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Executive Summary

On June8 and 9", 2023 Ohio Valley Archaeology, Inc. (OVAI) performed a geophysical
survey of the grounds around the Wilson Bruce EWmrme in Oberlin, Ohio. This survey was
conducted on behalf of the Wilson Bruce Evans Home Historical Society. The goal of this survey
was to see if previously existing outbuildings associated with the home can be detected by
geophysical survey instruments. At the time of the survey, the grounds were mowed grass.

Three different types of geophysical survey instruments were employed seatah for
outbuildings and other featuresa magnetometer, a ground penetrating radar, and an
electromagnetic induction meter. All three instruments were used to survey an area of &out 0.1
ha (027-ac.)focused on the grounds behind the Wilson BrucenEvause An 1893 Sanborn Fire
Insurance map shows the location of one outbuilding in this area, but earlier atlases do not depict
the presence of any outbuildings associated with the main house.

The geophysical surveys locat@@nomalies opotentialarchaeological interesfwo of
these anomalied(and 6) are possible debris associated foitmer outbuildingsAnomalies 1
2, and 8are pit or shafttypeanomalieghat could be associated with theusture depicted on the
1893 Sanborn mapginomaly 4 is a possible sidewalk/walkway that leads south from the rear of
the Wilson Bruce Evandouse Anomalies 3 and 7 agossibly more reentfeatures associated
with fill used to flatten out an old drainagfgannel in the southwest corner of the survey area.

These results indicate thdtilson Bruce Evansera archaeological features and deposits
still exist in the grounds aroundnd behind thehouse. Archaeologicaiest excavations are
recommended in areas toibgacted by further ground disturbance wankjuding shovel testing
and excavation units tat leasttest Anomales 1 2, and & the probable shatiype featurs
associated with theutbuilding Excavations, such as shovel tests, to determine the age of
Anomales4-7 should also be performed before het ground disturbance occurs ieseares.
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Introduction

This report presents the results of nsarface geophysical surveys conducted at the
Wilson Bruce Evanblome property located in Oberlin, Ohigigure 1) This work was performed
on behalf of the Wilson Bruce Evans Home Historical Soci€hg geophysical surveyork
focused on the back yard of the house, as well as the back of the neighboring podpertyest
to determinef remnants okarlieroutbuldings and other possible features (e.g., refuse pits, other
wells, privies)can bdocated

The following report sets the stage for the survey work with brief discisssidhe site
setting andhistory of the Wilson Bruce Evamiomesite The next seain outlines the geophysical
survey approadsks used for the project(magnetometry, groundoenetrating radar, and
electromagnetic inductionplong with a look at examples of the kinds of magnetic anomalies
commonly encountered during archaeological suregysimilar sitesThe results of th&Vilson
Bruce Evangdomesurvey are then discussed in greater detail. Finally, the report concludes with
a summary andomerecommendations.

Site Background

Soils and site formation processéwluding what has happened to the site since it was
occupiedplay important roles in the outcomes of geophysical surveys. They can limit the ability
of instruments to penetrate the grouad,with clay and its effects on radar surveys, or they can
clutter a data set with so many anomalies that the identification of features of irgemear
impossible The Wilson Bruce Evandome sits amid the urban setting of Oberlin, Okidban
develgpment can greatly modify the natural soils of a site and produce a fairly complicated
archaeological record (e.g., Dickens 1982; Young 2000). Here we briefly consider the natural
setting and the history of the propettybetter understand thesults of the geophysical surveys.

Natural Setting

The stratified sedimentary bedrock of Lorain County is Mississippian and Devonian in age
(USDA-SCS 1976)The soils within the county are principally formed from glacial till, glacial
outwash, beach deposits, lacustrine sediments, recent alluvium, and locally accumulated organic
materials (USDASCS 1976). Glacial till derived soils dominafehe archaeologidarecord
surrounding the Wilson Bruce Evans Hoiselocatedwithin Mahoning silt loamsoils The
Mahoning series are poorly drained, low permeability soils typically found in up({&lgi3A-

SCS 1976). These soils have an A horizon (topsoil) of grdyiswnssilt loam from surface level

to about 9 inches below surface, with a B horizon of gralgistvn to yellowbrown silty clay

below that (USDASCS 1976).This is a good setting for magnetometer and electromagnetic
induction survey, providing ample contrastween the soil and the features of interest. Silty clay

can limit the penetration depth of radar surveys, but the radar should still be able to image features
such as foundations and shatt pit-type features to a depth of approximatelyl®® cm below
surface.
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Figure 1. Overview of project area on a 2015 Google Satellite aghiatograph.

At the time of the survey, the project argas covered in mowegrasslawn and a small
areaof brushyivooded vegetation. The wooded area was cleairetderbrustio allow for ease
of access with the instruments. As seefigure?2, the Wilson Bruce Evaridome is located on
relatively flat topography due to extensive urbanizatidre property is located near the edge of
the low bank overlooking Plum Creek to the north. A small side drainage of the creek extends into
the back yardsf the Wilson Bruce Evans house and the neighboring house to the west.



The Wilson Bruce Evans House and Property

Wilson Bruce Evans was a fré®rn African American from North Carolina who moved
to Oberlin, Ohio with his family in 1854 looking forteetter life. Evans and his brother, Henry,
constructed the originddome in 1856 next door to their cabimeéiking business on Mill Street
(what is now East Vine Streeffhere are two buildings that make theWilson Bruce Evans
house: the ltaliagie-style red brick twestory building in the front anth the rear thenestory
frame buildingwith a kitchen and two small roomis has recently been discovered that the-one
story addition dfthe rear of thérick structurds the original house, antd Italiarate-style twe
story buildingat the frontwas constructed latén the Evans occupation (Carol Lasser, personal
communication 2023). This contradicts the NRHP registration form, which states that the larger
brick building was constructed firdDéBlasio 2004 The 1874 map shown in Figure 3 contains a
building on the Evans property fito d dogadich of the brick Italianate portion of the house,
indicating that this addition to the house was built before 1874.

The Evansbrother$ cabinetmaking/urniture shopwvas actually a repurposed dormitory
building purchasedrom Oberlin College and moved to the property at or before the time the
original house was built. THerniture shop bureddown in 1864 DeBlasio 2004Wilson Bruce
Evans Home Historid¢eSociety 2023 The only map showing an outbuildirogy the propertys
the 1893 Sanborn Fire Insurance mayhich includesone outbuildingocatedjust south of the
older portion of the houg&igure 4. Historic aeriaphotograph®f the property do not show any
outbuildings remaining on the property during the 2@ century although the 1952 photograph
is a bit low in resolution, making it hard to pick out possible build{fggure 5).Thus, therdnave
beenat least two outhildings located behind the house: the original furniture shop that burned
down in 1864 andhe building shown on the 1893 Sanborn Fire Insurance timapdisappeared
before the migdwentieth centuryNo doubt other outbuildings were present, such as sit e
privy. Other subsurface features, in addition to outbuilding foundations, includeygefeatures
such as cisterns and wells, as well as refuse disposal pits and other miscellartgpadedtures
and utility/drainage linesT h e s e i fshoald heraecenipanied by a layer of building
construction and demolition debris mixed through with artifacts related to the occupation of the
house, the furniture shop, and the 1893 outbuilding.

At the time of Wilson Br udelniasaellsndvnforc c up at
its racial tolerance and support of fugitives attempting to flee slavery. Evans was an abolitionist
who housedreedom seekers in his basement as treseledalong the Underground Railroad. In
1858, Wilson Bruce and Henry Evararticipated in what became the Obetflifellington Rescue.
During this event, a group of abolitionists from Oberlin tradéd nearby Wellington to liberate
freedom seeker John Price from slave hunters attempting to put him on -&conthtrain back
to Kentucky. Wilson Bruce Evans lived on this property until his death in 1898.
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Geophysical Survey Methods

Geophysical survey instruments are commonly used around the world by archaeologists to
find buried features such as building foundations, graves, storage pits, roads, fire hearths, and
myriad other things left behind by the past occupants of a site. Miogfstof archaeological
interest are no more than a few feet below the surface. At these depths, the instruments detect
archaeological features by measuring the efigotle geophysical differences between the feature,
its fill, and the surrounding soilncluding for example differences in electrical conductivity,
electrical resistance, and magnetism (e.g., Bevan 1998; Clark 2000; Conyers 2004, 2012; Gaffney
and Gater 2003; Heimmer and DeVore 1995; Lowrie 2007; Weymouth 1986). In addition to
features, cedin types obbjectscan also be detected with regularity.

Geophysical instruments are designed to measure a specific range of properties in the
medium being tested, and some of these properties, like magnetism and electrical resistance, vary
almost totaly independent of one another. This means that when looking for buried things that are
subtle and difficult to detect, it is worth using multiple instruments when possible. Not only is it
difficult and sometimes impossible to predict which instrument welidythe best results, but the
results of one instrument can be used to evaluate or inform the results of another (Hargrave 2006;
Kvamme, Johnson, and Haley 2006). For example, a magnetic anomaly can be shown to be
associated with a large rock/boulder gsiadar data. Therefore, having at least two different kinds
of geophysical data can greatly improve the outcomes of a survey.

Three kinds of geophysical survey instrument were used Wilsen Bruce Evans bime
survey a magnetometer, a groumpenetrating rada(GPR) and an electromagnetic induction
meter Figure6). The magnetic gradiometer survey for this project was performed @goan
ResearchFM256 fluxgate gradiometerThe system was configured witivo fluxgate sensors
spaced0cmapart, one atop the oth&he GPR survey was conducted winsors & Softwaris
Noggin Plus 500 MHz systemA GF Instruments CMEMiniExplorer was used for the
electromagnetic induction surve§ee Appendix A for summaries of the technicahie related
to each of the instruments.

Geophysical surveys are typically conducted by usiggrumentsto take numerous
readings along parallel lines (a.k.a. transects) in rectilinear blocks. Data points are recorded at
timed intervals, or based on t#iace, as the instruments are moved along transects in each block.
Blocks measuring 20x20 meters were used for all three instruments, with partial Wwireres
neededalong the outer edges of the survey area.

Generally, the data collected by geophyssalvey instruments must be transferred to a
computer where special software is used to process the data and make maps of the survey results.
In these maps the data values are assigned a range of colors related to their amplitude or strength.
In areas witHittle change in the readings, the colors are all sidildink of these areas as the
typical background signature of the site. Areas in the data with unusual values that differ from the
background are referred to@somaliesOf course, the real challenge is knowing which anomalies
are important (e.g., are archaeological features) and which are caused by tree roots, animal
burrows, and other things not significant to the goals of the project.
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Figure 6. Geophysical instruments used during the surveelégtromagnetic induction metgb) magnetmeter,
(c) ground penetrating radar (images not from this survey).




Magnetic Gradiometer Survey

Magnetometers are very sensitive to ferromagnetic materials,ish#éhings 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 oridespecially variability in the thickness of
topsoil or archaeological midden (trefuse that tends to build up at locations where people live).

Most magnetometers detect two kinds of magnetization during surveys: thermoremanent
magnetization and magnetic susceptibility (Aspinall et al. 2008; Clark 2000; Gaffney and Gater
2003). When ion rich sediments and rocks are heated above a certain temperature, known as the
Curie temperature (ca. 50@CC; Lowrie 2007), they can become permanently magnetized
what is known as thermoremnant, or permanent magnetization. At temperatures belowethe Cu

point, an iron mineral ds magnetic alignment
enough, its magnetic alignment is free to change and it becomes realigned to the strongest magnetic
field in the area, wh i c leld. Wpon eodlihgy theinew madinetic e a r t

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 refusesirface fires, 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) volume of ground highly magnetic through (1) 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,sustveeping,
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 thatparmanently 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 haverhggmnetic susceptibilityeact when they
are in the presence of a magnetic field. On a
that causes these magnetic reactions. Certain soil horizons and components of soil, such as organic
rich topsoil (A horizon), are genenalinore susceptible to magnetic fields than other soil horizons
(Le Borgne 1955, 1960), such as underlying Bt (i.e., subsoil) horizons. This difference in
susceptibility can be useful for finding features on many kinds of archaeology sites, where the
most @mmon kind of archaeological feature is the pit fe@tumenole dug into the ground that has
been filled with topsoil and/or site midden and refuse. Human occupation of an area is known to
enhance a soil s magneti ¢ s u#&ecaadgMullind 1971). Pig ( Da l
filled with this magnetically enhanced soil (i.e., midden) generally are detectable on magnetic
surveys. While the mechanisms behind soil susceptibility enhancement are complex and not totally
understood, a number of processes known to contribute. Soils contain a variety of bacteria,
some of which consume naturally occurring iron oxides in the soil. During their lives, these
bacteria accumulate magnetite crystals that lead to elevated concentrations of magnetite wherever
thebacteria have been living (and dying), such as in decaying wood (Fassbinder and Stanjek 1993)
or other organic material that would not otherwise have been magnetic (Fassbinder et al. 1990).
Other causes known to contribute to the enhancement processrarg land varying levels of
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certain naturally occurring iron oxides present in the soil (Evans and Heller 2003; Graham 1974;
von Frese 1984).

Like most magnetometers, the fluxgate gradiometers used during this project are passive
instrumentd they do not create a magnetic fi@lthat simultaneously detect both kinds of
magnetism: remanent magnetism and magnetic susceptibility. They cannot t#terdre two.

The GeascanResearchiFM256 has ongradiometer, or prob#hatconsists of two fluxgate sensors

spaced0 cm apart, one atop the oth&vith this sensor arrangement, the gradiometer messure

the localized changa the magnetic field as iests between the two sensors while the instrument

is carriedback and forth across the survey area (FigQteThe uppermost detector ihe

gradi ometer senses (along one axis) the earth:
in Figure7), which can vary in one day as much as a few hundred nanotesla from morning to
evening (Breiner 1973). The | ower detector se
one axis)andchanges in it caused by objects or soils on the surface or as mumbua$weo 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
magnet omet er &@swhile the instoumensneoves/ar the feature.

The strength of a magnetic field is measured in the S.1. unit tesla (T); however, the strength
of archaeological deposits is so slight that it is typically measured in nanotesla (nTY,tesl4a0
Fired earth in precontact period héartand organicich soil in buried pits or ditches tend to
manifest as a localized magnetic field of approximate®@ 21T, while large iron objects or brick
filled features can measure in the hundreds or thousands of nanoteslas. Sandy soils or deep, highl
organic soils can reduce the range of more subtle features3anI.5This magnetic variability is
additionally challenging for archaeologists because it is not always linked to changes in soil color
that are readily identifiable during excavation. Aindsandy soils, an accumulation of silty or
clayey sediment might produce elevated magnetic readings, regardless of soil color or the presence
of burning.

As the magnetometers are moved back and forth along their survey transects, the
i nstr umeoggerdesordd thet negnetic readings for the top and bottom detectors on a timed
intervaland onboard electronics subtract the rea
background magnetism) from the readackgrguasd of t h
magnetism plus local magnetic variability), leavdnip principled the local magnetic gradient or
difference caused by surface and buried phenomEnese numbers are then stored in the
instrument until a data dump is performéds this localizel difference that allows us to detect
buried archaeological features.

11
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Figure 7. Graphic demonstrating magnetic fields and a magnetometer array moving through them.

The magnetic data weteansferred from the FM256 to a laptop using TleeraSurveyor
software. InTerraSurveyothe individual data collection grids were composited together and then
processed as a group. Magnetic data processing involves applying mathematical algoritams to th
data in an effort to reduce natural background variability and accentuate the potential, buried
archaeological phenomena. Three processing algorithms were used to prepare the magnetic
gradiometer dataset for presentation and analysis: metbantraver®, interpolation, and low
pass filter.The latter two steps were applied in Surfer, after export from TerraSurveyor. The data
were pulled into the project GIS as a georeferenced raster file.
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Interpreting Magnetic Gradiometer Results

Interpreting magnetic gradiometer data requires a set of guidelines and experience in
understanding how the magnetic signature of archaeological features changes across different
settings. General rules of thumb vary between hisemcand precontapeiiod American Indian
sites, as well as at sites with differing soils. Hist@nia sites are usually covered in notably
magnetic iron objects, and the signatures of these objects can dominate a dataset, obscuring the
locations of important archaeologicabfares. At American Indian sites, archaeological features
can be subtle in magnetic data, and they often look similar to the magnetic anomalies created by
rocks, burned trees, animal burrows, and variations in the thickness of the A horizon/plow zone.
Thus it is important to apply a consistent approach when interpreting magnetic data, but it should
be one that is flexible and inquisitive because each survey can produce unanticipated results that
do not fit our expectations.

In most magnetic gradiometertdathere 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 Simple. Figultastrates a selection
of these anomaly types, as well some other common types of anomalies. It can be useful to classify

a sitebdbs anomalies because this is one way to
on precontact American Indian sites. The shape, sisngity, and polarity (positive or negative)
of magnetic anomalies is determined by the ct

including the targetds (object or archaeol og
orientation, and depthn o bj ect or featureds anomaly shape
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, whicmidesethe
inclination of the earthdés magnetic field: apj
poles.

Most targets of interest, such as pit features, hearths, wells, foundations, cellars, and the
like, produce fairly consistent kinds wfagnetic 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 eolianwind blown)deposits. For example, in vertical gradiometer data like that collected
during this project, precontact American Indian pit features are almost always weakly magnetic
(31 30 nT), positive monopolar anomalies, unless they are filled with highly magnetic rocks. As a
type of pit feature, historic cisterns, wells, and privies cao 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 the objects large, theycama k e t he hi storic pitds magnetic
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 lie dadcri
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.

13



Magnetic Gradiometer Anomaly Types

Monopolar Positive
-Pit-type archaeology features,
graves (some are negative)

Dipolar Simple
-Iron Objects, rocks, rarely hearths

Dipolar Simple-Concentric
-Cylindrical pit-type features with
burning or strong mag signatures

Dipolar Complex
-Historic refuse, structure remains,
piles of magnetic rocks

Dipolar Complex
-Lightning Related

7, gn{banki’nehtv

// ’ \ :- .". ‘

e

Dipolar Complex
-Iron Pipe, utility line, drainage tile

Earthwork Embankment & Ditch
-Example 1

Earthwork Embankment & Ditch
-Example 2

Multi-Monopolar Positive
-Post Circles; often at mound
or enclosure sites

Figure 8. Magnetic gradiometer anomaly typesed in the data analysis, along with commonly encountered
archaeological feature types in Ohio.

Monopolar Positive (MR)Anomalies in this class are localized, positive peaks in the magnetic
gradiometer signature of the site. They appear as isolated@dgrto black areas in grayscale data
displays (Figure 8). 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 ot uncommon for weakly magnetic or deeply buried objects with a dipolar
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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 closeuddlee (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 tistially create 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 40 nT in intensity
(unless highly magnetic rocks are present). Not all pit features, precontact or historic, produce
positive monopolar anomalies. In fact, a small percentage of pit features can produce dipolar
simple and dipolar complex anomalies, especially when intenselydyumesitu sediments and

rocks are present within the feature. Thus, precontact period earth ovens and hearths are sometimes
dipolar anomalies. Historera pits filled with large iron objects will also likely be dipolar.

Dipolar Simple (DS)Dipolar anonalies are characterized by negative and positive peaks that are
immediately adjacent to one another, making distinctive black and white anomalies in magnetic
data (Figure 8). A simple dipolar anomaly has only one positive and one negative peak. These
peakscan be similar in size and intensity (e.g.,-561T) or highly asymmetrical (e.g., +5ZhT).

Iron objects and magnetic rocks are the most common sources of dipolar anomalies on archaeology
sites. In general, the larger (greater mass) the iron oljjeatydre 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 surfac¢hey 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 foelong piece of halinch-diameter iron rebar pounded down into dreund
vertically (e.g., a mapping datum) is exceptionally magnetic and can be detected (as a large positive
area surrounded by negative, or vice versa) freBn2eters away (i.e., making an anomal§ 4
meters across). The rusted off bottoms of steel fposts 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 signate of these burned precontact features appears as an area of strong positive values
(up to 3540 nT) surrounded by a weak negative dnguch like the signature of a bar magnet
buried in the ground vertically. These are here referred to as Dipolar Staptentric type
anomalies (see Figure 8 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 hemispherea(ltes e of t he i nclinat.
magnetic field), the target creating the anomaly is located below, but not directly, the positive area
of the anomaly (Bevan 1998).

Dipolar Complex (DG) Complex dipolar anomalies are clusters of multiple negatidepasitive

peaks of varying intensity (Figure 8). They can take on 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:fliled historicfoundations and cellars, as well as some Halekl

trenches and excavation pits, produce dipolar complex anomalies because the mixed fill in these
features is more or less magnetic than the surrounding soils and generally contains historic objects
that ae also magnetic (in fact, the example in Figure 8 is the foundation and remains of a summer
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kitchen). Areas of soil burned to different depths and/or temperatures can also produce this kind
of anomaly (Linford and Canti 2001). Precontact period struaace mound floors, if intact,
sometimes appear as dipolar complex anomalies. Lightning strikes are an important natural source
of dipolar complex anomalies. The electrical current flow associated with strikes can generate very
strong magnetic fields, chamgj 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
complexand have a tentacled appearance (see Figure 8), 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 coefses across to

over 50or moremeters 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 aalmburrow systems, such as those of groundhogs,
sometimes produce similar anomalies, as well, though not as large or intense as lightning strikes.
Dipolar complex anomalies can have weak {3%T) or very strong (+100/000 nT, or more)
magnetic gradiomer signatures.

Multi-Monopolar Positive (MMR) Anomalies in this class are groups of positive monopoles,
generally arranged in linear or arcing patterns. Usually, they are fairly we&bkRTLin intensity.

Most gradiometer datasets are full of dozenbundreds 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 suctas precontact period structures, post circles, or historic fences can
produce linear arrangements of small, weakly positive monopolar anomalies (Figure 8). This class
of anomaly is rare in gradiometer data, especially in survey data collected alonct$raeparated

by more than 50 cm. Exceptionally large postholes (>30 cm in diameter), or those filled with
burned sediment, can be more evident in magnetic data. Likewise, the magnetic signatures of two
or more closely spaced postholes can combine to makere obvious, and larger, anomaly.

Monopolar Positive/Dipolar Simple (MP/DSn 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 slas . Il n essence, this class serves
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 thiserege

is almost too far away to be detected.

Every magnetic gradiometer dataset from an archaeological site or not contains hundreds
or even thousands of magnetic anomélissme strong, some weakand only some of these are
caused by cultural featiseWhile 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 tabpties these
five classeslocommonly 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 in the Ohio
Valley.
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Urban sites are especialthallenging contexts in which to gather useful magnetic data.
Magnetic utility linesabound in these settings and the properties are sometimes lined with brick
or other magnetic construction materials or iron fences. Nevertheless, features can bevd#tected
the magnetometer in these settings. The example presented indggures from the yard around
the Warren G. Harding house and presidential site, an extamtifatieenticentury house in
Marion, Ohio (Burks and Clark 2019). The red rectilinear outlines indicate the approximate
locations of houses (from the Sanborn Firgurance maps) demolished in the 1930s. In this case
we can see some magnetic utility lines running from the street toward the fronts of the houses. The
Harding house is surrounded by large magnetic anomalies related to the house and scaffolding that
wasi n place during the magnetic survey. What 0 ¢
signatures of the demolished neighboring houses. The house to the east of the Harding house is a
dipolar complex anomaly that nearly conforms to the shape of tise loatline from the Sanborn
maps. This suggests that the foundation may still be present and has been filled in with a mix of
magnetic debris. There is almost no magnetic signature for the remains of the house located west
of the Harding house, even thouighfoundation was clearly visible in the radar data collected in
the area. The large dipolar anomaly at the back of the house foundation is located in an area that
may be the cellar. The anomalies along the west side of the house are related torexdantde
light posts. It may be that most of the demolition debris related to this house was carted away
rather than being buried on site. Overall, there are surprisingly few iron objects evident in the
Harding house data. Thus, on urban lots subtle feameay be hard to detect in magnetic data
because of the many sources of magnetic anomalies in these settings, but features of high magnetic
contrasd such as burned building remains and large iron oldects be visible.
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2019).
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Ground Penetrating Radar Survey

Groundpenetrating radar (GPR) systems work in archaeological contexts by moving a
radar antenna along the ground as it transthidssisands of pulses of radar energy per second
(Figure 10). As these waves of energy travel into the ground and encounter things, especially
materials with distinctly different electrical properties, some of the energy is reflected back to the
surface andeceived by the antenna (Conyers 2004, 2012; Daniels 2007; Gaffney and Gater 2003;
Utsi 2017; Witten 2006). The instrument records how strong the reflections are and how long it
took the energy to travel away from and back to the antenna. This radatiim@vehn be used to
calculate the depth of a detected object or feature.

Many things below ground can cause strong and weak radar reflections, including tree
roots, pipes, larger rocks/bedrock, distinct layers (especially gravel), building foundatafiis, sh
type features (e.g., graves, wells, cisterns, and privies), and disturbances to the natural soil layers.
Radar energy can also penetrate asphalt, concrete, and gravel. In fact, concrete and asphalt are
excellent materials on which to survey becausg #ne very good at allowing the radar energy to
pass into the ground. Other materials, especially clayey, moist soils or conductive soils, tend to
absorb radar energy and do not allow it to pass. Sometimes this aids in detecting features; other
times it limits feature detection and depth of penetration (Weaver 2006). At the extreme, radar
energy cannot penetrate metals; therefore, metal pipes and other large metal objects are easily
detected, but they can obscure things below them. Standing water atféioe £@n produce a
similar effect( k nown as d@snmetalt Ultpmiatelys ¢hg depth of the radar signal
penetration, and the depth to which objects can be detected, depends on the radio frequency of the
antenna being used and the conductivity of treugd. Higher frequency antennas (e.g., 1000
MHz) can detect small things (e.g., individual rocks in gravel) but only at shallow depths, while
lower frequency antennas (e.g., 50 MHz) can penetrate into the ground much deeper but can only
detect larger thigs (e.g., deeply buried tunnels). The frequency of the antenna, however, can be
irrelevant if the ground is so conductive that all the radar energy is absorbed (i.e., attenuated)
before it can make its way back to the surface.

The Noggin Plus 500 MHz radaystem used for thé&/ilson Bruce Evansurvey is a mid
range frequency system that is ideally suited to most archaeological applications. During the

survey,thirty-threet r aces wer e coll ected per meter (esse
every3 cm) along transects spaced 25 cm apart. 8-A8nosecond time window was used to
Al i steno for return reflections from each pul

penetrate as far as it could into the soil.

Each radar trace is a very maar profile of the ground. When many of these traces are
collected along a line and are then put together side by side they form a radargram, or radar profile
(Figures 10 andll). These radargrams are the nuts and bolts of a radar survey; they show the
location, shape, and strength of the reflections detected by the radar. However, it can be very hard
to interpret what has been found based on the radargrams alone, and some things of archaeological
interest simply are not evident in profile.
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Figure 10. Graphic showing the Noggin 500 radar system in action creating a radargram.

When multiple radar profiles are collected side by side during a gridded survey, groups of
profiles can be transformed into horizontal slice maps, allowing us to createraggaf the site
features, at | east as the r ad afdiménsiea klacksbfh e m.
data by arranging them side by side and having computer software fill in the gaps by estimating
(i.e., interpolating) what should be in iveien the radargrams. The resulting 3D block of data can

then be Aslicedd horizontally &makinditseeknasdf at f
one is excavating down through the data, and the site, one layer at &igwe (11). These
horizontal data slices are called Atime sl icec:c

of radar reflection strength at a desired depth (Goodman et al. 1995). Strong reflections in the
Figure 1 slice are red; areas with weaker reflectionsvasket or blue. The thickness of the slice
can be adjusted to any desired setting, though slicds @n thick usually work the best on
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archaeology sites in Ohio. In areas with lots of clutter, that is, reflections from things that are not
of interest tothe survey outcome such as rocks, building demolition rubble, and small animal
burrows, a thicker slice may be able to better show the archaeological targets ofdinterest
especially if they create reflections across a range of depths.

Because there are maan infinite number of ways to slice and display radar data, it can
be quite difficult to show all the important radar features from a survey area in one slice map.
Often, radar data are shown as a series oftsidede amplitude slices at varying dept Each of
the chosen slices shows a bit more of the radar reflection variability with depth. If one knows the
velocity of the radar energy as it travels through the ground, then the depth of each slice can be
estimated. When examining th&ilson Bruce Eans Homeradar data, a variety of slice
thicknesses were tried in an effort to find the best thickness for imaging possible archaeological
features, and in the eril cmthick slices were found to work the best. Once the slices were
produced (all data weprocessed in Ekko_Mapper 4 using a variety of processes, such as dewow,
migration, enveloping, and background subtraction), they were exported to a software package
called Surferwhere a low pass filter was applied. The filtered Surfer grid file was then
georeferenced as a raster file into the project Gipendix Aprovides a summary of thradar
surveyand data processimqarameters.

Radargrams

below surface

Figure 11. Creating amplitude slice maps from radargrams

Many examples of radar surveys around nineteenth century and later houses in Ohio have
been documented. For examgtegure R includes two radar amplitude slice maps from an urban
lot in Somerset, Ohio (following Burks 2012). The early nineteenth cemtwvyhouse once
located along the front edge of the lot (to the left inRlggire 2 slices) burned down in the last
twenty years. The outbuildings have been demolished, as well. In the shall@b €30) slice
map we can see a well, a linear sidewalk or utility line trench, and the telltale rectilinear pattern
associated with a building@indation. This garage foundation is indicated on the early twentieth
century Sanborn Fire Insurance maps for this property, so it was not an unexpected find. However,
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the deeper slice map (83 cm) revealed another building foundation, one with multiptens,

that was not indicated on the Sanborn maps. Excavations revealed this to be an earlier, rubble core
foundation covered by a layer of fill. This may be the foundation of one of the original, early
nineteenth century outbuildings. The top edge obtter foundation looks to have been disturbed

by a later utility line.

Clearly, urban lots can be busy places full of many kinds of radar anomalies, including
foundations, paths and drives, and sigle features such as cisterns and wells. Mixed ingo th
archaeological record are the remains of at least1500years of utility lines. The common use
of fill in urban lots adds to challenges faced by geophysical surveys in these settings, but ground
penetrating radar surveys are ideally suited to somhauty details in these complex settings if the
fill is not too thick or conductive. Thick rubble deposits are one of the least friendly settings for
radar. Angular fragments of foundations and other rubble can disperse the radar energy, making it
difficult to image features below the rubble.
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Figure 12. Example radar amplitude slice maps from a nineteenth century urban site in Somerset, Ohio (from Burks
2012).
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Electromagnetic Induction Survey

Electromagnetic induction meters (EM for short) cagasure two geophysical properties
of interest to archaeological and cemetery su@eslectrical conductivity (apparent
conductivity) and something very similar to magnetic susceptibiliypfiase) and they have
been in use in archaeological and cemetaryk for decades (Bevan 1983, 1991; Bonsall et al.
2013; Clay 2006; Dalan 2006). Though EM systems overlap somewhat with other instrument types
(e.g., radar and magnetometry) in the kinds of things they can detect, they go about making their
measurement:ia much different way (Witten 2006). Therefore, they sometimes can detect
features of interest when other instruments cannot.

EM meters are active geophysical instrumértsey emit a signal and measure the
response to it. Figure3lprovides a visual repsentation of an EM in actiénin this case, a GF
Instruments CMBMiniExplorer, which was used for th&/ilson Bruce Evansurvey. All EM
systems have a transmitter loop (also referred to as a coil), marked Tx in RBgarelfat least
one receiver loop (Rx)The CMDMiniExplorer has three receivers, each of which samples a
slightly different volume/depth of soil. When the transmitter fires, it creates a fluctuating magnetic
field (the red lines in Figure 15) that causes (induces) elec&ieitidy currents (gen in Figure
13)8 to flow in nearby conductive materials. As the eddy currents flow, they create a secondary
magnetic field (blue dashed lines) with a strength that is proportional to the conductivity of the
material they are flowing through. The reces/ér the EM detect the secondary magnetic field,
which causes electricity to flow through the conductive material within the receivers. Note the
different spacings between the transmitter and receivers in the instrument in Biginardases
in the spacig equal increases in depth/distance of detection.

In practice, EM systems can detect a wide range of subsurface objects and features.
Because the instrument induces the flow of eddy currents, it can detect objects made from all types
of metal (not justron, like the magnetometer). On the electrical conductivity side of detectability,
the instrument is good at identifying major changes in soil moisture or ion content. More moisture
and ions mean better current flow and thus stronger conductivity readidgdgronger responses
in the receivers. Pit type features such as graves, storage pits, and refuse pits often hold water better
than the ground around them and therefore create higher conductivity readings. Drier features,
such as roadways and buildingifaations, produce lower conductivity values because the eddy
currents cannot flow through them as well, if at all.

The magnetic susceptibility component-flhase) of a conductivity meter survey includes
the types of things that magnetometers can ddtepsoil generally is higher in susceptibility than
clayey subsoil, so topsdilled pits that are cut down into the clayey subsoil may be detected.
Conversely, subsoil deposited in these features, especially if it is near surface, also may be
detectable gainst the background susceptibility of the site. Thus, graves can appear as higher
(more topsoil) or lower (more clay) readings. Archaeological midden and burned soil often
produce notably higher susceptibility values, and pits filled with these mataaralse detected,
as well as burned surfaces like those sometimes found on the floors of earthfast houses that have
burned down.
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For the Wilson Bruce Evansurvey, the CMBMiniExplorer was used to collect 10
readings per meter along transects spaced 50 cm apart. The data were collected in a parallel pattern
with the instrument always pointing in the same direction (grid north). The data were downloaded
and interpolated (reegpled to 10 samples per meter) using the CMD Data Transfer software
provided by GF Instruments. Once exported from this software, the results were gridded into six
files (referred to as C1, C2, C3, 11, 12, 13) per 20x20 meter collection block and themedhipdo
the TerraSurveyor software package for (1) assembly into a composite of eackiofdhimsets
and (2) other processing, including despike and clipping. Once this was completed, the data were
exported as a Surfer grid file and runthrough Sudes | ow pass filtering wi
resulting processed data were then pulled into the project GIS within @@¥8ndix Aprovides
a summary of the EM survey parameters.
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Figure 13. Basics of an electromagnetic induction survey, showing locations of the instrument transmitter and
receivers (in this case, the operator is walking in th
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Results of Field Work
The SurveyGrid

The survey grid used for thEvanshouse geophysical surveyas set up with50-meter
fiberglasstape measures (Figure 14he grid consisted of wood stakes set ati#er intervals,
with other partial grid stakes along the edges and at various intervasdedihese are shown
asblue dots in Figure 14. The gnas established to align to thack wall of the house and the
fence along the east side of the propeftyLeica TC405 lasetransittotal station wasused to
measure in select building cornefsie map in Figure 14lso shows thémits of the geophysical
survey data, as well as thpproaimate footprin of the outbuilding showin the 1893 Sanborn
Fire Insurance map.

Thelocations ofsurvey gridstakesand other site features were also mappitkd an RTK
GNSS(Real Time Kinematic Global Navigation SatalBystem)This mapping systersonsists
of a base statiof(StoneX S10)that sit in one locationproviding carection dataand a overunit
(StoneX S10)used to collect the location data on site featutgwovides realvorld coordinates
in latitude and longitude using the GPS satellites efuhited States and satellite constellations
from other countries, as welllhe base statigiits locationlabeled Datum 1 in Figure 1#/asset
up near the front of thepen lot next to the house west of the Wilson Bruce Evans Hétlsen
establishinghe base statidn initial location,it was set to average 200 points over the Datum 1
nail at a 3second logging intervavith DGNSSlevel accuracysub 30 cmhorizontal accuragy
The S10 was then set to base station modéherdver was paired with it in RTK mode for other
measurementsAll rover positions have a-2 cm accuracy relativeo the base statiolocation
Table 1 provides coordinates for the RTK GNSS mapping datum established in trenfielcble
2 hascoordinates for each of the survey grid stalé®se coordinates are accurate enough for use
in re-establishing the grid witanother RTK GNSS and the cdorates in Tabled and 2 Pink
flagging tape was used to wrap tlop of thedatumnail before 1 was pounded avn into the
ground to a point where the nail ldeia just below surface

Table 1. Survey datum coordinates.
UTM Zone 17 north,

Datum WGS84 Latitude Longitude Comment
Northing Easting

10-inch galvanized nails
wrapped in orange flagging
tape, pounded flush with
ground surface between the
road and the easteparking
lot

1 4571527.91] 398123.81 | 41°17619.573196® | -82°1289.98043%D
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Table 2. Survey gridstakecoordinates.

Grid North Grid East UTM North* UTM East* Comment

Stale N1040 E990 4571500.38 398149.58 Temporary
wooden stake

Stakel N1040 E1000 4571500.6 398159.61 "
Stake2 N1020 E1000 4571480.58 398160.02 "
Stake3 N1000 E1000 4571460.68 398159.91 "
Stakes N1000 E980 4571460.63 398139.95 "
Stake5 N1000 E90 4571460.74 398120.01 "
Stake6 N1020 E961 4571480.86 398121.2 "
Stake 7 N1020 E981 4571480.63 398140.11 "

*UTM Zone 17 north, Datum=WGS84
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Results of Geophysical Survey

The geophysical surveys around the Wilson Bruce Evans house took place of®Jane 8
a pleasantlate spring day While the yardbehird the house had many obstacl@gaostly
vegetation) an attempt was made to collect theopysical data as widely as possibl€his
required a certain amat ofadditionalbrush clearig. For examm, anarea withthick vegetation
southwest of the house had to be cleared on the first day of sarwegmit data collection within
this important arearound a very large tree that likely was alineghe nineteenth century.nde
cleared of undergrowth, it wasbviousthat a significant amount of building rubbiad ben
deposited along the slopest west and southwest tife treg alongthe west edge of the property.
This rubble is why this area of the yard is sem@rown nowd it is not possible to mow this area
with a riding mowelbecause of the rubble.

Figure 15 isan intepretive nap of the geophysical survey results, showing the locations
and shapes of the geophysical anomdjfiesg/ellow) of potential archaeologicahterest In all,
eight anomalies have been identified to date im#ve dah. Anomalieswith discrete edges appear
as solid yellow lines, whe anomaliesvith more diffuse or irregular boundaries ardicated with
dashed/dotted lines. These anomalies are associated with a range of featyentithey were
detected in various ays in the three geophysical datasets.

The map irFigure B shows the results of the nreggometer survey. As expectdide yard
behind the house antairs numerous magnetic objecisd severalareas with concentrations of
iron debris. Inthis map black areaproducedstronger positive magnetic readinghile white
areas indicatstronger negative readingbwvo clugers of iron debris really stand out in the data:
the large clustein the southwest corner of the survey area maikdt (A.7),0 at the back of the
neighboring lotvest of the Wilson Bruce Evans Houws® the smaller clustenarkead iDemolition
Debris(A.5)0 located southwest dhe 1893 outbuildingBoth clusters contain a mix of large and
smalldipolar anomalies associated with iron objegisomaly 7,at the back of theeighboring
lot, is situated inower ground that appears to be an old drainage gulley associated with Plum
Creek(see Figure 2 mapJhese iron objects are likely partaofarge amount of fill deposited here
to flatten out the area and raise itg\tionin an attempt to fill in the drainage chann&he
smaller cluster southwest of the 1893 outbuildidigomaly5, is associatd with a concenttzon
of building debris depdted along the western edge of the Wilson Bruce Evang los. debris
could be the remains of the 1893 outbuigi

Several stanélonemagnéic anomaliesare also worth furthediscussionThefour or five
large ananaliesassociated with the 1893 outbuildiage being created tree standing steel
postsand wvhat likely are thesubsurface remains of one or two more posts. These migddures
are obscuring any magnetic indicationshaf 1893 buildingor signs of the furniture shog,it was
once located here. Howeyéhere does appear to be a poteratrahaeologicaleature(Anomaly
8) in the magnetic data just off the northwest corner of the 1893wsteudnomaly 8 is at least
53nT in peakstrength suggesting that it iwistoricera in origin,and it 5 associated with a
distinctive conductivity anomaly. This could be atyipe feature

The radar survey deatted a slightly different range d¢atures of possible interest than
found in the magnetic datAn example radar amplitude slice magpearsn Figure 17. Red areas
in this map are strong radar reflections while blue areas indicate weak or no reflétticnse
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see a curvilinear featurenning along the west sidé the 1893 building location and damuing
on into the back yard. e location of tis linear feature, Anomaly 4, corresponds to the
approximatelocation of a line of stone visible at the surface that might be associated with a
sidewdk. This alsocouldbe a lessdrmal path, perhaps once paved with clinkers or grésb
visible at this depth (280 cm below surface) in the radar data &eAnomaly 5 demolition
debrisandapossible pitype featurd Anomaly 2) A look at a vider range of the radar pi slices
in Figure18 showghat mostof the strongeradar rélectors located behind the house disappear
by 5070 cm below surface while the demolitidaebris(Anomaly 5)and fill (Anomaly 7) continue
to go deepeiWe can alsalearly see pipe running through the Anomaly 7 fill in the-60 and
60-70 cmslice maps.

The electromagnetic imgtion (EM) survey also detectedAnomalies5 and 7,which
perhaps is not a surprise sirthe EM can detect all types of metdlhe map in Figure 19 provides
a detailed iew of the shallow conductivity component of the EM data. Here things that are more
conductive are dark in color, weailighter areas indicate loweonductivity Materiak like clay
which holds moisture, tertd be higher irtonductivity whilesomething like san@ravel, or stone
from a foundation might be lower in condiwdy becauseheydo not hold water wellThus, the
demolitiondebris ad fill depositsshow up quite well in the conductivity data, as do many small
pieces of metal, whickreatethe speckled looKsmall black and white anomalies) the data
located off thesouthen edge of the 1893 outbuilding.his metallic debris is nst evident in the
shallowerEM data, as wean see in Figure 20, apersists with depth in the Anomaly 5 and 7
areas. Also consist across altdedepths are two conjoined areavafiabke EM readings located
in the generalicinity of the 1893 outblding. Thes havebeen labeled as Anomaly 6 in the Figure
15 intepretive map.These could be associated witte deeper remains olutbuildingrelated
features.

The following descriptions provide additional details about each ofntimabered
anomaliesoutlined in Figure 15:

Anomaly I Possible pitor shafttype feature measuring 1.72 m by 2 m in extent and extending
down to approximately 90 cm below surface. This could be a privy shaft. It might also be the
remains of an old tree.

Anomaly 2: Possible pitype feature centered on the back wall stracture visible on th&893
Sanborn Fire Insurance map. The anomaly measures 0.94 m by 1.3 min extentand is 1 mto 1.1
m deep.

Anomaly 3:Drainpipein fill (Anomaly 7) usedo level out a old drainage channel. The pipe is
locatedat about 6670 cm below surfac&his is not a iron or meal pipe as it does not appear in
the magnetic or EM data. If plastic, then the fill inokmaly 7 could be more recent in age.

Anomaly 4: Possible sidewalkvalkway, or other linear feature following a sidewalk that is

running along the west sidesaidtouildings behind the house. This feature is most evident in the
20-30 cmbelow surfaceadar slice map, indicating that it is close to the surface.

30



Anomaly 5: Cluster of building rubbknd other debris deposited on the slope at the west edge of
the yard. This may be the-deposited remains of tleaitbuilding visible on the 1893anborn Fire
Insurance map. This deposit may be as much as 1.2 meter#t deepains stonedomestic refuse

(a large salt glazedstonavare \essel fragment was obsedvat the surface)and conslerable
amounts of iron anderhapsther metal.

Anomaly 6: Clsters of strong radar reflectors located off the north and south edges of the
outbuilding that once stood behind tiWilson Bruce Evanshouse and is visible on tHE93
Sanborn Fire Insurance map. This could be rubble related to the former huddibgnight be
somethingdeepersuch as a pit cellar associated with a summer kitdheés evdent in varying
degrees irthe data from all three instrumentsough moshotablyin the EM data.

Anomaly 7: Fill brought irto level out &dormer drainaget the back of théot to the west of the
Wilson Bruce EvamHause This fill is evident in all datasets, and it may be approximately 80 cm
thick. A probabé drainage pipe running rbugh the fill (Anomaly 3) does not appear in the
magnetometer or EM data,ggesting ittould be glasticor unreirforced(i.e., no rebarfoncrete
pipe from the middlelate twentieth centy. If this age is correct, then the fill may be similarly
recent in ag, but this should be testethce depressions like this could havgureto [ filled in
duringearlier occupations of the site.

Anomaly 8: Possible pitype feature measuring about 1.6x2 meters in extent. Thieay does

not appear in the radar data as a discrete feature, but it is readily evidenhagtetometerand
conductivity component of the EM data.
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Figure 15. Anomalies of interest from all three datasets.
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