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Project Summary 
 

In June and October of 2017, Ohio Valley Archaeology, Inc. completed a magnetic 

gradiometer survey at the Aztalan site, in Jefferson County, Wisconsin. The survey was 

conducted on behalf of and with assistance and funding from Dr. Sissel Schroeder of the 

University of Wisconsin-Madison, Dr. John Richards of the University of Wisconsin-

Milwaukee, Mark Dudzik of the Wisconsin Department of Natural Resources, and Robert 

Birmingham of the Friends of Aztalan State Park. 

The magnetic survey covered 10.8 ha (26.7 acres) of the park, including nearly all of the 

accessible ground within the palisade walls and in adjacent areas to the northwest, west, and 

south of the walls. Interpretation of the results identified 369 magnetic anomalies of potential 

interest, including pit features, possible houses or other house-sized features, and two large (25 

m) circular features off the east corners of the Southwest Mound. In addition to the precontact 

period Native American features, the survey also detected numerous historic-period features 

related to plowing, the development of the park, and past archaeological excavations and 

mapping grids. 

This report provides an overview of the results and a more detailed discussion of select 

features detected in the survey. Large maps and a list of anomalies of interest are provided in the 

appendices, including information on anomaly location, magnetic intensity, and source. 

Recommendations for next steps and best practices are included. 
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Introduction 

 

Conducting complete-coverage surveys of large sites with geophysical survey 

instruments is rare but an increasingly common occurrence in North American archaeology, 

especially in the Southeast, Great Plains, and Ohio Valley (e.g., Burks 2013; Hammerstedt et al. 

2017; Kvamme and Ahler 2007; Ruby et al. 2018; Weiwel 2017). While most of these surveys 

utilize magnetic gradiometry, other kinds of instruments (e.g., earth resistance and ground-

penetrating radar) are also sometimes employed, at least in limited ways. Whether single or 

multi-instrument efforts, large-area geophysical surveys come with many challenges, not the 

least of which are identifying and dealing with the hundreds or thousands of geophysical 

anomalies that they typically detect. 

This report presents the results of a site-wide magnetic gradiometer survey of the Aztalan 

site, located in Jefferson County, Wisconsin (Figure 1). The survey was conducted by Ohio 

Valley Archaeology, Inc. at the request of and with funding from Dr. Sissel Schroeder 

(University of Wisconsin-Madison), Dr. John Richards (University of Wisconsin-Milwaukee), 

Mark Dudzik (Wisconsin Depart of Natural Resources), and Robert Birmingham (Friends of 

Aztalan State Park). Mark also secured us permission to access the site for the work and arranged 

for the mowing and hay baling ahead of the survey. 

Magnetic gradiometer data collection occurred during two approximately week-long 

visits to the site, one in June and the other in October of 2017. Numerous individuals assisted in 

the field work (see Acknowledgements section), which helped make the project a success. 

The following report presents the methods and results of the 2017 Aztalan magnetic 

survey in several sections. A background section on the site setting and history of research sets 

the stage for the 2017 work. Numerous factors affect the outcome of a magnetic survey, 

including soils, landform geomorphology, and the history of site use. The background context is 

followed by a methods section that discusses the basics of how magnetometers work and what 

they can detect. Special attention is given to magnetic data interpretation, with examples from 

other precontact period Native American sites. The results of the survey are presented in the next 

section. Key areas of the site and specific types of anomalies are discussed in greater detail, with 

additional, higher-resolution views of the data in select areas. A final section summarizes the 

results and explores several recommendations for best practices and next steps. Larger views of 

the magnetic data and interpretation map are provided in appendices at the end of the report. 

 

 

Site Background 

 

Natural and Historical Site Setting 

 

 Aztalan is a large Late Prehistoric period settlement located along the Crawfish River in 

what is now Aztalan State Park. The site consists of four mounds, the archaeological remains of 

several lines of palisade walls, and at least one distinct residential area along the river. Figure 2 

is a shaded relief map based on LiDAR data that shows the Aztalan State Park area. The extent 

of the magnetic survey is indicated in yellow. Notable site features are labeled, including the 

Northwest, Southwest, and Northeast mounds, the Gravel Knoll, the main palisade wall, and the 

primary residential area. 
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Figure 1. Geophysical survey area at Aztalan State Park. 

 

 

The site’s unusual topography revealed in the shaded relief map hints at the complex 

history of site formation processes dating back to the end of the last ice age. As the Wisconsinan 

Age glacier retreated from its maximum push south to near Janesville (south of Aztalan), it 

formed a series of proglacial lakes that left behind a mix of fine-grained lacustrine deposits and 

gravelly moraine and drumlin features. Kolb (2015) has summarized these glacial deposits and 

landforms in the park with a map reproduced here in Figure 3. Most of the lower ground within 

the surveyed portion of the site consists of fine-grained, pro-glacial like deposits. These low 

areas are associated with Wauconda series soils, which are alfisols that formed in a wooded 

environment (USDA 2007). Lacustrine parent material can be a challenging setting in which to 

conduct magnetic surveys because it often is low in magnetic contrast, making it hard to detect 

pits and other features. 

 The magnetic survey area also covers Kolb’s (2015) “Recessional Moraine/Ice Channel 

Fill Ridge” unit—the orange-colored areas in Figure 3.  They include the gravel knoll and the 

ridge at the west edge of the site containing the Northwest and Southwest mounds. In Figure 2 

we can see that the edge of this ridge is highly eroded, with numerous gullies running down into 

the central portion of the site. According to the United States Department of Agriculture (USDA)
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Figure 2. Magnetic survey area at Aztalan State Park shown on a LiDAR-based digital surface model (2012 LiDAR 

data source: https://www.sco.wisc.edu/data/elevationlidar/). 
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maps (accessed via the Web Soil Survey: https://websoilsurvey.sc.egov.usda.gov/App/ 

WebSoilSurvey.aspx), these portions of the site are covered by Griswold series soils on the ridge 

at the west edge of the site and Hebron series soils in the lower ground to the east of the 

Southwest Mound and around the gravel knoll. Griswold soils are Typic Argiudolls, or mollisols 

that have formed under prairie vegetation. They tend to have a deep, relatively dark surface layer 

that extends below the plowzone, and they are developed into loamy glacial till (USDA 2011a). 

In areas where the surface was not completely covered by vegetation, larger rocks (cobble and 

boulder sized) were evident in these soils and many rocks appeared to be magnetic. Hebron 

series soils are alfisols, much like Wauconda, but they are formed on loamy outwash over 

lacustrine deposits (USDA 2011b). Both soil series, and areas within the site, have parent 

materials that are rich in subsurface sandy gravel. This can be a good setting for magnetic survey 

because the sandy gravel on average is less magnetic than the A and B horizons above it. Any 

features cutting down into this gravelly matrix should have good magnetic contrast. However, 

large magnetic rocks in these soils can produce magnetic signatures that look very much like pit 

features, so it may be difficult to differentiate rock from pit feature in these areas of the magnetic 

survey. 

 In summary, the glacial landscape beneath the Aztalan site has produced a complex mix 

of soils formed in lacustrine (fine-grained) and till deposits. Gravel- and boulder-sized rocks are 

numerous, especially in areas where the finer sediments have eroded away (e.g., the ridge along 

the west side of the site). The range of textures and sources for these sediments alone should 

produce variable magnetic survey results, with magnetically “quiet” data on the fine-grained 

sediments and much “busier” data in the gravelly areas. Large magnetic rocks will add an 

element of uncertainty to feature identifications as they often look similar to pit features in 

magnetic data. Nevertheless, features should be detectable in both settings, but thick midden may 

further decrease the magnetic contrast between features and their surrounding matrix. 

 In addition to the magnetic variability resulting from the natural sediments at the site, 

numerous other historic-era impacts to the site have left their mark and are detectable in the 

magnetic data. Plowing has done considerable damage to the site’s archaeological record over 

the last 100-plus years. The 1937 aerial photograph presented in Figure 4 (bottom) shows that 

during the early 1900s the site was partitioned into several agricultural fields, with a distinct east-

west fence line in the northern half of the magnetic survey area. This fence line is still evident in 

the 1955 aerial photograph in Figure 4 (top), with a clear gravel road running along it to the 

south; both fence line and road are evident in the shaded relief map in Figure 2. Additional 

evidence of farming appears in the LiDAR data as the roughly north-south linear features 

covering most of the park. These likely are dead furrows, left over from one of the last times the 

site was plowed. Some are visible in the 1955 aerial photograph. 

 Several other subtle topographic features also are visible in the shaded relief map. Large 

ground disturbances are evident in two areas and are marked “Disturbed Area” on the Figure 2 

shaded relief map. One is a large oval area located along the top edge of the ridge and just south 

of the Northwest Mound. This area matches up closely with an oval, lighter-colored area in the 

1955 aerial photograph. It appears to be an area from which fill was borrowed to reconstruct the 

Northwest Mound. An area of darker and lighter colored soil is evident around the Southwest 

Mound in 1955, as well. This also likely is disturbed soil, perhaps from soil borrowing to 

reconstruct the Southwest Mound. This disturbance is also visible in the shaded relief map, 

though it is more subtle. Other linear features in the relief map between the parking lot and the 

Southwest Mound are old vehicle tracks and perhaps trails from livestock. Finally, the ground
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Figure 3. Major geomorphic zones in the Aztalan State Park area overlaid on the 2012 LiDAR-based digital surface 

model (recreated following Kolb 2015). 

 

 

disturbance from the excavation of the main palisade wall (following along the red dashed line in 

Figure 2) is still topographically evident, as are at least two other previous excavations at the site 

that will be pointed out later in the report. 

 A considerable amount of ground disturbance has occurred at the site from farming, 

archaeological excavation, and various activities associated with converting the site into a park.
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Figure 4. Historical, United States Department of Agriculture aerial photographs of the Aztalan State Park area. 

(source: https://earthexplorer.usgs.gov/) 
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Evidence for some of this ground disturbance is still visible topographically; some has faded. As 

we see below, much of it is visible in the magnetic data, and in at least one case ground 

disturbance may have helped the magnetic visibility of archaeological features.  

 

 

Previous Archaeological Work 

 

 The first known map of the Aztalan site appeared in 1837 and was made shortly after the 

site’s discovery by the initial Euroamerican settlers to move into the region (Birmingham and 

Goldstein 2005). Not long thereafter, in 1855, Increase Lapham published one of the most 

detailed maps of the site yet to be made, showing all the major topographic features evident in 

the mid-1800s, as well as the line of mounds located on a ridge to the northwest (Figure 5). 

While nineteenth century maps are notorious for their inaccuracies, the Lapham map is 

surprisingly accurate in its positioning of many site features (except the gravel knoll, in 

particular). 

 The Aztalan site has been the subject of numerous excavations since Lapham’s first 

subsurface investigations. Birmingham and Goldstein (2005) provide a nice, albeit brief, 

summary of the history of archaeological work at the site written for a public audience. John 

Richards’s dissertation (1992) goes into slightly more detail about the history of mapping and 

excavation. Perhaps the most useful summary of previous work at Aztalan, at least for the 

geophysical survey project, can be observed at a glance in Goldstein’s 1999 GIS map of Aztalan 

(Figure 6). Here we can see that the site has endured a large number of excavations by numerous 

individuals and institutions. These have uncovered most of the site’s palisade walls, large 

portions of the residential area, and various smaller, scattered excavation areas. More recent 

work, subsequent to Goldstein’s 1999 GIS, has continued in the park (e.g., Goldstein 2015; 

Pfaffenroth and Schroeder 2018). 

 While excavation units are notoriously difficult to routinely detect in geophysical survey 

data, no doubt some of the anomalies present in the magnetic data are related to archaeological 

excavations, unit markers (e.g., steel nails and pin flags), and mapping points. Even excavation 

back dirt piles can leave their magnetic mark on a site if the soils are magnetic enough and the 

back dirt does not all make its way back into the excavation units. Where possible, indications of 

excavations are noted in the results below. 

 Obviously, one of the most useful outcomes from the extensive amounts of excavation at 

Aztalan is that we have a reasonable idea of the range of archaeological features present at the 

site and what might be detected in the magnetic survey. Houses and structures in the residential 

area range from oval/circular to rectangular and have interior hearths; pit features are numerous 

and occur within and outside the structures. However, many of the pit features in several images 

of past excavations (see Birmingham and Goldstein 2005) look to be broad, shallow-type pits. 

These may be hard to detect in areas with rich midden. Large storage pits, some with human 

remains, are known to occur at the edge of the higher ground, just south of the Northwest Mound 

(i.e., in Goldstein’s “sculptuary” area). And linear features abound, primarily in the form of 

palisade walls and perhaps earthen embankments (from Lapham’s map). While houses with 

intact floors are sometimes readily detected, especially if the house burned down, postholes are 

rarely detected in magnetic surveys. Thus, unless the floors of the houses are preserved in basins 

containing lots of burned earth, it may not be possible to detect individual houses in the Aztalan 

magnetic survey. Pit features may be detectable, especially if they extend down into the site’s
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Figure 5. 1850 Increase Lapham map of the Aztalan site (from Lapham 1855). 
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Figure 6. 1999 GIS-Based compilation and summary map of the 1919-1996 excavations at the Aztalan site (source: 

Lynne Goldstein, Michigan State University). 
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parent material. The remains of other large earthen constructions might also be evident in the 

survey results. For example, Lapham shows a number of earthen features scattered across the 

site, including a circle along the river bank (marked “f” on his map), linear embankments and 

small mounds in various locations near the river and elsewhere, and numerous small borrow pits. 

   

  

Survey Methods 

 

While geophysical survey instruments have been in use on archaeology sites in the 

United States since 1938 (Bevan 2000) and the first archaeology-focused magnetic survey in the 

Midwest region was performed in the late 1950s (Johnston 1961), our generation is likely to be 

identified in the future as the first to employ geophysics at archaeological sites in a serious and 

systematic way. Many new discoveries have been made in the last 10-15 years because of 

geophysics, and no doubt there are many more to come as improvements in instrumentation and 

computers allow for the rapid survey of entire landscapes. Even more important will be the hard 

work necessary to determine what the instruments have detected, and the Aztalan magnetic 

survey results presented here are a prime example of the need for collaborative work between 

surveyor/data interpreter and archaeological excavation teams. 

Geophysical survey instruments are now used to locate and delineate a wide range of 

features on archaeological sites all over the world; books and articles on method abound (e.g., 

Aspinall et al. 2008; Bevan 1998; Clark 2000; Conyers 2004, 2012; Dalan and Banerjee 1998; 

Gaffney and Gater 2003; Heimmer and DeVore 1995; chapters in Johnson 2006; Lowrie 2007; 

Schmidt 2013; Weymouth 1986; Witten 2006). 

Picking the best instrument(s) for a given project depends on the defined objectives of the 

survey—different instruments can detect different kinds of archaeological features. For example, 

ground-penetrating radar is excellent at detecting buried stone or brick foundations, but it is 

ineffective at regularly identifying sediment-filled pit features. Magnetometers, on the other 

hand, are ideal for detecting pit features and burned areas, but often are unreliable for locating 

foundations (depending on the type of building material and surrounding sediments). 

Our targets of interest at Aztalan State Park include subsurface features associated with a 

large Late Prehistoric period settlement with mounds and palisade walls. These types of sites 

include hundreds, if not thousands, of subsurface features, including pits of various sorts, single-

set-post and wall-trench house foundations, and perhaps the footprints of additional mounds or 

other large community structures. Magnetometers are the best instruments for the job when pit-

type features are the primary target, especially in regions with loamy soil. As described below, 

they can detect many kinds of pit features, as well as burned sediment (e.g., fire hearths), and 

perhaps even houses, depending on their method of construction and degree of preservation.  

For the Aztalan magnetometer survey, I used a Ferex 4.032-DLG 4-probe fluxgate 

gradiometer system mounted on a cart as the primary survey instrument (Figure 7). The 

following methods section discusses how magnetometers work, what they can detect, and the 

methods used for this project, including data collection, processing, and interpretation. Examples 

of magnetic data from other sites with similar and commonly detected feature types are provided. 
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Figure 7. Foerster Ferex magnetometer system used for the Aztalan survey. 
 

 

Magnetic Gradiometer Survey 

 

Magnetometers are very sensitive to ferromagnetic materials, that is, things such as 

artifacts, rocks, and sediments that contain iron.  In addition to iron objects, magnetometers also 

can detect changes in the soil related to iron oxides—especially variability in the thickness of 

topsoil or archaeological midden (the refuse that tends to build up at locations where people 

live). 

Most magnetometers detect a combination of two kinds of magnetization during surveys: 

thermoremanent magnetization and magnetic susceptibility (Aspinall et al. 2008; Clark 2000; 

Gaffney and Gater 2003). When iron rich sediments and rocks are heated above a certain 

temperature, known as the Curie temperature (ca. 500-700oC; Lowrie 2007), they can become 

permanently magnetized—what is known as thermoremnant, or permanent magnetization. At 

temperatures below the Curie point, an iron mineral’s magnetic alignment is fixed. Once the 

mineral’s temperature is high enough, its magnetic alignment is free to change and it becomes 

realigned to the strongest magnetic field in the area, which usually is the earth’s magnetic field. 

Upon cooling, the new magnetic alignments become fixed. Together, the magnetically realigned 

minerals produce an overall stronger magnetic response in the magnetometer at that location. 

Cooking in hearths and earth ovens, as well as burning refuse, can produce more than enough 

heat to reach the Curie point. Intense heating can make an otherwise magnetically neutral (i.e., 

minerals with random magnetic alignments) patch of ground highly magnetic through (1) 
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magnetic mineral realignment, (2) the transformation of less magnetic iron oxides (e.g., 

hematite) into more magnetic types (e.g., magnetite and maghemite), and (3) the production of 

magnetic ash (Linford and Canti 2001). Even sediments that have been disturbed and 
redeposited, such as by sweeping, raking, plowing, or other kinds of earth moving, can maintain 

at least some of their permanent magnetization, which is not reset until the sediments are once 

again heated to a point above the Curie temperature. Objects and sediments that are permanently 

magnetic do not require the presence of an outside magnetic field to be detectable, unlike those 

materials that are magnetic because of their magnetic susceptibility. 

Soils and ferromagnetic substances that have high magnetic susceptibility react when 

they are in the presence of a magnetic field. On archaeological sites it is the earth’s own 

magnetic field that causes these magnetic reactions. Certain soil horizons and components of 

soil, such as organic rich topsoil (A horizon), are generally more susceptible to magnetic fields 

than other soil horizons (Le Borgne 1955, 1960), such as underlying clayey layers (i.e., B 

horizons). This difference in susceptibility can be useful for finding features on many kinds of 

archaeology sites, where the most common kind of archaeological feature is the pit feature—a 

hole dug into the ground that has been filled with topsoil and/or site midden and refuse. If a hole 

dug a few feet into the ground is backfilled with sediments that are a mix of topsoil and clayey 

subsoil, the backfilled hole will likely have a different magnetic susceptibility than the 

surrounding, intact soils—especially if the hole is entirely filled with topsoil. Furthermore, 

human occupation of an area is known to enhance a soil’s magnetic susceptibility (Dalan and 

Banerjee 1998; Tite and Mullins 1971). Pits filled with this magnetically enhanced soil generally 

are detectable on magnetic surveys, as long the soils around them are less susceptible to 

magnetic fields. While the mechanisms behind soil susceptibility enhancement are complex and 

not totally understood, bacteria that use and produce small magnetic particles are known to 

contribute to the process (Fassbinder et al. 1990), as well as burning and the amount of certain 

iron oxides present in the soil (Evans and Heller 2003; Graham 1974; von Frese 1984). 

Like most magnetometers, the Foerster Ferex fluxgate gradiometers used during this 

project are passive instruments (i.e., they do not create a magnetic field), and they 

simultaneously detect both kinds of magnetism—remanent magnetism and magnetic 

susceptibility. They cannot differentiate the two. Each of the Ferex’s four gradiometers consists 

of two fluxgate sensors spaced 65 cm apart, one atop the other. Thus, they measure the localized 

change in the magnetic field as it exists between the two sensors while the instrument is pushed 

back and forth across the survey area (Figure 8). The uppermost detector in each gradiometer 

senses (along one axis) the earth’s background magnetic field (the white, angled lines in Figure 

8), which in the Aztalan area measures approximately 54,300 nanotesla (nT) (source: 

https://www.ngdc.noaa.gov/geomag-web/) and can vary in one day as much as a few hundred 

nanotesla from morning to evening (Breiner 1973). The lower detector senses the earth’s 

background magnetic field (along one axis) and changes in it caused by objects or soils on the 

surface or as much as about two to three feet beneath (or above) the surface. Even deeper 

features and soils can be detected if their magnetic fields are strong enough to affect the earth’s 

magnetic field as far away as the magnetometer’s bottom sensors—while the instrument moves 

over the feature.  
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Figure 8. Graphic demonstrating magnetic fields and a magnetometer array moving through them. 

 

 

Fired earth in prehistoric hearths and organic-rich soil in buried pits or ditches tend to 

concentrate the earth’s magnetic field in measurable amounts of approximately 2-30 nT, while 

large iron objects or brick-filled features can measure in the hundreds or thousands of nanoteslas. 

Sandy soils or deep, highly organic soils can reduce the range of more subtle features to 1.5-5 

nT. This magnetic variability is additionally challenging for archaeologists because it is not 

always linked to changes in soil color that are readily identifiable during excavation. 

As the magnetometer cart is moved back and forth along the survey transects, the 

instrument’s data logger records the magnetic readings for the top and bottom detectors on a 

timed interval, and onboard electronics subtract the readings of the top detectors (earth’s varying 

background magnetism) from the readings of the bottom detectors (earth’s varying background 

magnetism plus local magnetic variability), leaving—in principle—the local magnetic gradient 
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or difference caused by surface and buried phenomena1. These numbers are then stored in the 

instrument until a data dump is performed. It is this localized difference that allows us to detect 

buried archaeological features. 

The recorded magnetic data were transferred from the magnetometer’s data logger to a 

laptop computer using Foerster’s Ferex Dataline (v. 3.404) software. Small spatial adjustments 

were made to the data in Dataline to correct for zig-zag error (what Foerster refers to as 

“slippage” in their Ferex manual) and in some cases a single-track “automatic compensation” 

was performed to remove striping from line to line.  The data were then exported as xyz files, 

regridded in Surfer, rotated, and imported into Geoscan Research’s Geoplot (ver. 3.00s) software 

for further data processing and to assemble the 40 m x 40 m survey blocks into a composite of 

the entire survey area. Magnetic data processing involves applying mathematical algorithms to 

the data in an effort to reduce background noise and accentuate the potential, buried 

archaeological phenomena. Three processing algorithms were used in Geoplot to prepare the 

magnetic gradiometer datasets for presentation and analysis: zero mean traverse, interpolation, 

and low pass filter. 

After processing, the data were exported from Geoplot and pulled into Surfer 10.0, where 

a color scale and grid were added. The Surfer images were then copied into CorelDRAW for 

integration with the site maps, interpretation, and final image production. Data processing is 

necessary to prepare the data for interpretation and visualization; however, excessive processing 

can also produce false data anomalies. Care was taken to avoid creating false anomalies. 

A Geoscan Research FM256 handheld fluxgate gradiometer was used to collect a limited 

amount of data along the east side of the site, in small areas where trees and brush prevented the 

use of the larger magnetometer cart. These data were collected at a rate of eight readings per 

meter along transects spaced 50 cm apart. Geoplot was also used to process these data, as two 

small composite blocks. These blocks were added to the Foerster Ferex data to produce a final, 

seamless image of the magnetic survey results presented later in the report. 

 

 

Interpreting Magnetic Gradiometer Results 

 

Interpreting magnetic gradiometer data at archaeology sites requires a set of rules and 

experience in understanding how archaeological features might appear in magnetic data in given 

environments. General rules of thumb vary between historic-era and precontact Native American 

sites, as well as at sites with differing soils. Historic sites are usually covered in notably magnetic 

iron objects, and the signatures of these objects can dominate a dataset, obscuring the locations 

of important archaeological features. At precontact period Native American sites, archaeological 

features can be subtle in magnetic data, and they often look similar to the magnetic anomalies 

created by rocks, animal burrows, and variations in the thickness of the topsoil or the plow layer. 

Thus, it is important to apply a consistent approach when interpreting magnetic data, but it 

should be one that is flexible and inquisitive because every survey can produce unanticipated 

results that do not fit our expectations. 

In most magnetic gradiometer data there are five kinds of potentially significant magnetic 

anomalies that occur on archaeology sites: Monopolar Positive, Dipolar Simple, Dipolar 

Complex, Multi-Monopolar Positive, and Monopolar Positive/Dipolar Simple2. Figure 9 

illustrates a selection of these anomaly types. It can be useful to classify a site’s anomalies 

because this is one way to locate archaeological features of interest, especially on precontact 
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Native American sites. The shape, size, intensity, and polarity (positive or negative) of magnetic 

anomalies is determined by the characteristics of the anomaly’s source (or target), including the 

target’s (object or archaeological feature) shape, material composition, mass, orientation, and 

depth. An object or feature’s anomaly shape can also be affected by the magnetic signatures of 

nearby objects and features. And of course, anomaly shape and intensity are affected by where 

on the planet (especially latitude) the survey was conducted, which determines the strength and 

inclination of the earth’s magnetic field: approximately horizontal at the equator and vertical at 

the poles.  

Most targets of interest, such as pit features, hearths, wells, foundations, cellars, and the 

like, produce fairly consistent kinds of magnetic anomalies that are comparable all across the 

U.S. and at similar latitudes around the globe where soils are formed into alluvium, glacial tills, 

and even eolian deposits. For example, in vertical gradiometer data like that collected during this 

project, precontact Native American pit features are almost always weakly magnetic (3–30 nT), 

positive monopolar anomalies, unless they are filled with highly magnetic rocks. As a type of pit 

feature, historic cisterns, wells, and privies can also appear as somewhat stronger, positive 

monopolar anomalies. However, historic pits frequently contain large amounts (high mass) of 

highly magnetic materials, such as bricks and iron objects. If these materials are numerous or are 

large in size, they can make the historic pit’s magnetic signature look like that of a large bar 

magnet with north and south poles (i.e., dipolar). Given these consistencies between magnetic 

anomalies and their sources, the five anomaly classes used in this report serve to describe and 

summarize the magnetic survey results as well as provide an estimate for the kinds of targets 

found. The following descriptions help define these anomaly classes.  

 

Monopolar Positive (MP)- Anomalies in this class are localized, positive peaks in the magnetic 

gradient signature of the site. They appear as isolated dark gray to black areas in grayscale data 

displays (Figure 9). Typically, these anomalies are created by localized areas of soil with 

increased magnetic susceptibility (e.g., pit features, large tree root casts, or somewhat burned 

surfaces). However, it is not uncommon for weakly magnetic or deeply buried objects with a 

dipolar magnetic signature (e.g., an iron object or a large magnetic rock) to be detected as 

positive or negative monopolar anomalies. If one of the poles of a dipolar anomaly is close to the 

surface (and close to the magnetometer) and the opposite pole is too far away to be detected 

(because it is too deep underground, for example), then objects that typically produce distinctive 

dipolar anomalies (iron objects) can be mistaken for those that typically produce monopolar 

anomalies (pit features). Positive monopolar targets of interest, such as pit features, can produce 

peak intensities ranging from 1 nT to 200 nT, though only historic period features tend to be 

greater than 50 nT in intensity (unless highly magnetic rocks are present). Not all pit features, 

prehistoric or historic, produce positive monopolar anomalies. In fact, a small percentage of pit 

features can produce dipolar simple and dipolar complex anomalies, especially when intensely 

burned, in situ sediments and rocks are present within the feature. Thus, precontact period earth 

ovens and hearths are sometimes dipolar anomalies. Historic-era pits filled with large iron 

objects will also likely be dipolar. 

 

Dipolar Simple (DS)- Dipolar anomalies are characterized by negative and positive peaks that 

are immediately adjacent to one another, making distinctive black and white anomalies in 

magnetic data (Figure 9). A simple dipolar anomaly has only one positive and one negative peak. 

These peaks can be similar in size and intensity (e.g., +6/-5 nT) or highly asymmetrical (e.g.,
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Figure 9. Magnetic gradiometer anomaly types used in the data analysis. 

 

 

+57/-4 nT). Iron objects and magnetic rocks are the most common sources of dipolar anomalies 

on archaeology sites. In general, the larger (greater mass) the iron object, the more magnetic 

intensity (i.e., higher highs and lower lows) it will have and the more area its magnetic 

signature/influence will affect. For example, most nails, while highly magnetic, are so small that 

when buried in the plow zone or just below surface they are difficult to detect with a gradiometer 

during a typical survey, unless there are many nails bunched together or the instrument is held 

very close to the ground. Conversely, a foot-long piece of iron rebar pounded down into the 

ground vertically (e.g., a datum) is exceptionally magnetic and can be detected (as a large 

positive area surrounded by negative, or vice versa) from 2-3 meters away (i.e., making an 
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anomaly 4-6 meters across). The rusted off bottoms of steel fence posts look very similar to this, 

only larger if they are still buried in the ground vertically. Exceptionally magnetic precontact 

features, such as hearths and intact earth ovens, can also produce dipolar simple anomalies. 

Frequently, the magnetic signature of these burned precontact features appears as an area of 

strong positive values (up to 35-40 nT) surrounded by a weak negative ring—much like the 

signature of a bar magnet buried in the ground vertically. These are here referred to as Dipolar 

Simple-Concentric type anomalies (see Figure 9 for an example). However, the positive and 

negative components of the signature also can be side by side, which is common for shallow, 

burned features. With most dipolar simple anomalies in the northern hemisphere (because of the 

inclination of the earth’s magnetic field), the target creating the anomaly is located below, but 

not directly, the positive area of the anomaly (Bevan 1998). 

 

Dipolar Complex (DC)- Complex dipolar anomalies are clusters of multiple negative and 

positive peaks of varying intensity (Figure 9). They occur in many shapes and sizes. Typically, 

this class of anomaly is associated with burned areas or features/disturbed areas filled with 

magnetically mixed sediments and objects. In-filled historic foundations and cellars, as well as 

some back-filled trenches and excavation pits, produce dipolar complex anomalies because the 

mixed fill in these features varies as compared to the magnetic signature of the surrounding soils 

and generally contains historic objects that are also magnetic (in fact, the example in Figure 9 is 

the foundation and remains of a summer kitchen). Areas of soil burned to different depths and/or 

temperatures can also produce this kind of anomaly (Linford and Canti 2001). Precontact 

structure and mound floors, if intact, sometimes appear as dipolar complex anomalies (see Figure 

9, lower right image). Lightning strikes are an important natural source of dipolar complex 

anomalies. The electrical current flow associated with strikes can generate very strong magnetic 

fields, changing the remanent magnetization of the materials through which the current flows 

(Verrier and Rochette 2002). Classic lightning strike anomalies, or LIRMs (Lightning Induced 

Remanent Magnetism anomalies) come in two varieties: those that are dipolar complex and have 

a tentacled appearance, and those that are horizontal with a long, narrow dipolar complex 

anomaly (Beard et al. 2009; Bevan 1995; Jones and Maki 2005). Lightning strike anomalies in 

Ohio, for example, can range in size from a couple meters across to over 50 meters long (Burks 

2014). Excavations at the locations of these anomalies have shown that the lightning strikes 

produce nothing that would be visible in a typical archaeological excavation (e.g., Maki 2005). 

Extensive animal burrow systems, such as those of groundhogs, sometimes produce similar 

dipolar complex anomalies, as well, though not as large or intense as lightning strikes. Dipolar 

complex anomalies can have weak (+5/-5 nT) or very strong (+1000/-1000 nT, or more) 

magnetic gradiometer signatures. 

 

Multi-Monopolar Positive (MMP)- Anomalies in this class are groups of positive monopoles, 

generally arranged in linear or arcing patterns, that are usually fairly weak (1-4 nT) in intensity. 

Most gradiometer datasets are full of dozens or hundreds of small, weakly positive anomalies—

making it difficult to pick individual features out of the mass of anomalies. However, patterned 

groups of anomalies (MMPs) stand out from the other small anomalies (Kvamme 2008). 

Architectural facilities such as precontact structures, post circles, or historic fences can produce 

linear arrangements of small, weakly positive monopolar anomalies. This class of anomaly is 

rare in gradiometer data, especially in survey data collected along transects separated by more 

than 50 cm. Exceptionally large postholes (>30 cm in diameter), or those filled with burned 
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sediment, can be more evident in magnetic data. Likewise, the magnetic signatures of two or 

more closely spaced postholes can combine to make a more obvious, and larger, anomaly. 

 

Monopolar Positive/Dipolar Simple (MP/DS)- In some cases it is difficult to discern whether an 

anomaly is monopolar positive or just a portion of a dipolar simple anomaly. These anomalies 

are assigned to the MP/DS class. In essence, this class serves as an “unknown” category like 

those used in any type of analysis or classification scheme. More often than not, these anomalies 

are associated with iron objects or small magnetic rocks oriented in such a way that their 

negative pole is almost too far away to be detected. 

 

Every magnetic gradiometer dataset from an archaeological site contains hundreds or 

even thousands of magnetic anomalies—some strong, some weak—and only some of these are 

caused by cultural features. While the magnetic anomaly classes presented above do not cover all 

variability, they do attempt, at a general level, to begin the process of segregating and 

categorizing the magnetic signatures of potentially cultural anomalies. Though intended to be 

descriptive, these five classes do commonly correlate with certain kinds of archaeological and 

natural features found just below the surface and this has been shown at many dozens of 

archaeology sites all across the Midwest, and beyond. A few examples serve to illustrate this. 

Dipolar simple anomalies are one of the most frequently encountered magnetic anomaly 

types at archaeology sites. They often are ignored because they are associated with stray iron 

objects or rocks, but sometimes they indicate the locations of pit-type features or buildings. For 

example, Figure 10 (top) shows a large cluster of magnetic anomalies in the location of a barn 

that was torn down and burned at the Dillon site in northern Ohio (from Burks 2011). Dark areas 

are more magnetic while light areas are less magnetic. Relatively even gray tones represent areas 

with little magnetic variability. The magnetic anomalies in the barn cluster are likely related to 

iron building hardware and other iron objects left in the barn when it was demolished. Cisterns 

may be represented by the large dipolar simple-concentric anomalies at the left and right edges 

of the barn cluster. The anomalies along the north edge of the survey area (the small circular dark 

spots), especially to the northeast (ca. E620), are related to the precontact Native American 

occupation of the site. 

Old fence lines are one of the more common sources for iron and dipolar anomalies in 

magnetic surveys. Even fence lines that have been removed can appear in the data—invariably, 

bits and pieces of the rusted fence wire and often the bases of the steel fence posts are left 

behind. A good example of this is shows in the bottom of Figure 10. In the 1990s an old wire 

fence was removed from the Junction Group earthwork site in southern Ohio. Though no signs of 

the fence were evident on the surface at the time of the magnetic survey, and the site had been 

plowed numerous times since the fence had been removed, clear indications of the fence remain 

in the ground and were detected in the magnetic survey. While the magnetic signature of a wire 

fence can obscure important archaeological features, it can also be useful for understanding the 

history of site use during the historic period. Furthermore, earlier fence lines are often visible on 

historic aerial photos and can help in aligning/georeferencing old photos and maps. 

Locating archaeological remains at Native American sites in magnetic surveys has also 

had much success. Features in small, low-density precontact Native American sites are the most 

challenging to detect, but surveys at these sites also are quite common. Many dozens of them 

have been conducted in Ohio, for example; the results of most reside in the gray literature. Two 

examples are provided here to give us some context for our expectations of the Aztalan survey
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Figure 10.  Example of magnetic gradiometer data from (top) a demolished barn location (Dillon site, from Burks 

2011), and (bottom) showing an old fence line at the Junction Group (Ohio) earthwork site. 
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results. Figure 11a shows the magnetic gradiometer data from site 33DL1837, an upland Early 

Woodland period (circa 600 B.C.) site on a low rise covered in glacial till near Delaware, Ohio 

(Pecora and Burks 2007). The 33DL1837 magnetic data contain a number of dipolar anomalies 

likely to be iron objects, especially along the west side of the survey area near the field edge. A 

historic-era farmstead is located just west of the survey area. To look for precontact period pit 

features, which usually show up as monopolar positive anomalies or dipolar simple-concentric 

anomalies in the case of earth ovens, twenty anomalies were selected for soil coring with an 

Oakfield corer (~1 inch diameter). Four of these produced dark soil, charcoal, and burned earth 

from below the plowzone, which is typical of precontact period pit features. Several of these 

were excavated and one was found to be a precontact period earth oven while the others were 

determined to be related to one or more large tree stumps that were burned out in the past 

(probably historic era). Mechanically stripping off the plowzone from the entire survey area 

found that (1) all large pit features akin to the size and depth of the earth oven were detected and 

identified by the magnetic survey and coring, and (2) those cultural features that were not 

identified during the survey and coring process were small and many actually were detected by 

the magnetometer, but were not selected for coring because they were too small—i.e., there were 

many similarly small anomalies. The 33DL1837 project shows that detecting and correctly 

identifying large features such as earth ovens is relatively easy, and this approach rarely misses 

features of this size and magnetic intensity, at least on low-density archaeology sites with limited 

midden. However, small features, even if they are detected, can be easy to miss during data 

interpretation when many other small anomalies are present in the data. The primary reason for 

missing these smaller anomalies is a desire to avoid excessive numbers of false positives. 

The 33DL2037 site provides a second example of magnetic gradient data from a small 

site in Ohio (Figure 11b). Site 33DL2037 is located on a low bluff overlooking the west side of 

the Olentangy River, north of Columbus (Burks 2010). The site is situated in a wooded area 

adjacent to two large limestone quarry pits. Spoil piles related to quarrying are nearby, and 

evidence of land modification is present in many areas of the property. However, a small portion 

of the property appeared to be relatively intact, save for plowing at some point in the past. 

Shovel tests located an area near the bluff that contained numerous pieces of lithic debitage 

consistent with precontact period Native American flint quarrying activity. A small magnetic 

gradient survey covering a 40x40 meter area was performed to look for possible pit features. The 

results appear in Figure 11b. Signs of plowing are evident in the left-to-right (east-west) linear 

features in the magnetic data. Larger anomalies, dipolar simple and dipolar complex, were found 

associated with two small spoil piles and they likely represent iron objects. Several other iron 

objects are scattered about the survey area. Coring at a large dipolar simple-concentric anomaly 

encountered dark soil, burned earth, and charcoal beneath the plowzone. This anomaly had the 

typical signature for a strongly magnetic earth oven, but with a peak magnetic intensity of 87 nT 

(data collected with a 50-cm gradiometer) it seemed too magnetic to be a prehistoric feature. 

Upon excavation, a fairly typical earth oven was found but it was packed full of highly magnetic 

igneous rocks—thus the strong magnetic signature. Coring at the monopolar positive anomaly 

just to the south found another pit, much less magnetic, with burned earth and relatively dark fill. 

The earth oven was radiocarbon dated to the Early Woodland period; the other feature dated to 

the Late Archaic period. The 33DL2037 work uncovered the remains of two small occupations, 

both focused on flint extraction and initial blank shaping for making spear points. During the 

later occupation, an earth oven was used to cook food (presumably). This example shows us that 

precontact period features can be strongly magnetic if they contain strongly magnetic objects
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Figure 11. Examples of magnetic gradiometer data from two small precontact Native American sites in central 

Ohio. 
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Figure 12. Examples of magnetic gradiometer data from large Fort Ancient (Late Prehistoric period) settlements in 

the Ohio Valley. 
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Figure 13. Magnetic survey example from the Cahokia site, showing how subtle pits and houses can be even at 

densely occupied sites. 

 

 

such as igneous rocks. The same is true for historic-era pits, except they often contain other kinds 

of strongly magnetic objects, such as iron objects, bricks, and large sections of ceramic vessels. 
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In this case anomaly morphology was the important factor in finding the precontact 

archaeological features, especially with the earth oven. 

On larger precontact period sites, clusters of monopolar and dipolar simple-concentric 

anomalies are distinctive indicators of domestic settlement locations. The examples in Figure 12 

are large Fort Ancient villages dating to AD 1000-1600. The Hahn site (Figure 12, top) has 

hundreds of magnetic anomalies associated with pit features. In some areas of the site the pits are 

scattered, while in others, especially along the east and west edges, the pits are tightly clustered. 

Near-surface sand has made the pits at the edges of the terrace appear more distinctively against 

a negative (white) background. A general lack of pit-type anomalies between the two tight 

clusters may indicate the presence of a public space, or plaza. Plazas tend to be magnetically 

quiet because they lack thermal features and have much less midden. We can see that the 

possible plaza at Hahn is less magnetic because the plowscars are less distinct (more like the area 

outside the village), as compared to parts of the site with numerous pit features. Whether a 

circular village was present at Hahn is difficult to tell in the magnetic data because of the 

repeated use of this terrace for occupation. The magnetic survey at the Guard site in 

southwestern Indiana (Figure 12, bottom) clearly detected some of the site’s houses, as well as a 

ring of pit features. The nearby historic-era farmstead and its many iron objects make it difficult 

to see a plaza at the middle of the circular village, but the ring of houses leaves little doubt that in 

fact the Guard site village once had a central plaza. The Hahn and Guard sites are good examples 

of how Late Prehistoric period Fort Ancient villages can appear in magnetic gradiometer data. At 

some sites houses are visible and at others they are not, even though they are present and have 

been uncovered in excavations (e.g., at Hahn). 

 Late Prehistoric sites can also be problematic for magnetic survey because of their thick, 

highly magnetic middens. Detecting pits, house basins, and other sorts of features requires some 

kind of magnetic contrast between the feature fill and its surrounding matrix. At sites with 

evidence for intensive, long-term occupation, the matrix surrounding subsurface features tends to 

be midden. Since midden is magnetic, and the features of interest are filled with midden or other 

magnetic refuse, often there is little magnetic contrast between the feature fill and its matrix, 

making the features hard to detect. The Cahokia site is a good example of this. Cahokia is a 

large, urban site with numerous mounds, plazas, palisades, and clusters of houses. Figure 13 

presents the results of a magnetic survey conducted in the site’s Merrill Tract, which is located 

just west of Monk’s mound and “downtown” Cahokia (i.e., outside the primary palisade wall). 

Previous excavations in this area of the site have found numerous pit features and houses. 

Normally, displays of magnetic data at 5/-5nT, as in the data image in the lower left of Figure 12, 

are sufficient for identifying features at most archaeology sites. However, the midden at Cahokia 

is so thick and/or magnetic that we can barely see the many features detected in the survey at this 

display range. It is not until the data range is adjusted down to 1-1.5 nT that features become 

clear, including pits and several kinds and sizes of houses. Since Aztalan is known to have a rich 

midden in many areas, we should expect a similar situation as has been found at many other 

densely-occupied sites, such as Cahokia. Features may be detected, but they could be quite subtle 

and the data should be examined at several levels of contrast, as with the example in Figure 13. 

Of course, there are other things in the ground that can create magnetic anomalies that 

look much like the magnetic signatures of precontact and historic era features. Some of this 

equifinality can be overcome by knowing the peak magnetic intensities and anomaly type for 

each anomaly of interest. For this reason, magnetic anomalies from the Aztalan data were closely 
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examined, and their peak magnetic intensities were recorded, along with other anomaly 

characteristics. 

 

 

Field Work Results 

 

The Survey Grid 

 

 The 2017 magnetic survey at Aztalan used the established site datums (brass monuments 

set in concrete), referred to locally as benchmarks, as the starting points for establishing the 

magnetic survey grid. A series of wooden stakes was set out at 40-meter intervals with a Leica 

TC405 laser transit total station. Partial grid squares were set in with the transit or fiberglass tape 

measures at the edges of the survey area and around obstacles, such as the standing palisade 

walls. 

 Figure 14 shows the layout of the magnetic survey grid on a modern aerial photograph. 

Benchmark 2 (BM2) was used as the 0, 0 point, and initial instrument station, with Benchmark 3 

(BM3) as the grid south back sight. Because the geophysical instruments work in northings and 

eastings, negative eastings and negative northings were used for the survey grid rather than 

southings and westings, which are the standard at the site. The central portion of the site was 

gridded with the instrument located at Benchmark 2. However, it was necessary to move the 

instrument to temporary mapping stations to set out grid stakes in the southern and northern 

quarters of the site. When moving the instrument, Benchmark 2 was used as the back sight so 

that all instrument work was based on Benchmark 2. Coordinates related to the benchmarks are 

provided in Table 1. 

A Trimble GeoXT (submeter) handheld global positioning system (GPS) was used to 

gather positional information on survey grid stakes and other features in the park (e.g., the park 

road) to ensure a good overlay with other maps and aerial photographs, such as the aerial photo 

in Figure 14. All grid stake locations are an average of at least ten real-time corrected GPS 

positions. Roads and other linear features were mapped with the GPS as line features, with one 

GPS position recorded per second while walking along the edge of the feature being mapped.  

 
Table 1. Survey grid datum coordinates.  

 
Site Grid Coordinates 

Geographic Coordinates 

UTM* 

 

Datum Northing Easting Northing Easting Comment  

BM1 - - 4769834.36 348446.49 

Brass disc monument marked 

“Highway Commission of 

Wisconsin” set in concrete. Not used 

during the magnetic survey project. 

BM2 0 0 4769828.88 348532.39 

Brass disc monument marked 

“Highway Commission of 

Wisconsin” set in concrete. Used as 

initial instrument set up location 

during the magnetic survey project. 

BM3 - 0 4769760.23 348528.02 

Brass disc monument marked 

“Highway Commission of 

Wisconsin” set in concrete. Used as 

survey grid south back sight. 
*UTM Zone 16 north, Datum=NAD83. Coordinates derived from 2015 static GPS survey (see Panuska [2015]). 
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Figure 14. Geophysical survey grid used at Aztalan State Park, with the site’s three mapping benchmarks. 
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Results of the Magnetic Gradiometer Survey  

 

 The 2017 Aztalan site magnetic gradiometer survey produced 10.8 ha (26.7 acres) of 

magnetic data. An overview image of the results is presented in Figure 15, with a larger version 

provided in Appendix A. Both have a data display range of 5/-5 nT, with stronger magnetic 

values tending toward black and weaker magnetic values tending toward white. All surveyable 

ground located within the main palisade wall was covered. Additional areas were also surveyed 

outside the palisade: (1) to the south of the site, in the area of the parking lot, and (2) to the 

northwest of the Northwest Mound. Magnetic anomalies of many sizes and types are visible at 

this scale (in Figure 15), though it is hard to pick out individual pit features and other small 

things of note. 

 The first thing to consider when examining these data is image and feature contrast. It is 

not possible to see all features of note in a static image with just one display, or contrast range. 

This is effectively illustrated in Figure 16, which presents the data as high (2/-2nT) and low (20/-

20nT) contrast images. In the low contrast image to the left, strongly magnetic features stand out 

clearly from the more subtle magnetic variability. We can make out the iron rebar in the parking 

blocks within the parking lot; several large lightning strikes (the long, black and white 

anomalies) at the north end of the site; and smaller, evenly spaced anomalies that occur in 

clusters of four that are tracking the location of the primary site palisade wall. In the high 

contrast image to the right, we can see that the center of the site is magnetically quiet, with very 

few iron objects or other anomalies of note. Parallel, dipolar linear anomalies run through the 

entire survey area from southwest to northeast, and the ridge along the west side of the site, as 

well as the gravel knoll, are densely packed with anomalies. 

 To make sense of all these anomalies and begin the process of sorting out which may be 

of archaeological interest, the data were closely examined for anomalies of note and these were 

drawn and classified using the approach outlined earlier in the methods section of this report. 

The interpretive map in Figure 17 shows all anomalies of potential interest (n=369) based on the 

5/-5nT image of the magnetic data. These include pit features and other precontact period 

features, iron rebar, select natural features, and historic period features. This represents a first 

pass at the interpretation. Not every anomaly has been singled out and there may be more in the 

data that are of interest. 

Each of the anomalies in Figure 17 has been assigned a number, and a larger version of 

this map, with anomaly numbers, is provided in Appendix B. The table in Appendix C includes 

important details related to each of the numbered anomalies, such as center point coordinates 

(where applicable), peak magnetic intensity, anomaly class, rank, and some kind of comment or 

interpretation. The Rank attribute is a subjective estimate of an anomaly’s likelihood to be a 

precontact period archaeological feature. While all ranked anomalies have a chance of being 

features, Rank 1 anomalies are most likely and Rank 3 the least. Observations on anomaly size, 

shape, coherence/sharpness, strength, and class factor into the rankings. The following sections 

examine select groups of anomalies in greater detail. 
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Figure 15. All magnetic gradiometer data, shown at a moderate contrast level (5/-5nT). 
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Figure 16. Comparing the magnetic data at low (20 nT) and high (2 nT) contrast. 
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Figure 17. All magnetic anomalies of potential archaeological interest—first round interpretation. 
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Possible Precontact Period Features 

 

 The map in Figure 18 shows all the precontact period Native American anomalies 

identified in the first round of analysis. Table 2 summarizes the basic categories of detected 

features. Possible pit-type features are the most numerous, with 225 detected. They appear to be 

scattered all across the survey area, including within and outside the main palisade wall (not 

shown). The lack of possible pits in the residential area (in the east quarter of the survey area) is 

concerning, as they should be numerous in that area given the findings of previous excavations. I 

suspect that pits were detected there but they may only be visible at a threshold (<5 nT) below 

which this initial analysis discussed here did not consider. Many of the possible pits to the north 

and northwest of the Northwest mound could be rocks. Numerous large rocks were observed at 

the surface in this area. 

 Probable pits, of which there are 39, include pit-type anomalies assigned a rank of one in 

Appendix C. Nearly all of these occur within the large cluster located south of the Northwest 

Mound. This cluster will be more closely examined below. 

 While no obvious signs of houses or structures were detected in the Aztalan survey (see 

Figure 9 for examples of obvious structures in magnetic data), subtle indications of possible 

structures may be present at a minimum of at least 20 locations. These are the blue circles 

(n=17), plus several other anomalies, in Figure 18. These anomalies range from circular negative 

areas (perhaps unburned wall melt—clay is less magnetic than topsoil/midden) to clusters of 

irregular positive anomalies (perhaps from burned structures). The blue anomalies in Figure 18 

are symbols marking the locations of possible structures. They are not necessarily scaled to 

match the size of the anomalies. As perhaps expected, many of the possible structures are located 

within the residential zone. However, since this is the most excavated portion of the site, these 

anomalies could be old excavation units, rather than houses. That said, few match up to the 

locations of previous structures as indicated on Goldstein’s 1999 GIS map. 

 Not surprisingly, the Northwest and Southwest mounds appear in the magnetic date, but 

there were no obvious signs of the northeast mound or the gravel knoll. Other features of note 

include a large area of very quiet background magnetism near the center of the site (Anomaly 

168), a possible palisade line with a round bastion (Anomaly 197), and two circular areas of note 

off the east side of the Southwest Mound. The latter two groups of anomalies are discussed 

further below.  The possible plaza at the middle of the site is located in the low, flat area between 

the residential zone and the higher ridge at the west edge of the site. Few possible pit-type 

features were detected in this area. Importantly, we can see that the linear anomalies running 

through this area from north to south (probable dead furrows) appear to decrease in magnetic 

strength as they go through the possible plaza. This is a likely indication that the background 

magnetic susceptibility of the topsoil soil/plowzone in this area is lower than in the rest of the 

site. Since midden often has higher magnetic susceptibility, the quiet background levels in the 

middle of the site may indicate a large area with limited amounts of midden.  

 

 
Table 2. Summary of precontact period Native American anomalies.  

Anomaly Types Probable Pit Feature Possible Pit Feature Possible Structure Other 

 39 225 20 7 
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Figure 18. Anomalies associated with precontact period pit-type and other features of potential interest. 
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Lapham Map Features 

 

 The map of the site published by Increase Lapham in 1855 is one of the most detailed site 

maps to date. However, it is hard to know just how accurate it is and what has happened to many 

of the map’s smaller features. In Figure 19 I have attempted a simple overlay of the geophysical 

anomalies and survey grid on the Lapham map. I used the two larger mounds as rough anchor 

points for scale and alignment. Surprisingly, this produces a fairly good fit between the 

geophysical survey results and some of the features on Lapham’s map. For example, the 

numerous pit features in Goldstein’s “sculptuary” area, located south of the Northwest Mound, 

appear on the higher ground on Lapham’s map, which is where they in fact are located. 

A closer examination of the magnetic data and its relationship to the Lapham map 

revealed another interesting correlation. Lapham shows a circular feature, labeled “f,” along the 

east edge of the site, north of what today is the gravel knoll. There is in fact a circular feature in 

the magnetic data at this approximate location—Anomaly 360. It is a circular ring of negative 

values about 11 meters in diameter that is surrounding an area of diffuse positive readings. This 

anomaly is visible in the magnetic data at low and high contrast, and it could be a variety of 

things, from the remains of a circular structure to a small earthwork.  

It does not appear that any of Lapham’s other small features are visible in the magnetic 

data (except as noted below for Anomaly 197), such as his numerous irregular depressions. It 

may be that these were not archaeological features to begin with, or that they simply do not show 

up in magnetic data. An earth resistance survey may be better at detecting these earthen features 

than the magnetometer. It is also possible that over one hundred years of plowing has completely 

obliterated them. 

 

 

Large Pit Cluster Near Northwest Mound 

 

 One of the most distinctive finds in the magnetic data is a cluster of over 60 probable pit 

features located just south of the Northwest Mound (Figure 20). This pit cluster is not a new 

discovery at the site. The locations of at least some of the pits have appeared as vegetation marks 

(small, circular areas of green grass) in particularly dry times of the year (John Richards, 2017, 

personal communication). And excavations across a small number of them by Lynne Goldstein 

and her team found them to be deep, cylindrical pit features containing midden and humans 

remains (Goldstein 2000).  

The magnetic survey results may be the first time that we can make an accurate map of 

the pit distribution in this area and document the range of pit sizes—they appear to range from 

less than a meter in diameter to very large pits about three meters across. The magnetic strength 

of the pit fill also varies, from 7.5 nT to as much as 40 nT (this stronger anomaly could be an 

iron object). Most of the pits, however, occur in the 9-15 nT range, including the larger pits. 

While it is not unusual to find large pits in big clusters at village sites, what is unusual is 

the distinctive correlation of these pits at Aztalan with a feature visible in the 1955 aerial photo. 

This cluster is strongly correlated with the oval area from which soil was removed in the 1950s 

for the reconstruction of the Northwest Mound. An overlay of the anomaly locations on a 1955 

aerial photograph in Figure 20 (bottom) shows just how closely associated the pits are with the 

disturbed ground. Since we know that at least some of these anomalies are in fact pit features, 

based on Goldstein’s excavations, it is clear that the 1950s ground disturbance itself did not
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Figure 19. Lapham map with an overlay of precontact period anomalies of potential interest. 
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Figure 20. Detailed view of the probable and possible pit-type features in the area south of the Northwest Mound in 

the (top) magnetic gradiometer data and (bottom) on a 1955 aerial photograph. 
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create these anomalies. Thus, either it is merely a coincidence that the pit cluster is almost 

exactly aligned to the ground disturbance, or the ground disturbance has somehow made these 

pits more visible in the magnetic data as compared to other nearby pits. The latter is more likely. 

The 1950s ground disturbance removed all topsoil from this area, exposing the gravelly 

subsoil/parent material and the tops of the pits—even today, more than 60 years since the ground 

disturbance, the gravel subsoil is visible at the surface through the vegetation. This ground 

disturbance produced the most ideal setting in which to detect pit features with the 

magnetometer. There is no overburden here to increase the distance between the pits and the 

magnetometer, nor is there any topsoil above the pits to obscure them magnetically. This begs 

the question of whether or not there might be even more pits in this area, beyond the edge of the 

disturbance, that simply are not visible because their magnetic signatures are too weak to be 

detected in areas with intact soil profiles. This is an important issue in need of further testing. 

 

Large Circular Features Near Southwest Mound 

 

 The detectability in magnetic data of larger features such as mounds, houses, and post 

circles varies from site to site. Aztalan’s two larger mounds are visible in the 2017 survey results, 

but there do not appear to be any indications of the Northeast Mound. However, there are two 

other mound-sized anomalies that were detected. They occur off the front corners of the 

Southwest Mound and in Figure 21 we can see this area of the magnetic data displayed at three 

different contrast levels. A topographic contour map shows how these two circular features relate 

to the site’s topography. 

Anomaly 263-264 is located off the southeast corner of the mound. It is about 25 meters 

across and consists of a discontinuous negative ring, about 4-5 meters wide, encircling an area of 

higher values. In the Figure 21 topographic map we can see that the negative ring clearly 

corresponds to a curving ridge on the south side of the circular feature. A curving ridge may also 

be present on the north side of the feature. The space in the middle appears to be lower, for we 

can see the contour lines curving into the circular feature from downslope (to the right in the 

map). This feature appears to be the remains of a circular embankment, likely built with clayey 

soil or some other sediment with reduced magnetic susceptibility (e.g., gravel or sand). The 

stronger magnetic readings on the inside of the circle are most evident within the circle’s west 

half; the east half may be damaged and plowed away. The elevated magnetic readings from 

inside the circle may be related to a natural accumulation of topsoil within the circle. It is also 

possible that distinct activities that occurred within the circle (e.g., large fires or cremations) may 

have elevated the magnetic susceptibility of the soil there. Though plowing has disturbed the 

faint magnetic signature of this feature, just enough remains that we can get a sense of the 

feature’s structure. 

Anomaly 231 is a second circular feature off the east edge of the Southwest Mound, this 

time to the northeast. It is similarly sized to Anomaly 263/264 and may have a similar structure, 

with a negative ring surrounding a positive area. However, Anomaly 231 has been much more 

damaged by plowing or other earth-moving activities. 

Lapham failed to notice anything at these two locations during his work at the site, which 

is unusual given that at least Anomaly 263/264 is still topographically visible, today. One 

possibility is that these features are modern and resulted from the heavy equipment work to
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Figure 21. Detailed view of the two faint circular features located off the east side of the Southwest Mound. 

 

 

reconstruct the Southwest Mound. However, they are not visible on the 1955 aerial photograph 

of the area and Barrett mentions at least the southern of these features in his 1933 publication, 
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Also from the southeastern corner of the pyramid there is at present a curvilinear 

ridge running around a depression and joining with the above mentioned ridge or 

embankment….It is said that this was formerly much deeper than it is at present. 

Whether this depression is natural or whether it is due to grading down the top of 

the pyramid is impossible to say. [Barrett 1933:213] 

 

I think the size, shape, and symmetrical positioning of these circular features are good indicators 

of their ancient, rather than historic-period, origins. Additional geophysical survey with earth 

resistance and ground-penetrating radar may help to delineate these features. However, they may 

be hard to see in excavation—for example, a Wisconsin Archaeological Survey trench may have 

passed through the east edge of Anomaly 263-264, but no features are mapped in this area of 

their trench on the 1999 GIS. 

 

 

Possible Circular Bastion 

 

 Some of the more notable things that Aztalan is known for are its palisade walls. These 

were identified early in the documentation of the site and appear prominently on Lapham’s map 

from 1855 as linear berms—accumulations of clay and other sediment used to cover the walls. In 

the early 1900s, Barrett (1933) spent considerable effort in uncovering most of the palisade 

features known at the site today. Many of these palisade lines parallel the river bank to the east. 

Since historic plowing patterns also ran parallel to the river bank, there are numerous linear 

features in the magnetic data, all across the site, that run parallel to the river bank. This greatly 

complicates the identification of new, unknown linear features trending in the same direction. 

However, there is one linear feature (Anomaly 197) in the magnetic data, near the middle of the 

site, that cannot at the moment be accounted for as a plow mark or a previous excavation. 

 Figure 22 provides a detailed view of Anomaly 197 within an approximately 130x130m 

area near the middle of the site, north of the gravel knoll and along the east side of the possible 

plaza. The yellow arrow points to a portion of Anomaly 197, a circular line of positive magnetic 

reading connected to straight linear features to the north and south. I initially thought this might 

be one of Barrett’s excavation trenches following a palisade wall, and this possibility may yet 

bear out. But a comparison of this feature’s location to Goldstein’s 1999 GIS map does not 

provide a match. While the circular feature seems to cross over one of Barrett’s trenches on the 

GIS map, the rest of Anomaly 197 (the linear portion) is located between two of Barrett’s north-

south trenches. Of course, since Barrett’s excavations in this area of the site do not appear in the 

magnetic data, and it is possible that Barrett did not plot them accurately on his map, we do not 

even know if the 1999 GIS map has Barrett’s palisade lines in the correct locations in this area. 

Given the uncertainties of feature locations on Barrett’s maps, and subsequent maps 

based on them, Anomaly 197 could be related to one of Barrett’s excavations or it might be an 

unknown palisade line with a circular bastion. The latter would be quite unusual given that 

nearly all of the bastions documented to date at the site are rectilinear, with only a few that are 

somewhat curvilinear.  An overlay of the anomalies on the Lapham map shows that Anomaly 

197 is located very close to one of Lapham’s berms, with what appears to be a bastion close to 

the location of the circular part of Anomaly 197 (see Figure 22, right panel). Additional 

geophysical survey, especially with an electrical resistance meter, may be useful for better 

identifying the locations of Barrett’s trenches and gaining a better understanding of what 
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Anomaly 197 might be. However, it is important to remember that the site was plowed numerous 

times after Barrett’s work, so most near-surface traces of his excavations have disappeared into 

the plowzone. 

  

  

 
 
Figure 22. Detailed view of a noted circular feature along the east edge of the possible plaza, and its approximate 

location on the Lapham map. 

 

 

Historic-Era and Natural Features 

 

 Some of the most distinctive anomalies in the 2017 magnetic data have their origins in 

the historic period. While it is easy or more appealing to focus on the prehistoric Native 

American component of the site represented in the magnetic data, much can be learned about site 

formation processes through an examination of the historic-era features and objects. 

 Figure 23 presents a low-contrast map of the magnetic data next to a map of highlighted 

historic-era anomalies overlaid on a shaded relief map of the site. Anomalies are grouped into 

several classes by color. Red for linear and other anomalies, green for lightning-related 

anomalies (the ages of these are not known), light blue for excavation trenches, and dark blue for 

iron rebar marking what is believed (John Richards, 2017, personal communication) to be the 

corners of the bastions associated with the primary palisade wall surrounding most of the site. 

 While I do not know what all of these historic-era anomalies are, many have likely or 

obvious origins. The lightning-related anomalies and the linear features running from southwest 

to northeast predate the creation of the park. Many of the linear features are visible 

topographically, as we can see in the LiDAR-based relief map in Figure 23, and they likely are
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Figure 23. Historic-era and natural-source anomalies numbered and detailed in Appendix C and shown (left) in a 

low-contrast map of the magnetic data and (right) on a shaded relief map based on LiDAR data. 

 

 

open dead furrows from one of the last times the site was plowed. Numerous other linear features 

from plowing are evident in the shaded relief map that do not appear, or are subtle, in the 

magnetic data. 

Lightning-related anomalies are common in magnetic data from the Midwest. For 

example, many dozens of these anomalies are found in large magnetic surveys in southern Ohio 

(e.g., Burks 2014). What is a bit unusual about the ones at Aztalan is that most appear to start at 
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the crest of the ridge at the west edge of the site and they run down slope to the east. I suspect the 

lightning-related current flow was following moist soil in filled gullies. Why the lightning was 

concentrated along this ridge is not known, though perhaps there were standing trees there that 

attracted it. Anomaly 149 is another filled erosional gully. This one has a lightning-related 

anomaly at the head of the gully, but it ends abruptly before making its way down the slope—

perhaps because erosion has scoured away the sediment since the strike occurred. This gully is 

now filled in again. It is not visible topographically but there is a linear cluster of dipolar simple 

anomalies coming down off the ridge that likely are rocks, and/or perhaps iron objects, that now 

fill the gully. 

 Several of the historic-era anomalies are related to the creation of features within the 

park. For instance, the stairs going up the two reconstructed mounds contain rebar that creates 

some distinctive anomalies. More subtle are linear features related to roads that were in use in 

the 1950s during the reconstruction of the mounds. Anomalies 333 and 368 are both dirt roads 

visible in the 1955 aerial photo. Anomaly 368 was part of a road used to move sediment from the 

oval borrow area (the sculptury area) to the Northwest Mound, while the Anomaly 333 road 

made a loop around the southern three quarters of the site. Both roads have since been 

abandoned but they remain somewhat visible topographically and in the magnetic data. Anomaly 

332 is one of the more recent additions to the park and marks the location of handicap-accessible 

matting assembled and anchored with iron pins. 

 The remaining anomalies on the Figure 23 map include numerous iron nails, pins, and 

fence posts (red triangles in Figure 23) and several other unusual anomaly clusters that likely 

date to the historic period. Anomaly 369 marks the edge of a notable cluster of dipolar anomalies 

that surrounds the Southwest Mound on its north and east sides. These dipolar anomalies could 

be magnetic rocks or iron objects. They appear to be associated with a disturbed-looking surface 

in the shaded relief map in Figure 23, and there is a distinct linear feature along their edge that is 

marked by the Anomaly 369 line. I suspect this apparent disturbance occurred during the 

reconstruction of the Southwest Mound, but that needs to be further examined. Anomaly 200 is 

also notable and likely historic period in age. It is located at the east edge of the survey area, at 

the top of the bank overlooking the Crawfish River. My first inclination was to suggest that it is 

debris filling in a gully. If so, then the surface was well sculpted after the backfilling because 

there is no indication of it in the LiDAR data. A small circular arrangement of anomalies 

(Anomaly 201) to the north, and not numbered in Figure 23, might be related. Yet another 

similar anomaly (349) is found to the south along the river bank, at the very edge of the magnetic 

data, and it may also be historic-era fill dumped along the bank, perhaps for stabilization.   

  

 

Excavation Units Detected 

 

 A final class of magnetic anomalies to be examined here in greater detail are probable 

excavation-related features. These include evidence of excavation units and the iron/steel things 

(rebar, nails, pin flags, etc.) used to mark them. Given the large number of excavations that have 

occurred in the past, one might think that more would be visible in the magnetic data. After all, 

the magnetometer has detected excavations dating back at least 800-1000 years. However, many 

of the archaeological excavations at the site occurred while the site was still being plowed, which 

would have erased the edges of most excavation units. Perhaps this is why many of the 
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excavations are not visible? Nevertheless, while some more recent excavations have been 

detected, many are hard to identify in the magnetic data. 

 Anomalies related to possible archaeological excavations are indicated in Figure 23 as 

light blue lines. A notable one located north of the Southwest Mound and dug by the Wisconsin 

Archaeological Survey crosses the site from east to west. Figure 24 provides a detailed view of 

an additional four probable examples where we can see something related to excavations in the 

data. The most distinctive excavations at the site are those used to uncover the main palisade 

wall along the western edge of the site. These likely stand out so well because of how recently 

they took place—a 1963 aerial photo published by Birmingham and Goldstein (2005:78, Figure 

4.24) clearly shows the excavations to uncover the bastions and palisade line. This may be why 

these excavations are so visible—the site has not been plowed since that time. This also is likely 

when the rebar or steel pipe was installed to mark the bastion corners. Figure 24, Example C 

provides a detailed view of one of the bastions that was excavated and marked in the 1960s. The 

inset view of the Example C data shows how the iron/steel marker locations from this area in the 

magnetic data line up with Goldstein’s 1999 GIS map. There appears to be an offset here of at 

least one bastion width. Assuming that the iron pins were properly installed at the corners of the 

bastions (in the 1960s?), then the magnetic data may be a useful means to revisit the GIS and 

adjust the locations of the primary outer palisade. 

 Other examples in Figure 24 rely on iron/steel pins to identify excavation locations. In 

Example A, four pins related to one of the 2x2 meter units from the 2013 excavations were 

identified on top of the gravel knoll (Goldstein 2015). These anomalies are quite small compared 

to the large iron objects around them and as a result they were not originally picked out of the 

data as possibly of interest. But an attempt to situate the 2013 excavation units on the magnetic 

map quickly revealed these pins as being related. An attempt to situate more of the modern 

excavations on the magnetic data will likely lead to similar realizations—that more of the iron 

objects present in the magnetic data are related to archaeological projects. 

 Example B in Figure 24 is in an area of the site where the Wisconsin Archaeological 

Survey and the State Historical Society were conducting excavations in the 1950s and 1960s, 

respectively. While these iron objects do not definitively line up with anything in the 1999 GIS, 

they appear to be spaced at 10 ft increments and are located quite close to small excavations 

conducted by Barrett. 

 Example D is a final instance of note to be presented here where iron/steel pins 

associated with an excavation have remained in the ground. These objects probably are 

excavation unit nails associated with Goldstein’s excavations in the sculptuary area. Their 

imperfect alignment with the 1999 GIS map shows how challenging it is to compile earlier 

excavation results into a single, site-wide map. This shows that the magnetic data may be useful 

in the future for revisiting the site-wide GIS to further refine the locations of previous 

excavations. 

 No doubt, indications of many more excavation units and/or project grid markers are 

present in the magnetic data. However, a considerable amount of effort is needed to examine all 

of the previous excavation work and determine its location relative to the magnetic survey 

results. While the 1999 GIS map will go a long way in helping to identify possible excavations, 

there are new excavations (since 2000) to add to the map and other adjustments to be made. 

Much as compiling the original GIS was worth the effort, this new effort to correlate excavations 

to magnetic anomalies will help further refine the Aztalan site map. 
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Figure 24. Detail view showing several areas with anomalies perhaps related to previous excavations. 
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Summary and Recommendations 

 

 

 Over two trips in June and October of 2017, Ohio Valley Archaeology, Inc. conducted a 

large-area magnetic gradiometer survey of the Aztalan site covering 10.8 ha (26.7 acres). This 

work was performed with help and funding from three individuals and organizations: Dr. Sissel 

Schroeder of the University of Wisconsin-Madison, Dr. John Richards of the University of 

Wisconsin-Milwaukee, Mark Dudzik of the Wisconsin Depart of Natural Resources, and Robert 

Birmingham of the Friends of Aztalan. The survey focused on the accessible parts of the site 

within the palisade wall and extended some beyond the walls to the northwest, west, and south. 

An approximately 2-acre area located in the northeast corner of the site, within the palisade 

walls, was not surveyed because it was inaccessible, being covered in brush and downed trees. 

 Overall, the magnetic survey appears to have been a great success. An initial 

interpretation of the data has identified 369 anomalies of potential interest, including 264 

possible and probable pit features, evidence for at least 20 possible structures, and 7 other 

anomalies that may be related to archaeological features. The most intriguing of these I think are 

the two large circular features located in front of the Southwest Mound and the large pit cluster 

south of the Northwest Mound. Barrett was aware of the presence of at least one of these large 

circular features near the Southwest Mound in the early 1900s; however, limited or no 

archaeology has ever been conducted in this part of the site. Another large circular feature, this 

one from the Lapham map, was found on the east side of the site, closer to the river bank. While 

these large anomalies may prove to be natural features, its equally likely that they are large 

architectural features (earth and/or wood) associated with the Woodland or Late Prehistoric 

period components at the site. 

 The magnetic survey also identified numerous natural and historic-period features. If 

nothing else, these features help us better understand the range of site formation processes that 

have shaped Aztalan over the years. Lighting strike anomalies highlight drainage gullies cut in 

the site’s western ridge and numerous linear features underscore the impacts of 100-plus years of 

plowing. Creating the park has also had a major impact on the site. While it did result in the 

cessation of plowing, work to reconstruct the two large mounds and ready the site for the public 

in other ways resulted in large areas of ground disturbance. In one area this actually made it 

easier to detect the underlying archaeology and spurred me to wonder what we might not be 

detecting at the site, for surely there are many more features yet preserved at the site than were 

detected in the magnetic data. 

      

 

Recommendations for Best Practices and Next Steps 

 

 The 2017 magnetic survey identified many anomalies of note that likely will guide 

archaeological excavations for decades to come. But it also has generated new questions and 

helps to highlight areas in need of additional work. The following is a small list of 

recommendations for continuing maintenance and research at the site. This list is no way 

exhaustive, but it represents a place to begin. 
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Site Maintenance 

 

(1) Implement rules to ensure that fewer metal objects accumulate in the site’s archaeological 

record.  

 

While detecting iron/steel nails and pin flags is useful for identifying the locations of previous 

excavations, it also blinds geophysical survey instruments to other nearby features. One lost wire 

pin flag can cover up to 3-5 meters of the site’s magnetic record. Additional surveys with other 

kinds of instrument (e.g., electromagnetic conductivity meters) will also be affected by large iron 

objects, as well as other sorts of metals. The need for site cleanliness as it relates to metal objects 

also extends to the installation and removal of signage, bird boxes, and fencing. When possible, 

it would worth considering the use of wood or plastic instead of steel.  

 

(2) Limit the amount of driving on the site, especially in wet conditions. 

 

Once sites are converted to parks and plowing stops, activities at the surface can leave long-term 

imprints on the archaeological record—especially in geophysical data. The most common impact 

comes from vehicle tires, and the ruts they can leave behind. Limiting vehicle traffic to certain 

times of the year, when it is drier, and/or to specific areas of the site might help maintain a 

cleaner surface. 

  

Archaeological Research 

 

(3) Ground truth a selection of anomalies to evaluate the geophysical interpretive maps. 

 

At this point, many of the potential cultural features identified from the magnetic data are merely 

interpretations. Some (Rank 1 anomalies) are highly likely to be cultural features while others 

(Rank 3) could be rocks, iron objects, or variability in the plowzone. A systematic attempt to 

ground truth a representative sample of anomalies would help refine the first-round 

interpretations. As part of this effort, it would be worth examining just how subtle (weakly 

magnetic) cultural features can be in the magnetic data at Aztalan and still be detected. In Figure 

25 I have picked two 20x20 meter areas within the site to examine the potential for subtle 

anomalies—one area in the north and another in the south half of the site. The initial 

interpretation of the magnetic data was performed on data displayed at the 5/-5nT range. 

Distinctive archaeological features usually are stronger than 5 nT. The red anomalies in Figure 

25 are first round interpretations. However, some archaeological features may only be weakly 

magnetic, in the 2-3 nT range, and thus are only visible or identifiable in higher contrast 

imagery.  A re-examination of the data, this time at high contrast, from the two sample areas in 

Figure 25 located even more possible features. These additional possible features appear in blue. 

Determining how many of these are features, perhaps through coring or excavating a 

representative sample, would be needed to extend the usefulness of a reinterpretation of the 

magnetic data at high contrast. While many of these additional anomalies likely are related to 

small iron objects, rocks, or plowzone variability, some may be features. If so, then there are 

hundreds more possible features represented in the magnetic data than I have identified in the 

first round of interpretation. 
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Figure 25. A comparison of low and high contrast magnetic data and low and high contrast interpretations. 
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(4) Conduct additional geophysical survey on the large circular features located east of the 

Southwest Mound (Anomalies 231 and 263/264) and closer to the river bank (Anomaly 360). 

 

The large circular features found in the magnetic data to the east of the Southwest Mound and 

close to the river bank to the north of the gravel knoll are some of the more intriguing features 

found during the magnetic survey. However, we do not know if these are cultural features or 

natural features, or even if they would show up in a recognizable way in excavations. A first step 

toward better understanding these possible features is additional geophysical survey. Use of an 

earth resistance meter and ground-penetrating radar is recommended. Two 40x40 meter blocks 

would be sufficient to cover the features near the Southwest Mound—one over each circular 

feature—and a 20x20 meter block would be enough to cover Anomaly 360. If these are 

earthwork features, they may have a better chance of appearing in resistance data. High 

resolution (25 transect interval) radar data might also be useful for identifying prepared surfaces 

and gravel-related features. 

 

(5) Conduct a more thorough examination of excavation reports, etc. to determine the locations 

and configurations of previous excavations and examine the magnetic data to see if anything was 

detected. 

 

Obvious indications of previous excavation units are limited in the magnetic data, except in a 

few areas where trenches appear and a few instances of distinct iron pins indicating the corners 

of known excavation units. It likely would be possible to identify more indications of previous  

excavations, as well as signs of other historic-era activities, if more time and effort could be 

devoted to overlaying maps of excavation unit locations and other kinds of park activities. A 

great place to start would be adding the most recent excavation units and excavation results (plan 

maps of features locations) to a GIS containing the magnetic data. The magnetic data should also 

help refine the 1999 GIS created by Goldstein. We can already see some areas where it may 

help, for instance in the positioning of the “T” shaped trench in the sculptuary area and some of 

Barrett’s excavation units north of the gravel knoll. This effort needs to be a collaborative one 

between someone experienced in processing and interpreting geophysical data (especially 

magnetic data) and someone who is very knowledgeable about the previous excavations, 

mapping techniques, and archaeological grids used at the site. 

 

(6) Further refine the locations of excavation units with additional geophysics. 

 

Some instrument types are better than others at detecting previous excavations.  For example, an 

earth resistance survey may be able to detect some of Barrett’s trenches used to trace out the 

locations of the site’s palisade walls. If this is of interest, I recommend testing instrument 

effectiveness on select smaller areas first, before committing to any large-area surveys. Very 

detailed topographic maps might also be extremely useful in identifying previous excavations—

especially those that have occurred since the site became a park. Photogrammetry, using drone-

based photographs, is the quickest and most cost-effective way to create topographic maps with 

as good as 2 cm resolution. The site would have to be very well mowed and baled ahead of a 
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photogrammetry survey, and high-precision RTK GPS control points would need to be 

established. 

 

To make these and other geophysical survey results useful well into the future, the geophysical 

data (raw and processed) and associated interpretations should be archived in one or more places 

with metadata to help those who might wish to use these results into the future. 



49 

 

End Notes 

 

1. Fluxgate gradiometers might be better referred to as difference meters, for they technically do 

not measure a gradient. Rather, they are detecting the difference in the strength of the magnetic 

field along one axis and at two points, the spacing between which is usually fixed. Sensor 

spacing in gradiometers affects the strength of the final recorded reading. For example, the 

readings from a gradiometer with a 65-cm sensor spacing would be about 1.07 times stronger 

than those from an instrument with a 50 cm sensor spacing (assuming several important things: 

the feature is not right at the surface, a magnetic field inclination that is about vertical, and the 

bottom sensor is at about 30 cm above the surface while the archaeology is about 40 cm beneath 

the surface) (Bruce Bevan, personal communication, 2013). 

  

2. Truly monopolar magnetic anomalies are theoretically possible but have rarely, if ever, been 

observed in the “wild” (Merrill 2010). All anomalies are actually dipolar, but in many cases 

appear monopolar because one of the poles is too far away (i.e., underground) to be detected by 

the magnetometer. Thus, the terms used in the magnetic anomaly classification refer to the 

appearance of the anomalies in the magnetic data maps, not their true structure. 
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Appendix A. Enlarged view of the magnetic gradiometer data. 
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Appendix B. Enlarged view of the magnetic anomaly interpretation map, with anomaly numbers. 
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Appendix C. Geophysical anomalies of potential interest. 

Anom. 

# 
Northa Easta 

Peak 

Intensity 

(nT) b 

Anomaly 

Classc 
Rankd Comments/Interpretation 

1 249.96 -102.95 25.37 MP/DS-C 2 Possible pit feature or rock 

2 247.27 -101.47 16.18 MP 2 Possible pit feature or rock 

3 249.14 -97.34 9.14 MP 3 Possible pit feature 

4 250.46 -86.06 10.52 MP 3 Possible pit feature or rock 

5 245.95 -85.40 12.18 DS 3 Possible pit (thermal?) feature or rock 

6 251.61 -77.54 8.96 MP 2 Possible pit feature or rock 

7 254.75 -75.61 12.03 MP/DS 3 Possible pit feature or rock 

8 244.79 -75.06 38.27 MP 3 Possible pit feature or rock 

9 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

10 216.44 -114.72 7.94 MP 2 Possible pit feature 

11 223.46 -106.67 
42.39/      

-23.04 
LIRM - Lightning related anomaly 

12 202.22 -107.13 
17.26/      

-19.22 
LIRM - Lightning related anomaly 

13 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

14 211.76 -89.94 20.94 MP 3 Possible pit feature or rock 

15 206.68 -71.09 8.43 MP 3 Possible pit feature 

16 203.76 -69.95 7.58 MP 3 Possible pit feature 

17 203.82 -51.73 
34.66/      

-28.95 
LIRM - Lightning related anomaly 

18 227.06 -49.16 17.66 MP 2 Possible pit feature, or two adjacent 

19 231.06 -43.80 12.29 MP 3 Possible pit feature or rock 

20 219.01 -46.14 22.14 MP/DS 3 Possible pit feature or rock 

21 209.13 -46.94 7.42 MP 3 
Possible pit feature, or backdirt related to 

palisade excavation/construction 

22 200.05 -43.62 24.6 MP 3 Possible pit feature or rock 

23 176.35 -109.53 14.31 MP 2 Possible pit feature or rock 

24 188.12 -107.58 11.30 MP 3 Possible pit feature 

25 - -    
Possible excavation edge related to 

palisade 

26 188.12 -87.31 47.44 MP 3 

Possible pit feature or rock—anomaly is 

unusually high in magnitude for a pit 

feature, but appropriately sized 

27 180.35 -48.25 - DC - Stairs related to Northwest Mound 

28 166.81 -33.80 15.57 MP 3 Possible pit feature 

29 187.72 -26.21 8.63 MP 2 Possible pit feature 

30 171.04 -10.50 
43.65/      

-64.51 
LIRM - Lightning related anomaly 

31 179.66 -8.33 9.58 MP 3 Possible pit feature 

32 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

33 138.09 -138.02 9.88 MP 3 Possible pit feature 

34 153.79 -132.65 22.99 MP 2 Possible pit feature or rock 

35 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

36 139.06 -95.93 11.10 MP 2 Possible pit feature or rock 

37 135.86 -82.86 14.36 MP 3 Possible pit feature 
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Anom. 

# 
Northa Easta 

Peak 

Intensity 

(nT) b 

Anomaly 

Classc 
Rankd Comments/Interpretation 

38 155.91 -73.83 18.05 MP 2 Possible pit feature 

39 153.34 -49.39 10.24 MP 3 Possible pit feature or rock 

40 137.35 -57.56 26.24 MP 2 Possible pit feature 

41 124.44 -63.15 29.28 MP/DS 3 Possible pit feature or rock 

42 127.70 -62.13 13.44 MP 1 Probable pit feature 

43 132.55 -57.39 29.57 MP/DS 3 Possible pit feature or rock 

44 130.27 -54.65 10.73 MP 2 Possible pit feature 

45 122.50 -61.10 13.31 MP 1 Probable pit feature 

46 123.47 -58.81 10.88 MP 1 Probable pit feature 

47 126.61 -55.57 11.26 MP 1 Probable pit feature 

48 121.47 -57.16 9.73 MP 1 Probable pit feature 

49 123.53 -56.13 11.26 MP 1 Probable pit feature 

50 124.73 -52.65 9.47 MP 1 Probable pit feature 

51 128.84 -52.70 20.35 MP 1 Probable pit feature 

52 131.07 -50.65 13.31 MP 2 Possible pit feature 

53 128.95 -47.22 9.09 MP 1 Probable pit feature 

54 125.53 -49.45 18.43 MP 1 Probable pit feature 

55 122.84 -51.05 11.52 MP 1 Probable pit feature 

56 120.10 -47.05 10.42 MP 2 Possible pit feature 

57 123.70 -46.19 13.31 MP 1 Probable pit feature 

58 126.73 -42.65 8.06 MP 1 Probable pit feature 

59 125.41 -38.66 40.98 MP/DS 3 Possible pit feature or rock 

60 - - 
605.08/    

-546.28 
LIRM - Lightning related anomaly 

61 156.65 -37.63 +200 DS/DC - 

Line of rocks or iron objects following 

along a field boundary visible in the 1937 

aerial photo 

62 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

63 141.80 -5.88 11.29 MP 3 Possible pit feature or rock 

64 144.89 -3.19 22.68 MP/DS 2 Possible pit feature or rock 

65 135.75 4.28 11.01 MP 2 Possible pit feature or rock 

66 103.37 -139.28 37.91/-15 LIRM - 

Lightning related anomaly, likely 

associated with dipolar linear features to 

the north  

67 85.67 -140.53 
91.67/      

-25.3 
LIRM - Lightning related anomaly 

68 87.09 -131.23 10.29 MP 2 Possible pit feature 

69 96.63 -128.03 9.11 MP 2 Possible pit feature 

70 114.96 -112.32 14.0 MP/DS 3 Possible pit feature or rock 

71 - - - - - 
Possible excavation unit related to 

palisade 

72 117.36 -95.99 8.73 MP 3 Possible pit feature or rock 

73 116.62 -86.51 9.11 MP 3 Possible pit feature 

74 115.76 -83.03 34.84 DS 3 Possible pit feature or rock 

75 98.63 -85.14 35.99 DS 3 Possible pit feature or probable rock 

76 93.20 -83.14 25.06 MP 3 Possible pit feature or rock 

77 81.55 -66.30 9.94 MP/DS 3 Possible pit feature or rock 

78 81.15 -64.01 8.58 MP 3 Possible pit feature 

79 83.21 -63.33 16.22 MP 2 Possible pit feature 

80 83.44 -60.81 38.30 MP/DS-C 2 Possible pit feature or rock 
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Anom. 

# 
Northa Easta 

Peak 

Intensity 

(nT) b 

Anomaly 

Classc 
Rankd Comments/Interpretation 

81 86.12 -61.61 22.41 MP/DS 2 Possible pit feature or rock 

82 81.55 -56.59 22.07 MP/DS 3 Possible pit feature or rock 

83 84.87 -55.62 8.76 MP 3 Possible pit feature 

84 88.46 -54.65 9.46 MP 1 Probable pit feature 

85 89.49 -58.24 12.86 MP 1 Probable pit feature 

86 91.66 -53.22 11.19 MP 1 Probable pit feature 

87 94.46 -54.13 12.99 MP 2 Possible pit feature 

88 92.75 -56.59 9.86 MP 1 Probable pit feature 

89 94.23 -60.87 10.38 MP 2 Possible pit feature 

90 91.15 -61.04 14.73 MP 1 
Probable pit feature, very large (3m 

diameter), or could be deeper rock 

91 94.01 -63.50 11.94 MP 2 Possible pit feature 

92 93.66 -69.15 12.19 MP 1 Probable pit feature 

93 101.66 -59.79 8.86 MP 3 Possible pit feature 

94 103.37 -57.96 8.05 MP 3 Possible pit feature 

95 102.06 -54.47 14.19 MP/DS 3 Possible pit feature or rock 

96 97.49 -52.13 13.98 MP 3 Possible pit feature 

97 97.26 -49.85 12.4 MP 3 Possible pit feature 

98 100.97 -49.68 9.94 MP 2 Possible pit feature 

99 103.65 -50.93 12.83 MP 1 Probable pit feature 

100 95.95 -46.59 12.67 MP 2 Possible pit feature 

101 94.86 -41.23 13.86 MP 2 Possible pit feature 

102 97.66 -40.03 14.87 MP 2 Possible pit feature 

103 104.80 -42.82 9.53 MP 3 Possible pit feature or rock 

104 104.97 -55.10 12.53 MP 1 Probable pit feature 

105 107.20 -52.99 10.78 MP/DS 3 Possible pit feature or rock 

106 106.40 -60.30 256-655 DS - 

Center of object in SW corner of cluster; 

cluster of nails or other iron pins marking 

excavation unit corners 

107 112.68 -55.67 20.07 MP 1 Probable pit feature 

108 109.08 -63.55 24.54 MP 1 Probable pit feature, ca. 2.5 m diameter 

109 110.39 -67.04 10.99 MP 1 Probable pit feature 

110 112.62 -63.95 12.94 MP 1 Probable pit feature 

111 114.05 -61.67 13.55 MP 1 Probable pit feature 

112 119.02 -63.67 27.53 MP 3 Possible pit feature or rock 

113 116.90 -52.70 9.76 MP/DS 3 Possible pit feature or rock 

114 117.36 -45.79 7.50 MP 3 Possible pit feature 

115 90.35 -33.86 12.62 MP 2 Possible pit feature 

116 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

117 - - - - - Possible excavation trench 

118 51.73 -115.14 21.82 MP/DS-C - Possible pit feature or rock 

119 40.56 -117.27 9.5 MP 2 Possible pit feature 

120 40.11 -115.40 48.82 MP 3 Possible pit feature or rock 

121 41.60 -113.46 20.66 MP 3 Possible pit feature or rock 

122 - - - - - 

Linear feature, old farm lane following 

along south side of fence line, visible in 

1955 aerial photo and LiDAR 

123 - - - - - 
Linear feature, fence row, visible in 1937 

and 1955 aerial photos, as well as LiDAR 

124 59.74 -75.70 10.53 MP 3 Possible pit feature 
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Anom. 

# 
Northa Easta 

Peak 

Intensity 

(nT) b 

Anomaly 

Classc 
Rankd Comments/Interpretation 

125 66.77 -75.89 12.58 MP 1 Probable pit feature 

126 73.87 -75.24 9.94 MP 1 Probable pit feature 

127 74.91 -72.08 9.19 MP 3 Possible pit feature 

128 77.75 -67.24 13.67 MP 1 Probable pit feature 

129 77.36 -58.59 13.75 MP 1 Probable pit feature 

130 71.87 -63.04 14.93 MP 1 Probable pit feature 

131 66.64 -58.78 8.5 MP 2 Possible pit feature 

132 47.53 -52.13 53.07 DS-C 3 Probable rock, possible burned pit 

133 - - 
276.71/    

-146.46 
LIRM - Lightning related anomaly 

134 53.41 -13.27 9.86 DS 3 Probable rock, possible feature 

135 53.28 21.32 120.94 DS-C - 
Probable nail or iron pin related to 

excavation 

136 53.73 25.97 361.07 DS-C - 
Probable nail or iron pin related to 

excavation 

137 53.41 30.56 196.46 DS-C - 
Probable nail or iron pin related to 

excavation 

138 51.73 38.30 10.83 MP - 
Possible pit feature or disturbance from 

excavation 

139 41.72 48.63 6714.63 DS-C - 
Iron rebar or steel fence post base, 

perhaps related to excavation grid 

140 51.80 56.77 17.23 MP 2 Possible pit feature 

141 48.70 69.42 9921.77 DS-C - 
Iron rebar or steel fence post base, 

perhaps related to excavation grid 

142 - - - - - 
Linear negative, visible in 1955 aerial(?) 

and LiDAR, likely a dead furrow 

143 25.39 -137.99 11.67 MP 2 Possible pit feature or rock 

144 26.55 -135.35 14.36 MP 2 Possible pit feature or rock 

145 - - - - - 
Linear feature associated with palisade 

excavations 

146 5.12 -105.46 12.73 MP 2 Possible pit feature 

147 33.85 -92.54 16.46 MP 3 Possible pit feature 

148 10.80 -93.06 
2082.08/  

-2218.95 
LIRM - Lightning related anomaly 

149 - - - DC - 
Gully filled with iron objects and/or 

magnetic rocks 

150 37.98 -74.98 
45.70/      

-52.58 
DS - Lightning related anomaly 

151 24.68 -35.99 12.47 DS 3 Possible pit feature or rock 

152 30.23 -32.18 4.13 MP-D 3 Possible pit feature 

153 0.62 -21.93 4.79 MP 3 Large pit or house, or previous excavation 

154 -1.65 -19.45 4.46 MP 3 Large pit or house, or previous excavation 

155 0.88 -17.50 4.02 MP 3 Large pit or house, or previous excavation 

156 26.90 5.32 8.46 MP 2 Possible pit feature 

157 30.03 11.71 9.16 MP 2 Possible pit feature 

158 7.60 13.86 3129.06 DS-C - 
Iron rebar or steel fence post base, 

perhaps related to excavation grid 

159 0.88 13.99 11.44 MP 2 Possible pit feature 

160 28.66 51.81 7.88 MP 3 Possible pit feature 

161 33.94 65.70 5.06 MP 3 Possible pit feature 

162 -19.98 -155.35 7.09 MP 3 Possible pit feature or rock 
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Anom. 

# 
Northa Easta 

Peak 

Intensity 

(nT) b 

Anomaly 

Classc 
Rankd Comments/Interpretation 

163 - - - - - 
Possible archaeological excavation trench 

edge related to palisade 

164 -37.52 -133.50 8.22 MP-D 3 Possible pit feature 

165 - - - - - 
Linear anomaly, historic-era, visible in 

LiDAR 

166 -35.30 -109.64 6.76 MP-D 3 Possible pit feature 

167 -38.23 -113.36 13.88 MP 3 Possible pit feature or rock 

168 - - - - - 

Edge of magnetically quite area that 

could indicate the approximate edge of a 

plaza 

169 -31.52 -8.69 750.22 DS-C - 
Iron rebar or steel fence post base, 

perhaps related to excavation grid 

170 -12.02 7.79 7.98 MP 1 Possible pit feature 

171 -7.98 19.27 6.61 MP 3 Possible pit feature 

172 -8.17 26.38 6.55 MP 3 Possible pit feature 

173 -7.39 30.42 7.42 MP 3 Possible pit feature 

174 -16.98 11.64 6.86 MP 3 Possible pit feature 

175 -22.26 9.10 15.62 DS 3 Probable iron object, possible pit feature 

176 -25.98 8.18 6.86 MP 3 Possible pit feature 

177 -34.58 10.66 10.73 MP 2 Possible pit feature 

178 -38.95 14.84 9.45 MP 3 Possible pit feature 

179 -31.58 17.71 10.34 MP 2 Possible pit feature 

180 -34.06 33.49 
4114.41 

to -1008.8 
DS - 

Iron pins (rebar? and/or pin flags) 

associated with excavation units; 

Coordinate is iron object in SW corner of 

cluster 

181 -70.51 -122.94 9.32 MP 2 Possible pit feature 

182 -46.39 -115.64 29.21 MP 3 Possible pit feature 

183 -49.52 -112.05 7.78 MP 3 Possible pit feature 

184 -48.60 -108.86 12.72 MP 2 Possible pit feature 

185 -56.69 -104.68 15.41 MP 3 Possible pit feature 

186 -69.14 -112.05 12.82 MP 1 Possible pit feature 

187 -70.64 -99.34 7.65 MP 3 Possible pit feature 

188 -75.47 -102.86 15.07 MP 2 Possible pit feature 

189 -73.64 -96.21 8.62 MP 3 Possible pit feature 

190 -45.80 -83.95 16.05 MP 2 Possible pit feature 

191 -77.29 -79.19 7.78 MP 2 Possible pit feature 

192 -66.67 -68.95 5.73 MP 3 Possible pit feature 

193 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

194 - - - - - 
Linear positive, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

195 - - - - - 
Linear positive, visible in LiDAR, likely 

a filled dead furrow 

196 -66.99 -36.67 14.72 DS-C 1 

Probable pit feature. Cored during NPS 

geophysics workshop in 2014, found 

charcoal and burned earth 

197 -61.64 -13.19 5.89 MP 3 

Coordinates at south edge of circular 

feature, a possible circular bastion. May 

be part of a palisade 

198 -71.49 4.92 6.86 MP 3 Possible pit feature 
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Anom. 

# 
Northa Easta 

Peak 
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199 -63.93 17.05 9918.93 DS-C - 

Iron rebar marking excavation unit/grid? 

Coordinates for western iron object in the 

cluster 

200 -69.53 56.96 
247.40/    

-373.83 
DC - 

Erosional gulley filled with large 

magnetic rocks and/or iron debris 

201 -62.75 66.03 
67.86/      

-29.99 
DC - 

Erosional gulley filled with large 

magnetic rocks and/or iron debris similar 

to Anomaly 200 

202 -89.95 -150.92 27.54 MP 2 Possible pit feature 

203 -91.97 -144.59 51.28 MP 3 Possible pit feature or rock 

204 -88.90 -142.44 15 MP 3 Possible pit feature 

205 -85.18 -124.18 13.18 MP 2 Possible pit feature 

206 -92.75 -123.14 17.05 MP 3 Possible pit feature 

207 -97.90 -127.70 18.64 MP 1 Probable pit feature 

208 -101.10 -132.01 48.36 DS-C 1 Probable pit feature with burning 

209 -106.12 -132.01 11.11 MP 3 Possible pit feature 

210 -110.55 -132.72 10.94 MP 3 Possible pit feature 

211 -101.94 -116.49 9.96 MP 2 Possible pit feature 

212 -105.92 -100.77 16.23 MP 1 Probable pit feature 

213 -102.27 -98.29 21.14 MP 1 Probable pit feature 

214 -89.29 -82.19 12.85 MP 1 Probable pit feature 

215 -107.49 -68.75 10.32 MP 3 Linear feature, possible trench/ditch 

216 -99.53 -66.73 30.80 MP 3 

Large pit or burned area, could be historic 

era given the numerous iron objects in the 

immediate vicinity 

217 -118.64 -68.03 29.49 MP-D 3 Possible pit feature 

218 -106.12 -49.25 9.75 MP 3 Possible pit feature 

219 - - - - - 

Linear negative anomaly, probable 

excavation trench of the Wisconsin 

Archaeological Survey 

220 -96.53 -37.06 6.89 MP-D 3 Possible pit feature 

221 -96.73 -31.91 8.78 MP 3 Possible pit feature 

222 -104.23 37.33 9.42 MP 3 Possible pit feature 

223 -119.42 54.09 9.39 MP 3 Possible pit feature or iron object 

224 -90.66 59.83 4.88 MP-P 3 Possible pit feature 

225 -136.24 -161.09 17.34 MP 1 Probable pit feature 

226 -137.16 -153.07 12.13 MP 3 Possible pit feature 

227 -131.61 -149.48 12.37 MP 3 Possible pit feature 

228 -126.01 -125.35 19 MP 2 Possible pit feature 

229 -135.07 -124.25 638.67 DS-C - 
Rebar or steel post base, seems to line up 

with Anomalies 230 and 261 

230 -151.89 -125.35 570.96 DS-C - 
Rebar or steel post base, seems to line up 

with Anomalies 229 and 261 

231 - - - - 2 

Circular area, possible small mound, 

borrow pit, or post circle. About 23x25 

m. Partial defined by negative values on 

SE edge, suggesting subsoil near surface. 

232 -142.57 -107.36 12.88 MP-D 3 Large pit feature or burned area 

233 -128.61 -115.38 7.99 MP 3 Possible pit feature or rock 

234 -124.51 -113.75 10.30 MP 3 Possible pit feature 

235 -127.77 -100.97 9.78 MP 3 Possible pit feature 
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236 -130.11 -90.92 14.57 MP 3 Possible pit feature 

237 -133.18 -88.90 11.45 MP/DS 3 Possible pit feature, or iron object 

238 -144.20 -87.73 17.77 MP 3 Possible pit feature or rock 

239 -155.87 -81.21 14.42 MP 3 Possible pit feature or rock 

240 -156.98 -73.64 7.48 MP 3 Possible pit feature, iron object 

241 -150.85 -72.80 30.80 MP 3 Possible pit feature, iron object 

242 -147.20 -78.86 8.53 MP-D 3 Possible pit feature 

243 -145.50 -72.99 41.06 MP 3 Possible pit feature, iron object 

244 -142.24 -77.75 9.32 MP-D 3 Possible pit feature 

245 -129.46 -72.99 21.61 MP 3 Possible pit feature or rock 

246 -128.09 -69.40 24.06 MP 3 Possible pit feature 

247 -146.81 -30.34 58.11 DS-C 2 
Possible pit feature, rock, or earth oven 

with burning and/or numerous FCR 

248 -148.76 -20.04 13.65 MP/DS 3 Possible pit feature or rock 

249 -122.62 -9.48 14.29 MP 3 Possible pit feature or rock 

250 -136.05 1.99 17.84 DS 3 Possible pit feature or rock 

251 -157.83 14.84 9923.53 DS-C - 

Cluster of large rebar or steel post/pipe 

bases. Coordinate for NE iron object in 

the cluster 

252 -127.90 20.77 7.78 MP 3 Possible pit feature 

253 -152.48 26.57 12.38 MP 3 Possible pit/trench feature 

254 - - - - - 

Former and current field edge, very 

notable on 1937 aerial photo and in 

LiDAR 

255 -146.22 39.88 21.35 MP 2 Possible pit feature 

256 -156.52 45.09 14.64 MP 2 Possible pit feature 

257 -123.40 64.39 20.73 MP 3 Possible pit feature 

258 -162.78 -173.61 8.75 MP 3 Possible pit feature 

259 - - - - - 
Magnetic signature of the Southwest 

Mound 

260 - - - - - 
Two sets of stairs on the east side of the 

Southwest Mound 

261 -166.57 -125.35 -1321.73 DS-C - 
Iron post or rebar, lines up with 

Anomalies 229 and 230 

262 -190.69 -127.11 17.02 MP 2 Possible pit feature 

263 - - 11.87 MP 2 

Circular feature about 25 m wide with 

higher magnetic values; surrounded by 

Anomaly 264. May be shallow basin or 

burned area. Numerous iron objects may 

have accumulated here after the feature 

was created 

264 - - -5.92 MN 2 

Negative band, about 4-5 m wide, 

surrounding Anomaly 263. May be an 

embankment/accumulation of subsoil 

near surface. Part of a large, circular 

feature in front of SW Mound 

265 -172.96 -109.12 3838.58 DS-C - 
Iron rebar, pipe, or base of fence post. 

Probably the base of a sign? 

266 -176.54 -82.32 26.87 MP 3 Possible pit feature 

267 -163.11 -76.06 7.98 MP-D 3 Possible pit feature 

268 -165.39 -73.45 8.16 MP-D 3 Possible pit feature 
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269 -174.72 -69.40 33.99 MP-D 3 Possible pit feature or rock/iron 

270 -184.04 -50.56 32.02 MP 3 Possible pit feature or rock 

271 -184.56 -36.54 8.94 MP 2 Possible pit feature 

272 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

273 -167.54 -17.43 23.04 MP 2 Possible pit feature 

274 -170.41 -15.09 15.10 MP 2 Possible pit feature 

275 -179.87 -12.93 8.14 DC 3 

Rectilinear cluster of anomalies, 7x11 m 

in size. Possible structure or excavation. 

Might also be area of burning or lightning 

strike 

276 -192.13 13.73 -2065.59 DS-C - Large iron object, steel pole/pipe 

277 - - - - - 
Linear negative, visible in 1955 aerial and 

LiDAR, likely a dead furrow 

278 -172.89 40.14 15.46 MP 2 Possible pit feature 

279 -181.56 41.31 6.22 DS 3 
Probable rock/iron object, possible pit 

feature 

280 -186.26 47.18 12.41 DS 3 Possible pit feature or rock 

281 -161.74 49.85 12.70 MP 3 Possible pit feature 

282 -204.52 -185.48 10.73 MP-D 3 Possible pit feature 

283 -208.23 -176.48 19.56 MP 3 Possible pit feature 

284 - - 
139.6/      

-94.59 
LIRM - Lightning related anomaly 

285 -224.99 -159.78 12.67 MP 2 Possible pit feature 

286 -232.82 -148.24 8.18 MP 3 Possible pit feature 

287 -231.12 -139.90 32.63 MP 3 Possible pit feature or rock 

288 - - - - - 
Arcing linear negatives. Two-track road. 

Visible in LiDAR 

289 -207.32 -138.00 31.20 MP 3 Possible pit feature 

290 -212.86 -130.57 8.42 MP 3 Possible pit feature 

291 -215.02 -130.83 11.10 MP 3 Possible pit feature 

292 -213.97 -123.92 17.06 MP 3 Possible pit feature or rock 

293 -217.95 -123.98 5.80 MP 3 Possible pit feature 

294 -231.91 -95.29 6.98 MP 3 Possible pit feature 

295 -217.30 -90.34 17.02 MP 3 Possible pit feature or rock 

296 -204.32 -64.51 132.97 LIRM - Lightning related anomaly 

297 -215.86 -39.34 6.06 MP 3 Possible pit feature 

298 -208.30 -31.39 7.32 MP 3 Possible pit feature 

299 -236.73 -22.13 8.8 MP-D 3 Possible pit feature 

300 -232.17 -13.85 11.08 MP 1 Probable pit feature 

301 -235.62 -10.91 6.58 MP 3 Possible pit feature 

302 -232.30 -2.43 9.67 MP 3 Possible pit feature 

303 -214.69 -0.67 13.77 MP 3 Possible pit feature 

304 -209.36 -5.37 9.55 MP-D 3 
Disturbed ground, surface fire, or possible 

pit feature 

305 -226.69 1.86 11.82 MP 3 Possible pit feature 

306 -215.02 5.12 35.25 MP 3 Possible pit feature or rock 

307 -236.80 31.27 8.73 MP 3 Possible iron objects or pit feature 

308 -206.34 17.12 14.10 MP-D 3 

Area of diffuse positive readings, could 

be disturbed/burned surface soil or a 

broad, shallow pit. Located close to the 
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junction of two two-tracks, suggesting 

this could be pushed or dumped material 

309 -226.30 17.38 9.26 MP 3 Possible pit feature 

310 -205.43 34.40 7.09 MP 3 Possible pit feature 

311 -224.54 34.14 14.51 MP 3 Possible pit feature 

312 -213.13 42.03 7.30 MP 3 Possible pit feature 

313 -204.97 45.29 10.37 MP 3 Possible pit feature 

314 - - - - - Asphalt road 

315 -254.34 -181.43 40.04 MP 3 Possible pit feature or rock 

316 - - - - - 
Linear negative, visible in LiDAR data. 

Could be old animal path 

317 -246.64 -179.54 6.38 MP 3 Possible pit feature 

318 - - - - - 
Linear negatives, probable two-track 

road/path 

319 -248.27 -152.68 5.22 MP 3 Possible pit feature 

320 -256.88 -158.02 8.83 MP 3 Possible pit feature 

321 -260.73 -161.22 6.84 MP 3 Possible pit feature 

322 - - - - - 

Arcing, linear anomalies; two track 

road/path; not visible in aerial photos or 

LiDAR 

323 -241.49 -127.51 6.5 MP 3 Possible pit feature 

324 -242.80 -121.70 7.2 MP 3 Possible pit feature 

325 -274.23 -128.29 18.72 DS-C 3 Possible pit feature or rock 

326 -247.43 -108.79 6.84 MP 3 Possible pit feature 

327 -241.75 -86.03 27.53 MP/DS 3 Possible pit feature or rock 

328 - - - - - 
Field edge visible in 1937 and 1955 aerial 

photos, as well as LiDAR 

329 -270.25 -85.05 15.90 MP 3 Possible pit feature 

330 -258.25 -70.84 10.78 MP 3 Possible pit feature 

331 -254.47 -52.12 35.05 DS 3 Possible pit feature, rock, or iron object 

332 - - 1000+ DC - 
Matting with steel hardware used for trail 

to Gravel Knoll 

333 - - - - - 
Road or two-track path visible in the 1955 

aerial photo and LiDAR 

334 -266.27 -21.93 12.26 MP-D 3 Possible pit feature 

335 -258.71 -5.04 9.14 MP 3 Possible pit feature 

336 -254.73 -0.93 14.3 MP-D 3 Possible pit feature 

337 -308.46 -157.05 7.63 MP 3 Possible pit feature 

338 - - - - - Path to bathrooms 

339 - - - - - 
Asphalt parking lot with concrete parking 

blocks held in pace with vertical rebar 

340 -281.73 -114.99 -10000 DS-C - Large iron/steel pipe 

341 -296.98 -81.66 7.86 MP 3 Possible pit feature 

342 -287.79 -76.19 -7106.92 DS-C - Large iron/steel pipe 

343 -293.59 -65.36 38.78 MP/DS-C 3 Possible pit feature or rock 

344 -300.77 -60.14 7.55 MP 3 Possible pit feature 

345 - - 
153.73/    

-176.51 
DS/LIRM - Utility line or lightning related anomaly 

346 -340.74 -158.35 10.75 MP 3 Possible pit feature or rock 

347 -332.39 -89.16 37.89 MP 3 Possible pit feature, rock, or iron object 

348 - - - - - Magnetic signature of reconstructed NW 
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Mound 

349 -237.58 40.66 315.87 DC - 
Fill with concrete/rebar or other iron 

objects? 

350 - - - - - 

Edge of large cluster of iron objects or 

rocks around the SW Mound. This edge is 

evident in the 1955 aerial photo and 

LiDAR data (especially north edge). This 

could be related to the reconstruction of 

the SW Mound. 

351 -237.19 -22.17 - MP-D 3 
Possible structure, or large pit (Anomaly 

299) 

352 -209.45 -5.52 - MP 3 

Possible structure, or large pit (Anomaly 

304), with historic-era iron object (likely 

in plowzone) 

353 -214.54 -0.70 - MP 3 
Possible structure, or large pit (Anomaly 

303) 

354 -206.08 17.12 - MP 3 
Irregular area of positive readings, could 

be a structure or other burned area 

355 -173.16 40.13 - MP 3 

Possible structure, or large pit (Anomaly 

278). There are two iron objects along the 

south edge, likely unrelated to Anomaly 

355 

356 -128.68 47.95 - MP-D 3 
Possible structure, diffuse readings, 

perhaps rectangular in shape 

357 -127.50 39.67 - MP/DS 3 

Possible structure, but may be diffuse 

anomalies related to field edge and iron 

objects 

358 -127.86 22.30 - MP-D 3 
Irregular, cluster of monopolar anomalies 

that could be related to a structure 

359 -104.39 21.94 - Neg 3 

Possible structure. Area of negative 

readings surrounded by small monpolar 

positive anomalies (posts?), about 6-7 

meters in diameter 

360 -105.30 36.67 - Pos/Neg 2 

Circular ring of negative readings 

surrounding an area of diffuse positive. 

May be related to a small circle noted on 

the Lapham map. About 11 meters in 

diameter 

361 -90.75 61.68 - Pos/Neg 3 

Possible structure. Circular ring of 

negative anomalies surrounding an area 

of diffuse positive 

362 -89.75 23.94 - Neg 3 

Rectangular shaped area of negative 

readings that may be associated with a 

circular structure excavated by the 

Wisconsin Archaeological Survey. About 

6-7 meters wide 

363 -101.66 -80.47 - Neg 3 

Possible structure. Circular ring of faintly 

stronger readings surrounding an area of 

negative 

364 -22.80 -81.93 - Pos 3 

Possible structure. Rectangular area of 

slightly positive readings, about 5 meters 

wide 
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365 -30.54 12.48 - Pos 3 

Possible structure. Rectangular area of 

slightly positive values surrounding by a 

narrow band of negative readings. About 

7 meters wide 

366 -11.07 9.57 - MP 3 

Possible structure. A cluster of monopolar 

positive anomalies in a circular or 

rectilinear shape. May just be a pit feature 

(Anomaly 170) 

367 -6.61 -12.34 - Pos 3 

Possible structure. Area of slightly more 

positive readings surrounded by negative 

readings in a rectilinear shape. About 6-7 

meters wide 

368 - - - - - 

Linear parallel anomalies southwest of 

Northwest Mound. Visible on 1955 aerial 

photo. Appear to be road used during 

reconstruction of Northwest Mound 

369 - - - - - 

Edge of intermittent cluster of dipolar 

anomalies that surround the north and 

east sides of the Southwest Mound. There 

appears to be a topographic edge here, as 

well, suggesting that the sediment to the 

south and west of this line, toward the 

mound, has been disturbed at the surface 
 

a – coordinates mark the approximate center of the anomaly. 

b – peak positive value for each anomaly after performing an automatic compensation in Foerster Instruments’ Dataline Software. 
c –MP=Monopolar Positive, MP-D=Monopolar Positive-Diffuse, MMP=Multi-Monopolar Positive, DS=Dipolar Simple, DS-B=Dipolar Simple-

Concentric, DC=Dipolar Complex. 

d – ranking based on likelihood of anomaly being a cultural feature. All anomalies in table might be cultural features, Rank 1 are most likely and 
Rank 3 are least likely. 

 

 

 


