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Abstract
Ponds of early to middle Holocene age are identified in the Ridge and Valley Province

of Maryland and Pennsylvania through the occurrence of marl deposits associated

with the floodplains of low order streams. A 2-sigma calibrated radiocarbon date indi-

cates that marl formation began no later than 7812–7326 BC. The ponds and asso-

ciated wetlands are one focus of native settlement movements in the region.

Excavations and borings into marl, marl-related sediments and adjacent deposits

reveal sequences of marl, produced during periods of ponded and still water, alternat-

ing with strata of organic, alluvial silts. These profiles represent the shrinking, swelling,

and periodic disappearance of ponds. Changes in stream dynamics and climate are

explored as explanations for these physical changes. Archaeological data is useful

for understanding the timing of these paleo environmental changes. In turn, an under-

standing of the nature of the pond environments enhances reconstructions of Indian

settlement and subsistence strategies.
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Introduction
Ponds or extensive backwater areas, and associated marshes of early through middle
Holocene age, are identified through the occurrence of marl deposits associated with
the floodplains of first through third order streams. Excavations into marl and adjacent
deposits reveal sequences of marl, produced during periods of ponded and still water,
alternating with strata of organic, alluvial silts representing former, more well-drained
surfaces. These stratigraphic sequences are interpreted as representative of the shrink-
ing, swelling, and periodic disappearance of ponds and associated habitats.

In what follows I review the formation, age and distribution of marl deposits linked
with a number of soil series in the Great Valley of Maryland and nearby areas of
Pennsylvania. Implications for local and regional interpretations of how Native
American peoples used related landscapes, and what might be inferred about ancient
climate and stream dynamics on the basis of the pedological data are addressed. This
updates, supplements, and complements the previous efforts of Curry and Custer
(1983), Curry and Stewart (1986), Gardner (1990), Shaw (1993), Shaw and
Rabenhorst 1997), and Stewart (1981:238–257, n.d.). Data are primarily derived from
pedological, geomorphic, and archeological studies focused on the Marsh Run and St
James Run drainages in south-central Washington County, Maryland (Figure 1).

Nature of the deposits
Marl is defined as a soft, loose, earthy material with varying amounts of CaCO3, clay, and
silt, and is formed primarily in freshwater conditions (Hubbard and Herman, 1990;
Singewald, 1951:171). In the study area marl deposits range from .5 meter to over 8
meters in thickness, with a 2 meter thickness being most typical (Shaw, 1993; Shaw
and Rabenhorst, 1997). In the Maryland Great Valley marl is stratified with marl-related
and non-calcareous alluvial silts. Buried A horizons occur, as well as organic rich allu-
vium (Shaw, 1993:34). The black, heavily organic A horizons at the current surface,
and those that are buried, likely owe some of their character to the luxuriant vegetation
that both fringed the ponds and occupied the marshy ground following their disappear-
ance. In the study area marl deposits are most frequently mapped as the Warners soil
series. The Fairplay (marl) silt loam was formerly included in the Warners series. Marl
also is associated with the Massenetta series (Shaw and Rabenhorst, 1997:41; United
States Department of Agriculture 2005, 2011, 2018).

Swamp Pond Snail (Lymnaea palustris, a freshwater gastropod is well represented
in the marl and marl-related sediments as is the Ram’s Horn Snail (Gyraulus sp.)
according to Shaw and Rabenhorst (1997:54). Shells of freshwater fingernail clam
(Sphaeruim cf. simile Lamarck), and an air-breathing, marsh-adapted snail (Physa
sp. and Planorbis sp.) also occur in the marl deposits (Fuller, 1978:127–128;
Singewald, 1951:172). These species of snails, particularly Gyraulus sp., inhabit
low energy depositional environments, shallow or stagnant water settings Shaw
(1993:14–15. Hollow, tube-like concretions are found in the marl and are probably
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the result of encrustations around plants stems, blades of grass, and the roots of aquatic
plants (Singewald, 1951:172; Stewart, n.d.). These observations support the conclu-
sion that the marl is deposited in pond-like settings. The distribution of archaeological
sites around the margins of the marl deposits is also suggestive of ponded surface
water.

Shaw (1993) and Shaw and Rabenhorst (1997) evaluate models dealing with the
formation of marl, and I will not review them here. In brief, surface or ground
water in areas of limestone bedrock dissolve the limestone and carry calcium carbonate
(lime) in solution. It combines with carbon dioxide in the water to form calcium bicar-
bonate. When this solution is exposed to conditions that causes it to lose carbon
dioxide (e.g., turbulence and the outgassing of CO2, biological processes of plants,
evaporation and the warming of the temperature of the solution in ponded or backwater

Figure 1. Regional setting of the primary study area (Indicated star) in the Ridge and Valley

province, or Great Valley of Washington County, Maryland.
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settings), calcium carbonate is precipitated (Shaw, 1993:8–14; Singewald, 1951:171).
Although inorganic and biogenic processes can lead to marl formation, Shaw’s anal-
ysis indicates that biogenic processes are primarily responsible for the Maryland
deposits; i.e., the effects of algae and aquatic plants in reducing the CO2 in the
aqueous environment, triggering the precipitation of calcite (Shaw, 1993:10). He
rejects models of marl developing from calcareous travertines at spring heads and
being deposited downstream as alluvium (Shaw, 1993:49). The location of marl
deposits viz. the location of springs, and the presence of mollusks indicative of
ponded habitats, supports his conclusion. How sections of streams get dammed to
the point of being capable of supporting ponded areas within the floodplain is a
matter of ongoing study, with the formation of travertine dams considered to be an
important component (cf. Hubbard and Herman, 1990; Julia, 1983; Mathews et al.,
1965; Shaw, 1993:83). Following Shaw and Rabenhorst (1997:58) ponding could
result from beaver dams. Beavers (Castor sp.) have played a significant role in altering
stream hydrology during the Holocene). Beaver ponds can persist for decades and
perhaps longer (Naiman et at., 1988) which would allow for the creation of marl
deposits of different magnitudes. The size and distribution of such ponds is a decent
match for the spatial extent and distribution of marl deposits in the study area (see
below; compare with Butler, 1995:148–183; Coles, 2001; Naiman et al., 1988).

Nearly three dozen localities are associated with the Warner soil series, and pre-
sumably marl deposits in the Maryland section of the Great Valley (Matthews,
1962). Together, this accounts for at least 1646 acres (Matthews, 1962; Shaw,
1993: Table 1–1). This is neatly paralleled by the 1140 acres noted for adjacent
areas of southcentral (Franklin County) Pennsylvania (Long, 1975; Shaw, 1993:
Table 1–1). The extent of marl deposits likely is greater than this because of their periodic
occurrence with other soil series, and the failure to map marl deposits within the bound-
aries of developing urban areas (Shaw, 1993:32).

Analysis of mapped data indicates that the size of individual marl localities ranges
from about one acre to over 340 acres. The greatest number is associated with first and
second order streams. However, the largest individual marl localities (one extending
for over 8 kilometers), are associated with third order streams. Deposits occur in a
range of settings including stream junctions, stream and spring heads, along the mid-
range of streams. Marl deposits are associated with both pronounced stream meanders
and extensive stretches of straight stream channels. The vast majority of marl deposits
are associated with stream sections where the gradient is 1% or less. However, deposits
can be noted for stream areas where the grade ranges between 6% and 10%.

There is considerable variation in the soil profiles in which marl is found. The most
complex sequences are seen closer to the channel of active streams. A typical “central
pond” profile can possess multiple, non-calcareous alluvial horizons, one to three
buried A horizons, and 6 or more strata of marl. Profiles at the edge of the former
ponds reveal much less variation: single buried A horizons if such are present at all,
and one or possibly two strata of marl. Examples of excavation profiles containing
marl and marl-related sediments are shown in Figures 2–5.
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Figure 2. Excavation profile approximately 4.5 feet in length. A plowzone caps an equally

organic stratum with marl-related sediments (lighter colors) stratified below with other

alluvium. An organic soil is at the base of the profile.
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Age of deposits
The marl generally is considered to be post-Pleistocene in age, given that deposits are
located in areas formed during the present physiographic stage of associated streams

Figure 3. Excavation profile approximately 2.6 feet in length. Black Lines indicate the base of

the plowzone and the top of buried organic soil.
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(Singewald, 1951:172; Vokes and Edwards, 1974:130). There is a small unusual
occurrence on a terrace of an existing stream (Singewald, 1951:175). Initially archae-
ologists speculated that some form of ponded environments were in existence by at
least 6500 BC, and possibly as early as 7500/7000 BC. The clustering of Native
American bifaces diagnostic of the Early and Middle Archaic periods of regional pre-
history around the edge of marl deposits were the basis for this thinking (e.g., Curry
and Stewart, 1986; Stewart, 1981:238–257). Gardner (1990) made similar observa-
tions in relation to marl deposits in the Shenandoah Valley of Virginia.

During his pedological fieldwork Shaw recovered a portion of a log from a marl
deposit at a depth of140 cm. This context was 20 cm above the contact between the
marl and the underlying sediment. It produced a radiocarbon date of 8520+ /-100
BP or 6570 BC+ /- 100 years (Shaw, 1993:82; Shaw and Rabenhorst, 1997:57). No
lab or identification number is reported for the assay. Using the radiocarbon calibration
program CALIB REV8.2 yields a 2 sigma date of 7812–7326 BC with a median of
7557 BC (Reimer et al., 2020; Stuiver and Reimer, 2020). The initiation of marl for-
mation would presumably pre-date this time frame. Updated calibrations of radiocar-
bon dates for diagnostic bifaces of the Early and Middle Archaic periods would
overlap Shaw’s calibrated date and even predate it (e.g., Stewart, 2018:Table 2).

Some version of the ponds may exist as late as AD 900 or even later. At site
18WA126, Late Woodland (circa AD900–1600) artifacts are found directly on top

Figure 4. Excavation profile approximately 1.6 feet in length. A plowzone consisting of marl

and related sediments overlays a marl stratum. The base of the profile is a red brown, well-

developed clay loam B2t horizon, not a buried surface.
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of marl-like alluvium in a pond-edge setting. Middle Woodland, Jacks Reef projectiles
(AD 300–900) are the first diagnostic artifacts to appear consistently on surfaces/fast
ground above what were once ponded areas. The latest diagnostic artifacts that consis-
tently cluster around the margins of active ponds can be attributed to the Late Archaic
and Early Woodland periods (circa 3000–700BC. Most of the ponds have probably
disappeared for good sometime between 700 BC and AD 300/900, judging from the
context and juxtaposition of chronologically diagnostic artifacts. Late Woodland arti-
facts (AD 900 and later) are consistently found on surfaces and in plowed sediments
above the final incarnations of the ponds.

Archaeology and native prehistory
The former wetland and pond areas represented by the marls and related sediments
would have been attractive from the point of view of hunter gatherers seeking
edible plants, fish, fowl, and other game. No seeds or plant remains were recovered
during excavations into archeological, marl, or associated deposits. No attempt,
however, was made to process excavated sediments in a chemical flotation that
could remove calcium carbonate that might have encrusted such remains.

Throughout the Middle Atlantic Region and beyond Native American interest in
pond and wetland habitats is in full swing by 6500 BC and the time during which
bifurcated-base projectiles/bifaces are in use (e.g., Anderson, 1991; Cowin, 1991;
Funk, 1991; Leedecker and Holt, 1991; Stewart and Cavallo, 1991; Wall, 1991).

Figure 5. Excavation profile approximately 4.3 feet in length. A plowzone caps a series of marl

and marl-related alluvial strata. At the base of the excavation a black organic soil caps marl.
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The archaeological sites situated around the margins of ponds are functionally compa-
rable to encampments and activity areas that we might find elsewhere in the Ridge and
Valley. There is nothing unusual in the range of artifact classes seen at the pond-related
sites, nor in the frequency with which artifact classes or types are represented. The pond
environs are simply good places to do a lot of the things that native hunters and gatherers
do elsewhere. Put another way, pond environs are definitely a draw for settlement and the
locus of human activities, but they are not part of some economic specialization. The sup-
position that the pond and wetland orientation of sites indirectly reflects an intensive inter-
est in useful plants, especially beginning during the Early/Middle Archaic period, is often
repeated. However, neither floral remains nor specialized aspects of artifacts assemblages
are infrequently marshalled to underscore this interpretation.

But there is no escaping the fact that the pond environments have a special attrac-
tion for the native inhabitants of the Ridge and Valley. The number and density of
archaeological sites around former pond areas far exceeds what has been observed
along streams of comparable order, but which lack an associated wetland or marsh.
Analysis of the settings of known prehistoric sites throughout West Virginia,
Maryland, and Pennsylvania sections of the Great Valley indicate that the presence
of a stream and floodplain environment alone is not enough to draw prehistoric settle-
ments, or guarantee the human use of a particular landscape (e.g., Stewart, 1981).

Archaeological sites are not always associated with marl deposits, regardless of
their areal extent or stream order association. I believe that this relates to the relative
size and density of native populations through time, and the nature of group move-
ments across the landscape. Not all attractive environments, no matter how we
define them, were exploited by ancient peoples. There is a better chance that such envi-
ronments were exploited after 3000 BC when regional population levels were higher
and well defined senses of territory were developing.

Geomorphology and paleoenvironments
The cycle of pond shrinking and swelling is not as straightforward as Dennis Curry and
I originally envisioned (1986), especially as regards their relationship with cycles in
regional climate. It seems clear, however, that the genesis of the ponds is fairly syn-
chronous across the broader region. Why? I still feel (cf. Stewart, 1981:252–254)
that this episode can be tied with regional climate and its effect on stream dynamics.
I base this on several observations:

- the marl/ponds and associated mollusks reflect still water conditions - the deposi-
tion of the marl associated with the Warners series is favored by still-water
conditions;
- the cooler and wetter climates and steeper stream gradients of pre-7000/6500 BC
times (cf. Carbone, 1976; Vento and Rollins, 1989; Vento et al., 1990) would not
have favored marl deposition without invoking widespread damming of streams by
beaver; and
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- circa 7000/6500 BC (cf. Carbone, 1976; Vento and Rollins, 1989; Vento et al.,
1990), climate is warmer and drier, decreasing stream flow and likely promoting
marl deposition.

A variety of studies (see Stewart 1990 and detailed reviews in Vento et al., 1990) have
shown that between 6500 BC and 6000 BC, major streams have stabilized in their
general historic channels throughout the Middle Atlantic Region. This coincident ini-
tiation of marl formation throughout the broader area also suggests that the formation
of travertine, and travertine dams, may be responsible for creating ponds, rather than
random processes like the construction of beaver dams (Shaw, 1993:83). The termina-
tion of the ponds and marl deposition can probably be related to the effective height
that floodplain surfaces achieve after 700 BC, and the inability of natural processes
to effectively dam sections of streams.

For the “in-between time”, it is not reasonable with the data we now have to attempt
to correlate fluctuations in pond size, disappearance, and reappearance with changes in
climate, and resultant effects on surface water and stream regimes. But I can’t help but
feel that there is a pattern in the stratigraphic record, especially as regards the occur-
rence and age of buried A horizons. The consistent appearance of buried A horizons in
floodplains dating to terminal Archaic/Early Woodland times (circa 1700 BC - 700
BC), and early segments of the Late Woodland period (circa AD 800/900–1300)
throughout the region (e.g., Stewart 1990, Vento et al., 1990) seems to be more
than serendipitous. Similar buried surfaces are known for the Potomac drainage in
the Maryland Great Valley (Stewart, n.d.), and I would hazard to say that we could
pick out comparable paleosols in the marl-related profiles.

The auger transects completed by Shaw (1993) across a number of stream systems
with related marl deposits show that the position of ponded areas can shift to one side
of the stream or the other. It is clear, however, that the most extensive ponds occur late
in the overall sequence, possibly during terminal Archaic and Early Woodland times.
This means that somewhere out there, along the edge of an Early Holocene version of
these ponds, are Early Archaic and Middle Archaic sites covered by later expansion
of the ponds and the deposition of marl and alluvium. Gardner (1990) found evidence
of this in the Shenandoah Valley.

Transects used to examine the marl and adjacent sedimentary and archaeological
deposits crosscut the stream valleys under study; lateral sampling and testing along
the stream course and marl deposits has not been as extensive. It is therefore diffi-
cult to say precisely how extensive a pond may be at a given point in time, or
whether a number of closely spaced, but distinctive ponds occur within a stretch
of floodplain. The latter is certainly a possibility given the profiles that have
been examined. Alluvium that caps classic marl deposits can have marl mixed
within it. The tops of marl deposits represent fast ground susceptible to erosion
at times immediately following the drying up of a pond. Floodwaters are mixing,
transporting, and depositing marl with other alluvial sediments during periods
when the ponds are not in existence.
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The age of the marl deposits and associated ponds raises some interesting questions
regarding marl formation, local geomorphology, and regional climate. Marl formation,
trends in climate, and Native American settlement choices all seem intertwined across
a broad region and will require a substantive effort to tease apart.

Acknowledgements
The following archaeologists eagerly provided information for this study including: Tom Boyce
(Greencastle, PA), Dennis Curry (formerly with the Maryland Historical Trust), William
Gardner (The Catholic University of America, Washington, D.C.), and Vic Smith
(Sharpsburg, MD). Many individuals allowed fieldwork to be completed on their property, espe-
cially the administrators of St James School, St James, Maryland. The basic research for this
study was funded by the National Park Service through Survey and Planning Grants (1978–
1980) obtained from the Maryland Historical Trust. Additional analysis and background was
completed at Temple University, Philadelphia, Pennsylvania, with the special help of geologist,
Rita Tull. My thanks go out to everyone who made this work possible. The cooperation of my
colleague, Dennis Curry, has been vital to this ongoing study.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support for the research, authorship,
and/or publication of this article: Original fieldwork was funded by the Maryland Historic Trust.

ORCID iD
R Michael Stewart https://orcid.org/0000-0002-1301-6365

References
Anderson D (1991) The bifurcate tradition in the south Atlantic region. Journal of Middle

Atlantic Archaeology 7: 91–106.
Butler D (1995) The geomorphic influence of beavers. In: Zoogeomorphology: Animals as

Geomorphic Agents. Cambridge, UK: Cambridge University Press. 148–183.
Carbone V (1976) Environment and Prehistory in the Shenandoah Valley. Ph.D. dissertation,

Department of Anthropology, The Catholic University of America, Washington, D.C.
University Microfilms, Ann Arbor, Michigan.

Coles BJ (2001) The impact of Western European beaver on stream channels: Some implications
for past stream conditions and human activity. Journal of Wetland Archaeology 1: 55–82.

Cowin V (1991) Middle archaic in the upper Ohio valley. Journal of Middle Atlantic
Archaeology 7: 43–52.

Curry D and Custer J (1983) Holocene climatic change in the middle Atlantic area: Preliminary
observations from archeological sites. North American Archaeologist 3(4): 275–285.

Stewart 73

https://orcid.org/0000-0002-1301-6365
https://orcid.org/0000-0002-1301-6365


Curry D and Stewart R (1986) Extinct ponds and prehistoric site distribution: Implications for
paleoenvironments in the Ridge and Valley Province. Paper presented at the Annual Meeting
of the Middle Atlantic Archaeological Conference, Rehoboth, Delaware.

Fuller S (1978) The changingmolluscan community. In: FlynnK andMasonT (eds)TheFreshwater
Potomac: Aquatic Communities and Environmental Stress. Rockville, Maryland: Interstate
Commission on the Potomac River Basin, 124–131.

Funk R (1991) Middle archaic in New York. Journal of Middle Atlantic Archaeology 7: 7–18.
Gardner W (1990) Travertine-Marl deposits and prehistoric archaeological association. In:

Herman JS and Hubbard Jr. DA (eds) In Travertine-Marl: Stream Deposits in Virginia.
Charlottesville, Virginia: Virginia Department of Mines, Minerals and Energy, Division of
Mineral Resources, Publication 101, Charlottesville, Virginia, 43–64.

Hubbard DA and Herman JS (1990) Overview of travertine-marl volume. In: Herman JS and
Hubbard Jr. DA (eds) Travertine-Marl: Stream Deposits in Virginia. Charlottesville,
Virginia: Virginia Department of Mines, Minerals and Energy, Division of Mineral
Resources, Publication 101: 43–64.

Julia R (1983) Travertines. In: Carbonate Depositional Environments. Washington, DC:
American Association of Petroleum Geologists Memoir, 33: 64–72.

Leedecker C and Holt C (1991) Archaic occupations at the Indian Creek V Site (18Pr94), Prince
Georges County, Maryland. Journal of Middle Atlantic Archaeology 7: 67–90.

Long RS (1975) Soil Survey of Franklin County, Pennsylvania. USDA, Soil Conservation
Service. Government Printing Office, Washington, D.C.

Mathews HL, Prescott GW and Obenshain SS (1965) The genesis of certain calcareous flood-
plain soils of Virginia. Soil Science Society Proceedings, pp. 729–732.

Matthews ED (1962) Soil Survey of Washington County, Maryland. USDA and the Maryland
Agricultural Experiment Station, United States Government Printing Office, Washington,
D.C.

Naiman R, Johnston C and Kelley J (1988) Alteration of North American streams by beaver. Bio
Science 38(11): 753–762.

Reimer P, Austin WEN, Bard EE, et al. (2020) The IntCal20 Northern Hemisphere radiocarbon
age calibration curve (0–55 cal kBP). Radiocarbon 62(4): 725–757.

Shaw J (1993) Soils Developed in Freshwater Marl Sediments in the Hagerstown (Great)
Limestone Valley. M.S. thesis, Department of Agronomy, University of Maryland, College
Park.

Shaw J and Rabenhorst MC (1997) The geomorphology, characteristics, and origin of the fresh-
water marl sediments in the Great Limestone Valley, Maryland, USA. Catena 30: 41–59.

Singewald JT JR (1951) Marl. In: Cloos E (eds) The Physical Features of Washington County.
Baltimore.: Maryland Geological Survey, 171–174.

Stewart R (1981) Prehistoric Settlement and Subsistence Patterns and the Testing of Predictive
Site Location Models in the Great Valley of Maryland. The Catholic University of America,
Anthropological Studies, No. 48. Washington, DC.

Stewart R (1990) Sedimentary sequences, archaeology, and environmental change in the
Delaware River Basin. In: Vento F and Rollins H (eds) Genetic Stratigraphy, Climate
Change, and the Burial of Archaeological Sites Within the Susquehanna, Delaware, and
Ohio River Drainage Basins. Harrisburg: Report on file, Bureau for Historic Preservation
of the Pennsylvania Historical and Museum Commission, 1–156.

Stewart R (2018) A radiocarbon foundation for archaeological research in the Upper Delaware
Valley: New Jersey, Pennsylvania, and New York. Report prepared for the New Jersey

74 North American Archaeologist 44(2-3)



Historic Preservation Office, Trenton. Available at: https://www.nj.gov/dep/hpo/1identify/
arkeo_upp_del_val.htm.

Stewart R (n.d) Archaeological Testing of Select Sites in the Hagerstown Valley, Maryland.
Philadelphia, PA: Manuscript on file, Laboratory of Anthropology, Temple University.

Stewart R and Cavallo J (1991) Delaware valley middle archaic. Journal of Middle Atlantic
Archaeology 7: 19–42.

Stuiver M and Reimer PJ (2020) Radiocarbon Calibration Program CALIB REV8.2.
UNITED STATES DEPARTMENT OF AGRICULTURE, NATIONAL COOPERATIVE

SOIL SURVEY (2005) Fairplay Series. Available at: https://soilseries.sc.egov.usda.gov/
OSD_Docs/F/FAIRPLAY.html (accessed 19 February 2023.

UNITED STATES DEPARTMENT OF AGRICULTURE, NATIONAL COOPERATIVE
SOIL SURVEY (2011) Warners Series. Available at: https://soilseries.sc.egov.usda.gov/
OSD_Docs//W/WARNERS.html (accessed 19 February 2023).

UNITED STATES DEPARTMENT OF AGRICULTURE, NATIONAL COOPERATIVE
SOIL SURVEY (2018) Massanetta Series. Available at: https://soilseries.sc.egov.usda.gov/
OSD_Docs/M/MASSANETTA.html (accessed 19 February 2023).

Vento F and Rollins H (1989) Development of a late pleistocene-holocene genetic stratigraphic
framework as it relates to atmospheric circulation and climate change in the Upper and
Central Susquehanna River Drainage Basin. Report on file, Bureau for Historic
Preservation of the Pennsylvania Historical and Museum Commission, Harrisburg.

Vento F, Rollins H, Stewart RM, et al. (1990) Genetic stratigraphy, climate change, and the
burial of archaeological sites within the Susquehanna, Delaware, and Ohio River Drainage
Basins. Report on file, Bureau for Historic Preservation of the Pennsylvania Historical and
Museum Commission, Harrisburg.

Vokes HE and Edwards J (1974) Geography and Geology of Maryland. Baltimore: Maryland
Geological Survey.

Wall R (1991) Early to middle archaic period occupations in Western Maryland: A preliminary
model. Journal of Middle Atlantic Archaeology 7: 53–65.

Author Biography

R. Michael Stewart is Associate Professor Emeritus of Anthropology and holds a
PhD in that discipline. His research focuses on the archaeology of the past 13,000
years of Native American life in the Middle Atlantic Region of the eastern United
States.

Stewart 75

https://www.nj.gov/dep/hpo/1identify/arkeo_upp_del_val.htm
https://www.nj.gov/dep/hpo/1identify/arkeo_upp_del_val.htm
https://www.nj.gov/dep/hpo/1identify/arkeo_upp_del_val.htm
https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FAIRPLAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FAIRPLAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FAIRPLAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs//W/WARNERS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs//W/WARNERS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs//W/WARNERS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs//W/WARNERS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MASSANETTA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MASSANETTA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MASSANETTA.html

	 Introduction
	 Nature of the deposits
	 Age of deposits
	 Archaeology and native prehistory
	 Geomorphology and paleoenvironments
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


