PREPARED IN COOPERATION WITH

DEPARTMENT OF THE INTERIOR THE DELAWARE GEOLOGICAL SURVEY HYDROLOGIC INVESTIGATIONS
UNITED STATES GEOLOGICAL S8URVEY AND THE DELAWARE STATE HIGHWAY DEPARTMENT v ATLAS HA-79
%,
N &
o‘?\ 9\'\0
%‘\@ LANCASTER, PA. 42 M. CHeRTEr. Pa. 13 a EDGEMOOR 12 Mil @é’\)

\ WOODDALE 2.5 MI. 10 MI. TO U.S. |

75°37'30" f MY T DELs 08 35 @ (WILMINGTON AND VICINITY) \®GREENV’“‘E3M" @/ 32'30" / 75°30

39°45 - i
153 & A\ | [ (N TR v % > : PR ¥ g ST ks EXPLANATION
X isAkdu riahl “so e 5 % f ‘DS > % ® 4 30 i/ ) .
C Fa = Y ; ZEn : «
=/ : et Emet > S , S TABLE 1.— Explanation of letter symbols 4
3 5 I,
» A ? AM12 )
= \ . / il Symbol Explanation >
o2 AN - 131 o I e, %/ = 8 5 A A
SE - \ xiz7/ [ / % ¥ Nonplastic gravelly.and sandy soil derived from fluvial A Alluvial deposit, Cretaceous age. s September 1958
;E £ " = ~ / deposits of Pleistocene age AM Surficial alluvial mantle, Pleistocene age. '; g ¢ /\
8% : N 7 XAt FANE [ AR Recent alluvial deposit. Z56
ol X Y h I M Marine deposit. oo /
N & i =
So e , MMg Gneiss. z /\
e - e g F Fill. 35 / " "\ /
&e . > 5ol 1 . S . Nonplastic to slightly plastic sandy and silty soil derived from MTM Marine tidal marsh. i v \j V v
S¢ o - & 0) sk kO fluvial deposits of Pleistocene age v Urban area. oS8 ’ \
s < foo Z Swamp deposit. wwsg
W 2 % g gf rJ
Q2 & 2 <€ -
4 i [ ] /
= | S u
— D iy | ; <>t e 9 do
= i \ 2
. \ (9 & . > : P . . .
'e A 0 E ) \ § . o~ <N Light © Slightly plastic silty and clayey soil derived from fluvial
. 9 : ;.70 \, ” o f\,l ..*_‘* deposits of Pleistocene age ol b byl b becer s becr e b
3 . . ee{ /jr/A:SQ—L: 5 \¢ 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961
5 2 = = / @ Y F8Ppiles SOIL SYMBOLS FIGURE 2. —Hydrograph showing average depth to water in 13 water-table wells in Delaware
.‘{'f, 2 valon \-\smere Yards 7 AND‘ The map symbols used in this report to designate the
Q.:.' \ \\’)\ @ Wi = wor STower s Z various types of soils are a modification of the system used
E; SN & O . ] Nonplastic sandy soil derived from marine sediments in the engineering soil survey of New Jersey (Rogers, 1955).
23 A \ Landen N7 /U The first part of the symbol is a letter, or group of letters, TABLE 2.—Sotls classification
§§ X LX) Juncti b | T 4 i f which identifies the parent material according to the classifi-
- 4 e Statk g H n cation developed by Lueder (1950) (see table 1). The second General classification| Granular materials (35 percent or less passing a No. 200 sieve) | Silt-clay materials (more than 35 percent passing a
P E 4 = . oy % i
&% S T YA part of the symbol is a number which identifies the soil group Ho. 200 slewe)
:7/“30 N\ le y . » Fill according to the classification system adopted by the Highway A-1 A-2 _ A-T
X 2214000 =l ) - Research Board (Allen and others,1945)and used with some Group classification = A-3 A-4 A-5 A-6 . . A-8
05 *) ® <> . 6 o ifi i i
X3 ‘,'.",.. A3 n fard - del modifications by the Delaware State Highway Department . ' . b * 8 5 ' 5 6
S VA ‘,..70‘.’ P\ijeiere ; (see table 2). A two-digit number indicates that two soil Sieve analysis
PN, types are present within the same soil profile; for example, Percent passing
v & . . the symbol AM24 implies that both A-2 and A-4 soils are No. 10 sieve 50 max.
y Marine tidal-marsh deposits 4 ) : i i
'Js i o present in the same soil profile, but usually in different No: 40 sieve RO e | 00 mas ol min, ) ) ) ) )
! - horizons No. 200 sieve 15 max.| 25 max.| 10 max. 35 max.| 35 max.|35 max. | 35 max. | 36 min. |36 min. | 36 min.| 36 min.| 36 min.
Marine 3 3 5 5 ;
: Toreiival ) = v Two dlfferer}\b 2011 symbols may be combined by either a Characteristics of
= Light (C) horizontal bar ( 124)0radiagonal bar (Am4/24). A horizontal fraction passing
Urban areas where soll bas b — bar indicates that the soil designated by the denominator No. 40 sieve _ , P 41 mi ,
11 has been altered by man underlies the soil designated by the numerator within a depth quuu.i }1m?t ) 40 max.|41 min. (40 max. 41 min, 40 max. min. | 40 max. 1 min.| 40 min. | 42-400
. . 5 Plasticity index 6 max. | 6 max. |Nonplastic |10 max.|10 max. |11 min. | 11 min. | 10 max. |10 max.[11 min. |11 min.{ 11 min.| 0-60
i of 20 to 72 inches. If the letter symbol is omitted from the
denominator, the parent material is the same as that shown Group index 0 0 0 4 max. 8 max. |12 max.|16 max. 20 max.
for the numerator. A diagonal bar indicates that two soils -
are interspersed within the area so designated, but they are General subgrade Exeellont Good Good Fai b b P o gr;stzrs-
X Poorly drained organic swamp soil not present in the same soil profile. The predominant soil FEEng xeetien g o8 — oor our: | Togr ey poor y
=\ type is identified by the symbol that precedes the diagonal bar. Clean sand
= (@fe] TS Well-graded and Poorly graded, silty of clayey sand Plastic |Plastic [Expansive plastic| Muck-
gi??ssarﬂ N \\\ Material gravel and sand | gravelly and gravel Silty soil | silt clay clay peat
N sand
Nty
Rl
430" E 4030 Flood-plain deposits associated with swamp deposits lplasticity index of A-7-5 subgroup is equal to or less than the liquid limit minus 30.
REFERENCES 2Plasticity index of A-7-6 subgroup is greater than the liquid limit minus 30.
= / .: Allen, Harold, and others, 1945, Report of committee on classifi-
= cation of materials for subgrades and granular type roads: ‘ TABLE 3.— Results of laboratory analyses of soil samples
N o AM24 soil associated with diminutive amounts of AM4 soil Highway Research Board, 25th Ann. Mtg., Oklahoma City,
= 1946, Highway Research Board Proc., v. 25, p. 375-388. Liquid limit: NL, nonliquid Plasticity index: NP, nonplastic
# = Lueder, D. R., 1950, A system for designating map-units on -
= engineering soil-maps in soil exploration and mapping: Sample Mechtunical spslysss Moisture-density Classification
» 3 o i e . Highw;yCResearCh Board Bull. 28, p. 17-35. pit g_‘izi:l;f Soil | Cumulative percent passing sieve— Percent by weight Liquid| Plas-
= in . . TR . i i i : iquid| - - M
2 igeon Po AN o] e seith dmtiative anpants-of Adf sl ogers, F. C., 1955, Engmee.rmg soil survey of New Jersey, and | 0 ea|Pori- m?ml ticity | Maximum |0 o < aé’ 1
— By, sk Report No. 1: Rutgers Univ. Eng. Research Bull. 15, 114 p. site |5 ches) | o0 No. 4 |No. 10|No. 40|No. 200 index?| density3 X 3 4 e ] SO0
= R, O nos. 3/4in.| (4.7 | (2.0 |(0.42 | (0.074 | silt Clay (1he. pee. | Fooisturel)  HRBE: | Usited
-‘\ e (5;5/ - mm.) [mm.) | mm.) | mm.) cu. ft.) (percent)
SRR T M 2B\ o M
‘ \\Q'& .- Deepwater, @7 2\ o = 3 R AR 38 2'27 ‘g igg }83 lgg.s gg'g gg'g """""""" gl BB 121.1 el e =
N - = =0 Peint £ o0 % b X . i — ; . - . = [ TSSO S — NL NP 126.3 11.0 A-4 4 ML AM4
: \fb{} . Vo 7 pan e A E Z 3 AMA1 soil associated with diminutive amounts of AM24 soil 27-66 C | 100 99.9] 99.7 | 94.7| 55.3 | ______|_______| NL NP 123.8 9.5 |A-4 243 ML
—= N X . B 2 0-7 A | 100 99.5] 99.1 | 90.5[ 68.9 |_______[_______] 19 NP 121.0 12.0 |A-4 (7) ML
= 5 NG 7® P& ] 39 7-39 | B | 100 | 99.9 99.3 | 93.3| 77.8 [-_____|_ ______] 22 | NP| 1235 1.7 |a-4  (8) ML |AM24
= \\ \\3\ L E b 43-72 e 99.5 97.2| 95.3 74.4 14,1 | | ___] NL NP 124.0 9.8 A-2-4 (0) SM
) v T \&Ob L ; o g 0-4 A 98.0 96.2| 95.8 83.4 72,0 focooo oo 27 /| R P A-4 (7) ML
3 N, D ¥ 4 g ) ' | WL . 0 4-27 | B | 76.8 | 73.0| 72.4 | 56.3| 46.5 33 12 26 ]| O—— - A-4 (2) | GM-GC |aM24
3 . . \")}i s S Fill associated with diminutive amounts of AM24 soil 27-66 C 99.6 | 96.1| 90.7 | 56.5| 14.9 |- ____|-—_____] NL 2 N P —— A-2-4 (0) SM 12
© %‘*er@ B " § 66-96 | D | 68.9 | 56.5| 48.6 | 12.1| 4.0 |- |-______] NL | NP |------coodoccaoo-- A-1-a (0) SP
N f 0-5 A 100 99.9] 99.6 95.6 830 |eesesese]snmnnand 32 NP A-4
s - el = § . [l os [ AT o5 996 956] 83.0 " I782 [ NI (8 | ML
8 R CALDY%%?&';% : i o= B s 5-35 | By| 100 [100 |[100 | 93.5| 74.5 | 49 21 23 | 10 |________|________ A-4  (8) cL
oy : , : - 8 {\ =¥ I s $ x 41 35-47 By | 100 100 | 100 99.8| 97.8 67 27 28 [T R A-4  (8) CL |am24
¢ / = ke 4 e SN 5 T 47-63 | D;| 86.6 | 83.3| 81.2 | 64.2| 20.0 |._______[.______] NL | NP |-ccoooofoooo . A-2-4 (0) SM
: 3" 0 §& Fill associated with diminutive amounts of AM4 soil i Dot 280 100 1 98T 4 90T, 223 fooeeecleeeos 5 O A2:4 () SM
S § ~g 0-11 A | 100 99.7| 99.0 91.3 79.8 oo feea o2 25 NP |oopomemmns] sammeams A-4 (8) ML
3 b gf.] 492 11-43 B | 100 99.2| 98.6 | 92.4| 84.9 56 25 28 R ERRESESE S A-4  (8) ML |AM24
: a o8 43-75 C 97.1 | 96.3| 95.3 | 55.8| 16.9 |-_______|_______] NL NP |occocooo| e A-2-4 (0) SM 12
Qg 75-84 D 61.7 39.6] 35.9 28.0 9.4 oo oo __ NL 1 ] O A-1-a (0) GP-GM
S; 0-20 | A |----__|----- 98.7 | 87.7| 74.8 |- __|--—--__] <40 2 R ] A-4  (8) ML
0y . . : . 3B | 20-48 | B ...} ... 93.4 | 74.9| 60.8 | _______|_______] <40 DY N R P A-4  (5) ML |AM24
Sz Fill associated with swamp deposits 48-72 (S e o 89.9 [ 47.9| 24.9 [_______|-_____] <40 S O A-1-b (0) SM
~ 0-7 N R 99.9 92.0 84.37 |oin s poe ciang) <40 P M| e — A-4 (8) ML
3C 7-34 B |usss s laseass 99.3 92.3 85.9 |- |ooooooo 4 <40 <4 |- A-4 (8) ML |AM4
39° 34-72 B-Clovowoe lowans 99.0 82.0 T4 T |Jeeposwesl-ssamand <40 L T ! A-4 (8) ML
: 0-10 -\ D 100 96.8 89.2 || <40 L= S S A-4 (8) ML
: \ \ 4A 10-57 B losesss s ss 99.0 97.4 93.6 |cccco oo <40 <4 || eeeeoo A-4 (8) ML |MMg4
Slightly plastic silty and clayey soil associated with nonplastic \ 3T 72 £ loeomas bovs o 0.5 1 BU:7] S8 Lacecseslasaisesd bl e e = L) M
to slightly plastic sandy and silty soil derived from gneiss © 9-8 Al el B Bl et S| e s - ML
% b 8-24 | B |oooo_|oo_. 99.2 | 99.0| 96.6 |-ccoooo|ooo___] <40 <4 || A-4  (8) ML |y
& R 24-55 BoCluvowon fpuuws 99.6 97.4 90,6 |ousecwsen|emssse <40 L S P A-4 (8) ML
=2 Y 55-72 o —— — 96.6 83.2 v 1o L ) [P [—— <40 L5 TN [P e — A-4 (3) SM
A 0-10 7. YN Eepm— 95.1| 91.5 78.9 65.3 |-mccmmme|mmm—maa <40 L N TSI | A A-4 (6) ML
e N O 5A 10-42 2 1) RS 86.7| 75.3 47.7 3392 |eswmmmeslmenasmad <40 S T P [, A-2-4 (0 SM 24
=3 % &0 42-72 c 9 o A
. . . . . =2 | € Jemmmm= 6.6 93.7 9.7 24 Ko I ——— ———— | R - S S— | — -2-
ety Swamp deposits associated with marine tidal marshes l v ° ¢ <40 D e I s2-% ) M
E@ 3s°3c‘l = u38°30' 1Based on AASHO (American Association of State Highway Officials) Designation: T89-49
K3 = ——- - 78 »Based on AASHO Designation: T91-49.
33 75730 Based on AASHO Designation: T180-57,
I 0 0 20 SOMILES 4 Highway Research Board system (see table 2); group index given in parentheses.
N% 5Unified Soil Classification system: Technical Memorandum No. 3-357, v. 1, Waterways Experiment station, Corps of Engineers,
3 o5 FIGURE 1. —Index map of Delaware showing location March 1953.
N 2lma
E_ S of the Wilmington Area o . . . ‘ o
s @ T @ TABLE 4.—Characteristics of the engineering soil types in the Wilmington Area
E‘E 40 / = Sy s U]
% ® M1 "l = = - g Engineering properties
< A 7
o / ] . X ; i
i / [y AM4 soil underlain by AM12 soil : In place Disturbed ! Suitable
NS 7 Soil s .. compaction
N a / Description Origin :
0 5 . t equipment
Qg &t o s “ / 38 ype Suitability as . quip
NS ”i> g4 5 A% ] Suitability as Suitability as a embankment Compaci.:lofl
& SN AR K - oo i a subgrade? |wearing surface3 material characteristics
3 A LG oil sample pi
" NS < Nl B ! . . . .
¥ ap e 3 ey Location and mumber of pit from which soil samples were
>SRN .,. : /” X 'NEW CASTLE - Riverview obtained for laboratory analyses (see table 8). Gemeral char- . . . Good to excellent
o % 3 .3.‘ Beach acteristics are summarized in table 4 Nonplastic to slightly Fluvial terrace de- depending on Rubber-tired
=1 7 - AN o A4 A(E) AM12 plastic, gravelly and posits of Pleisto- | Excellent amount of binder [Excellent Excellent equipment.
e Jobbinsal : 4 o ohon iy 5 7 o 4 s sandy soil. cene age. present.
= - == - o 0 \ [ )
Y - ¢ g ‘a"';“.‘: - e
= : G S o . ‘Q) A ! Soil sample site . Poor if surface is |
— : Za So - \ ,QV Location and number of secondary soil sample sites. Samples ) ) ) ) Fair to good =4, Good to ex=|Feir togoed deFalr-to guod duy
— y 7 — Li;i:; \ were collected with a one-inch-diameter long-core soil sampler. Nonplastic to slightly Fluvial deposits of | depending on cellent, depending | pending on rel- pending on rel-|Rubber-tired
- : = = For results of laboratory analyses see table3; for gemeral AM24 plastic, sandy and silty | Pleistocene age. amount of A-2| on amount of ative amounts | ative amounts | equipment.
s == Yy characteristics see table 4 soil. material left | binder present, of A-2 and A-4| of A-2 and A-4
o 4 after grading. | if surface is A-2.| present. present.
a3 = Deemers ;
=3 Beach @ —13—(+4) — .
: ' . . . uvial and possi- '
Za Sluice Gate ?, Primary observation well AM4 Shlghtly Pléftlc' silty and 1,1y eolian deposits| Fair Fair Fair Fair Rubber-tired
R . ‘ S . X 7 clayey soil. i i .
';E‘ P > Numerator is altitude of water table in September 1958. De- vy af Flelstacene: agey eaiipoent
da \) nominator shows measured range in altitude of water table . 3}
E during 1950-61 Nomplasti l-sorted Marine deposits of .
@ M3 onpdas ic, well-sorted | Cretaceous and Fair Fair Fair Poor Vibratory
29 sand. Tertiary age. equipment,
= : 25-34
'9 Kelly Point, .. _ = .
e Domestic or farm well Fill. In general, non-
Numerator is the altitude of the water table in September 1958. F plastic to slightly Undetermined Variable Variable [Variable Variable Variable.
/ . Denominator, where given, shows estimated range in altitude plastic, gravelly soil.
\ of water table during 1950-61, based on 2 or 3 measurements
e o . and comparison with primary and secondary observation- Soil rich in organic ma-
£% COAST\ GUARD 4 well records terial and subject to in-[Tidal marsh de- .
v'v\)f; \ mn“bﬂon o MTM nundation by high tides. | posits. Variable Variable Variable Variable Variable.
Ej% // No definite profile.
§3 : L o Urb h 1
Q o Water-tabl rban areas where soi
o 4 & ater-table contour _ g ; ; : ; ;
® = /Q// Number shows altitude of water table in feet above mean sea U Isn?se‘;)ein altered exten- |[Undetermined Variable [Variable Variable Variable Variable.
> = s/ level. Contour interval 10 feet. Relative position of water AVESY DY 08
£ — ‘}?j‘/ table in September 1958 is shown tn hydrograph (figure 2) P . o S .
= % 8 z oorly drained soil rich [Swamp deposits of | Not suitable  [Not suitable Not suitable  [Impractical Variable.
é’:‘é&? i in organic material, Recent age.
- o Light
o v : Alluvial gravel, sand
=/ Perennial stream g ’ ” ;
.13 O ; : itpAlluvium and i : i ; ;
& 3:5/ Bottom of stream channel almost always below water table AE z;l;;n?cld;:gr:fed i swamp deposits. HEPAEES e e i Rakica
7/
& / . .
22 3 & e W [Not suitable if sur-
S BT b Pier . Nonplastic to slightly Not suitable to | face is A-6. Poor| Not suitable to[F00T to good deqrypher-tired e-
i Intermittent stream ; ; i
B 2 / Bt ; " e e . 3 p plastic sandy and silty |Fluvial deposits of | good depending if surface is A-4,| good depend- | Pending on rel-| qyipment for
- = / ottom of s ”MI;L[C ‘mnetea t"";fl wa : athe 1;‘.1"' of the time a AM24/A46 soil associated with Pleistocene and on amount of | Good to excellent,| ing on rela- | 2tive amounts | Ano4 sheep’s-
/ / ; elow water table part of the time slightly plastic to highly| Cretaceous age. A-2 or A-8 depending on a- tive amounts | ©f A-2, A-4, | £50t rollers for
/ ] S ‘ plastic silty and clayey material left | mount of binder of A-2, A-4 | and A-6 pres- | pgg,
; / . KILLCOHOOK , ‘NATIONAL soil. after grading. | present, if sur- and A-6 pres{ ent-
\ e . : ) L;%gt l WILDLIFE REFUGE" face is A-2. ent.
39°37'30" - : Fier | : ! 39°37°30"
75°37'30" gﬁvggégezéglg./.s - 35 i (DELAWARE CITY) 32'30" \ 75°30" Fair to good Poor if surface is [Fair to good de-|Fair to good de-
< Slightly plastic silty and ; A-4, Good to ex- : | ;
& ) PLEASANT POINT 0.6 MI. © > : depending on *” | pending on rel-| pending on rel- .
& Base by U.S. Geological Survey, 1948 o SCALE 1:24 000 Ensineerin soiissA:'\EaM 4:& f;l. K. Adams. Delaware v(q’ MMg4/24 | clayey soil associated | Weathered gneiss.| amount of A-2 | cellent, depending ative amounts | ative amounts Rubb'er—tn-ed
e Roads revised by State Highway Department, in black G g, : |gs c p,_P D o d W. H. Tewel - with nonplastic sandy material left | OB amount of = | of A_p and A-4| of A-2 and A-4| equipment.
e 1 Yo 0 1 MILE eological survey, C. . Davis and W. H. Tewelow, and silty soil. £t din binder present if t t
@“A I . 1 T — : I : I I 3 U.S. Geological Survey. after grading. pasosllng var present. present.
\‘9\V Water table and surface drainage mapped by D. H.

HL1¥ON 3N¥L

ss and O. J. Coskery, U.S. Geological Surve .
Bogge y g y 1For soil types designated by two-digit numbers,these columns refer to the composite soil.

Lson AN

1 5 0 1 KILOMETER
z . [ .. —— . 3 2When not subject to frost action. Frost will affect soils that contain appreciable silt and clay and have a high moisture content.
‘S’é’fﬁi&'ﬁéi,ﬁgéf CONTOUR INTERVAL 10 FEET 3 Untreated. Additives may aid in stabilization of the sandy soils and minimize dusty conditions.

DATUM IS MEAN SEA LEVEL

INTERIOR—GEOLOGICAL SURVEY, WASHINGTON. D. C.—W63171

WATER-TABLE, SURFACE-DRAINAGE, AND ENGINEERING SOILS MAP OF THE WILMINGTON AREA, DELAWARE

HYDROLOGIC INVESTIGATIONS oy
ATLAS HA-79
| John K. Adams and Durward H. Boggess

1964 /

For sale by U.S. Geological Survey, price 75 cents





