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PURPOSE
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bedrock in areas of loamy-skeletal solls.
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EQUIPHELT

“ue equipment usald durinz tinis fiela atudy was tne 5Ix Systew-3 witia the
ADTEK 3R-60041 graphic recorder and the AuizZH Di-6G0U tape recorder. Tue
120 MHz aatenna with the Model 705DA and 735DA2 transceivers were usol.
The equipneat oparated weil with no observed malfuictions.

DISCUSSION

Soils i{in Newaygo and Presque 1sle Courtles were studled using tle
ground-penetrating cadar. 1a Newayzo county, the GPR was uscd to
deterniae tie depth to finer textured materials In areas of Sreus (mized,
mesic Alfic Udipsamments), Coloma (mixed, mesic, Aliic Uiipsammonts),
Kingsville (mixed, mesic Mollic Psaumaqueants), letea (loauy, mizel, nesic
Arenic tlapludalfs), Pipestone (saniy, mixel, mesic Entic taplaquods),
Plainfieid {(mixed, mesic Typic Udipsauwenta), and Spinks {Sandy, nixed,
masic Psanmmentic iaplulalfs) sofls. The GPK performed exceptionally well
on these soils and accurately and consiatertl!y charteld tue depti to tae
undarlying, finer textured materiais. The CPR detected the presence of,
depth to, and laterai eatent of 30ii featuresg Including the watzer taule,
canbliec horlzon, spodic worizon, major trea roouts, L georogic
stratifications. <ihe GPR provided detalled imazecy of the upper 4.5 to
i8.3 meters of esrthen materlals,

In adiition to saveral longer recoannaisance transecta, toe CPR completed
42 detaliled tranaects in foreeted areas of Brems, Coloma, Metea, and
Plainfield soils. Data frem these transects wiil be used to develop
interpretative models bdased on the relationship of the depth to finer
textured aatetrlals and site indices. 7These wodels will hopefully enharce
interpretations and the predictive abllity of soil scientusts to
recognise avess of deep, loamy substratum phases of Plainfield soils.

Figure 1 {8 a represcatative profile {rou an area of Flainfield soli,
The deptih to tue finer textured metertals rangs from 1,54 to 2.57
metars, In tuis profile, the imagery of the lithwlogic contezct
separating sandy from loamy sadimeats sugpests an abrupt anc rejular
boundavy. Tie bold, larvk images of this coutact signify an abrugc
textural change srom sandy to loamy sediments. As the graphic recovder
is a gray-scale recorder, the greater the eiectronmagunetic gradient acvoss
an interface: The greater is the refiectfon of electroaagnetic emargy
and the Zarker are the images recorded on the graphic profile. The
exceptionally Jdark ivages in Filgure 1 Jenotes an abrupt and stronzly
contrasting texturai gradient.

In Figure 1, the contact of saaly aul locoy sellvwents is expresseld by two
or tiuree, similarly-shaped, dJdark banus. Tiese banids represent a sirnlle
iaterface, and are the positive and negative siznal ccaponents aui thelr
reverteratious. 3Jelov a Jepth of approxiuitely, s meters, tne fahric of

h

the tili is moce variable an! produces spucious, 9egneated reflections,
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In contrast to Figure 1, the imajery in Figure 2 suJgesta a wora goadual
transition fromw sanly to loamy sediments, riHere, the depth to loany
sediment ranges frou 1,08 to l.44 metars. Generally, the inajery of this
interface {s grayer ami lesz well expressed thsn the Inmagery occurring in
Figure l. Also, the occurrence of several closely spaced and weakly
contrasting iayers i« sugyested by multiple, superimposed signals. It is
inferred that the interface detween sandy and loamy sediments {s wore
gradual and consists of geveral layers which grade from sands to loamy
sands or sandy loams to sandy clay loams.

In both figures, the presence of roote and segwmeanted portions of the
caabic horizons is suggested by the imagery {an the upper part of each
profi{le. While it 1is unlikely that the cambic horizon {s segmented,
variations in its chemical constituents is likely.

Table 1 i3 a summary of the scaled radar data from the 42 detailed
transects. This data was tabulated by dividing each transect {mto 10
equally spaced observation points. Each transect was approximately 27
meters long and conducted through wooded areas. All deptha expressed in
Table 1 are in meters.

Presently, ground-truth soil boring data provides the basis upon whica
the radar imagery is scaled or coapared. Regardleas of the radar
specigliste confidence in the radar, most users coansider grouad—-truth
auger measurements to be true, while ralar {magery novel, untried, and at
best inaxact.

Figure 3 is a scatter diagram plotting the covariatioa between
ground~-truth auger zeasurements and scaled radsr laagery., Data for this
portion of the study were collected froo seven observation points
selected within the study area and based on the depths to loamy sediments
or the water table. Determined at the initial observation site, a single
factor was used to scale the radar inagery at each of the following
sites, All data are expressed in weters. The value of r squared is
0.9976, the correlation is positive, and the accuracy of the radar is
most remarkable.

Pigure 4 ig & frequency distribution of depths to loamy sediments for the
410 observation points. The depths to loamy seiiments are not uormally
distributed withia the study area, but appears to be bimodul and
dispersed about the depths of 1.5 and J metersa.

In Presque Isle County, the GPR wasg used to verify the depths to bedrock
in areas of Longrie (coarse-loamy, mixed, frigid, Entic Haplorthods),
Posen (loamy~skeletal, mixed, frigid Typie EButrochrepts), and Summerville
{loanmy, nixed, frigid, Lithic Butrocurepts) soils. The GPR was alsc used
to determine the thickness of gravelly glacio~fluvial deposits and the
depths to underlying till and bedrock in areas of Alpena (sandy-skeletal,
mixed Udorthentic Haploborolls) soils,

It is exceedingly difficult to examine Alpena, Longrie, Poszen, and
Summerville suils with conventional surveying toocis. Rock frazaments
limit the effectiveness of spades and augers. Soil Scientist are
fatigued and frustrated, snd work is slowed as the penetration of
conventional tools is repeatedly stopped by rock fragments. Decisions
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made In tne ficid ace often wvascd on wilely-sgpaced exposures, eoperience,
and autlecizatet ratyry than conflemed deptns to tie contrasting,
underlyicg layers.

The GPR cun be used most effectively in ticese solis. Unlixe conventionsi
tools, the efficleacey of GP. techuiquea is not impaired bty cock
fragmeunts,

Interpretation of the radar imagevy 1s Jdependent upoun the skill and
experfence of the racdar speciaiist, Initially, in areas of Longrie and
Sumaervilie sci{ls, interpretations were retardel by the complexed imajery
of the bedrock surface. After viewing the nature of the bedrock along a
quarty face, interpratations and confidence levels were improvad.

Fizure 5 ig a represeatative psofile from an area of Longria sciis. The
radsr scanged to a depth of approiimately 4 nmeters. The moderately deep
bedrock surface has been nighlé{ghted with a dark line, Bedling and
fracture planea are evident across this figure. On a micro-~scale, the
surface of the bedrock i{s {rreguiar and appears to be segaented by
fracture planes into a few large and numecrous saaller blocks.,

Table I1 f{s @ summary of tha depth to bedrock and the proportions of
s8oils (based on depth criteria) along the transects.

Tho CPR charted the thuickaess of 3lacio-fluvial deposits and the depti to
till ia areas of Alpena 80ils (Figure 6). In areas of Alpens solls, the
GPR probed to depths of & meters. The surface of the underlying

imestone bedrock was also charted from depths of 3 to 6 meters,

Wnetnher the mediua is glacio-fluvial deposits, till, or limestone
bedrock, each has & distinct and {dentifiable graphic signature. In
figure 6, layers of gravel produce relatively smooth and continuous
Images. In conotrast, the more hetecogeneous and variable nature of the
underlying till produce irregular and segumented images.

TABLE I1
Depths tu Bedrock in Areas of Lonzrie Soils
bservations®
Tracsect 1 2 3 4 5 G by Composition
1 26 <l 25 25 32 54 30.5 834 Longrie
17% Posen
2 33 32 2 22 33 35 30.5 1007 Longrie
3 30 39 27 25 21 22 27.3 100X Lougrie
4 44 22 35 32 35 23 31.2 63X Lonzyie

172 Posen

36,08 924 Longrle
8% Pos=n

2411 Jeptus are In Iinches
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RESULTS

This fleld trip represents the first study conducted by SCS with the
ground-penetrating radar ia Michigan. Based on the established
objectivea, this study as successful. It has Jdemonstrated the efflicliency
of using CPR as a quality control, reconnaissance, or mapping tool on
selacted solls {u Michigan. This study provided an opportuanity for a
large number of soil sclentists to view, understand, and evaluate the
performance of a relatively new geophysical tool which 1is being used by
5CS.

I strongly recommend the continuatfon of this study in other areas or
s0il conditions of Michigan. VWithin the areas and soils examined, the
potential for successful applications of CPR techniques is high. I would
strongly endorse the use of CPR technology in this area of the Mid-West.

Work from the Newaygo County study 1is being continued within the soil
survey party and at the NENTC.

A coaplete record of the graphic profiles from this field study has been
returned to Neil Stroesenreuther under a separate letter and is available
for your viewing.

With kind regards.

JAMES A. DOOLITTLE
Soil Specialist (GPR)

cc:
A, Holland, Director, NENTC, Chester, PA

T. 8hiflet, Director Midwest MTC, Lincoln, NE

R. Arnold, Director, Soil Survey Division, $CS, Washington, DC
H. Stroesenreuther, State Soil Scientist, SCS, E. Lansing, MI

JADoolittle/ef



AN ABRUPT BOUNDARY
SEPARATING. SANDY AND LOAMY DEPOSITS

DEPTH IN METERS
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