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: - \ ; - O = R R R R EXPLANATION TABLE 2.—Soils classification
47 General classification| Granular materials (35 percent or less passing a No. 200 sieve) Silt-clay materialstg;no;:ot:::v::f percent passing a
42-48
: K A-1 A-2 A-7
anary observation well Group classification A-3 A-4 A-5 A-6 - . A-8
Nonplastic to slightly plastic, gravelly to silty soil derived Numerator is altitude of water table .in October 1960. Denom- 2 b 4 5 : 1 B 8
from fluvial deposits of Pleistocene age inator shows measured range in altitude of water table during Sieve analysis
1950-62 Pencent passing “
(o sieve max.
No. 40 sieve 30 max.| 50 max.| 51 min.
. 36 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.
<3 a5 41
s \ \ 33-41 Characteristics of
o~ ) X . fraction passin
cu ) R Secondary observation well No. 40 steve © :
Qg N\ W % " - . . . ; " ) nom- Liquid limit 40 max.| 41 min. |40 max. | 41 min, | 40 max. |41 min.| 40 max.| 41 min.| 40 min. | 42-400
Q% \\ Q Nonplastic to slightly plastic sandy soil derived from fluvial Numerator is altitude of water tabloin Ootober 1860, Deéno 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
g Z \\ o debosits 6f Pleiatocens inator shows estimated range in altitude of water table during
Ze \\\ ': Do age 1950"62_ based' on '_’neasu"'ements_ from 1959 to 1962 and Group index” 0 0 0 4 max. 8 max. |12 max] 16 max, 20 max.
u > s.‘ s comparison with primary observation-well records
@~ 'y N General subgrade [Unsatis-
o 5h : \\Q‘ h rating Excellent Good Good Fair Poor Poor Poor Very poor factory
45 Clean sand
® s Material g radet s | vy |7 o o 1Sy 20| sty son [FIEle [ R PR et
- Domestic or farm well sand
Nonplastic sandy soil derived ial i ; ; ;
plast y S(;} (.ie ed from fluvial deposits of querator 8 alt”'t:ude of water w?le in October 1.960- :De,w"n' 1 plasticity index of A-7-5 subgroup is equal to or less than the liquid limit minus 30.
eistocene age inator, where given, shows estimated range in altitude of % Plasticity index of A-7-8 subgroup is greater than the liquid limit minus 30.
water table du'ri'ng 1950—62, based on 2 or 8 measurements and 3The group index is calculated according to the following formula: Group index = 0.2a + 0.005ac + 0.01 bd
comparison with primary and seconda’w observation-well in which: a = That portion of the percentage passing No. 200 sieve greater than 35 percent and not exceeding 75 percent, expressed
records as a positive whole number (1 to 40).
b = That portion of the percentage passing No. 200 sieve greater than 15 percent and not exceeding 55 percent, expressed
as a positive whole number (1 to 40).
) 20 c = That portion of the numerical liquid limit greater than 40 and not exceeding 60, expressed as a positive whole number
. Water-table contour {1 to 20).
23 & & 2 3 o P + d = That portion of the numerical plasticity index ater than 10 and not exceeding 30, expressed as a positive whol
Nonplastic to slightly plastic sandy and silty soil derived from Number shows altitude of water table in feet above mean sea morsber (3 o 301 prstely gre Sl eare =
fluvial deposits of Pleistocene age level. Contour interval 10 feet. Relative position of water
table in October 1960 is shown in hydrograph (fig 2)
TABLE 3.—Results of laboratory analyses of soil samples )
/\/\ Liquid limit: NL, nonliquid Plasticity index: NP, nonplastic
Perennial stream
) Classifi-
Bottom of stream channel almost always below water table Mechanicalianalyses Moisture-density | cation
Nonplastic to hlghly.plastlc s_r,andy an_d clayey soil derived S"’;{’le Depth of | Cumulative percent by weight Percent by weight Plas- ) -
LN from fluvial deposits of Pleistocene age nd | DT vamsity sleve— Liquid |ticity e Map
& 2 T 5-‘11 sampled 1limit? indox? density®| moistured HRE* symbol
NS e site | (inches) No. 4 |No. 10| No, 40| No. 200 Silt (Ibs, per | (percent
\%s : Intermittent stream nos, 3/41in.| (4.7 | (2.0 | (0.42(0.074 | (0.062t0 | o ooczny cu, ft.) |by weight)’
\§ O, . mm.) | mm.) | mm,) | mm.) | 0039mm,)|<0-003¢mm.)
§§ N s":"‘ Bottom of stream channel above water table part of the time and
%\? ] R &:@‘ below water table part of the time ) 13:10 100 | 99.6 | 98.9 | 80.8 18.6 NL | NP |_. S A-2-4 (0)
TN O 212 22 99.8 | 99.0 | 96.4 | 79.8 23.8 NL NP | oo e A-2-4 (0 AM2
X ?} \ §§ X 2245 | 99.6 | 95.8 | 89.0 | 65.1 205 NL | NP JA-2-4 ;9;
NN SR . . . .. 4 n 0-8 100 |100 {100 79.9 22.3 NL| NP | ] A-2-4 (0
N e i\, : Slightly plastic to highly plastie silty and clayey soil derived . 213 8-30 | 100 |100 | 99.8 | 79.0 22.4 NL | NP 130 8 |A-2-4 ﬁo; AM2
AN 3 §.§ from fluvial deposits of Pleistocene age TABLE 1.— Explanation of letter symbols 3048 | 100 100 | 99.9 | 86.9 25.9 NL | NP 126 9 |A-2-4 (0)
S Vi 0-12 | 100 | 98.7 | 96.6 | 56.8 25.4 NL | NP 127 8 |A-2-4 (0)
SR oy Symbol Explanation 214 12-34 | 100 | 91.6 | 81,9 | 42.8 16.8 NL | NP 133 8 |A-1-b (0) | AM12
: \‘\ N 34-48 199___9_&._7__ras.s 61,1 15,8 NL | NP 128 9 |A-2-4 (0
S R i AM Surficial alluvial mantle, Pleistocene age a5 | inks | s B des | B2 Bl B o B
. . » ) ) ’ : . 1 O -
SIS i",:. AR Recent alluvial deposit 28-42 | 100|100 99,9 | 97.8 89,9 48 38 32 17 122 12 |A-6  (11) v
‘ ) MTM Marine tidal marsh 08 | 100 |100 [100 79.9 16.2
2 5 3 X 216 14-26 | 100 [100 99.9 | 81.3 16.4 AM24
' : . wamp deposit 50-63 | 100 100 99.9 | 85.6 41,3
Marine tidal-marsh deposits 0-12 | 100 | 99.9 | 99.7 | 72.7 13.6
5o 50/ SO, SFMRG 217 13—_20 100 | 99.8 | 99.1 | 74.2 13.9 AM2
3044 | 100 | 99.6 | 98.5 | 75.6 11,4
o Ls s -
022 99,9 | 70.1 21.0
<+ . . . . ° ¥
= The map symbols used in this report to designate the vari- AR z::‘;g 99.4 | 61.4 . AM23
~ . ope . " 98.1 o
g ous types of soils are a modification of the system used in the 8 0-36 100 22;
o engineering soil survey of New Jersey (Rogers, 1955). The e ool 153 o
o - — . i first part of the symbol is a letter, or group of letters, which wc | 1242 95.5 | 68.4
* oorly drained organic swamp soi identifies the parent material according to the classification g e | Az
- developed by Lueder (1950) (see table 1). The second part of i | e [ i~
. v s ey o oo | 1B | 20-52 | . feeeeee 2 2.5
the symbol is a number which identifies the soil group ac- 52-72 99.8 | 97.6 i
cording to the classification system adopted by the Highway st | 1ot g
. . A
Research Board (Allen and others, 1945) and used with some 48-12 78.4 2
SO . 024 69.1 18.1
L 57y N modifications by the De.la‘ware State‘Hl.ghway Department 2B | 2442 64.1 17.9 AM2
P Po; with swamp depost (see table 2). A two-digit number indicates that two soil 46’:32 ZZ: lg-"
Sy s 5 i 2 20.2
types are present within the same soil profile; for example, 2c | 2554 70.3 12.7 AM2
the symbol AM24 implies that both A-2 and A-4 soils are g B 2Ll
present in the same soil profile, but usually in different hori- 2D | 24-50 59.3 14.8 AM2
Zons _50-72 63,7 18,2
- ) ) 0-26 7.8 27.3
Two different soil symbols may be combined by either a 2E fgg 73.2 19.8 -
AM2 soil associated with AM23 soil horizontal bar or a diagonal bar. A horizontal bar (Z/AM2) 8812 e |
indicates that the soil designated by the denominator s 0-28 69.8 24.8
underlies the soil designated by the numerator within a il e 8vs | am1 -
" depth of 20 to 72 inches. If a letter symbol is used only in 3 0-26 4.5 19.5 =
S the numerator, it also applies to the denominator. A diag- 5 e | 20.9
g R onal bar (AM2/24) indicates that two soil types (AM2 and 3D | 22-34 73.9 19.4 AM2
) e AM24) are present within the same area, but not necessarily 22212 B4 2.0
= | ~ 3 i 5 3 : . s " 5 0-19 67.5 15.7
= 2 AM2 soil associated with AM24 soil in the same profile. The two soils are so finely interspersed 4 | 1940 66.7 | 127 AM2
o N that they cannot be mapped separately 43:;3 gig ;i:
& R % %
c | 3 > 4B | 3272 82.3 12.9 AM2
s 3 0-14 6.7 25.3
g N REFERENCES sc | 1w s | 3o -
TR S = : % Y
oy N Allen, Harold, and others, 1945, Report of committee on clas- = 12—17 1.2 21.9
‘ ) . X ) P . —34 70.6 11.3 AM2
AM24 soil associated with AM26 soil smcatlor} of materials for gubgrades and granular type 34-72 531 118
roads: Highway Research Board, 25th Ann. Mtg., Oklahoma . 23::;’ 237 ;gg
A i il i
: City, 1946, Highway Research Board Proc., v. 25, p. 375-388, 46-72 42,4 14,6 A
S ingto 0-8 80.9 21.9
T S Wanhington. o : 5A | 820 87.0 | 36.4 AM24
S Q's | Lueder, D. R., 1950, A system for designating map-units on 28:'113 99.9 | 90,0 33,6
Rl 3 : s . 5 s .
i : \&s N engineering soil-maps in soil exploration and mapping: 5B 1742 : 3‘2’3 ?,2: ARG
a® o . N . . High 4 i 42-72 82,6 22,9
8 e Swamp deposits associated with AM2 soil ighway Reseanch Boa:rd Bl.lu' 28,'p. 17-85, Washington. 017 99.6 | 88.3 42,2
gg PR Nt Rogers, F. C., 1955, Engineering soil survey of New Jersey, &6 124 || ooC 99.7 | 81.2 29.3 —
z .";s\“‘\\\\‘\ 3 Report No. 1: Rutgers Univ. Eng. Research Bull. 15,114 p., T [rmmmnfenee- e inr | B
2N ¥ B e A
W & New Brunswick, N. J. 0-18 | o |eaa 92.1 |[57.3 18.0 | oo | 40 [<10
SN ’ 5D < "
: § 18-72 97.5 | 63.8 20,2 240 | <10 M2
& ' 0-18 99,9 | 87.2 30,0 <10
& 75°30 5E 1842 97.4 | 89.5 29.5 <10 AM2
"s B S 42-172 6 81,9 21,9 <10
N . s . , 0-12 | foooo. 99.0 | 88.6 33.8 <10
{\\& Swamp deposits underlain by AM2 soil /wlmmcm ea | 1222 [LITTDTTTTT 99.5 [90.3 | 40.8 DT I A A-s (1)
\\‘ 22-40 98.2 | 90.8 34,5 S LI A A2-4 (0) | AM2
§§ » i ( 40-72 97.1 | 67.6 20.1 <40 |<10 A-2-4 ()
I8 | ) 0-12 100 85.8 30,3 |oomccee [oeee _ [ <40 [<10 A-2-4 (0)
\& ‘ 6D ;::3(21 s!:9.9 88.2 211 |. <40 | <10 e _|A-2-4 (0) | AM2
IR T T A R e e A R R 7 e ——— [ N N L S S e 9.9 | 83.8 T ) A — P2 Il < % MO — A-2-4 (0)
W S
'I‘,: i Tz \ 750 1Based on AASHO (American Association of State Highway Officials) Designation: T89-49,
&8 R i 3 2Based on AASHO Designation: T91-49,
s : " 39°30—4 39°30 3
Swamp depOSltS underlain by AM28 soil = ‘Based on AASHO Designation: T180-57.
‘ \ Highway Research Board system (see table 2); group index given in parentheses.
47/30" :
R, 47'30" ]
\;\ ) 1 TABLE 4.—Characteristics of the engineering soil types in the Ellendale quadrangle
} § E g \ N Engineering properties
aN o w
Q‘ y % Q . N . | Soil In place Disturbed? Suitable
\\\‘ RQ Swamp deposits underlain by AM26 soil 1 type! Description Origin pe ey
:£ s N Suitability as | Suitability as a, S::;l:;li:zl::t Compaction
S & q 2 a subgrade wearing surface material characteristics
ss ® B 213 . Excellent if
ss LA | material left
8 Soil sample pit [ - after grading Bxcellent f preExcellent i pre
3 - . . tic to slightl; - minant mate- minan te-
Location and number of pit from which soil samples were ob- AM14 | plastic, gravelly ang |Fluvial deposits of | nantly A-1. Gz:.u;£:a§esii- rialis A1, | rial is A-l, |Rubber-tired
tained for laboratory analyses (see table 3). General char- silty soil. Pleistocene age. Fair if ma- | ¢ o aog, Fair if pre- Fair if pre- equipment.
acteristics are summarized in table 4 \ ta:::lg]::tding :ﬁ?—?ﬂ ] :;);1 i&”: :mm-
1 is predomi~- : :
nantly A-4,
2E i Excell
® Nonplastic to slightly  |Fluvial deposits of xcellent to good o
AM2 Good 4 din, Good Rubber-tired
; . lastic, s il Pleist A lepending on Good
Soil sample site |2 andy so! eistocene age, binder present, equipment,
Location and number of secondary soil sample sites. Samples Rubber-tired
were collected with a one inch-diameter long-core soil sampler. 38°30" Excellent to good |Good if pre-  |Good if pre- equipment for
For results of laboratory analyses see table 3; for gemeral = 75° oy | ras generally o 1o deposits of g;n::n - st fo T:min tAm;- dom:im:.l;m- i
ts . - - 3 poorly graded san Good to fair. er prese! er: s A-2, | teri ~-2. | predominant];
characteristics see table 4 75°30' . soil, L dy Pleistocene age. i; s.uritface lts A-2,| Fair if pre- Poor if pre- A-2, Vibratoyry
0 10 20 30 MILES air if surface is | domi ma- | dominant ma- quipment for
L il 1 i | A-3., terial is A-3, | terial is A-3, | soil which is pre-|
FIGURE 1. —Index map of Delaware showing location of the Sy s
Ellendale quadrangle Good if mate-
:riaaldiz:t ;ﬂer Excellent to good |[Good if pre- Good if pre-
dependin, dominant ma- | domin: -
N pending on ma. lominant ma:
Ao };’11;951;212:;" djlﬁ‘;ﬂy Fluvial deposits of | Br ;“mpm?”‘uﬂy binder present, | terial is A-2, | terial is A-2. |[Rubber-tired
silty soil, Pleistocene age. mat.eri al left if surface is A-2, | Fair if pre- Fair if pre- equipment,
after gradin Fair to poor if dominant ma- | dominant ma-
s pre o€ | surface is A-4. | terial is A-4. | terial is A-4,
nantly A-4,
Nnwrvensan\ 5 RTH AR Good if mate-
DA BTam - <y \ % N / e
::aldl':;t;ﬁ er . . Rubb_er-t:lred
Good if surface is |Fair if pre~ Fair if pre- equipment for
predominantly| s o " p 5 a - 3 2
4 Nonplastic to highly A-2. Poor if 2. Poor if sur-| dominant ma dominant ma- | soil whichis pre-
AM26 | plastic, sandy and Fluvial deposits of . | face is poorly- terial is A-2, | terial is A-2, | dominantly A-2,
s Pleistocene material left = S 7 Y .
clayey soil. €: C age, after gradin drained A-2, Very poor if Poor if pre- Sheep’s-foot:
15 pre%:\ mi-g Very poor if sur- | predominant dominant ma- | rollers for soil
Z w 5 A A nantly A-8 or face is A-6, materialis A-6 terial is A-6, | which is predom-
£ 2 poorly- inantly A-6.,
e drained A-2,
= Oct.1960 [\
@ <5 N Poor if mate-
. ; 3 6 I'L 'oor mate
i rial left after
3 .
QR (o) a] / grading is Poor if pre-
i =z htly plasti hi Fluvial, paludal, predominantly| dominant ma-
o) s ) A / Aids ngasﬁ"; ps‘;lst;m‘% EMY | and lacustrine de- | A-4. Very Poor if surface 15 | terial is A-4, ISheep’s-foot
2| = 7 re V‘ soil, T yey| posits of Pleisto- poor if mate- ﬂ-:&rf:. i:yi:q:rs Very poor if Poor rollers,
: Eo cene age, rial left after ~%+ | predominant
= o) r\ V \«/ v / grading is material is A6,
3 [a]
& '} predominantly]|
i
w8 A-6.
o
-4 J J \1
- < Alluvial 1 Alluvium of Re
o i ‘ A x L [ \j AR s;t‘:‘anﬁ :g' sand, ag‘-;. um of Recent |y, rjable [Variable Variable Variable Variable.
“i\&i‘ﬁ\l\ \-&\Q ) NS » : ; Iy 7 7 ‘:‘:‘:;;;;:: z wg g Soil rich i
\"% AR i S K\\\*m\ﬁv\”\\\xb‘: A= A\ MTM | terial 4 ot to o [Tidal marsh de- i
(3,:(\\\‘\‘\\ N MR @‘Q’.‘?\\ ﬁf@‘&;«\“"‘"““ 4 \ s S, ex";:tll am‘i’ s‘ﬁJgic:';o -l sits Variable Variable Variable Variable [Variable,
VoSSR : X ~ R S A S N AR undation by ides. )
W ? \\\\ \ SRS e ey x - N N S : lGlllIllIIll poprrterverbverrrrrrrredvvrrrrrrvrbvrrrrerreelerrrrrerrepbrrvrrrerreetrrterrrrrbrerrvrevprrbevreerereanlvprrrvevrrelrpervrrepry bpa il
\%_\\\x\\\ N 5\ S 1950 1951 1952 1953 1954 1955 1956 1957 1958 1950 1960 1961 1962 erial and trequently
38245/ AL O MNRIRERENRT i DRSNS AR A =l 38°45/ FIGURE 2.—Hydrograph showing average depth to water in 13 water-table wells in Delaware z poorly drained, May be|Swamp deposits of ;
75030/ 27'30" (GEORGETOWN)  \ 4 MI TO DEL 18 REDDEN 0.8 Mi ingeslein stahatlon. | ecentags. Veriable P o == [Feasiebles
p , ) B J 75°22!30# >
S GEORGETOWN 4.9 MI. 25 1.2 MI. TO U.S. 113 epzlhs by gravel, sand
5 or ay.
QO%?) Base by U.S. Geological Survey, 1954 Engineering soils mapped by J. K. Adams, Delaware = -
> q'b Geological Survey, C. F. Davis and W. H. Tewelow, RN Two different soil types may be combined into a single map symbol (AM2/24), but the engineering characteristics of the individual soil
6@.6 0.8, Geological Sive ®<\ typzes are described separately.
[\ SCALE 1:24 000 9. g Y. ) @O 3Fm' soil types designated by two-digit numbers, these columns refer to the composite soil.
Water table and surface drainage mapped by D. H. Boggess 1, ‘?Jﬂ;en ntot sut‘&jec_t to frost action. Frost will affect soils that contain appreciable silt and clay and have a high moisture content,
1 1 0 1 MILE and O. J. Coskery, u.s. Geological Survey ntreated. Additives may aid in stabilization of the sandy soils and minimize dusty conditions.
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