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L/ N v/ EXPLANATION 30 TABLE 3. —Results of laboratory analyses of soil samples.
| | OFzn
Secondary observation well Liquid limit: NL, nonliquid Plasticity index: NP, nonplastic
Numerator is altitude of water table in October 1960. Denom-
inator shows estimated range in altitude of water table during . 3 assifi-
. Mechanical analyses Moisture-densit
L 1950-62 based on measruements from 1959 to 1962 and com- Sample ¥ iy cation
8 n b 1l ds pit gh of Plas
s ’ . . . arison wit imary observation-well recor interval iqui 7 i
a 8 Nonplastic sandy soil derived from fluvial deposits of p il and erv Ol pRrcait by, W Percent by weight AR | ttciny | Mntimnm [Optimus: Mep
. N 2 sampled passing sieve— limit" | | 2| density |moisture symbol
= ,§:: \ Pleistocene age _33 site | (inches) index| " er |(percent HRB*
\?\\‘% 7 @ 30-37 nos. . | No. 4 | No. 10 [No. 40| No. 200 Silt Cis cu. ft.) |y weight)
§:" . Domestic or farm well 3/4in. | (4.7 (2.0 (0.42 | (0.074 | (0.062 to «o OOngm)
§; Numerator is altitude of water table in October 1960. Denom- ma)] ) e | s | JSeDRee.)
:—\.\\_\ inator, where given, shows estimated range in altitude of water 0—4 100 |100 99.6 | 79.1 T I (0)
Q:: > table during 1950-62, based on 2 01 3 measurements and com- 252 427 100 100 99.8 | 69.3 16,1 . (0) | AM2
58 . s . . . . arison with primary and secondary observation-well records 2748 100 | 99.7 98.1 | 77.2 PIUN] [ 0)
: ‘{\:‘s‘ Nonplastlc to Shgh.tly plast}c sandy {md Sllty soil derived from p 4 Ty . v 0—5 100 |100 99.7 | 80.1 18.0 __________ 23)
o fluvial deposits of Pleistocene age 40 - 5-27 | 100 |100 99.8 | 78.4| 217 __________ O | ap2
~ “\-{5“ Water-table contour 27-54 100 | 97.7 96.5 | 74.8 200 - 0)
NS - . .9]| 98.6 | 97, o ]
\\\\\\“§ Number shows altitude of water table in feet above mean sea Sﬁo lgg 10: 99 : Z? g ;g g :g;
level.‘_ Contour inteﬂ_ml 10 feet. Relative posit:ion of water 254 4-24 100 | 99.9 99.5 | 80.3 180 7T ©) | am2
table in October 1960 is shown in hydrograph (fig 2) 2448 | 100 | 99.4 | 97.6| 80.7| 23.0 15 (0)
0—7 100 | 99.9 99.9 | 80.2 15.9 ©)
” . . . . —_— 255 7-28 100 | 99.9 99.7 | 80.8 15.1 ©) | Am2
e e Nonplastic to highly plastic sandy and clayey soil derived from . 2 10
T & ! > 3 Peveanial stream 8—48 0 |100 99.7 | 78.5 13.1 (0)
QR 33 fluvial deposits of Pleistocene age ; 0-6 100 (100 100 91.6 77 ()
O 3N Bottom of stream channel almost always below water table 256 6-23 100 |100 99.9 | 88.5 10.6 (0) | AM23
o L 23-60 | 100 [100 99.8 | 90.9 5.9 (0)
23 -~ i hill 0-7 99.8| 99.6 | 99.1| 64.9| 16.2 (0)
go Intermittent stream 257 | 18-27 | 100 | 98.6 | 96.4 | 64.7 (0) | AM2
i Bottom of stream chanmel above water table part of the time and 2;:‘;0 ;gg gg-?’ g;‘; 32-2 L2 :g;
sllu > - . UL BT L * P | RSPy [pp—p—————— R e o E T T - &=
Sa ) iy N . below water table part of the time 258 | 18-29 | 100 | 99.1 | 98.8| 82.5 14 124 10 |A-2-6 (1) |AM2
o Nonplastic poorly gra.dedf sandy soil derived from fluvial 2039 | 100 | 99.6 | 99.3| 79.4 6 | _ _ A-2-4_(0)
deposits of Pleistocene age ; ; 0-17 100 | 99.9 | 99.6 | 82.4 NP [ A-2-4 (0)
£oe TABLE 1—Euxplanation of letter symbols. 259 | 13-28 | 100 | 99.9 | 99.6| 811 | - e A-24 (O,
- 23-30 100 | 99.6 97.6 | 68.0 2 R R A-2-4 (0)
Symbol Explanation 3048 | 100 | 99.9 | 99.1| 94.8 f by A6 (4)
AM - Surficial alluvial mantle, Pleistocene age. ‘4‘_—‘;2 igg lgg . gg-: gg-g gl!: ......... 1] P——— 2— 2-4 :0;
. 2 260 . 5 ke ] W) cssssswvesfoncemnnwsnsesy B | P Loccccssnud monmassns -2-4 (0
el AR ls?.eeent alluvial deposit. 32-53 | 100 [100 99.9 | 96.3 6 126 11 |a-a (| AMH
¥ ; . j . . z wamp deposit. 53-57 | 100 [100 99.7 | 73.7 NP 126 9 [A-2-4 (0)
¥ Slightly plastic silty and clayey soil derived from fluvial 04 100 | 99.4 | 98.8| 73.2 1 ) S " A-2-4 (0)
s: deposits of Pleistocene age 261 4-22 99.8| 96.5 94.4 69.7 WP Lecccnvand conciamms A-2-4 (0) | AM2
§ SOIL SYMBOLS 2248 100 99.6 99.2 | 86.4 NP | oo | ___ P A-2-4 (0)
L) (20, S (R (. 100 85.8 Et ;I (S A — A-2-4 (0)
= The map symbols used in this report to designate the various 1B 8-54 | o |eeeee- 99.7 | 82.5 A e e A-2-4 (0) | AM24
\§, . s L _ : 54-72 |______. 100 98.1 9 A-4 (1)
\\\\4 types of soils are a modification of the system used in the o v o S B s 95s e | NN IR =T
/s - . B o W W R @iy R b s | .E TEE pmemmemmm) haeeee * Ll S5 orressedan fewemsseeeneesx =2 | DS ([PURoamanen iSsaseemen
&;,e engineering soil survey of New Jersey (Rogers, 1955). The ic 1456 | o | 100 98.3 " | ] [ A-4 (1) | AM24
S . < g S ; ; firs f the symbol is a letter, or group of letters, which 5672 |.oooooofooooo- 99.9 | 85.0 <10 focooooood) oooooooo A-2-4 (0)
RN Slightly plastic to highly plastic silty and clayey soil derived B PUEL ot o Ny Sepuinr g e o (S I— D— o4 742 0 [ A-2-4 (0
3 from fluvial deposits of Pleistocene age identifies the parent material according to the classification 1D | 192 |______|TTTTT 86.6 | 69.1 <10 | A-2-4 (0) | AM2
;\::‘ developed by Lueder (1950) (see table 1). The second part 42-72 | |...... 99.1| 68.2 e (11 DN A-2-4 (0)
t§g of the symbol is a number which identifies the soil group P s il mi i [ e i e
?:' according to the classification system adopted by the High- aam2 | T|TTTTTT 100 | 98.1 <10 [ lA2-4 (0)
\fs: way Research Board (Allen and others, 1945) and used with - lg:ég ------------- 100 96.5 2 O R [ A-4  (5)
J\'\\\\ ) ) some modifications by the Delaware State Highway Depart- ] == = 1= L - e e e . me
\\| Flood-plain deposits associated with swamp deposits ment (see table 2). A two-digit number indicates that two 08 |l 99.9 ] 90.3 T e e A2 (D)
soil types are present within the same soil profile; for example, N ey [ il - L e st i 8; AM34
4230 4230 the symbol AM24 implies that both A-2 and A-4 soils are T P Y B TR % B —— I £ — ——
present in the same soil profile, but usually in different 2D 1246 | |ooooo 98.4)| 88.8 | 875 cremcicncfommmencemsana €40 <10 Locecciend missennas A-4 (1) | AM24
hori 4672 |_ oo 99.8 92.9 L | P [ < 40 e o T O A-2-4 (0)
onzons.‘ - - " = (120 (0 I R . 99.2 | 88.5 'Y ] ) A —— < 40 <4 [ S — A-4 (2)
Homslastic: okl st Iy and sandy soil ated Two different soil symbols may be combined by a diagonal 2E | 10-36 |- |- 99.3 | o1.1| 3200 | CTTTTTTTTTT <40 (<10 [T\ A-2-4 (0) | AM24
OmREsiac S0 SRERILY PUMGE STAVCEY GE SRIELY BO1 JiN0G bar ( AM2/24). A diagonal bar indicates that two soil types 3692 |ooecacaloooons 90,8 964 | M0l eciienec)oociainniand N - (18] [, (N A-2-4(0)
with nonplastic to slightly plastic sandy soil derived from ( AM2 and AM24 ) ok within the ame sias. but pot 014 |- |ooooos 99.7 89.4 | 35.6] -oooo-oo|ooioooo 20 <10 oo oo A2 (0
fluvial deposits of Pleistocene age Snd AMeq)) SrcPrescint N ° y DU 3A 14-52 |_______|______ 100 | 926 | 85.5| o ooo|oooo. <40 <10 [\l A-4  (0) |AMI14
necessarily within the same profile. The two soils are so finely 52-72 B 5 O () ) <40 <6 | ooooooooooo A-1-b_ (0)
< : rsed that th nnot be mapped separately. [T D [ 99.9 | 75.3 | 24.1|__________[_____________ = T 0 T e [ A-2-4 (0)
i mterspe N P ¥ 3B 10-32 |occcooo|ccceoe 99.4 7.7 BIED] mi mronioms| omim mrm iom miommi <40 S 7 [ S| NSy A-2-4 (0) | AM2
> P [ 99.5 | 78.3 TN | () (T <40 L1 SRR A-2-4 (0)
2 : REFERENCES 0-14 [o__o_focooo- 99.6 | 85.6 CY ) [ A <40 . T | P A-2-4 (0)
23 Allen, Harold, and others, 1945, Report of committee on clas- 3C 14-50 |.ccvome|ommens 100 78.2 P X: ] [ [ NL NP | coceee A-2-4 (0) | AM2
iy ification of materials for subgrades and granular type roads: R 100 | 913§ 24,0, esesenslasssssescacen NL NP hassseccociccsecsses Aep-4 50
Qu Tonplastic to slightly plastic sandy soil derived from fluvial s o (TR S 99.8 | 84.1 | 224] - T P [ eeem—— —— 2-2-4 (0
n¢ deposits of Pleistocene age associated with AM23 soil Highway Research Board, 25th Ann. Mtg., Oklahoma City, 3D 12-31 | oo fooee o 99.8| 82.6 | 21.6|_ oo oo <40 [<10 |ocooomoi| o A-2-4 (0) | AM23
29 : 1946, Highway Research Board Proc., v. 25, p. 375-388, 3(1;'13 SRR PSS gg-i :g‘: 3;-: ---------------------- <:g <1‘g’ ------------------ :'g - :g:
o A i o A S| T =T ) [T —— 2 E AT [ [ <40  [<10 || oo -2-
= Washington. S ) 3E | 12442 |_ZT0|TTTTTC 93.8 | 79.6 | 30.8| . _|l_ICIIITTIITC TR B O D A-2-4 (0) [AM2
Lueder, D. R., 1950, A system for designating map-units on 42212 || cinaas 98.5 | 62.7 0 (N [ — NL NP A-2-4_(0)
S R engineering soil-maps in soil exploration and mapping: aa | s |TTT|T| see | ema | estioiiiI e e A5 (10) |Amse
' Highway Research Board Bull. 28, p. 17-35, Washington. 4872 | .. | 98.a] 578 74| ool i <40 NP A-3  (0)
Nonplastic to slightly plastic sandy soil derived from fluvial Rogers, F. C., 1955 Engineering soil survey of New Jersey, " 194-_-;3 ------------- 123-9 gg-g :?-3 ----------------------- <;‘11 < 13 ﬁ-: :1; A
. . . . . . o AL e e e a1 &G | 14=80 | ceaslisssns » i | | | o - 5
- deposits of Pleistocene age associated with AM24 soil Report No. 1: Rutgers Univ. Eng. Research Bull. 15, 114 p,, o i B I i o . P
New Brunswick, N. J. =T ] — 100 75.1 7557, [ <40 |<10 A-2-4 (0)
1040 [oeceo]oecuas 99,2 | 173.3 17K (RN S < 40 < 10 A-2-4 (0)
w 4458 | oo |oeeoos 100 93.0 39,2 oo e 26 NP PR )
58-172 99.5| 68.7 0o | <40 <10 A-2-4 (0)
. MR 75°30' [ 23 1 R A 98.8 61.8 1721 O S AN < 40 <10 A-2-4 (0)
= — - ,A# 5A 1241 | oot emeaas 98.9 | 61.6 U A (R IR <40 <10 A-2-4 (0) | AM2
> AM23 soil associated with AM24 soil A 41-72 o] 995|608 | 13| ... | ... <40 <10 A-2-4(0)
3 ﬁl 0=18 |.ccvsmsl|ssswns 99.7 | 85.6 - I [ e < 40 <10 A-2-4 (0)
o i 5B 1642 | oo |ceeeae 98.1 87.5 310 cscvvinann) sesusensenss < 40 <10 A-2-4 (0) | AM2
S 1 /S 4272 | oo |l T I S ] [ S ———— <40  |<10 A-2-4_(0)
3 ¥ 5D 012 | oo [-ooo- CECN BTN VST DR S <40 [<10 A2 (0 [ 400
¢ N 4872 | ____ _.| 96.0| 173.7 VI [ NL NP A-2-4 (0)
3 (< (= S ST | T 99.8 84.4 j L5 | RS e | T <40 (0)
E ! . ; : f 750 5E vy W e S 99.6 [ 91.8 i R S <40 0) | AM2
© A AM24 soil associated with AM26 soil 39°30° = 39°30 0-72 Lo T ) (R S <40 (0)
& N [T ] 99.8 | 81.5 ST P (e <40 (0)
w o 6A 1648 |l 98.6 | 81.8 CLA R R <40 (1) | AM24
o ~Q H BY 48-172 100 | 91.4 | 243 . <40 0)
i>0 1 e@ 010 | ccicesslasanas 99.0 78.1 0. nenessnnl rersmesen vl <40 (0)
i 6B T (RN, . 98,9 | 78.8 | 83,8 _ccoocoi|ocociconenuea <40 (0) | AM12
s3 3872 | oo oo 97.7| 44.7 A7) Y (e <40 (0)
5.9 : 3 . = o T N (—— 99.8 | 73.2 | 10.4|_________ | <40 (0)
¥ AM24 sou associated with AM46 soil : 6C 12-38 | oo |oeeeoo 99.7 | 71.6 O I <40 (0) | AM23
| DOVERg w1 = 1 IR (S 99.4| 71.6 (| R (R <40 (0)
0=10 | ciccuos|onasne 99.7 68.8 b5 | FOSRTSRCNRNIN (e <40 (0)
6D 1042 | ccsac|cemaaa 97.3 67.7 19N cuvuamoves| suvsvessavmses <40 (0) | AM2
§ E 42-72 | oo e 93.6 65.2 B e NL (0)
254
L) o, o
0~ L jl £ ;Based on AASHO (American Association of State Highway Officials) Designation: T89-49.
] e Solsmepit S T
2: E " oc:t :t?:e:'}orn:t;:o:;tgr‘yp‘:l n{;’;;:’e:’ (;ze :;Zlesg)mp eGse’:::‘:,i / 4H:lghway Research Board system (see table 2); group index given in parentheses.
O N .
K i characteristics are summarized in table 4 © - " : . .
59 ;§ } S TABLE 4. —Characteristics of the engineering soil types in the Harbeson Quadrangle.
n O i) &
0
: E" ® 3C f;' Engineering properties
\ <85 r :
& =/ 3o Soil sample site ) 1 NS S In place Disturbed? Suitable
“\\" To Location and number of secondary soil sample sites. Samples | &0 sz Description Origin —— compaction
W - were collected with a one-inch-diameter long-core soil sampler. . l v . Suitability as | Suitability as a S::;bﬂity ::t Compaction equipment
40/ ‘\i\ 4 F}"'o'r results of labora;;)ry analyses see table 3; for genmeral . 38°30 I 75°38 30 a subgrade® | wearing surface4 siateial characteristics
characteristics see table 4 - - - =
N 75°30' - -
§\: - . Good if surface is
§~§\ I 2 SDMILES Nonplastic to slightly [ 0 A-1. Excellent to .
\4' AMI12 | plastic, gravelly and Pli ist €pOSILS ol | pycellent good, depending |Excellent. Fxcellent s u:‘e
/ FIGURE 1. —Index map of Delaware showing location of the sandy soil. it on binder, if sur- equipment,
Harbeson Quadrangle. fare n2-%,
: i . Excellent to good )
4 i AM2 NOnpla'Btlc to shg'htly F‘luv%a.l deposits of Good. depending oﬁ Good Good Rubb.er-tlred
! plastic sandy soil. Pleistocene age. binder present equipment,
5 Zus A A Rub:iex;;zi:‘;e;ior
. r‘ 4 3 Excellent to good |Good if predom-{Good if predom- :gil }\’which is
2Q W Nonpiastic, generail depending on inant material | inant material predominantly
g E 'E g October 1960'\ h AM23 po:rly gr:aged sandz Fluvial deposits of Good to fair binder present if | is A-2, Fair | is A-2. Poor A-2. Vibratory
O =0 6 3 soil Pleistocene age. surface is A-2, if predominant | if predominant equi.pment for
5 : o a | / : Fair if surface is | material is material is soil which is
o =z ) / [ : A-3. A=, A-3. predominantly
g % A‘ Good if mate-
i d gt ;;1 %eft ia:' ez Excellent to good |Good if predom-/Good if predom-
m . . g depending on inant material | inant material
(0] minan pending
é — J J \ AM24 No;;;l;:tu; at: dSIg}:lgﬂt Fluvial deposits of ;At;ezdo Fair :fly binder present, if | is A-2, Fair [ is A-2, Fair |Rubber-tired
i P ’ v v Pleistocene age. e surface is A-2. if predominant | if predominant | equipment.
g Id." 9 3 wadk g Fair to poor if material is material is
< - f:t:: Lradng | curface is A-4. | A-4. A-4,
nantly A-4,
lc'IlLllJlllllllllllll.lll pepppereen b qpvpbvrvrsenrren e rerreererteveverrrrrebrperrrr et verevrerpeatevrorrrveentervrerev b prpr e dipritaiantd Good if t
lo] mate-
1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 rial left after Rubber-tired
. . . ing i i t £
FIGURE 2— Hydrograph showing average depth to water in 13 water-table wells in Delaware. gi:ﬂfxﬁim‘s iy [Cloadl i saifuce. i5: {WRIF X HNMT- WAIE 1 S aotl which is
Nonplagtic is hight i_z Poor ify A-2, Poor if sur-| inant material | inant material predominantly
AM26 pla};ti c, sandy gndy Fluvial deposits of mat;ri al left face is poorly is A-2. Very | is A-2, Poor A-2, Sheep’s-
clayey' aoil Pleistocene age. after grading drained A-2. poor if pre- if predominant foot vollers foi
B y " : . i Very poor if sur- | dominant ma- | material is N S
TABLE 2. —Soils classification. ;:J“’t’i;d;"f;‘ or | face is A-6. terial is A-6. | A-6. ;gg;’:;;’;;fly
poorly drained A-86,
General classification | Granular materials (35 percent or less passing a No. 200 sieve) | Silt-clay materials (more than 35 percent passing a A-2,
No. 200 sieve)
Nonplastic, poorly Fluvial deposits of . . . Vibratory equip-
A-1 A-2 -
Group classification A-3 A-4 A=5 A-6 AT A-8 AM3 graded sandy soil. Pleistocene age. Hair Fair el Poor ment,
a b 4 5 6 7 15 26
) % Fluvial and possi-
N ) N Sieve analysis_ Slightly plastic, silty and| bly eolian depos- . . : : Rubber-tired
&R\\\ \ P;:ce;;t ;a;semg —_— AM4 clayey soil. 143 of Pleigtocens Fair to poor Fair to poor Fair to poor [Fair to poor equipment.
S8 e No. 40 sieve 30 max. [50 max. | 51 min. b i
\\\{§§\—§:‘ ~ 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., Poor if mate=
(Characteristics of rial left after
fraction passing ading is Poor if predom
No. 40 sieve dal, . domma.ng tl, inant mat ial-‘
. i i inant mater:
Liquid limit 40 max, [41 min, | 40 max. (41 min. | 40 max, (41 min, | 40 max/ 41 min, | 40 min.| 42400 Slightly plastic to highly FL“;’;:; f:tl:m e e i{i Very Y |Poor if surface is is A-4. Very Sheep’s-foot
i Plasticity index 6 max. | 6 max. |Nonplastic|10 max, |10 max, | 11 min, |11 min, | 10 max, |10 max. | 11 mlnj 11 min, | 11 min,| 0-60 AM46 pla.stic, silty and clayey posits of Pleisto- poo;‘ i raate- 3—4. fVery' p(::r6 poor if pre- (Poor rollers.
s Group index® 0 0 0 4 max. 8 max. |12 max. | 16 max| 20 max. . cene age. rial left after T i d"ni‘:'l‘a‘“Am:'
L grading is terial is A-6.
General subgrade [Unsatis- redominantl
ruting Excellent Good Good Fair Poor Poor Poor Very poor Tacicy K—G, y
Clean sand Alluvial Alluvi f Recent . 3 : ; 3
Well-graded and Poorly graded, silty or clayey sand s Plastic |Plastic |Expansive plastic(Muck- AR si‘IJt i dgr; i:el' sand, agl:num o Variable Variable Variable [Variable Variable.
Maberial gravel and sand | gravelly and gravel ity soil silt clay clay peat 4 - -
d
=2 Soil rich in organic ma-
;Pluticity index of A-7-5 subgroup is equal to or less than the liquid limit minus 30. terial and frequently
i 037/30/ Plasticity index of A-7-6 subgroup is greater than the liquid limit minus 30. oorly drained. May be |Swamp deposits of g . 5 2 :
38037’3001 TR 20/ (MILLSBORO) MILLSBORO 2.3 M/‘* 17/30" MILLSBORO 2.5 MI. AC3.8 M1 TO DEL. 2% 7501218 37'30 3The group index is calculated according to the following formula: Group index = 0,2a + 0,005ac + 0.01 bd Z zn de r}Iain at shallowy Rec el;t ag o Variable Variable Variable Variable Variable.
75°22/30 }”,é‘;ﬁf,f?gg,,‘;‘g”ﬁ, DEL. 24) 3.7 MI. .6 . . in which: a = Th:;gz;t::::;otlh::ercm;ta&etg:;l)ing No. 200 sieve greater than 35 percent and not exceeding 75 percent,expressed as depths by gravel, sand,
Base by U.S. Geological Survey, 1955 ' ' SCALE 1:24 000 gng-:neeri?gssous mcap'?e([j) byJ Kd' A“‘?al-Ts'i' Del‘aware b = That po:tiion o:mti:e pe::;eenta(fe pa;)s)ing No. 200 sieve greater than 15 percent and not exceeding 55 percent, expressed as or clay.
i i i C7 eological Survey, C. F. Davis and W. H. Tewelow a positive whole number (1 to 40). . — )
Roads revised by State Highway Department, in black - 1 Y% 0 1 MILE 8 . 4 ’ ¢ = That portion of the numerical liquid greater than 40 and not exceeding 60, expressed as a positive whole number 1Two different soil types may be combined into a single map symbol (AM2/24), but the engineering characteristics of the individual soil
- . = , 1 U.S. Geological Survey. ) (1 to 20) types are described separately.
z| | Water table and surface. dralna‘ge mapped by D. H. Boggess - d = That portion of the numerical plasticity index greater than 10 and not exceeding 30, expressed as a positive whole 2 For soil types designated by. two-digit numbers, these columns refer to the composite soil.
2| |2 ) and O. J. Coskery, U.S. Geological Survey number (1 to 20). 3 When not subject to frost action. Frost will affect soils that contain appreciable silt and clay and have a high moisture content.
2\l= 1 B 0 1 KILOMETER 4 Untreated. Additives may aid in stabilization of the sandy soils and minimize dusty conditions.
z § |
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£ CONTOUR INTERVAL 10 FEET
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