'	��$

6��������������	������������	�����'�	���������	��������	��������	����������	����
�	���	�������	��������������	��������������	�����	������������������-����������
����������	�$�
�	��������������	�����	���	��'��������	������	������������	����������
����������	�����������	�$�
������������'������������������������������	�������''	��
��	�)��������'����	������������)��'	��$���������������������������	��������	�������	���
������	����	��������	�������'��������'������	���������	����������������	������
�	����	���������	����������	���	�������	��������������������������	���$����������	

������������	������	�����������	�������������'�������������������'�	�������������
����	���	���	���'�������	������������	�������������	�����	����������'�	���!������'���
������	�����!���������������''���	����������	��������������	��$

"������	���������	������������������	�����������	�
�������	�	�������	�������
������	�����	��'�����	�����������'�����	�$������	�������8��	�����������	���������	''����
���������������������������������&��������������	''	����	���0��'�����������������	�	��
�����	��������	��	�����	������'���������������������	���	����	������	��	��'�����	���������
����������	�$

(�	�����������	���������������������	�����������	�������������	0�	���������	�����
���������������	������������'��	��	����	��)�����������������������	������������������	
�)��'	��$�/����	����������	������ 3#�����;������������	������ =#��������	�����������
�'���	�����������	��������������������	��������	������'������	���	��������	��	����	
�)��'	������������������'�����������������������������	�������''�������������	�$�(�	�����
�'����'��	����	�������������������'�������	�
�������������	���������'�����������������	
�������)��'	������������	�����	���������������������-��������	��'�����������	���	�����	$

.��	��	�������	����������	�����	��	������������	����	���������$�5��������������	
�������'�����������	���'���		������������	���������	������	������	�	�������������	
�������	�$�7��	����������&������������	�������	�������	����	���	���������	����	�
��������������������	��'����	)����	����	��������	����	��'�	���$

6���'�������������	�������������������	���'����������	���	������	�������-��	�����
��$�/��	���	������	�	0�	��	��	��	������������	��'�����������	��������������	�����
���	������	�'���������������������	�	�����	�$����	���	�	��������������	���������
��������������������	������������	�����	�����������	��������	��6�	���������	�����C,#$
?��	��������������������	�
���������	�'���	���	����	��'��������	�'��������$�6������
����	�������	�'�������	�����������	�
������������������������	���	���	���'�������	�
	��	��	�	���������	���	���2���	������6�	0���	���������	������3#����	��		�������	�
��	���������	���	�	���	������������������$�/�������������	��''	��	������������	�$

�������
�������

5������������		�����	�����	����	�	�����������	���	�����������	����'��	$�(�	�������
��	�	���	�����������	������	����	��	������	���������'��	$�5������������		������	�����
���	���	�������������	��'���&	�$�(�	����	��'���������	�'�����	�����������	����'��������
�	�������	����&	��$�2�����'���	������������������������		�����	�	��	�	������������
'�����'�	������	�����������	���	�����	�	�	���$�5���������	��	�	���������	������	������
�����	�$�(�	����	�������������	�	��	����������������'����'�����������	�����������������
��	���������$�5		����	�	�������	�����	�����	����	�	����	����&	�������'���	����������	�
����������	�$�5������������		����'�	�����������������������������������	����������
����������������	�$�5������������		���'������	��	�����	����'�������	�	���������	���
�'�������	�
��������������������	��������	��������'���	��	�$�5������������		����'�	�
	�	��	�'������	����������������	���'����	�������	����������	�$

(�	� ��������� �'� �������� ��� ������	� 
������ ��� ��������� ��'��	��	�� ��� ��	
���	��	�������������	��		���)��'	�����������������������������������	���������	$���
������	��	���������	�
�����������	�	���������������		���'����'�������������	���	���

��������'���	����	���"��������$�2�����'��������������	������		��	0�	����	������	�����
��������	���''����������	���������	�����	�����	��'��������������������$�@�������������������
�����	����	���������'���	���������������	$�2�����������������		�����������	�	���	
1	������5���	�7����	����	�;��	����	�������	������5���	����	��	�����	���������'��	
���������'�����������	���������	�����	�����	������	����#$�(�	��	�����	����'���	�;����	

������>��	��@	��	�
�		��������	�?���������2����	�"������'���	�A������>��	��'���
'����1	������	��	���������������������������	���������������		��������	��	��	������
������	��	������'��'�������	�
�����$�(�	���������-����������'������������	��'������	
��������'���	�.�	����1������	�������	������'���	�:������5�������	����	���	������
�����	���	����������	�
�����$�5�����������������		���'������	��	�����	����'�5�����
/��������	������		��$�6�'������������'���������	�	��	���	������������	�2����������
>��	������	��'���������	������	���	���	��	��'�������	�
�����$�(�	�2�����������>��	�
�����	��������	����	��	�	��'�����	�������	�������'�������	�
�����$�5��	��'���	��������
'����'�������������	����	���������	�'����'������	�5�$�;���	��	������		�	��'���������$

5���������	���	�������������	����'���	�����������	��'��������	��$�(�	��'������	��
����	����������	���������������	���	��������	��)������������	��)��'	��$�2�����������
��������	��	������'��	��)��'	����������	��	���������	��	������'��	��)��'	��������	��''	��	�
�����������������	�������	����'��	$�5���������	����������	������	������	���������	
����������	�����	����	$

����
��

@	��������������������������������������������	���������	������	�����'����'�����
���	����	���	�������������������������	�'������������������	�
�����$�(�	�����	��
�������	��	�����	����������	�	���	�7����	��;��	����	�'���������������-��	������	���	���	�
���	�������	��$�.��	����������������'�'������	��������������������������������	�������
����������	��	���������	��	�����	�$�5������	�����	���'������	�	���	�	�������	������89
'		���'����'���������	����	����	���������	��	�����$�(�	���	�7�	�����	�	����	����������
������	���'��	�������������	�'��������$�2����	0��������������	�������	��	�	����	����������
�'����	��������������	�$

5������	������'���������	�	����������	�
������	0�	��������	����	�������	�������
���	�	���	��������	������	�.�	����1������	$�?	������������	���	�������	������	��	��
��	��������'��	���������	��	�	����	��$�/��	�	��������������	����	�������������
	0����������������������	��		��'���	�$

5������������		���'������	��	�����	����'�������'���	�'����������'��	���		��
���	�����������	������������	�
�����$�2�����'���	��	�	��	���	�	���	��'����������'
��	��	����������������������	��	�����	����'��	�����������$�(�	����		���-�������	���������
�'�����������	���������	�1	������	��	�����	��	�������������	��	���������	�
�����
��������	����������'���	�.�	����:��������������������������	�2�����������>��	�$

����������������

6�	0���	��B$
$�:�$�@���	���:$5$�%	��	��6$>$����&�����2$2$�����(������$;$����3
@	��	��	��	��2���	�������������������	�D�B�������	������	�������$�,,���$�=��$
383�3<�$

6�	0���	��B$
$�:�$�����2�����$;$���  �5������	�������������	�������������7���	�C
���@�������?$/$�	�$��	�������6������'�.����	��
�����D�2���	������	��������
5���	��
������6�����5	��	��
�3�����	��D�99999$

6�	��($:$����������:$:$�����2���	����:$�$���C,����������	�������������������
�������	��������	������	������	������������	�������������	�������	�����D�2�������
�	���������5���	��B����		������	������5	��	��8�3,��$

6���	����$�$���8 ���������"����������'�4��	��2�����������>	��������	���	�����
�����������������������D�:��������'��	�������$�<<���$�<��$�8�C�<,=$

@	���@$"$������.����������������	�������'��������	��������	����%��������B$/$����
%��������%$2$�	��$�7���		�������'���	�6�����������%�����5���������>��'���
E��������,3�,<�2����������/��������	�6��$�?��������5�	�	���������5���	����$
,3��,3<$

1����	����:$1$�����6�	0���	��B$
$�:�$��� =��5������	�������������	������������
7���	�8����@�������?$/$�����.��	��@$2$�	��$��	��������������'��������
�����D
2���	������	���������5���	��
������6�����5	��	��
�,$

1����	����:$1$�����6�	0���	��B$
$�:�$��� =��5������	������������������������
�����
2���	��������@	���@$"$�	�$�5������	�D�(�	����	������	����		���������	�������	����
������D�@������6$�6$�@���	����$�C�� 8$

"����1$
$��������������7$�$��� ��%������	����������������/��������D�;�����
4�����/�����<9���$

����F$�,99,�%�����'	����	����������������������	���	���2���	����D�	0�	��������5�
���	����������	� '��� ��������������������� �	�����	������	�	��D�2���	������
4���	�������'�2���	�����7�$1$���	����,�9��$

/����	����$>$�/��	��@$B$�@	�����B$6$���������;�����>$1$��� 3�/�����	�����
���	��)���������������������	�	��������	�@���5������@�����
�������
����������D
������	���������5���	��.�	��"��	�>	����� 3�3������$

/	��	��:$�����6�	0���	��B$
$�:�$��� 8�%������	���	��'	����	���'���	�4��	��2����������
E���	��>	����D�5����	�����5�	�	�������$�<��$�=��=�$

%	��	����7$>$��� ,�5�����������������'����������	��	����������������!����	������	�	���D
�	���������5���	����'�6�	�����@���	�����$��3��$��9C ��9 <$

;�����>$1$�/����	����$>$�>	���	�	���$�$�����/��	��@$B$��� =����������	�
)�����������������	�������'�1	���������������	��)��'	������"���������2����	��

�����	������D�7�$�,��'�������	���������5���	��.�	��"��	�>	����� =�,��$����9<$

;��	���>$5$��� 3�;��	�+���	������4��	��	����	�	���	����������	�����'���������	���	��
2���	����D��	�������$�����$�,8��,<,$

2�����	�	�5$����8�5������	������������������������
������2���	������	�����	�D�2$5$
��	����4���	�������'�2���	�����2���	������$

7�����$6$���C<�5��������	���'�������	�
������2���	����D�4$5$�1	�����	����'
6���������	�5����
���	��������5	����	��,���$��� ����������	��D,9999$

+�������:$"$�5�����7$;$�5�����	���$2$�6�	0���	��B$
$�:�$�B�������6$:$�����5����
6$>$����,�>	����	��	���������������	G�	����������	'���������'��������)��'	��
��������	��'���������'���������'���������	��)��'	�������������	�����������'�����	��������
�'��������)��'	��������	�	�����������'������������������'�	)�	�����������������
+������� :$� ���� 5����	��6$� 	��$� 7���		������ �'� ��	�(�����
��'	�	��	� ��
/�����	������B�������2��������������2����	�	����'�����������	�����%����
(	����	��?�������	�(	��$�1	�$�=�<������1������.����?��6��$�8C3�<38$

����	��$@$���  ��	���������������������������'��������	������D�.0'����4���	�����
7�	���=<=��$

���������%$2$�����6�	0���	��B$
$�:�$����8�5������	������������	�������������7���	
 ����"���	��	��:$����-	������	��������	��������������'�"������	�
�����D�2���	����
1	�����	����'�?�������>	�����	��
������6�����5	��	��
� �7����@�����	��D�99999$

�������
��
��������

��
��������
�������
�����������

����� !"#������� !"�$ %&%�!�'(��&�)��*$��+#�&�)��""*#

���	����������	��������
��������
��
�������
�������

@�

B$�
������6�	0���	��:�$��1�����:$�@	��	���,�F�����������3�����:	''�	��6$���		�=
�4���	�������'�2���	�����1	�����	����'��	�����������	��������

,?��������	�
���������
���	�	��	�����������	��������1	�����	��
3��������4���	������1	�����	����'��	���������5��	��	�

=2���	�����1	�����	����'�?�������>	�����	�

����

����������	
�����	��
�
����	��������������������
	�������
	�����
����
����������	������������������
���
���	
������	����
�	���
� �!"#$$$%
&�����������
����
	���'(�(��
������������)
����������*��
�����+	��	����
�	���
� � $$#$$$%
����������	
������������������
	�����
������������)
�
,��-
�������������
������ ../����!$$ �����+
�	���
���� � $$#$$$(�'��)
�	�������	)
�	
��
����������-
�����#������0��
� 1#
 ./2�3���+�4
����������(�5
�������������	�
���	
���
)
�(
�����������������+�������6
�������������7���������(�8���
�����3��6�9��	6�(

��
��������������

��
�����������
���
�����������
������������,
����

���������
��
�����������������������������


� � � � � � ���	
��

��
�����������

� � � � � � � � � ���	
�������

�
��-�
�
����

(�	���������������'�������������	�������������������������	�������������������	����	��	''���������������
�����
�1����	��������6�	0���	���� =���#�.����	��
�������6�	0���	������2������  #�����"������	�
�������������������
6�	0���	�����8#$�(�	��	�����	��������������'�'����	��������	��	�	����	������	������	������������'������	����	��	���	�����
�'��������	�$�?	���������	����	���������	������'���������	�����	�	��������	����	�����	�����	���%	��	������ ,!�@	��
����#$��������	����	�	�'	�	���������	���������������	�������	0�����������	���������	���������	����������	�����������
���������$�1	��������	�������	�������	������������������������	���������	��	�	��	��������'����������	������	�'����	
�������	��	�	����	��$�(�	�����������'���	���������������	����'����������������	���������������������0����	�������������	�
��	��������������	'��	�$

(�	��������	���������������		����������������������	�	������	���������������'�	������$�E	���'	���'���	������������
�������	�����������	�
��������	�����	�����4$5$��	���������5���	���45�5#�����������������������	�������	�
�����
5����5���	���7������C<#$�6�������'���������'���	�'	����	�������	��		������	�����������������������	�45�5�1�������.����
+����$�;������	���	������������������''�������	����'��������������	�	����'����������'���	�����	��'	����	�$�2�����'���	
'	����	���������������������	�	�'�	�����	��	�������	���������������	������������	�	����	�������������������������������	�
��75#��	��������$�(�	����	���������'���	�'	����	���������������	��'����������39��	�	���������������	�	�$�(��	����''����
���	������������������������	����������������	�	����������	���������������������	�
�����$�(����	''��������'����	�����	
����������	��������������������		��$�(�	�	���	������������������	���������������		����'�	��	��	�	���������	�������$
"���	���������	���	�	�����	����	�	���	��������������������	��������	����	�	����	�$�(�	����������������	��������	���'��������
'�����	�����	��'	����	����	���������	������	�2���	�����%�����"	����	��1����@��	������,99,#������������	����	��	��'���
�����������	��	�����	���'���	�2���	������	���������5���	������2���	�����1	�����	����'�?�������>	�����	�$

(�	�%�����"	����	��1����@��	������������'������������3C���������	�����	����	��������������<9������������������	

�����$�6�����������������'���	������	��������	����������	���	�)����	���'���	�����	�����������	�	������	����������	����
������	�
�����$�(�	�%�����"	����	��1����@��	�������	������	������������������'�������������	�	��	�$�(������'��������
�����	����������������'����������	����	��������������	�������	�������		�������	'������������	�������������	�����)����'�	�
�	�����	�������	�����������������	�����$

�.

��������.�&���
����'�23�,�454$�������"��������������
��������
�
��������������
����������
�������+����	����
��$�,454�"�������������
��� �����!�
���������
����������4����������������������4����������$
����
��"����� ����
�����"����������"���� �������!�
�����"���������������#
����������������������4����������$

������� /.�(������� ��� 1
���� ������ ��������� �������� ��
'�23�6���� �������"��������"��������������������������*$&$
%�#
����5������
������
�����"���������&�"������4�������"

	����
��$�	
������������������
�����������������������������"��
7�����
�������������������
����#��"�����������$�1������"����
"��� ���"������� ��"
� ����������� ��������$� (
���#���

"��������������,���-����$

�������0.�&���
����'�23�,�28�$�,28��������5!����!�����������3!����!����������"��!������"���������
��������
������
����������)"�������885�������"
�	����
��$�/�����"������������������,28����������#��889������88:$���
��������������"
���������#������$�(
���#���
�"��������������,���-����$

��������.�&����#�'�23������9 �.������&����#$��9������
��������
�����#����������"
����&����#�1��������/���
��������	����
��$�	
�
#�����������#�����#�����
�������#���������"�����;��������������"�����< 
�
�"
���������"���������#�$�	
��"��������=:>/����������������
�
�����#���������������&����#�1���������������������������
���$

:4;<'�4 :������

=84�&8����<38

�<<�&'8

2 2>

�8*5��8�8

3���+�=��6

?������
2>

���
�
� ;�

,��

=��6

3�(���(
����

�

?���� ��)
�

:434��3�<

3���+

?�
�
��

��)
�

=��6

2 2>

,
���

��
���
�

;&8��7���<58

!">

 .

1>

!

2

 2

>$

  

 $
1!

>$

>$

1>

1!

!1

/

 .

 

 >

>

.

!

> 

1>
 !

 "

1!

> 

>2

1@

1/

 

 

  

 $

 /

 

1

.

2 >

1/

 >

!$

.

�(�  $�3(

�(�   �3(

�(� @�:(

�(� 1�:(

�(� 2�:(

�(� @�:(

�(�  $�3(

�(�   �3(

�(�  2�3(

�(�  "�3(

�(� $.�3(

�(� 1�:(�(� >�:(�(� /�:(

�(� $.�3(

�(�  !�3(

�(� /�:(

�(� >�:(

�(�  "�3(

�(�  2�3(

�(�  !�3(

�(� "�:(

�(� "�:(
�(� 2�:(

�	����

9
����

�
��:���

;������=���	

;
�����
,����

:��������
��+

:�������

����+�


:������
���

<��
=����
���

:
��+

&��

�
���	��

=��
	�
����	

�6��
��

&��
�

�
��
�+
	�
�

=����
���

�������

����

���6
:+��


;�

6

��	��


5�	�

4	�
����

9837<3

,�38���*43�

?'���<�4

��338<*4&<*�83

:4��4:

=*<�83;8

;433<3�=4**�

��43�<3

:8*;&

�<�;<8

*8<3

&47�;�889

54�4

�8**8�;�889

3���+
*�6


;�
��
*�6


���	

*�6


*�6
�,
���

*�6


����
	��

 
> 

2>2>

>

2 2>

  

2>2 

>

2 2>

2 

2 

>

> >

2>

 

2 

>  >  

2>

2>

 > >

2 2>

2 
2>2>

 >

2 2>

 >

2 2>

 

2 

>

2 2> 2 
2> 2 2>

> 

2> 2 

>

2 

2 2>

 > 

2 2>2 

> >

>  

2 

>

 

2 

2 

.2�$$A

.!�"1A

.!� 1A

.!�2$A

""� 1A

""�2$A
""�2$A

""� 1A

.2�$$A .!�"1A

.!�2$A

*�
���



��)

�

5
�
������

��)
�

;�


6

;�

6

���

;�

6

���

,�
��
��


;
�


6

����
� ;�

6

�

�
�


;
�


6

:
��	

;�

6

;�
��

���������

;�

;�

6

��
���
��

;�

&
��

;
�


6

;
�


6

��
���
��
;�

,��
�;�

�
)���

;�

6

?����

��)
�

;�
��
��

�
�)

�

;���
�� �


��


;�
��
��

��)

�

��
��
�

;�



6

&�
�

�+
���
�


;
�


6

;
�

6

:
��	

����6

:
4
�
4
�
&
4
�;
<

<*���8��;<�<��8�;<

�
�;
8
�;
<

�49<�4�;<

�
4
9
<
�4

�;
<

,�8�
;
8�;

<

:4�4�&4�;<

<*���8��;<�<��8�;<

��338�<�4

:��;<3��3

�
4
9
<
�4

�;
<

,�����


�	����

��������,,����58�

,8,�3
�;
<

2>

3���+
*�6


;�
��

���	


*�6


*�6


*�6


����
	��

:������
���

;
�����
,����

:��������
��+

:������
���

<��
=����
���

*�6
�,
���

:��;<3��3

3���+
*�6


3���+
*�6


���������	��
���

2 

��

���������	
����������������������������	��������	
������	�������

�+�	������	������
�������
�
���
���	�����
�����+��������������	�	�
	
����%��
�+������(���������������������	���
��)������
������3��:��
�	(

�+�	������	���
���
����������������)������
����������������(�8)
����
�	�����


������+�	��

����
����
�	��
��+
��������������+
������������������+��+��+�	���
���
���
��������	���	
�(�&��
)
�#��+
��
����
������3��������
	����
	���
	����
���������+
���������#�����
�
�
		#������������
���	
	�����+
	
�����(�'	
�	
�����	+����)
������������������������B�	����
	�������
����+��+
��
�
�
��
	�+
�

���������������������
�����+
������
	�����+
�����
	�����
������������)
�������+

����
	�����
����
������3��������
	����
	(�8)
���
������+�	��

����
���

�	��
��+
����
���
�������	+����������	����	������
��������������������+��
��������
	(��+�	����	+����������
��	
�����
	�����	+��
��������
#���������
	#���
��������	��������)

��	(

����������	������������	�������������������������	�
��	��	�
������������������
����	�
�����������	��������	����������������	���	���������	���������	����������
�	�������������������	�����������
�	�������������������� ����	���	�����������������������
������	�����������������	�
�������������	�������������������������������������!""
#���������������$���%��������!!&!!'(")&*��	� ����������+���	�������+������
����	�
�����������,���	��	��-������������.�/"/("�

���	���������������������
�����;���
	���>1 %�!.>�> 1@
����
	���������=�

�� �///�>">�>2>@
�
�
�������������
)��
������+


&
�����������
������%���>1 %�!.>�1"/"
��������
	���������=�

�� �/$$�>1@�2.!.
�3��:
�����
��+����CC���(���(	���
(�(�	

D!$$2�����
��������
	���#
�
����
������3��������
	����
	#������+

�
�
��	�����+
�'��)
�	�����������
	���

,��
������


��������	��		����	�7����	��;��	����	�������	�
�����������	�"��������

5������������		��

5������	�

� �$ %&%�!�'(1(�	����������	�����������	�
��������	�	��������������	���������'������	���	�����������
��	�'������	�����������	�:������5�������	���������������������������	������$�5������	�������������������	
�����	���	���������'���	����������	�	���	�2���������������
���������	�������5������/����	����@����������
5�����;��'���		������	�	���	������	�������������	�7�����	����
��	���������������	����	�������:������5�������	
�����		�	��'���������$�6������	���������'���	�����������	����	����	������'����������	��	�	����	��$

� 2�$ %&%�!�'(H6�	������	�����������������	��	��������������������	���'	���������	����	�'�������	
���������;���7�����������'����������	��	�	����	��$����������	�
������'	���������	�����	��	�	���	�
��	�	����	������89�'		���'����'�������	���	�������	�����	��	�����������	�	���	�.�	����1������	������	�'����
�	�����$�(�	�.�	����1������	����'������	��������������	����	���'���	�2�����������>��	������	�������	������	���	��
������'���	�������$�(�	�.�	�������''����������	���	��	��'������������������������	�����	��-�������������������	�
����'	���������	����	�'����������	���		������	�$�B0�	����	���	�����������	������89�'		���'��	���	������	�
�	�����������������������������	�
�����$

� 2�' �� )"$&'"�$ %&%�!�'(H;���	��������'�������	�
����������������	�����	�	���������	��������	�	�
������������������	�����������	�������	����'�����������		��������	�������$�(�	���	���	��������	��	���������;��
���2��	���	�7�������������	�������	����������	��������	��	���)���	����	$�(�	�	���	�����	����	�����������������	
��������	�	��������	��������89�'		���'����'���������	����$�(�	�	0�	��	��'����	��������	��	�	����	�������	�	�����
���������	�	���	�������������	���	���	�	��������������	������	������	��	�	���	�$�1	����	���	������	�����
�'��������	���������)��'	��������!���	����	����������	�����	�������'��������������������	��	�����	�����������'�����
���	�����$

� )"$&'"�' ���+��$ %&%�!�'(H�����	�	��������'�������	�
�������������	����	����������������	�'	����	�$
(�	�������������''��	������	����'����		�������	��������	������������	���	��������	��	�������'���������	��	�
�)���	����	$�(�	�	�2��	���	����/����7�������������	�����	�������������������	����������	�����	������	�������	
�������	�������	�	���	�����	���''���	�����'�����������������������	����������	�������	�'��������	��'�����������$
(����������'�������	��������	������	�������	��	�	����	�������������	����	��������	������������������	����
�����$

��+��$ %&%�!�'(H5������	����	���������	���������'���	���������	���	����	����	�����	���	����8����,9��	�
�)���	����	$������	�	���	����	���������	��������	������	��$�
����	����'��	���������	�������	�	��������	�����	
������������	������	������	��	���	������������������������	�$�?������������	��������	�����������������������
�	���	�����$�/����������	�������	��������	�'�������������'���	����	������	���	������	���������������'��
���������������	���	�	������'�����������������	���������������������	�������������	�$

����� !"�!&��H5������	����	���	��������������'������	����	����	�����	��	0�		��������,9��	���)���	����	$
���������	�
��������	���������������	��	�����	��'����������,9��������	�	���������	���	���)���	����	���	
����	�����5������	�7�����$�?	���������	���'�	�����	��������	�	���	��$�5������	����	���-���������������
�����	�����	�	��������	��������������'������'������'����������'������'�	���$�5������	��������	��������-��
������������	���'���������������������	�$�5�		������������	��������������	��������	������������'�����������	�$
6����'���	���	�������������������������������	������������������	���	����'������	������������	����������������������
�������	$


��������	��		����	�
�����������	�"���������������	�1	������5���	

�������

������

���������
��������
 ����

���!���



Minnesota Department of Natural Resources 
Goodhue County Geologic Atlas, Part B 

Plate 9: Sensitivity to Pollution of the Uppermost Bedrock Aquifers 
2003 

 
ERRATA 

 
Following printing, several inconsistencies were noticed between the printed map and the geographic 
information systems (GIS) files (shapefiles) for Plate 9. The GIS files contained the correct information, but 
the information was shown incorrectly on the printed map. Those inconsistencies include the notable changes 
listed in the table below. The map shows the area affected by the changes is very limited. 

 
Change Sensitivity Overlay on Map Map Location 

From To Township Range Section 
Low sensitivity (light 
green) 

Moderate sensitivity 
(yellow) 

T111N 
 
 
T110N 

R16W 
 
 
R17W 

SW 1/4 of Section 1, SE 1/4 of 2, and N ½ of the NE 
1/4 of the NE 1/4 of Section 11 
 
NW 1/4 of 25 
 

Moderate sensitivity in 
thin till area (yellow 
with circle pattern) 

High sensitivity 
(orange with circled 
pattern) 

T111N 
 
T111N 
 
T110N 
 
 
T110N 
 
 
T110N 
 
T109N 

R14W 
 
R15W 
 
R15W 
 
 
R15W 
 
 
R15W 
 
R15W 

Contiguous area centered in 14 
 
Contiguous area in 21, 28, 32, 33 
 
Contiguous area in N ½ of 30 and portions into 19 
and 29 
 
Contiguous area centered in 32 with portions in 29 
and 33, not including the W ½ of the NW 1/4 of 32 
 
Contiguous area centered in 25 with a portion in 24 
 
SE 1/4 of the SE 1/4 of 25, and the NE 1/4 of the NE 
1/4 of 36, and the NE 1/4 of the SE 1/4 of 36 
 

Very high sensitivity in 
thin till area (red with 
circle pattern) 

High sensitivity in thin 
till (orange with 
circled pattern) 

T113N R16W 26 

 
 

 
 
 
Corrected files may be downloaded from the following sites: 
Map: http://files.dnr.state.mn.us/waters/groundwater_section/mapping/cga/c12_goodhue/pdf_files/plate09.pdf. 
GIS: http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/meta/cga/c12_good/c12b_met.html 
 

Map showing 
changed areas 
listed above. 
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Appendix K 
 
 

Temporary and Permanent Seed Mixtures 
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Appendix L 
 
 

MNDNR Division Of Forestry 
Site Vegetation Overview 
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Appendix M 
 
 

MPCA Impaired Waters Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





DOUG MAHONEY MINING RECLAMATION PLAN June 17, 2017 

 

 
24 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix N 
 
 

Road Restrictions Map 
Goodhue County 
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Appendix O 
 
 

Zoning Map 
Florence Township Goodhue County 
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Soil Boring Logs 
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Fracture Patterns 
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July 29, 2017 
 

SHPO and OSA File Search for the Doug Mahoney Gravel Pit, 
Goodhue County, Minnesota 

by David L. Peterson, Ph.D. (Archaeopaths Consulting, St. Paul, MN) 
with contributions by China Beverley  

 
 
On July 26, 2017, David Peterson conducted a file search at the Minnesota State Historic 
Preservation Office (SHPO) for cultural properties on and in the vicinity of the Doug Mahoney 
Gravel Pit in Florence Township, Goodhue County, Minnesota. The search was performed by 
agreement with the Red Wing office of Scofield & Johnson Land Surveying & Engineering. Peterson 
also contacted the Minnesota Office of the State Archaeologist (OSA) for information about 
archaeological sites in the OSA database that may not appear in SHPO records for the area.   

Location 
The gravel pit (Figure 1) is an approximately 35-acre parcel located on the north side of Highway 
63 in Florence Township, approximately 1.5 miles west of Frontenac and 3 miles southeast of 
Wacouta in northeastern Goodhue County.  

Legal: NE ¼ and SE ¼ of Section 8, and NW ¼ and SW ¼ of Section 9, T112N, R13W           
UTM (WGS84 Zone 15 T): 548775.12 m E,  4929899.84 m N 

Environmental and Cultural Setting  
The property and the rest of Goodhue County are situated in the western Southeast Riverine 
archaeological region (Anfinson 1990; Minnesota Department of Transportation 2002). This region 
is dissected by streams and contains no natural lakes except those like Lake Pepin that occur in 
valley bottoms. Three major rivers, the Cannon, the Zumbro, and the Root, extend west into the 
region from the Mississippi. The area is host to extensive rock outcrops and secondary lithic 
deposits, some with chert nodules of high quality for stone tool manufacture. While largely covered 
in open prairie, in the Late Holocene the river lowlands were lined by elm, ash, and cottonwood 
forests, while Big Woods forests occurred in the Mississippi River uplands. Oak groves known as 
"oak barrens" dotted the prairie interior. Prehistoric game included deer, elk, and bison in the 
uplands, and mussels, fish, and waterfowl in the bottoms. Among the edible plants were water lilies 
and the prairie turnip, while oak woods were a rich source of acorns.  

Some of the early history of the area is represented in the Trygg Map created by J. W. Trygg (1966). 
Trygg consulted original land surveys of the Upper Midwest from 1859 to 1894 in assembling his 
map, which presents traces of early Native American and pioneer sites mapped in the 19th century. 
The Trygg Map (sheet 7) shows that when the township was surveyed in 1855, the area was 
covered in prairie and bottomlands and it was crosscut it by wagon trails from east to west.  

File Search 
SHPO site maps of Goodhue County, the SHPO database (Cinadr personal communication), and OSA 
database (Koenen personal communication) show the presence of a few archaeological and historic 
sites within a one-mile radius of the property (Figure 1). Of potential archaeological significance is 
the Murtinger Peat Bog (21-GDd), where deeply buried animal bone was recovered that probably 
dates to prehistoric times but may be non-cultural. This is .8 miles west of the gravel pit property 
on the south side of Highway 63. Next is a historic barn (GD-FLC-003) that was standing in 1978 
about 1/8 mile from the property on the opposite side of Highway 63. The most notable site is a 



 2 

group of possible plowed down burial mounds on the south side of Highway 63 about .9 miles east 
of the property. Although reduced in size by plowing these may still contain human remains. 
Finally, running east to west to the south of the property are remnants of the Mendota-Wabasha 
military wagon road build from 1850 to 1861.  
 
There are several more sites beyond the one-mile radius but the most significant is another 
possible plowed burial mound (21-GD-0125) in the SW 1/4 of the SW 1/4 of Section 16, T112N, 
R13W. Although beyond the normal scope of a cultural property search such as this, it is notable as 
further indication of the possibility of Native American burial sites in the area. 
 
 

Site Number Location Description 
21-GDd .8 miles from property in the 

NE1/4 NW1/4 SW1/4 of 
Section 8 

Murtinger Peat Bog, where 
deeply buried faunal remains 
were recovered 

GD-FLC-003 About .12 miles from the 
property in SW1/4 NW1/4 
SW1/4 Section 8 

Historic barn recorded in 1978, 
possibly no longer standing 

GD-FLC-045 South of the property in the S 
1/2 of Sections 8 and 9 

Remnants of a Mendota-
Wabasha military wagon road 
built in 1850-1861 

21-GD-0123 .9 miles from the property in 
NW1/4 NW1/4 of Section 15 

Possible plowed burial mounds  

21-GD-0125 SW 1/4 SW 1/4 of Section 16 Possible plowed burial mound 
 

Concluding Remarks 
Activities carried out in the immediate area of the Doug Mahoney Gravel Pit will not impact any 
known historical or archaeological sites on or within a one-mile radius of the property. 
 
There are no cultural properties recorded to date on the property. There are a few within and 
beyond a one-mile radius showing the archaeological and historical potential of the area. There are 
two areas with possible plowed Native American burial mounds. While this does not indicate a 
presence of burials on the gravel pit property, their proximity does suggest the possibility of burials 
in the area that would be protected by the Private Cemeteries Act.  
 
If archaeological or historic properties are encountered while any undertaking is conducted, SHPO 
and/or OSA should be notified. Even when federal funds are not involved in an undertaking, burial 
sites have special protection under the Private Cemeteries Act and if encountered, the Office of the 
State Archaeologist (OSA) should be contacted immediately, either directly or through the SHPO. 
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Figure 1. Location of the Doug Mahoney Gravel Pit, and archaeological and historical sites in the 
vicinity as described in the report. 
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