
 

       

 

President’s Message 

    
 

Greetings, all!  I am excited that summer is finally 

here. The stubbornly slow arrival of warmer 

weather this year makes me appreciate it even 

more.  

 

This spring Wisconsin AIPG partnered with the 

Wisconsin Geologic and Natural History Survey 

to sponsor a summer field internship with the 

WGNHS.  The results of the work will be 

presented at the joint AIPG MN/WI Geology and 

Remediation Weekend from Sept. 30-October 2 in 

La Crescent, Minnesota.  

 

Another opportunity to network with peers and 

experience the geology of the Upper Peninsula of 

Michigan is at the National AIPG Convention in 

Marquette, MI from August 6-9.  

  

It is so nice to plan in-person events again – do a 

little ‘revenge travel’ (take that, COVID!) and 

take in one, or both meetings. I’ve been rowing on 

the Fox River and was able to attend a meeting in 

Sudbury, Ontario in May, plus of course working 

and checking off items from the endless list of 

home maintenance projects.  

 

I look forward to seeing you at these upcoming 

events! 

 

Regards,  Paula Leier-Engelhardt 
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Far from Boring, And Not Even Thinking 

About Staying Close to Home  

By Paula Leier-Engelhardt, P.G., C.P.G. 

 

After 40 years of marriage to a geologist and 

unwittingly becoming the best sample Sherpa 

ever, my husband knows there is no hope in 

dissuading me from any geology-related project I 

cook up. So, when I announced that as a long-

term goal, I was going to collect a rock from each 

Wisconsin county (there are 72, in case you were 

wondering), he put his head in his hands and said, 

“When do you want to start?” 

 

What neither of us counted on was finding hidden 

treasures that the average Wisconsinite may not 

realize exist in the state. So, allow me to introduce 

you to some of the places we have discovered, and 

some of the people we have met along the way.  

 

-- Sudbury Impact Structure, Ontario, Canada -- 

“Remember, every breccia is an 

interesting breccia.” 

 Wouter Bleeker, Geological Survey of Canada 

 

 
 
Figure 1 – Nickel is king in Sudbury. The Big Nickel at the 

Dynamic Earth science museum. Note Canadian nickel held 

aloft for scale. 

 

Early this year the long-suffering husband said, 

“The pandemic appears to sort of be in the rear-

view mirror, and we have not done a county rock 

collecting trip for a while. I may regret saying 

this, but where will you be dragging me next?” 

My response, “The heck with Wisconsin – we’re 

headed to Canada!’ 

 

The Institute on Lake Superior Geology (ILSG) 

https://www.lakesuperiorgeology.org/ is a 

professional society with the objectives of 

providing a forum for the exchange of scientific 

data and ideas of the geology of the Lake Superior 

region. The major activity of ILSG is an annual 

meeting with geological field trips and technical 

presentations. A different venue is chosen every 

year, with the only requirement being it must be in 

one of the states or Canadian provinces that 

border Lake Superior. In 2022, the 68th annual 

meeting of ILSG was to be held in Sudbury, 

Ontario, emphasizing the geology and new 

interpretations of the Sudbury impact structure. 

Sudbury had been on my geologic bucket list for a 

long time, and the ILSG two-day field trip was 

going to be a dream come true. We packed up the 

truck and crossed into Ontario at The Soo (Sault 

St. Marie). Both of us were chosen for a random 

COVID test at the border (we passed, yea!) and 

with that headed on to Sudbury. 

 

Since the late 1880s, Sudbury has been a mining 

town, built on the initial discovery of copper, with 

current mining focusing on nickel and PGE 

(Fig. 1). There were a few things I was struck by 

as we drove into Sudbury. 

 

1) I am used to mining towns being close to 

the deposits that became their livelihood. 

Here it is as if that rock truly is Sudbury, 

so much so that in-place outcrop is part of 

most front and/or backyards; is present in 

every roadcut, large or small; and 

buildings such as Science North (where 

the meeting was held) are built into rock, 

with outcrops becoming walls and floors. 

2) Why are all the trees kind of small? 
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3) As you look at outcrops within Sudbury, 

all the rock looks like. . . burnt toast. There 

is a black carbon coating on every outcrop, 

leaving no way to identify the rock 

without creating a clean surface. This is 

the legacy of early mining practices. 

Smelter emissions contained sulfur dioxide 

(SO2) and metal particulates. Acid rain 

was formed, corroding the rock and 

produced a coating of silica gel, which in 

turn trapped the metal particulate to form a 

black coating. What trees that were not 

used in the ore roasting process were 

killed along with other vegetation by the 

acid rain. By the early 1970s smelting 

processes were improved and SO2 was 

captured to create sulfuric acid for 

industrial use. The greater Sudbury area 

has embarked on a huge program to 

revegetate damaged lands and is 

recognized as a leader in environmental 

restoration of mining landscapes. 

 

 
Figure 2: General location of the deformed Sudbury impact 

structure on the approximate boundary of the Archean 

Superior Province and the Paleoproterozoic Southern 

Province. The latter is broadly part of the “Penokean fold 

belt” and the associated orogen that rims the southern 

margin of the Superior craton Structural fronts younger than 

the 1.87-1.84 Ga Penokean (front #1) also contributed to the 

deformation of the Southern Province (i.e., fronts #2 and 3). 

South of Sudbury, the Southern Province is truncated by the 

main 1.1-1.0 Ga Grenville Front (front #4). Red star 

symbols indicate the localities where the accretionary lapilli 

event layer at the top of the Gunflint Formation and 

correlative strata has been identified. The figure also draws 

attention to other 1.87-184 Ga sequences preserved in the 

Canadian Shield, only at marginally larger distances than the 

Mesabi Range locality, where a comparable Sudbury fall-

out layer remains to be identified. From Bleeker et al. 

(2022), A traverse across the Sudbury Structure – Earth’s 

largest impact crater; in 68th Institute of Lake Superior 

Geology Proceedings, vol. 67, Field Trip 1 Guidebook, 

100 p. 
 

The descriptions of the geology are from my 

observations while on the field trip, and from the 

field trip guidebook (Bleeker et al., 2022). The 

geological setting is so complicated it makes your 

head hurt. First, the Sudbury structure is one of 

the world’s largest and oldest preserved meteorite 

impact structures. The impact occurred at the 

boundary of two main structural provinces 

(Fig. 2): the Archean Superior Province to the 

north of Sudbury (granite-greenstone terrain, 

2.85-2.64 Ga) and the Paleoproterozoic Southern 

Province to the south (Huronian Supergroup, 2.5-

2.3 Ga). The Southern Province extends into the 

upper peninsula of Michigan and Wisconsin 

where it is part of the Penokean fold belt formed 

during the Penokean orogeny, 1.87-1.83 Ga. 

Finally, just south of Sudbury the Southern 

Province is truncated by the Grenville Front, 

which represents the northern boundary of the 

Grenville orogeny (1.1-1.0 Ga) a multi-cyclic 

collisional event which formed the supercontinent 

Rodinia. So, when did the impact occur, 

superimposing its effects on this already 

complicated geology? The current estimates put 

that at 1.85-1.849 Ga, or right as the Penokean 

orogeny was waning.  

 

Got all that? Phew?! 

 

If there is one thing this field trip reminded me of, 

it was keep thinking big -- how does your 

observation fit into a larger regional picture? That 

meteorite (or comet, there is some controversy) is 

the reason mining occurs in Sudbury. The current 

consensus is the final crater diameter was 300 km 
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(186 miles). The body that created such a crater 

also created an unfathomable volume of impact-

melted rock, estimated at 35,000 cubic kilometers 

(8,397 cubic miles)! Complex processes occurred 

within the melt creating and concentrating copper, 

nickel, and PGE ores. You go to outcrops and 

observe features that took from minutes to days to 

form over a huge scale.  

 

Tell me you brain doesn’t hurt. 

 

Ore deposits were first discovered near Sudbury 

in 1883 during construction of a rail line (Fig. 3). 

Arguments over the source of the deposits (It’s 

part of the Archean! No, it’s a mantle-derived 

lopolith! Not sure why its round, but it’s probably 

part of a never-before recognized orogeny!) can 

be found in the literature until 1962, when 

Robert Dietz, marine geologist-geophysicist-

oceanographer, visited the Sudbury structure to 

look for evidence as an impact crater and found 

shatter cones. Honestly, once you see one, you 

can’t unsee them and they are everywhere. 

 

 
Figure 3 – The Discovery Outcrop. Note rail line in the 

background, geologist for scale. 

 

Day One of the field trip was a transect across the 

Sudbury impact structure (Fig. 4). At Stops 1-4, 

Wouter Bleeker, our leader for the first day, 

introduced us to Dietz’s seminal work on shatter 

cones in the Mississagi Formation (Fig. 5). Stops 

5-9 presented breccias on a scale I hardly 

imagined possible (Figs. 6-7), and I overheard my 

favorite quote from Wouter, “Remember, every 

breccia is an interesting breccia.”  

 

 
Figure 4: Geological map of the Sudbury area centered on 

the erosional remnants of the deformed Sudbury impact 

structure, the Sudbury Igneous Complex (SIC). Day 1 and 

Day2 fieldtrip stops are indicated. The arcuate red dashed 

line marks the outer limit of observed shatter cones in the 

footwall. The ca. 1.0 Ga Grenville Front truncates the area 

in the southeast. From Bleeker et al. (2022), A traverse 

across the Sudbury Structure – Earth’s largest impact 

crater; in 68th Institute of Lake Superior Geology 

Proceedings, vol. 67, Field Trip 1 Guidebook, 100 p. 

 

By Stops 10-13, we were within the Sudbury 

Igneous Complex (SIC). These rocks are part of 

the melt sheet and host the ore deposits. These are 

crazy assemblages: quartz diorites with inclusions 

of rusty sulfide blebs; quartz gabbros (where did 

this come from?!); felsic norites and mafic 

norites; granophyres with weird, coarse-grained 

textures. It is easy to understand how geologists 

struggled for almost 100 years to explain the 

origin of these rocks and the structure they are 

contained within. 
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Figure 5 – Shatter cones -- A) quartzite of the Mississagi 

Formation. The cone axis (stick) points toward the energy 

source that caused the impact, with the feathered striae 

formed by the high-pressure shock waves. B) Photo shows 

recent glacial striations on Mississagi Formation, and at the 

same time a shatter cone (upper left, near foot) was 

unknowingly documented. Once you see them, you can’t 

unsee them. 

 

 

 
Figure 6 – Stop 5, typical example of Sudbury Breccia 

formed by the impact then fallout. The glacial polish is a 

nice touch. 

 

Day Two found us on the north side of the 

Sudbury structure at the now closed Whistle mine, 

mined from 1993 to 1997. Acid-generating waste 

rock stockpiles were mechanically and 

hydraulically removed during reclamation and 

backfilling of the open pit, leaving acres of clean 

outcrop to view. 

 

     
Figure 7 – Stop 9. Sudbury Breccia injected into the 

Creighton Granite. 

 

We started by viewing the megabreccias in the 

footwall (Fig. 8), then walking across inclusion-

filled and sheared quartz diorites and norites, shot 

through with late-melt granitic veins and sulfide-

rich mineralization (Fig. 9).  

 

       
Figure 8 – Megabreccia in the footwall of the Whistle Mine 

A B 
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Figure 9 – Our group walking across the guts of the Whistle 

Mine. 

 

The last outcrop of the day was the best. Smooth 

and clean, the outcrop had a vein of chalcopyrite 

frozen in time, just as I had always imagined such 

mineralized fluids must have moved through a 

host rock (Fig. 10). 

 

 
Figure 10 – Mineralized fluids injected this vein of almost 

pure chalcopyrite. 

 

It was a thought-provoking two-day field trip, 

with plenty of opportunities for discussion during 

the meeting. Yet again I was humbled by the 

giants who had gone before us, grateful for the 

opportunity to rub elbows with current 

researchers, and in awe of the evidence presented 

for an event that happened over a few days 1.85 

billion years ago. 

 

We tanked up before we left town with coffee 

from Old Rock Coffee --Sommelier de Café. I 

highly recommend Black Bear’s Butt, one of their 

signature blends. Yes, it’s for real, it’s good, and 

shouldn’t every geologist get their coffee from an 

old rock? 

 

 

AIPG MN/WI  Geology & Remediation 

Weekend – September 30 – October 2 

 

 
 

You are invited to join us for a gathering of 

professional geologists and their guests to view 

and listen to technical presentations and then visit 

the unique natural and human areas of the SE 

Minnesota and SW corners of our States.  

 

Successful remediation and investigation projects, 

including per- and polyfluoroalkyl substances 

(PFAS) and other emerging contaminants (ECs), 

will be showcased by local consultants, regulators, 

university professors, and students.  

 

Event participants will be offered a field trip 

option to either the Eagle Bluff Natural Area or 

the local Karst areas on Saturday afternoon, and 

an optional Cruise on the Mississippi River to the 

Lock and Dam No. 7 on Sunday morning.  

 

Friday, September 30 

6:30 PM - 8:00 PM, Welcome reception with 

appetizers, cash bar and Octoberfest handouts. 

Many exhibitors and student posters will be set up 

on Friday evening. 

 

Saturday, October 1 

8:00 AM - 9:00 AM, Registration, visit exhibitors, 

and view student posters 

9:00 AM - 9:20 AM, Future PFAS Regulations 

presentation by Shalene Thomas, Wood 
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9:20 AM - 9:40 AM, Discovery Square 2-

Subterrainean Karst Voids and Construction 

Impacts presentation by Jacob Heimdahl, AET 

 

9:40 AM - 10:10 AM, Break, visit exhibitors, and 

view student posters 

 

10:10 AM - 10:30 AM, Climate Changes 

Affecting our Wetlands and the Groundwater 

Quality Beneath Them presentation by Daniel De 

Joode, SWCA 

 

10:30 AM - 10:50 AM, Mapping the Lithology 

and Paleocurrent Indicators of the Cambrian Units 

and Facies in the Dells of Wisconsin River 

presentation by Itai Bojdak-Yates, Lawrence 

University and Eric Stewart, Wisconsin Natural 

History and Geological Survey 

 

11:00 AM - 5:00 PM, Eagle Bluff Learning 

Center and Karst Field Trips 

 

Eagle Bluff Learning Center Field Trip. Upon 

arrival at the Center, we will listen to a 

presentation on Balancing Bluff Country: Higher 

Stakes & Closer Ties. Then we will break into 

groups and explore the Center trails. The diversity 

of landscapes within the Driftless Area offer a 

wide range of geological and ecosystems 

including prairie and oak savannahs, river 

bottoms, and bluff sides, each with their own 

unique plant and animal communities and 

geologic formations. This field trip also includes a 

short stop on the way to the Center to visit a farm 

store offering seasonal produce and gifts.  

https://eaglebluffmn.org/resources/driftless  

 

Karst Field Trip. This field trip will focus on 

surface and groundwater quality concerns in the 

"driftless" area of southeastern Minnesota, where 

the surface water-groundwater system is 

particularly sensitive to anthropogenic impacts 

because of karstic and fractured bedrock 

conditions. We will provide a general overview of 

the geology and hydrogeology of the "driftless" 

area and an overview of water quality issues. The 

field trip stops will focus on research dedicated to 

improving our understanding of contaminant 

transport throughout the surface water-

groundwater system. This research has important 

implications for regulatory, management, and 

planning efforts devoted to improved strategies 

for protecting groundwater quality. The field trip 

stops include the area of Fountain, Minnesota, 

which has been named the Sinkhole Capitol of the 

USA.  https://www.mnopedia.org/place/karst-

topography-fillmore-county  

 

Sunday, October 2 

10:40 AM - 1:00 PM, La Cross Queen Cruise - 

Captain's Sunday Brunch Tour to Lock and Dam 

No. 7 AND Wisconsin Waters: Ancient Histories 

of the Mississippi River presentation by Scott and 

Gail Spoolman 

  

Registration is open: 

https://aipg.org/page/2022MNWIRegistration  

 

We are looking for additional sponsors, 

exhibitors, and student poster presenters. 

Additional information, including sponsorship 

opportunities and the schedule, is available at: 

https://aipg.org/page/2022MNWIGeoWeekend  

 

Regulatory PFAS Updates 
By Heather Hallet 

 

 
Photo Credit:  Heather Hallet 

 

Federal Regulatory Update 

In May 2022, EPA added five PFAS to the list of 

Regional Screening Levels and Regional 

Remedial Management Levels. 

 

In April EPA proposed the first Clean Water Act 

aquatic life criteria for PFAS, focusing on two of 
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the most well-studied chemicals in this group: 

PFOA and PFOS. 

 

On June 15, 2022, EPA issued interim updated 

drinking water health advisories for 

perfluorooctanoic acid (PFOA) and 

perfluorooctane sulfonic acid (PFOS) that replace 

those EPA issued in 2016.   

 

At the same time, EPA also issued final health 

advisories for two other PFAS, perfluorobutane 

sulfonic acid and its potassium salt (PFBS) and 

for hexafluoropropylene oxide (HFPO) dimer acid 

and its ammonium salt (“GenX chemicals").  

 

In chemical and product manufacturing, GenX 

chemicals are considered a replacement for 

PFOA, and PFBS is considered a replacement for 

PFOS.  EPA’s health advisories, which identify 

the concentration of chemicals in drinking water 

at or below which adverse health effects are not 

anticipated to occur, are: 0.004 parts per trillion 

(ppt) for PFOA, 0.02 ppt for PFOS, 10 ppt for 

GenX chemicals, and 2,000 ppt for PFBS. Health 

advisories are non-regulatory and reflect EPA’s 

assessment of the best available peer-reviewed 

science.  

https://www.epa.gov/system/files/documents/2022

-06/prepublication-four-pfas-june-2022.pdf  

 

EPA also announced June 15 that it is inviting 

states and territories to apply for $1 billion – the 

first of $5 billion in Bipartisan Infrastructure Law 

grant funding – to address PFAS and other 

emerging contaminants in drinking water, 

specifically in small or disadvantaged 

communities.  

 

Funding Updates 

 

GLNPO 

GLNPO will be receiving $200 Million each year 

over the next five years for a total of 1 billion (in 

addition to the GLPO’s regular allocation) 

 

DNR is working with GLNPO to secure $100 M 

in funding to conduct major sediment remediation 

projects in both the St. Louis River and 

Milwaukee AOCs. 

 

EPA 128(A) Infrastructure Funding 

 

$2M a year for staff and will be focusing the rest 

on Mitigation of Vapor Intrusion sites. 

 

Superfund Funding – received funding for Penta 

Wood site (PCP COC) and expect to receive more 

for Superfund Landfills in the future.  

 

Wisconsin Regulatory Update 

In 2022, DNR issued new fish consumption 

advisories for Angelo Pond, Black Earth Creek, 

and Bay of Green Bay and tributaries to the Bay 

of Green Bay due to elevated concentrations of 

PFOS. 

 

In April, a Waukesha County Circuit Judge ruled 

that DNR cannot regulate PFAS and other 

emerging contaminants under Wisconsin’s Spills 

Law. 

 

In February, the Natural Resources Board voted to 

impose limits for PFAS, PFOA, and PFOS 

chemicals in drinking water at 70 parts per 

trillion.   

 

In February, the Natural Resources Board voted to 

adopt 70 parts per trillion standard for drinking 

water and an 8 ppt standard for most surface 

waters that can support fish for both PFOA and 

PFOS.  The Department of Health Services had 

proposed a limit of 20 parts per trillion.  The 

board did not adopt a proposed groundwater 

standard at 2 ppt.  

 

New guidance documents  

 

• RR-128: Green Team Assistance for 

Contaminated Properties 

• RR-060: Guidance for Management of 

Contaminated Soil and Other Solid Wastes 

• RR-502: Guidance – Selecting a Qualified 

Environmental Consultant (FAQ) 
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• Coming Soon: RR-012 Contaminated 

Sediment Guidance (Summer) and revision to 

RR-800 Addressing Vapor Intrusion (Fall) 

 

Other DNR News 

 

• New RR Advisory Group 

• Purpose, Membership, and scope of 

responsibilities of this EAG can be found in 

their charter here: Charter: Remediation and 

Redevelopment External Advisory Group 

(wisconsin.gov) 

• Meetings will be quarterly and open to all. 

Board membership will be announced soon. 

 

Next meeting is July 15th at noon. Agenda to 

be posted: Remediation & Redevelopment 

External Advisory Group | | Wisconsin DNR 

 

 

WI – AIPG Presents at UW-Milwaukee  

Department of Geosciences Colloquium  
By Karina Casey & Paula Leier-Engelhardt 

 

Karina Casey and Paula Leier-Engelhardt spoke at 

the March 17, 2022, UW-Milwaukee Department 

of Geosciences Colloquium. Twenty-three 

students and faculty attended the live presentation, 

with more taking advantage of the presentation 

recording. 

 

Their presentation was titled: 

 

Professional Geologist. . . Certified Professional 

Geologist 

Pros and Cons of Registration 

Are all these initials worth the effort? 

 

They discussed each of their geoscience careers 

(Paula 36 years and Karina 6 years) and then 

discussed the P.G. licensing and CPG 

certification.  They included the pros and cons of 

pursuing one or both credentials, such as what 

various States/Provinces require and the types of 

work (Private/Public/Academia). Paula and 

Karina also shared their experiences taking the 

ASBOG exam and noted that their experiences 

were very different!  

 

They ended their presentation with a discussion of 

ethics and emphasized that the P.G. and CPG 

credentials document your training and experience 

and set a minimum professional standard for your 

work. 

 

 
Photo Credit: Dyanna Czeck - UWM 

 
 

High School Students Provided 

Groundwater Modeling kits 
By Thomas Kettinger 

 

WI -AIPG provided Aquifer Kits for South 

Milwaukee High School District to support 2021 

Earth Sciences Month.  

 

The School District will use these kits in their 

have an environmental studies class. The kits were 

used in all four sections of the environmental 

studies class reaching nearly 65 students in their 

junior and senior year.   

 

Due to restrictions in-place within the school 

district at the time the kits were used, outside 

assistance in the classroom from a CPG was not 

allowed.  Prior to the use of the kits in the 

classroom, Thomas Kettinger, CPG, did spend 

time preparing Mr. Lesniak on the use of the test 
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kits and the applications of the information the 

test kits provided via Teams meetings.      

 

The National Groundwater Association   

Awesome Aquifer Kit is a fun and educational 

groundwater kit with everything you need to build 

an aquifer model. Instructions and activity 

supplies are included to walk you through 

learning all about groundwater. 

 

 

 
 
Photo Credit: NGWA Awesome Aquifer Kit 

 

Professional Geologist Section of the 

Examining Board of Professional 

Geologists, Hydrologists and Soil 

Scientists  
By Trevor Nobile 

 

The Professional Geologist Section and 

Professional Hydrologist Section of the Board 

both met separately on February 2, 2022.  

 

Both Sections will meet again virtually on August 

10, 2022.   

 

To review items for both sections of the Board 

meeting please refer to: 

Professional Geologist Section: 

https://dsps.wi.gov/Pages/BoardsCouncils/GHSS/

Geologists/Default.aspx  

Professional Hydrologist Section: 

https://dsps.wi.gov/Pages/BoardsCouncils/GHSS/

Hydrologists/Default.aspx 

2022 National AIPG Conference 

 
Join us for the 2022 National Conference in 

Marquette on the beautiful shores of the world's 

largest freshwater lake! 

 

This year's meeting theme is "Geology: The 

Cornerstone of our Future." Geology plays a 

significant role today and will become even more 

important in the years to come. Our reliance on 

basic resources and building materials such as 

sand and gravel for roads, limestone for concrete, 

iron for structural purposes, and other base metals 

for electronics and other applications will not 

diminish. In addition, the need for rare earth 

elements as well as reliable sources of fresh water 

are in high demand. We will explore these topics 

and more in what will be the perfect time to visit 

Michigan's Upper Peninsula. 

 

The conference will be held at the Northern 

Center at Northern Michigan University. 

 

Start making your plans and bring your family! 

Northern Michigan offers fantastic opportunities 

for exploration and time away from the daily 

routine.  

 

Earn CEUs for attending the Executive 

Committee Meetings, Technical Sessions and 

Technical Field Trips! 

 

https://aipg.org/page/2022Registration 

 

 
 

Photo Credit: MI AIPG 


