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Abstract

The Quaternary geology of parts of eight USGS topographic quadrangles comprising the city of Detroit,
Michigan was mapped at 1:24,000 using auger-based ground truth, supplemented by geophysical and
electrochemical data collected using some proximal sensing methods. The results show that Detroit is situated in a
relict late Pleistocene glacial landscape on which is superimposed a Holocene system of streams, lakes and
wetlands. The city was originally built on subaqueous morainal deposits of the Detroit moraine, and the lakebed
plains of glacial paleolakes Wayne-Grassmere and Elkton. However, today Detroit is underlain by an anthroscape
of manufactured land and other anthropogenic landforms. The city is underlain almost entirely by anthropogenic
surficial deposits (AD). Hence, a morphostratigraphic approach was developed which links anthropogenic landforms
with AD defined lithologically on the basis of differences in artifact assemblages. Artifact assemblages were found
to vary as a function of land use history. Thus, anthropogenic surficial geologic map units correspond closely to
delineations according to different land use types (i.e. residential, industrial, parkland, etc.). The results of proximal
sensing suggest that surface scanning in situ with a magnetic susceptibility (MS) field probe is accurate, but limited
by tall grass. Better results were obtained after removal of the turf layer. The accuracy of the electrical conductivity
(EC) field probe was questionable. Hence, superior results were obtained ex situ using both EC and MS lab sensors.
Lab EC and MS were well suited for regional soil mapping, whereas all of the methods provided at least some useful
information for site-specific applications. Tall grass, excessive artifact content, and severe compaction were the
greatest limitations of proximal sensing. Tall grass interfered with surface scanners (MS; metal detector), whereas
excessive artifacts and compaction restricted use of the EC surface probe. Penetrability and pH were useful for
discriminating between natural and anthropogenic soils, and moisture content for proximal sensing of soil "A
horizons. MS was especially useful for delineating soils impacted by fly ash. These results support our hypothesis
that proximal sensing methods can facilitate surficial geologic mapping in urbanized terrain based on the degree of
human disturbance, and differences in artifact assemblages related to land use history.

Introduction

Although the societal need for urban geologic mapping has been recognized for many years, most USGS
geologic maps of major cities in the United States predate the effects of urbanization, or the mappers ignored
anthropogenic surficial deposits (AD). Methods for mapping AD in urban areas are not well established, hence the
purpose of this study was to produce a 1:24,000 scale Quaternary geologic map Detroit, Michigan while evaluating
the use of some proximal sensing methods as aids for urban geologic mapping. The basic approach was to compare
geophysical results with actual ground truth obtained by the traditional soil auger method. It was expected that the
results could be used eventually to develop predictive urban soil-landscape models which could then be applied to
interpretive site-specific mapping. It was hoped that a low-cost, rapid, non-invasive geophysical method could be
identified that would be applicable in urban areas worldwide.

Work began on the Detroit quadrangle during 2012 with EDMAP students Stan Putnam, Steve Moorhead,
and Ryan Shloch, Coincidentally, soil scientists from the National Resource Conservation Service (NRCS) in
Glaciated Soil Survey region 12 (Major Land Resource Area 12-FLI) were working to update the soil survey of
Wayne County, which led to an informal collaboration with the PI. During the course of mapping, we found that
AD were widespread in Detroit, and usually contained artifacts (objects of human origin), typically waste building
material, in great abundance. Hence, auger refusals occurred 50-95% of the time. The AD were also characterized
by highly variable spatial characteristics. In fact at one site, contiguous sections of AD and in situ glacial sediments
were found within 2 m of each other, in what appeared to be an unpredictable geographic configuration. The
inherent variability and impenetrability of anthropogenic fill meant that an inordinately large number of auger
borings was needed to constrain the spatial distribution of AD, even at scales much larger than 1:24,000. This led
the PI to consider a proximal sensing approach. Building on the earlier work, the PI directed six EDMAP students
during summer 2015 (Katharine Orlicki, Sarah LeTarte, Steve Brewer, Michael Vandro, Guilherme Zanon and



Philip Wilt). We completed mapping the parts of eight USGS topographic quadrangles comprising the city of
Detroit, Michigan (Fig. 1).

Remote sensing methods are based on the fact that features on the Earth’s surface reflect or emit
electromagnetic radiation with different and sometimes highly specific reflectance spectra. Airborne and space-
based approaches could potentially facilitate regional soil mapping, but they are ineffective where soils lie beneath a
masking cover of vegetation, pavement, or other objects. Remote sensing methods also suffer from errors caused by
spectral confusions (e.g., different materials emitting similar spectra), and atmospheric scattering (Obade and Lal,
2013; Obade et al., 2013). Proximal sensing techniques are more accurate and involve measurements collected from
close by, or within, the soil. The data collection process may be in situ (field-based) or ex situ (lab-based), non-
invasive or invasive, and stationary or mobile (Viscarra et al., 2010, 2011). Proximal sensing relies on such field
methods as ground-penetrating radar, electrical resistivity or conductivity, magnetic susceptibility, penetrability, x-
ray fluorescence, electromagnetic induction, and others (Hartemink and Minasny (2014). All are able to probe more
or less into the subsurface. The equipment used includes non-invasive, hand- or machine-held sensors and surface
scanners, and minimally invasive pointed surface probes which are inserted into the shallow surface soil. Proximal
sensing and near-surface geophysical methods have been used for many years to analyze patterns in the geospatial
distribution of soils, but usually on a small scale (< 1 ha). The utility of proximal sensing methods for agricultural,
geotechnical, archaeological, and mine-related surveys is well established (Eriksen, 2011; Reynolds, 2011; Nearing
et al., 2013; Obade et al., 2013; Hartemink and Minasny, 2014; Doolittle and Brevik, 2014; Kapper et al., 2014).
Soil magnetic susceptibility has also been used widely to map pollution in urban soils (Vodyanitskii and Shoba,
2015; Magiera et al., 2015), but further evaluation of proximal sensing methods for regional soil mapping in
urbanized terrain is needed.

In a previous topographic quadrangle study, we found evidence suggesting that anthropogenic surficial
deposits in Detroit, Michigan, USA (Fig. 1), could be delineated geographically on the basis of unique artifact
assemblages related to differences in land use history (Howard et al., 2013a). The results of another study showed
that anthropogenic surficial deposits and their artifact assemblages could be mapped, even on the scale of a single
vacant lot, using the hand-auger approach and a grid of closely spaced sampling points (Howard et al., 2015;
Howard and Shuster, 2015). However, the method was too labor-intensive for routine application. In subsequent
studies, we found that the electrical conductivity (EC) and magnetic susceptibility (MS) signatures of soils in Detroit
were significantly impacted by different types of artifacts and microartifacts. There were systematic relationships
between soil geophysical properties, microartifacts and land use history (Howard and Orlicki, 2015, 2016).
However, these studies were based entirely on laboratory measurements.

The purpose of this study was to field-test the hypothesis that proximal sensing methods can facilitate soil
and AD mapping in urbanized terrain based on the degree of human disturbance and differences in land use history.
This is important to know because increasing anthropogenic impact tends to limit the suitability of vacant land for
repurposing as green infrastructure and urban agriculture (USEPA, 2011). The objectives of the study were twofold:
1) evaluate the accuracy of field-probe measurements of EC and MS, and 2) evaluate the utility of various field- and
lab-based methods for general use as proximal sensing tools. Accuracy was tested by comparing field data with
laboratory measurements, and auger-based ground truth. The utility of geophysical and electrochemical
measurements (MS, EC, penetrability, moisture content, temperature and pH) as proximal sensing tools was tested
along transects across different land use types, and then through detailed mapping of a city block-sized parcel of
vacant land produced by building demolition. Regional-scale geophysical maps of Detroit city were also produced
using proximal sensing methods, and compared with a surficial geologic map based on soil test borings.

2. Materials and methods
2.1. Terminology

Radiocarbon dates were converted to calendar (cal) years before present (1950) using the method of
Fairbanks et al. (2005). “Anthropogenic particles” are artifacts of any size (Howard and Orlicki, 2016), whereas the
terms “artifact” and “macroartifact” are used interchangeably for any object > 2 mm in size that was produced,
modified, or transported from its source by human activity (Dunnell and Stein, 1989; 1USS Working Group, 2006;
Schoeneberger et al., 2012; Soil Survey Staff, 2014). “Microartifacts” are 0.25 to 2.0 mm in size (Dunnell and Stein,
1989; Rosen, 1991; Sherwood, 2001), and “microparticles” are < 0.25 mm in size. Human-altered material (HAM)
is defined as parent material for a soil that has undergone in situ mixing or disturbance by humans. Human-
transported material (HTM) is defined as parent material for a soil that has been moved horizontally onto a pedon
from a source outside of that pedon by human activity, usually with the aid of earthmoving equipment (Soil Survey
Staff, 2014). Hence, an anthropogenic soil is defined as one that has formed either in HAM or HTM. An
anthropogenic surficial geological unit is a morphostratigraphic unit of anthropogenic origin defined on the basis of



lithology (artifact assemblages), land use history, type of site and soil type. This definition is consistent with the
anthrostratigraphic unit concept of Howard (2014).

2.2. Geological Setting

Detroit is located in southeastern Michigan across the Detroit River from Windsor, Ontario, Canada (Fig. 1).
Geological maps that pre-date urbanization (Leverett and Taylor, 1915; Sherzer, 1916) show that the city was built
on a low lying plain (Detroit lowland) characterized by glacial landforms. The Detroit lowland is underlain by
Paleozoic sedimentary bedrock capped with ~ 35 m of clayey diamicton deposited as basal till (River Rouge till)
during the late Pleistocene (Table 0). The River Rouge till was deposited during the Nissourian phase of the late
Wisconsinan based on an OSL date of ~18,750 yr BP on the overlying Farmington Hills formation (Table 00).
However, the uppermost ~6 m to 10 m was deposited by subaqueous mass flow in glacial Lake Maumee ~16,343 cal
yr BP (Howard, 2010). This “waterlaid till” deposit thickens beneath a low-lying, southeast-trending swell (Detroit
moraine) that was formed as a subaqueous end moraine (Fig. 1). The “till-floored” lake plain of Lake Maumee was
subsequently reworked by lacustrine wave action along the margins of paleolakes Wayne, Grassmere and Elkton
~14,785 to 14,290 cal yr BP (Calkin and Feenstra, 1985). Hence, the ground surface beneath Detroit was originally
very swampy (underlain by clayey diamicton), with well drained uplands formed on a discontinuous cappings of
glaciolacustrine gravelly sand and rhythmite 1 m to 8 m thick (Howard, 2010). Locally, lacustrine and deltaic
sediments in eastern and southwestern Detroit were deposited in paleolakes St. Clair and Rouge between ~14,290 to
5,728 cal yr BP (Raphael and Jaworski, 1982; Herdendorf and Bailey, 1989; Kincare and Larson, 2009). These lake
phases were brought to an end as the Detroit River was formed by outburst flooding across the Detroit moraine
(Howard, 2015). Detroit has a cool humid-temperate (udic-mesic) climate, with a mean annual temperature of 9°C
(49°F), 99 cm yr™ of precipitation, and a frost line at ~ 1 m below ground level. The natural landscape is
characterized by mixed deciduous forest, whereas grass predominates in urbanized areas. Maximum local relief is 73
m, and the area has been artificially drained since the 1830s. Natural soils (Larson, 1977) on the lakebed plains
beneath Detroit include the Blount series (Aeric Epiaqualf), Metamora series (Udollic Epiaqualf), Pewamo series
(Typic Argiaquoll), and Selfridge series (Aquic Arenic Hapludalf, loamy, mixed, mesic).

Table 0. Stratigraphic units in the Detroit, Michigan quadrangle, and surrounding areas.

System | Series | Map Symbol Geologic Unit Description
QaP Parkland Undisturbed natural ground
2 QaR2 Resident. Zone 2 | Buildings constructed on moderately disturbed artificial
8 ground
2 QaR1 Resident. Zone 1 | Buildings constructed on strongly disturbed artificial ground
£ QaM Manuf. Land Land surface covered or sealed with pavement, buildings, etc.
< Qal Industrial Land Strongly disturbed artificial ground
QaC Cemeteries Gravesites and backfilled soil in cemeteries
° Stratified gravel, sand and mud of active stream channels and
> S Qha Recent Alluvium | floodplains. Possibly contains appreciable organic matter.
g S Maximum thickness about 3 m.
g |2
>
(o4

Qpl Lacustrine Stratified clayey diamicton, cross-bedded sand and gravel,
Terrace Deposits | and minor argillaceous rhythmite underlying lacustrine

% (undifferentiated) | terraces. Maximum thickness about 10 m.

2 Unstratified, calcareous, clayey diamicton containing
I Qpr River Rouge Till | glacially striated and faceted clasts; locally bouldery. Found

% only in subsurface. Maximum thickness about 60 m.
§ Subsurface Drift | Stratified sand and gravel overlying irregular bedrock
Qpu (undifferentiated) | surface. May contain appreciable organic matter. Found

only in subsurface. Maximum thickness about 30 m.
Paleozoic Pz Paleozoic Limestone; dolostone; carbonaceous shale and mudrock;

Bedrock quartzose and micaceous sandstone.

(undifferentiated)




The urbanized land lying beneath Detroit is comprised almost entirely of anthropogenic surficial deposits
of mixed earthy fill in which artifacts are widespread (Howard and Olszewska, 2011; Howard et al., 2013b).
Extensive areas of industrial land were, and still are, concentrated along the riverfront and railroad lines, and small
areas of park and cemetery land are scattered throughout the city. Radiocarbon dates on two historic fill deposits
were consistent with ages inferred from historic documents (Table 00). Detroit is mostly residential land (including
schools, churches and small commercial businesses), which has been the target of urban redevelopment since the
1960s. So many buildings (> 150,000) have been demolished that ~ 30% of the city is now vacant land. Most of
this demolition has taken place lot-by-lot, hence the landscape is a mosaic of occupied buildings, abandoned derelict
buildings, and vacant lots created by building demolition. Many vacant lots have escaped redevelopment for
decades, during which time the fill was affected by natural and human-altered soil-forming processes. These
anthropogenic soils are classified primarily as Anthropic or Anthroportic Udorthents, according to Soil Taxonomy
(Soil Survey Staff, 2014), or as Technosols using the World Reference Base (IUSS Working Group, 2006). ~Au
horizons have formed within about 25 + 5 years, and weathering of calcareous and ferruginous artifacts has resulted
in measurable increases in carbonate and Fe-oxides, respectively after more than 35 years (Howard and Olszewska,
2011; Howard et al., 2013b). Left alone, the bare land surface produced by demolition and backfilling is typically
revegetated within a few years, mainly by invasive plant species.

Table 00. Results of radiocarbon and optically stimulated luminescence (OSL) dating of anthropogenic fill and late Wisconsinan
glacial sediments, respectively in the Detroit, Michigan area.

Sample Location Radiocarbon Age Prob. 2 o Age Range OSL Age Range*
(kA)

Fill (EPA-13) 90 + 60 yr BP 1810-1930 AD --
Fill (UC-07) N42°19°32.37/W083°4°54.4” 190 + 60 yr BP 1730-1810 AD --
Farmington Hills fm. N42°39.6°/W083°09.5’ -- -- 18,545 + 1230 to
(13R0O-01) 18,965 +1420
Walled Lake fm. N42°34.8°/W083°17.4° -- -- 16,550 + 1215 to
(13PS-01) 18, 615 + 1220
Paleolake ~ Maumee N42°28.8°/W083°18.5’ -- -- unsuccessful
sediments (13RD-01)
Paleolake Grassmere N42°24.03°/W083°5.57° -- -- unsuccessful
sediments (13AS-02)

2.3. Field Survey

Soil properties measured by proximal sensing methods included MS, EC, moisture content, soil
temperature, and penetrability. MS was measured with a Bartington MS2D surface scanner. Although we did
compare results with and without the sod layer, previous work had showed that better results were obtained by
removing the surface turf layer (Schmidt et al., 2005; Zawadzki et al., 2010). Hence, magnetic susceptibility was
measured mainly on the soil surface at 3 cm depth after turf removal. EC, moisture content, and soil temperature
were measured by inserting the pointed probe of an AquaTerr EC-350 salinity multimeter to a depth of 15 to 20 cm.
Penetrability is a measure of the resistance of a soil to vertical penetration, and is commonly used to quantify soil
compaction (Bradford, 1986; Miller et al., 2001). This was measured by pushing the pointed probe of a hand-
operated Dickey-john cone penetrometer to a depth of 35 cm, and averaging three measurements spaced 1 m apart.
We also tested electromagnetic induction by ground surface scanning with a Garrett ACE350 metal detector. Several
field probes failed temporarily during the course of the study.

The field survey was carried out after subdividing the study area informally into four quadrants (NW, SW,
NE and SE). The utility of proximal sensing for site-specific work was tested by way of transects made across
different land use types (parkland, residential demolition, undemolished residential, industrial) in three different
quadrants (Fig. 2; Table 1). Each transect was 5 to 6 km in length, and comprised of 27 to 30 sampling sites spaced
125 m to 150 m apart. Another site-specific test was done by way of detailed mapping of a 1.5 ha tract of vacant
urban land produced by building demolition in the NE quadrant (Fig. 2). This site was mapped at 1:1800 scale using
75 sampling points comprising a 10 m x 20 m grid. The utility of proximal sensing for regional mapping was
evaluated by producing MS- and EC-based geophysical maps of Detroit city. This was done by collecting data at
138 locations scattered across the city, evenly split between demolished and undemolished residential sites. The
measurements described above were collected at each sampling site, and GPS coordinates were collected using a
Garmin 111 plus instrument. Soil profile descriptions (color, texture, artifact content, reaction) were collected to the
depth of auger refusal, or to a depth of 30 to 50 cm with a hand auger (3.5 cm diameter bucket) using standard




NRCS methods (Schoeneberger et al., 2012). A total of 297 one kg samples of surface layer soil were collected to a
depth of 15 cm in clean polypropylene bags, returned to the lab, and stored at 4°C until analysis. The anthropogenic
surficial geological map of Detroit city (1:180,000 scale) was produced from 1:24,000 scale USGS topographic
maps, using the 138 soil borings collected in this study, and several hundred collected previously (Howard et al.,
2013). Land use and geomorphic history was ascertained with the aid of Lidar and digital elevation map imagery,
historic USGS topographic maps, Sanborn maps, and other historic records.

2.4. Lab and Data Analysis

The accuracy of field MS and EC measurements was evaluated by comparison with laboratory
measurements. Soil samples (~1 kg) were collected from all of the sites at 3 to 15 cm depth, placed in clean
polypropylene bags, and stored at 4°C until analysis. Soils were air-dried for > 4 days and hand-sieved to obtain the
< 2 mm fraction. Electrical conductivity and pH were measured using 10 g of soil (< 2 mm) and 20 ml of d/d water.
The samples were stirred periodically for 5 minutes and then allowed to stand overnight. EC was measured using
the supernatant, and a Mettler Toledo S230 conductivity meter, following the recommendations of Santini et al.
(2013). The pH of the supernatant liquid was measured using a Mettler Toledo FEP 20 pH meter. Magnetic
susceptibility was measured using 10 cm® of < 2 mm soil and a Bartington MS2B lab sensor. Volume MS (k) was
converted to mass MS () according to the guidelines provided by the manufacturer. Statistical tests showed that
electrical conductivity and penetrability data were normally distributed. Magnetic susceptibility data followed a
lognormal distribution, as reported previously (Gladysheva et al., 2007). Thus, EC and penetrability data are
tabulated as arithmetic means and MS data as geometric means. Student’s t-test was used to test the statistical
significance of variations in soil EC and penetrability as a function of land use type using standard methods (Davis,
1986). Magnetic susceptibility data were tested using the same methods after lognormal transformation. Geophysical
maps were generated using Surfer 11.4.958 (Golden Software Co.). They represent interpolated continuous data
across the map areas, and were generated using a linear variogram. The grid report provided the univariate statistics.
Both inverse distance weighting (IDW) and kriging methods were tested. After multiple trials and observations,
IDW was selected as the interpolation method. Isopleth maps were then overlaid onto aerial photographs and
Google Earth maps to further interpret the significance of geophysical anomalies.
3. Results
3.1. Anthropogenic Surficial Geological Map

The auger-based geologic map of anthropogenic surficial deposits in Detroit is shown in Figure 2. Five
basic units were delineated (Table 1), based on Detroit’s historic settlement pattern and land use history.
Manufactured Land (QaM) was underlain by a manufactured layer, i.e. an artificial impervious barrier (brick,
concrete, asphalt, etc.) comprised of human-manufactured material (Soil Survey Staff, 2014). This map unit
comprised the innermost and oldest part of the city (Farmer, 1890), and was characterized by a mixed landscape of
occupied and unoccupied, derelict skyscrapers. The land surface of 18" century Detroit (founded 1701) lies beneath
the manufactured ground surface of this map unit. Residential Land in Zone 1 (QaR1) was characterized by strong
human disturbance, and was underlain by multicyclic fill (produced by multiple demolition cycles), whereas Zone 2
(QaR2) was underlain by relatively weakly disturbed natural soils, and monocyclic fill. The boundary between
Zone 1 and 2 was transitional, but corresponds to the Detroit City limits circa 1910 + 10 yrs (Doxiadis, 1967). This
boundary was approximated on the ground by a change from an older northwest-trending street pattern (inherited
from French ribbon farms), to a younger north-south-trending (Jeffersonian) configuration (Fig. 2). Anthropogenic
soils in Zones 1 and 2 generally contain abundant 19™ century and 20™ century artifacts, respectively. Industrial
Land (Qal) was located primarily along major railroad lines, and includes airports, marinas and river dredgings.
Industrial Land was mainly concentrated along the riverfront during the late 19" century, and involved iron smelting
and other processes utilizing coal as a fuel source (Roock, 1964). Intensive development related to the early car
industry caused Industrial Land to expand rapidly along major railroad lines (e.g., Grand Trunk Railroad) during the
early 20" century (Davidson, 1953; Sinclair 1972; Hyde, 1980, 2001). Cemetery Land (QaC) and Park Land (QaP)
were usually small areas up to several hectares in size scattered across the map area. Cemeteries, sometimes dating
back to the early 19" century, were generally underlain by human-altered and human-transported materials. Park
Land was mainly undisturbed grassland underlain by natural soils (woodland is very scarce). Signs of human
disturbance are sometimes common, and some parks are located on former demolition sites.
3.2. Soil Transects

There was good agreement overall between field (MSf) and lab (MSx) magnetic susceptibility data collected

from transects (Appendix Tablel), although analyses with the lab sensor usually produced higher values. In some
cases, there were very large discrepancies, either with values obtained in the lab or field being anomalously high.
This usually involved demolition sites, hence these anomalies are attributed to the irregular distribution of



ferruginous artifacts such as nails. A very highly significant positive statistical linear correlation (r = 0.79; p =
0.005) between MSx and MSf was obtained using a pooled dataset in which these few (< 10%) spurious
measurements were removed (Fig. 3A). The results suggest that field probes can be used to accurately assess MS.
Presumably the surface probe could be used to survey without removing the turf layer, but we found that above-turf
MST signals were much weaker than those obtained with the sod removed. Tall grass usually precluded the use of
the surface probe on vacant and abandoned properties, hence it was not possible to make a MS field survey in
Detroit unless the turf was first removed. A highly significant positive statistical linear correlation (r = 0.63; p =
0.005) was also observed between penetrability and MSf (Fig. 3B). This is attributed to a greater mass of magnetic
minerals per unit volume of soil with increasing bulk density. The metal detector appeared to be useful for detecting
subsurface debris at demolition sites, but tall grass restricted its use.

There was a poor correlation between field (ECf) and lab (ECX) electrical conductivity, but a highly significant
negative linear correlation (r = - 0.86; p = 0.005) between ECf and moisture content (Fig. 3C). There was also a
statistically significant negative correlation between penetrability and moisture content (r = - 0.44; p = 0.05), which
is similar to that seen in previous studies (Miller et al., 2001). Soil temperature showed a strong correlation with air
temperature, i.e. topsoil temperature increased 3° to 4° C during the daily course of each transect (Fig. 3D). This is
typical of soil temperatures in the shallow subsurface (Brevik et al., 2004), but precluded a meaningful evaluation of
anthropogenic effects on soil temperature. The highest MSf values were generally obtained on industrial site soils
(Fig. 4A). Demolition site soils were also found to have relatively high values of MS, EC and penetrability,
compared with those at park and undemolished residential sites (Fig. 4B, C and D). Soil borings showed that some
parkland soils were moderately disturbed, and this is reflected in systematic variations in MS and penetrability in
parks 1 and 2 (Fig. 4B and D). The increased MSf signal in disturbed soils is attributed to compaction, as indicated
by the positive correlation with penetrability noted above.

There was no statistically significant difference between the mean values (Table 2) of MSf at undisturbed
park and undemolished residential site soils (Table 3). In contrast, there were highly significant differences between
these and residential demolition and industrial site soils, which were 2 to 5 times greater. These relationships are
consistent with observations in the field that undemolished residential sites had HAM-like soils, whereas HTM-type
soils were characteristic of demolition and industrial sites. MSx values showed similar relationships, but the mean
value for undemolished residential sites was elevated and similar to that of demolition sites. This is attributed to the
fact that transect 2 soils were impacted by highly magnetic fly ash microparticles (Howard and Orlicki, 2015). No
statistically significant difference was seen when a similar comparison was made using transect 1 where soils were
not impacted. The mean values of EC for the anthropogenic soils were generally twice those of undisturbed
parkland soils (Table 2). These differences are also statistically significant (Table 3), although this could not be
demonstrated for demolition site soils because of their high variance. Mean values of penetrability support the
interpretation that undemolished residential site soils are HAM-like and similar to soils at undisturbed parkland
sites. Demolition and industrial site HTM-type soils had penetration values twice as high as those at relatively
undisturbed sites. Appendix Table 1 shows that the pH values of anthropogenic soils were generally > 7.0, whereas
those of natural soils were less. Elevated pH levels are attributed to the presence of calcareous artifacts or to
backfilling with calcareous glacial sediments.

3.3. Detailed mapping

The 1.5 ha (3.6 ac) site mapped in detail (scale = 1:1800) was part of a larger 40 ha parcel of vacant urban
land (Fig. 5A) created by the demolition of ~500 buildings as part of Detroit’s failed 1996 plan to expand the
Coleman A. Young Airport (MacDonald, 2007). The buildings were mainly single family homes built during the
early automobile industry boom of the 1920s. Aerial photographs show that the area was still completely covered
by many closely spaced homes in 1981, but hundreds had been demolished by 1997. The map site was covered by
two rows of homes, each on a rectangular lot fronting Elgin and Montlieu Streets, with an alley at the back. The
homes were typically situated close to the street, and had a large back yard and a garage on the alley. Aerial
photographs show that by 1997, the alley and most of the homes on Elgin St. were demolished. The demolition sites
from 1997 were overgrown with vegetation by 2005, and numerous trees had become established along the former
alleyway. The remaining homes, including nine on Montlieu St., were demolished between 2010 and 2014. The
area was originally underlain by the somewhat poorly drained Selfridge series (Soil Survey Staff, 2015; pers.
comm.).

By the time our sampling occurred in 2015 (Fig. 5B), all that remained of the former neighborhood were
the sidewalks, the ruins of several burned out homes, and a garage (Figs. 6A and 7A). Large trees (probably dating
from ~1997) were growing out of piles of concrete rubble in the southwestern corner of the map site. Soil borings
(Appendix Table 2) showed that most of the site was covered in clayey soils, with a patch of sandy soils in the
central part. The former locations of several homes could be identified by sunken ground. Artifacts were most



abundant near Elgin and Montlieu Streets, and were primarily brick, mortar, concrete, nails, wood, coal and coal
cinders, similar to those seen at the site previously studied on Wisner St. (Howard and Shuster, 2015) and elsewhere
in Detroit (Howard et al., 2013b, 2015).

The map of soil moisture content (Fig. 6B) shows a relatively distinct north-south zonation. The areas of
highest moisture content (in the northwest and northeast) correspond to places that underwent demolition in 1997.
These areas now have soils with ~Au horizons, which are absent at the recently demolished sites along Montlieu
Street. Hence, spatial variations are explained qualitatively by differences in water-holding capacity as a function of
soil organic matter content. Alternatively, this is explained by the difference in the aspect of soils (Lozano-Garcia et
al., 2016) northwest and southeast of the tree line running through the central part of the site (Fig. 6A). The map of
ECf (Fig. 6C) shows a similar zonation, but with lower values on the wetter northwestern side of the map area.
These relationships are consistent with a highly significant negative linear correlation (r = - 0. 77; p = 0.005)
between ECf and soil moisture content (Fig. 8A), similar to that found in the soil transects (Fig. 3C). The ECx map
(Fig. 6D) shows that there is a poor correlation between ECx and ECf. More high-value clusters are present and
ECx overall is generally > 130 pS cm™, except for an elliptical, north-south trending patch of ground with a lower
ECx in the middle. The results from soil transects, and previous work (Howard and Orlicki, 2015), showed that
natural and undisturbed parkland soils had an ECx < 130 pS cm™, whereas demolition site soils were greater. The
high-value clusters on the ECx map are attributed to artifact-rich soils, but the low-value cluster in the middle of the
map corresponds to an area that soil borings showed was sandier, and contained relatively few artifacts. Hence, ECx
data are more consistent with ground truth than ECf. The elevated pH of anthropogenic soils is usually caused by
fragments of mortar and concrete (Howard and Orlicki, 2015). Thus, the pH map (Fig. 6E) is thought to show the
distribution of calcareous artifacts and microartifacts, although this could not be verified with soil borings because
of the large number of auger refusals.

The map of topsoil temperature (Fig. 7B) is characterized by a series of east-west-trending low-value spots,
which correspond to the distribution of trees along the trace of the former alley (Fig. 7A). This suggests that topsoil
temperature is controlled primarily by differences in solar insolation, as observed in the soil transects (Fig. 3D). Soil
borings showed that penetrability varied as a function of both compaction and artifact content. Hence, the map
pattern of penetrability (Fig. 7C) is complex. Aerial photographs from 2005 suggest that the sharp north-south-
trending boundary between high-value and low-value clusters in the central part of the map area corresponds to the
former location of a dirt road. Hence, the high-value spot of penetrability corresponding to the low-value spot
identified by ECx (Fig. 6D) is attributed to compaction by earthmoving equipment. The high-value clusters on the
map of MSf (Fig. 7D) are thought to indicate the locations of demolition sites characterized by an abundance of
nails (as observed in the field), or coal-related wastes. The map of MSx (Fig. 7E) has fewer high-value spots,
probably because gravel-sized artifacts (detectable by field sensor) were removed by sieving in the lab prior to
analysis. In contrast to the transect studies (Fig. 3C), there is a poor correlation between penetrability and MST,
whereas there is a highly significant positive linear correlation (r = 0.49; p = 0.01) with MSx. The reason for this is
unknown.

3.4. Geophysical Maps of Detroit City

The map based on undemolished sites (Fig. 8A) has a low-value spot amidst an overall pattern in which
ECx was much higher in the SW than in the other quadrants. This is consistent with mean values (Table 4), and t-
test calculations indicating that the differences are statistically significant (Table 5). ECx and ECf maps have a
similar pattern overall (Figs. 8A and B), but the relationships are better defined by ECx possibly because the ECf
dataset was less robust due to equipment failures. The MSx and MSf maps (Fig. 8C and D) have a striking positive
magnetic anomaly in the southwest quadrant. The mean values for MSx in the SW and SE quadrants (Table 4) were
significantly greater than those for the NW and NE quadrants (Table 5).

In contrast to that of the undemolished sites, the ECx map based on demolition sites has a much more
subdued pattern (Fig. 8E). There does not appear to be much difference among sites, although ECx for sites in the
NW and NE quadrants were generally lower than to the south. The mean values (Table 4) for the NW and NE
quadrants are also lower than those of the other quadrants, and these differences are statistically significant (Table
5). The ECf map (Fig. 8F) is broadly similar, but differs in having higher values in the NE than in the SE quadrants.
The patterns on the MSx and MSf maps (Fig. 8G and H) are also more subdued than for undemolished sites,
although the positive magnetic anomaly in the SW quadrant is well defined. Mean MSx values (Table 4) are
significantly greater in the southern than the northern quadrants (Table 5).

4. Discussion
4.1. Mapping with Proximal Sensing

Tall grass interfered with surface scanners such as the MS field probe and the metal detector, although the

later seemed useful for detecting subsurface demolition debris in soils under well-mowed grass. Excessive artifacts



and compaction restricted use of the EC surface probe, and could potentially damage the instrument. Artifacts
interfered with the cone penetrometer, possibly leading to overestimations of compaction and bulk density, but
penetrability was well suited for discriminating natural from anthropogenic soils. The utility of soil temperature for
soil mapping is uncertain, but pH differentiated natural from anthropogenic soils, and moisture content appeared
useful for proximal sensing of A horizons. Although the MS2B lab sensor produced a stronger signal, the excellent
agreement with lab-based data suggests that MSf is an accurate method for soil mapping by proximal sensing. The
lack of agreement between ECf and ECx, and the strong negative correlation between moisture and ECf, contrast
with the results of previous studies (e.g., Rhoades et al., 1976; Carroll and Oliver, 2005; Grisso et al., 2009;
Doolittle and Brevik, 2014). Soil borings showed that the low-value cluster in the center of the ECx map in Figure
6D corresponded to a patch of sandy soil containing few artifacts. Thus, the ECx geophysical map pattern appears to
agree best with an auger-based soil map. This suggests that ECF is being affected in situ, presumably by something
of anthropogenic origin. The reason for this discrepancy is uncertain, but ECXx is clearly more accurate for detecting
differences in soils under the site-specific circumstances studied. Overall, field probes were of greatest utility for
site-specific exploration, whereas lab-based measurements were most useful for regional soil mapping..

The results of this study are similar to those from previous work indicating that anthropogenic topsoils in
southeastern Michigan have a pH > 7.0, an ECx > 130 uS cm™, and MSx values of > 150 x 10® m? kg™* (Howard
and Orlicki, 2015). The corresponding values for natural topsoils are lower. These results are also similar to EC
values of 225 to 3620 pS cm™ (Al-Khashman and Shawabkeh, 2009; Karimi et al., 2011; El-Hasan and Lataifeh,
2013), and MS values of 127 to 1959 x 10°® m® kg™ (Schmidt et al., 2005; Strzyszcz et al., 2006; Hu et al., 2007), or
more, reported for urban soils elsewhere. In addition, we found that natural topsoils typically have a penetrability <
4000 KPA (< 2000 kPA for sandy soils), whereas values for anthropogenic soils are greater. Thus, penetrability, pH,
EC and MS were all found to be excellent indicators of anthropogenic disturbance. As shown by the parkland sites
studied (Fig. 4), we found that MS can detect human-altered soils even in the absence of artifacts. Similar results
have been reported by forensic scientists (Pringle et al., 2015).

Previous work showed that EC was greatest for calcareous and ferruginous microartifacts in the form of
waste building materials (Howard and Orlicki, 2015). Thus, the high-value cluster in the northeastern corner of
Detroit (Fig. 8A and B) is thought to reflect the large number of brick-and-mortar homes demolished there. Glass is
an insulator, hence the cluster of low values in the center of the large positive ECx anomaly in southwestern Detroit
(Fig. 8A) is attributed to fly ash contamination. A comparison of Figure 8C and Figure 2 shows that the positive
magnetic anomaly in the SW quadrant was centered roughly on the heavily industrialized west Detroit junction area,
and extended across Residential Zone 1 to the Milwaukee junction and Highland Park industrial areas. This
anomaly is attributed to magnetic microspheres and other microparticles typical of fly ash (Howard and Orlicki,
2015). Magnetic Fe-oxide microspheres have been widely reported in urban soils impacted industrial activity
(Strzyszcz et al., 2006; Gladysheva et al., 2007; El-Baghdadi et al., 2012; El-Hasan and Lataifeh, 2013). They are
produced by iron smelting and coal combustion (Lu et al., 2011; Lanteigne et al., 2012). This interpretation is
consistent with anecdotal accounts for many decades of the fallout of black metallic dust near Zug Island (Lam,
2010). Fly ash and other coal-related wastes are partly a legacy of the domestic coal-burning era (~1850-1936) in
Detroit. Thus, the fly ash which accounts for the MS and EC anomalies in southwest Detroit (Fig. 8) was probably
derived from a complex combination of sources.

Overall, the regional maps generated from lab MS and EC data have a resolution superior to those derived
from field-based measurements. The geophysical map patterns show a good overall agreement with the delineations
on the anthropogenic surficial geological map (Figs. 2 and 8). The patterns are postulated to reflect the differences
between the terrain of HAM-like soils in the NW and NE quadrants (Residential Zone 2), and the terrain of HTM-
type soils in Residential Zone 1 to the south. The areas of intense industrial activity in southwest Detroit and along
the riverfront are also coincident with the geophysical map patterns. Construction of many homes in Residential
Zone 2 pre-dated the advent of diesel-powered earthmoving equipment in 1930s, hence the ground there was
relatively undisturbed by construction operations. Thus, anthropogenic soils in Zone 2 are HAM-like in the sense
that they show minimal evidence of excavation and backfilling. Nevertheless, the resulting surface mantle of fill is
actually HTM as currently defined in Soil Taxonomy (Soil Survey Staff, 2014). Natural soils are commonly buried
beneath a surface mantle that is typically < 50 cm thick at undemolished residential sites, but often thicker at
demolition sites. In order to be mapped as an anthropogenic soil (e.g., Anthropic Udorthent), there must be a buried
soil with a surface mantle > 50 cm thick (Soil Survey Staff, 2011). If the thickness of HTM surface mantle is less,
they are classified as an anthropic phase of a natural soil series. Thus, given the mosaic of undemolished buildings
and demolition sites, much of zone 2 will likely be mapped as Native Soil Series-Urban Land complexes by the
National Cooperative Soil Survey. Some soils in Detroit impacted by coal combustion products probably will be



classified taxonomically as combustic and ashifactic. The MSx map may be useful for delineating the geographic
distribution of ashifactic soils.
4.2. Anthropogenic Map Index

Increasing anthropogenic impact (i.e. pedoturbation, artifact content, compaction, etc.) tends to limit the
suitability of vacant land for repurposing as urban greenspace (Daniels, 2011; USEPA, 2011; Shuster et al., 2014).
Hence, it would be useful to have an interpretive urban soil map with delineations based on some measure of soil
quality or health, i.e. the sustainable capacity of soil to function as a vital living ecosystem that sustains plants,
animals, and humans (Friedman et al., 2001; Scheyer and Hipple, 2005; Zornoza et al., 2015). In this study,
penetrability, pH, ECx and MSx were all found to be useful for distinguishing between natural and anthropogenic
soils. The geophysical map pattern of each parameter was different, but each is thought to increase with increasing
level of human disturbance. Hence, an anthropogenic scoring system was formulated which combines these
variables into a single overall measure of soil quality (Table 6). The anthropogenic map index (AMI) is defined
herein as:

AMI = ApH + AEC + AMS + Apen (1)

where Agy, Aec, Awms, Apen are the anthropogenic scores for pH, lab electrical conductivity, lab magnetic
susceptibility (y) and penetrability, respectively. Using equation 1, the ideal natural soil has an AMI of 4.0, and soil
health is considered to qualitatively decrease with increasing AMI.

The AMI method was tested using the data from the soil transects. The results (Table 6) show that soils
from different land use types have distinctive mean AMI values, and the differences are statistically significant
(Table 7). In terms of industrial (1), residential demolition (D), undemolished residential (U), and park (P) land use
types, AMI values are in the order: | > D > U > P. These relationships are consistent with the concept that AMI is a
useful measure of soil quality. The AMI method was used to generate an interpretive map (Fig. 9A) of the same city
block-sized parcel of vacant land described above (Figs. 6 and 7). It can be seen that there is a low-value cluster in
the north-central part of the map where AMI < 8.0, comparable to the AMI of healthy parkland soil. The low-AMI
cluster corresponds to an area with low penetrability where two undemolished homes were situated on relatively
undisturbed natural soils (Fig. 6A), and extends southeastward into the patch of sandy soil containing relatively few
artifacts noted previously. The remainder of the map is characterized by AMI values comparable to those of
demolished and undemolished residential sites in the soil transects (Table 7). The ECx geophysical map pattern (Fig.
9B) is the most similar to that of the AMI map. This is consistent with the interpretation that the ECx approach was
more accurate for mapping soils on vacant urban land produced by building demolition.

The interpretive map of Detroit produced using the AMI method (Fig. 9C) delineates areas of low AMI in
Residential Zone 2 suggesting that soil health there is comparable to parkland (Fig. 2), whereas higher AMI values
extend across Residential Zone 1. The least healthy soils, inferred from very high AMI values, are found in the
southwest quadrant corresponding to the magnetic anomaly on the MSx geophysical map (Fig. 9D), centered on the
West Detroit Junction-Zug Island zone of heavy industry (Fig. 9E). The MSx anomaly is postulated to delineate the
geographic distribution of fly ash contamination, but the possible effects of these fly ash-impacted soils on the
environment are not known. The presence of certain artifacts can be beneficial from a geochemical standpoint
(Howard and Olszewska, 2011).

5. Conclusions

The results of this study suggest that surface scanning in situ with a MS field probe is an accurate method
for general use as a proximal sensing tool. However, in practice, better results were obtained after removal of the
turf layer, and the method was prone to spurious results from the irregular distribution of magnetic artifacts. The
accuracy of the EC field probe tested was questionable. Hence, superior results were obtained ex situ using both EC
and MS lab sensors. Lab EC and MS were well suited for regional soil mapping, whereas all of the methods
provided at least some useful information for site-specific applications. Tall grass, excessive artifact content, and
severe compaction were the greatest limitations of proximal sensing using surface probes. Tall grass interfered with
surface scanners, such as the magnetic susceptibility probe and the metal detector, although the later seemed useful
for detecting subsurface debris in demolition site soils. Excessive artifacts and compaction restricted use of the EC
surface probe, and could potentially damage the instrument. Artifacts also interfered with the cone penetrometer, but
penetrability was useful for discriminating between natural and demolition site soils. Tall grass, above-ground
demolition debris and other obstacles are also expected to restrict proximal sensing by mobile units such as ground-
penetrating radar and EC mappers. The utility of soil temperature for soil mapping is uncertain, but pH differentiated
natural from anthropogenic soils, and moisture content appeared useful for proximal sensing of soil ~A horizons.
MSx may be especially useful for delineating ashifactic urban soils. Although it is less rapid and more labour-



intensive than field methods, the lab-based approach still provides a minimally invasive alternative to augering.
Lab-based geophysical surveying can be carried out first, and the results used as a guide for an auger-based soil
survey. These results support our hypothesis that proximal sensing methods can facilitate soil mapping in urbanized
terrain based on the degree of human disturbance, and differences in artifact assemblages related to land use history.
Differences in melanization, leaching and weathering intensity are expected to significantly impact
proximal sensing applications. Hence, further studies are needed to test these and other proximal sensing methods
on other soil orders in different climatic settings. The anthropogenic map index used in this study produced maps
which appear to be a useful as a first approximation of a geographical representation of urban soil health. However,
additional studies are needed of the effects of artifact weathering on soil health, and of the resilience of urban soils
and ecosystems.
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Figure 1. Airborne LiDAR imagery of Detroit, Michigan (USA) area showing annotated glacial geomorphical
features and locations of the three soil transects (T1-3) studied. Modified after Sherzer (1916). D, Detroit city hall;
W, Windsor, Ontario, Canada. Based on a digital elevation model with a vertical accuracy of 17 cm, overlain on a
hillshade with 5X vertical exaggeration.
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Figure 2. Anthropogenic surficial geological map of Detroit, Michigan showing locations of soil transects (T1-3),
detailed survey area (LSM), and sample locations (black squares) used to make geophysical maps. Note that map
delineations are subject to change as land use varies over time, e.g., remediated industrial land converted to
parkland. D, Detroit city hall; W, Windsor, Ontario, Canada. Industrial centers: DJ, West Detroit Junction; ZU, Zug
Island; MJ, Milwaukee Junction; HP, Highland Park; CC, Conner Creek. See Table 1 for further explanation.
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Figure 3. Selected plots showing linear regression analysis and soil temperature variations measured in soil
transects.
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Figure 4. Soil geophysical properties as a function of differences in land use type in selected transects: A, Field
magnetic susce;ptibility; transect 2; B, Field magnetic susceptibility; transect 1; C, Field electrical conductivity
transect 1; D, Penetrability; transect 1. Land use types: P, Parkland; H, undemolished residential; D, residential
demolition; I, industrial. See Figs. 1 and 2 for transect locations.
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Figure 5. Detailed study of vacant urban land created by building demolition in Detroit, Michigan: A, Area mapped
in this study, and previous study on Wisner St. (Howard and Shuster, 2015). Note: Area as it appeared in 1981 (left)
and 2010 (right); B, Sampling plan (10 m x 15 m grid) used in this study to map area. See Fig. 2 for site location.
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(MOs); C, field electrical conductivity (ECf); D, lab electrical conductivity (ECx); E, pH (triangles indicate sample
locations). See Supplementary Data Figure 1 for further explanation.
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Figure 7. Characteristics of detailed survey area: A, Timing of demolition operations; B, Soil temperature (TMp); C,
penetrability (PEn); D, field magnetic susceptibility (MSf); E, lab magnetic susceptibility (MSx). Triangles indicate
sample locations. See Supplementary Data Figure 1 for further explanation.
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Figure 8. Geophysical characteristics of urban soils in Detroit, Michigan. Undemolished residential sites: A, lab EC;
B, field EC; C, lab MS; D, field MS. Residential demolition sites: E, lab EC; F, field EC; G, lab MS; H, field MS.
See Fig. 2 and Supplementary Data Figure 2 for further explanation. Maps at same scale. Trace of Detroit River
shown for reference.
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Figure 9. Comparisons with interpretive maps based on the anthropogenic map index (AMI). Detailed map area: A,
Lab-based EC; B, corresponding AMI map. Regional map area: C, lab-based MS; D, Corresponding AMI map; E,
AMI map of Detroit city (see Figs. 2 and 8). Note that an AMI < 8.0 is thought to reflect a level of soil quality

comparable to that of parkland (see text and Table 7 for details).



TABLES

Table 1. Characteristics of anthropogenic surficial geological map units, Detroit, Michigan, USA (see Fig. 2).

Geologic Unit

Anthropogenic Surficial

Map
Symbol

Urban Land
Use Type

Zone

Type
of
Site®

Soil Type

Description

Artifacts®

Abundance

Type

QaP

Park

Native Series

Rare artifacts and
evidence of human
disturbance; Native
soil parent materials

None

QaR2

Residential

QaR1

Zone

Zone

QaM

Manufactured

Qal

Industrial

Anthropic
and
Anthroportic
Udorthents

Monocyclic
demolition sites
predominate;
Artifacts from 20
century common;
Complex native and
human-transported
soil parent materials

Few to very
abundant

Polycyclic demolition
sites predominate;
Artifacts from the
19 century
common; Human-
transported soil
parent material
dominant

Moderately
to very
abundant

Land covered and
sealed by concrete,
asphaltic pavement,
etc.

None

Manufacturing and
power-generation
industries, airports,
marinas, railroads
and dredgings; Coal-
related and iron
smelting wastes
common; Human-
transported soil
parent material
dominant

Moderately
to very
abundant

ocaon

<

3L &

QacC

Cemetery

Anthraltic
Udorthents

Burial plots, crypts
and mausoleum;
Complex human-
altered and human-
transported soil
parent materials

None

aSite Types: A, Native undisturbed; B, Undemolished building on weakly disturbed native; C, Undemolished
building on fill showing strong human disturbance; D, Demolition site with fill showing strong human
disturbance: polycyclic sites showed evidence for multiple demolition events; monocylic or first-cycle sites
have undergone one demolition-related backfilling event.
PArtifacts: b, brick; m, mortar; t, concrete; d, coal cinders; c, coal; coked coal; w, wood; h, charcoal; g,

glass; n, nails; s, iron smelting slag.




Table 2. Variations

in geophysical parameters for combined transects as a function of differences in land use type.

Geophysical Parameter

Land Use Type Lab Electrical Penetrability Field magnetic Lab Magnetic Sample
Conductivity (x 10% kPA) Susceptibility Susceptibility Size
(uS cm™) (10° SI) (108 m? kg™?)

Xa* Sa Xa Sa Xg Sg Xg Sg n
Parkland 135.0 21.1 34.4 10.9 26.9 1.8 37.6 2.1 7
Industrial/Railroad 245.8 90.1 59.1 20.7 188.2 2.1 479.6 2.8 11
Residential 241.4 199.6 61.0 15.5 71.7 2.2 73.4 2.2 36
demolition
Undemolished 204.9 55.8 37.2 12.2 23.9 3.1 74.0 3.1 18
residential

*Xa, arithmetic mean; Sa, arithmetic standard deviation; Xg, geometric mean; Sg, geometric standard deviation.

Table 3. Calculated t-values for testing differences in means for combined transects, and their statistical

significance.

Electrical Conductivity Penetrability Field Magnetic | Lab Magnetic

Susceptibility Susceptibility

Pa Ind De | Und | Pa | Ind | Dem | Und | Pa Ind Dem | Und | Pa Ind Dem | Und

rk mo em rk o) em rk o) em rk 0 em
Parkla | -- | 3.17 | 1.3 | 3.19 | -- | 28 | 432 | 053 | -- | 586 | 3.13 | 0.26 | -- | 6.33 | 2.13 | 1.46
nd Xk k 9 X kK 9** X kXk kKX kKX X kK Xk
Indus - - 0.0 | 1.52 | -- -- 0.33 | 3.60 | -- -- 0.60 | 5.37 | -- -- 6.52 | 4.49
tr-ia| 7 kKX Xk xk kK% Xk Xk
Demo | -- - - 0.76 | -- -- -- 5.68 | -- -- -- 4.16 | -- -- -- 0.03
|ition Xk Xk Xk %
Unde - - - - - - - -- -- -- -- -- -- - -- -
m.

*Probably significant, p = 0.10; **Significant, p = 0.05; ***Highly significant, p = 0.01

Table 4. Arithmetic mean (Xa) and geometric mean (Xg) values of lab magnetic susceptibility (MS) and electrical
conductivity (EC) for Detroit soils in different informally defined map quadrants, as a function of land use type.

Undemolished sites Demolition site
Quadrant MS (10 m? kg™) EC (uS cm?) MS (108 m3 kg™?) EC (uS cm™)
Xg Sg n Xa Sa n Xg Sg n Xa Sa n
Northwest 18.9 1.3 5 153.0 30.8 10 48.4 2.4 22 214.2 | 99.3 28
Southwest | 195.0 1.8 15 207.1 80.1 15 136.8 1.7 18 304.9 258.2 18
Northeast 52.1 1.6 21 146.9 79.1 27 44.1 1.9 7 136.0 | 44.1 8
Southeast 133.4 1.6 12 136.6 55.3 12 93.6 2.1 15 189.2 57.4 15

Table 5. Calculated t-values for testing differences between means for lab-based measurements from different
Detroit map quadrants, and their statistical significance.

Magnetic Susceptibility Electrical Conductivity

Quad Undemolished Demolition Undemolished Demolition
rant N Sw NE SE N SW NE SE | N S NE SE | N SW NE SE

W W W W W
North -- | 8.67 4.32 8.91 -- 4.76 0.26 24 | --1]12.01| 0.2 0.8 | -- 3.50 2.15 0.90
west KKk k KKKk KKKk KKKk 6** 3* 4 3 Kk k% Xk
South | -- -- 7.25 1.86 -- -- 4.72 1.7 | -- -- 2.3 2.5 | -- - 7.28 5.73
west KKKk * KKKk 9* 5** 9** kK Kk kK Kk
North | -- -- -- 4.28 -- -- -- 23 | - | -- -- 0.4 | -- -- -- 2.28
east KKKk 7** 1 Xk

*Probably significant, p = 0.10; **Significant, p

significant, p = 0.005

0.05; ***Highly

significant, p = 0.01; ****Very highly




Table 6. Scoring system used to rate urban soils for anthropogenic map index.

EC (uS cm™); MS 10® m® kg);

Penetrability (x 102 kPA).
pH Score ECx Score MSx Score Pen Score

<7.0 1.0 0 - 140 1.0 0-50 1.0 0-20 1.0
> 7.0 2.0 141 - 210 2.0 51 -100 2.0 21 -40 2.0
211 - 280 3.0 101 - 150 3.0 41 - 60 3.0
281 - 350 4.0 151 - 200 4.0 61 - 80 4.0

> 350 5.0 201 - 250 5.0

251 - 300 6.0

> 300 7.0

Table 7. Calculated t-values testing statistical

significance of differences in mean anthropogenic map index (AMI)

values.

Parkland Demolition site Industrial site Undemolished res.
Parkland - 4. 10***xx* 8.07**x** 2.38%*
Demolition site -- -- 2.78** 1.78*
Industrial site -- -- -- 4. 71%x%*
Undemolished res. -- -- -- --
Mean (AMI) 7.0 11.0 14.0 9.2
Range (AMI) 4.0 - 10.0 7.0 - 16.0 10.0 - 18.0 5.0 - 14.0
n 11 14 11 18

*Probably significant, p = 0.10; **Significant, p = 0.05;*** Highly significant, p = 0.01; ****Very highly
significant, p = 0.005.




