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Activities: 
Nine sites were examined with the ground-penetrating radar <GPR>. Sites 
had been selected beforehand and considerable ground truth data was 
obtained by means of soi I auger borings. At each site• several GPR 
transects were conducted. Some were for calibration of the GPR• some 
were for analysis and interpretation of the soi I map units. A final 
step was the prediction of the occurrence of soi I features• in 
particular. the presence and induration of the ortstein layer• fol lowed 
in some cases by confirmation by auger borings or smal I observation 
pits. 

GPR Eq11ipm•nt: 

The GPR unit is the SIR System-8 manufactured by Geophysical Survey 
Systems• Inc. The unit consists of a power distribution unit• the model 
4800 control unit• the ADTEK model DT-6000 graphic recorder• and the 
ADTEK model SR 8004H tape recorder. The system was powered by a 12 volt 
vehicular battery. 

The 120 and 500 MHz antennas were both used in this study. Antenna 
frequency affects the resolution a~d the profi I ing depth of the GPR. 
The profi I ing depth is control led, in part, by the pulse width. A 
general rule is that as the antenna frequency is decreased• the minimum 
and maximum profi I ing depths increase. The lower frequency, 120 MHz 
antenna with a pulse width of 5 nanoseconds <ns> was unable to resolve 
the shallow 120 to 35 cm> ortstein layers. The long pulse width of the 



120 MHz antenna. made attempts to resolve features within the upper 60 cm 
,,f the S•)i I pr•,fi le impracticable. The 500 MHz antenna.. with a pulse 
width of 2 ns. provided adequate prof i I ing depths (8 cm to 4 m) and 
superior depth and lateral resolution of the ortstein layers. However• 
images of the water table in Saugatuck a.nd Pipestone soi Is and clay 
layers in the Wa.1 lace soi I were more clearly expressed with the 120 MHz 
antenna.. 

Djsc11ssjnn: 

1 OBTSTF IN ST! !DY 

Why an Ortstein Study? 

Ortstein is derived from the German words "ort" for place and "stein" 
for stone• and means "stone formed in place."1. The &..LL $11rvey Manual 
defines ortstein simply as a. "horizon cemented with iron and orgaroic 
matter."2. 

The significance of ortstein was suma.rized by Wang et a.I. <1978>. These 
authors noted that : 

"The significance of ortstein to use interpretatioros of soils is 
not completely known partly because unti I recently• ortstein wa.s 
defined loosely and included a wide range of characteristics. 
However• in general• the presence of ortstein indicates a. poor soi I 
for forestry and agriculture. Ferti I ity is low; wetness may be 
excessive in the spring a.nd yet plants may suffer draughtiness 
later in the growing sea.son due to shallow rooting zone. The 
ortstein hampers cultiva.tioni blocks of ortstein a.re commonly 
brought to the surface by cultivation and may persist for yea.rs. 
The presence of ortstein also increases the excavation cost a.rod 
downgrades the potential of the soi I a.s a. source of sand a.nd 
gravel." 

The definition of ortstein given in &..LL Taxonomy appears concise and 
straightforward. When used a.s a. family differentia.t ortstein is defined 
as a. cemented• massive, spodic horizon that is present in more than ha.If 
of each pedon. Ortstein is cemented throughout, however. the degree of 
cementation is a.I lowed to vary from weak to indura.ted. As a. minimum 
requirement• when moist. a.I I or pa.rt of this horizon must be a.t least 
weakly cemented <Soi I Survey Staff, 1987). This requirement el imina.tes 
horizons composed of cemented concretions a.nd fragments. However. 
noncemented horizons with "ortstein fragments" have been recognized as a 
developmental phase of ortstein <Ka.ra.va.yeva.. 1968> a.nd are accessory 
characteristics which have aided field identification of spodic horizons 
<Nettleton et a.I• 1986). 

The present definition of ortstein ha.s created soi I mapping problems. 
Ortstein is variable in expression over short distances. Ortstein ca.n 

1. 6. Plaisance a.nd A. Ca.i I leux. 1981. Dictionary of soi Is. Amerind 
Publishing Co. Pvt. Ltd.• New Delhi. p. 694. 

2.United States Department of Agriculture. 1951. Soi I survey ma.nua.I. 
U.S. Dep. Agric. Ha.ndb. 18• p. 241. 



be weakly cemented, stron3ly cemented• or indurated. "Cemented" soi I 
materials have a brittle consistence. Presently• the most common method 
for determinin3 the brittleness of a soi I layer (and definin3 whether or 
not it is ortstein> is resistance to soi I au3erin3. Measurements of 
soi I brittleness obtained by this method are subject to personal biases 
and temporal variations. Classes or measures of brittleness are not 
defined in the So...LL S11rvey Manna I <1951>. This has necessitated the use 
of local definitions which are often arbitrary and inconsistent amon3 
survey areas, states, and re3ions. As an example• the Leon (sandy, 
si I iceous. thermic Aerie Haplaquods) soi Is described with brittle spodic 
hor i zc•ns by Brandon et a I. (1977) in North Caro Ii na wou Id probab I y have 
been classified as a sandy• si I iceous• hyperthermic• ortstein Aerie 
Haplaquods CLawnwood) in Florida. Florida is the only state in the 
south that has established soi I series which reco3nize ortstein 
fami I ies. Have present definitions and interpretations fostered amon3 
soi I scientists a gray scale of predispositions to recognize ortstein in 
mapping? 

Additional confusion is added to the definition of ortstein by the word 
"contir1uous 11 in the statement that "no single family should include 
soi Is that have a contin110115, shallow• cemented horizon and soi Is that 
do not."3. The word "continuous'' also appears in one of the additional 
requirement for the spodic horizon: 

"1. have a subhorizc•n >2.5 cm thick that is contin111l11sly cemented 
by some combination of or3anic matter with iron or aluminium• or 
both;" 4. 

What is meant by "continuous"? Continuous denotes an "uninterrupted 
extension in space'' or "joined without intervenin3 space." Ortstein 
layers are fractured by processes of pedoturbation. If ortstein needs 
to be present in only half of each pedon. and the minimum size of a 
pedon is 1 meter• does a minimum lateral dimension of 50 cm constitute 
continuous? Probably not. McKeague et al. 11983> noted that ortstein 
is "cemented either continuously• or discontinuously in nodules from a 
few cubic meters to a cubic meters in volume." 5. Others. such as Wang 
et al. 11978>, observed that the varyin3 degrees of expression and the 
intermittent nature of ortstein created soi I mappin3 problems. These 
authors noted that areas of continuous ortstein rarely exceeded 40 ha in 
the Maritime Provinces. Undoubtedly• there are problems dividing the 
ortstein continuum in our hierarchical classification scheme. Confusion 
appears to exist over its expression and minimum lateral extent required 
for recognition. 

The GPR provides a continuous profile of subsurface soi I features and 
conditions. For the first time• with the GPR• it is possible to 
document the presence• and measure the depth to and the lateral extent 

3. Soi I Survey Staff. 1987. Keys to soi I taxonomy. SMSS Tech. Mono.#6. 
C•:•rnell University, Ithaca• NY. p.51. 

4. Ibi•:h p. 18. 

5. J. A. McKeague. F. DeConinck• and D. p, Franzmeier. 1983. Spodosols. 
p.217-252. l..n. L. P. Wi I ding, N. E. Smeckt and G. F. Ha.I I Ced.> 
Pedogenesis and Soi I Taxonomy, II. The Soi I Order. Elsevier• Amsterdam. 
p. 245. 



or continuity of ortstein layers across the landscape. This study wi I I 
a I s o e x p I o r e th e p o s s i b i I i t i e s of us i n g the GPR d at a t o ma k e qua I i tat i v e 
statements concerning variations in the degrees of cementation. 

Principals of Operation 

The GPR is an impulse radar system that has been designed to penetrate 
earthen materials. Short pulses of electromagnetic energy are radiated 
into the ground from a transmitting antenna. Each pulse consists of a 
spectrum of frequencies that is distributed about the center frequency 
of an antenna. As electromagnetic energy travel through the s•:>i 1, it 
interacts with and is partially absorbed, scattered, reflected• and 
transmitted through the medium. A portion of the radiated energy is 
reflected back to the receiving antenna whenever a pulse contacts an 
interface separating layers of differing electromagnetic properties. 
The receiving unit amp I ifies and samples the reflected energy and 
converts it into a similarly shaped waveform in the audio-frequency 
range. The processed• reflected waveforms are displayed on the graphic 
recorder or taped for future playback or processing. 

The amount of energy reflected back to the receiving antenna by an 
interface is a function of the difference in dielectric properties of 
the two layers. The reflection coefficient, R, is a measure of this 
difference and is expressed as : 

I El - E2 

R 
I El + E2 

where El is the apparent dielectric constant of the overlying material; 
E2 is the apparent dielectric constant of the underlying material 
<Sel Iman et al,, 1983). According to this equation. the greater the 
dissimilarity in dielectric properties of the two layers. the stronger 
wi I I be the reflected signal. 

The principal factors influencing dielectric constants are moisture 
content• porosity, and the scanning frequency of the antenna <Jesch• 
1978; and Morey. 1974). Next to soi I moisture' porosity is one of the 
most significant parameters affecting the dielectric permittivity of 
earthen materials COlho:>eft, 1985>. The dielectric constant o:>f a soi I 
layer is inversely related to porosity and directly related to moisture 
C•)ntent COkrasinki et al., 1978>. 

The graphic recorder is a gray scale recorder; it displays signal 
amp I itudes in sequences of gray tones ranging from black to gray. The 
stronger the reflected signal• the greater the amp I itude and the darker 
the images on graphic profiles. Strong reflections are recorded as 
black images and intermediate reflections are recorded in tones of gray. 

Ortste in is di st i nqu i shed from adjacent noncemented soi I I ayers by its 
hardness. higher bulk density, and lower hydraulic conductivity <Ritari 
and Ojanperat 1984>. The upper boundary of Ortstein is abrupt and 
strongly contrasts with the overlying material. Ortstein provides a 
highly contrasting and abrupt interface which is readily discerned by 
the GPR. 



Field Methods 

Three study areas were selected in areas of Saugatuck <sandy, mixed. 
mesic• ortstein Aerie Haplaquodsl and Pipestone (sandy• mixed. mesic 
Entic Haplaquods) soi Is northwest of Scottvi I le• Mason County. Michigan. 
Each site was known to have areas of wet I expressed ortstein. One 
transect was conducted in each study area. 

Transects were 577 m <1B> • 319 m <2>, and 289 m <3> in length with 
observation f la3s placed at 15.2 meter intervals. The 500 MHz antenna 
was towed behind a 4WD vehicle at speeds of 1-3 km/h. Several soi I 
borings were made at each site to scale the radar imagery and to confirm 
i nterpretat i ~·ns. 

A more intensive investigation of ortstein was conducted in an area near 
observation points one and two of transect 1B. In this investigation 6 
transects I ines were established with observations at 3.05 meter 
intervals. The 500 Mhz antenna was hand-towed along each of these 
transect I ines at speeds of less than 1 km/h. 

Interpretation of GPR Imagery 

A. Areas of Saugatuck and Pipestone soi Is 

The GPR provided detai I profiles of subsurface conditions in areas of 
Saugatuck and Pipestone soi Is. Figure 1 is a radar profile from a 
representative area of Saugatuck and Pipestone soi Is along transect 2. 
The image of the spodic horizon• though variable in expression. can be 
traced across the upper part of this profile. In Figure 1, the upper 
b•;ur1dary .;f this h•;riz,,n has been high I ighted with a dark I ine. The 
depth to the spodic horizon ranges from about 20 to 35 cm. 

Changes not only in depth to the spodic horizon• but in soi I strength• 
bulk density. and/or degrees of cementation can be inferred from 
variations in the gray scale and the graphic signatures. Increased 
signal reflections and amp I itudes across the spodic horizon produce 
darker images and are associated with the more electromagnetically 
contrasting ortstein. The signature of strongly cemented or indurated 
ortstein is characterized by two wide• black bands separated by a 
narrow• white band. Bevans and Kenyon <1975) noted that as the" 
amp I itude of a reflected signal increases. the width of the white band 
decreases. In t~e upper left-hand portion of Figure 1• a zone of 
"c•)ntinuous"• indurated ortstein <A> is inferred fr•)m the wide. 
extremely black• uninterrupted bands. Generally• this layer is 
indurated• has a relatively high organic carbon content. and colors of 5 
or 7.5YR 1-3/2-4. 

In Figure 1, beneath the "continuous"• indurated ortstein <A>, is a zone 
of discontinuous. weakly cemented to indurated ortstein layers. The 
characteristics of this zone is inferred from the smal I size, irregular 
shape• coarse texture• and association of the images between depths of 
40 to 70 cm. 



An area of noncemented to weakly cemented spodic horizon is inferred 
about "C" <Figure 1 >. The image from this area <Pipestone soi Is> has an 
intermediate gray scale tone with a wide' diffuse white band separating 
narrow, relatively indistinct gray to black bands. Here the spodic 
horizon lacks ortstein and, because of its high color value and chroma 
C7.5 YR 4/6)' is presumed to have a lower organic c~rbon content. 

In Figure 1, areas of ''ortstein fragments" or discontinuous ortstein 
layers appear at "B" and "D". The images at "B" are associated with an 
ortstein layer having numerous, narrow, closely-spaced fractures. The 
image at "D" reflects a spodic horizon having widely spaced ortstein 
fragments which are separated by weakly cemented or noncemented areas. 

The radar profiles from each transect were analyzed to determine the 
proportion of Saugatuck and Pipestone soi Is and the continuity of the 
ortstein. For each profile, the horizontal distance <15.2 m> separating 
the flagged observation points was divided into ten equally spaced 
intervals. At each interval' the presence or absence of ortstein was 
inferred from the imagery and the series recorded. Tables 1, 2, and 3 
I ist the number of observations of Saugatuck and Pipestone soi Is within 
each 15.2 meter unit. The averaged and total number of observations of 
Saugatuck and Pipestone soi Is along each transect I ine are summarized in 
Table 4. 

The areas transected with the GPR appears to be a complex with an 
average composition of 65.2 X Saugatuck soi I and 34.8 X Pipestone soi I. 
The median proportion of Saugatuck soi I is 70 :r.. The I ower quart i I e is 
40 X and the upper quartile is 90 :r.. The interquartile range is 40 to 
90 :r.. Therefore• it may be said that one-half of the sample units have 
between 40 and 90 X Saugatuck soi Is. 

The frequency and extent of sampling units, grouped by occurrence of 
ortstein' are summarized in Table 5. Sampl ins units with continuous 
ortstein C100X> occupy about 19 /. of the transected sites. Areas of 
continuous ortstein tend to be clustered in the landscape and have an 
average I inear extent of about 25 m. If the definition of "continuous" 
ortstein includes sites with greater than or equal to 90 /. ortstein• 
these areas occupy about 35 X of the transected sites and have an 
averaged I inear extent of about 29 m. If the percent ortstein within 
each sample unit is equivalent to the percent of each pedon having 
ortstein• then: 35 /. of the sampling meets the requirement for 
"continuous" ortstein; 76 X of the sampl in9 units appear to satisfy the 
United State requirement for the ortstein fami ry; and 86 X of the 
sampling units may meet the Canadian requirements for ortstein. 

The frequency C•f ortstein within the 78, 15.2 m sampling units is 
graphically summarized in Figures 2 and 3. Both graphs depicit a 
division in the data: (iJ areas having 0 to 59 X ortstein and (ii) areas 
having )60 X ortstein. 

Six detai Jed GPR surveys were conducted in an area having a known high 
proportion of Saugatuck soi I. Observation flags were placed at 3.05 m 
intervals along each transect I ine. Figure 4 is a representative 
profile from transect 1N. Again, the upper boundary of the ortstein 
layer has been high I ighted with a dark I ine. The ortstein layer is wel I 
expressed and fairly continuous across this profile. However several 
breaks in this layer can be observed near observation flags 4, 6, 81 9, 
and 10. The interruptions between observation flags 9 and 10, and at 10 



are the result of wheel-ruts in a trai I. The ruts extend below the 
upper boundary of the ortstein. The other breaks in the ortstein appear 
to have been caused by pedoturbation. in particular floral 
pedoturbation. Several hyperbolic images <inverted ice-cream cones) 
between observation flags 1 and 8 were associated with tree roots. 

To confirm the presence and nature of the breaks evident in Figure 4, 
several additional and more detailed transects were conducted along this 
transect. Three sections <observation points 3 to 4, 5 to 6• and 8 to 91 
of transect 1N were re-flagged at 30 cm interval and re-surveyed with 
the 500 MHz. The 500 MHz antenna was hand-towed along each I ine at a 
very slow rate of advance. 

Figure 5 is the radar profile from section 5 to 6; Figure 6 is the radar 
profile from section 8 to 9. The accuracy of the GPR is impressive. 
Al I breaks in the image of the ortstein layer recorded in Figure 4 were 
reproduced in Figures 5 and 6. With the narrower interval <30 cm) 
between flags• the location of these breaks were pin-pointed. Pits were 
excavated along each section to verify the presence of these breaks• and 
to confirm the presence• depth to, and degree of cementation of the 
ortstein. Al I recorded interruptions CAI in the ortstein layer were 
confirmed. The breaks in the ortstein layer are extremely narrow and 
tortuous• and appear to be the result of floral pedoturbation. The 
breaks included areas of noncemented and weakly cemented materials. 

B. Area of Wal lace and Epworth Soi Is 

Not al I areas of ortstein are continuous. Two transects were conducted 
across a dune in an area of Wal lace <sandy• mixed• frigid, ortstein 
Typic Haplorthodsl and Epworth <sandy• mixed• mesic, Entic Haplorthodsl 
soi Is. The Wa I I ace soi I is a mes i c tax adjunct; Epworth is a proposed 
series. As evident in Figure 7, the ortstein is not continuous but 
consists of pe I I et- I i ke masses <Al. The pe I I ets c•r ortste in fragments 
are weakly cemented to strongly cemented. These fragments occur in a 
noncemented• weakly developed spodic horizon. The ortstein fragments 
occur at depths ranging from 20 to 50 cm. The proportion of soi Is 
having ortstein fragments appeared to be higher on concave sideslopes of 
dunes. 

Within the transected areas• a binomial distribution was assumed as 
there were only two possible outcomes: Wal lace (ortstein present) or 
Epworth <ortstein absence) soi Is. Ortstein fragments occur at 66 of the 
136 observation marks. Therefore, the area could be characterized as 
consisting of 52 X Epworth and 48 X Wal lace soi Is. However• the 
ortstein is not continuous and is often only weakly cemented. Should 
the ortstein fragments in Figure 7 be recognized at the same level as 
the ortstein layer in Figures 4, 5, and 6? 

Recommendations 

This study has demonstrated the effectiveness of GPR techniques for 
determining the presence and induration of the ortstein layers. The 
planned acquisition of the RADAN software package wi I I enable the gray 
scale images of the ortstein layer to be quantitatively analyzed, 



related to field and laboratory measurements, and interpreted across 
landscapes. As recommended by Gamble and Turner (1988), "the study of 
ortstein horizons [should] be continued and expanded to other areas of 
the country." These studies should be supported by field and laboratory 
measurements. 

The principal participants recommended continuing this study in Michigan 
and Florida. Florida was suggested because it had known. sizeable 
acreage of ortstein. The continued and expanded study would determine 
the presence of ortstein in each state and compare the continuity and 
characteristics of this horizon. 

Distribution of Ortstein within the United States 

As a pre I iminary for future studies, a scan was conducted of soi Is 
belonging to ortstein fami I ies. Data on soi I name• component acreage. 
and survey area were obtained from National Soi I Survey Area Database. 
MUUF, Iowa State Computer Center• Ames. Iowa. This data reflects 
information entered into the MUUF file as of 27 September 1988. 

The results of this data search are summarized in Figures 8 and 9, and 
in Tables 6• 7, 9, 9, 10• and 11. Most suprising, the greatest extent 
of soi Is with ortstein layers are in the west region (76.5 X of reported 
acreage) arid in the state of Washington C73 X of reported acreage). The 
states of Washington• Florida• Oregon• and Michigan account for about 97 
X of the reported acreage of ortstein <Figure 9). Florida is the only 
state in the south region reporting or recognizing soi Is with ortstein. 
Soi Is having ortstein are most commonly mapped as consociations. 

? TOPOGRAPHIC REI AITONSHip OF GRO! IND SllRFACF WITH llNDFRI YING ACllSTRINF 
Cl Av SI IBSTRATI IM ON A DI INF 

While surveying an area of Wal lace soi Is• the radar signal was severely 
attenuated by a subsurface interface. The interface was interpreted as 
a layer of finer textured materials. However• detailed auger borings 
conducted before the GPR survey revealed lacustrine clays at only one 
observation point along the transect I ine. Soi I auger probes were again 
conducted at several observation points. Results confirmed the presence 
of a clay layer. 

A cross section of the transect I ine was constructed using data obtained 
with the GPR and an engineering I eve I CF i sure 10> • The ens i neer i ng 
level was used ta determine relative ground elevations; the GPR was used 
to determine the depth to lacustrine clays. As a I imiting layer• 
knowledge of the depth to and the topography of this layer can help to 
imp rove site assessments' soi I i nterpretat i or1s • and soi 1-1 a.ndscape 
models• to summarize map unit composition• and to predict the flow of 
ground water and contaminants. Based on GPR data, the distribution of 
the depths to clay are: 42 X• 0 to 2 feet; 28 x, 2 to 4 feet; 24 x, 4 to 
6 feet; 6 X > 6 feet. 

3 coMposirJON nE MAP uNITS INvrn vINa SPINKS AND cm oM• sm• s 



Since the late 1970s the USDA - Soi I Conservation Service has been 
exploring the potential of using ground-penetrating radar technology to 
assist and to improve soi I survey operations (Johnson et al., 19791. 
The principal use of the GPR in soi I investigations has been to 
determine the composition of soi I map units <Asmussen et aJ., 1986; 
Doolittle' 198Z' 1983, 1987; Collins et al.• 1986; and Schellentrager et 
al•' 1988)' improve soi I-landscape models <Col I iris and Dool ittJe, 1987; 
Doolittle and Col I ins• 1987; Doolittle et al., 1988l Olson and 
Doolittle• 1985; Puckett et al.• 1987• and Rebertus et al., 1987), and 
characterize soi I features <Lyons et aJ., 1988; Shih et al·• 1985a• 
1985b• and 1986• Truman et aJ., 19881. These uses of the GPR require 
the recognition of diagnostic soi I horizons and features. 

Figure 11 is an arrangement of representative graphic profile of 
Perrinton (fine• mixed• mesic Glossic Hapludalfs)' Tustin (clayey. 
mixed• mesic Arenic Hapludalfs)' Spinks (sandy, mixed• mesic Psammentic 
Hapludalfs)' Coloma (mixed• mesic Alfie Udipsamments> and Grattan 
(sandy• mixed, mesic Entic Haplorthodsl. Unique expressions of profile 
characteristics enable each soi Is to be identified on the basis of their 
graphic signatures. 

The profiles in this interpretation key have been arranged from left to 
right in order of increasing depths of radar penetration. It is evident 
that the GPR does not perform equa I I y we I I in these soi Is. The maxi mum 
probing depth of the GPR is• to a large degree, determined by the 
conductivity of the soi I. Soi Is having high conductivities rapidly 
dissipate the radar's energy and restrict its probing depth. The 
principal factors influencing the conductivities of soi Is to 
electromagnetic radiation and the probing depth of the GPR are (i) 
degree of water saturation• Ci i) amount and type of salts in solution' 
and ( i i i J Hie amount and type of c I ays. 

These soi Is vary in the amount and distribution of sands• loams• and 
clays within their profiles. Depth of radar penetration is inversely 
related to clay content. While moisture content and the amount of salts 
in solution may vary in each of the profiles <Figure 11)' changes in the 
distribution' arrangement• and content of sands• loams• and clays have 
been used to identify the soi Is. 

The Hapludalfs <Perrinton• Tustin• and Spinks) have higher clay contents 
throughout their profi Jes. In these soi IS• the probing depth of the GPR 
is restricted to depth of less than 2 meters. Hapludalfs are recognized 
by the occurrence of "white-out" zones in the lower part of their 
profiles. These areas of no signal return are caused by either the 
absence of contrasting reflectors or by the dissipation of radiated 
energy. It was assumed that the high clay cont~nts of the Hapludalfs 
produced a rapid dissipation of the radar's energy in the upper part of 
the soi I profile and caused the white out zones. 

Each Hapludalfs has a recognizable signature. Images of Perrinton soi Is 
can be distinguished from Tustin soi I on the basis of the depth to the 
argi 11 ic horizon. Argi 11 ic horizons are recognized by either a smooth, 
continous interface <see Perrinton profile) or a narrow C< 0.5 m> 
transition zone consisting multiple• smal 1, irregularly shaped images 
<see Tustin profile). The coarse texture of this transition zone 
reflects the presence of clay lame I lea. bal Is or lenses and sand CE/BT 
and BT/E horizons>. Spinks soi I has a relatively wide transition zone 



(1.0 - 2.5 meters) of lame I lea which begins within the upper 40 - 100 cm 
•)f the soi I pr.:.fi le. 

Depth of radar penetration is greater in Udipsamments and Haplorthods. 
The predominantly sandy Coloma and Grattan soi Is have lower clay 
contents and less rapid rates of signal attenuation. These soi Is have 
images to depths of 4 to 6 meters and lack white out zones within the 
upper 3 meters of their profiles. The presence of a spodic horizon 
distinguishes Grattan from Coloma soi Is. 

Figure 12 is a representative profile from an area of the Coloma-Spink 
complex. Areas of Spinks, Grattan• Perrinton• and Tustin soi Is have 
been identified on the basis of their graphic signatures. The spodic 
hor i Z•)n <A> •:.f Grattan soi I and the arg i I Ii c hor i zo:.n <B> of Perri nt•:.n 
and Tustin s•:. i Is has been I abe I I ed. Furtherm•)re, the arg i I I i c horizon 
has been high I ighted by a dark I ine. 

Eleven transects were conducted with the 120 MHz antenna in areas of the 
Coloma-Spink complex. An interpretation key similar to Figure 11 was 
used to identify the soi Is at each equally space observation point along 
the transect I ines. Tables 12 and 13 summarizes the transect data. 
Transects 1 to 4 were conducted o:.n the Dittmer' farm; 5 to 8 were 
conducted on the Epenback's farm; and 9 to 11 at the site o:.f the 
newspaper interview. 

Collectively• the areas transected with the GPR are: 38 X Co:.lo:.mat 37 X 
Spinks• 11 % Tustin• 9 X Perrinton• 4 X Grattan. and 1 X Plainfield 
SQi Is. The c•:.mpositio:.n •:.f so:.i Is al•)ng these transect I ines_ suppo:.rts a 
Co:.loma-Spinks complex. However• transects 4 to 7 have a large 
proportion of Hapludalfs and a separate Spinks-Tustin complex map unit 
may be considered in these areas. 

Recommendations; 

A brief paper should be written discussing the results of this 
investigation in Michigan. 

JAMES A. DOOLITTLE 
Soi I Specialist <GPR> 

cc: 
A. J. Dornbusch• Jr. Director, MWNTC, SCS• Lincoln, NE 
C. S. Holzhey• Ass't. Dir., NSSC, MWNTC, SCSt Lincoln, NE 
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E.G. Knox, Nat' I. Leader, NSSIV Staff, NSSCt MWNTC1 SCS1 Lincoln, NE 
c. Leitzeau1 Head. Environmental Div •• MDA• Lansing• MI 
D. L. Mokma• Professor. Department of Crop and Soi I Sciences. MSU, East 

Lansing• MI 
L. F. Rat I iff, Sup. Soi I Scientist, NSSQA Staff, MWNTC1 SCS1 Lincoln, NE 
N. w. Stroesenreuther1 State Soi I Scientist. scs, East Lansing• MI 
R. J. Schaetzel• Assistant Professor. Geography Department• MSU1 East 

Lansing• MI 
J. Witty. Nat' I. Ldr •• Soil Class •• scs, Washington• D.C. 
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TABLE 1 

PROPORTION OF SAUGATUCK AND PIPESTONE SOILS 
WITHIN 15.Z METER UNITS 

ALONG TRANSECT 18 

I It.I I I .,. ·3 " 5 6 z 8 2 Hl l l l .,. 
SAUGATUCK 6 9 6 6 8 3 6 4 8 10 6 10 
PIPESTONE 4 1 4 4 2 7 4 6 2 0 4 0 

I It.I I I 13 l " l5 l6 lZ l8 l2 :?il 21 2·;:- .,.3 .,.!& 
SAUGATUCK 10 8 7 9 9 5 1 0 4 10 4 8 
PIPESTONE 0 2 :3 1 1 5 9 10 6 0 6 2 

I It.III ?!5 26 2Z 28 22 30 , l ·~7 13 3-' ·15 -:ii:. 
SAUGATUCK 8 10 5 7 10 10 10 5 10 10 9 7 

PIPESTONE 2: 0 5 .-. 
.::J 0 0 0 5 0 0 1 :3 

I It.III ·3z ·-=.a 
SAUGATUCK 2 0 

PIPESTONE 8 10 

TABLE 2 

PROPORTION OF SAUGATUCK AND PIPESTONE SOILS 
WITHIN 15.Z METER UNITS 

ALONG TRANSECT z 

I It.III l 2 3 " 5 6 z 8 2 lO l l !? 
SAUGATUCK 10 10 9 10 9 1 6 5 6 2 2 6 
PIPESTONE 0 0 1 0 1 9 4 5 4 8 8 4 

I It.III 13 l" l''i ic lZ l8 !2 70 ?! 
SAUGATUCK 7 3 0 6 8 9 4 9 9 
PIPESTONE 3 7 10 4 2 1 6 1 1 

TABLE 3 

PROPORTION OF SAUGATUCK AND PIPESTONE SOILS 
WITHIN 1!5. Z METER UN ITS 

ALONG TRANSECT 3 

I It.III 2 3 ' 5 6 z 8 Q JO l l l .,. 
SAUGATUCK 10 10 7 8 9 9 8 7 7 9 8 6 
PIPESTONE 0 0 :3 2 1 1 2 :3 3 1 ..... 

.!... 4 

I It.III 1 ·3 l :i l5 l6 lZ l8 l2 
SAUGATUCK 8 2 3 2. 1 3 6 
PIPESTONE 2 8 7 8 ·;> 7 4 



SDI! 

SAUGATUCI< 
PIPESTONE 

TABLE 4 

PROPORTIONS OF SAUGATUCK AND PIPESTONE SOILS 

OBSERVATIONS MEAN 

Transects Transects ,,. 
260 131 123 68.4 62.4 64.7 
120 79 67 31.6 37.6 35.3 

TABLE 5 

STANDARD 
DEVIATION 

Transects 

29.4 31.1 28.0 
29.4 31.1 28.0 

ESTIMATED EXTENT OF UNITS HAVING 
DIFFERING PROPORTIONS OF SOILS WITH ORTSTEIN LAYERS 

PERCENT PROPORTION OF AVERAGE LENGTH 
OBISIEit.I SAME'.I Il'.llG ABEA 'ml 

0 3.9:¥. 396 
10 3.9:-; 203 
20 6.4:¥. 158 
30 5. D; 130 
40 5. D; 122 
50 5. 1); 83 
60 14. 1:¥. 64 
70 9.o:-; 52 
80 1Z.8:Y. 38 
90 15.4:¥. 29 

100 19.Z:Y. 25 



TABLE 6 

EXTENT AND DISTRIBUTION OF ORTSTEIN WITHIN THE UNITED STATES* 

STATE ACREAGE PERCENTAGE 

INDIANA 607 o.oo 
MASSACHUSETTS 637 o. 00 
MAINE 2845 o.oo 
VERMONT 2906 o.oo 
ALASKA 7925 o.oo 
NEW YORK 16732 0.01 
NEW HAMPSHIRE 25002 0.02 
MICHIGAN 39348 0.03 
OREGON 39491 0.03 
FLORIDA 260981 0 .18 
ltlt.Sl::I I tilGIObl l 02o~·zz 0 Z3 

1486751 1.00 

TABLE 7 

MAP UNITS HAVING ORTSTEIN SOILS AS NAMED COMPONENTS 
BY NTC REGIONS 

NORTHEAST SOUTH 
MAP UNITS FREQ MAP UNITS 

CONSOCIATIONS 25 63/; 25 
COMPLEXES 1 3/. 5 
ASSOCIATIONS 6 15Y. 0 
UNDIFFERENTIATED 8 20;,; 0 

MIDWEST WEST 
MAP UNITS FREQ MAP UNITS 

CONSOCIATIONS 16 5z;,; 100 
COMPLEXES 12: 39Y. 28 
ASSOCIATIONS 0 OY. 0 
UNDIFFERENTIATED 3 10/. 1 

FREQ 
83/. 
1n; 

OY. 
o;,; 

FREQ 
78/. 
21Y. 

0/. 
i:.; 

* Data obtained from National Soi I Survey Area Database• MUUF, Iowa 
State Computer Center. Ames• Iowa; reflects data entered into the MUUF 
file as of 27 September 1988. 



TABLE 8 

EXTENT OF SOILS WITH ORTSTE IN IN THE NORTHEAST 

COMPONENT NAME COMP ACRES C:l !RVFY AREA NAME YR Ml! k'IND 

SAUGATUCK 2845 CUMBERLAND COUNTY, ME 69 c 
DUANE 0 WASHINGTON COUNTY AREAt MF c 
SAUGATUCK 637 FRANKLIN COUNTY, MA 64 c 
BERRY LAND VARI A 92:0 NANTUCKET COUNTY, MA 77 c 
DUANE 2100 CARROLL COUNTY, NH 73 c 
DUANE 1200 c 
DUANE 857 MERRIMACK COUNTY, NH 63 c 
SUCCESS :300 COOS COUNTY AREA• NH c 
SUCCESS 200 c 
SUCCESS 200 c 
SUCCESS 800· c 
SUCCESS 400 c 
SUCCESS 200 c 
SUCCESS 400 c 
SUCCESS 200 c 
SAUGATUCK 5411 STRAFFORD COUNTY, NH 67 c 
SAUGATUCK 400 HILLSBOROUGH COUNTY E. NH 80 c 
DUANE 670 OSWEGO COUNTY• NY 7'"' .,;) x 
CONSTABLE 750 FRANKLIN COUNTY, NY 55 u 
CONSTABLE 3500 u 
CONSTABLE 500 u 
CONSTABLE 1000 u 
CONSTABLE 429 u 
DUANE 800 c 
DUANE 800 c 
DUANE :300 c 
DUANE 300 c 
DUANE 3081 LEWIS COUNTYt NY 56 c 
SAUGATUCK 4602 c 
DUANE 246 ADDISON COUNTY, VT 67 c 
DUANE 715 c 
DUANE 110 CHITTENDEN COUNTY• VT 69 u 
DUANE 570 u 
DUANE 1165 u 
DUANE 2300 COOS COUNTY AREA, NH c 
DUANE 3900 c 
SUCCESS 200 A 
SUCCESS 467 A 
SUCCESS 800 A 
SUCCESS 467 A 
SUCCESS 1067 A 
SUCCESS 3133 A 



TABLE 9 

EXTENT OF SOILS WITH ORTSTEIN IN THE SOUTH 

CDl!IE!DllilEllilI ll.IAl!IE COl!IE! ACBES SI IB~lEY ABEA b!AME Ye !'di! l!'Ill.ID 
JONATHAN 2134 HARDEE COUNTY• FL 81 c 
WAVELAND 54500 MANATEE COUNTY, FL 81 c 
SALERNO 6937 MARTIN COUNTY AREA• FL 79 c 
JONATHAN 4173 c 
NETTLES 382 c 
NETTLES 17218 c 
JONATHAN 170 ST. JOHNS COUNTY, FL 81 c 
DELKS 5650 OCALA NATIONAL FOREST 

AREA• FLORIDA 68 (: 

ANKONA 1122 OSCEOLA COUNTY AREA, FL 76 c 
ANKONA 5C·6 ST. LUCIE COUNTY AREA• FL 77 ){ 

A NI< ONA 14198 c 
JONATHAN 322 c 
LAWNWOOD 19293 c 
LAWNWOOD 505 x 
NETTLES 29798 c 
PENDARVIS 1805 c 
PENDARVIS 193 ){ 

PEPPER 9349 c 
SALERNO 2592 c 
SUSANNA 1486 c 
TANTILE 4017 c 
WAVELAND 23714 c 
WAVELAND 3040 x 
LAWNWOOD 3040 
WAVELAND 724 x 
PEPPER 1004 INDIAN RIVER COUNTY, FL 84 c 
JONATHAN 206 c 
WAVELAND 3918 MARTIN COUNTY AREA, FL 79 c 
WAVELAND 34581 c 
LAWNWOOD 2089 c 
LAWNWOOD 15295 c 



TABLE 10 

EXTENT OF SOILS WITH ORTSTEIN IN THE MIDWEST 

cnl!leOt.1Et.1I t.lill!IE C"Ol!le aCB;ES SI IEBLE:ir'. a BE a t.lill!IE :ir:e 1!111 !!;'.It.ID 
SAUGATUCK 607 LAPORTE COUNTY• IN 79 x 
FINCH 1193 ANTRIM COUNTY• MI 76 x 
SAUGATUCK 237 ARENAC COUNTY• MI 64 c 
SAUGATUCK 152 c 
WALLACE 835 CHARLEVC1 IX COUNTY, MI 70 c 
SAUGATUCK 718 c 
WALLACE 293 EMMET COUNTY• MI 68 c 
SAUGATUCK 356 c 
SAUGATUCK 564 GLADWIN COUNTY, MI 66 c 
OGEMAW 128 c 
SAUGATUCK 264 GRAND TRAVERSE COUNTY, MI 63 x 
SAUGATUCK 31 ){ 

OGEMAW 40 x 
OGEMAW 508 x 
OGEMAW 162 x 
WALLACE 597 LEELANAU COUNTY, MI 67 x 
SAUGATUCK 510 MONTCALM COUNTY, MI 56 u 
SAUGATUCK 11370 MUSKEGON COUNTY, MI 66 x 
WALLACE 216 OSCEOLA COUNTY• MI 66 c 
WALLACE 337 c 
SAUGATUCK 389 c 
OGEMAW 106 c 
SAUGATUCK 6758 OTTAWA COUNTY• MI 67 x 
SAUGATUCI< 58 SANILAC COUNTY• MI 55 u 
SAUGATUCK 405 u 
WALLACE 1590 DELTA CO AND HIAWATHA 

NATIONAL FOREST OF 69 c 
ALGER AND SCHOOLCRAFT 
cos.' MI 

WALLACE 707 c 
SAUGATUCK 799 c 
FINCH 4660 LAKE AND WEXFORD cos. MI 83 x 
FINCH 4765 KALKASKA COUNTY• MI x 
SAUGATUCK 600 NEWAYGO COUNTY• MI c 



TABLE 11 

EXTENT OF _SOILS WITH ORTSTEIN IN THE WEST 

COl!lE'rlt.IEt.II t.11\l!IE CCJl!IE! ACBES Sl18~E::t: llEi:Ell t.IQl!IE ::t:e 1!111 ~-It.ID 

TOk:LAT 2080 TOTCHM(:ET AREA, AK 78 x 
TOl<LAT 2200 c 
BANDON 4588 COOS COUNTY, OR 83 c 
BANDON :3:320 c 
BANDON 520 c 
BANDON 1357 x 
BLACKLOCK 452 
BLACKLOCK 2110 c 
BLAGr.~LOCK 5020 c 
JOENEY 1690 c 
JOENEY 615 x 
BANDON 240 LANE COUNTY AREA• OR 81 c 
BANDON 220 c 
BANDON 270 c 
WHETSTONE 2610 MARION COUNTY AREA• OR 66 c 
WHETSTONE 7720 c 
WHETSTONE 9030 c 
KAPOWSIN 1630 THURSTON COUNTY, WA 8:3 c 
KAPOWSIN 640 c 
KAPOWSIN 1030 c 
KAPOWSIN 1160 c 
KAPOWSIN 9610 c 
KAPOWSIN 8475 c 
ALDERWOOD 410 c 
ALDERWOOD 7180 c 
ALDERWOOD 26440 c 
ALDERWOOD 5230 c 
ALDERWOOD 408 JEFFERSON COUNTY AREA• WA 68 x 
ALDERWOOD 167 x 
ALDERWOOD 712 x 
ALDERWOOD 160 x 
ALDERWOOD 680 x 
ALDERWOOD 360 x 
ALDERWOOD 3800 c 
ALDERWOOD 5800 c 
ALDERWOOD 260 c 
ALDERWOOD 6980 c 
ALDERWOOD 16110 c 
KLAUS 420 KING COUNTY AREA, WA 69 c 
ALDERWOOD 4202 x 
ALDERWOOD 26000 u 
ALDERWOOD 14280 c 
ALDERWOOD 165170 c 
ALDERWOOD 22000 c 
ALDERWOOD 296 KITSAP COUNTY AREA, WA 77 x 
KAPOWSIN 5700 c 
KAPOWSIN 11030 c 
ALDERWOOD 8080 c 
ALDERWOOD 17600 c 
ALDERWOOD 18040 c 



EXTENT OF SOILS WITH ORTSTEIN IN THE WEST 

EDMONDS 96 MASON COUNTY• WA 53 c 
EDMONDS 110 c 
ALDERWOOD 4571 c 
ALDERWOOD 8669 c 
ALDERWOOD 80510 c 
ALDERWOOD 22:1 c 
KAPOWSIN 2261 PIERCE COUNTY AREA• WA 74 c 
KAPOWSIN 172:2 c 
KAPOWSIN 342:1 c 
KAPOWSIN 19141 c 
KAPOWSIN 54372 c 
ALDERWOOD 6977 c 
ALDERWOOD 22:709 c 
ALDERWOOD 16635 c 
TOK UL 7895 SNOHOMISH COUNTY AREA• WA 79 >< 
TOl<UL 11134 x 
TOl<UL 6081 x 
TOl<UL 10533 c 
TOl<UL 34751 c 
TOKUL 22552 c 
TOl<UL 553 c 
TOKUL 6779 c 
GETCHELL 1972 x 
ELWELL 1367 >< 
TOKUL 247 )( 

GETCHELL 7558 x 
GETCHELL 3005 x 
GETCHELL 3576 c 
ELWELL 19271 x 
ELWELL 7652 ){ 

ELWELL 10743 c 
CUSTER 4521 c 
ALDERWOOD 7060 x 
ALDERWOOD 36301 x 
ALDERWOOD 6572 x 
ALDERWOOD 19229 c 
ALDERWOOD 26420 c 
ALDERWOOD 49020 c 
EDMONDS 7412 WHATCOM COUNTY AREA• WA 87 x 
WOOOLYN 3088 
GETCHELL 5000 c 
GETCHELL 1890 c 
KINDY 1970 c 
KINDY 3125 c 
KINDY 2044 x 
SEGIDAL 922 KLICKITAT COUNTY AREA• WA c 
SEGIDAL 2980 c 



EXTENT OF SOILS WITH ORTSTEIN IN THE WEST 

TOl<UL 208 SNOQUALMIE PASS AREA• 86 x 
PARTS OF KING AND PIERCE 
COUNTIES• WA 

TOl<UL 4115 x 
TOKUL 6051 c 
TOf<UL 15144 c 
TOKUL 33941 c 
TOf<UL 9137 c 
PHILIPPA 3445 c 
PHILIPPA 6950 c 
KLAUS :360 c 
KLAUS 716 c 
KLAUS 1465 c 
KLAUS 464 c 
KLAUS 11527 c 
KI NOY 1453 c 
KI NOY 3695 c 
KINDY 984 c 
KAPOWSIN 601 c 
KAPOWSIN 1202: c 
KAPOWSIN 480 c 
GETCHELL 543 c 
GETCHELL 1715 c 
GETCHELL 1268 c 
ELWELL :3980 c 
ELWELL 14694 c 
CHINKMIN 646 c 
CHINl(MIN 782: c 
CHINKMIN 4919 c 
CHINKMIN 10846 c 
CHINKMIN 2540 c 
ALDERWOOD 948 c 
ALDERWOOD 2567 c 
DINGLISHNA 1965 SUSITNA VALLEY AREA• AK 68 x 
DINGLISHNA 1680 c 
DEPOE 181 ALSEA AREA, ORt 

LINCOLN• BENTON AND 68 c 
LANE COUNTIES 

NELSCOTT 0 LINCOLN COUNTY AREA, OR c 
NELSCOTT 0 c 
BANDON 0 c 
BANDON 0 c 
DEPOE 0 c 



SOI! S 

Perrintl)n 
Tustin 
Spinks 
CJ) I •)ma. 
Plainfield 
Grattan 

TABLE 12 

FREQUENCY OF SOILS IN AREAS OF COLOMA-SPINKS COMPLEX 
MASON COUNTY, MICHIGAN 

TRANSECTS 
·;> -":; 4 5 6 7 8 9 10 

0 2 3 1!5 0 0 4 6 0 10 
1 2 2 16 2 2 6 8 5 9 
4 5 ..... 

"- 21 21 14 20 14 28 ·"'-=> "-' 
27 20 21 0 1 5 8 10 32 24 
1 2 1 0 0 0 0 0 0 1 
0 0 0 0 0 0 1 0 12 5 

TABLE 1:3 

1 1 

10 
4 
9 
:33 
0 
16 

COMPOSITION OF TRANSECTS CONDUCTED IN AREAS OF COLOMA-SPINKS COMPLEX 
MASON COUNTY, MICHIGAN 

PERCENT COMP•)SITION 
TRANSECTS 

SOT! 8 ? :; 4 5 6 7 8 9 10 1 1 

Pet·r i nt•)n 0 6 10 29 0 0 10 16 0 13 14 
Tustin 3 6 7 :31 8 10 15 21 6 12 6 
Spinks 12 16 7 40 88 66 51 :37 36 37 12 
c., I J)ma 82 66 72 0 4 24 21 26 42 31 46 
Plainfield 3 6 4 0 0 0 0 0 0 1 0 
Grattan 0 0 0 0 0 0 3 0 16 6 22 
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SOIL-LANDSCAPE RELATIONSHIPS IN AN AREA 
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