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2.-c_;ar1 '.i.:ltrwy, fJ;ty Le.::der, SCJ, i~l:1c'wiot', :•.!. 
To.-.1 tll~lia•::, Sc.l Sc.~ent tst, i~-::JA, Chetoyg.in, :ti 

~·:.ie equipill.ent useJ durin3 ti!i8 ii<?lu stuJy was t~•t:: 5Iri. S;,·.;tea-3 ~1:t:, t'ie 

AiJ7t:r.. :rn.-600411 ~.-:aphic recordec and the Ju.rit:K DT-6000 tape recor<lt..-o.:. :-.1"' 
120 ~Hz aati::nt".~ .Jith the !!o..ie:l 7u5i.>A anJ 705DA2 traMce!.v~rs illern u;.;..:;..:. 
The equi;ine•1t op.!r<tte<l ved.l wit!1 no ~bserveJ oalfunction:t. 

DlSCU~SlO~l 

Soils in Newaygo ari..i Presqufl Isle Counties we::-e stu:!ied usin& tt.c· 
ground-p~netr,\tin3 radar. la Ne·.1ay30 county, the G.lR was used to 
cieteni1n~ the dc;pt~ to fine:.- textured matertals in areas of 'Sreus (::ib;eJ, 
me sic A !.fie U<lipsamiwilts), Coloma (mh:ed, me sic, Aliic liJ 1psan;nonts), 
Kin~avil:e (mixed, usic Hollie Psaramaquenta), Hetea (fo.illly, cii<eJ, :le.Sic 
Arcnic il.lp1udalfs), Pipestone (san:ty, iahad, mesic Entic Haplac;uo•.!s), 
Plainf1~.:...1 (!llixeJ, melic 1fp1c iJdipsa: .. u.i~nta), and Sp.ink..~ (San.:!y, n!.xcJ, 
o!!•!c l'a~n:;ient ic ilaplu.Ja lf s) soils. :'he CPl< j.)e rf or-Ned except tonally well 
on ti1ese so119 an;J accurately and cons.£.~te~tl;- c:la~tl:!.:! t •• e ~!eptt: to tae 
un.i.?rlytn3, flner tel:t\lred materlais. The GPI'.. detecte:i the pr~sence of, 
depth to, aod lat~ral e.tent of soil. featurea 1nclu<l.l..r.:; the "'at~r tat.le, 
car.1bic horizon, S?O'Hc i1orizon, osjor tre~ routs, .i1w ::;eolotic 
atrcltificationit. ihe GPR provideJ detaile<l i!.l.dJE't)' of the 1..:ppet· 4.5 to 
18.J meters of e~rthen oateri3ls. 

In .JJiiti.ou to several louger reconna!s:ltlce trnnsecta, toe CPJ cooplr.teJ 
41. detailed transects in forusted areas of Breus, Coloaa, Hetea, and 
Pla1nf ield soils. Data from these transect& wi il ~ use1 to develop 
interpi:etative ;aodels hssed on the relation5hfp of the depth to f.iner 
tex.tureJ •a.t£.t!als an1 site in<lices. j,'hese .:1odels wi l:!. hoµeful.!.y eu~ • .lr:.e 
inte;;--:>ret<tt1on;j and tbe predictJYQ abl.lity of sotl &cieu::.1.stu to 
recoenl~e a•eas of d~ep, loamy substrat~~ p~tsea of Pla!nfield soil3. 

F.isuxe l is a cep:-cwntative prof11P froi.1 an area of Pld.i.r.IielJ soil. 
T:1e d•.:<n:\ tt> tiii! finer textured •:uterlal::i ran;::! iror.i l.5.+ t» ?..•)7 
cet~r~. In this p•ofile, the l~a~ery of the lit!~lo~!c co~tcct 
separ..lt ir.~ s:w.~y f ::om 1,").1my s~d trncut s su~i~est s an .:sb:-upt anc: r~,:.u1 ..i' 
boun.:!d.:J. Tl1e t:.old, lark i~::it;es of t:1ia cout<ict sti;;ify an at •• ·u;;c 
textur:tl c:hJngP. irom unJy to loamy scjiiilents. As the ,;r.iphic reco•-J<.?r 
is a gray-scale recorJet", the greater tbe electro~aguetic sra:Hent ac.ros;J 
an !nterf.Jce: The greater is the re! lect~o:1 of electroQag:ietic en~rg:; 
and toe ~ark~r are the imaJe• recordcJ on the graphic profile. Tbe 
e;<ceptio&ldlly Jark iua~e:s tn Fieure 1 Jenotea an abrupt and stron3ly 
contr3sti06 te4t~r3l gra~ient. 

1;i 1"1r,ure l, ti1c contact of S·"ln:.!y auJ l•><~oy seJicH.:r.ts iii e:;pt.:•;:0.oc.l t.y twv 
or ti;ree, s1~ilarly-$~a.,,eJ, Jark banus. 7ne!:e bands cepr~sc11t a :>1r:.;Je 
interface, anJ are the posl.tive aod ne1»ative &i~n:il CC·~ronei;ts .:ic i th.::.! r 
reverl-.erat.!uus. '3elow a Jepth of &pproxiL.l.:.>t<" lJ .; r.wters, tne fs~rlc of 
the till is t 111ue va.riab!e a'd ;>rodacet> StJu.clous, 'e:.;nc:itd r-.?fl~ct~:Jnz. 
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In cont raat to Fi&ure l, the .i&!t~~ery !n F l3ure 2 1rn.:;ge1;ta 11 mo1·a gn&ju .. tl 
t1-.rns1t1iJn froc. aan:y to loamy 110dllltt'nts. Here. the depth to lcaay 
sediment ranges frou l.OB to l.44 11eter~. Generally, the l.ll3Jery of th.i• 
interface is ~rayer ar~ lesm well expressed than the ina4er-y occurring in 
Fi0ure 1. Also, tne occurrence of kvcral closely spaceJ anJ "eaid] 
controatlng layers 1~ suggesteJ by •ult1pl~, auper1mposed signals. It i• 
inferred that the 1nteriace boetweon sa;\Jy and loa•y sedh1enta is raorc 
gradual and cons!.at• of several layer• which grade !roa unJ6 to loamy 
aanita or aaad1 loa1u to .anJy clay loamli. 

In both figures, the presence of roote and aegmeotad portions of th• 
caabic bor1%ona ia auggeate:i by the imagery to the upper part of each 
profile. While it is unlikely that the casbic horizon 1a aeg11ented. 
Y&rlatious in it• chaaical cooatituent• i• likely. 

Table l i• a sumaary of the scaled rada~ data !roa the 42 detailed 
transects. Thia data was tabulated by dividina each tr•nsect into 10 
equally spaced obaervat1on pointa. Zach traneect was approxlmat~ly 27 
meter• long and conducted through wooded areaa. All deptha expressed in 
Table l are in aetera. 

Presently, ground-truth soil borin~ data provides the basts upon w~ich 
the radar imagery i• acaled or C03pared. Regardless of the radar 
specialists confidence in the radar. moat users consider ground-truth 
auger aeaeuremeota t:o be true. while ra.!ar imagery novel. untcieJ. and at 
best inexact. 

Figure l ia a acatter di~ra11 plotting the co•adat1oa betvt=en 
grou!ld-truth auger aea•ureaents and scaled radar 1aaaery. O~ta for thia 
portion of the atudy vere coltacted froa aeven obaorYation pointa 
selected within the atudy area and based on the depth• to loaay aediaenta 
or the water table. Deter.ained at the initial observation aite, a aingle 
factor vaa used to acale the radar imagery at each of the following 
a!tes. All data are expreaaed ia setera. The value of r aquareJ ia 
0.9976 1 the correlation ia poaitive, and the accuracy of the radar 1s 
most reaarkable. 

Figure 4 is a frequeoc7 d!atrihution of deptb9 to loamy sediments for the 
410 observation pointa. The deptha to loasly aeiimenta are not uormally 
distributed vithtn the atudy area, but appears to be ~i~od•l and 
.!ispersed about the depths of 1.S an..:I 3 metera. 

In Presque l•l• County, the GPR vas used to verity the depths to bedrock 
in areaa of Lon&rie (c~rae-loaay, •ixcd, frigid. Entic Haplorthods), 
Posen (loamy-skeletal, a.lxed. frigid Typic Eutrochrepte}, and SU111raerville 
{loamy, aixed, frigid, L1thic Eutrochrepta) eoila. The GPlt was also ueed 
to deteraine the thickness of gravelly glacio-f luv!al depoaita and the 
depths to underlying till and bedrock in areas of Alpena (sand7-slc.eletal, 
mixed Udorthentic llaploborolls) soils. 

It 1• ezceeJingly difficult to exacine Alperua, Loagrte, Posen. and 
Summerville ~ail• with conventioil41 surveying tools. Rock fra5aent• 
llmit the efiectivenesa of apades aad augere. Soil Scientiat Are 
f at1&ucd and frustrated, and vork is sloweJ as thu penetration of 
convantional tools 1& repeatedly stopped b7 rock !ragoents. Decisions 



;t..J•.c·r .\. l.i lr.cr .. 
rwJc fa tn.~ fl..\).d. ·h'<' oft.;-n viisc·..: on w~:'!:y-s.,>,iceJ PX"f•OliHCl'S, ,,,~pei::c:ict", 

an:l .Hit.:ci;:..st.::.' rnt•i-"':: tl;an co:i:lrr.ie..i dcptns to tLe contcaatlt!0. 
unJer 1:; i ~ layc cs. 

·1he G?R CJn b\? useJ JAost effc.:tively in t;1cse aoli&. t;nl1it..e convcnt1onlJl 
tools, the effic1eu.::ey of c?-...~ ccctmfql!(!a iR not imp.d red t:y ff.ck 
fra~m~!lt&. 

Interpretation of the radar lma3cty 1s Jependent upon the akil~ a4J 
experleace of the radar apec!altst. Initially, in •reaa of Longrie and 
SW!l!ll~rv1 lle aoOa, interpretations were retardeJ by the com.ple.xeJ il?U!Jery 
of the bedrock aurface. After vt.eving the nature of the bedrock along a 
quarry face. interpretations &r.d confidence level6 were improved. 

Fi.sure 5 1s a representative pcofil« froa an area of Lonsric eoil11. The 
radar •carule::1 to "' depth of appro•imate!.y 4 !3Cters. The a&oderatt!.ly Jeep 
bed rock surf ace has be~u highHghtad with a d.Jrk 1! ne. 3~JJine .rnd 
fracture plane• ace eviJent across thia figure. On a .micro-sc3le, tbe 
aurface of the bedrock ts 1rr~gular and appears to be seg~~nted by 
fractu1e plane• into a fefl large auJ nURtecous s::ial ler block_<J. 

Table II is a s~ry of the deptil to bedrock aod the p:-oportions of 
soils (base3 on de?th cr1te&ia) along tle transects. 

Tho CPR charted tr..a t!i!ck:i~u of ilacio-fluvt.al deposit• .tnd the de;.>t:1 to 
tlll in areas of t\lpena soils (Figure 6). ln areas of Alpena solls, th~ 
GPR probed to depths of S aetf'ra. The surface of tbe underlying 
li~estone becrock was also ctmrtc1 frODI depths o! ) to 6 nete~ti. 

~netiier tile aeJlua is slacio-f!uvi~l deposits. till. o: limestone 
bedcoc~. each haa • diatinct a~J ideutifiabl• graphic aignature. In 
figure 6, layers of gravel proJuce relatively s-mootb and contlnuou.!I 
Images. In contr.ast, the more hetecoseneoua and variable nature of the 
underlying till produce irreJular and ae~oted imaaee. 

Till.£ II 
Depths t\1 l!edrock ln Areas of Longrie Soila 

O!iservat ions* 

Trnra;;act 1 2 J 4 5 6 X <.o;;;~os it.! o 'l 

1 26 21 25 25 32 54 Jv.5 BJ~ Lona rte 
17% Posen 

2 33 32 28 ~ .. .... 33 35 30.5 lOOZ r.o~de 
3 J(i 39 21 25 ... 

6.L 
., ., 
L .. :7.3 lOOZ LO<.i,rie 

4 4/i ~., 

3~ .)2 JS .Z3 31.2 tJ~ Lon~1·ie ... 
in Posen 

3o.o: n~ Lo'l~ i· i e 
8: Pos-en 

*All .!c.pLis ~ ... z"'\ 
;._ 1 - in i ncLc.o 



liOClC.!t R. H 1 lnd r 

RESULTS 

Thi• fielJ trip represents the first study con..!ucteJ by S~S with the 
ground-penetratiaa radar 1u Michigan. Baaed on th• eatabliehed 
objactivea, this atudy as aucceacful. It has Jemonstrated the efflclency 
of ua!ns CPR a• a quality control, reconnaissance, or •apping tool on 
.. iected ao1l• iu Michigan. Thi• atudy provided an opportunity for a 
large nuaber of •oil ac1enti•t• to •iev, uaderetand, and e•aluate the 
perfoI11anc• of a relatively nev geophysical tool vhJch 11 beiQg u1ed by 
scs. 

I atroqly recc.aend th. coatinu.atton of this study in other area1 or 
aoil condition• of MichJ.aan. Vithio the area• and aoila euaio.ed, the 
potential for aucceaaful applicationa of GP~ technique• is hiah. I would 
etroaaly endorae the uae of CPa technolosy in this area of the Mid-Weit. 

Work from the Mewaygo County atudy 11 being continued vi.thin the soil 
survey party and at the HUTC. 

A complete record of the arapbic prof ilea f roia thta field atudy hae been 
returned to Neil Stroesenreutbar under a separate letter and ia available 
for your newing. 

Vitb kind regarda. 

JAMES A. OOOL11TL8 
Soil Specialiat (GPA) 

cc: 
A. Bolland, Director, N!ln'C, Cheater. PA 
T. Shiflet, Director Midve•t llTC, Lincoln, ll! 
I. Arnold, Director, Soil Sur .. y D1Yiaion, SCS, Waahington, DC 
S. Stroeaenreutber, State Soil Scientlat, SCS, !. Lanaiaa, Ml 

JADoolittle/ef 



AN ABRUPT BOUNDARY 

SEPARATING. SANDY AND LOAMY DEPOSITS 
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COMPARISON OF GPR AND AUGER DATA 
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DISTRIBUTION OF DEPTHS TO "FLOOR" 
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