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Figure 32.

Composite rose diagram summarizing sand-wave azimuths
collected at low tide during spring, normal, and neap
tides (total of 92 readings) from June to August, 1968.
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Figure 33.

Figure 34.

Spring-tidal effects on the flood-tidal delta. View
Tooking northwest across the central portion of the

ebb shield at Tow tide, June 13, 1968. Tidal range

3.2 m (10.8 ft.); note Targe scour-megaripples and ripples.

Neap-tidal effects on the flood-tidal delta. Approxi-
mately the same view as Figure 33; July 22, 1968; tidal
range 1.7 m (5.7 ft). Note well-developed ripples but
absence of scour-megaripples due to Tow current velocities.
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order to monitor changes during the summer of 1968. The photo

sequence in Figure 39 illustrates more than 8.5 m of westward migra-

tion of one sand wave during a 54-day period starting in late June.
Highest migration rates occured during spring tidal conditions (Fig. 40).

A rapid decrease in fresh-water discharge in early July 1968,
had profound effects on large bedforms and ebb-shield morphology.
During late June, when discharge was two to three times above the
annual mean of 7000 cfs, the numerous sand waves on the ebb shield
showed ebb orientations at Tow tide with active seavard slip-face
migration. During the first 10 days of July, discharge dropped
from 21,300 to 5760 c¢fs and flood currents began to dominate the entire
delta. The old, ebb-oriented slip faces were largely destroyed and
replaced by westward-migrating ones. Thus, many of the larger sand
waves on the ebb shield that had previously been ebb-oriented at low
tide began to migrate westward and assume a flood-oriented asymmetry.
Additional work is necessary to monitor these changes on an annual
basis.

The sediment distribution on the flood-tidal delta is closely
related to bottom topography and current velocities. The coarsest
sediments (slightly gravelly sand, mean 1.158 - 1.46@) are found
on the topographic high along the northeastern margin of the delta,
on the ebb spit, in the flood sand-wave field, and on the topographic
high in the southeastern part of the ebb shield (Fig. 30). Fine sand

(mean 2.129 to 2.6@) is present in a zone of clam flats on the south-
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Figure 40.

Graph showing slip-face migration of the flood-
oriented sand wave illustrated in Figure 39.
Migration rates were greatest during the periods
of spring-tidal conditions (July 8-13, and August
5-8, 1968).
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Figure 44. Structures developed in intertidal mud flats in the
western end of Joppa Flat:

A.

Photograph showing large Mya arenaria soft clam

in 1ife position. Smaller worm burrows are present
but hard to distinguish.

X-ray radiography of the same sample showing well-
developed burrowing by small worms (probably Nereis
virensg. Note the success of x-ray radiography
techniques in delineating structures that would
otherwise be indistinguishable (also see Fig. 50).
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sides and intertidal flats, but in places are steepsided with deep
channels. Smaller ones are muddier and go dry at low tide. Sediment
grain-size parameters are variable. Channels near the Plum Island River
are of muddy sand (mean 1.08% - 2.03%) with a few scattered mud accumula-
tions (mean 4.04(). Sediment is poorly sorted to very poorly sorted
(1.13¢ - 3.108), near-symmetrical to fine-skewed (-.02 to .57), and lepto-
kurtic (1.15 - 2.67). Sediments in the tidal channels of Salisbury Marsh
and Town Creek Marsh are muddy sand to mud (mean 1.599 - 5.72@), poorly
sorted to very poorly sorted (1.21¢ - 2.33p), fine-skewed (.17 - .62),

and leptokurtic (1.21 - 2.33). Common sedimentary structures include

small worm burrows, laminations, and rhythmites.
Salt marsh

The marshes, which constitute the third major sedimentary environment
in the Merrimack River estuary, are composed of an intertidal zone occupied

by Spartina alterniflora and a supratidal zone characterized by S. patens,

Juncus gerardi, and Distichlis §p1cafa. Recent work by McIntire and

Morgan (1963) and McCormick (1968) has revealed many details of the marsh
morphology, Holocene stratigraphy, and sea-level changes in the marshes
south of the bridge to Plum Island, but until now little work had been
done on the Merrimack marshes.

Using an aluminum rod 3.3 m Tong, the marshes were probed at 458
locations to determine peat thickness and to locate potential coring sites.
A total of 17 cores, 5 cm in diameter and averaging 2.5 m in length, were

obtained with a piston coring rig similar to that used by McCormick (1968).
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