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HYDROLOGIC BUDGET OF THE BEAVERDAM CREEK
BASIN, MARYLAND

By Wnuiam C. RasmusseEN and GorpoN E. ANDREASEN

ABSTRACT

A hydrologic budget is a statement accounting for the water gains and losses
for selected periods in an area. Weekly measurements of precipitation, stream-
flow, surface-water storage, ground-water stage, and soil resistivity were made
during a 2-year period, April 1, 1950, to March 28, 1952, in the Beaverdam Creek
basin, Wicomico County, Md. The hydrologic measurements are summarized
in two budgets, a total budget and a ground-water budget, and in supporting
tables and graphs,

The results of the investigation have some potentially significant applications
because they describe a method for determining the annual replenishment of the
water supply of a basin and the ways of water disposal under natural conditions.
The information helps to determine the “safe’” yield of water in diversion from
natural to artificial discharge. The drainage basin of Beaverdam Creek was
selected because it appeared to have fewer hydrologic variables than are generally
found. However, the methods may prove applicable in many places under a
variety of conditions,

The measurements are expressed in inches of water over the area of the basin,
The equation of the hydrologic eycle is the budget balance:

P=R+ET+ASWAASM+AGW

where P is precipitation; R is runoff; ET is evapotranspiration; ASW is change in
surface-water storage; ASM is change in soil moisture; and AGW is change in
ground-water storage. In this report ‘‘change’ is the final quantity minus the
initial quantity and thus is synonymous with “inerease.” Further, AGW=AH.Yy,
in which AH is the change in ground-water stage and Yy is the gravity yield, or the
specific yield of the sediments as measured during the short periods of declining
ground-water levels characteristic of the area. The complex sum of the revised
equation P— R—ASW— ET—ASM, which is equal to AH.Yy, has been named the
“infiltration residual”’; it is equivalent to ground-water recharge.

Two unmeasured, but not entirely unknown, quantities, evapotranspiration,
(ET) and gravity yield, (Yy), are included in the equation. They are derived
statistically by a method of convergent approximations, one of the eontributions
of this investigation.

On the basis of laboratory analysis, well-field tests, and general information on
rates of drainage from saturated sediments, a gravity yield of 14 percent was
assumed as a first approximation. The equation was then solved, by weeks, for
evapotranspiration, ET. The evapotranspiration losses were plotted against the
calendar week. Using the time of year as a control, a smooth curve was fitted
to the evapotranspiration data, and modified values of ET were read from the
curve. These were used to compute weekly values of the infiltration residual,
which were plotted against ground-water stage. The slope of the line of best fit
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2 HYDROLOGIC BUDGET, BEAVERDAM CREEK BASIN, MARYLAND

gave a closer approximation of gravity yield, Yg. The process wasrepeated. The
approximations converged, so that a fourth and final approximation resulted in a
close grouping of all the points along a line whose slope indicated a Yg of 11.0
percent, and a slightly asymmetric bell-shaped curve of total evapotranspiration
by weeks was obtained that is considered representative of this area.

Check calculations of gravity yield were made during periods of low evapo-
transpiration and high infiltration, which substantiate the computed average of
11.0 percent.

Refinements in the method of deriving the ground-water budget were introduced
to supplement the techniques developed by Meinzer and Stearns in the study of
the Pomperaug River basin in Connecticut in 1913 and 1916. The hydrologic
equation for the ground-water cycle may be written Gr=D++AH-Yg+ ETy, in
which Gr is ground-water recharge (infiltration); D is ground-water drainage;
AH is the change in mean ground-water stage (final stage minus initial stage);
Yy is gravity yield (taken as 11.0 percent in computations here); and ETy is
ground-water evapotranspiration.

The ground-water recharge is derived from the hydrograph of mean water level
of the 25 wells, plotted weekly. The ground-water decline during periods of no
rain (no recharge) is called a recession curve, and has a characteristic shape. This
curve is extrapolated during periods when water levels rise in response to rain, so
that the difference between peak stage and extrapolated recession stage may be
determined. This difference, multiplied by the gravity yield, is the ground-water
recharge, Gr.

The ground-water drainage, D, is calculated from a base-flow rating curve
obtained by plotting the average water level in the 25 wells against the base flow
obtained from the stream hydrograph. From this curve a close approximation of
true weekly base flow was obtained and plotted as ground-water runoff on the
stream hydrograph. This method is a second contribution of this investigation
to statistical hydrology.

The difference between the mean ground-water stage of any two periods, AH,
multiplied by the gravity yield, Yy, gives the net change in ground-water storage.
When the final stage is less than the initial stage the difference becomes—AH.
With these factors known, the ground-water equation was solved for ground-water
evapotranspiration, ETg. Comparison of ETy and total evapotranspiration, ET
was thus possible, for individual periods and on an annual basis.

Abundant rainfall and high infiltration rates provide this portion of the Atlantic
Coastal Plain with large quantities of ground water, which are discharged about
equally by runoff and evapotranspiration. Recovery of water lost to nonbeneficial
plants, or by unused streamflow, would permit large expansion of ground-water
facilities such as wells, dug ponds, and collection galleries, for irrigation, industry,
or municipal supply.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

The purpose of this report is to present a method for statistically
solving the equation of the water cycle: Precipitation = runoff +
evapotranspiration -4 final storage — initial storage. The drainage
basin in which the study was made is that of Beaverdam Creek, east
of Salisbury, Wicomico County, Md.

The broad purpose of the study was to measure and examine the
various factors of the water cycle in a small, homogeneous drainage
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basin in an area of humid climate to obtain quantitative knowledge
of the movement and storage of water under natural conditions.
Observations were made of all measurable hydrologic phenomena for
a period of 2 years; the data are summarized in a hydrologic budget,
table 1. A hydrologic budget is a statement of the water gains and
losses of an area for periods of time. It is kept in balance by equating
precipitation, as water gained, to runoff and evaporation- transpira-
tion, as water lost, plus any water saved, or less any water deficit,
in basin storage. The hydrologic budget is discussed in relation to
the conditions of climate and geology characteristic of the area of
study.

The specific aim of the study was a ground-water budget showing
the apportionment of precipitation within a given time of observation
among ground-water recharge, subsurface runoff to ponds and streams,
ground-water evapotranspirstion, and ground-water storage. The
ground-water budget is summarized in table 10 (p. 97).
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INTRODUCTION . . 7

In some respects this report is a sequel to that of a quantitative
study made in the Pomperaug River drainage basin of Connecticut
(Meinzer and Stearns, 1929) in the humid eastern part of the United
States by the Geological Survey more than 30 years ago. The investi-
gations in the Pomperaug River basin and the Beaverdam Creek
basin were similar in many respects: both were areas selected for
hydrologic reasons and not because the water resources were. either
intensively developed or of especial value; both have ground-water
conditions representative of a much larger area; both were convenient
units for quantitative study with fewer complications than are found
in most areas; both were by-products of regular ground-water investi-
gations by the State; and in both investigations, allotments for carry-
ing on the work were relatively small. Profiting by the study in the
Pomperaug River basin, the number of observations in the Beaverdam
Creek basin study was multiplied several fold. In the Pomperaug
investigation “the number of observations made were inadequate to
yield very accurate results” (Meinzer and Stearns, 1929, p. 73). As
concluded by Meinzer and Stearns, the authors believed “that a pres-
entation of the methods used will be of value to others who make
quantitative studies of ground water in humid regions.”

This research was prompted by an essay of a French hydrologist,
Diénert (1935), who pointed out that too frequently hydrologists
theorize on the water cycle but do not adequately measure the factors
involved. Few realize that its components remain inadequately meas-
ured, and that, practically, the equation is unsolvable. But, the solu-
tion may be approached by a method of convergent approximations,
thus revealing synoptic pictures of this important phenomenon.’

The results of the investigation have some potentially significant
applications because they describe a method for determining the annual
replenishment of the water supply of a basin and the ways in which
the water is disposed of under natural conditions. This information
provides a large part of the data needed for determining how much
of the water can be taken from wells without excessive depletion of
surface water for economic uses or of soil moisture needed for the
growth of plants—hence, it helps in determining the “safe” yield of
ground water in the basin. The unused ground-water potential is one
of the principal assets of a Nation that is demanding more water each
passing year. When properly used, this water will help assure ade-
quate municipal supplies and provide the need of growing industry.
Also, even here in the humid East where complete crop failures are
almost unknown, drought-reduced crop yields are becoming distress-
ingly frequent, and some of the water doubtless will be used profit-
ably for supplemental irrigation.
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GEOGRAPHY
LOCATION, EXTENT, AND RELIFF OF THE DRAINAGE BASIN

The Beaverdam Creek basin is in Wicomico County, Md., between
latitudes 38°18” and 38°26” north and longitudes 75°28” and 75°34’
west, approximately at the center of the Delmarva Peninsula. It is
shown in regional setting in figure 1, and in detail in plate 1. The
western boundary is 1 mile east of Salisbury and the eastern boundary
passes through the town of Parsonsburg, which is 6 miles from Salis-
bury. The northern part of the basin lies 2 miles south of the Dela-
ware-Maryland State line.

The basin has an area of 19.5 square miles. It is 8.5 mileslong (from
north-northeast to south-southwest) and averages a little more than 2
miles in width. The basin is on the Coastal Plain, yet the relief is con-
siderable for this low-lying region. The elevation above mean sea
level, which at the lower end of the basin is about 10 feet, increases to
about 85 feet in the northern headwater area.

PONDS

The outlet of the basin is at Schumaker dam, behind which lies
Schumaker Pond (pl. 2-A), a shallow body of fresh water about
4,000 feet long and 200 to 400 feet wide occupying an area of about
0.046 square mile. The altitude of the spillway is 17 feet, and the base
of the dam is at about 10 feet. The greatest depth of water is about
10 feet.

About 1 mile upstream from Schumaker Pond is Parker Pond (pl.
2-B), also formed by a dam on the creek. The pond is about 1 mile
long, ranges in width from 100 to 200 feet and has an area of about
0.050 square mile.

e

VEGETATICN

About 40 percent of the Beaverdam Creek basin is covered by trees
and brush; the remainder is cleared and cultivated. Evergreen and
hardwood trees are about equal in number. Plate 1 shows the forest
boundaries traced from aerial photographs made in 1952 for the Pro-
duction and Marketing Administration, U. S. Department of Agri-
culture. The cleared land is used for such crops as watermelons, straw-
berries, cantaloupes, cucumbers, tomatoes, sweet potatoes, corn, and
peaches, and to pasture.

CLIMATE

According to the classification of Trewartha (1943), the Eastern
Shore of Maryland has a humid-subtropical climate. The summers
are hot and sultry, and the winters are usually mild.



10 EYDROLOGIC BUDGET, BEAVERDAM CREEK BASIN, MARYLAND

Hudson R
PLATEAU

FIGURE 1.—Block diagram showing the regional physiographic provinces and location of
the Beaverdam Creek bagin., Adapted from an original by Raisz (Stephenson, Cooke,
and Mansfield, 1933), i

Climatological data of the U. S. Weather Bureau indicate an aver-
age annual temperature in the area of about 56° F. January is gen-
erally the coldest month, with a mean temperature of 35.6° F. The
lowest recorded temperature for this area since 1906 was 9° below
zero. July is usually the warmest month, with a mean temperature
of 76.9° F. The highest recorded temperature is 106° F. The average
growing season is 184 days from the last killing frost about April
20 to the first killing frost about October 21. The mean annual
precipitation is about 43 inches and is distributed fairly uniformly
thoughout the year. The mean annual snowfall is about 14 inches,
the snow generally melting shortly after falling.

- The Civil Aeronautics Authority maintain a weather station at the

Salisbury Airport in the center of the basin. The following tables
showing daily precipitation and the mean daily air temperatures were
compiled from its records. The U. S. Geological Survey maintained
a Class A weather station, with evaporation pan and anemometer, at
Salisbury during this investigation. Table 2, showing evaporation
and wind-movement data, was compiled from the records of this
station.
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Mean daily awr temperatures at the Salisbury municipal airport January 1950 to March 1952, in degrees Fahrenheit
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TABLE 2.—Pan evaporation and wind movement at the U. S. Geological Survey
station, Salisbury, Md., April 1960 through March 1962

Week Evapo- Wind Week Evapo- Wind Week Evapo- | Wind
ending ration (miles) ending ration (miles) ending ration (miles)
(inches) (inches) (inches)
1950—Con. 1961—Con.
1.306 254 || Aug. 10_.._ 1.420 224
1.215 334 17 1.235 221
1.338 450 1.662 252
1.102 1.350 196
. 639 Sept. 7.... 1.194 167
1.843 1408 14.__. 1.334 202
1.835 1 445 21 __. . 842 104
2. 565 544 28 . 1.032 309
1.921 1566 || Oct. b6_.-. 1.034 467
1.736 1578 12 .782 427
2.298 1393 19.._. . 613 504
1.864 1352 26.-_- .647 206
2.722 330 . 521 || Nov. 2.... . 688 316
July 1. 699 343 .959 417 .920 482
1,399 394 . 562 344 .316 229
1. 708 334 L 742 697 ‘. 584 529
1.328 182 . 683 502 .576 467
Aug. 2. 356 255 1.040 527 .187 213
1.620 384 1.160 490 .344 361
21.108 233 . 799 210 . 626 530
1. 970 258 1.334 480 S .320 256
Sept. 1.934 308 1. 510 528
1. 400 358 1.688 370
.822 327 1. 504 363 || Jan . 283 319
. 938 217 1.698 319 .358 666
2,742 226 1.022 435 2.349 336
Oct. .885 228 1.732 1350 . 538 1485
. 592 378 1.474 226 || Feb. .084 501
.677 204 . 835 388 2648 435
. 578 220 1,680 219 2,508 526
Nov. 3 .690 189 1.948 315 2,562 1538
830 1348 1 897 357 410 395
446 327 2.088 236 {| Mar 480 591
.623 433 1.208 207 .678 539
Doc. 1._.. .308 346 1. 596 274 . 764 552
8. . 312 585 1.618 249 766 342
t Approximate.
2 Doubtful data.

POPULATION AND CULTURE

The population of the Beaverdam basin is chiefly rural. The popu-
lation density is about 70 persons per square mile. The town of
Parsonsburg, population 725 in the U. S. Census of 1950, is on the
headwater divide between Beaverdam Creek and tributaries of the
Pocomoke River.

Chicken farming is the major occupation, broiler chickens being
raised in houses of 1,000 to 20,000 capacity. Crop farming, by normal
methods with little irrigation, is the second major occupation.

The basin is served by many primary and secondary roads and by
one railroad, the Baltimore and Eastern spur line. The Salisbury air-
port, which has concrete runways, occupies about three-eighths of a
square mile in the central part of the basin.

GEOLOGY

The Beaverdam Creek drainage basin is on the Atlantic Coastal
Plain approximately 90 miles east of the Fall Line, the boundary
between the Coastal Plain and the Piedmont. The Coastal Plain is
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underlain by unconsolidated or semiconsolidated sedimentary rocks
consisting chiefly of sand, silt, clay, greensand, and shell marl, which
stretch like a huge apron or fan away from the Piedmont, on an old
eroded surface of crystalline rock, as shown in figure 1 and plate 3.
The sedimentary rocks thicken in a short distance in a southeasterly
direction. They also dip southeast at gradients between 10 and 100
feet to the mile, the dip generally increasing with depth.

Correlation from the outcrop to wells in this area indicates that the
sedimentary rocks range in age from Triassic(?) to Recent. The
regional geology has been described by Stephenson, Cooke, and Mans-
field (1933), Spangler and Petersen (1950), and Richards (1945, 1948,
1953).

In a deep oil test, Wi-Cg 37 (see pls. 3 and 4), drilled 1 mile east of
the Beaverdam Creek drainage basin, weathered crystalline rock was
penetrated at 5,498 feet (Anderson, 1948, p. 10). This rock was schist,
similar to some of the rocks of the Piedmont province, and it is the
basement complex, from which no appreciable amount of water can be
obtained. Hard crystalline rock was found at 5,529 feet, and the
hole was drilled in it to 5,568 feet. Thus the well log shows more than
a mile of sedimentary rock below the land surface at this site.

The structure and texture of the earth materials in a drainage
basin affect the land portion of the hydrologic cycle. Such factors as
stream development, capacity of the soil to absorb water, rate of
groundwater flow, yield of wells, nature of the vegetation, type and
distribution of forest growth, and the pattern of cultivation are de-
termined in part by the character of the rocks and their weathered
byproduct, the soil. Therefore, the local geology of the Beaverdam
Creek basin is considered here in some detail. An earlier brief descrip-
tion of the geology of Wicomico County, in which this area is located,
was made by Berry (Clark, Mathews, and Berry, 1918, p. 310-323).
A more detailed description has been given by Rasmussen and
Slaughter (1955). The geology is considered in three parts: the
geomorphology, or surficial land features (including soils), which
controls the entry and discharge of ground water; the stratigraphy,
which controls the storage and transmission of ground water; and
special features of the Beaverdam basin that affect the hydrologic
cycle there. Plates 4 and 5 illustrate the formations and landforms
described.

GEOMORPHOLOGY

The landforms of the Beaverdam Creek basin are all of low relief,
yet they affect the hydrologic regimen significantly. The broadest
landforms are marine terraces. The narrowest landforms are the
valleys of Beaverdam Creek and its tributaries, formed during four
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cycles of rejuvenation coincident with lowered sea levels. Both ter-
races and valleys are festooned with the sandy rims of peculiar oval
depressions called “Maryland basins,” which partly control the catch-
ment of rainfall, the retention of runoff, and the maintenance of a high
rate of evapotranspiration in the boggy centers. Low, stabilized sand
dunes cap some of the rims and are marginal to parts of the marine
terraces. These geomorphic features are described in sequence, from
those formed first to those formed later.

TERRACES

The physiography of the Beaverdam Creek basin is that of a recently
emerged submarine plain of low relief, with gentle slopes interrupted
by low sandy ridges. Studies of the Atlantic Coastal Plain from
New Jersey to Florida have shown that this plain is actually composed
of several terraces, each representing a stand of the sea higher than
that at present. Using criteria developed by Shatuck (1901, 1906)
and Cooke (1930 to 1952), five terraces are recognized in this area.
These terraces, illustrated in figures 2 and 3, represent successive high

EXPLANATION

Princess Anne terrace
Estuary formed while sea

level was ebout /2 feet

above present level

Pamlico terrace
Estuary formed while sea
level was 25-28 feet
above present level

Talbot terrace
Terrace and estuaries formed
whilg sea level was about 42
foet above present level

Penholoway terrace
Terrace formed while sea level was
about 70 feet above present level;
lines indicate approximate con-
tour of land surface

-

Wicomico terrace
Portion shown on map possibly was & submerged
bar in the Wicomico sea when sea level wes
about JOO feet above present level; formed &
sandy key in the Penholoway see

Boundary q; drainage basin

FIGURE 2,—Map of the Pleistocene terraces in Beaverdam Creek basin.
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stands of the ocean. They are shown in the following table, from
highest to lowest (oldest to youngest).

Terraces in Beaverdam Creek basin

Altitude, in feet above sea

Terrace name Lowest
remnant Highest reach
unmodified by} in Beaverdam
later terrace | Creek basin
development

Wicomieo . e 70 84
Penholoway __ oo 42 70
Talbob - o e 25 42
Pamlico. . . e 12 25
Princess Anne__ __ __ ____ oo 0 12

In the areas where these terraces were originally defined, their
upper limit, or the ancient sea level, was represented by the toe of a
scarp, or at least by an observable change in the slope of the land.
Elsewhere the evidence for a terrace shoreline has been found in a
linear arrangement of topographic features, such as low dunes, barlike
mounds and ridges, or elongated swales, some of them marshy. Black
organic soils, now cultivated, lie in low areas behind the barlike ridges,
and suggest back-bay marsh deposits.

So far as is indicated by the fieldwork of the writers in Kent, Queen
Annes, Caroline, Talbot, Dorchester, and Wicomico Counties, the
evidence for the Talbot beach line, at about 40 feet, is well founded.
Evidence for the Pamlico shoreline at 25 feet is obscure. Evidence
for the Penholoway shoreline at 70 feet is vague. The divide area
north of Parsonsburg would have been a low sandy island, capped- by
dunes, in the Penholoway sea. The Wicomico shoreline is described
as standing 90 to 100 feet above present sea level. This entire area
would have been under the waters of the Wicomico sea, with a shoreline
far to the north in Cecil County. The area of the Parsonsburg divide
may have been a shallow bar in this ancient sea.

STREAM DEVELOPMENT

Beaverdam Creek is a stream in the mature phase of development—
that is, one along which downcutting of the channel and reduction of
the valley walls are progressing at about the same rate. The creek
occupies a U-shaped valley in much of its course, with an adequate
flood plain commensurate with the size and runoff capacity of the
drainage basin. The tributaries to Beaverdam Creek—Walston
Branch, Halloway Branch, Perdue Creek, and the headwaters of
Beaverdam Creek—are, in general, youthful, still developing on the
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terrace plains and completing the drainage of the “Maryland basins.”
They have V-shaped valleys and no flood plain. The valleys are not
deep because the sands and silts have a low angle of repose and slump
readily when undercut. o

Although Beaverdam Creek is mature, with an average gradient of
only 8 feet per mile, the profile (fig. 3) shows the results of at least
4 cycles of erosion, indicated by 4 concave segments separated by 3
knickpoints. The first (highest) and most pronounced segment has
a knickpoint at an altitude of 43 feet, above which the gradient is 5
feet per mile and increases upstream to 17 feet per mile. The next
concave segment, not so pronounced, has a gradient of about 7 feet
per mile above a knickpoint at 28 feet. A third segment has a gradient
of 6.7 feet per mile above a knickpoint at 12 feet. The lowest profile
has an average gradient of 7.5 feet per mile to sea level. These profiles
presumably correspond to stream grades down to the terrace strands:
the profile above 43 feet, the grade formed during Talbot time; the
profile from 28 to 43 feet, that during Pamlico time; the profile from
12 to 28 feet, that during Princess Anne time (Wentworth, 1930, p.
31); and the profile from sea level to 12 feet, which is downstream
from the basin outlined for this study, probably represents a new
grade formed by headward erosion in Recent time.

The most gentle stream grade is that associated with the Talbot sea
level, suggesting that a longer time, or more intensive erosion, or both,
were instrumental in producing it. The drainage basin above the 40-
foot altitude is underlain predominantly by the Walston silt, which
does not have as high an infiltration rate as the Beaverdam sand that
underlies most of the basin below the 40-foot contour. Consequently,
direct runoff may be higher, and therefore stream erosion greater, in
the upper part of the drainage basin.

MARYLAND BASINS

The areal geologic map (pl. 4) shows the land surface of the Beaver-
dam Creek basin festooned with the sandy rims of oval basins. The
rims are composed of material correlated as the Parsonburg sand.
The poorly drained basins enclosed by the rims were named “Mary-
land basins” by Rasmussen and Slaughter (1955). In the interior of
these basins earlier formations that appear as fensters in the veneer
of Parsonsburg sand are exposed (see p. 41).

These sandy rims are of low relief: the maximum relief, rim to cen-
ter, is found in the basin in which the Salisbury airport is situated,
where the sandhill on the eastern rim is 22 feet higher than the head
of drainage near the airport entrance. The average relief of many
basins is slightly less than 10 feet. The rims of the basins are not
horizontal, except for those deposited on level ground; most of them
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lie on the gentle terrace slopes. The rims are highest where two or
more basins coalesce.

- In the field, the oval outline can be seen only in the smaller basins
becanse woods and distance hamper observation of the encircling rims
of the larger ones. The outline of the basins has been sketched by
means of aerial photographs, the topographic map, the soils map, and
field reconnaissance. It is possible that a few basins of vague outline
have been overlooked in mapping, but an attempt was made to record
all basins.

The areal map shows 57 “Maryland basins” entirely or partly in the
Beaverdam Creek drainage basin. The basins range in long diameter
from 0.08 mile to 3.08 miles and average 0.71 mile. The short diam-
eter ranges from 0.06 mile to 1.55 miles and averages 0.49 mile. Calcu-
lated as ellipses, the areas range from about 2.4 to 2,400 acres. In
shape, the basins range from a few which are nearly circular to those
which are very elliptical. A few ellipses have a ratio of long to short
axes of almost 2 to 1, but the average is closer to 1.5 to 1. The average
elliptical eccentricity is 0.7 (eccentricity is the ratio of the distance
between the foci of an ellipse to the length of the long axis).

The rims of the basins range in width from less than 50 to more
than 1,000 feet. Where the rims have been breached by erosion of
recent streams, or where their slopes are gentle, they are obscure.
There appears to be no predominant direction in which the rims be-
come thicker; rather, rim thickness appears to be random. However,
the rims of basins that lie below an altitude of 55 feet appear to be
-thicker, and the basins themselves average larger, than those in the
higher reaches of the drainage area.

Moreover, like the “Jersey basins” in New Jersey, the “Maryland
basins” do not appear to have a prevailing orientation. There are
smaller basins of diverse trend within larger basins. The long axes
appear to be oriented at random. In this respect the “Maryland
basins” differ markedly from the classic bays of the Carolinas, for
“Carolina bays” generally have a northwest alinement of long axes.

The mode of origin of the “Maryland basins” must be considered
because some of the processes of origin that have been proposed, if
valid and if operative today, would invalidate the calculations of the
hydrologic budget made in this report. The same hypotheses for the
origin of the “Carolina bays” and for the “Jersey basins” are con-
sidered here. Many of the basins of both Maryland and New Jersey
are much less distinct than, smaller than, and lacking in the preferred
orientation of, the classic bays of North Carolina, South Carolina, and
Georgia. Nevertheless, they bear so much resemblance in shape, soil,
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rim, and relief that it is possible they are all of the same origin and
can be explained by a single theory.

It has now been shown that there is an almost continuous chain of
these bay or basin landforms on the Atlantic Coastal Plain from New
Jersey to Florida (Rasmussen, 1958), and similar forms on the Coastal
Plain of Alaska (Black and Barksdale, 1949). If these landforms
on the Atlantic Coastal Plain are of two modes of origin, then it is
necessary to demonstrate wherein they differ, and to draw the lines,
geographically, between the bays and basins. It would not be ob-
jective to reject some basin forms merely because they did not meet
preconceived notions of axial orientation or of perfection in shape.
The poorly formed basins must be considered with those of regular
or well-defined outline. In fact, the less regular or exceptionally ir-
regular basins might provide clues to origin which otherwise would
be overlooked.

Basins in the Coastal Plain were first recognized in writing in 1848
by Michael Tuomey, the first State Geologist of South Carolina, who
attributed them to springs rising to the surface of the sandy plain.
Glenn, in 1895, described two small bays near Darlington, S. C., and
attributed them to the action of shoreline winds and waves. Smith,
in 19381, showed that the solution of aluminum and iron could account
for the volume loss of the depressed areas in South Carolina.

In 1933 Melton and Schriever declared that the “Carolina bays”
were formed by an infall of thousands of meteorites, and claimed the
northwest alinement of the long axes as a major point in their theory.
Cooke (1933) questioned this extraterrestrial origin, and stated that
the bays were formed as crescent-shaped keys and lagoons under the
influence of a prevailing southeasterly wind, which set up rotating cur-
rents having an elliptical orbit. In subsequent years Cooke (1940,
1954) modified his theory by suggesting that the rotating currents were
created and controlled in elliptical motion by gyroscopic effects of the
earth’s rotation, which caused a northwest elongation because of the
Coriolis force.

Johnson (1936) at first advocated solution as the chief cause of
bays, and the rims being explained as due to deposition of windblown
sand, but later (1942) he proposed a complex hypothesis that depends
upon huge volumes of ground-water leakage. This hypothesis is
called the artesian-solution-lacustrine-eolian hypothesis. It contends
that the artesian formations of the Coastal Plain leaked water through
fissures in their confining beds up into the surficial Pleistocene sands.
Solution activity and sapping by these artesian springs created depres-
sions containing lakes. Because the artesian beds, and, in general, the
land surface, sloped southeasterly, the sinkhole became elongated in a
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southeastern direction. The lakes overflowed at the southeastern end,
and created rim deltas. Wind activity at the lake shore formed mar-
ginal rim dunes.

Raisz (1984) studied rounded lakes and lagoons on the Coastal
Plain of Massachusetts and advanced the first periglacial interpreta-
tion—that the elongation was in the direction of maximum wind veloc-
ity, and that the strongest winds blew off the continental ice mass dur-
ing glacial time.

Grant (1945) held that shoals of fish formed the bays while swim-
ming around artesian springs in nearshore marine areas.

Prouty (1934, 1935, 1952) revised the meteoritic theory by assert-
ing that the elliptical, shallow sand-rimmed depressions were formed
by air-shock waves associated with the falling meteorites. MacCarthy
(1936, 1937) and McCampbell (written communication, dissertation,
University of North Carolina, 1943; 1945) cited magnetic anomalies
in the Coastal Plain, which they believe are related to the bays and
presumably to buried meteorites.

LeGrand, in 1953, revived the solution hypothesis by indicating that
most if not all of the Coastal Plain areas in which the bays and basins
are found are underlain by marls and shell beds at moderate depth—
that is, 100 to 200 feet. He believed that the solution of limy material
would develop a normal sinkhole karst topography, the long axes of
the sinkholes being controlled by the southeast dip of the beds. He
suggested that the sinkholes would be reflected in the overlying Pleis-
tocene sands.

Wolfe (1953) described the depressions on the Coastal Plain of
New Jersey and related them to periglacial activity. He considered
the “Jersey basins” a phenomenon distinct from the “Carolina bays”
because of the less regular shape and the general lack of a preferred
orientation. Rasmussen (1953), in a discussion of Wolfe’s article,
pointed to the more or less continuous scatter of basins or bays from
New Jersey through Delaware, the eastern shores of Maryland and
Virginia, to the Carolinas, Georgia, and Florida, as an objection to
considering them separately.

Kelly (1951) and Kelly and Dachille (1953) noted the resemblance
of the basins to kettle holes left by blocks of melting ice in the outwash
plains derived from a melting glacial ice mass. He suggested that the
“Carolina bays” were caused by icebergs carried to shore by tidal
waves. The preferred orientation was explained as controlled by a
uniform current against a relatively uniform, southeasterly slope.

Rasmussen and Slaughter (1955) discussed the basins of Wicomico
County, Md., which includes the Beaverdam Creek area, and recognized
that the hypothesis of stranded icebergs could account for both the
northwestern orientation of “Carolina bays” and the random orienta-
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tion of “Maryland basins.” The Carolina coastal plain presents an
almost uniform southeastern slope to the sea, so icebergs would be
stranded with almost uniform alinement if they were beached by a
uniform onshore wave. The Delmarva Peninsula, however, is open
to the water from two sides, by way of the Atlantic Ocean and Chesa-
peake Bay. This would permit icebergs to come together from both
directions. The presence of larger basins at lower altitudes also finds
an explanation in the iceberg theory, inasmuch as bigger icebergs
would run aground in deeper water, and thus be stranded at lower alti-
tudes when the water receded.

Rim formation may be ascribed to sedimentation around the ice-
bergs, either by the continued surge of high tides or by runoff from
the higher land, and some eolian deposition. The basin-in-basin nest-
ing, and the coalescent rims, may be due to the shifting of the icebergs,
through progressive melting or through subsequent high tides.

A further explanation that may have merit lies in treating the basins
and bays as a periglacial phenomenon similar to the “pingos” of
Siberia, but on a scale larger than any observed heretofore. Poiré
(written communication, 1950) says that Russian scientists have de-
scribed hydrolaccoliths or “pingos” on the spotted tundra of Siberia
as large swelling hummocks, commonly 250 feet or more in diameter
and 26 to 130 feet high, each formed by a huge, convex, lens-shaped
mass of ground ice overlain by a relatively thin soil, less than 10 feet
thick, composed of peat, sand, and clay. The ice cupolas are said to
be formed by hydrostatic pressure of ground water, under artesian
head, from below the permafrost layer. In meltingaway the “pingos”
leave black peaty depressions. Only in their dimensions do they fail
to approach the grandness of “Carolina bays” or “Maryland basins.”
In the papers examined by Poiré, no mention is made of shape or
preferential orientation of the basins.

It is not within the scope of this report to resolve the problem of the
origin of “Carolina bays” or “Maryland basins,” beyond the brief
discussion given. It is appropriate, however, to discard as improb-
able two hypotheses that call upon movements of ground water,
which presumably would be continuing today.

In order to demonstrate whether solution of underlying beds con-
taining lime carbonate was the major cause in producing the basins,
Rasmussen and Slaughter (1957) had 4 test holes drilled along the
long axis of a prominent basin 1 mile north of East New Market,
Dorchester County, about 28 miles northwest of the Beaverdam Creek
drainage area. This basin has the shape and orientation of a classic
“Carolina bay.” It is outlined by the hachured 40-foot contour line
on the East New Market quadrangle, Maryland (Corps of Engineers,
Tl4-minute series, 1942) and is shown well on aerial photo ANJ-TK-
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10K of the U. S. Department of Agriculture, 1952. The long axis of
this basin is about 2,800 feet long, bearing about N. 35° W. The
relief from the center (altitude 35 feet) to the south rim (altitude 52
feet) is 17 feet, and to the north rim (altitude 45 feet), 10 feet. The
holes were drilled to depths ranging from 126 to 210 feet. .The sec-
tion penetrated included about 55 feet of gravelly sand, 55 feet of
light-gray silt, 50 feet of gray sandy silt with shell fragments, and 50
feet of gray fine sand. The top of the bed containing shell fragments
had a uniform dip of 17 feet to the mile southeastward. The sub-
surface structure so far as shown by the test holes did not reflect in
any manner the pronounced basin on the surface. Consequently, it
is concluded that this basin, at least, is not a sinkhole structure pro-
duced by solution of underlying artesian beds, or aquicludes.

The complex process of Johnson, involving artesian springs, seems
not to be hydrologically sound. In order to produce the many thou-
sands of bays and basins, the artesian beds would have had to leak
water like a sieve, and under high head. There is no reason to believe
that the upward leakage of water into the permeable sands of Pleisto-
cene age would form a depression immediately above the point of
maximum leakage, or that an oval depression would form at all.
Rather, the blanket of sand would diffuse the pressure, and, at points
where springs emerged, normal stream runoff would occur. The ran-
dom orientation and great number of basins in the Beaverdam area
make the artesian hypothesis untenable.

Rasmussen (written communication, dissertation, Bryn Mawr
College, 1958) has developed new evidence in Delaware that the bays,
a regular landform, are derived from the basins, an irregular land-
form, by a type of sinkhole formed under water-table conditions. In
the basin phase, removal of colloids and clays in suspension is re-
garded as the principal method of deepening and enlargement in most
areas, where iron and aluminum are the chief cations. Solution is
probably the principal method in other areas where calcium and
magnesium are the important cations. The bay phase is initiated when
the basin is deep enough to hold a water-table pond during much of
the year. The wind generates waves which round the basin, and
eventually elongate it, into a bay, in the direction of the dominant
wind vector.

In any event, there is no evidence that the artesian sand underlying
the area, the Manokin aquifer, is leaking any water upward through
the confining bed, the lower aquiclude, to the sands of Pliocene( ?)
and Pleistocene age of the Beaverdam Creek drainage basin today.
Moreover, the water table in the major part of the intake area of the
Manokin aquifer in northwestern Wicomico County is at a lower



24 HYDROLOGIC BUDGET, BEAVERDAM CREEK BASIN, MARYLAND

altitude than the water table in most of the Beaverdam Creek drainage
basin.

The present effect of the “Maryland basins” on the drainage basin is
to restrain runoff and inerease opportunity for infiltration, particu-
larly in the higher part of the basin and to promote evapotranspira-
tion, particularly in the lower part of the basin.

DUNES

In the Beaverdam Creek drainage basin, sand dunes or barlike
sandhills are marginal to Schumaker Pond at a general elevation of
40 feet, and to Parker Pond at an elevation of about 50 feet. Others
are marginal] to Beaverdam Creek along the road south of Walston
at an elevation of about 60 feet. Finally, low dunes cap the divide
north of Parsonsburg at a general elevation of 80 feet.

The dunes of this area are all stabilized by vegetation. No blow-
outs or migrating dunes are known. The dunes have a low relief, 5 to
10 feet; high dunes are unknown. In general, the dunes below an
altitude of 70 feet show no compass alinement, and no predominant
facing of gentle and steep sides. Only the dunes on the crest of the
Parsonsburg divide have a linear development, in general north to
south, parallel to the broad divide.

A peculiarity of some of the dunes is that they have a clay base and
a sand cap. One clay-based dune is a mile east of the airport. Two
explanations are offered, and both may apply. Near Corpus Christi,
Tex., dunes composed of clay pellets are formed on the flood plain of
a river during the dry season (Huffman and Price, 1949). Scattered
sand grains in a clay-silt matrix found in several dunes in the Beaver-
dam basin seem to favor such an interpretation. However, test auger-
ing indicates that the clay base may be an erosional remnant of the
Walston silt. These remnants may have served as windbreaks, on
which a cap of dune sand was deposited.

It is possible that the dunes of random orientation, found at almost
all altitudes in the Beaverdam Creek area, represent an interstadial
time of great wind activity and sparse vegetation, perhaps under semi-
frigid desert (tundra) conditions during or immediately after the
Wisconsin glaciation. Formation of the dunes may be related to the
formation of the Peorian loess deposits of the Mississippi Valley.
However, the interpretation favored by the authors is that most of the
dunes, particularly those of apparently random orientation, mark the
rim of a “Maryland basin,” where loose sand has been sorted by the
wind and anchored by vegetation. Little tendency of the dunes to
migrate off the crest onto the basin floor is indicated.

The significance of the dunes in the hydrologic budget is the high
infiltration rate they offer to rainfall—that is, their ability to absorb
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and store water for transmission to the underlying Walston silt or
Beaverdam sand. Where saturated, they feed water laterally to the
basin centers and to the areas outside the basins,

STRATIGRAPHY

The sedimentary formations beneath the Beaverdam Creek basin
range in age from Triassic(?) to Recent and compose a sedimentary
column about 5,500 feet thick. However, this study is concerned
chiefly with the shallow sedimentary rocks—that is, those within a few
hundred feet of the land surface, including the sediments of the shal-
low ground-water reservoir and the sediments below that might leak
water upward into the reservoir or might receive water from it by
downward percolation. Therefore those formations below 1,000 feet
are not described, and the reader is referred to Rasmussen and Slaugh-
ter (1955) for a description of them.

The basic well data are summarized in table 8. The drilled wells,
which have a prefix Wi- and a letter coordinate, followed by a num-
ber, are numbered in accordance with location on a grid of 5-minute
rectangles covering Wicomico County. The logs of these wells are
given in the report by Rasmussen and Slaughter (1955). The logs
of the augered test holes and wells numbered between 100 and 200, are
presented in table 4.

TERTIARY SYSTEM

The Tertiary system beneath the Beaverdam Creek drainage basin
includes rocks of the Paleocene, Eocene, Miocene, and Pliocene series,
but the rocks discussed are all Miocene or younger.

MIOCENE SERIES

The Miocene series in this area is illustrated in plate 6, a composite
log of Wi-Cf 61, drilled to 1,025 feet in the Beaverdam Creek basin,
almost to the base of the Miocene series. The Miocene strata in this
area belong to the Chesapeake group, of middle and late Miocene age,
and to an overlying unit tentatively identified as the Cohansey sand,
which cannot be distinguished from the uppermost formation of the
Chesapeake group, the Yorktown.
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