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ABSTRACT

pour twelve-foot cores and one eighteen-foot core were taken

near hewes, De.l aware. Samples were taken at two- foot intervals

down the c ore beginning at two feet below land surface. The samples

were analyzed for zinc, copper, chromium, iron lead and cadmium.

The levels of lead and cadmium were below the level of detect-

ability by the methods used  i.e. less than l ppm in the sediment

sample! . Zinc showed a slight increase in average concentration

with increasing depth. Copper and cadmium showed no significant

changes with depth. There appears to be no significant difference

the metal concentrations between the <631 and >63' fractions
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IHTRODUCT10N

Four 12-foot cores and one 18-foot core were taken in the

Great Marsh  Broadkill Harsh! near Lewes, Delaware, for the purpose

of analyzing the areal and vertical changes in trace ~etal con-

centration in sediments deposited prior to the industrialization

of the Delaware Bay watershed. Figure 1 shows the location of

each of the five cores and the principal geographic features of the

marsh.

Previous work has been done in the Great Harsh by Swain �971!

on the biogeochemistry of core samples; Elliott �972!, on the

physiograp'hy, classification and geologic history of the Great

Harsh, and Daiber and Best tie �969, 1970!, on the hydrographic

parameters and flushing pattern oi the tidal portion of the Broadkill

River. Higgs, Miller, and Otley �972! have reported on trace metal s

in a branch of the Broadkill River  Beaverdam Creek!.

The sediments sampled for this study are all of marginal marine

origin of brackish or salt-water conditio~a. The sediments of the

Great Marsh were deposited during the Holocene marine t ransgression

and deposition is apparently conrinuing unabated todav. Lagoonal

muds underlie the more recently formed salt-marsh materials.

According to Kraft �973 !, the coasral i~goon silted in dur ing the.

late Holocene Epoch, possibly just prior to set tlement of the area by

Europeans, and salt-marsh conditions deveioped.  .ores BB-2, BH-3





and BB-'> have material in the lower halves of the cores which were

deposited under open water  lagoonal .! conditions whereas cores BH-l

and BB-4 contain materials in their lower sections which more closely

resemble present day salt-faarsh deposits.
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METHODS

Carin o erations: The cores were taken by hand driving lengths

of 2 1/2" cellulose-acetate-butyrate plastic pipe into the sediment.

After the pipe was extracted, it was cut into two-foot sections

snd a 6" sample was extruded fram the lower end of each section.

The Eh of the extruded sample was measured immediately using an Orio~

model 404 pH meter. The extruded samples were stored in plastic

sample bags and returned to the laboratory for further study. The

2-foot sections of plastic pipe containing the remaining core material

were also returned to the laboratory and described by visual ex-

amination. Color descriptions are based on comparison to the Rock Color

Chart  Goddard, 1963!. The log of each core is presented in Appendix I.

Sa le numherin s stem: The following system was used for the

identification of samples:

1 ~ The first two letters of the sample identification "BB"

refer to samples taken for this study.

2. The numeral following t' he letters and preceded by a

dash refers to the core number from which the sample was

t.aken.

3. The second numeral, preceded by a "0" refers to the sample

number from that core, numbered from the top of the core

downwa rd-

Thus, sample BB-482 refers to the second sample from the top of



the core  approximately four feet below land surface! from rhe

fourth core taken for this project and BB-443 would refer to the

third sample from the top  approximately six feet below land surface!

of the same core.

elaborator rocedures: A fif ty to one � hundred gram portion of

the extruded sample was weighed and then separated by wet sieving on

a 63u sieve into two portions: a <63' fraction and a >63p fraction.

Each portion was collected and the supernate water was removed by

decanting and drying in a 70'C oven. The weight of each dry

fraction was recorded and the difference between weight of the

original sample and the combined dry weights of the <63' and >63u

fractions was calculated. The weight loss thus calculated was

assumed to be the loss of the water content. of the original samples.

The Eh, percent weight loss  H20!, percent <63u, and percent >63' of

each sample are recorded in Appendix II and are shown graphically

in Figures 2 to 7. The large majority of the >63' fraction in most

samples was composed of organic fragments  peat! primarily  Swain,

1971! ~S artina and t7istfolis, with lesser quantities of ~Phrs ites and

pondweeds. The <63u fraction was composed primarily of inorganic

particles. lt was hoped that it would be possible to determine

whether the trace metals in the marsh were primarily bound in the

organic or the inorganic fraction of the sediment by separating the

into the greater than" and "less than" 63> fractions.

Three grams of each of the dry sample fractions were powdered in
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a ball mill and placed in 500 cc's of 10K HC1 in a plastic bottle

and heated for 96 hours in a 70'C oven to extract the metals. The

materiaI was filtered through a 0.47M Nillipore filter and the

solution analyzed by atomic absorption techniques on a Jarrell-Ash

model 800 Atomic Absorption Spectrophotometer for zinc, copper,

chromium, iron, lead, and cadmium.
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RESUI TS

The ~ster content of the cores decreases with depth in the cores.

Typical values for water content range from 80K at -2' to 50K at

-12'. Swain �971, p. 550! feels that "...primary sorting by

wave action rather than post-depositional compaction has been re-

sponsible for the low moisture values..." in t' he lower portions of

the cores.

The procedures used for this study were too insensitive to

determine the concentrations of lead and cadmium in the samples.

Under the operating conditions used on the atomic absorption unit,

10 ppb  parts per billion! of these two elements were easily

detectable in prepared standard solutions, In the solutions con-

taining the metals from the sediment samples, lead and cadmium were

not detectable. It was concluded therefore, that extractable lead

and cadmium were below tbe levels in the standard solutions and

therefore less than 1 ppm in the samples.

The results of the analyses for zinc, chromium, copper and iron

are tabulated in Appendix II and are shown graphically in Figures 2 to 7.

The zinc, copper, and chromium content generally ranged from

10-200 ppm. No generalization can be made at this time concerning

fractionation of the trace metals between the <63rr and the >63rr

fractions: furthermore, there appear to be no major changes in

concentration of these trace metals with depth in the core. Zinc
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does show a slight increase with depth from approximately 70 ppm

at -2' to approximately 95 ppm at -12' in the core.

Iron was extracted from the materials studied in concentrations

of 1-3X of the dry sample weight. In general, significantly more

iron was extracted from the finer sample fraction than from the

coarser fraction. It is believed that this is probably due to the

solution of chlorite clay minerals by the warm HCL in the <63'

fraction. In samples BB-3¹4 and BB-3¹5 high iron concentrations

in the >63' fraction are also accompanied by anomalously high

concentrations of copper  see Figure 4!.



The sediments analyzed for study show very little variation in

the metals studied either areally or vertically. Contrary to

expectation, there was little difference in the concentration of

trace metals between the <63' fraction, which was composed primarily

of inorganic particles, and the >63' fraction, which was composed

primarily of organic  peat! fragments. Zinc did show a slight

increase with depth and iron appeared to be more abundant in the

<63v fraction.
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CORE DESCRIPTIONS





27

CORE BB- I

Depth
i n Samp 1 e

inches No.

0-8" Peat, muddy, dark grey  N-5!

24

70 � 144" Mud, s I i ght I y st i f f
sof t, mott I ed m
grey  h,� 4! to o
�Y 4/!!, occas
fragments and s
Nassariu s obsel
4@4 ~4I titu.. edu

�I
to medium

edium dark
1 ive rc y
ional slant
hells of
etus .';ay
Ii Linne.

120

144 I End of core.

Fj.gure 8

8-70" Mud, peaty to slightly peaty,
soft, medium grey.
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CORE BB-2

Sample
No.

48 I

72

96

I20

i4a I E.nd of core.

Figure 9

Depth
in

i nch es

0-8u Peat, with very little mud
grading downward into

8-I8" Peat, muddy, greyish brown
�YR 2/2!.

I8-72" Mud, peaty, soft, mottled dare,
br own �YR 3/2! arrd dark
grey  N-3! gr ad lng into

72-86" Mud, oft with plant fragments
mottled greyish brown
�YR 3/2! and olive crey

�Y 4/I!.

86-140" Mud, soft, with few plant
fragments, olive grey
 app. 5Y 3/I!, shell
f racrnents of Na ssa r! us

obseletus Say and

Mud becoming medium soft
with increasing depth.
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CORE BB-3

Depth
in Sample

inches No.

24

72

96 44 Mud becoming stiff and
dark o!!ve qrey  by >/I!
slightly mottled to dar-.
g r e y   'v'- 3 ! .

120

N6 End of core.

Figure 10

0-6" Peat, muddy, qrading into

6-22" Mud, peaty, medium soft,
o!ive grey �Y 4/I!
and brownish qrey
�YR 4/!! grading into

22-�4"Mud, medium soft, olive grey
�Y 4/I! with occasional
plant fragment   Imm!.
 inifor m texture becoming
slightly stiffer and
slighf ly mottled olive
qrey �Y 4/I! to darh
grey  N � 3!
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CORE BB-4

Depth
in Samp I e

inches No. 0-13" Peat, mode rate b rown �YR 4/4 !
grad ing i nto

13-68" Mud, peaty, moderate soft to
sl ightly st i f f, mott led dark
oi ive gr ey �Y 3/I! and
moder ate brown �YR 4/4!.

68-79" Mud, peaty, s! i ght I y st i f f, o I I ve
b lack �Y 2/ I ! grad i ng into

79-134" Mud, peaty, s! ightl y sti ff, olive
gr ey �Y 3/ I ! and moderate
yellowish brown  IOYR 5/4!.

96

120 Nof e: ther e was a I oss of one f oot of
cor e, presumab I y due to compacti on.

Figure ll
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CgRE BB-5
Depth

in
inches

Sample
No.

0 � 6" Peat, brown to dark grey grading
shat p I y i nto

6"-70" Mud, peaty, moderate I y sof f,
dark yellowish brown
 IOYR 4/2!. Becoming
mottled with dark grey
 N-3! and moderate brown
�YR 3/4! to moderate
yellowish brown  IOYR 5/4!,
grading info

24

96

Sand lenses at 157" anc
l72-173".

120I

168I

192I End of core   I6'7" !

Figure l2

70 � 197" Mud, moderately
slightly sti
�Y 4/I! wit
allocthanous
f ragment and
 Peripioma?
even texture
sandier with

sof t to ver y
f f, o I i ve grey
h occasional

 ?! plant
clam shells

sp.!. Very
Becoming

depth.
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