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CHESAPEAKE BAY EARTH SCIENCE ATLAS NO. 4
Introduction
Chesapeake Bay Earth Science Atlas No. 4 represents the second in a
series of map atlases depicting physical and chemical characteristics of
the bottom sediments of Chesapeake Bay. These atlases are a product of
a major research effort by the States of Maryland and Virginia in coopera-
tion with the Chesapeake Bay Program of the Envirormental Protection Agency

to map the distribution of sediments, to identify the sites of deposition
and erosion of such sediments, and to map the distribution of carbon and
sulfur in the sediments.

SAMPLING LOCATIONS

The Maryland Geological Survey and the Virginia Imstitute of Marine
Sciences conducted companion programs in each of their respective states
5 to provide detailed information about the sediments of the Bay. This research
effort is the first attempt to provide such information on a Bay-wide basis.
Past studies of the Bay sediments have been either very localized and site
specific (Kofoed and Gorsline, 1966; Biggs, 1967; Palmer, 1972; Shideler,
1975) or recomnaissance in nature (Ryan, 1953).

The design plan for collection of bottom sediments is based on a
wiform grid for systematic Bay-wide sampling. The grid concept of sampling
offers a more efficient strategy for spatial correlation than most other
sampling systems (McCammon, 1973). The grid is based on the Universal
Tranverse Mercator Projection with one kilometer grid lines extended from
a known point at 76°00W, 38°00N. Where the grid projection lines intersect
the mean high water line along the Bay shoreline, the grid system was ex-
panded to one kilometer (shore parallel) by 300 meters (shore normal) to
a water depth of three meters.
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Location, in water depths greater than three meters, was determined by
the use o_{ Teledyne-Hastings Raydist navigational system. Accuracy of the
system is <0.5 meters. The sampling locations were pre-plotted, based on the
grid design, and comverted to the Raydist coordinate system. This coordinate

. system provided the basis for actual field locations. In water depths of

1

less than three meters, where the grid system was expanded to one kilometer
by 300 meters, location was determined by shore based triangulation methods.

280, The success of such a scientific endeavor could not have been accomplished
] without the dedicated, professional services of the geologists and staff The initial sampling grid conformed to the pattern developed by the
36— of the entire Maryland Geological Survey, and without the superb and encour- radio-navigation lanes of the Raydist Navigational system. In the north- —36’

aging leadership of Dr. Kenneth N. Weaver and Dr. Emery T. Cleaves. We

tern (el f thi , this i iden: kewed and curved
i also extend our gratitude and appreciation to the many neople whose invaluable :e;pimgssgtzzg? Ovef' rgaul:,e, ix]l;;ro\sze%ts ?:;dtgz nd.;xe/i;atigmimsystememde &
1 comments and suggestions helped initiate this project and contributed to possible greater conformity to the orthogonal UM grid apparent in the -
. completion of this Atlas. A very special thanks go out to the draftspersons remainder of the map. E 7
2 j whose excellent work provides a clear and legible product, Mrs. Margaret
McCabe and Ms. Cynthia Lang. A total of 1095 sediment samples were collected and analyzed for textural -
i parameters, as well aﬁ water, carbon, and sulfur content. The data are .
3 i . . lotted on a series of overlays using the base of the sample locations
30— Physiographic and Geological Setting gs LSy ay ng ap ; | 20"
3l The Chesapeake Bay is located in the Embayed Section of the Atlantic |
Coastal Plain Province. The Bay is an estuary formed by the post Wisconsin SULFUR QONTENT |
sea level rise which drowned the lower valley of the Susqueharma River.
157= Prior to submergence, the Susquehanna River had developed an extensive 4 ) " 15"
drainage network in unconsolidated to weakly consolidated sediments of ﬁny d’iﬁll;gai reacgions occurring in the Chesapeske Bay estuary depend
7 Cretaceous, Tertiary, and Quaternary age. The sedimentary units become eqlaxen:te c;‘;va 3 ervja- ityao T]J_lgur 1In i‘@s}m’ the'cqncmintratxﬁlor]? of Fhls £ 7
— progressively younger southward along the Bay axis from the Cretaceous sites with the pote:sxtialiofol; tlxolgh evconece:iragggz gédl]fegvy mtaelsoﬁﬁlgnmgr B
35,_1_1 Eggc;x:; Csiigléz in the Upper Bay to the Quaternary sediments along the Lower polluting substances. :_35,
) ) ) In the anoxic enviromment occurring within most of the fine grained E_
507 - = dﬁfszgwx?aﬂedlthls fﬁ;ﬁaiﬁaghgfwiige:sizgeslhxg arz mlaebgzcsiizfnthe sediments of the Bay floor sulfates are reduced to sulfides by anaerobic F-50”
y € y ' . ong bacteria releasing energy for their use. The sulfides then combine with

side (southern Amme Arundel and Calvert Counties) high cliffs which attain
heights of over 100 feet front the Bay shoreline. These cliffs are composed
of the Miocene sands and silt-clays of the Calvert and Choptank Formations.
The former occurring to the north of Parker Creek and the latter to the
south (Glaser, 1971).

reactive metals such as iron and manganese, forming metal sulfides. These
metal sulfides remain in the sediment where they are stable as long as the
envirorment remains anoxic. However, if these sediments are disturbed

and introduced to an oxidizing enviromment, the following could occur:

1) the creation of an oxygen demand proportional to the concentration of
organic carbon and reduced sulfur compounds in the sediments; 2) the formation
of oxidation products analogous to those found in acid mine drainage, as a
result of oxidation of iron sulfide phases; 3) the release of nutrients and
trace metals to the envirorment. Knowing the sulfur content of the sediments
can thus play a role in identifying areas of anoxic sediments and estimating
the potential for deleterious effects should these sediments be disturbed.

In the northern portion of the western shore the cliffs fronting
Herring Bay are composed of the Fairhaven Member of the Calvert Formation.
This unit is a sequence of olive-grey to olive-green fine muddy sand and
silt with a distinct stratum of diatomaceous silt and clay. The overlying
Plun Point Marl unit of the Calvert Formation, which occurs to the south,
varies from olive green fine to medium sand, to very fossiliferous clean
sands and blue grey dense silty clays and muddy sands. The Choptank
Formation, forming the cliffs south of Parker Creek consists of muddy fine
grained fossiliferous sands (Gaser, 1971).

o

Sulfur analysis was done on approximately one out of every four samples
collected from the deeper waters of the Bay. Sediments consisting predom- —
inantly of sand, which generally occur in shallower depths, contain amounts
of sulfur close to or below the detection level of the analytical equipment.
These samples were thus not analyzed for their sulfur content. Sulfur was
analyzed for 159 sediment samples using a Leco Induction Furnace (Model
#521-000) and a Leco Automatic Titrator (Model #532-000).

Fronting the cliffs at various locations along the coast is a thin
sheet of Quaternary Age materials of variable composition collectively
termed Lowland Deposits (Gaser, 1971). These deposits are heterogeneous
in composition consisting of admixtures of sands, muds, and subordinate
gravels (Glaser, 1971). These materials are most evident along the northern
sections of Herring Bay, at Holland Point, and infilling the lower reaches
of the creeks which discharge into the Bay. They are largely fluvial deposits
and alluvium of the lower stream valleys (Glaser, 1971).

Distribution

Areas of high sulfur content tend to correspond to areas of deep water
and fine-grained sediment. The nearshore and beach areas are high energy,
wave dominated zones in which constant reworking of the sediments results
in the removal of the finer-grained materials including the organics. In
addition, high energy conditions stir up the bottom, aerating the sediments
and preventing anoxic conditions from developing. In contrast the deep
areas tend to be low evergy enviromments in which fine-grained materials
including organics accumilate. Anoxic conditions develop quickly in these
materials because their fine-grained nature inhibits the passage of oxygen
into the sediment from the overlying water. As sulfates are reduced to
sulfides and combine with reactive metals the sulfur is retained in the
sediment in the same areas. This relationship between grain size and sulfur
permitted contour lines of sulfur content to be interpolated between
analyzed stations on the basis of the Sediment Distribution Map (Map 4-2).

In contrast to the western shore, the eastern shore, encompassing the
Choptank River, consists of a flat low lying plain extensively dissected
by streams which have been flooded during the Holocene rise in sea level.
This has resulted in an irregular, highly convoluted shoreline with numerous
| tidal creeks and inlets, fringing marshes and small pocket beaches. This
area is underlain predominantly by the Quaternary sediments of the Kent
Island Formation composed of massive to thinly laminated silt-clay (Owens
-l and Denny, 1979). The type locality for the Choptank Formation, extensively

exposed on the western shore, is located at the shoreline along the lower
reaches of the Choptank River (Gernant, 1970). In this area, however, the
260 exposures tend to be obscured by the overlying Quaternary Kent Island

h Formation and by Holocene marsh and beach deposits.
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