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ABS'l'RACT 

A narch tor aquifere ill an area iauaacliatelT north ot tbe 
Chesapeake and Delaware Canal in Rew CaaUe Cowlty, Del., baa been 
ude b7 an electrical reaistiYity atuq. 'l'hia eearoh located 32 
sites that ru:t be underlain b7 sand &nd gravel. The t.hio•r deposita 
are aigniticant with nspeot to the ocaurrece ot grwad -.ter, and 
all of th• an ot 1ntereat aa posrsible aourMa ot aaDd ancl graftl 
for conet4'uct1on purpoeea, such aa tor highwq conatnaction. The 
thickness ot thee• deposits ra~~gea traa 4.4 teet to 77 teet, and the 
CQIPUted reaist1Yit7 for them rangea troa a low ot 971800 oba-cma to 
a high of 423,800 otm-oma. The stud,r located with oert.a1nt7 one 
buried charuwl filled with sand and graYel depolit•' and pointed out 
the poesibilit7 ot ell era which aq be &<Jlifera. The i nterpretati011a 
show that large clepoait. of sand and graYel i1 preHnt in the •~stern 
part of the area innstigatad and it 1a tentatiftl7 aee\IMd tbat thia 
dapoait ia contiDlous and a&J yield large qwmtitiea or ground water. 
Places where the deposit as found to be thic1le1t .rut ot high reeiatiYit7 
are described.. 
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IN'l'ROOOQ!IOI 

PURPOSE A!Jll SCoPE 

, . 

··. 

the eleetrioal-resisti'fit7 IDB~rtmente iJl the Jtewark area, . · 
Delaware, were undertaken as a pa-rt ot tba grcwus-ater inveetiga~i<ma 
of the u. s. Geological SqrYefin cooperation with the :Delaware Geolo.s;to~ · 
Surw7 and the Delaware tlighllq Depe.rtaent. The project •• eonceiYei . 
with t o objeot1vea in aind. th* one was to d:l..fferentiate thtt '·Pleietocen• · 
depoeita !ro.m the older· geologioa1 •teriala 1 . u4 iD thi,e wq 1 ··locate · · 
l::uried Channels which .. ere known to exist in 'tlw older deposita, and. at 
the same time, determine tbe character of. aa terials which id.ght 'be ~aible 
aquifers. ·A subsidiary objective was to lo~ate. dia}:ioeite wbich might· ~·~ 
as sou:rcee of JD&ter.iala tor lli.ghwa,y oonairocti.OD. • ~ . · 

. . ... "' 
ba•Snaticn .ot the area to be etud.Hd prior to the field ,work . 

placed it in ttw group 'which, insofar aa expe~ted electric•l-re.etetin.t,, 
-reeulte were cCIIlcerned, tll8.T be te~d pocr. · Sneral. factors mtered lnt.o 
thia evaluat.ica. The11e are r.tan.Y extensive eertbed cond\\Ctora.·.cra~ .: 
crossing the area sach aa pipe-lines; aetal tencea Oil ateel ~t•• ~r­
.line t rounds,and eo forth', which distort ·ner.r-by obserYatiqna. OpeD. 
f1el.de of adecpate size to obtain aui table ele~~ sp_reacta are ·rew ia 
nuaber. l'b4t near-surface soil is a well d.raihed sandy sllt in which 
suitable contact tor the eleotrode1 ia difficult ~ obt&in,.· 1.. ~rt:et etuq 
or the geologic map sh01ted t~t each fomat$;cn. to be enc()untered in the 
stud7 is widel..7 'V&I'iable in i~s electrical cbancter~tica, and that a 
large variation in the thick.neeaea of the fora~ione, or electricsallapre 
aa the7 are t,J'!Ud, ia preftl•t• · 

·. 
The tield oba.,nat1cma &114 prelia1!lal7 j.n\ei-J,retatiOils of the ' 

ap~ent. reeiativitJ · curYea were ~don1 b7_the j~o~ aothDra, ·wbo .are 
maabera ot tbe Ground Water l:ranch, UDder the direo't· m~eiCil ot .the 

. . 

. ., 

' . 

aezdor . author, who 11 a puaber ot t-he Geopcysica. ~rech and whose 1Minice1 · · 
wtre u.S. a'ff4lable .to tbe Gl'~ ·~~r Brlmell tor ·tbia etud7•' 'fbia ··l>ro~ 
wa·s UDder th~ broad. auperv:lld.on or • 0 • . RaiD.lseen, Diatria~ Qeologtat ot 
tM Groud. ·ater ·Branch 111 DelawaJ"e. · Teohnioal. re"fin wu ~ b7 Irwin 
RO!IaJL, Geopb¥81.eiat, ·Geopbyeica Branch. The text -.aa not .r.en ... d -tor 
aonforJI&Il• ~th editoriallrt.andard.a ot-tbe Q. ~· O.Olog1Cal. ;$t,trve,y. 

1be aooperat1on ~xteDded b7 J. J. Groot, State O.ologia~,. ~ bia 
•t.att is gratetull7 acknowledged., · · ·· ' . . . · 
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LOOATION AHD TOPOGRAPHY 

The area in mich the pl"")sent measurements were made lies m~ 
to the oorth ot the C.hesa.peake and Delaware Canal in Jew Castle County, 
Del.nare and about 9 ailes south or Hewark, figure l. The area extends 
traa a location in larrland near the llaryland-Delaware state line eastward 
"o the Delaware River. 

The ·area baa little relief 1 the highest altitUde encountered being 
about 80 feet. and the lowest just a few !oet aboTe mean sea level. Kost 
of the slopes are very gentle and, in this respect, it wa• easy to select 
places f or locat~ the line of electrode•. · 

GIOC>LOOI CAL SUMMARY 

'fhe geolog.r of the deposita of the Chesapeake and Delaware canal i• 
diecueaed by Clark (1895), IW.l.er (Bascan and ){iller, 1920), Carter (1937), 
Spangler and Peter sen (~950) and Groot., Organist and Riobarda (1954). 
The ·bedrocks of the area are older cr1stalline :-ocks, whose upper surface 
dips gently to the southeast; thus tber are at a depth great eooagh tbat 
they do not af i"ect the resist i vity aeasuremente. The sedill~ntar7 fol"'U.-
tione which overlie these crystalline rock• range in age !roa Karl.Y Cretaoeou• 
t o Recent. They also dip gently to the .southeast, but they are not eney­
wbere continuous beds and unconformities are preeent between aost of the 
tormatioos. <Altcrops ot the older formations appear a t the surface near 
the ust border of the Piedmont pronn~e, and the younger one a are toUilcl 
aa bands of outcrops euccessivel1 f arther to the southeaet. In general, 
the dips grow progressive}¥ flatter to the southeast as tlw 1ounger beda 
appear. 

TM f~raations present in tne canal .area are of the Upper Cretaceoua 
series and the Pleistocene series. The Opper Cretaceous eerie•, in 
stratigraphic eucoeasion, older to younger, and in appearance along t~ 
canal, west to eMt, area tM Rariten formationJ the Uagoth,y forJI8tiODJ 
the Matalf&n group, caapoeed of the Ke~hantY.ille clar ove~lain b,y the 
enonah sanct; and the Konaaouth group, ccmposed . of the ount Laurel sand, 

the Na~aink marl, and the Red Bank .foru.tion {Groot, Organiat, and 
R1chardlt, _l954, P• 23). The Upper Cretaceou• series strikes northeast-· 
aJr4 to t>ela re Ba.r, and into lew .Jersey-. 

. !'be Pleiatooene se~ies aantles· the Upper Cretaceous series unnenlr 
as surficial terrace deposita, of approxi.aab.tel.7 horisontal bedding. , 
The •eri~ eonsiste of silts, sa~a ~d grawle ot .the Talbot formation, ) · . 
f'raaa 0 to 4.0 feet aboY sea l evel, 8Jld tbe \ icoa1-co formation, 40 to · 
85 teet "boTe sea leYel (BaecOia and lliller, 1920). 



PRE'liOOS GEOPHYSIC AL STUDIES 

. No preTiaus aeopb,yaica1 studies, known to the 811thors, have been aade 
in the iaudiate area ot this innati.gation. Groot and RaSIIUssen (1954) 
.ummarise the geophysical work done in an area about 3 miles south ot Newark 
near the. Pall Line and about 6 allee north of the present studf. Their 
I!Nr'YeJ included 118asurements with the m.agnetoaleter, eurtace electrical 
"eistivit 7 aeaauremente, and electrical l ogging. 

W TRUMENTS AND METHODS OF THE PltESENT S'l'UDY 

'l'he obeern.t.ion• of surface potential were made ¥~"1 th the Earth Reeisti vity 
Appa.ratue, a eonl!llercially available Gieh-Rooney type instrwnent which has 
the aotor-driven ccmmutator integral with the 1M&suring unit. The wire reels, 
wire, batteries, and copper-clad steel electrodes used were also commercially 
available equipaent. 

For the resistivity depth profiles, the electrodes were set according 
to the Lee (1929) modification of the ' lenner. (1917) arrangement to obtain 
the potential aee.suraments. This included both the vertical electrical 
drilling and the horizontal constant depth profiling observations. Most ot 
the vertical electrical drilling measurements were stopped around the 100-foot 
1ntena1, though a few ;ere extended b6yond this separatitm distance to 
obtain the information about the earth aaterials needed tor the interpretation 
ot the apparent r esistivity curvea. 

All observations or surface potential tere converted to apparent 
resistivity b7 the enner formula, 

to~ 0: 2 ff s ...!.... 
I • 

The three vi:ilues of~~~ were plotted on logarithmic paper as the comput~&tions 
were caapleted, enabling the operator s to recheck anv observations that did 
not locate properly on the chart. This gives three curves ot apparent 
resistivitY' which are termed. the Full, P-1, and P-2 curves and are indic t ed 
by circles, triangles, and crosses respectively on the curves given in the 
. Appendix. 

The preliad.nary interpretations ot the apparent resistivity cunee 
were oomplet.ed <i.lring the course of the opera tioos and 1tera accomplished 
b7 a cCIIbiDation ot comparison w1 th theoretical curves and experience gained 
in evaluating i'leld aeasurements of resistivity. The final interpretation. 
were Mde uein& a group of aethode which han baan Plbl1shed and are derind 
fraa eleotrioal theor7. hose include the works ofz Hwme1 (1931); 
Ro11an (1934); Watson {1934); Watson and Johnson (1938); and Vett:el and 
)ICKurry (1937). :Dn one or t ,;o apparent resist.ivi ty curves, the above 
cpantit atiYe meth~ could no be applied, or onl7 partiall7 so, and the 
interpretations were m e b a itative method based ent irely on experience 
and JudgMnt. 
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· !Dterpretat.iona of appar t. zreaiat11'it.t ~·· -.ade b7 an e:x:perieo.oecl 
operat.or..., be •xpeetecl t.o haYe an error ot lese than 10 percent.. Tbe 
erl'Or ~qr ebal.ln depth aeacrMBiitl baa, 1n general, been talbel to be 1111ch 
le••· '·It ahaold be aentioned, tl\oujh, that cloee correlation betWMD 
l!M1Bti't1t7 interpNtatiou and drllling information cannot be expee-t4d at. 
e.ef7 _lo~J1~, beoauae el•etricallayere and. geological foraat1on boundar!•• 
~eldal oG\noide exaa\17• l'urtheraore, the drill hole givea detiniUve 
inf'orsatrion at a spot· location_; the electrical .dept}\ profile g1. vea average 
W'o!'lllat1on; over the area traversed. 

ta. order to obtain a backgroun~ of' the electrical character of the 
geologic.al · ~ter1al• ot the area to aasiat in evaluat.in& the appar«lt 
reaieUTit.,- ourYea "torraatlon te;ste", (abbreviated !'aT 1n t1gU.re 1.) 
wre obtained au the geologiCal Mteriala. These are verr short Tert.ic&l 
electrical profile.~ ,obtained M an out~rop of' the earth Mterlal frqit 
.which t!)e electrical reeiat.lYitr aa,y be coaput.ed. F~tic.n teat• W.re 
naacie OD Pleistocene·· till in ·the channel T,iaible in the bank of the 
Cbesa,.Ue- end Delawa" Canal, Cll, the Raritan fonu.t1oc. the llatawan · 
group, the Patapaco !ormation, aDd the 1fic01doo f'oraat.1on. 
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!MYLD or m pustxQUICI 

OIOl.OOIOAL JUURIALS 

. ( b ill\el")ll'et.aUciu ot tbe appareDt nwUYU.7 ..._, aN &l"'aP'4 a1 
OJ'te! tiM\l.tiu .1, '-• aD4 ., u4· are 1m111 .. 11p.rel·· a, 3, IA4;· 4• ' ..... 
n-.u~tt ~p\b profile 1.1 f'91"e1ented as a wrUoal ooluli 11a1ol.l S.. 
pluf4 ~ \IW .a... with ft8plot. to ttotll.ta.lt1._.. aboft ••• •• le,U 
aa4 ~papaU.oa. ai•t.a~ ot tJat· •ptaa pr·otile oeatera. !le ieolcioal 
aat.eftal.a at eaola cleptJa protU. an repHHDtecl b7 appropriate .,-o11 
uacl ·u. -.paW HaiaUntT Sa ~- o• trw 84811 •teri~ a-.1olD• \be 
o~. ~ caenl, the blpel" ._ re118tirtt7 t.be .we &ftwl OJia 11&7 
upeot. ill a depo81t. of 1•4 uul arawl. 

Cro1• •Y.op 1. t\e~ a. 
'lw poaaltd.Ut.ie•· lor ooar.; aateriall were DOtH • ~ profile. 

'lbe t.t.t.v • ~ at Naieti~W Mptb prot1le A-32 ld.th ·4 t .. t ot ailt., 
ol.q, ud era• at tbe l'trf_. ner a bed of aaacl, gram, &Dd .ail\ ·-.dDI · 
,. N11aU't1\T t4 U7,100 oM"' 'aad a thiom••. ot 14 teet. !llf hori~tal 
. •Dellt. of th• bed. •• laO\ "-'-l'idlle•. the otber ~aaUd.litT 11 a\ •-~ 
,.,.... 4.~ t.-~ of NDdi 1Ut. Ofti.U..a-a '-4 of I&D&i, ara•el, -' · filt ·t.laat 
~a n.ttt1~V .of 10)1?00 olii a1 aD4 a Uliolalltu ot l?~ teet. !be 
bOrbont.al utoll\ ot the M4 aa DOt. det.end.Ded. 

A .-.r f1f po.lii»U1.U.ee are p~Hnt alaq thia Jll'ofU. for ooa.Ne 
a\eitiale &IUl· thet are cle•ri.'-4 ill ardlr froa wat. to eatt.. 

' .t-2&. ora•a 1M aai1Cl are pres•t. t.- '·' t•t. to 25 teet &Did hq 
a Naiat.ldy · ot 149;600 oba-cu. !bl aurtaoe oonr aat.er1al 11 eaapo ... 
ot .Ut7 eu, olq .... IW ..... graftl. 

:. ' A-t~ G~~ ao4 _,. ~t. are prabablf tree. of ai~\ 'or ._ol.q ~ !D­
clioa.t.ecl-I:Petweo. ] .. 8 t••• :&ad 2~ f•et. The7 haft a rel!atintt o.t 214,800 
obi.· ••• .. !U o~1V 4!-wi&l..J.• 1..,., ADCI, .Ut, aa4 ·..-·cram. ·· · 

· · A--5· Ora~ ua4 .-ocl' are f•Dd bin bet.•en 4•8 teet ad 27 fMt 
· t.bat. ·~·· a . ~l~Y' of .1591500 oa. 011 &1\cl _. ooaa\den4. \o ~aiD 
./"'17 II\~ 1U\ ar Uq.~ ~ mUM aat.eri&l• aboft ta.. ~~ aUt iill4 ow. . ·' .. . . . . . 

o <' ' 0 o • I " 

1_.:: .. _!t. .iaall aad -~-..1 cl*))o•it, • . ~-~ ~- ·1~ ~b u 
·, · i..u.oa~ -. \he 119,000 oba ,.. reliatift.\T, ucl ·it oo;iire ••..-.•P'b• 

ol )~2 ~ anf· 28 teet. !he. onrlJins ateri.al it 1Ut ~' 1and • .. !he it 18 
. . , !J"•f~~ltS t7 .~t tb' bed of , 1•cl &ad gra~ ru:t ~ · ooo.t.ilil 1 ~~\trard. '~ . .. . ,.. ·' .. ~ .. , . 

•• ·: .1.·,.: •-?. ·.,_r,df:l'e t.Jro taea t 1~4 aal !"ftl -~t . \14~ l08at~Oft) . ucl OM 

·. >i-. -t"IM t.be •\ialla~~ ,·t the 1M~ ~oa.tetta u. .. P~- protue. !be .. .'fe,.r ~: 1•.-Mt-.o· ~~4 t~•t aD4 . 6 teet,· and the ·1 ... ~ t>.t.._ 16 feet &114 
K.' ·~ t.,et. Jbi ~ea.rf*.·~•t.er~ if .and, eu~, u;a4 ._o,~, ~ ~e •t.erial. ·. 
,rp ~\ltwa ta _. li&A4 M4 tft_Yt;L -"41 U 11lt •~tla _,.. Jan~ ancl gra'Nl 
.. · ..... ~., ~.~ ~~~~~ iN. ~ti • ... ~ct: gram· ~r· rea~o't.i~lt- . 
. . :~-~- ~~10&~~1~·~·~ ... ~~-·. ' . ·:. . . 

..... . .;.· ... _ ..: ~!"' • ~ . , ' '» . . 0 ). 

.· . .. 
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.1-9.• l tb1.n bed Gt eand and gravel is 1ndicat•d. betwen 4.5 t~t 
and ~ ·.teet ~h baa a ruistbity o! 246,000 obm-cu &Ad ia cODaidered 
to ~- tM•. or ~lv or ailt. . -

A-lO. Sand and gx-avel w:l th some ail t cont ent are indicated here 
between 6.·9 feet and 10.-5 feet. The OOTC!lr material ia silt, 8f.Jld an4 
some gnrnl • 

.t-12~ The sand and ~ravel bed ia ) feet thick, 6.5 to 9,5 feet, and 
bu a rea1sti'Yit7 of lOS ,600 oha-cu indicating eoae aUt content. !he 
Slll'face beds are o011posed of aUt, a8Jld1 and aOG.e gravel, 

A-14-. A thicker bed of sand and gravel neanr 1,m, etn·face .S s noted 
hare, J.2 teet to 12.8 feet, and it haa a reaiati.tt7 of 1)21 000 o~oma. 

" TM aUt. content is considered low. The surface bed is composed ot silt 
and &ftnl.. · 

• 0 

A-15·· At thia lqoatiOA tbe u.nd and grawl laJer oontaina Ter7 
llt.Ue ail\~ aa indlcat.d b7 tbe high reaietJ.T.it7, 193,900 ohal-cu. the 
beet en..ada trc.. 3.8· r8et. to, U feet. The aurfaoe cover ia loaa,. aancl, 
aUt, clay1'. and &<:88 gravel. · 

A-18. ·A ailt and sand eurface laJer extends to 3.5 feet in dept)l 
arid a neDl'ly aUt-tree bed or aancl and gravel extenda to 14.5 !eet, It 
baa a reaiat1v1ty ot 193,100. ohm-ems. 

A-19. At \hie location, the sand and gravel bed is one ot the group 
ba'fin& the thickest d.epoaitJ it e~enda in 'depth frc:a )..6 feet f.o ,46 · · 
f9e\. !he reeiativit7 ot 177 ,fDa obD.-cas indicates that it contains · · ••rr little ailt or clq. 'l'he covering la_18r 1• ailt., aand, and ciaT. 

• 0 

' . 
A-~. l'81"T l.itt:J,e ld.lt or clq i.e preaent 111 the ·sand ~cl graw~ bed 

a~ We :tocatiQDl the reaietivit,r 1e 253,600 o~me. The cover la,.tr 
o~oeecl ot ol.a¥1 ailt• ahd eand ia 6.1 feet tbickJ the e,.ncl ~ uicl tra~l· 
.xt,encl. to · 25 tnt. !he saa.d ancS ,gra..-el bed ma7 be a contimtation ot tbl 
depe»alta not4icl iA A-18 ·w · A-19, and ;aq also e~ild on eaatwant to A-2.1 
or "a aboJ't diatan~ MJOnd•· 

.A-a. · Tt_. . eancl &l1d gnyel bed. extcda . trc. lD.S ,teet to 'J7 teet in 
.dept.b. !be ireoiati~Q- 1• h1gl)1 ·' 237 ,300 ohlr.-eaa, intioati.Dg a dePQait 
nearly trM· of &Ut or cl.q. Tbe cionring bed ie sand a,nd c1a,r •. 

. -~ . ·' . 
· A-22. Here tbe lapr of aud aDd gravel ~nda troa ).6 teet to 

" . . . ... ; 
'' feet and baa a ·re•i•t1Tit7 of 140,100 otaacaa which •Talue iDdica~a .- · · 
aaae allt or olsi' 'content. 'lbia ie another ill t.be gr \lp of1 thick depoUt.a. 
ot eand an,cl gtt.v.l.. . · · : · 

~· ~ ~ . 

t-23, The aa.Dd aDCl · ~a.nl. 1.,W beglU .at j.,, f,e~ anil CQGtimaea . 
. . . · t .o 34 fM~. The aater~ .hd· fl. .J:ea1ati"fit7 of 142',500 ohlt "'* t.hi.le in.­

:· .. ~ · clica~ ~ ..U ooat~\ .or ,a~lt o;r '·c~• SaDCl and aUt ~natit.utee the 
oover l.qer. 

... .. I 

. ~ . ' 
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A-24. !bt aand and gravel deposit. at tbie location baa the 
td:Abe.~t.'~siat1Yi~t' ot all the locations ob8erTed, 2891800 ~la-cu. 
!h1a n17 .~h :Yalu• ~dieatea the depoai t to be clean. The depoai. t 
e=cun. bet.-.n 6.2 teet and lJ. teet 1b depth. '!'he overlying 1&3er 
is cOI!lPOBed of san4 and ailt. 

A-2S. fhe thickest sand and gravel deposit, 77 teet ~Pick, was 
enc0Uiltere4 at this location. The reaiati'Yi ty 1 1771700 ohm-cas 
indicates a low aUt content.. The surface cover is coaapoeed of aUt, 
land, clq, md, 101118 gravel and is 7 feet thick. 

A-26. Tbia location has a bed ot sand and gravel which extenda 
in deptJl . froa 7 f•et to 62 teet, and second thicke1t deposit found. 
It .has a reai·stiyity of 1491 500 oM-ems; in~cat.i.Dg a eall content 

· '01 · ailt or clq • . The aurtace material is san 1 ·silt, and· ClB.f• 

Resiatiyity depth . profile A-26 marks the eaetern-mo1t extant 
ot what 'appe · a to be a continuoua bed ot sand and gravel. It beginl 
at A-18 and continues to, and perhaps, a ehort distance beyond, A-26, 
a cliataraoe of abcm~ 2.2 .U.s. The thick:Desa of the bed and it. 
reaist.ivitt1 which· i.e directly related to the content of ail\ or clq, 
are "ftriable; the thicJmeas range• troa ll tNt to 77 teet, and the 
resistivity r~ 140,000 to 289,f¥>0 ohr!l-oma. 

Crose section 3, fimre 4. 

The send and gravel dep.osits on thts cross "'Oiii<m are described 
1n order tram west tc> eaat. 

B-1. Sand and silt are present tween the depth• 5 and 17 teet 
and haw &· reaistivf ty of 97 1800 ohm-ems. The cover material is eilrt, 
cla7 and sand. 

B-2. The co.er material here is thin, 2_.4 . fae~, and ·is o~osed . 
, ot ellt an(l s&Aq .. · The sand and grave~ 11hiah extend ~eath thie layer 
· to a d,epth ,of 18 feet. contain very lltUe ailtJ the, reeie.ti'f'ity ie 
164,~~· '•' 

' 
B-). ~t.' thts location the sand and graft~ l&l'•r ia bet-en 4•2 

!ee\· and 34 ' tee~ 1n d-,pth and ccntaine TarT little ~lt; the reaiativi~ 
i• 1'69 ,_30() otp-aU.. T~ cs~r ,-terial. is 8il,t and· eand.. · 

·' . 
·B-5. The surface u.terial bare 1.• ai~t 1 clay, aad 1an~ ).~ .tee~ 

th!Ok," the ,aand an4.granl lapr with ·a reaiativity of 2~,000: 'Ohfl-cma · 
. ~~ to a depth ot 16 feet ~ 1e conaidel'4}4 ~Q be, f~ ·ot '8.\lt, ~r 
·. •Olq. . . . 

, ' . 
·B-4. · a~rve di~tori.ed, ·Jl9 · ~antitatiTe in~rpr:etatio.n. 

' ' 

J.,.;6. ·!be · e.and aAd. gra'fel ;layer extend• ·fl'Cd'·5-e.S teet tp 30 teet . 
ill ct,pt~ ~· baa • :na1ativ1~ of l23,Jt00. otaa:.C... The ·. IJU'fao• {lateri&le 

·. . ., . are ail~, ·~• -.d· .olat; · : . . 
1 

• 
1. , oJ 

f , J • ~ 
':' l • ; .. ~ ,_ ..... 

:· ·.:. ' ',:-.>: •• ~ .i~ 
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B-7. ~e thick bed of sand and gravel, overlain b · 4.8 feet of 
sand, •1lt and clay, ext812da to a depth of 65 teetJ the resistivity 
ia 1801400 ohla-cms. 

B-8. A qualitative interpretation is neceasa17 traa this curve 
but sand and gravel with SOIJle aUt or cla7 are indicated between 9 
and 41 feet in depth. 

B-9. A thin bed of gravel and sand with a very high reaisti'Yit.T, 
428,800 olm-cmaJ appears between 4.6 and 9 teet in depth. The o.over 
uterial is silt and sand. ' 

B-10. The cover JBB.t3rial here ie t hi ck extending to 9 teet in 
depth. The aand and gr avel extend below this to a depth of 18 feet 
and have · a resistivity of 171,300 ohD-cma. 

B-ll. TM sand and gravel layer which begins at 3.3 feet and 
contillles in depth ~ 57 feet, has a resistivity of 146,600 obs-cu. 
The near-surface materials are silt, sand, and clay. 

Between B-11 and B-121 the sand and gravel layer increa"a in 
silt and cla,y content ae shown by the reeis tivit7 461800 ohlno-cu at 
the latter site, which manu the eastern limit of the laf8r. The 
thie~vss of the bed and its resistivity, aa in erose section 2, ranges 
in thi ckneae from 4·4 feet. to 6o. 2 feet' and in reaisti vi ty fran en ,aoo 
to 4231-800 otm-cma. The 'VfJry high resistivities indicate the presence 
of cl ean sand or gravel .. 

GROOBD-WA TER RESERVOIRS 

Observations along the banks of tbl Chesapeake aud Delaware Canal 
indicate that stream channels had been cut in the Cretaceous aed.i.aaenta 
and later filled with Pleutocene deposita. ~e ot the objeoti.aa of· 
the geoph_yaical study was to locate and map these tilled channels and 
to obtain the thickness of character of the fill. Cc,rrelation of tht 
reaietivitT interpretations with the geologlcal a · teriala of the area 
was provided by a formation teat, and b7 means of shallow auger holea. 

· Formation test 1 wae made on the south bank of the Cbasapealce and 
Dela ·are Canal (see figure 1) to determine the ~eaistivitiea of the 
Pleistocene JM.teriala in the old filled channel visible in the bank. 
Reaiati Yit7 of the surface material was c cmpu ted to ~ 57,009 ohm-cma 
and thic::!meaa 1.1 teetJ the next lower layer, 191000 ohm-cae, thiok­
••• 4 feet; and the aaterial beneath thits, a t depths fran 5.1 to 25 
teet, 5481 500 ohm-cnte. Two anger hole loge, 12 and 13, were· bored cm 
the north aide of the canal. relati val7 near this formation · teat. Neither 
of t hese holes entered the channel-tilling aaterial. 

! • 
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With tbia tntor.atian on the reeietivitiee ot the Pleislccene 

aaterlale, correlation wu made with the intcrpretationa ot tbt 
.rea1at1•1t7 clllpth profl.aa. -~ c~a• 1110t1on l, ,tipu-8 2, ree18tivitJ 
d•ptb prof'ilae A-':1!1, A-~, ucl A-32 ahow tbat hip reeiati't'i t7 aaterial 
il preoent, ,_cl in A-32 ut.eDde to a depth of 9 teet ab~ mean aea 
lewl or 58 teet below the land IQrfeoe. Becllla• ot 1Dt.ertenn9e trca 
artiticiial eourcea., iaoluding power linea aDd aaterial dwlpecl ewer the 
area from. channel dredcing ope ratione, aore clepth ·protUee along th.1e 
croaa Hotioo COD.lcl not. be obtainecl .t.o locate the cleepeat part ot the 
ct:\a.noel. On croea notion 2, high re~istirlt7 material ia preeent ··at 
A-?.A ani A-2. The up, figure 1, shows theM ldeationa about 1 l/8 
llli.lee northerly trOll the filled channel which cropa ou.t in the bMk 
ot the canal. 'I'he interpretation• indicate that_ the deepea.t part ot 
the channel is near thee• depth protlla•• 

A horisontel depth pro tile ns obt aiaecl n"ar A-2 with three depths 
and in aoone places tour depths. The remlte are plot(~ ~ figari 5 
ld.th app&· nt reeistinty as the ordinate and station aepant1GD the 
abscis3a. T:1e figuN shows that JU.terial with high relistivit.y i:J 
located abO"..lt 500 teet GPst ot A-2. It · ia conaidere~ that this JMf be 
the northward continuation ot t~e channel toudd in the oenal~ 

Another channel, or perhaps a braneh of the one deaGribed above, 
ru.y axt~d nort bRard through or near A-3~ and A-;; tbrue depth pro­
files both h$va high res1stivit1 ~terialpreaant to oonaid ~abl• depth. 
A-)3, (figures 1 a nd 4), rth of this area showjng· possible channela, 
did not show the presence Q! any M.gh res!etirtty Mterial. Bo other 
definite indicnti<ms oi a channel were found H1 'the reeisti\rity aeeture­
oents, but tl e higb resistivity material present to a depth ot 25 ,teet 
beloA mean sen 1 ·vel at ~-25 shPUld be 1_rwe stigut~d fu r t.he_r either bf 
resietiv~ty Dl.easo.rement:s OJ; by drilling; the seme is true •t B-7 -.vheN 
the high re~istivityr matttrial extends ·to 5 feet bel~ aean ee.a level. 

- . 
In the previous sec.rl.ion describing the geolQgic~l fol'll8t.1ano '·­

cooaiclered s~itable tor 'higbw~y · aateriala, it~·· tea~t1~e;, pointe~ 
aut that a contirplous bsd ot ~and and gravel extend~! a distance ot .. 
about ·2.2 ailes Jetween A-18 and A-26 on crosa. section 2 1 and tor a 
diatancca of ).lmiles bet.een B-l and B-ll on cr o•s section ). It thia 
bed o'f sand anci 6F3Vel is. continuous betovcen the tlic cro•s iect1011e 1 . · 

thia a1-ea wai be a ~ood a uifer. The m~st __ ike l y ,?1:)~81!1 for wells 
wauld be at A;_25, B:-7 and ~~· . 
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C~RBLA-TIOII OF liTERPRE'l'ATIClCS AID DRILLIIG 

Prior to the electit1cal reeietivit.T aurw7 in tbla area, con­
siderable borin& as dcne to relatiYelJ shallow depth• wi til a power 
81lger, and suplee were collected and studied. Approxilutel.J' co­
incident to the eleotrJ.cal reeiat1Y1t7 am,, tbe Tide Water. Aaaociated 
Oll CQe waa proapectiag for a large ground-water a.ppl.J Oft optioMd 
land in tb8 Yio1nit7 ot Delaware City. One red.atiYitJ depth profile, 
A-19, was au1t.abl.J located tor ccapariaqn with Slger bole 21, and with 
Tide ater ct.ep teat hole 8 (SW coraer of the Leald tU'Ii). The aite~ 
are a hom 011 the .up, figure 1, along Stewart' a Road (State 356), 
about o. 3 aile we at ot the junction w1 t.h WaCo7 Road (S~te 4C1/). 

'l'he comperiaOil ie illustrated in figure 6. The re8i.et1Yit.J depth 
proflle agree• fairl.Y uell with the deep teat bole, aDCl not ao ~ll with 
the shallow borehole. However, tbl Yariationa are CODSiatent with the 
range in lltbolou, bot.h laterall,y and Yert1callJ, within short diatanoea, 
which characterise the geologic formations inwlYec:l. 

Tbe upper .-ber, c011p sed ot sand and grawl, w1 th ....U quantitiea 
of silt., ia correlat ed u the Pleistocene aeries. 'l'hu aeries occupiea 
channala 1.n the eroded surface of the Cretaceoua ayateL Such a chaDnel 
ocOlrs in the Yicin1t7 ot A-19, ao the increase in thiclmllaa of 25 to 
30 feet froa auger bole 21 to teat bole 8, and to the reaiativit7 depth 
profile A-19, ia a norasl occurrence. 

The lower member, logged a clJ"7 and ailt7 tine sand in teat · hole 8, 
and as clq· in A-19, ie correlated u foraatioea ot the Cretaceous ayatea, 
which are lenticular and grade td. thin abort diltancea fl'Oia cleya to 
sUta to pebbl,r fine sanda. 

Fomation t esta were ob\ai.Ded Oil identified forat.iona to aaeiat 1ft 
the evaluation ot the inters:re tatime. 'l'he one at the grawl pit oortli 
ot Glasgow, Flll'l' 2, ga" a Yalue 10),000 obll-ou tor t.be near SQl"faQe 
material, 308,000 oba-ema tor the deeper- pam, and ~.930 obi cae tor 
the clay, s and, and gravel be ow it. !he grawl bad betlll idetit1ed b7 
t he State geologist aa a muber of thl Rarit.rl forution 8Dd tM clq aa 
po aibl.J' a lower Mllber ot the saae formation. Frttr 3 was an the Jfatawan 
gra.1p south ot tlle canal near the llar7l.aftd,..Delawan etate lioe. 'l'be Yalue 
obtained waa ll,400 oM-oaa, with • Ullidentif1ed cla7 below wbioh had 
a reeiatiYit7 of onl.7 2,850 ohla-Gaa. l'a'l' 4 was obta1Decl near B-12 on 
c tinuoua olq of the Patapaoo formation wbieh hall a reaiati Y1 t7 ot 
4, 380 o}a..lcu. 

It baa not been possible troa the liaited stud¥ ot the area .to idtmt.it7 
wit.ll oertaint7 U17 ot tbeae tomatiDu an tke app&rent' ra~utiYit7 cunea. ·· 
In · tact, it tJ&'t neYe.r 1M poaeible to do so betmu~a ot tbe larp .~atiooa 
in reaiatirit.T tOWld in the geological llateriala ot the are•• 



. . . . •' ... . .. , . . .. 
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Reaistl,n\7 Maeur ... at.e bad b~ten aact. preftaGalt in u area abORt 
6 alles ziorth of tbe area ~reaentJ..r udllr atud7 aad· wre reP,Orted b7 
(!foot, and Rulmalc (19541 P• 31-33). A .tol"Mt.iOD teet mel reaisUYitT 
depth profUe •s completed Yer, close to the oent.er of depth profile 531 
giftD in their report. The reais.tiYit7 of the WicOIIliao torat.iOD waa 
.tOWKl to be 451 2100 o~ at thla locatian aa pu-t ot t.be FaT 5 1n the 
present aeacreaaets. As a further oaaparison aDd u a poaaible anna 
tOft' relatina the \110 studies, the r eeulte tar depth pro.n.le 53 •re 
replotted, uaing the aetbocl empl07ed in t present inwatigat.ion, and 
c~pareclwith M 5. Th1a comparison 1• ebown in f1gure 7. It ie 
endent tro. the tigure that the earlier stud,r canpot be direotlJ related 
to t.be rea~lte preaented ill FaT 5 eYeD though tbere 1• a parallel tren4J 
the pre'Yioue aeaeur.ente are much lower 1n Yalue and lllore erratic, 
being partie~~larl.Y eo beyond the 7G-toot depth intenal. 

SUGGESTI<JiS FOR l'U'IURE VORl 

Plane for resiati'Yity _,rk llhould be aatle far 1n adhnce of !1814 
work. Tbe general area ebould. be Mlected b7 the coop~>rating ageciea 
sponsoring the stud_y. 

In relation to ground-water prob~, the interpretatioos of the 
reaiati v1tT obaenationa haYe aho.a tba t aanc:lll an4 gn:ntla can be 
located aDd eftluated in tel"'U of their ponibilitiee as u .aqaifer .. 
The 1Dterpret.aUooe haft aleo ahoWD t.bat it is poesible to interMct 
the boried channele of the area when the7 are filled with sand and. graftl1 
but auch &!lditiODal work will be neceaaaJ7 it the cbanDela are to be 
canplete.l.T outlined and their Yalaea ae acpifere dete~ed. 

... ~ . 
The interpretat.ione haw mown tbat it ie possible to locate 

teriala suitable for UM in highwq conatNoticm and to enluate th• 
1n terru ot their eand and grawl content as ~11 aa to depth beneath 
the surface and thiclmeaa ot the depoai't. lo effort •• aade to detvmin~ 
the anal ezt.ent ot &DT CS.posit during the liaited t1iie aftilaba 1n the 
preH•1naJ7 1n~et.i&at1on, but thia can be done with ·aciecpate uau. · 

Althou~h the electrical reaistivitT mee.,ureQlellte can deter.mi.De 
cle&n sand and gravel, and Cilitfe%'entiate thea• deposita from sllt7 
and cla~Qy~membera on the baeie of very high reeietivity 1 it ehould be. 
~baeized t)la;t. thare is no conclu~i ve ind1cat.icm of grav6l content. · 
Th8.t ·is to say, .a olE! an m~dium ·to ooarse-graine<i sand, ·with no gravel 
at all, will gi~e a vt~r1 high rea1st1Yh7· The aetbod does not rnaal. 
the graTel; content 1D an.r proportica. th:J.J ia borne wt by the (laa­

parison, !1:-gure 6, which sholts ·eand and gravel ·~ the resiativit7 depth 
profile A-19, correlated -with clean sand in Title ater teet ~ltt 8. 
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