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APPENDIX I

by

Esther C. White
Division of Archeology

Maryland Geological Survey

HISTORIC BACKGROUND AND ARTIFACT ANALYSIS

Archival Research

Since 1947 the Higgins site has been owned by the State Aviation Administration
as part of their holdings in conjunction with the Baltimore-Washington International
Airport. Prior to acquisition by the state of Maryland, the site was owned for four
generations by the Rider family. Although not significant based on National Register of
Historic Places criteria, the Riders' tenancy there is an important link in understanding
the full story of 18AN489 and in viewing an average farm in northern Anne Arundel
County.

Between 1743 and 1745 James Maubblin was granted a series of tracts in northern
Anne Arundel County. Cupola Hill, near the west bank of Stony Run at the head of
Mother's Meadow was granted by the Royal Land Office on 20 March 1743 and consisted
of 220 acres. Two properties, Mineral Ridge and Maubblin's Discovery were granted on
23 October 1745. Mineral Ridge consisted of 660 acres along Stony Run, while
Maubblin's Discovery, located farther north along Stony Run, contained 41 acres. On 14
June 1750, Maubblin purchased 60 acres from Isaac Hall called Addition to Poplar Spring
Garden (Anne Arundel County Deeds: Liber BBl, Folio 140).

In 1755 Maubblin, an Annapolis merchant, sold these four parcels, totaling 981
acres, to Dr. James Walker of Anne Arundel County (Anne Arundel County Deeds:
Liber BBl, Folio 140). Dr. Walker, a wealthy and influential citizen of the county, was
born in 1705 in Peterhead, Scotland. He studied medicine graduating from Aberdeen in
1724. Soon after this date he and his brother immigrated to Maryland and established
a flourishing practice (Bradford 1977). On 26 March 1731 James married Susannah
Gardner of Patapsco. They settled "on the hill across the Patapsco south of Fort
McHenry" and raised ten children (Scharf 1971: 862).



Dr. Walker and Susannah purchased land in Baltimore City, Baltimore County and
Anne Arundel County (Scharf 1971). At the time of his death in 1759 he owned parts
of Andover, Stoney [sic] Run Hills, Iron Ridge, and 1730 acres that included the
purchases from Maubblin as their core, all in Anne Arundel County. After the elder
Walker's death these 1730 acres passed to his fifth child, James Walker, who resurveyed
the land and patented it as Walker's Inheritance (Anne Arundel County Index- Patents
BC2 GS8-37).

The younger James Walker was born 29 July 1740 (Scharf 1970). After patenting
Walker's Inheritance he added other lands to his holdings. The 1798 tax (Folio 40) lists
Walker owning 768 acres of Walker's Inheritance, 28 acres of Howard's Patapsco Range
and 120 acres of Plummer's Pasture with a total assessment of $2290.62. Walker's
Inheritance, the location of the Higgins site, is the only tract listed having improvements
(Folio 17). It shows a two story frame dwelling 26 x 26 feet and four outbuildings
measuring 16 x 10, 16 x 14, 10 x 10 and 16 x 16 feet. These two acres of improvements
were assessed for $400. Finally, Walker owned four slaves; two were exempt from
taxation because of age and two were between 12 and 50 years old (Folio 17). This
homestead was probably located in the northern end of Walker's Inheritance near the
Patapsco River. There is no evidence, historically or archaeologically, for a dwelling at
the Higgins site at this time.

A series of transactions between 1800 and 1810 show Walker trimming his holdings
either because of age or financial difficulty. At the time of his death in 1810 he had
consolidated his lands and only a few tracts are listed in his will. With no direct heirs,
the bachelor Walker left his estate to nephews and friends (Anne Arundel County Wills:
Liber JG2, Folio 494).

During this decade of consolidation, Walker deeded Francis Hollingsworth and
Charles Worthington 408 acres of Walker's Inheritance along the east side of Stony Run
on 4 September 1807 (Figure 1) (Anne Arundel County Deeds: Liber NH14, Folio 129).
Hollingsworth and Worthington, two Baltimore merchants, conveyed a third interest to
Ennion Williams and a third interest to George Yellott on 19 September 1816 (Anne
Arundel Chancery Records: Liber B113, Folio 76). These four men held rights to shared
interest in property and a mill complex along Stony Run just north of 18AN489.

By April 1818, 41-year-old George Yellott had died in Baltimore County leaving
at least five minor children and no will. Hollingsworth, Worthington and Williams took
the case to chancery court because with George Yellott's heirs under 21 "the deeds to the
grist mill, dwelling, mill houses, water rights, improvements and lands adjoin the mill
property and cannot be divided among the tenants without loss and injury to parties and
cannot be sold because of minority of the Yellott children" (Anne Arundel Chancery
Records: Liber B113, Folio 74). The complainants end by agreeing the best solution is
to sell the land since the mills cannot be operated due to the minority of the Yellott
heirs. George Yellott's brother, John Yellott, Jr., is appointed trustee to his nieces and



nephews and is instructed to oversee the sale of the six parcels of disputed land (Anne
Arundel Chancery Records: Liber B113, Folio 74).

After the necessary advertisements, John Yellott sold two parcels totaling 142 3/4
and 30 acres for $10 an acre to George Andrew on 22 November 1822 (Figures 1,2),
(Anne Arundel County Deeds: Liber WSG9, Folio 453). The 142 3/4 acre plot was
located between Stony Run and Kitten Branch and includes what is today known as the
Higgins site. At the end of the deed a clause established Andrew's rights on the
property. It specifically stipulated the "saving for the present owners [Yellotts,
HoUingsworth, Worthington, and Williams] of the Upper Selby Mills and their heirs the
rights to backing the water used at said mills upon the land ... by raising the present mill
drain of mills one foot higher than it is now and ... out of the premises above granted a
stream of water which passes through the land so as first described [the 142 acre plot]
and falls into the main stream of water a little below the mill dam and rights of changing
course of said stream so accepted and causing the stream to flow or fall into the water
at the mill dam for the benefit of the mills with liberty to Andrew and heirs as long as
the dam shall be kept to run his fences to the dam" (Anne Arundel County Deeds: Liber
WSG9, Folio 453).

George Andrew had arrived in Baltimore from Modbury near Plymouth, England
in 1816 (Roberts 1947). He was naturalized on 3 October 1817 in Baltimore County
(Baltimore County Naturalization Records: Liber 1815-18, Folio 1819-20). The year after
purchasing his part of Walker's Inheritance he began construction on a house in the south
end of the tract. He brought stone from Port Deposit to Baltimore by boat and then
carted them to the property. The house itself took two years to construct and a spring
house and smoke house were also built using the imported stone (Roberts 1947).
Because of its materials and after a home in Devon, England, Andrew named the
dwelling "Stone House". It measured 20 x 30 feet with a single story log kitchen addition
on the south. The stone structure was two stories with an attic and basement. A frame
addition was added in the 1830s and the yard was well tended with flowers, shrubs and
a fence (Roberts 1947).

George Andrew, a widower, had three children. Two sons followed him to
America while a daughter, Ann Matilda, remained in England. After arriving in
Maryland, Andrew became a miller at the Selby Mills located up Stony Run in Elkridge.
It is probably through this job that he became familiar with HoUingsworth, Worthington
and the Yellotts and gained an interest in purchasing part of Walker's Inheritance.

In England, Ann Matilda married a widower, George Rider. In 1827 their first
child, George Jr., was born. Sometime in 1832 the Riders left England for Maryland to
join Matilda's father. The three Riders went to live at Stone House which Andrew
turned over to Rider to manage. Andrew relocated to Baltimore and began clerking for
Johns Hopkins, preferring the city to country life (Roberts 1947).



Settled in their new home, Matilda and George Rider had seven more children:
Ann in 1832, Edmund in 1836, Rebecca in 1842, Mary Florence in 1844, Victoria, and
two girls Mary and Florence who died as infants (Roberts 1947).

George Rider began purchasing land of his own in 1842 when he bought property
to the east of the land he was given by Andrew. At his death in 1836, Captain Benjamin
Warfield had bequeathed 30 acres of Walker's Inheritance to his daughters Temperance,
Rebecca, Tabitha, and his wife Rebecca which they sold to Rider for $10 an acre (Anne
Arundel County Deeds: Liber WSG26, Folio 432).

Three years later at the death of George Andrew, George and Matilda discovered
they had never been legally deeded the Stone House property. She, her surviving
brother, Hercules, of Tallahassee, Florida and their stepmother, Abigail Andrew, of
Baltimore, were the legal heirs. The property was sold to George Rider for $1600 on 10
July 1846 (Anne Arundel County Deeds: Liber JHN 2, Folio 92). No mention is made
of Matilda; she died soon after her father in 1845. The boundaries for the property are
identical to the earlier (1823) transaction (Figures 1, 2). The same reservations are
restated concerning the mill pond, water rights and fences, so it is assumed the Upper
Selby Mill structures were still intact and functioning. Finally, specific instructions are
written for the land after George Rider's death. The children of George and Matilda are
to possess the land "as tenants in common, to be equally divided between them share and
share alike".

After the death of his wife, George Rider left with four young children and hired
a Mr. and Mrs. Payntor as housekeeper and tutor. Roberts (1947) says Mr. Payntor
taught the children at the Old Black School. After the Payntors left, Mr. and Mrs. John
Martin lived in the attic of the Stone House and acted as tutor and housekeeper.

At the time of George Rider's death in 1871, three of the four Rider daughters-
Mary Florence, Anne, and Rebecca-were spinsters and their brothers and sister had
moved off the farm. An inventory made after Mr. Rider's death illustrates a substantial
farming family. In the Stone House were five bedsteads, rugs, chairs, crockery, stoneware
jars and jugs, bottles, a brass clock, mirrors, a wooden safe, a pair of hand irons, milk
crocks, and other furniture. In the barns were general farming tools including double and
single furrow plows, shovel plows, two mules, named Dan and Use, strawberry chests,
wagons, and harnesses (Anne Arundel Inventories: Liber TKC1, Folio 516). Based on
the inventory, the Stone House was comfortably furnished and the Riders were already
involved in truck farming activities growing strawberries.

The three spinsters continued the Rider residence at the Stone House. A long
time resident of the area, Mr. Jim Harmon, remembers (Harmon 1988) the old house as
one of the largest in the area, and the farm complex as having large and beautiful
outbuildings. The first floor of the house consisted of two large rooms with a receiving
hall between them. Steps began in this hall to the second floor and continued to the



attic. The second floor was also two large rooms and the finished attic had dormer
windows and a sloping ceiling. A frame kitchen added by George Andrew was attached
to the south.

During the 1830s (perhaps coordinating with the arrival of George and Matilda to
the house), the stone exterior was covered with lime plaster and painted gray. The
interior of the house was remolded and the large fireplace which had accommodated a
crane and trammel was replaced by a Latrobe stove with a slate mantle. A large porch
facing south, toward Stony Run Road, was also added (Roberts 1947, Harmon 1988).

The floors were of five- to ten-inch wide, hand-planed boards. The doors were
hand-hewn. The roof was of white pine and some boards were an inch thick and 13 feet
long. The lintels were oak and measured 6 x 12 x 60 inches (Roberts 1947).

The cellar, approximately seven feet deep, was dug into a spring. A drain emptied
the water which was not used for drinking. The cellar had an outside entrance and the
damp floor was paved with bricks, reportedly from England (Roberts 1947).

The yard was well cared for. A family cemetery surrounded by a wrought iron
fence was flanked by bushes and flowers. Mary and Florence, the infant Rider girls, and
Anne Matilda were the first three interred in the cemetery (Harmon 1988).

Sometime before 1869, a frame house was constructed south of the Stone House
by George Rider, Jr. He and his family lived there until his death in 1888. After that
time the Rider sisters leased the house, often to those helping them manage the farm
(Harmon 1988).

The Rider farmstead consisted of the two dwellings, a meat house, spring house,
barns, carriage shed and picker's shanty. According to Shipley (1977) these are the
buildings one expects to find on a self-sufficient Anne Arundel truck farm. The meat
house was very large. Built of the same stone as the main house, it measured 16 x 24
feet. Mr. Harmon remembers (1988) it having "a fire place outside and a chimney inside.
They could kill 40 hogs and hang them to smoke in the smoke house". Mr. Harmon also
speculated (1988) the Riders were in the meat business to use such a large smokehouse
but no evidence of this has been found. The smokehouse was located 30 feet from the
Stone House.

The spring house, located at the confluence of Kitten Branch and Stony Run, near
Anne's Ford, was the third structure built of the imported stone. Like the main house
it was lathed with hand-split slats and had masonry walls 20 inches thick. This interior
was scrubbed clean and milk was stored inside crocks with round wooden lids (Roberts
1947).



The Rider farm, like most between Baltimore and Annapolis, grew truck crops.
Jim Harmon recalls (1988) beans growing in the 1920s and strawberry baskets in George
Rider's inventory attest to that fruit being cultivated. After the Rider spinsters assumed
the property, the farm was leased out to area farmers to work. Mr. Harmon says (1988)
these farmers were probably Blacks who owned their own land and worked extra farms
to increase profit. This was the customary practice in the county. Harmon remembers
one such farmer, Mr. McGreen, who worked the Rider farm in the 1920s.

As is customary on truck farms, the labor intensifies at harvest time. The Riders'
picker's shanty, located near the old Stony Run Road, housed the migrant pickers who
assisted the farmers during the harvest. This shanty was wooden with no basement and
a fieldstone foundation. The men slept upstairs and the women downstairs. Mr. Harmon
located the site of the shanty on the hill where the present Westinghouse overpass across
Route 170 begins. No structural remains of any buildings were identified at the Higgins
site. All buildings were torn down in 1947 during construction of the airport and
subsequent construction by Westinghouse and Amtrak has since drastically altered the
area (Figure 2.6 in Volume 1).

The Rider sisters continued to farm the area around the Higgins site into the 20th
century. They also had real estate interests in Baltimore. They took out a series of
mortgages on their property to purchase the lots which they then rented. This venture
kept them financially stable but helped earn them the reputation as "eccentric" (Harmon
1988).

As they grew older, concerns for their safety caused friends to erect a cupola with
a farm bell atop the Stone House. A rope to ring the bell ran through a metal pipe and
could be reached from either floor. The spinsters rung the bell at noon each day
(Roberts 1947).

As the years passed the sisters sold the original land south of Stony Run Road and
also a small piece of land along the railroad for the creation of Stony Run Station. At
Mary Florence's death in 1924 seven of her nieces and nephews inherited the remaining
120 acres (Anne Arundel Wills: Liber OBD3, Folio 338). Included in this plot is the
present day Higgins site (Figure 1).

The heirs of the Rider property held it almost 20 years before selling it to Mrs.
Frankie Wilson in 1941. The deed mentions the stone and frame houses and graveyard
preserving for the Riders "the cemetery with 13 feet on the south and three feet on each
other side with the right of egress and ingress to the cemetery over any roads leading to
the stone and frame dwellings" (Anne Arundel County Deeds: Liber JHH231, Folio 405).
Mrs. Wilson turned the property over to the Mayor and City of Baltimore in 1947 as part
of the buy-up of lands for the airport (Figure 1) (Anne Arundel County Deeds: Liber
JHH 400, Folio 467).



Soon after acquisition by the city, the structures were demolished and the Riders
buried in the family graveyard were removed to Meadowridge Cemetery in Dorsey,
Maryland. Today the scatter of historic artifacts is all that remains to attest to the four
generations of Riders who lived at the Higgins site.

Historic Component Analysis

Shovel Test Pits

During Phase II testing 176 shovel test pits were dug at 15 m intervals to determine
site boundaries and artifact density. Historic artifacts were consistently found in the
humus and plowzone layers.

Coal and slag were the most common artifacts found constituting 36% of all
artifacts from shovel test pits. Except for a slight cluster of slag on the high point of the
knoll there is little discernible patterning for these remains. They would appear to be
too well and evenly distributed to be refuse from a coal powered tractor. Although the
site is adjacent to railroad tracks they are 15 m below the western edge of the knoll.

Glass represents 24% of the shovel test assemblage. Twenty-two percent is non-
modern. Flat (47%) and vessel (42%) glass are by far the largest functional types
represented in the collection. Other common types include table glass and glass from a
panel medicine bottle. The diagnostic glass identified includes machine made, two piece
molded, contact molded, hand applied lips and a mouth blown vial. The diagnostic glass
dates roughly to the mid-19th century with some types, specifically machine made types,
dating later.

All but ten of the ceramics (12%) recovered from the shovel test pits were typed.
The assemblage is heavily dominated by plain whiteware sherds. Adding the decorated
whiteware brings the total whiteware to 76% of all ceramics. Thirteen utilitarian redware
sherds, 5 stoneware sherds (all American), 8 yellowware, 6 creamware and 6 porcelain
sherds were the more popular types recovered. In general these ceramic types date to
the mid to late 19th century.

Six percent of the artifacts from the shovel tests pits were nails and nail fragments.
Identification was difficult due to corrosion caused by the acidic soil, and 59% of the
nails could not be typed. Of the remaining 42, 33 are cut, 6 are wire and 3 are wrought.
One cut nail from a shoe was also found. The high frequency of cut nails points to a
mid-19th century date.

Other artifacts common in the shovel test pits included 79 brick fragments, 54
metal artifacts, generally very corroded, and 201 miscellaneous artifacts including oyster
shell from liming the fields, marbles, slate pencil fragments, slate roofing fragments, and



mortar and plaster. Much modern debris was also recovered including pasteboard,
asphalt shingles, clay pigeon fragments, cement, vinyl, plastic, rubber, and parts of a
battery.

These shovel test pits provided the only representative sample from the entire site.
Two historic artifact concentrations, one in the south end and one on the highest spot of
the knoll were shown to have distinct characteristics. Domestic and architectural remains
were lightly concentrated in the southern end of the site. Nails, glass, and ceramics were
scattered more densely in this area than throughout the rest of the site. The artifact
grouping around the high point of the knoll had a heavier concentration of coal, slag,
metal and miscellaneous items such as shell.

Domestic and architectural items are closer to the known Rider domestic area,
while miscellaneous items in the second cluster could be trash from repeated agricultural
activity. This and the small size of the artifacts suggests a possible secondary or tertiary
deposit. The historic artifacts from Higgins may have been deposited by a combination
of debris from the Riders' occupancy and by the use of manure as fertilizer as suggested
by Roberts and Barrett (1984). The lack of features or structures and the location of
almost all artifacts in the plowzone and humus layers minimize the significance of the
artifacts.

Phase II Test Excavation Units

The second part of the Phase II testing strategy placed seven excavation units
across the knoll to sample a larger area adjacent to shovel tests that yielded high
concentrations of prehistoric artifacts. Again, the humus and plowzone were full of
historic artifacts and the classes of artifacts followed the trends identified in the shovel
test pits.

Approximately 900 pieces of coal and 327 pieces of slag were recovered. Other
miscellaneous items include roofing slate, mortar, plaster, and some purple pigment which
resembles dried paint. A variety of modern items was also found including plastic,
rubber, and a plastic button.

Three hundred thirty (12%) pieces of glass were recovered from the units. Of this,
111 pieces are vessel glass and 174 are flat glass; 33 pieces are unidentified. Vessel
types include machine-made bottles, two-piece molded bottles, contact-molded bottles
with hand applied lips and another mouth blown vial. Other glass types include pressed
glass bowl fragments, hurricane glass, table glass and pieces of canning jar liners. The
latter postdate 1868 when canning jars were popularized (Jones and Sullivan 1985).

Ceramics recovered from the units were almost identical to the sherds from the
shovel test pits. Of the sherds found, 97% were typed and 58% of these are plain
whiteware. When the decorated sherds are added, the total jumps to 218 (70%). Besides
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whitewares, small numbers of utilitarian redwares, yellowwares, annularwares, stonewares,
porcelains, pearlwares, creamwares and Rockingham glazed earthenware were recovered
(Figure 4). Several pieces of porcelain baby dolls were found (e.g., Figure 4, n). Ivor
Noel-Hume (1970) dates these dolls typically after 1880.

Of all the Phase II ceramics, 77% were pieces of unidentifiable forms. This high
percentage is undoubtedly skewed because the fragments recovered are too small to
ascertain form. Of the remaining ceramics, 21% are hollowwares and 2% are flatwares.

Other artifacts from the Phase II excavation units include nails (5%), very small
brick fragments (6%), and metal (3%). One brick fragment was large enough to
determine that it was a handmade wire cut brick from the 19th century. Other fragments
exhibited rounded rather than distinct sharp edges, another 19th century characteristic.

Nails from the units were generally similar to those recovered from the shovel test
pits. Typeable nails account for less than 25% of the assemblage. Of these, 27 are cut
and one is wrought. No wire nails were found.

The metals other than nails are also difficult to identify due to corrosion and
fragmentation. Identifiable artifacts include part of a cast iron stove, lead shot, a clothing
belt buckle, barbed wire, copper alloy tacks, an iron button, rivets, and part of a horse
shoe. A variety of modern artifacts were found including a fuse box with metal trips,
screws, bullets and shotgun shells. Over 65% of the metal is too corroded to identify.

Two pipe stems, both with bores measuring 5/64ths, were recovered from this
phase of the excavation. One has an impressed stamp running lengthwise along the stem,
and has the initials "BPF" enclosed in a diamond cartouche (Figure 4, m). No reference
for these initials was found.

Phase III Excavation Units

During the Phase III data recovery, excavation areas were limited to three blocks.
The historic artifact distributions played no part in the placement of excavation areas.
Historic artifacts were again found densely concentrated in the humus and plowzone
layers. More modern artifacts were recovered during these excavations probably because
many units were located adjacent to the fire road.

As found earlier, coal and slag are the dominant artifacts and account for as much
as 86% of the miscellaneous historic artifacts found. Combined, coal and slag make up
over 50% of the artifacts from the Phase III excavations.

Other miscellaneous artifacts recovered include slate pencils (Figure 3,d), marbles,
roofing slate, mortar, and modern items such as rubber and plastic buttons, asphalt
shingles, cement, plastic scraps, and shotgun shells. Some worked marble fragments were



also found. These had one smooth side and were very weathered. Weathered shell
fragments used as fertilizer were recovered in quantity. Two cross-mending pieces of
soapstone from Block 1 are flat and thick and are probably part of a griddle or stove
(Figure 4, a-b). Soapstone griddles were popular during the 19th century because of their
ability to heat quickly and to remain hot for long periods of time.

Glass comprised over 20% of the Phase III artifacts. Vessel glass pieces (40%) are
largely body fragments (cf. Figure 3). The diagnostic vessel types include an embossed
panel medicine bottle base, 2 green vial bases, one from a 2-piece blown mold, a base
from a separate cup bottom mold bottle with "S&M" embossed on it, a brown neck with
a two-part hand applied finish with a round string rim, 2 contact molded bottle necks, and
a molded bottle base with "...RINOC..." and an anchor embossed on it. These all
generally date to the period after 1830 when molded bottles were readily available. At
least one machine made bottle with an Owens scar is represented. It dates to the early
20th century (Jones and Sullivan 1985).

Flat glass comprised 35% of the glass. These pieces are small, of varying thickness,
and none could be cross-mended. Three of the pieces have an embossed or pressed
geometric design on one surface, probably to hamper visibility. The opposing surface is
undecorated.

Unidentified fragments and modern glass make up 13% and 9% of the assemblage,
respectively. Other glass types recovered include a press-molded hexagonal tumbler base
and an etched tumbler base from the table glass sherds, opaque glass containers, canning
liners and a glass bead. A large, thick, leaded glass hollowware base fragment with a
layer of hard white epoxy beside the slight footring was recovered. While glueing the
sherd together epoxy seeped out either side and created a band. It is unclear if the epoxy
is part of the original piece or if it was added at a later date, perhaps after an accident.

Ceramics are again heavily dominated by whitewares. Plain whiteware sherds
comprise 66% of the assemblage. Adding the decorated whitewares, the total rises to
75%. Yellowwares, utilitarian red earthenwares, porcelains (including 2 sherds that may
be Chinese Export pieces), American gray stoneware and buff bodied stoneware with
saltglaze, sponge-blue decorated wares, annularwares, ironstone, Rockingham glazed
earthenwares, pearlware, and creamware, among others, are all represented in the
remaining 25%. One very small, undecorated delftware sherd was recovered from Block
1C.

Over 80% of the typed sherds represent unidentifiable forms. Sixteen percent of
the ceramics can be identified as hollowwares and less than 2% are flatwares. Identified
sherds include a pierced creamware fragment, perhaps from the spout cover of a teapot,
part of a creamware lid for a small hollowware form, part of a porcelain saucer from a
child's tea set, and part of an ironstone chamber pot. Shell edge blue plates and
Willowware in both hollow and flat forms were found. All the stoneware large enough
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to identify is from crockery, a common storage container of the 19th century. One-half
a buff colored earthenware lid or dish with a brown lead glaze and was found in Block
1. One whiteware base sherd has the black printed mark "W H GrL./ENG...". Geoffrey
Godden (1964) identifies it as a mark of W.H. Grindley and Company, Ltd. a
Staffordshire pottery. This particular mark was used after 1925.

The remaining classes of artifacts contain a significantly fewer number of artifacts.
Nails and odd metal are 3% of the assemblage and bricks 5%. Both were usually
recovered as fragments.

Corrosion caused over 50% of the nails to be untypeable. Cut and wire nails
account for 44% and 4% of the nails respectively. No wrought nails were found, however
two cut spikes were recovered.

The brick recovered was almost totally small fragments. Two larger pieces of
ornamental facing brick have a molded ridge and valley pattern on one stretcher surface
with a smooth opposing surface.

The odd metal items are dominated by modern items and heavily corroded
unidentifiable metal. Modern gun ammunition makes up 10% of this class. Ten pieces
of lead shot, probably 19th century, were also found. Five iron button pieces, nine
hardware fragments, including two copper alloy furniture tacks,, two pieces of wrought
metal, a knife blade, a possible barrel stay, a 2 ounce weight, and part of a hook and eye
set are some of the identifiable earlier metal recovered. A Lincoln penny with wheat
stalks but an illegible date was also found. The collection of metal represents a mix of
modern debris and older 19th century items.

Seven unmarked pipe bowl fragments and eight pipe stem pieces were found.
Stem bore diameters recorded are 4/64", 5/64", and 6/64". One of the bowl fragments
is large enough to show a sloping bowl and that it had no heel.

In conclusion, the historic items recovered from the Higgins site are a mixture of
19th century artifacts and modern trash. The assemblage was probably deposited by
some combination of deposition from the Rider family that inhabited the property for
over a century and through the use of fertilizer that was so vital to the Anne Arundel
truck farmer.
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Higgins Site Transactions

Walker to Hollingsworth and Worthington ; 1807.

Worthington to Andrews ; 1822.

Riders Heirs to Wilson ; 1941.
(Wilson to Airport Authority ; 1947).
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Catalog number Artifact Type

a
b
c
d
e
f
g
h

1778
1762
4065
3478
1731
3544
1223
2874

Key
Hook
Weight
Slate pencil
Olive bottle base
Blue bottle neck
Aqua bottle base/neck
Olive bottle neck

All artifacts photographed actual size.

Figure 3
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a
b
c
d
e
f
g
h
i
j
k
1
m
n

Catalog
Number

2026
2010
1883.001
487
1553
2192
1996
2068
442
1367
2128
1029
446
45

Artifact Tvpe

Soapstone sherd
Soapstone sherd
Soapstone sherd
Rockingham
Annular ware
Annular ware
Toy pearlware
Blue edge-painted ware
Green edge-painted ware
Transfer print
Stoneware
Stoneware
Pipe stem
China doll leg

All artifacts photographed actual size.

Figure 4
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APPENDIX II.

by

Daniel P. Wagner, Ph.D.
Pedologist, Geosciences

August 4, 1988

PEDOLOGICAL INVESTIGATION OF THE HIGGINS SITE

Introduction

A pedological investigation of the Higgins Site (18AN489) in northwestern
Anne Arundel County was conducted on March 8, 1988. The investigation was
directed toward the examination and interpretation of soil profiles and landscapes in
the site area. Stratigraphy and geomorphological relationships were evaluated for
evidence of former surface levels and deposit ages. In these efforts interpretations of
soil profile development were of principal importance, since soil profiles offer records
of the past derived from the weathering of geologic parent materials over time.
Because mature soil profiles owe many of their characteristics to weathering processes
acting during intervals of relative surface stability, degree of soil profile development
may be related to degree of deposit stability, and where sufficient subsoil development
has occurred, can suggest approximate ages for deposits. Hence, within the context
of soil-landscape relationships, soil profiles may be interpreted as indicators of
depositional histories, land surface ages, and environmental conditions.

The method of investigation consisted entirely of field observations. These
observations entailed the description of soil profiles exposed in test pits. Soil profiles
were described using standard techniques and nomenclature for the field descriptions
of soils. Descriptions of the soil profiles observed are contained in Appendix A

Geologic Setting

The study area is located within the upper reaches of the Coastal Plain
Physiographic Province of Maryland. Soil parent materials in the region therefore
consist of the unconsolidated sedimentary deposits typifying the Maryland Coastal
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Plain. As identified on the Geologic Map of Anne Arundel County (Glaser 1976) the
dominant site geology consists of the silt-clay facies of the Potomac Group of
sediments. These Lower Cretaceous deposits are among the most ancient of Coastal
Plain deposits and are extensive throughout northern Anne Arundel County.

Associated with the silt-clay facies, and often not readily separable at the scale
of most geological maps, are more coarse-textured deposits which may represent either
the sand-gravel facies of the Potomac Group or terrace deposits of Pleistocene age.
Thin, Pleistocene surface mantles of only a few feet in thickness are not normally
recognized in geological surveys, but such deposits can be of principal importance from
the perspectives of pedology and archeology. More coarse-textured caps of probable
Pleistocene age have been found to commonly overlay Cretaceous clay deposits
(Wagner 1976) and Pleistocene deposits are in fact identified on the Geologic Map
of Anne Arundel County along the western slopes of the Stony Run valley opposite
from the site location. These deposits occur at elevations corresponding to the surface
elevations of the Higgins site, but were apparently of sufficient thickness to warrant
delineation only along the western side of Stony Run.

The observations of this study are in general concurrence with the Geologic
Map of Anne Arundel County, and from the identification of Lower Cretaceous strata
at lower levels in three of the four test pits examined, it is apparent that the site
landform is composed dominantly of Lower Cretaceous Coastal Plain sediments.
However, these lower strata are of little archeological significance, and upper soil
horizons are clearly formed in more recent, sandy deposits. It is most likely that these
upper deposits owe their primary origin to Pleistocene terrace formation, but there is
also little doubt that these deposits have undergone near-surface alterations and
reworking throughout the Holocene and possibly during later phases of the
Pleistocene.

Pedology and Geomorphology

The Higgins site is distributed across a landform best characterized as a Coastal
Plain upland. This upland occurs as an interfluve between Stony Run to the west and
Kitten Branch, a tributary to Stony Run, to the east. The confluence of Stony Run
and Kitten Branch occurs in a swampy setting some 500 m north of the site. Swampy
terrain occupies both the Kitten Branch drainageway as well as the much broader
valley floor of Stony Run. Much of the formerly swampy landscape intervening the
site area and the confluence of the two streams has been modified and is now
occupied by the Amtrak station and parking lot.

Slopes across the site fall mostly eastward or westward toward the two streams,
although both northern and southern declinations are encountered on opposing ends
of the site. The highest landscape positions generally occur along a ridge line at the
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crest of the moderately steep (> 15 %) slopes falling some 10 m toward Stony Run.
Hence, the predominant site grade is across the longer but more gentle (3 to 5 %)
slopes leading to Kitten Branch.

The steepness of the slopes along the western flank of the site is indicative of
undercutting of the landform either by Stony Run or, more likely, by an ancestral
precursor to Stony Run. Such lateral landscape truncation could also account for the
apparently more extensive Pleistocene terrace remnants along the western valley wall,
suggesting that the channel flows responsible for undercutting were mainly directed
against the eastern side of the valley, and removed all but the highest of the
Pleistocene deposits.

Soil profile development is largely confined to the upper, sandy strata and does
not generally reach into the underlying, clayey substrata. As observed in the test pits
examined, soil profiles lithologically consist of sandy horizons having combined total
thicknesses of as much as 150 cm above dense, clayey substrata. Along the lowest
landscape positions or in localized areas of disturbance, thicknesses of the sandy
horizons could well be greater.

Degree of soil profile development is mostly weak. Although argillic (Bt)
subsoil horizons were identified in each of the test pits examined, the degree of
expression of these pedogenetically clay-enriched horizons was weak. Indeed, in pit
3 and along one wall of pit 6 it was unclear by field examination as to whether an
argillic horizon was actually present. Recognizing degree of argillic horizon
development is often an important indication of soil age, since under humid-
temperature climatic conditions, a minimum of several thousand years of weathering
acting on relatively stable landscapes is necessary for argillic horizon formation. With
increasing time degree of argillic horizon development also increases. Unfortunately,
time is not the sole variable in soil genesis, and site-specific conditions often limit the
utility of age estimations based on extrapolations from regional observations.

The very sandy nature of the Higgins site soils would greatly tend to reduce
rates of soil development from projections based on more loamy-textured parent
materials. Given a large concentration of essentially inert quartz and a
correspondingly low concentration of more weatherable minerals, some pedogenetic
transformations are almost negligible in very sandy soils, even with very great age.
Iron release from primary minerals, as evidenced by reddish (7.5YR and 5YR) colors,
and slight subsoil clay increases to form weak argillic horizons are the principal
pedogenetic alterations in the site soils. Whereas these characteristics might require
as much as 3,000 to 4,000 years to be achieved in more weatherable, loamy material,
weathering intervals of perhaps two to three times longer or more can readily be
considered for the site soils.
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Even though the basic site landform is likely to date well into the Pleistocene,
and some subsoil horizons have probably been essentially stable throughout the
Holocene, the uppermost sandy horizons have been subject to changes during the
Holocene and up to the present. A number of observations attest to Holocene and
historic alterations of surface and near-surface horizons on the site. Chief among
these are buried stone lines marking former erosional surfaces. Such linear
concentrations of gravel and ironstone fragments were observed in three (2, 3, and 6)
of the four test pits examined. As lag deposits of coarse fragments remaining after
differential erosional depletion of finer soil fractions, the stone lines represent levels
of land surface truncation. Since the stone lines observed were below depths ranging
from about 50 to 75 cm, these lines not only indicate episodes of erosion but also
subsequent episodes of deposition. Additionally, soil development is always more
strongly expressed below stone lines and is limited to surface (A) and weak subsoil
(Bw) or transitional (BE) horizons above them. Such soil morphological patterns are
indicative of multiple and separate periods of relative landscape stability which allow
for soil formation.

Variations in depths to argillic horizons across the site are also suggestive of
soil erosion and deposition. Depths to argillic horizons in higher landscape positions
were observed to be less than those in the lower positions. The relationship between
the soils observed in pits 4 and 6 demonstrate this variation. Lying at a higher
landscape position than pit 6, pit 4 contained an argillic horizon at the depth of 49
cm. In pit 6 the depth to the argillic horizon was 72 cm. Such a relationship is
common on gently sloping Coastal Plain landscapes and can be credited to long-term
erosional processes whereby soil materials are lost from upper landscape positions and
are accumulated in lower positions.

The process of down slope movement of soil particles by erosion is usually
vastly accelerated when landscapes are cleared and cultivated. Evidence for this is
typically revealed by a pattern of over-thickened A horizons along slope bases and the
incorporation of subsoil material into plow layers of soils near slope crests. This
pattern was not strongly evidenced on the site, and an over-thickened A horizon was
observed only at a point near test pit 2 where a small swale or gully has undergone
filling. The absence of this typical trend may indicate that even though the site has
been historically farmed, actual tilling of the land was relatively infrequent, and
pasturing may have been the more prevalent land use. Infrequent attempts at crop
production would be compatible with the poor native fertility of the sandy soils.

Although not observed in this investigation, reported earlier findings of
superimposed plow layers along the ridge crest on the western side of the site are
counter to normal trends of soil loss from plowed, high landscape positions. It is
suggested that the thicker surface horizons along the ridge may be evidence of a
former field boundary. Such a position would be a logical location for a fence row,
and field edges or fence rows tend to accumulate soil, particularly if the adjacent field
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is undergoing plowing. Conventional moldboard plows lift and laterally displace soil.
In field centers the soil displacement is cancelled out between consecutive furrows, but
along field edges there is a net displacement toward the edge. Since field edges are
often missed by the plow, they may receive soil displaced from adjacent furrows and
yet suffer no compensating loss.

Options for the available mechanisms by which soil has been transported to or
across the site are rather limited. Lying well above the adjacent streams, fluvial
deposition or erosion by Holocene flooding of the site landscape is clearly not a
consideration. Similarly, although localized areas of concentrated erosion and
deposition from such historic activities as farming and machinery or animal trafficking
would be expected, these mechanisms would not account for much beyond surface
horizon alterations. The only viable remaining mechanisms are therefore either slope
wash or aeolian processes. Of these, aeolian transport is likely to be the least
significant.

As determined from field textures the average size of sand grains is too coarse
to indicate a primary aeolian origin for the sands. Additionally, small pebbles and
gravels were observed to be generally scattered throughout the sandy deposits. Hence,
appreciable aeolian additions of materials derived from outside the immediate site
area are not likely. Tendencies displayed in surface horizons (up to 30 cm depth) for
finer sand size and fewer pebbles would be compatible with localized aeolian
reworking of the uppermost soil layers.

Slope wash, which would include sheet wash, soil creep, and very likely rill and
minor gully cutting, is the most probable mechanism for the observed soil truncations
and deposition. Medium to coarse sand grain sizes and the presence of pebbles and
gravels in the sandy soils are suggestive of low velocity water-transport. Slope wash
processes are normally very slow but are generally acknowledged to be major agents
in the denudation of nearly all upland surfaces. Their effect on a landscape is the loss
of material from higher positions with accompanying gain at lower levels. As
previously described, varying depths to argillic horizons across the site are supportive
of this effect.

During periods of sparse vegetative cover due to drought or fire, slope wash
actions can be greatly accelerated, and more rapid truncations and burials of land
surfaces can occur. Such periods of more severe erosion would be indicated by the
detection of former gullying, and an apparently filled gully or swale was observed in
the area adjacent to pit 2 and extending toward pit 1. The former gully is evidenced
by the lateral truncation of the moderately developed argillic horizon present in pit 2.
Other evidence which would assist in identifying former gully areas would be buried
gravelly layers, however, these were not detected in this investigation. Most probably,
shallow gully formation and subsequent filling are likely to have occurred at various
times and locations across the site.
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Summary

The Higgins Site occupies a Coastal Plain upland composed mainly of lower
Cretaceous sediments but capped by a surficial veneer of Pleistocene sands. Soil
development in the sands is mostly weak, however, due to the relative inertness of the
deposit to weathering, some subsoil layers may be indicative of stable weathering
histories extending to the Pleistocene. Holocene disturbances of the soils have
resulted in soil truncations and reburials. These alterations are likely to have been
caused primarily by slope wash processes. Aeolian action could have contributed to
localized reworking of the uppermost layers, but particle sizes in the sandy deposits
are more compatible with a water-borne origin for the sands rather than aeolian.
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Soil Profile Descriptions

Location: Test Pit 2
Map Symbol:
Series:
Parent Material:
Slope: 3%
Drainage:
Vegetation:

Horizon

Ap
BE
Bt

Depth

cm

0-20

20-39

39-50+

Boundary

AS

AS

Texture

LS

SL
Heavy SL

Structure

0M

IMSBK
IMSBK

Color

10YR3/3

5yr4/6
2.5YR4/6

Mottling Consistence

VFR

FR

FR

Other Features

Additional Notes: ~ 75 E of Steep Slope
Abundant Ironstone above Argillic Horizon



Soil Profile Descriptions

Location: Reside Test Pit 2 Toward Test Pit 1
Map Symbol:
Series:
Parent Material:
Slope: 3%
Drainage:
Vegetation:

Horizon

Api

Ap2
BW1

BW2

2Bt

3C

Depth
cm
0-15

15-28

28-58
58-74

74-104

104-135

Boundary

CS

AS

CS

CS

CS

Texture

LS

LS

LS

S

SL-SCL

CL

Structure Color

10 YR3/3

10 YR4/4

7.5YR5/6

7.5YR5/6

5YR5/8

2.5YR4/8

Mottling

H2P

Cons iste

10YR7/2

10YR5/6

:nce

VFR

VFR

VFR
L

FR

F1

Other Features

FINER SANDS

IRONSTONE AT BASE

IRONSTONE FRAGS.

AUGER REFUSAL IRONSTONE

Additional Notes: Test Pit 1 Shoulder Position 4% ~ 75' from Slope

Greater Depth to Argillic suggests filled Swale



Soil Profile Descriptions

Location: Test Pit 3
Map SymbohFRS 1-3
Series:
Landscape Position: Upland
Parent Material: Coastal Plain Sediments
Slope: 2-3%
Drainage: Well
Vegetation: Mixed Pine Woods

Horizon

A

Ap
BE1
BE 2

Bt

C

2C
3Cg

Depth

cm
0-8

8-24

24-54

54-79

79-107

107-150

150-170

170-180

Boundary

CS

AS

CS

CS

CS

Texture

LS

LS

LS

LS

LS

S

SL

SIC

Structure

IMSBK

OM

OM

OM

OM

•OVCOSBK

OSG

Color Mottling Consistence

10YR2/2
and 1OYR3/2

10YR3/3

7.5YR4/4

7.5YR4/6

5XR-7.5YR

4/6
7.5YR6/6

2.5YR4/6

10YR6/2 F2P7.5YR5/6 VF1

VFR

VFR
VFR
VFR
VFR

L

FR

Other Features

ISOLATED RED FACES

WITH SOME CLAY BRIDGING

7.5YR 5/6 POCKETS (-1 cm)

NEAR TOP OF HORIZON

Additional Notes: Few pebbles throughout mostly less than 2 cm
Concentration of Gravel up to 5 cm and Ironstone up to 20 cm in top of Bt; Bt is very marginal



Soil Profile Descriptions

Location: Test Pit 4
Map Symbol:
Series:
Parent Material: Coastal Plain Sediments
Slope: 4-5%
Drainage:
Vegetation:

Horizon Depth

Ap

E
BE

Bt

C
2c

3c

cm

0-19

19-36
36-49

49-76

76-120

120-150

150-170

Boundary

AS

CS

CS

CS

L,CL

Texture

LS

LS

LS

SL

S
SL

Structure

OM
OH

IMSBK

1C0SBK

OSG

Color Mottling

10YR3/3

10YR5/6

10YR5/6
AMD 10YR4/6

10 YR 4/6

10YR5/6
7.5YR6/6
5YR6/6 M2P

Consistence

VFR

VFR
VFR

FR

L
F1

10YR6/2 FR.F1

Other Features

UPPER 5 CM 1OYR2/2

PATCHY CLAY FILMS OM SOME

PED FACES

- 10% GRAVEL

Additional notes: 18% Slope ~ 60' West



Soil Profile Descriptions

r J

Location: Pit 6 S
Map Symbol:
Series:
Parent Material:
Slope: 3%
Drainage:
Vegetation:

Horizon Depth

cm

Ap 0-23

BE1 23-36

BE2 36-73

BE3 54-73

Bt? 73-97

C 97-111

Location: Pit 6 N
Map Symbol:
Series:
Parent Material:
Slope: 3%
Drainage:
Vegetation:

Horizon Depth

cm

Ap 0-31

BE1 31-53

BE2 53-72

Bt 72-106

C 106-113

Side

Boundary

AS

CS

CS

CS

CS

Side

Boundary

AS

CS

CS

CS

Texture

LS

LS

LS

LS

LS

S

Texture

LS

LS

LS

SL

LS

Structure

OH

OH

OM

OM

IMSBK

OSG

Structure

OM

OM

OM

IMSBK

OM

Color

10YR3/3
7.5NW/6

5YR4/6

7.5YR4/4

5YR4/6

5YR4/6

Color

10YR3/3

7.5YR4/6

7.5YR5/6

7.5YR4/6

5YR5/8

Mottling

Mottling

Consistence

VFR

VFR

VFR

VFR

VFR

L

Consistence

VFR

VFR

VFR

FR

VFR

Other Features

GRAVEL & IRONSTONE LINE

B BODIES

Other Features
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APPENDIX III.

by

Deborah T. Seward
Seward Analyses

Odenton, Maryland

A CROSS-POLARIZATION STUDY OF
POLLEN, PHYTOLITH AND FIBER EVIDENCE TO DETERMINE

THE PALEOECOLOGY AND PREHISTORIC PLANT UTILIZATION
ON THE HIGGINS SITE, 18AN489, MARYLAND

Introduction

Twenty-four features and feature pedestals, many with associated diagnostic
artifacts, were selected for pollen sampling on the Higgins site, 18AN489. Underlying
soils were also analyzed and pollen analysis was performed on residue derived from
artifact washes. Phytolith analysis of samples from associated artifacts was also
completed in connection with archeological excavation at the site.

Comprehensive testing of fire-cracked rock concentrations through pollen and
phytolith analyses was aimed at identifying episodes of climatic change as evidenced
by vegetation succession on the site, and toward the identification of floral exploitation
patterns by site occupants. Although the Higgins site lacks a definite vertical
stratigraphy in many areas, diagnostic artifacts suggest an occupation span of 10-12,000
years. The fire-cracked rock concentrations occurred at depths between 10 cm and
approximately 50 cm below the plowzone. In addition, samples were taken from a
stratigraphic profile in each of the three major excavation blocks on the site in an
effort to define a paleoenvironmental continuum and to highlight any changes in the
vegetation that may have taken place during the period of occupation for this site.

Methods

Pollen was extracted from soil samples submitted from the Division of
Archeology of the Maryland Geological Survey. A chemical preparation based on
flotation was selected for removal of the pollen from the large volume of sand, silt and
clay with which they were mixed.

Hydrochloric acid (10%) was used to remove calcium carbonates present in the
soil, after which the samples were screened through 150 micron mesh. Zinc bromide
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(density 2.0) was used for the flotation process. All samples received a short (5
minute) treatment in hot hydrofluoric acid to remove any remaining inorganic
particles. The samples were then acetolated for 3 minutes to remove any extraneous
organic matter. Samples that contained large quantities of charcoal of humates were
boiled in potassium hydroxide prior to floating in zinc bromide. Extensive rinsing with
distilled water was required to remove the dissolved humates. In addition, samples
still containing charcoal at the end of the chemical processing were treated in a hot
nitric acid bath for 7-8 minutes, and rinsed repeatedly in distilled water to remove any
remaining charcoal and humates.

A light microscope was used to count the pollen in each sample to a total of
200 grains per sample at a magnification of 645X. Pollen preservation in these
samples was good to excellent and all but two samples contained large quantities of
well preserved pollen. Comparative reference collections at the Armstrong State
University Herbarium in Savannah, Georgia and material collected in Anne Arundel
County were used to identify the pollen to the family, genus, and species level where
possible.

Artifacts associated with feature samples were also submitted for pollen
analysis. The chemical washes of each were done at the Maryland Geological Survey
by archeologist David C. Bibler using a modification of the procedure described above.

Phytolith samples were taken out of the soil samples collected on the Higgins
site. They were prepared in the Seward Analyses lab using the simple preparation
technique for phytolith study developed by Powers and Gilbertson (1987). The
advantage of their simpler technique for phytolith extraction was not only economical
but lay in the fact that their procedure was developed using samples from coastal dune
sands and soils similar to those found on the Higgins site. First an aliquot is
manufactured using 10% HCL and 10% KOH and includes the addition of tracer
Lycopodium spores. A determination of Lycopodium spores found in a specific
volume of aliquot was made and that volume (5 ml) was added to each sample. Dried
samples were sieved through a 1 mm mesh screen to remove coarse stone, charcoal
or shell. A core of each sieved sample was subjected to a 2 N HCL treatment to
dissolve carbonates. A warm sandbath is followed by rinses with filtered tapwater
(since only paleontological purity is required). Pure methanol is added next and the
sample is centrifuged to dehydrate the phytoliths. Any remaining organic matter is
then burned off, leaving only ash. The aliquot with tracer Lycopodium is then added
to the sample.

Phase contrast microscopy was used to examine the phytolith samples. The
samples were then scanned to note the presence of opal phytoliths and to identify as
far as possible those observed. Identifications were made using a photographic
reference collection and slides mounted from local vegetation communities. The
number and/or amount of phytoliths present reflects nothing more than the

32



preservation for that particular sample and species so the interpretation of phytolith
data and was based simply on the presence or absence of each taxa. As with flotation
analysis of macrofossil remains, each taxa identified must be counted as a single
occurrence, whether represented by one or many phytoliths. This insures that
accidents of preservation are not mistaken for changes in cultural utilization. It also
prevents misinterpretation of resource utilization based on differential phytolith
production of various plants. The lack of regional comparative data is a great
handicap to phytolith study addressing these problems.

Discussion

Pollen Analysis

Three stratigraphic pollen columns, one from each excavated block on the
Higgins site, were analyzed to provide background information concerning the
deposition of pollen from the present environment and to provide paleoenvironmental
information about the site during its various habitations (Figures 1-7). Pollen samples
from numerous concentrations of fire-cracked rock were also examined in an effort to
further define the significance of these features and their connection, if any, to
subsistence activities (Figures 8-11, and Table 1).

Results of the pollen analysis of these features will be correlated with the data
obtained from pollen washes of associated artifacts to gain a more complete
understanding of the vegetal subsistence patterns of Higgins site inhabitants. Selection
of certain fire-cracked rock concentrations rested upon their association with
diagnostic artifacts and/or the undisturbed appearance of the concentration since its
use. The pollen information gained from a disturbed concentration may or may not
relate to its original use. There was no evidence of rodent activity or of feature
erosion so the introduction of modern pollen into the archeological record should not
be abnormally high. No radiocarbon dates for these features or any area of the site
are available.

The pollen record in the stratigraphic columns varies considerably within each
column but the columns are similar in vegetational sequence. The uppermost samples
display a proximity to water as they contain Acer, (maple), Salix (willow) and Nyssa
(gum) pollen (Table 2). All of the profiles exhibit relatively low frequencies of Pinus
pollen that are consistent with both the modern and paleo-environmental vegetation
patterns that have been formulated for the southern Mid-Atlantic coastal region.

The varying quantities of Chenopodium-amaranth and other non-arboreal or
herbaceous pollen taxa are probably ii-dicative of local variations in the vegetation
communities at these sites. The present oak/pine environment is reflected in the
modern pollen samples with a varied understory. Chenopodium-amaranth percentages
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of 4% to 16% represent the disturbance at the site caused by grazing and plowing.
The abandonment of the knoll as farmland during the last 30 years is seen in the
decrease of Chenopodium-amaranth frequencies and in an increase in the variety of
arboreal and non-arboreal pollen. Small quantities of Rosaceae pollen are observed
in modern surface samples and are probably derived from shrubs growing along the
creeks or in moist areas of this heavily dissected terrace series.

Some redeposited pollen from the late Mesozoic era was noted in one of the
upper layer samples from Block 1. The presence of unique pollen from the
Cretaceous period signals the probability of redeposition of a large variety of pollen
grains from that time period.

The Tertiary period that followed saw the development of the Brandywine
Formation which is poorly represented in Anne Arundel County. During the later part
of this period, however, as Miocene and Pliocene gave way to the Quaternary period
of the Pleistocene epoch, the Sunderland Formation upon which the site rests was
formed. Though much of it has been entirely removed, patches remain in the Stony
Run area and along the Patuxent creeks. It is composed of loam, clay, gravels and
boulders and geologists have noted large boulders "here and in other terrace
formations (that are) attributed to the transporting power of blocks of ice which in
Pleistocene time floated down the expanded streams and gradually dropped their load
in this warmer climate. It is not to be expected that these boulders would be confined
to any one horizon, and as a matter of fact they are not." (MGS 1917:100) The
presence of Cretaceous pollen in this upper stratigraphic sample then is not surprising.

Small quantities of pollen from the Tertiary Brandywine and later Sunderland
deposits may also appear in some of the samples. The flora during the Tertiary
contained many of the same elements as the modern flora including pollen from, or
similar to, the modern pollen taxa observed at the site: Acer, Alnus, Betula, Juniperus,
Pinus, Quercus, Salix, Graminae, and Onagraceae. It is not necessary to discern which
of these pollen taxa are present as redeposited Tertiary or Pleistocene grains. Indeed,
Erhlich and Hall ([1959] in Penny 1969:351) note that "no marked evolution on the
basic structure of pollen ecries has occurred since the Eocene". The presence of small
quantities of these taxa, then, will be interpreted with caution.

The stratigraphic columns from Blocks 1,2, and 3 were taken at 10 cm intervals
beginning in the plowzone continuing through culture-bearing levels. The depths of
the column varied from 65 cm to 170 cm below the present ground surface.

Certain trends in the stratigraphic pollen record are evident, and probably not
severely impacted by the redeposition of Tertiary Brandywine and Sunderland pollen.
The lowest levels show a dominance of aquatic vegetation including Quercus bicolor
(swamp oak), a variety of Nyssa (gums),v4cer (swamp maple), Cyperaceae (sedges) and
other non-arboreal shrubs. Succeeding layers show an increase in the variety of both
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arboreal and non-arboreal species, followed by the emergence of a maritime forest
that includes a number of water adaptable taxa. A woodland dominated by Quercus
(oak) species also supports Carya (hickory), Acer (maples), and Betula (birches). In
the stratigraphic column taken from Block 1, two major projections of oak are evident.
Juglans (walnut, butternut) and Salix (willow) generally were found in inverse
proportions to Quercus. Pinus (pine) pollen, when present, was found in the greatest
quantities with Juglans and Salix when Quercus pollen was decreasing in number.
Castenea (chestnut) pollen peaks before each Quercus maximum period. Alnus (alder)
species and Acer (maple) pollen was present at the beginning of the oak projections
but decreased before oak pollen reached its peak. In sample B-4 taken approximately
50 cm below the present ground surface, Chenopodium-amaranth pollen and high and
low-spine compositae taxa dominate the pollen profile as oak virtually disappears and
Ulmus (elms) and Nyssa (gums) are evident. Oak reappears in the level above
(approximately 40 cm below present ground surface) and quickly comprises almost 1/3
of the total pollen count. In the lower (earliest) samples oak disappears and
Chenopodium-amaranth reach their highest numbers just as oak begins to decrease.
The very earliest samples are indicative of more open grassland conditions and show
a greater variety of non-arboreal taxa.

In Block 2, Quercus percentages peak in levels B-l to B-3. As oak peaks,
Juglans and Salix are also found in larger quantities while Castenea counts are very low
and only increase as oak decreases. Nyssa pollen amounts run generally inversely to
Quercus pollen. Compositae pollen increases as Quercus begins its projection and
peaks at the same time. Graminae (grass) species reappear as Castenea communities
grow. Acer (maple) pollen is present in largest amounts during the oak projection but
steadily decreases as oak increases in quantity. Acer pollen shows an increase and is
joined by Castenea, Graminae, Carya and Chenopodium-amaranth pollen as oak
decreases in the upper layers of the column. As oak shows a dramatic decline, Carya
doubles in quantity. The most evenly mixed forest precedes the oak projection. The
lowest sample taken (Cretaceous clays) is highest in Quercus bicolor (swamp oak),
Nyssa (gums), Cyperaceae (sedges) and Acer (maple). The sample is almost identical
to the sample taken from Level 10 (Layer 3) Block 3.

The profile of Block 3 stratigraphic samples also shows a marked oak
projection. It is also preceded by high Castenea counts that disappear during the oak
dominant period and reappears to remain relatively stable as oak declines. Alnus
appears close to the peak of oak pollen quantities and declines as oak does. Juglans
nigra (black walnut) and Salix are highest just before the oak projection maximum and
Salix hits its peak after oak sharply declines. Carya increases at the end of the oak
dominated period. Compositae also show an increase at this time. Leguminosae are
represented in the beginning of the oak period; disappear by the time oak reaches its
peak; and reappear after oak counts decrease.
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Arboreal pollen in general are frequently used as indicators of paleoclimatic
fluctuations. Increases in available moisture support larger populations of trees at
lower elevations while drier periods are usually characterized by the presence of lower
growing plants that do not require as much water. In this area, periods of rising sea
levels affected the salinity of inland drainages and were also a major factor in the
paleoenvironment Estuarine resources and plant life with the least tolerance to
salinity were the most affected by the dry periods of receding sea level and regional
climatic dry periods. Sample C-2 from Block 1 contains the highest frequencies of
both Pinus and Salix. While these may not be present in large enough quantities to
be indicative of site vegetation, it appears that the regional environment may be
characterized as generally moister than present. Betula, Juglans, Quercus, and Nyssa
quantities support this hypothesis. Sample C-l and D-l from Block 2 seem to
correspond to the profile of a moister environment.

The lower portion of Level C, which is adequately represented only in Block
1 contains relatively large portions of herbaceous pollen and oak. The large variety
of stream-side taxa that appear in later (higher) levels are almost entirely absent,
signalling a drier period or perhaps an erosional episode and subsequent lowering of
the water table.

It is interesting to note that in many respects the pollen record from the
features is similar to that of the stratigraphic column. (One notable exception is the
larger amount of Pinus and Picea pollen observed in many feature samples which will
be discussed later in this study.) These similarities appear in Layer B, where most of
the features were discovered and in Layer C and included seemingly Archaic features
and artifacts. The most prominent features of the stratigraphic pollen column include
a relatively large quantity of Quercus pollen in Layer B which is mirrored in feature
samples associated with Middle Archaic artifacts. The largest frequencies of Salix
pollen are noted in the same portion of the stratigraphic column as well as in features
that contain high Quercus counts.

The largest variety of aquatic species were found in samples from Levels C and
D in the stratigraphic column and in samples from Block 2 and those found in Level
4. Chenopodium-amaranth pollen quantities peak in the stratigraphic profile and in
the feature samples just as Quercus pollen begins to increase in frequency. Based on
the pollen evidence, it is suggested that the base of the stratigraphic column in Block
1 may be older than the lowest samples taken in either Block 2 or Block 3. An
intrusion of Cretaceous pollen into Level B-2 of Block 1 may be indicative of the
dramatic interglacial activity evident in the geological layers of area terraces.

Palynological investigations of 27 feature samples (Figures 8-15) and washes
from 57 artifacts (Figures 16-25) was aimed at identifying pollen trends that may be
associated with subsistence activities and at clarifying incongruities in the stratigraphic
location of features. Aside from the similarity of the pollen record of the features to
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that of the stratigraphic column, several anomalies were noted. Though the Quercus
quantities found in the feature samples were similar to those found in the stratigraphic
column, the actual quantities were almost 33% greater in Middle Archaic feature
samples. In contrast, Cheno-ams were found to be almost 50% less in feature samples
than in corresponding stratigraphic samples.

Relatively large frequencies of coniferous pollen were found in some of the
features but were absent in corresponding stratigraphic layers. The majority of these
features are thought to be associated with Middle Archaic artifacts. Pine boughs may
have been used as shelters on the site; in that case, Pinus pollen would be found in
highest quantities in features and on the living surface surrounding the FCR feature.
However, the very low amount of Pinus pollen in corresponding levels of the
stratigraphic profile groups seems to eliminate the practicality of using pine as shelter
material. Waugh (1916) notes that the sticky bark of the young pine trees was
frequently made into large bowls and containers by Indian groups that later occupied
this area. Hot rocks used to heat food or liquids in such a waterproof bark container
would reflect the pine pollen it contained. It is possible that pine was utilized in a
similar way 5,000 years BP here. Specific information from pollen samples just outside
the feature areas as well as from a specially designed sampling grid would help
archeologists further define the significance of pollen taxa in the fire cracked rock
features.

Features 15, 19, and 32 among others contained the highest quantities of
Quercus pollen, from 32% to 40, yet their profiles reflect different conditions. Feature
32 was associated with a Clovis point. The sample from feature 32 also contained a
large amount oiSalix pollen, Tsuga (hemlock), Carya pollen and Acer pollen indicating
wetter conditions. Feature 15 was associated with two "final stage bifaces". Features
15 and 19, though disclosing equally high Quercus pollen counts projected a
paleoenvironment that was probably slightly drier, more open and more heavily
utilized. Feature 32, then, may reflect the transition from hemlock dominated
woodlands with a swamp maple/gums/willow vegetation pattern to one containing
increasing amounts of oak rather than hemlock. Aquatic taxa continued to flourish
along the drainages as these forest changes took place. The stratigraphic columns of
Blocks 1 and 3 reflect the change from hemlock to oak prominent forests in the lower
levels of Layer B. Features 15 and 19 whose high oak quantities are accompanied by
taxa reflecting drier conditions are probably indicative of the period between 6,500
B.C. and 3,000 B.C. or the Archaic subsistence period. The presence on the Feature
15 bifaces of edible wild plant species represented by pollen and Vitis (grape) fibers
absent from corresponding stratigraphic samples highlight the variety of plants
available to prehistoric occupants of the site. They also represent an environment
attractive to deer and other game.

Features 24 and 25 contained similar amounts of a number of taxa: Quercus,
Salix, Fagus, Castenea, Acer, and Ulmus. In general, these arboreal species prefer
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moist, shady and cool environs and are attractive to large numbers of birds and
animals. They pollinate in the early spring and can be utilized from very early in the
spring through fall. The taxa represented in the features and in pollen washes of
associated artifacts apparently represent a more varied exploitation pattern at the site
and the heavy utilization of a number of plants in the very early spring. The pollen
profile of the corresponding stratigraphic column samples reflect a well-established
forest that would support a large variety of edible wild plants.

Yielding a Late Archaic expanding-stemmed point (#33), Feature 28 reflects
a more open forest with shrubs and grasslands than those discussed above. The lower
pollen counts of similar arboreal taxa may indicate a transitional vegetation pattern
between the Early Archaic emergence of oak communities and the more well-
established (and varied) forest complex found later in the Archaic period.

A similar variety and frequencies of taxa were found in pollen samples from
Features 11,19, and 14. They illustrate what may signal the beginning of xerothermic
conditions. Oak counts decrease as pine appears to increase. Nut-bearing trees also
increase at this time and eventually during the xerothermic hickory communities will
dominate oak in pollen profile and the vegetation that was so attractive to deer and
other game is adversely affected by the new climate.

The more evenly divided Quercus and Salix counts in Feature 12 were
accompanied by other pollen taxa similar to those present in samples from Features
15 and 19. The higher amount of Salix may represent use earlier in the season or the
utilization of willows found along the drainages. Willow was used in medicine,
basketry, bedding, and food by Native Americans. It is often the first spring source
of Vitamin C. "The inner bark is edible, raw, cooked in strips like spaghetti, or dried
and powdered into flour" (Angier 1979). Angier further notes that "half digested
willow tips in the stomachs of the deer family, tasting like salad with vinegar, were and
are regarded as delicacies by some of our Indian groups". Feature 10 contained a
pollen spectra similar to Feature 12 in that both groups of feature samples yielded
profiles that illustrate a much wetter and perhaps cooler environment and the profile
features a dominance of water-loving arboreal species such as Juglans cinera
(butterni. ), Juglans nigra (black walnut), Nyssa (gum), Juniperus (juniper), and Cory a
(hickory).

Profiles from Features 28, 23, and 9 reflect a stream-side community oiAcer,
Carya, Castenea, Fagaceae, Nyssa, Planera and Ulmus that has higher, drier areas of
Chenopodium-amaranth and a variety of Compositae. A quartz side-notched point
(#22) found near Feature 23 was washed for pollen analysis also and reflected the
presence of these species.

High frequencies of Chenopodium-amaranth pollen occurred in Feature 20 and
in slightly lesser amounts in Feature 12. These large frequencies may be the result of
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the utilization of Chenopodium-amaranth greens as a food or may reflect periods of
increase in the Cheno-am population. The only two incidences of a large quantity of
high-spine Compositae pollen occur in Features 11 and 19. Various High-spine
Compositae pollen were identified and are known to have been utilized for food and
medicine by numerous aboriginal peoples. Physalis pollen is noted in only two feature
samples—Feature 12 and Feature 30. Physalis (groundcherry) was used as food and
medicine and to preserve game. The lack of Physalis pollen in the Stratigraphic
Column points to a cultural deposition of this pollen.

Umbelliferae pollen was noted in similar frequencies from feature samples and
the stratigraphic column at the base of Layer B and top of Layer C. Although this
plant is edible, use of plants in this family cannot be substantiated from the pollen
record at these sites due to the similarity between feature and stratigraphic samples.
The main portion of this plant that is used is usually the root, which does not contain
pollen.

Several types of pollen from shrubs that yield berries were noted at this site.
Rhus pollen was present in samples from eight features and probably reflect the use
of Rhus typhina (staghorn sumac) rather than Rhus radicans (poison ivy.) The
stratigraphic samples contain some evidence of Rhus, but not to the extent found in
these feature samples. Rhus typhina was used for food, dye, beverage and medicine
by eastern Indian groups. Elaeagnus (silverberry) pollen was found in samples from
two features. Prunus pollen occurred in three samples from Features 23, 27, and 29.
Ribes (currant) pollen was present in a significant amount in Feature 10. Vacdnium
(blueberry) appeared in samples from Feature 29. Berries are a common food of
hunter/gatherers when they occur in the environment, are easily collected, and are
frequently consumed raw. Berries are also used in the curing of meat.

A fairly large percentage of Zea (corn) pollen was noted in what appears to be
a lower stratigraphic sample. The very limited amount of corn discovered and its level
in stratigraphic sequence suggests that it was deposited there through a minor
contamination.

More interesting perhaps is the presence of Oenothera (evening primrose)
pollen in samples from three features in significant amounts. Sample profiles from
Features 12, 27, and 28 indicate a wet streamside community flourished on or around
the site at this time. The high Oenothera frequencies indicate utilization of this plant
as does the fact that most varieties of Oenothera grow in dry stony slopes and would
not naturally be present in very large stands in the same area that supported maples,
gums and willows. Attractive to game, it is a popular browsing plant. The nutlike
roots were widely used either boiled alone or in stews. Best gathered very early in the
year, some Native American groups preferred to boil them in salt water. It was one
of the first wild North American edibles to be transported back to the Old World for
cultivation there (Angier 1979).
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The Clovis point and the jasper flakes assigned to the Paleoindian period
yielded pollen that highlights the use of estuarine and swamp resources by Paleoindian
groups. Carya, Salix, Tilia, and Acer counts reflect a wet streamside community of
trees bordered by terrace areas of Chenopdium-amaranth, Compositae and grasses.
Roseaceae and Rhus species also thrived on the banks of inland streams. The species
present in Feature 32 and on pollen washes of associated artifacts show evidence of
streamside vegetation taxa that also borders swampy areas. The boggy area northwest
of the site seems to be an area that is cyclically flooded and remains at least very wet
at all times during the 100 year flood pattern that affects it. (Larry Lewis, Amtrak
Construction, personal communication 1988, 1989).

Among the Early Archaic points examined were a MacCorkle, a Kirk and a
LeCroy projectile point. As expected, their use-specific pollen taxa reflected a growing
utilization of berry crops, Compositae and Chenopodium-amaranth. The strong
percentage of non-arboreal pollen also indicates a more open Oak/Chestnut/Pine
forest assemblage with alder, willow and beech representing the local streamside
environment. The Brewerton points of the Middle Archaic yielded pollen profiles
heavier in arboreal pollen with a definite increase in a variety of nut-bearing trees.
As predicted, these increases were accompanied by a decrease in non-arboreal
browsing vegetation. Interestingly, the Otter Creek points, also designated as Middle
Archaic in age, reflect a more intense use of the streamside or swamp terrace
communities of water-side species such as Salix, Planera, Ulmus, Alnus, and Quercus
bicolor. Non-arboreal taxa appearing in the Otter Creek points profiles are also plants
that thrive on high water tables.

Late Archaic projectile points washed for pollen included a Savannah River
point, a Wading River point, Bare Island points, and a Snook Kill point. A number
of expanding stemmed points and a hafted scraper were also examined. The Late
Archaic pollen assemblage reflects the continued use of streamside resources and open
terrace grassy areas found in more established forests. Thus while occupying and
exploiting plant resources in the immediate area there is also evidence that site
occupants began to expand their collection patterns into the Piedmont/Fall line
foothills and upper ridges in this region. In general, the expanded stemmed points
seemed to reflect the expanded exploitation pattern more than the "diagnostic" points.
A perforator (#6) and a retouched flake (#18) also showed stronger evidence of the
use of upper terrace/ridge and Piedmont/Fall line communities. The grooved abrader
examined (#52) contained fairly evenly distributed percentages of arboreal pollen and
an interesting composition of non-arboreal counts; Compositae, Chenopodium-
amaranth, Rhus, Malvastrum, and Ribes. The non-arboreal species were all historically
used for both food and medicine. The core-chopper (#65) yielded pollen from taxa
that grow in a variety of habitats. Streamside communities as well as upper Fall
line/Piedmont forests were visited in the procurement of a number of early spring-
pollinating species that historically were used for food, medicine and in tool
manufacture.
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Food processing tools were also examined. Pestle # 115 reflected a strong nut-
tree forest and grassland exploitation that may have been a prehistoric adaptation to
changing vegetation communities around the Higgins site. The new species were not
as attractive to the larger game that were previously drawn to the ridge but provided
a large variety of other plants utilized by prehistoric occupants and by smaller animals
and birds. Pestle #132 and pestle fragment #140 produced very similar pollen profiles
that are almost evenly divided between arboreal and non-arboreal species. The taxa
represented are probably both a mirror of more open forest conditions and the
streamside vegetation at the edge of the site. The percentages of nut and berry
producing species are probably the result of utilization as the variety and quantities
are not duplicated in corresponding features or stratigraphic samples. The streamside
taxa present and the strong arboreal profile may indicate that the metate, #125, was
utilized after the establishment of a mature forest along the ridgetop and by a small
size group or one of the short occupation span who did not significantly clear the site.

Wash number W1S19 was a combination of residue from the Marcey Creek
basal sherds found on the Higgins Site. A reflection of environmental pollen shows
an Oak/Pine forest and a local streamside vegetation community. The non-arboreal
pollen profile is similar to that from bifaces, #116 and #117. A number of fibers
throughout the sample slide were identifical to those found in the wash of the pipe
bowl fragment, #127. The resin crystals found in the sample from the pipe bowl
obscured pollen grains and made a valid count difficult.

Marcey Creek fragments from a mendable pot in Feature 13 were washed and
analyzed separately. Pollen taxa observed on the majority of the sherds included Acer,
Quercus (in counts from 4% to 31%), Salix, Chenopodium-amaranth, and Compositae.
Taxa that may indicate utilization include Shepherdia, Morcus, Helianthus, and Prunus
sp. which appeared more frequently on these sherds than in stratigraphic and feature
samples. The profiles of the Marcey Creek sherds illustrate a large variety of nut-
bearing species; some swamp-adaptive species such as Carya aquatica and Scirpus; and
a number of taxa from streamside, grassland, maritime and Piedmont forest
communities. Pestle #130 yielded a similar large variety of multi-habitat arboreal and
non-arboreal taxa. Groundstone #178 contained a pollen profile similar in range to
the Marcey Creek sherds.

The mano, #131, profile was dominated by arboreal species lead by Quercus
with lesser amounts of nine other forest species that reflect the knowledgeable use of
many edible plants. All taxa were present in quantities of 14% or below with the
exception of Quercus (historically used for food, medicine, and dye). Acorns were
apparently ground with mano #131 and the large variety of pollen taxa deposited in
small amounts on the mano may indicate that the mano was being used in area of the
site utilized for processing plant resources. Artifact #137 was a hammerstone and was
probably used to process butternuts, acorns, and beechnuts. The hammerstone
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fragment, #138, profile also included chestnuts.

The fire-cracked rock washed in sample R6S9 (#179) yielded relatively high
quantities of oak, pine and spruce and high frequencies of Chenopodium-amaranth that
may reflect utilization or the disturbance of site vegetation communities by on-site
occupation. Pollen washes of these rocks demonstrate the potential of pollen analysis
as an aid in determining which of these "Archaic" fire-cracked rock features may be
hearths in the absence of charcoal remains. In this case, the presence of both spruce
and pine in quantities higher than those found in stratigraphic samples probably
reflects its use as a fuel. Evidence from feature fill samples yielded good information
on possible wild plant utilization but the pollen wash of fire-cracked rocks may
separate hearth areas from concentrations that may have resulted form the deposition
of rocks used for heating.

The drill, #12, examined from N864 W888 showed a very local vegetation
community consisting of an Oak/Hickory forest with streamside willows, roses, and
Compositae. The percentages of arboreal and non-arboreal taxa show open grassy
areas; the Chenopodium-amaranth and Compositae reflect some disturbance of natural
vegetation patterns. A large number of twisted cordage fibers were found in the wash
sample.

Phytolith Analysis

Phytolith remains were identified in some samples from Higgins site artifacts.
While phytolith analysis can provide reconstructions of past vegetational formations,
a considerable amount of modern sampling is still needed in the eastern United States
to insure a proper interpretation of phytolith assemblages. For this reason, artifacts
only were considered for phytolith analysis. Ideally, phytolith analysis provides an
indication of which part of the plant was utilized. Tables 3 and 4 (adapted from the
work of Dr. Delores Piperno) illustrate the varying production and silification patterns
in plants. The most commonly found phytolith was Carya, present in the highest
number (20) on the Clovis point found associated with Feature 32. It reappeared
again in numbers ranging from four to twelve per sample in some of the Late Archaic
samples. The importance of its numbers alone must be analyzed in comparison to
corresponding pollen wash profiles. Carya which produces a "common" amount of
phytoliths, cannot be contrasted to Quercus (present in the pollen profile) which
produces phytoliths only rarely. Ulmus and Salix phytoliths, again deposited by species
that commonly produce phytoliths, are represented on the Clovis point while the
Chenopodium-amaranth varieties evident in the corresponding pollen profile do not
produce phytoliths. No Betulaceae phytoliths were observed in the artifact washes
although silification patterns indicate a very low to very high phytolith production
which varies drastically from species to species. Betula pollen was only observed on
two artifacts, a Middle Archaic Brewerton point and an Otter Creek point. Ulmus, a
producer of abundant quantities of phytoliths were indeed found on one Otter Creek

42



(Middle Archaic) point and two Late Archaic points. The importance of their
presence on these points must be tempered by the evidence of many other taxa that
do not produce significant amounts of phytoliths.

Compositae production of phytoliths ranges from abundant to none at all
depending on species. Helianthus phytoliths found on a Late Archaic Bare Island point
are from leaves and achenes. The silification rate of the Helianthus leaf is abundant
but the rate of the achene and head has not yet been determined. The presence of
Helianthus phytoliths are important here as Helianthus pollen and phytoliths are both
present only on this point (#39). Cyperaceae phytoliths, probably present in the
stratigraphic column, were not found on any artifact washes through Cyperaceae
species produce abundant amounts of silica. The explanation for this may lie in the
utilization of the point rather than the absence of Cyperaceae in site vegetation during
this time.

Graminae phytoliths are generally produced in abundant quantities and were
present in samples from three expanded stem points and an unidentified point (#37).

Phytoliths produced by a Morus (red mulberry) plant are often abundant in
number and were found in the wash of the Middle Archaic Brewerton point (#7).
This point yielded the greatest variety of phytolith taxa.

The specific production characteristics of various parts of each plant and the
different phytolith characters of the plant parts make phytolith analysis a tool in
identifying specific wild plant usage on archaeological sites. Such studies have not
been done to any great extent and modern phytolith assemblage studies have not been
done in this region. The primary value of the phytolith analysis done at the Higgins
site then lies in establishing a very basic data base for future phytolith analysis of
archeological remains. The phytolith record is a small representation of the total
pattern of plant exploitation at the site and because the preservation aspect of
phytoliths is constant, it will provide a valuable means of comparing sites in the area
regardless of pollen or macrofossil preservation factors/Specific phytolith sampling
models can be easily used on Middle Atlantic area sites.

Cross-Polar Microscopic Analysis

A wash for cross-polarizing microscopy of a pipe fragment shows evidence of
burned leaves although no pollen was preserved in the sample. Burned leaves retain
much of their structural elements. The dendritic structure remains after burning and
even small particles show a kind of branching from the remains of attached cell walls.
The microcrystalline aggregates of calcium oxalate are visible in leaf fragments in
quantities that vary with the plant species (McCrone 1968). Although other burned leaf
fragments were found in a number of samples, all of the samples that contained them
were from the plowzone of the stratigraphic column in Block 1.
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Birefringence indexes of crystals found in feature and artifact samples show that
hematite was present in significantly higher amounts in samples from Features 32, 27,
and 14. Quartz crystals with a birefringence of between 0.005 and 0.010 were generally
found in feature samples that were associated with Late Archaic artifacts. The
majority of these were projectile points or debitage and likely to leave crystals in
archeological deposition. Although hornblende gneiss crystal birefringence is close at
0.015, none were observed in Higgins site samples although eight gneiss artifacts were
recovered during excavation. The absence of crystal highlights their use prior to
deposition for grinding but also illustrates the suitability of the hornblende gneiss for
such a tool.

Vegetative fibers of the Leguminosae family were found in Features 11,10, and
29. Artifact washes from the Brewerton projectile point (#37), contained fibers from
the Roseaceae family. Similar amounts of unidentified fiber were found in the wash
of a pipe fragment and on Marcey Creek sherds recovered from Level 2. These
distinctive fibers bear some resemblance to the Nicotiana fibers in the laboratory
reference collection but are not identical. It is not possible to say whether these are
from simply a different strain of Nicotiana or whether they are from an unrelated
plant. Zea fibers were present in Block 1 Level D-l and may be from rodent
disturbance or larger soil redeposition. The only food-processing tool that contained
significant amounts of fiber was the chopper found in Feature 11. Its wash contained
a large number of Compositae and Leguminosae fibers; both multi-use edible wild
plant families.

A very unique "fiber", resembling in birefringence turkey feathers, were found
in Features 15, 32, 20, 12, 10, 29 and in the stratigraphic sample from Block 1 sample
C-5. Because of its unique arrangement of cross-polarized spectra, and the potential
importance of its definite identification, a representative number of those found were
photographed and isolated for use as references in future comparative analyses.

Summary and Conclusions

The analysis of feature fill and artifact washes for pollen, phytolith and/or
cross-polarization data from the Higgins site was designed to provide subsistence
information for a period ranging from the Paleoindian to the Woodland Period. In
addition, three stratigraphic columns were analyzed from different areas of the site to
provide local paleoenvironmental data and to define depositional episodes on various
parts of the site.

The paleoenvironmental data from the stratigraphic column appears to cover
the period of time from approximately 8,000 B.C. to 1,000 A.D. It is probable that the
upper sediments of the terrace, which are no longer present contained evidence of the
older Sunderland formation. Pollen evidence from the historic period has been
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removed by plowing and construction project impact. Some redeposition of pollen can
be seen in the samples and is likely the result of alluvial action. The pollen data from
the stratigraphic column appear to indicate more mesic conditions in the lower levels
followed by increased drying or lowered water table in the middle levels and a return
of wetter conditions following to the present. Pollen profiles from each stratigraphic
column contained a short period (Layer C-l, D-1-Block 2; Layer C-2 Block 1, and B-5
in Block 3) that closely resembled the Maryland Tidal Freshwater Swamp areas that
today lie further east. These phases were followed by an oak-dominated forest
community that gradually became a well-established maritime forest.

Preliminary interpretations of the pollen, phytolith and fiber evidence suggest
that there was a change in the utilization of vegetal resources in this area near the
beginning of the Archaic Period. There is another shift evident in samples that appear
to correspond to the onset of Xerothermic and later Sub-Atlantic conditions. Prior to
this time both the pollen and phytolith records exhibit little variety in taxa that
indicate utilization at this site. The pollen record notes an increase in taxa from
shrubs that bear berries, trees that are nut-bearing and from multi-use edible wild
plants at the end of the Archaic Period.

Both the pollen/phytolith and artifact evidence suggest that at times the role
of vegetal resources may have revolved around hunting activities but changing
vegetation communities affected both the kind of game available at the site and the
importance of game in prehistoric diets. The utilization of nuts, berries and seeds
were evident in the feature pollen profiles but many other elements of the natural
environment may have also been exploited which do not leave evidence of their
utilization, including a variety of spring tubers and roots or greens.

The pollen data from site features shows intensive exploitation of site resources
at least from very early spring through summer and well into the fall. The location
of this upland site in a transition zone that supports coastal and upland vegetation
made it an attractive site to many prehistoric peoples.
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Table 1 POLLEN TAXA OBSERVED IN THE HIGGINS SITE (18AN489) SAMPLES

Scientific Name

Arboreal Pollen

Abies
Acer
Alnus
Betula
Carya
Castenea
Conais
Fagus
Ilex
Juglans cinera
Juglans nigra
Juniperus
Nyssa
Liquidambar
Picea
Pinus
Planera
Platanus
Quercus
Salix
Tilia
Ulmus

Nonarboreal Pollen

Celtis
Chenopodium/

Amaranth
Cirsium
Claytonia
Compositae

Low spine
High spine
Helianthus
Senecio

Cyperaceae
Diospylos
Elaeagnus
Epilobium
Euphorbia
Geranium
Graminae
Leguminosae

Common Name

Fir
Maple
Alder
Birch
Hickory
Chestnut
Dogwood
Beech
American Holly
Walnut
Walnut
Juniper
Gum
Sweet Gum
Spruce
Pine
Water Elm
Sycamore
Oak
Willow
Basswood
Elm

Hackberry
Goosefoot/

pigweed
Thistle
Spring Beauty
Sunflower family

Groundser
Sedge family
Persimmon
Silverberry
Fireweed
Spurge family
Wild Geranium
Grass family
Pea family

Use

Medicine 1,7
Food 4,5,7,10; Medicine 10; Other
Medicine 1,7; Other 12
Medicine 1,7,; Other 4,10,12
Food(A); Other(A); To poison fish for food; sap, nuts;utility(A)
Food (K); Other (K); Utility (K)
Utility (K); Food (K)
Food (K)
Utility (K)
Food (K); Utility (K)
Utility (K); Food (K)
Food 5,6,7,8; Medicine 1,8,10; Utility 1,3,8; Other 10
Medicine; Food; Utility (K)
Medicine; Food; Utility (K)
Food 7; Medicine 1,7; Utility 1
Food 5,6,7,8,10; Medicine 10

Food 1,4,5,6,7,8; Medicine 1,4,7; Utility 1
Food 7,8; Medicine l,4,7;Utility 1,4,6; Other 4, 10
Utility (K)
Utility (K)

Food 4,8,12; Other 1
Food 2,3,4,7,8,12; Medicine 7; Other 4,8

Medicine (K)
Food (K); Medicine (K)

Food 1,4,5,6,7; Medicine 1,4,7
Food 1,4,5,6,7; Medicine 1,4,7
Food 1,4,5,6,7,12; Medicine 4
Medicine (K)
Food 4,5; Medicine 7; Other 4

Food 8, 10; Medicine 10; Other 10

Food (K)
Medicine 1
Food 5,7; Medicine 1; Utility 13; Other 10
Food 4,5; Medicine 4,7;Other 4
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Scientific Name

Melvaceae
Menyanthes
Monarda
Moms
Myrica
Oenothera
Parthenocissus
Phlox
Physalis
Ranunculaceae
Rhus
Ribes
Robinia
Rosaceae
Prunus

Typha
Umbelliferae
Utricularia
Vaccinium

Vemonia
Vitaceae
Zea

Common Name

Mallow family
Buckbean
Oswego tea
Mulberry
Myrtle
Primrose family
Woodbine
Phlox
Groundcherry

Sumac
Gooseberry
Black Locust
Rose family
Chokecherry

Cattail
Parsnip family
Bladderwort
Blueberry/
Deerberry
Ironweed
Grape
Maize/Corn

Use

Food 5,8,12; Medicine 4

Food (S)
Food (K); Utility (K)

Food (5); Other (S)
Medicine 10; Other 10
Food 2,4,5,8; Medicine 4

Food; Beverage; Medicine; Other
Food
Food

Food 1,2,3,4,5,6,7,8,9,10; Medicine 1,4,7,10; Utility 4; Other
1,2,3,4,8,9,10k
Food; Utility
Food 5,6,7; Medicine 1,7

Food

Food (S); Utility (S)
Food 1,4,7,13; Medicine 7
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Table 2 TAXA FOUND IN HIGGINS SITE SAMPLES
SEASON OF POLLINATION AND HABITAT TABLE

Pollen Taxa

Arboreal

Abies

Acer

Alnus

Betula

Carya

Castenea

Conus

Elaeagnus

Fagus

Fraxinus

Ilex

Juglans cinera

Juglans nigra

Juniperus

Liquidambar

Nyssa

Picea

Pinus

Planera

Platanus

Quercus

Pollination Season

Spring

Spring

Feb-May

Early spring

Mid-late spring

Late spring/
Early summer

May-July

Late spring

Early spring

Early spring

Early spring

Early spring

Spring

Early spring

Spring

Early spring

Habitat

Moist, cool. Associated with other conifers

Moist, shady, and cool. Swamps, bogs, wet bottomlands, sometimes dry
ridges. Associated with Quercus bicolor(N)

Swamps, wetwoods, stream margins

Streams, rivers, floodplains, bottomland

Moist soils

Well drained soils

Swamps, damp thickets, streams

Wooded areas

Moist, cool, shady

Moist soils

Shrub and maritime forest

Moist, along streams

Moist, along streams

Prefers interior areas, sometimes maritime forests

Moist valleys, lower slopes, mixed woodlands

Drier upland areas, North. Found in low depressions or swales in maritime
forest

Bogs, cool slopes of mountains

Coastal plains and piedmont, and maritime forests. Invader of old dune
Fields, one of first trees in maritime forest

Wet bottomlands

Moist soils

Associated with loblolly pine in maritime well established forests
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Pollen Taxa

Salix

Tilia

Ulmus

Nonarboreal

Celtis

Chenopodium/
Amaranth

Cirsium

Claytonia

Compositae

Helianthus

Senecia

Scyperaceae

Euphorbium

Equilobium

Geranium

Graminosae

Leguminosae

Leg. robina

Malvastrum

Menyanthes

Monarda

Moms

Myrica

Myriophyllius

Oenothera

Parthenocissa

Pollination Season

April/May

Early summer

Early spring

Early spring

June-Sept

April-July

May-August

June-Sept

June-Sept

Spring/Summer

June-Sept

April-June

Mid-spring to
Mid-summer

Late spring

Late spring

Early summer

July-Sept

Spring

Late spring

Summer

Habitat

Streams, lakes, rich swamps

Moist soils

Moist soils, esp. in valleys and floodplains, mixed hardwood forests

Moist areas along streams

Moist areas

Drier areas; brushy, grassy or open woods

Moist ground from foothills to high mountains

All areas

Dry, open foothills

Stream banks and moist areas

Freshwater swamps

Open areas

Disturbed soils; cool lowlands

Wild rich woods

All areas

Many areas

Sandy, rocky soils; old fields, open areas and woodlands

Along streams and moist soils

Shallow water, high watertable areas

Wet soils and along streams

Moist soils in hardwood forests

Occupies a variety of coastal habitats

Lakes, ponds, streams, wet shores

Wide range of habitats

Moist stream edges or edge of woods
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Pollen Taxa

Phlox

Physalis

Prunus

Ranunculus

Rhus

Ribes

Robinia

Rosaceae

Typha

Umbellifera

Ultricularia

Vaccinium

Vernonia

Vitaceae

Pollination Season

Late spring

Summer

April-May

March

May/July

May-June

Late spring

May/June

Early, Mid-spring

Summer

Summer

May/June

Late July/Aug

Habitat

Dry, sandy, rocky soils

Clearings, disturbed areas

Maritime forests, exposed forests

Terminal point of wetlands, goes upland

Drier soils

Slopes of uplands

Riverbanks, second-growth forests

Dry, rocky, sandy soil

Fresh tidal water swamp

Many areas

Wet muddy soil

Woodlands

Freshwater marsh zone

Moist stream edges, edge of woods
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Table 3 PHYTOLITH TAXA OBSERVED ON HIGGINS SITE ARTIFACTS

Species

Carya

Ulmus

Helianthus

Grantinae

Artifact Sample (#)

Clovis point (#13)

Brewerton Side-notched (#22)
Wading River (#17)

Bare Island (#39)

Vernon (#33)
Vernon (#67)
Normanskill (#90)
Non-diagnostic stemmed point fragment (#37)

Moms Brewerton Corner-notched point (#7)
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Table 4 PRODUCTION AND SILICIFICATION PATTERNS IN HIGGINS SITE TAXA

adapted from Pfperno (1988:23-37)

Varies, Abundant to Rare

Varies, Common to Rare
Not Present
Varies, Common to Rare

husk Rare to Not Common
tassel Common
kernel Rare
root Not Present

Pinaceae
Abies
Picea

Cyperaceae

Graminae

Zea mays leaf

Varies, Rare to Common
Rare to Not Common
Rare to Not Common

Varies, Abundant to Rare

Abundant

Abundant

Compositae

Euphorbiaceae
Euphorbia

Leguminosae

Amaranthus spp.

Roseaceae
Fragaria

Fagaceae
Quercus

Malvaceae
Malvastrum

Ulmaceae
Celtis
Ulmus

Moraceae
Moms rubra

Urticaceae

Betulaceae

Acer spp.

Chenopodium

Juglandaceae
Juglans nigra

leaf
nut

Carya

Solanaceae

Not Present

Abundant

Rare to Not Common

Not Present

Varies, Abundant to Not Present
Abundant

Abundant

Varies Abundant to Common

Varies Common to Not Common

Varies Abundant to Not Common

Not Present

Not Common
Present, but levels have not been determined
Common

Not Present
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Table 5 ARTIFACT WASHES

Lab#
(sample # )

W1S9
(#13)

W2S7
(#31)

W5S1
(#30)

W5S2
(#18)

W5S3
(#29)

Artifact Washed

Clovis point

Scraper w/graving spur
green chert

Retouched flake
chert

Retouched flake
jasper

Pieces esquillees
chert

Arboreal Pollen %
Observed

Acer-8
Alnus crispa-4
Carya-24
Fagus-2
Juglans cinera-4
Quercus-8
Salix-4
Tilia-12

Quercus-20
Salix-28
Robinia-4
Pinus-4

Acer-4
Quercus-12
Salix-16
Carya-8
Pinus-4
Tilia-4

Carya-12
Alnus-S
Quercus-20
Salix-24
Robinia-4
Fagus-4

Acer-12
Alnus rugosa-8
Carya-4
Juglans cinera-12
Pinus-12
Salix-Yl
Quercus-18

Non-Arboreal Pollen %
Observed

Chenopodium/amaranth-16
\jo-Compositae~4
Graminae-4
Rhus-4
Roseaceae-8

Graminae-8
Roseaceae-21
Leguminosae-4
Chenopodium/amaranth-16
Rhus-4

Chenopodium/amaranth-16
Graminae-8
Lo-compositae-8
Roseaceae-21

Chenopodium/amaranth-26
Graminae-4

Chenopodium/amaranth-12
Graminae-8
Hi-Compositae-10
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Lab#
(sample #)

W2S1
(#1)

W2S18
(#104)

W2S21
(#113)

W2S2
(#7)

W6S6
(#55)

W5S14
(#79)

Artifact Washed Arboreal Pollen %
Observed

Macorkle-Kke point Acer-4
Betula-A
Castenea-16
Fagus-4
Pinus-12
Quercus-32
Salix-4

Kanawha stemmed point Fagus-8
Pinus-8
Quercus-2Q

LeCroy point Abies-4
Acer-4
Alnus crispa-4
Castenea-12
Juglans cinera-4
Quercus-28

Brewerton Corner-notched point Betula-4
Carya-8
Fagus-4
Juglans nigra-8
Quercus-32
Salix-4

Brewerton Ear-notched point Alnus rugosa-8
Carya-16
CasteneaA
Fraxinus-4
Juglans nigra-12
Que/vus-24
Pinus-4

Otter Creek point Acer-4
Alnus c-8
Carya-8
Castenea-16
Juglans cinera-4
Juglans nigra-12
Plantanus-8
Quercus bicolor-20
Salix-4

Non-Arboreal Pollen %
Observed

Chenopodium/amaranth -20
lx>-Compositae-4

Chenopodium/amaranth-16
Cirsium-8
Hi-Compositae-V2
Leguminosae-8
Roseaceae-4
Umbelliferae-16

ho-Compositae-4
Hi-Compositae-8
Chenopodium/amaranth -12
Leguminosae-8
Roseaceae-4

Celtis-4
Lo-Compositae-8
Morus-8
Roseaceae-8

Chenopodium/amaranth-4
Lo-Compositae-12
Umbelliferae-8
Vemonia-4

Chenopodium/amaranth -8
Lo-Compositae-8
Graminae-4
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Lab# Artifact Washed
(sample #)

W1S7
(#57)

Brewerton Side-notched point

W2S14
(#96)

Otter Creek point

W2S16
(#99)

Otter Creek point

W2S17
(#100)

Otter Creek point

W2S23
(#101)

Otter Creek point

W1S5
(#15)

Snook Kill point

Arboreal Pollen %
Observed

Acer-4
Carya-4
Ulmus-8
Quercus-8
Salix-8
Juglans cinera-4

Acer-8
Carya-8
Juglans cinera-8
Juglans nigra-16
Quercus bicolor-8
Salix-16
Ulmus-4

Acer-4
Carya-12
Juglans cinera-4
Juglans nigra-20
Juniperus-4
PlaneraA
Quercus-16
Salix-16

Betula-4
Fagus-8
Carya-4
Juglans cinera-4
Juglans nigra-4
Liquidambar-4
Quercus bicolor-16
Ulmus-8

Juglans cinera-4
Juglans nigra-4
Salix-8
Quercus bicolor-20
Ulmus-4
Robinia-4
Alnus rugosa-4
Liquidambar-4
Elaeagnus-8
Ilex-4

Salix-8
Quercus-12
Acer-8
Alnus rugosa-4
Alnus crispa-4
Fagus-8

Non-Arboreal Pollen %
Observed

Cirsium-8
Chenopodium/amaranth -8
Lo-Compositae-32
Leguminosae-12
Rhus-4
Roseaceae-8

Chenopodium/amaranth-16
Graminae-8
Rhus-8
Prunus-8

Chenopodium/amaranth-12
Roseaceae-8

Celtis-4
Lo-Compositae-4
Graminae-8
Roseaceae-8
Cercocarpus-4
Urticularia-4

Roseaceae-4
Lo-Composifae-8
Umbelliferae-8
Leguminosae-4
Cercis-12

Chenopodium/amaranth-16
Malvastrum-20
Hi-Compositae-12
Ribes-4
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Lab#
(sample # )

W2S19
(#109)

W2S20
(#112)

W1S4
(#17)

W2S5
(#19)

W2S6
(#21)

Artifact Washed

Otter Creek point

Otter Creek point

Wading River point

Expanding-stemmed,
hafted scraper

Bare Island point

Arboreal Pollen %
Observed

Carya-8
Betula-8
Salix-12
Quercus-20
Robinia-4
Fraxinus-4
Liquidambar-4
Acer-4
Acer negundo-4
Ulmus-4
Juglans cinera-4

Quercus-28
Robinia-8
Salix-12
Fagus-12
Acer-8
Juglans cinera-12

Abies-4
Juglans cinera-8
Pinus-4
Quercus-12
Juniperus-8
Acer-4
Carya-8

Betula-8
Salix-12
Quercus-20
Robinia-4
Fraxinus-4
Liquidambar-4
Acer negundo-4
Acer-8
Ulmus-4
Juglans nigra-4

Acer-4
Carya-12
Castenea-8
Fagus-8
Juglans nigra-12
Quercus-16
Salix-8
Robinia-4

Non-Arboreal Pollen %
Observed

Chenopodium/amaranth-4
ho-Compositae-4
Roseaceae-4

Chenopodium/amaranth -4
Lo-Compositae-16
Typna-8
Hi-Compositae-4

Onagraceae (Oenothera)-4
Chenopodium/amaranth-4
Umbelliferae-4
Roseaceae-4
ho-Compositae-4

Rhus-8
Ribes-4
Roseaceae-12
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Lab# Artifact Washed
(sample # )

W1S1
(#33)

Vernon point

W1S8
(#37)

Nondiagnostic point

W2S8
(#39)

Bare Island point

W2S9
(#47)

Wading River point

W2S10
(#51)

Untyped B point

Arboreal Pollen %
Observed

Quercus-8
CaryaA
Robinia-4
Alnus crispa-4
Fraxinus-4
Acer-4
Salix-8

Elaeagnus-4
Planera-4
Acer negundo-4
Salix-4
Quercus-4
Juglans cinera-8

Salix-12
CaryaA
Liquidambar-4
Ulmus-4
Juglans nigra-8
Quercus-16
Acer-4
Azvt negundo-4

Acer-8
Salix-12
Quercus-16
Robinia-8
Fagus-4
Liquidambar-8
Acer negundo-4
Ulmus-4
Juglans nigra-8
Planera-4

Acer-4
Alnus crispa-4
Carya-8
Castenea-4
Cornus-4
Fagus-12
Fraxinus-12
Juglans c'meraA
PinusA
Quercus-8
Tilia-8
Ulmus-4
Robinia-4

Non-Arboreal Pollen %
Observed

Chenopodium/amaranth-36
Lo-CompositaeA
Hi-Compositae-16
LeguminosaeA
Shepherdia-4

Chenopodium/amaranth-20
Hi-Compositae-4
Lo-Compositae-16
RhusA
Leguminosae-12
Roseaceae-4
GeraniumA
Claytonia-8

Ui-Compositae-4
Helianthus-4
LeguminosaeA
Lo-CompositaeA
Roseaceae-12

Chenopodium/amaranthA
Umbelliferae-4
Lo-Compositae-4
Roseaceae-4

Chenopodium/amaranth A
Graminae-4

85



Lab # Artifact Washed
(sample #)

W2S11 Vernon point
(#61)

W1S2 Vernon point
(#67)

W2S13 Otter Creek point
(#91)

W1S3 Brewerton Side-notched point
(#22)

W5S15 Brewerton Side-notched point
(#89)

W2S15 Untyped point
(#98)

Arboreal Pollen %
Observed

Acer-4
Alnus crispa-4
Juglans cinera-4
Quercus-20
Salix-8
Robinia-4

Abies-8
Acer-4
Alnus-crispa-4
Fagus-4
Juniperus-44
Pinus-20
Quercus-4
Salix-12

Acer-8
Juglans cinera-4
Robinia-4
Pinus-4
Quercus-16
Satix-8
Carya-8
Fagus-8

Acer-4
Juglans cinera-12
Pinus-8
Quercus-20
Salix-4
Robinia-4
Carya-20

Abies-4
Acer-4
Alnus crispa-8
Castenea-4
Fraxinus-4
Juglans cinera-8
Juglans nigra-8
Juniperus-12
Pinus-32
Quercus-16
Salix-4

Juniperus-12
Quercus-12
Salix-8
Tilia-4
Robinia-4

Non-Arboreal Pollen %
Observed

Chenopodium/amaranth-V2
Lo-Compositae-4
Graminae-4
Rhus-4
Roseaceae-8
Umbelliferae-8

Lg. Graminae-12

Chenopodium/amaranth -8
Lo-Compositae-4
Graminae-12
Ribes-12
Roseaceae-4

Lo-Compositae-16
Roseaceae-4

Graminae-4

Chenopodium/amaranth-16
Lo-Compositae-28
Hi-Compositae-8
Graminae-4
Roseaceae-4
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Lab#
(sample #)

W1S10
(#90)

W6S10
(#6)

W2S3
(#10)

W2S4
(#12)

W5S13
(#18)

W1S14
(#52)

Artifact Washed

Nonnanskill point

Perforator

Scraper

Drill
cordage fibers present

Retouched flake

Grooved abrader/
shaft smoother

Arboreal Pollen %
Observed

Acer-4
Alnus crispa-4
Carya-4
Fagus-16
Fraxinus-8
Juglans nigra-4
Pinus-8
Quercus-8
Salix-4
UJmus-8
Elaeagnus-4
Robinia-8

Abies-4
Acer-4
Alnus crispa-4
Carya-24
Juglans cinera-4
Quercus-4
Salix-8
Ulmus-12

Betula-4
Alnus crispa-4
Carya-8
Fagus-8
Juglans cinera-8
Juglans nigra-4
Quercus-20
Salix-4
Tilia-8

Carya-12
Elaeagnus-4
Quercus-26
Salix-14
Robinia-4
Castenea-4

Abies-12
Alnus crispa-4
Carya-16
Juglans crispa-8
Pinus-32
Quercus-8
Salix-4

Salix-8
Acer-8
Robinia-8
Quercus-16

Non-Arboreal Pollen %
Observed

Lo-Compositae-4
Graminae-8
Rhus-8

Chenopodium/amaranth-16
Lo-Compositae-4
Graminae-8
Oenothera-4
Rhus-8
Ribes-4

Roseaceae-12
Celtis-4
Chenopodium/amaranth-8
Lo-Compositae-4
Graminae-4

Lo-Compositae-16
Chenopodium/amaranth-12
Roseaceae-4
Oenothera-8
Ribes-4

Graminae-8
Chenopodium/amaranth-4
Rhus-4

Lo-Compositae-4
Hi-Compositae-8
Chenopodium/amaranth-4
Rhus-4
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Lab # Artifact Washed
(sample # )

W1S14
(#52)

Grooved abrader

W1S15 Chopper/core
(#65)

W2S22
(#115)

Pestle

WISH
(#116)

Biface

W1S12
(#117)

Biface

W2S24
(#132)

Pestle

Arboreal Pollen %
Observed

Fraxinus-4
Alnus crispa-4
Alnus mgosa-8
Carya-4
Pinus-4

Betula-4
Myrica-8
Pinus-4
Uhnus-8
Abies-4
Quercus-8
Alnus-8
Carya-2
Salix-2

Fagus-8
Salix-8
Acer-4
Ulmus-8
Carya-4
Quercus-12
Castenea-4
Juglans cinera-4

Acer-8
Quercus-4
Salix-16
Robinia-4
Carya-24
Abies-4
Planera-4

Robinia-4
Fagus-12
Carya-12
Fraxinus-4
Salix-12
Alnus-4
Quercus-12
Acer-4

Elaeagnus-4
Ulmus-8
Robinia-4
Castenea-4
Quercus-8
Salix-4
Acer-12
Planera-4

Non-Arboreal Pollen %
Observed

Malvastrum-8
Ribes-8

Rhus-4
Convuvulus-4
Chenopodium/amaranth-lQ
Lo-Compositae-16
Hi-Compositae-4
Phlox-2
Leguminosae-2

Graminae-8
Chenopodium/amaranth-12
Roseaceae-4
Hi-Compositae-4
Leguminosae-4
ho-Compositae-4
Oenothera-4

Leguminosae-8
Vitaceae-4
Chenopodium/amaranth-8
Cirsium-8
Roseaceae-4
vegetable fibers

Hi-Compositae-4
Leguminosae-4
Cyperaceae-8 (Scirpus)
Lo-Compositae-4
Chenopodium/amaranth-4

Ribes-8
Chenopodium/amaranth-12
Graminae-8
Roseaceae-8
Leguminosae-4
Shepherdia-4



Lab#
(sample #)

W1S21
(#125)

W1S19
(#126)

W1S18
(#127)

W1S16
(#128)

W1S17
(#128)

W3S1
(#128)

W3S2
(#128)

Artifact Washed

Metate

Marcey Creek Sherds
(Same fibers present as
in W1S18 - pipe fragment)

Pipe bowl fragment

Marcey Creek
mendable fragment

Marcey Creek
mendable fragment

Marcey Creek
mendable fragment

Marcey Creek
mendable fragment

Arboreal Pollen
Observed

Abies-28
Robinia-12
Castenea-12
Carya-8
Fagus-4
Ilex-4
Quercus-4

Salix-12
Acer-16
Alnus crispa-4
Pinus-16
Quercus-20
Fagus-16

(fiber similar to
- sparse

Robinia-4
Quercus-8
Alnus crispa-4
Fraxinus-4
Carya-4
Acer-4

Alnus rugosa-4
Pinus-12
Fagus-8
Quercus-8
Fraxinus-4
Salix-8
Acer-8
Carya-4

Quercus-16
Ulmus-4
Salix-28
Carya-8
Juglans nigra-4
Juglans cinera-4
Acer negundo-4

Robinia-4
Quercus-8
Sa/ir-12
Acer-4
Ilex-8
Carya-4
Ulmus-8

% Non-Arboreal Pollen %
Observed

Lo-Compositae-12
Chenopodium/amaranth-4
Rhus-4
Roseaceae-4
Leguminosae-4

Chenopodium/amaranth-8
Hi-Compositae-8
Lo-Compositae-12
Leguminosae-16
Cyperaceae-8 (Scirpus)

nicotiana fiber
pollen, resin.)

Hi-Compositae-20
Chenopodium/amaranth -36
Lo-Compositae-4
Shepherdia-4

Chenopodium/amaranth-8
Rhus-4
Ui-Compositae-28
Lo-Compositae-4

Lo-Compositae-8
Cirsium-4
Oenothera-4
Roseaceae-4

Graminae-8
Chenopodium/amaranth-VL
Roseaceae-12
Leguminosae-4
Hi-Compositae-4
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Lab # Artifact Washed
(sample #)

W3S3
(#128)

Marcey Creek
mendable fragment

W3S4
(#128)

W3S5
(#128)

Marcey Creek
mendable fragment

Marcey Creek
mendable fragment

W3S6
(#128)

Marcey Creek
mendable fragment

W3S7
(#128)

Marcey Creek
mendable fragment

W3S8
(#128)

Marcey Creek
mendable fragment

(#129) Steatite

Arboreal Pollen °Ic
Observed

Salix-24
Quercus-32
Betula-A
Acer-12
Elaeagnus-%
Robinia-4

Quercus-4
Fagus-4
Morus-4

Castenea-8
Pinus-4
Quercus-8
Robinia-8
Alnus crispa-4
Carya-4

Castenea-8
Juglans cinera-4
Alnus rugosa-8
Quercus-8
Salbc-8
Ulmus-4

Acer-16
Quercus-16
Salix-4
Ulmus-8
Robinia-4
Castenea-4
Planera-8
Carya aquatica-12
Juglans cinera-4

Junipems-8
Acer-4
Quercus-28
Alnus crispa-4
Salix-12
Fagus-4
Acer negundo-4
Ilex-4

Juniperus-16
Juglans cinera-12
Alnus crispa-4
Quercus-4
Robinia-4

Non-Arboreal Pollen %
Observed

Leguminosae-8
Chenopodium/amaranth-4
Lo-Compositae-4

Chenopodium/amaranth -76
Roseaceae-4
Leguminosae-4
Helianthus-4

Cirsium-4
Prunus-16
Lo-Compositae-8
Oenothera-8
Chenopodium/amaranth-20
Roseaceae-4

Chenopodium/amaranth -8
Rhus-8
Lo-Compositae-4
Leguminosae-4

Chenopodium/amaranth -8
Lo-Compositae-4
Leguminosae-4
Prunus-4

Leguminosae-8
Lo-Compositae-4
Oenothera-8
Prunus-8

Chenopodium/amaranth -36
Lo-Compositae-16
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Lab # Artifact Washed
(sample # )

(#129)

W6S10
(#130)

Steatite . . .

Pestle

W1S23
(#131)

Mano

R5S2
(#137)

Hammerstone

R5S3
(#138)

Hammerstone fragment

R5S4
(#139)

FCR scatter

R5S5
(#140)

Pestle fragment

Arboreal Pollen %
Observed

Salix-12

Robinia-8
Salix-8
Acer-4
Carya-8
Castenea-4
Quercus-12
Fraxinus-4
Juglans cinera-4

Juglans cinera-4
Salix-14
Quercus-38
PlaneraA
Ulmus-4
Robinia-4
Ilex-4
Alnus rugosa-4
Elaeagnus-4
Nyssa-4

Acer-4
Caiya-8
Castenea-4
Fagus-12
Juglans cinera-16
Quercus-16
Salix-8
Ulmus-8

Robinia-20
Quercus-24
Acer-8
Juglans cinera-4
Castenea-16

Fagus-16
Quercus-8
Juglans cinera-4
Carya-4
Planera-4
Robinia-4
Alnus cinera-4
Salix-8
Alnus rugosa-4

Elaeagnus-8
Ulmus-4
Robinia-4
Quercus-8

Non-Arboreal Pollen %
Observed

Graminae-8
Chenopodium/amaranth-12
Roseaceae-4
Oenothera-4
Hi-Compositae-4
Leguminosae-4
Lo-Compositae-4

lx>-Compositae-4
Prunus-8
Chenopodium/amaranth-4
Roseaceae-4

Lo-Compositae-4
Helianthus-8
Chenopodium/amaranth-4
Celtis-4
Ribes-

ho-Compositae-8
Chenopodium/amaranth -12
Leguminosae-4
Prunus-4

Rhus-8
Chenopodium/amaranth -8
Roseaceae-4
Lo-Compositae-8
Craminae-4

Shepherdia-4
Prunus-4
Ribes-8
Chenopodium/amaranth -4
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Lab # Artifact Washed
(sample # )

R5S5 Pestle fragment . . .
(#140)

W1S24 Groundstone
(#178)

R6S9 Fvse.-<3a.ck&4 *<s<&
(#179)

Arboreal Pollen %
Observed

Acer-12
Planera-4
Castenea-4
Salix-4

Quercus-20
Salix-8
Abies-4
Fraxinus-8
Alnus crispa-8
Carya-4
Castenea-12
Acer-4

Abies-12
Acer negundo-4
Quercus-16
Carya-4
Salix-4
Pinus-8

Non-Arboreal Pollen %
Observed

Roseaceae-8
Oenothera-8
Graminae-16

Morus-4
Umbelliferae-4
Chenopodium/amaranth-8
Graminae-4
Helianthus-8
Vaccinium-4

Ribes-4
Cirsium-8
Chenopodium/amaranth-36
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Table 6

Feature #

9

10

11

12

13

14

15

17

19

20

21

23

24

25

26

27

28

29

30

32

Type of Feature

FRC cluster

FCR cluster

FCR and Limonite cluster

FCR cluster

FCR cluster

FCR cluster

FCR cluster

FCR cluster

FCR cluster

FCR cluster

Textural difference

FCR cluster

FCR cluster

Limonite cluster

Limonite cluster

FCR and Limonite cluster

FCR cluster

FCR cluster

FCR cluster

FCR cluster

Pollen*

R1S24

R1S9

R1S19

R1S6

R1S8

R1S14

R1S20

R1S21

R1S17

R1S16

R3S1

R1S15

R1S12

R1S18

R1S7

R1S5

R1S1

R1S4

R1S3

R1S2
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APPENDIX IV.

by
Gary D. Crites, Ph.D.

Director, Paleoethnobotany Laboratory
Department of Anthropology

University of Tennessee
Knoxville, Tennessee

April 3, 1990

CARBONIZED PLANT REMAINS FROM THE HIGGINS SITE (18AN489)

A total of 129.89 grams of water-floated site matrix from 45 column samples
and 16 features was received for sorting and identification. Contextual information
supplied by Carol A. Ebright, project principal investigator, indicated the following
context-cultural component affiliations (personal communication February 19, 1990):

Paleoindian in Column 1-3, Levels 4, 5, and Feature 32.

Early Archaic in Column 2-5 and Feature 14.

Middle Archaic in Columns 1-2, 2-6, 3-9, and Features 12, 23, 24.

Late Archaic in Column 1-3, Level 3, and Features 26, 27, 28, 29.

Late Archaic/Early Woodland transition in Column 1-4 and Feature 19.

Early Woodland in Columns 3-7, 3-8, Levels 1, 2, 3, and Feature 13.

"Unclear/unknown" in column 1-1 and Features 9, 10, 11, 20.

Laboratory Procedures

Each individually bagged sample (n = 64) was subjected to a standardized
procedure. Samples were placed in a nested series of standard geologic sieves (mesh
diameters 2mm, lmm, 500um) and gently shaken to separate materials into three
fragment size categories to facilitate sorting. One hundred percent of the carbonized
plant fragments retained in the 2mm screen was sorted, counted, and weighed by
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context (column level or feature number) and category (i.e., wood, nuts, seeds/fruits,
etc.). Materials in the lmm and 500um" screens and "catch basin" were closely
examined and any nonarboreal seed remains and fruit remains were extracted,
counted, and weighed by genus/species. The remaining materials (wood fragments,
nut fragments, modern seed contamination, modern plant vascular parts, shell
fragments, etc.) were weighed as a combined sample constituent referred to in tables
as Residue (cf. Crites 1987; Kline et al. 1982).

Because the count of wood fragments in the 2mm size fraction was usually
small, and in consideration of the small size of most fragments and the poor
preservation of anatomical landmarks required for taxonomic determination, 100% of
fragments retained in the 2mm screen was viewed for identification. There is one
exception. Feature 13 yielded 251 wood charcoal fragments in the 2mm fraction.
Wood fragments from this feature were randomly selected until a subsample of 20 was
identified. Wood fragments were identified to the genus or species level when
possible. Only in instances where a single species of a genus is known in the study
area was species designation accomplished. The effect of small fragment size and poor
preservation is seen in the large proportional representation of ring porous, diffuse
porous, conifer, and unidentifiable categories (Tables 2 and 3).

Results

Only five nut shell fragments were recovered; four fragments of the family
Juglandaceae (hickory or walnut) from Middle Archaic context in Column 1-2 (unit
N853W889, Level 5) and one fragment of Juglandaceae shell from Late Archaic/Early
Woodland context in Feature 19. Four Cucurbita (cf. pepo) rind fragments were also
recovered from Column 1-4. One Smilax (greenbriar, catbriar) seed was recovered
from Late Archaic context in Feature 28.

Wood Charcoal

Seven hundred and seventy nine wood charcoal fragments were viewed for
identification (605 fragments from column samples, 168 from feature samples, and six
from the "miscellaneous" sample in unit N868 W893). A minimum of 12 genera and
13 species are represented in the column samples and a minimum of 9 genera and 10
species in feature samples. All six fragments in the "miscellaneous"/Paleoindian
sample were unidentifiable.

Paleoindian

At least six genera and species of wood are represented in Paleoindian context
samples. The genus Quercus (oaks) accounts for 23.8% of fragments from this context
in Column 1-3 (8.9% Quercus alba group and 14.9% Quercus spp.). Ring porous,
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diffuse porous, and unidentifiable fragments account for the greatest proportion of
fragments in the sample (40.3%; n=27). The greatest diversity of identifiable taxa
occurs in level 5 of Column 1-3. The presence of sweetgum (Liquidambar styraciflua)
and Atlantic white cedar (Chamaecyparis thyoides (1.) B.S.P) in Level 5 of the column
suggests the availability and use of freshwater swamps or wet woods and peat beds.
The species commonly occur in association in the research area (Elias 1980:132). The
distribution of Chamaecyparis thyoides is, however, quite patchy and restricted to a
narrow belt no more than 150 miles wide from Maine to Florida along the coast
(Fowells 1965: 151-156, 249-254).

The pine fragments in Levels 4 and 5 of Column 1-3 could be any combination
of at least five species found in the region. However, given the environmental context
of the site and indicated climate during the Paleoindian occupation (see Seward,
Appendix III.), the species most likely represented is Pinus serotina Michx.(pond pine).
This taxon prefers low, wetland areas, peat swamps, and bogs along the Atlantic
Coastal Plain. The species thrives in areas of fluctuating water levels and high water
table (Elias 1980:67; Fowells 1965:411-416). The three wood charcoal fragments from
Feature 32 were badly eroded and fragmented and are identifiable only as ring porous
wood.

Early Archaic

Samples featuring this context were recovered from Column 2-5 and Feature
14. At least seven genera and species are present in the sample. Pinus is the most
frequently occurring identifiable taxon in this sample. If Chamaecyparis thyoides and
Juniperus are added, identifiable coniferous genera account for 18.7% of identifiable
wood fragments. If the category "conifer" is included, coniferous woods account for
69.9% of all wood fragments in Column 2-5.

As is the case for the Paleoindian sample, Pinus serotina Michx. is the pine most
likely represented. Two species of Juniperus are present in the research area: J.
communis L. (common Juniper) and /. virginiana (Eastern Red Cedar). Both species
occur on a wide variety of soils and are common in disturbed (secondary) vegetation.
The Juglans represented in this sample could be either /. nigra L. (Black Walnut) or
/. cinera (Butternut). Juglans nigra is the more common and widely distributed of the
two species in the region.

There are 11 species of hickories (Carya) in the eastern United States, adjacent
Canada, and Mexico. Wood charcoals of the genus are virtually indistinguishable
without the use of scanning electron microscopy. Species commonly found in the study
region include Carya cordiformis (Wangenh.), K. Koch (Bitternut), C. tomentosa Nutt.
(Mockernut), C. glabra (Mill.), Sweet (pignut) and, to a lesser extent, C. ovata (Mill.),
K. Koch (Shagbark). Pignut and shagbark prefer dryer ridges while bitternut and
mockernut are more common in wetter, lower habitats.
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There are 58 species of oaks (Quercus) native to North America north of
Mexico. The red/black oak group (Q. rubra) includes those species with distinctively
lobed leaves and "needle points." At least 10 species are present in the research
region. Species cannot be confidently distinguished on the basis of anatomical
structure without the use of scanning electron microscopy. Soil and topography
preferences are variable for the species.

Middle Archaic

Middle Archaic context is represented by wood charcoals from Columns 1-2,
2-6, 3-9, and Features 12, 23, 24. A total of 231 wood fragments was recovered from
the 2mm fraction in the column sample. Eight fragments were recovered from the
three features.

Because the fragments were so small and badly eroded, only 45 (19.5%) of the
231 fragments from the column samples were identifiable to at least the genus level.
The most frequent identifiable genus in the column samples was Quercus, accounting
for 37.8% of identified fragments. Pinus accounts for 31.1%, Liquidambar styraciflua
(Sweet Gum) accounts for 8.9%, Chamaecyparis thyoides (Southern White Cedar)
6.7%, Acer (Maple) and Alnus (Alder) 2.2% each, and Juglans (Walnut) and Carya
(Hickory) 4.4% each.

The Alnus in Column 2-6 could be either A. serrulata (Ait.) Willd. (Hazel
Alder) or A. rugosa (Du Roi) Spreng (Speckled Alder). Both species prefer wet or
swampy habitat. Hazel Alder is more widely distributed in Maryland (Elias 1980: 408,
410).

Three genera were identified in the eight wood fragments from Features 12,23,
24. Two fragments of Quercus and one fragment of Pinus were identified in Feature
12 and one fragment of grape vine (Vuis spp.) was found in Feature 23.

Late Archaic

Level 3 in Column 1-3, and Features 26, 27,28,29 yielded wood charcoals from
Late Archaic context. Oak accounts for 52.4% of wood fragments from the column
sample. Ring porous and unidentifiable fragments account for the remaining 47.6%.

One hundred and eleven wood fragments were present in the Late Archaic
Feature samples (Table 3). Pine is the most ubiquitous (occurring in three of the
features) and is one of the two most frequent (n= 16). Oak is also represented by 16
fragments (white oak group = 9, red oak group = 2, and undifferentiated oak = 5).
The only fragments of spruce {Picea) recovered from the Higgins site were found in
Levels 2 and 3 of Feature 29 (n=5). Red spruce {Picea rubens Sarg.) is the species
likely represented. Other eastern North American species occur well north of the
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research area. Although red spruce is distributed in the area, it generally occurs in
scattered groves along ridges of the Appalachian Mountains of northern Virginia,
northeast West Virginia, and northwest Maryland.

Late Archaic/Early Woodland Transition

Wood charcoals from contexts associated with a Late Archaic/Early Woodland
transition period were obtained from Column 1-4 and Feature 19. Twenty one
fragments were recovered from the column (18 in Level 2 and three in Level 3). Six
genera and at least six species were recovered from Level 2 of Column 1-4 (Table 2).
The only fragments of Nyssa sylvatica Marsh. (Black Tupelo) recovered from the
Higgins site came from Level 3 of Column 1-4. There are two varieties of the species,
distinguished primarily on the basis of habitat preference. The variety likely
represented in the sample is Nyssa sylvatica variety biflora (Walt.) Sarg. This variety
occurs primarily in heavy organic or clay soils of wet bottomlands, ponds, and sloughs
of the Coastal Plain from Delaware to Florida and eastern Texas. The other variety
(N. sylvatica var. sylvatica) occurs in uplands and stream bottoms in light textured soils
from Maine to New York (Elias 1980: 708; Fowells 1965: 278-279). Only the two
woody genera (Acer and Pinus) occurred in both Levels 2 and 3 in Column 1-4. Only
one of the six fragments from Feature 19 is identifiable to genus—Pinus.

Early Woodland

Early Woodland context is represented by the sample from Column 3-7. One
hundred and forty-three wood fragments representing at least six genera and species
were recovered. The most common identifiable genera (in terms of frequency and
ubiquity) are Carya and Quercus. These genera are present in every level and together
account for 43.4% (n = 62) of all wood fragments in the sample. The Early Woodland
sample is the only one from which column samples were taken in which no pine was
found. Also, the only remains of the genus Prunus (plum/cherry) found in the Higgins
site samples were recovered from Level 3 of Column 3-7. However, it is certainly
possible that pine is present among the "conifer" or unidentifiable fragments.

Five wild species of Prunus are present today in the research region: Prunus
virginiana L. (common chokecherry), P. pennsylvanica L.F (pin cherry), P. serotina
Ehrh. (black cherry), P. americana Marsh. (Chickasaw plum). The most likely source
of the Prunus fragments in the sample is P. serotina, although P. angustifolia, which
often prefers sand dunes in the coastal areas, may be represented. Both species occur
today with other taxa present in the sample. Both also today indicate secondary
colonization of disturbed areas.
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Unclear/Unknown

Samples from Columns 1-1, 3-8, and Features 9, 10, 11, 20 represent contexts
for which cultural/temporal affiliations are not established (Ebright, personal
communication, February 19, 1990). The identifications of taxa from these samples
are consistent with those for distinguishable cultural contexts (Tables 1-3).

Summary

Flotation samples from the Higgins site are remarkable in their paucity of
botanical remains. Ebright (1989) suggests that the Archaic period occupations were
probably substantial, even if of short duration. She points to the recovery of pestles,
manos, grooved axes, and a metate as evidence of the importance of floral resources
there. The paleoethnobotanical remains from Higgins suggest either (1) processing
and use of plant resources were not major activities for any group using the site locus,
and/or (2) post-depositional preservation was extremely poor. The number of samples
and their site contexts are, I believe, sufficient to rule out sampling bias as a major
factor in the low-level representation of charcoals.

Wood charcoal fragments were consistently very small. This is reflected in the
large proportional representation of unidentifiable, ring porous, diffuse porous, and
non-specific conifer wood fragments. The other factor affecting the level of confidence
in determining wood types was the very poor preservation of anatomical landmarks
necessary for identification of wood charcoals (see Core, Cote and Day 1979; Panshin
and de Zeeuw 1970).

Even though preservation was a serious problem, the impact of site function on
the samples is suggested by the virtual absence of other classes of charcoals (i.e., nut
and non-woody seed remains). If nut shells (especially hickory or walnut) were
processed and deposited on the site in even moderate numbers, the dense shell
fragments would have found their way into fires regularly enough to preserve some.
Typically, the shell fragments of the family Juglandaceae, when carbonized, preserve
at least as well as less dense, more porous wood fragments. Only five nut shell
fragments were recovered from the site! Such low-level representation does not even
make a strong case for human subsistence behavior as the vehicle of deposition.
These five fragments could have been included as secondary deposits resulting from
other foraging animals, or even as natural seed rain.

The thin-shelled Cucurbita remains from Level 5 in the Column 1-2 sample
could reflect either the collection of the plant at or near the site, or the transport of
the fruit to the site. The fruit might have been consumed, or, alternatively, it might
have served as a container. The single Smilax seed from Feature 28 can imply little
more than the presence of the genus in the area.
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The poor preservation of wood charcoals from the Higgins site, resulting in a
substantial portion of the wood fragments being unidentifiable, renders a fine-scale
interpretation of changing vegetable patterns and wood use patterns inappropriate.
The situation is exacerbated by the absence of direct dates for the various occupations
of the site. Wood samples from the site do permit the inference that the woody flora
of the area remained somewhat consistent throughout the occupational sequence
represented. It is necessary to keep in mind that the flora refers simply to the
inventory of taxa. There is no direct correlation with regional or local vegetation (the
patterned association of various taxa in the floristic inventory).

The most frequently occurring wood type in the Paleolndian sample is Quercus
(Oak). Seward (see Appendix III.) uses this genus as an indicator of dryer climatic
conditions, especially in the Middle Holocene context samples. More mesic habitat
species are, however, also present (i.e., Chamaecyparis thyoides and Liquidambar
styraciflua). If the Pinus fragments in Paleoindian context samples are included, and
when one considers the representation of Quercus alba types, a moist/mesic
environment vegetation is suggested. Many of the Quercus spp. fragments may also
actually be Q. alba group fragments. Based on identifiable wood fragments, there is
no indication of an increased presence/use of oaks during the Early or Middle Archaic
periods. There is a relatively strong representation of oak in the Late Archaic sample
from column 1-3.

The Early Woodland sample from Column 3-7 does present a greater relative
ubiquity and frequency of oak fragments. It is also in the Early Woodland sample that
the greatest ubiquity and frequency of hickory (Carya) is found. In addition, there is
an absence of Pinus in this sample, and, relative to deciduous taxa fragments, few
"conifer" fragments. However, given the small sample size of identifiable fragments
and the vagaries of cultural selection of woods, depositional processes, and differential
preservation of different taxa in the same context, patterning of the data here should
be considered to present little, if any, interpretive utility. A much larger identifiable
sample population is required in order to progress beyond baseline presence-absence
data.

Autecological and habitat characteristics of the various identified taxa do make
it possible to infer a continuing use of the variety of environments in the site area
throughout the occupational history of the Higgins site. Discerning culturally
patterned use of various plants through time, or changes in local vegetation (effected
by both climate and anthropogenic processes), will require integration of a much larger
botanical sample.
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Carya

Juglans

Fraxinus

Acer

Quercus spp.

Quercus alba

Quercus rubra

Nyssa sylvatica

Liquidambar styraciflua

Pinus

Chamaecyparis thyoides

Juniperus

Vitis

Alnus

Prunus

Picea

Ring porous

Diffuse porous

APPENDIX A

Wood Charcoals

(Hickory)

(Walnut)

(Ash)

(Maple)

(Undifferentiated oak)

(White oak group)

(Red oak group)

(Sweetgum)

(Black Tupelo, Black gum)

(Pine)

(Atlantic white cedar)

(Juniper)

(Grape vine)

(Alder)

(Plum, cherry)

(Spruce)

(Undifferentiated hardwood with
distinct annual growth rings)

(Undifferentiated hardwood with
gradual or indistinct growth ring transition)
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Conifer (Undifferentiated softwood/gymnospenn)

Unidentifiable (Fragments too small and/or representing
anatomical characteristics too poorly preserved
to permit identification)
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Table 1 PLANT REMAINS FROM FLOTATION SAMPLES AT
THE HIGGINS SITE (18AN489)

Block 1, N857 W890
Column 1-1
Level 2 Layer 2
SW Quad

Level 3 Layer 2
SW Quad

Level 4 Layer 2
SWQuad

Wood
%wt #

18

22

9

g

0.10
3,9

0.11
43

0.05
2.0

Nuts
# g

-

-

-

Seeds/Fruit
# g

-

-

-

Residue
g

2.44
96.1

2.45
95.7

2.41
98.0

Total
g

2.54

2.56

2.46

Total

Block 1, N853 W889
Column 1-2
Level 2 Layer 2
SEQuad

Level 3 Layer 2
SE Quad

Level 4 Layer 2
SW Quad

Level 5 Layer 2
SW Quad

Total

Block 1, N867 W892
Column 1-3
Level 2 Layer 2
SW Quad

Level 3 Layer 2
Sw Quad

Level 4 Layer 2
SW Quad

Level 5 Layer 2
SW Quad

49

22

14

12

49

12

21

33

22

0.26
3.0

0.18
8.9

0.12
7.5

0.01
1.0

0.09
5.6

0A0
6.0

0.09
5.5

0.14
6.7

0.28
10.2

0.22
6.8

0.02
1.2

0.02

7.30
97.0

1.84
91.1

1.48
92.5

1.01
99.0

1.50
93.2

5.83
93.0

1.56
94.5

1.94
93.3

2.47
89.8

2.99
93.2

7.56
100

2.VL

1.60

1.02

1.61

6.25
100

1.65

2.08

2.75

3.21
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Level 6 Layer 2
SWQuad

Level 7 Layer 2
SW Quad

Level 8 Layer 2
SW Quad

Total

Block 1, N854 W879
Column 1-4
Level 2 Layer 2
SW Quad

Level 3 Layer 2
SW Ound

%wt

%

%

%

%

.

Wood
#

5

2

-

95

18

3

g

0.03
1.1

0.01
0.5

-

0.77
5.0

0.10
3.4

0.01
1.4

Nuts
#

-

-

-

-

-

-

g

-

-

-

-

-

-

Seeds/Fruit

# g

-

-

-

-

4

-

-

-

-

-

0.01
0.3

-

Residue
g

2.65
98.9

1.83
99.5

1.15

14.59
95.0

2.86
96.3

0.69
98.6

Total
g

2.68

1.84

1.15

15.36
100

2.97

0.70

Level 4 Layer 2 . . . . . . 032 0.32
SWQuad % - - - - - -

Level 5 Layer 3 - . . . . . 0.59 0.59

Total 21 0.11 - - 4 0.01
% 2.0 <1.0

Block 2 N871.5 W932
Column 2-5
Level 2 Layer 2 13 0.08 -
SW Quad % 3.5

Level 3 Layer 2 23 0.19 . . . .
SW Quad % 19.2

Level4Layer2 20 0.14 . . . .
SW Quad % 23.7

Level 5 Layer 2 3 0.02 - . . .
SW Quad % 6.1

Level 6 Layer 2 . . . . . . 0.34 034
SW Quad % . - - - - -

Total 56 0.43 - 4.13 4.56
% 9.0 91.0 100

4.46
97.0

2.23
96.5

0.80
80.8

0.45
76.3

0.31
93.9

4.58
100

231

0.99

0.59

033
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Wood Nuts Seeds/Fruit
# g # g # g

Block 2 N869.5 W934
Column 2-6
Level 2 Layer 2 12 0.31 - . . .
SW Quad % 33.3

Level 3 Layer 2 29 033 . . . .
SW Quad % 22.6

Level 4 Layer 2 21 0.56
SW Quad % 40.3

Level 5 Layer 2 20 0.45 -
SW Quad % 39.8

Level 6 Layer 2 . . . . . . 0.01 0 01
SWQuad % . . . . . .

Total

Block 3, N826 W870
Column 3-7
Level 2 Layer 2
SW Quad

Level 3 Layer 2
SW Quad

Level 4 Layer 2
SW Quad

Level 5 Layer 2
SW Quad

Level 6 Layer 2
SW Quad

Level 7 Layer 2
SW Quad

Tote/

82

49

28

14

12

20

19
%

142
%

1.65
34.0

0.36
11.6

0.29
7.1

0.19
63

0.17
5.5

0.21
5.7

0.23
7.9

1.45
7.0

Residue
g

0.62
66.7

1.13
77.4

0.83
59.7

0.68
60.2

Total
g

0.93

1.46

139

1.13

3.27
66.0

2.74
88.4

3.81
92.9

2.81
93.7

2.90
94.5

3.48
94.3

2.68
92.1

18.42
93.0

4.92
100

3.10

4.10

3.00

3.07

3.69

2.91

19.87
100

Block 3, N825 W871
Column 3-8
Level 4 Layer 3 7 0.04 . . . . 155 159
SW Quad ' % 0.7 99.3

Level 5 Layer 3 3 0.04 . . . . 5.27 531
SWQuad % 0.7 993
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Wood
%wt # g

Nuts
# g

Seeds/Fruit
# g

Level 6 Layer 3
NE Quad

Level 7 Layer 3

Level 8 Layer 3
9

Total

Block 3, N822 W873
Column 3-9
Level 2 Layer 2
SW Quad

Level 3 Layer 2
SW Quad

Level 4 Layer 2
SW Quad

Level 5 Layer 2
SW Quad

Level 6 Layer 2
SW Quad

Total

Block ?, N868 W893
Miscellaneous
Level 5

Block 2
Feature 9

Block 1
Feature 10

Block 1
Feature 11

Block 3
Feature 12

76

20

700

14

0.08

0.42
D.8

0.09
3.0

0.09
6.2

0.60
7.0

0.20
100

0.11
13.0

Residue
g

3.08
100

5.08
100

4.45
100

19.43
99.99+

Total
g

3.08

5.08

4.45

79.57
100

2.63
86.2

2.92
97.0

0.55

1.37
93.8

1.00

8.47
93.0

0.02
6.0

0.71
87.0

0.10
100

0.13
100

0.29
94.0

3.05

3.01

0.55

1.46

1.00

9.07
100

0.20

0.82

0.10

0.13

031
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Wood

# g

Nuts
#

Seeds/Fruit
# g

Block 3
Feature 13

Block 2
Feature 14

Block 1
Feature 17

Block 1
Feature 19

Block 3
Feature 20

Block 2
Feature 23

Block 2
Feature 24

Block 1
Feature 26

Block 1
Feature 27

Block 1
Feature 28

Block IFeature 29
Level 2
Level 3
Level 2-3
Total

Block IFeature 32

Column Total

Feature Total

Miscellaneous
Lot 3663

Site Total

251

3

% "

6

3

2

2

11

17

15

27
20
21
68

3

603

399

6

1,008

3.12
18.0

0.03
25.0

-

0.03
8.0

0.01

0.02
6.0

0.02
8.0

0.15
13.0

0.22
20.0

0.14
7.0

0.16
0.21
0.18
0.55
6.0

0.02
2.0

5.75
6.0

4.44
12.0

0.20
100

10.39
8.0

0.01
3.0

0.01

0.02

0.01

0.01

0.01

Residue
g

14.61
82.0

0.09
75.0

0.11
100

033
89.0

2.82
99.9+

0.32
94.0

0.22
92.0

0.97
87.0

0.90
80.0

1.88
93.0

2.49
2.53
4.18
9.20
94.0

0.87
98.0

85.90
94.0

33.55
88.0

Total
g

17.73

0.12

0.11

037

2.83

034

0.24

1.12

1.12

2.03

2.65
2.74
436
9.75
100

0.89
100

91.68
100

38.01
100

0.03 0.02 119.45
92.0

0.20
100

129.89
100

108



Table 2. Wood Charcoals from Column Samples ;

Provenience Total Carya Juglans Fraxinus Acer Quercus sp. Q. alba Q. rubra Nyssa Liquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus Prunus

stryaciflua Porous Porous

Lv2Lyr2 12 2 16.7 - - - - - 3 25.0 3 25.0 - - - - - - 2 16.7 - - - - - - 1 8.3 , 1 8.3 - - - - - -
SW Quad !

Lv3 Lyr2 21

SWQuad

7 33.3 4 19.1 8 38.1 2 9.5

Lv4Lyr2 33 3 9.1

SW Quad
5 15.1 2 6.1 5 15.1 6 18.2 2 6.1 2 6.1 S 24.2

Lv5 Lyr2 22

SW Quad

1 4.6 3 13.6 2 9.1 1 4.6 3 13.6 4 18.2 3 13.6 1 4.6 4 18.2

Lv6 Lyr2 5

Sw Quad
1 20.0 2 40.0 2 40.0

Lv7 Lyr2 2

SW Quad
2 100

Lv8 Lyr2 0

SW Quad

Total 95 5

CoM-4
Block 1

N854W879

Lv2 Lyr2

SW Quad

Lv3 Lyr2

SW Quad

Lv4 Lyr2

18

3

0

5.3 - 1.1 - 3.2

2 11.1

17 - 10

17.9 - 10.5

1 5.6 1 5.6

2 66.7

3 - 2 0 - 3 - 9 - 2 - 3 - 19 -

- 3.2 - 21.1 - 3.2 - 9.5 - 2.1 - 3.2 - 20.0

2 11.1 1 5.6 2 11.1 1 5.6 2 11.1 6 33.3

1 33.3
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Provenience Total Carya Juglans Fraxinus

Lv5Lyr2 0 - - - - - -

SW Quad

Table 2. Wood Charcoals from Column Samples

Acer Quercus sp. Q. alba Q. rubra Nyssa Liquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus

stryaciflua Porous Porous '

Prunus

Total 21

Col 2-5

Block 2

N871.5W932

Lv2 Lyr2 13

SW Quad

9.5

1 7.7

3 - 1 -

- 14.3 - 4.8 9.5 4.8

1 7.7 1 7.7

3 - 1 - 2 - 6 -

- 14.3 - 4.8 - 9.5 - 28.6

1 7.7 5 38.5 4 30.8

Lv3 Lyr2 23

SW Quad
1 4.4 2 8.7 2 8.7 3 13.0 5 21.7 6 26.1 4 17.4

Lv4Lyr2 20 1 5.0

SW Quad

2 10.0 2 10.0 8 40.0 4 20.0 3 15.0

Lv5 Lyr2 3

SW Quad

3 100.0

Lv6 Lyr2

SW Quad

Total 59 2

Col 2-6

Block 2

N869.5W934

Lv2Lyr2 12

SW Quad

3.4 - 1.7 3.4 3.4

1 - 9 -

- 1.7 - 15.2

7 - 1 - 19 - 12 - 3 -

- 11.9 - 1.7 - 32.2 . 20.3 - 5.1

1 8.3 3 25.0 4 33.3 4 . 33.3
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i aoie 2. Wood Charcoals from Column Samples |

Provenience Total Carya Juglans Fraxinus Acer Quercus sp. Q. alba Q. rubra Nyssa Liquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus Prunus

Lv4 Lyr2 21

SW Quad

stryaciflua Porous Porous

3 14.3 3 14.3 3 14.3 1Q 47.6 2 9.5

Lv5 Lyr2 20
SW Quad

Lv6 Lyr2 0

SW Quad

1 5.0 3 15.0 5 25.0 11! 55.0

Total 82 1

% - 1.2

Col 3-7

Block 3

N826W870

Lv2Lyr2 50 4 8.0

SW Quad

2 4.0

2.4

9 18.0 1 2.0

8 - 11 6 - - - 17 - 35 -

9.8 - 13.4 - 7.3 - - - 20.7 • 42.7

16 32.0 1 2.0 4 8.0 13 26.0

2.4

Lv3Lyr2 28 3 10.7 1 3.6

SW Quad

4 14.3 10 35.7 7 25.0 3 10.7

Lv4 Lyr2 14 4 28.6

SW Quad

3 21.4 3 21.4 4 28.6

Lv5Lyr2 12 3 25.0

SW Quad

3 25.0 3 25.0 3 25.0

Lv6Lyr2 20 4 20.0

SW Quad

4 20.0 3 15.0 3 15.0 4 20.0 2 10.0

Lv7Lyr2 19 3 15.8

SW Quad

6 31.6 2 10.5 1 5.3 3 15.8 4 21.0
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Provenience Total Carya Juglans Fraxinus

% - 14.7 - 0.7 - 1.4

i aoie 2. wood Charcoals from Column Samples

Acer Quercus sp. Q. alba Q. rubra Nyssa Uquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus

stryaciflua Porous Porous

- - - 20.3 - 8.4 - - - - - 25.9 - - - - - 0.7 - 7.7 18.2 - - - -

Prunus

- 2.1

Col 3-8
Block 3

N825W871

Lv4 Lyr3

SW Quad

Lv5 Lyr3

SW Quad

Lv6 Lyr3

NE Quad

Lv7 Lyr3

7

3

0

0

1 14.3 2 28.6

1 33.3

2 28.6 2 28.6

|2 67.7

Lv8 Lyr3

Total 10

Col 3-9

Block 3

N822W873

Lv2 Lyr2 76

SW Quad

10.0

8 10.5

30.0

1 1.3 18 23.7 1 1.3 5 6.6

2 4 -

- 20.0 - 40.0

11 14.5 32 42.1

Lv3 Lyr2

SW Quad

20 1 5.0 3 15.0 1 5.0 7 35.0 2 10.0 6 30.0

Lv4 Lyr2

SWQuad

112



i aDie 2. Wooa Charcoals from Column Samples

Provenience Total Carya Juglans Fraxinus Acer Quercus sp. Q. alba Q. rubra Nyssa Uquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus " r u n

stryaciflua Porous Porous

Lv6Lyr2 0 - - - - - - - - - - - - - - - - . - - - - - - - - - - "
SW Quad

Total 100 1 -

% - 1.0

Misc.

Block ?

N868W893

Lv5 6 - -

11 - 1 -

- 11.0 - 1.0

1 - 25 - 1 " 5 -

- 1-0 - 25.0 - 1-0 - 5.0

14 - 41 -

- 14.0 - 41.0

6 100

Total

%

6

- 100.0
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i aoie 2. Wood Charcoals from Column Samples

Provenience Total Carya Juglans Fraxinus Acer Quercus sp. Q. alba Q. rubra Nyssa LJquidambar Ring Diffuse Pinus Chamaec. Conifer Unidentifiable Juiperus Alnus Prunus

stryaciflua Porous Porous

Col 1-1

Block 1

N857W890

Lv2Lyr2 18

SW Quad

6 33.3 3 16.7 1 5.6 8 44.4

Lv3Lyr2 19

SW Quad

2 10.5 3 15.8 1 5.3 4 21.0 1 5.3 8 42.1

Lv4 Lyr2 9

SW Quad

Total 46

Col 1-2

Block 1

N853W889

Lv2 Lyr2

SE Quad

Lv3 Lyr2

SE Quad

Lv4 Lyr2

SW Quad

Lv5 Lyr2

SW Quad

22

14

1

12

Total 49

4.3

2 9.1

1 11.1

3 - 1 - 1 -

- 6.5 - 2.2 - 2.2

2 9.1

1 7.1

4.1

1 - 2 -

- 2.0 - 4.1

1 4.5

5 55.6

15

32.6

6 27.3

3 21.4 3 21.4

2.0

3 - 9 -

- 6.1 - 18.4

2 22.2

4 - 3 -

- 8.7 - 6.5

3 13.6

1 7.1

1 11.1

17

37.0

8 36.4

6 42.9

1 100

2 16.7 10 83.3

3 - 3 - 1 - 24 -

- 6.1 - 6.1 - 2.0 - 49.0
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Fea.24

Block 2

Fea.26

Block 1

Fea.27

Block 1

Fea.28

Block 1

Fea.29

Lv2

Lv3

Fea.29

Total

2

11

17

15

27

20

Carya

n %

-

_

Juglans Fraxinus

n % n %

Ouercus

Acer spp

n %

Table 3. Wood Charcoals From Features.

Uquidambar ren9 D i f f u s e Chamaec.
Q.alba Q.rubra Nyssa styracHtua Porous Porous Pinus Thyoides Conifer

9 81.8

Total 63 1 1.5

2 7.4

3 15.0

5 7.4

n%

210.0

22.9

%

100

1 9.1

2 11.8

6 40.0

4 14.8

6 30.0

14 20.6

n % n % n %

8 47.0 1 5.9 2 11.8

3 20.0

3 15.0

5 7.4

1 6.7

9 33.3

4 20.0

20 29.4

Unidentifiable Juniperus Alnus Prunus Vitis Picea

n % n % n % n %

1 9.1

4 23.5 I

5 33.3

8 29.6 -

5 5.0 i -

1420.6 2 2.9

4 14.8

1 5.0

5 7.4

Fea.32 3 - -

Feature

Total++ 399/168 1 1 13 12 14

100

39 21 25 32

.6 .6 7.7 7.1 8.3 23.2 12.5 .6 14.9 19.1 1.2 .6 3.0

*{F13) selected for n=20 @ genus

+ + 399 total: 168 in sample: percentage figures based on n = 168
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Pea. 10

Block 1

Pea. 11

Slock 1

Pea. 17

3lock 1

Total Carya Jugians Fraxinus

n % n % n %

Quercus

Acer spp

n %

Table 3. Wood Charcoals From Features.

Liquidambar Ring Diffuse Chamaec.

Q.alba Q.rubra Nyssa styraaflua Porous Porous Pinus Thyoides Conifer

n% n % n % n

Unidentifiable Juniperus Alnus Prunus Vitis P i c e a

n % ; n % n % n %

Fea.9

Block 2

14 2 14.3 1 7.1 7 50.0 4 28.6

Fea.12

Block 3

2 50.0 1 25.0 1 25.0

Fea.13*

Block 3

251/20 1 5 1 5 4 20 2 10 12 60

Pea. 14

Block 2

1 33.3 1 33.3 1 33.3

Pea. 19

3lock 1

3 50.0 1 16.7 1 16.7 1 16.7

Fea.20

Block 3

2 66.7 1 33.3

Pea.23

•lock 2

1 50.0 1 50.0
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APPENDIX V.

by

Frank G. Vento, Ph.D.
Department of Geography and Earth Science

Clarion State University
Clarion, Pennsylvania

GEOARCHAEOLOGICAL SOIL AND SEDIMENT SAMPLE ANALYSIS

Geological Sample Collection Procedure

Several types of geoarchaeological samples were collected for post-field analyses
from the Higgins Site. The first was a series of vertical sediment sample columns
which were collected from select excavation units (Blocks 1, 2 and 3). Bulk samples
of 1000 to 2000 grams were collected from each stratigraphic horizon at 10 cm
intervals. Where sediment changed composition or color within a 10 cm interval, two
samples were taken, one on each side of the change. These samples have been
analyzed for grain size, SEM surface textures, biogeochemistry, and grain composition.

Geoarchaeological Analytical Methodology

Sedimentology

Sediment samples of 1000 grams or more were taken from both cultural and
non-cultural-bearing stratigraphic levels at 10 cm intervals from Block Excavations
Units 1, 2 and 3 at the Higgins site. All samples were then sent to the Quaternary
Research Institute Laboratories at Clarion University of Pennsylvania where they were
randomly split into a single 50 gram fraction with the aid of a Wards sediment sample
splitter. A standard granulometric sieve analysis was then performed on the saved 50
gram fraction for each sample. Wet sieving was used to determine the distribution of
grain sizes within each sediment sample. Whole phi (*) sieve size intervals were used,
including those of 4 mm (-2 phi), 2 mm (-1 phi), 1 mm (0 phi), 0.5 mm (1 phi), 0.250
mm (2 phi), 0.125 mm (3 phi), 0.063 mm (4 phi) size classes.

117



Select samples have been saved for more detailed future studies to determine
their silt and clay-sized fraction with the aid of a Coulter Counter. The silt and clay-
sized Coulter Counter data could then be integrated by computer program with the
wet sieve results. In sum, the percentage of each sieve class was determined by
comparing the weight of each dried sieve fraction to that of the initial dry sample
weight. The percentage for sediments finer than 0.063 mm (4 phi) is essentially the
weight loss from the initial sample weight after wet sieving (Vento, Adovasio, and
Donahue et al. 1980, 1982; Vento 1985).

The dried and weighed fraction for each size class was saved and subsequently
examined for its detrital grain composition (see Appendix VII). Statistical formulas
used to calculate mean, median, standard deviation, skewness and kurtosis were based
on the method of moments and are described below. The graphical presentation of
the results of the grain size analysis (histograms, bivariate and univariate) were plotted
on a Hewlet Packward 8-pen Plotter from a program developed by Dr. Stephen Shulik,
Department of Geology and Geography, Clarion University of Pennsylvania. The
results of the granulometric or wet sieving analysis are presented in Table, 1 and
Figures 1-31.

According to Friedman and Sanders 1978:78-80) the first moment of the
method of moments calculations is written as follows:

first moment = fw^ __
100 "x~ 100

where 'f is the frequency for each size class and 'mo' is the midpoint of each phi (#)
class. The first moment equals the mean, (x).

The second moment is a measure of dispersion about the first moment (x),
and is expressed mathematically as follows:

second moment =

100

This second moment is the numerical value of the standard deviation squared. In
order to obtain the numerical value of the standard deviation, we must take the square
root of the second moment as follows:

100
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The standard deviation gives information on the extent to which sediment particle
sizes are clustered about the mean, and hence defines the concept of sorting.

The third moment of the distribution is a measure of the symmetry of the
frequency curve about the mean and is written as follows:

third moment =

100

This moment is known as the 100 cubed deviation and, by rating the symmetry of the
curves, determines its normality. Since (mo-x) is positive to the right of the mean and
negative to the left of the mean, the value for the third moment in a statistically
normal distribution is Q. A positively skewed distribution indicates an excess of fine
particles to the left of the mean.

The skewness of the curve is commonly derived by dividing the mean by the
cube of the standard deviation. This is expressed as follows:

skewness=
10006~

Skewness, as the third moment reflects deviation from symmetry of the curve and is
sensitive to the presence or absence of the fine or coarse fraction in a sample.

The fourth moment of the distribution is expressed as follows:

fourth moment = £

The fourth moment is used to calculate the peakedness (e.g., leptokurtic, mesokurtic
or platykurtic) or kurtosis of the distribution. Kurtosis is calculated by dividing the
fourth moment by the standard deviation raised to the fourth power.

Kurtosis = 1

10006"
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Results and Conclusions of the Grain Size Analysis

Based upon the results of the grain size analysis (see Table 1 and Figures 1-31)
it can be concluded that:

1) the package of sediments overlying the Cretaceous Patapsco Formation at the
Higgins site were emplaced by the lateral channel migration and overbanking of Kitten
Branch over the last 22,000 years,

2) the depositional character (coarse grain size and distinct fining-upward trend) for
the Pleistocene and Holocene sediment package at the site is consistent with what one
might expect to see from a steep gradient, first-order tributary like Kitten Branch
(Table 1 and Figures 1-31),

3) The presence of a coarse-grained lag deposit disconformably overlying the Patapsco
Formation (identified in Blocks 2 and 3) further supports the authors' contention that
the sediment package at the Higgins site was emplaced primarily by Kitten Branch in
association with minor post-depositional colluvial transport (see Figures 1-31),

4) the mean grain sizes for Blocks 1,2, and 3 are far too coarse-grained to have been
emplaced by aeolian activity,

5) the presence of relatively large (.250 to .5 mm) euhedral tourmaline crystals could
not have been transported to the crest of the hill, upon which the Higgins site rests,
by primary aeolian transport and

6) the Kitten Branch channel had in places incised (Block 2) and flowed across
(downdip to the east) the Patapsco Formation. Cut and fill features and sigmoidal
cross-beds identified in Block 2 further indicate that the Kitten Branch channel or at
the very least rills supplying Kitten Branch once flowed at the position of the Higgins
site.

The combined results of the SEM, detrital grain composition and grain size
analyses all support the conclusion that the artifact-bearing sediment package at the
Higgins site was principally the result of the vertical accretion (overbanking) of Kitten
Branch.
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Table 1. Statistical results of grain-size analysis

BLOCK ONE
Horizon A- sample levels a,b,c.
DEPTH: 0-40 cm.
AVE. MEAN PHI VALUE: 2.39
AVE. STD. DEV.: 2.60
AVE. SKEWNESS: 0.07
AVE. KURTOSIS: 0.14

Horizon B- sample levels d,e,f,g,h,ij.
DEPTH: 50-360 cm.
AVE. MEAN PHI VALUE: 2.44
AVE. STD. DEV.: 2.39
AVE. SKEWNESS: 0.03
AVE. KURTOSIS: 0.15

BLOCK TWO
Horizon A- sample level a.
DEPTH: 10 cm.
AVE. MEAN PHI VALUE: 2.29
AVE. STD. DEV.: 3.42
AVE. SKEWNESS: 0.01
AVE. KURTOSIS: 0.09

Horizon C- sample levels f,i.
DEPTH: 160-200 cm.
AVE. MEAN PHI VALUE: 2.37
AVE. STD. DEV.: 4.13
AVE. SKEWNESS: -0.001
AVE. KURTOSIS: 0.075

Horizon B- sample levels b,c,d,e.
DEPTH: 20-150 cm.
AVE. MEAN PHI VALUE: 2.43
AVE. STD. DEV.: 3.13
AVE. SKEWNESS: 0.03
AVE. KURTOSIS: 0.09

Patapsco Fm.- sample level h.
DEPTH: 210-230 cm.
AVE. MEAN PHI VALUE: 4.29
AVE. STD. DEV.: 1.96
AVE. SKEWNESS: -0.242
AVE. KURTOSIS: 0.502

BLOCK THREE
Horizon A- sample levels a,b.
DEPTH: 10-40 cm.
AVE. MEAN PHI VALUE: 2.43
AVE. STD. DEV.: 2.41
AVE. SKEWNESS: 0.06
AVE. KURTOSIS: 0.14

Horizon C- sample levels d,e,f,g.
DEPTH: 160-220 cm.
AVE. MEAN PHI VALUE: 2.04
AVE. STD. DEV.: 5.06
AVE. SKEWNESS: -0.04
AVE. KURTOSIS: 0.09

Horizon B- sample level c.
DEPTH: 50-150 cm.
AVE. MEAN PHI VALUE: 2.62
AVE. STD. DEV.: 2.67
AVE. SKEWNESS: 0.06
AVE. KURTOSIS: 0.12

Patapsco Fm.- sample levels h,i.
DEPTH: 230-320 cm.
AVE. MEAN PHI VALUE: 3.75
AVE. STD. DEV.: 3.36
AVE. SKEWNESS: -0.15
AVE. KURTOSIS: 0.23
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Figure 1. Plot showing variation in mean grain size (expressed in phi units) for
Block Excavation Unit 3. Note varying grain sizes for the basal
Patapsco Formation, overlying coarse-grained channel lag and
uppermost vertical accretionary deposits.
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Block Excavation Unit 2. Note fine-grained character of underlying
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accretionary deposits at the site. The lag deposits present in Block
Excavation Unit 2 were restrictd to the extreme eastern portion of the
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Bivariate plot comparing mean grain size and standard deviation
(sorting) for Block Excavation Units 1, 2 and 3. Note clustering
between 2.0 phi and 3.0 phi. Also note that the lateral accretionary
deposits in Block 3 are coarser-grained and more poorly sorted than the
samples collected from the vertical accretionary deposits (A and Bw
horizons) and Patapsco Formation.
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C-horizons) are positively skewed with a tail trending toward the fines,
while the Patapsco Formation samples are negatively skewed.
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block excavation unit.
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Figure 21. Univariate plot of the -2 phi size class (4 mm) by depth for Block
Excavation Units 1, 2 and 3. Note general fining-upward trend for each
of the block excavation units.
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Figure 23. Histograms of the Ap, Bw and C-horizons in Block Excavation Unit 3 (0
phi to -2 phi).
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Figure 24. Histograms of the Ap, Bw and C-horizons in Block Excavation Unit 2 (3
phi to > 4 phi).
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Figure 27. Histograms of the Ap and Bw horizons in Block 1 (0 phi to -2 phi).
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Figure 30. Variation in standard deviation values, with depth for Block Excavation
Units 1, 2 and 3.
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APPENDIX VI.

by

Frank G. Vento, Ph.D.
Department of Geography and Earth Science

Clarion State University
Clarion, Pennsylvania

SCANNING ELECTION MICROSCOPY

Introduction

A number of papers have been published concerning the mechanical and
chemical textures of sand grains as revealed by the electron microscope. For a more
detailed review of these references see various contributions in Krinsley and
Doornkamp (1973). Based on these papers as well as this analysis it is evident that
quartz-grain morphology is diagnostic of the geological/environmental history of the
grains.

The main objective of the SEM analysis of quartz-sand grain surface textures
from the Higgins site was threefold:

1) to document what surface textures were emplaced on sand grains as an indication
of depositional environment (fluvial vs. aeolian); 2) to determine the types and degree
of diagenesis which have taken place on grain surfaces both at the source, in transport,
and post-depositionally; and 3) to determine provenance of the grains as well as the
number of cycles of transport since release from the source rock(s). Following
Krinsley and Doornkamp (1973) diagenesis is defined as those physical and chemical
processes which take place after sediment deposition and prior to metamorphism.

Methodology

Twelve samples were selected from the block excavations at the Higgins site for
analysis of surface microfeatures under a Scanning Electron Microscope at Slippery
Rock University of Pennsylvania. These 12 samples collected from the Ap, Bw and
C horizons at the site are considered representative of the sediment suite present at
the site. All the various sand-sized fractions from each sample were prepared and
photographed by Dr. Robert Hinds, Professor, Department of Geology, Slippery Rock
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University of Pennsylvania.

Sample preparation began with a bath in distilled water, where the fine-grained
particles (silts/clays) were decanted off and the specimens ultrasonically cleaned for
approximately one minute. Each sample was then boiled in a 10% solution of HCl
for several minutes. The grains were then washed several times in distilled water and
dried. The treated grains were then mounted on a standard SEM plug, gold-coated,
and examined with a scanning electron microscope. Although a large number of
grains were scanned during the course of this study, six grains which displayed
representative mechanical and diagenetic features were photographed and are
presented in this chapter of the Higgins site report.

Results

Surface Microfeatures of Quartz Sand Grains

As a result of this study, a number of distinctive quartz surface microfeatures
were identified from the quartz grains collected at the Higgins site. The more
common mechanical and diagenetic microfeatures encountered in this study are briefly
discussed below.

Mechanical Features

No irrefutable V-shaped features were found on any of the quartz sand grains
from the Higgins site examined under varying magnifications. This occurrence is not
unexpected considering the small percentage of V-shaped impact features previously
identified from other studied fluvial sand deposits (see Figure 1).

According to Krinsley and Donahue (1968), and Krinsley and Doornkamp
(1973:14), the most diagnostic mechanical feature of a subaqueous littoral environment
is mechanical V-shaped patterns. V-shaped mechanical depressions are three-sided
and narrow in the direction of the grain surface.

There are several controls on V-shaped patterns and orientations, including
cleavage, the direction of impact which influences the orientation of a particular V,
the energy of impact and the irregularities in the internal structure of the quartz grains
being impacted (Krinsley and Doornkamp 1973).

Both etch patterns (chemical V's) and mechanical V-shaped pits can occur on
the same grain surface. However, the chemical etch patterns are more common on
lower energy beach sands, with mechanical V-shaped pits increasing in frequency as
the beach energy increases (Krinsley and Doornkamp 1973).
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The absence of mechanical V-shaped pits and chemical etch patterns surely
argue against the sands which comprise this terrace (90 ft above sea level) as being
marine in origin.

Conchoidal Fractures

Conchoidal fractures are the most common mechanical feature present on
grains examined from the Higgins site. These fractures consist of curved irregular
depressions which commonly display concentric lines with stepped and/or hinged
fracture terminations (Figures 3, 13). Conchoidal fractures developed as a result of
grain-by-grain impact (e.g., collision, rolling, sliding) in a subaqueous non-marine
environment (fluvial system). The fresher fractures which lacked any diagenetic/post-
depositional (chemical etching, upturned plates, silica capping, silica precipitation)
most likely occurred during the last cycle of transport at the site. The transport
processes include both vertical and lateral accretion along Kitten Branch.

Grooves and Irregular Breakage Patterns

These features were likely the result of abrasion and battering in a subaqueous
environment (Figures 2, 4). Grooves may be straight or curved, with lengths as small
as 1 um to as much as 25 um; they are generally in association with other types of
breakage features (primarily conchoidal fractures). Furthermore, these grooves are
often cut irregularly across the grain structure at any angle to the upturned plates
(Krinsley and Doornkamp 1973:14-15).

The origin of these mechanically grooved surfaces is probably the result of
grain-by-grain abrasion in transport and/or intergranular movements within the source
rock. This micro-phenomenon may be analogous to slickenside surfaces along joint,
bedding and fault planes.

Flat Cleavage Surfaces and Upturned Plates

Cleavage surfaces are extremely flat areas that probably represent cleavages
parallel to the r and z face of quartz (Krinsley and Doornkamp 1973). Cleavages on
the grains from the Higgins site are frequently stepped or hinged and terminate at the
edge of the grain where a series of parallel plates can be observed representing the
same cleavage direction. On some grains, however, silica precipitation and capping
have obscured or completely covered these parallel plates (Figures 10-11).

Upturned plates (Figures 9-10) are raised cleavage plates, many of which
display depressions between them. The upturned plates are generally irregular in
height and extent and may consist of a series of disconnected upturned plates all
perfectly oriented in one direction (Krinsley and Doornkamp 1973:9). These
morphologic features are indicative of a subaqueous or aeolian environment.
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Diagenetic Features

All grains examined had been subjected to some degree of diagenesis which
varied from grain to grain and from one portion of a grain's surface to another. These
diagenetic features often eliminated or covered the last cycle of abrasion. The degree
of diagenesis after release from the source rock is related to a number of factors: time,
topography, climate, temperature, depth of burial, pressure and chemical fluids. The
following are some of the more common diagenetic features encountered in this study.

Silica "Plastering"

A common diagenetic feature encountered on many of the grains examined
from the Higgins site's sediment suite was silica "plastering" (Figures 6-9). This
diagenetic feature may be produced by silica which has been irregularly pressed,
perhaps under high pressure, upon a pre-existing grain surface (Krinsley and
Doornkamp 1973:37).

Silica Precipitation

Silica precipitation can take place in the form of upturned plates or as a very
smooth surface indicating rapid silica precipitation (Krinsley and Doornkamp 1973).
This diagenetic feature is very common on grains from the Higgins site. Its presence
often obscured or completely covered mechanical breakage features. All grains
examined displayed some degree of solution-precipitation on their surfaces. These
grain surfaces exhibited small pits and cavities which represented areas of solution.

Silica Capping

Silica "capping" is evidenced when a capping layer of silica is precipitated over
a grain surface. The capping silica layer may or may not show chemical solution in
the form of etching and shallow pits (Krinsley and Doornkamp 1973). This diagenetic
surface feature was encountered on a number of grains examined (see Figure 7).

Deep Surface Etching

Surface etching can take the form of chemically etched V in V's , deep pits and
larger holes. Chemical etching commonly occurred along planes of weakness, which
may be former cleavage or fracture planes. Krinsley and Doornkamp (1973:15) have
determined that oriented V-shaped pits frequently occur on grains which have been
immersed in sea water. These chemically etched features are generally triangular in
configuration like mechanical V-shaped pits, but lack any sign of mechanical breakage
due to abrasion or battering in transport. They generally occur as sets which are
perfectly oriented as a V in V's pattern. The outline of these etch features closely
approximates that of an isosceles triangle. The apical angle varies from 38 to 45
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degrees and the basal angles range from 65 to 70 degrees. These values coincide with
angles measured on the prism faces of quartz (Frondel 1962; Margolis 1968; Krinsley
and Doomkamp 1973:15). None of the grains from the Higgins site displayed what
could be classified as deep surface etching.

Interpretation

The results of the SEM study in conjunction with the grain size, grain
composition and grain shape studies support the initial field assessment that the
sediment suite at the Higgins site is entirely fluvial. The obvious drainage line
responsible for both the transport and subsequent deposition of the lateral and
vertical accretionaTy deposits at the site is Kitten Branch. Presently, Kitten Branch
flows just to the east of the site (nominal elevation 90 ft above mean sea level) at a
nominal elevation of 40 ft above mean sea level. Based upon the SEM analysis the
following conclusions can be made:

1.) The vast majority of grains exhibited a subangular to angular grain shape.

2.) The absence of any V-shaped mechanical pits precludes the possibility that the
grains were subjected to subaqueous littoral transport prior to final burial.

3.) The absence of any deep chemical etch features (V in V's) would indicate that the
grains had not been subjected to long-term immersion in sea water.

4.) The relative absence of well-rounded grains, aeolian upturned plates, shallow dish-
shaped depressions, large grain size (2.4 to 2.7 phi) would further argue against an
aeolian origin for the sediment package at the Higgins site.

5.) The highly fractured grains are typical of quartz grain transport in a subaqueous
fluvial environment. The general angular grain shape, fining-upward trend at the site,
absence of mechanical V-shaped pits, absence of aeolian upturned plates and dish-
shaped depressions all support the above statement.

6.) The presence of such diagenetic features as silica capping, silica precipitation, silica
plastering, etc., appear to be both inherited from an earlier resting cycle prior to final
transport and deposition from Kitten Branch, as well as developed further since final
deposition via Kitten Branch. Many of the relatively fresh, unaltered conchoidal
fracture surfaces and flat cleavage plane surfaces are clearly a result of grain-by-grain
impact during the last cycle of transport via Kitten Branch. The extremely porous and
permeable quartzose sands (over 95% sand-sized quartz grains) have allowed for rapid
oxidation and removal of silic acid through the sediment package at the site.
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Figure 1. Evolution of subaqueous impact features on quartz sand grain surfaces
(after Margolis and Kennett 1971). The production of impact features
(Vs) is cumulative, increasing from river to high-energy beach and
turbidite environments.
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Figure 2. SEM photograph of 0.25 mm quartz grain 3 from the base of stratum b,
•>••_: Block 1 (see Figure 7.8, Vol. 1:138). Note grooves and irregular

breakage features, and evidence of silica precipitation and capping.

Figure 3. SEM photograph of 0.25 mm grain 4 from the base of stratum b, Block
-•.iirce. . 1. Note grooves and irregular breakage features, and evidence of

silica precipitation and capping.
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Figure 4. SEM photograph of grain 6 from the base of stratum b, Block 1. In
addition to breakage features, silica precipitation and capping, note the

^ ' T chatter-mark-like grooves in the upper left of the photograph.

Figure 5. SEM photograph of 0.25 mm quartz grain 1 from stratum d, Block 1.
Note evidence of silica precipitation (left side of photo) as well as silica
capping and plastering.
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Figure 6. SEM photograph of 0.5 mm quartz grain from stratum e, Block 1.
Note silica plastering on grain surface.

Figure 7. SEM photograph of 0.25 mm quartz grain from stratum f, Block 1. Note
silica capping and silica plastering on grain surface.
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Figure 8. SEM photograph of 0.5 mm quartz grain 3 from stratum f, Block 1.
Note the well-developed upturned plates on the grain as well as silica
capping and plastering.

Figure 9. SEM photograph of 0.5 mm quartz grain 4 from stratum f, Block 1.
Note the well-developed upturned plates on the grain as well as silica
capping and plastering.
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Figure 10. SEM photograph of 0.5 mm quartz grain 1 from stratum h, Block 1.
Note flat cleavage surfaces and silica capping.

Figure 11. SEM photograph of 0.5 mm quartz grain 5 from stratum h, Block 1.
Note flat cleavage surfaces and silica capping.
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Figure 12. SEM photograph of 0.5 mm quartz grain from stratum i, Block 1. Note
sharp, serrated outline on grain. Note also the numerous stepped and
hinged conchoidal fracture terminations.

Figure 13. SEM photograph of 0.5 mm quartz grain from stratum i, Block 1. Note
sharp, serrated outline on grain. Also note the numerous stepped and
hinged conchoidal fracture terminations.
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DETRITAL GRAIN COMPOSITION AND GEOCHEMICAL ANALYSIS
OF THE HIGGINS SITE

Introduction

The most important factors controlling frequency distribution of minerals in
sediments/soils are: abundance, grain size and physical condition of the minerals in
the source rocks; method of weathering which releases mineral grains from the source
rock; method of transportation; number of cycles of transport, degree of solution,
abrasion, impact and sorting during transport; condition and manner of deposition and
changes following final burial (Twenhofel and Tyler 1941). Since the suite of minerals
at the Higgins site reflects the above factors, the results of this analysis have shed
additional information on mineral provenance, mode of transport and deposition.

The purpose of the detrital grain composition study was to: 1.) determine the
provenance/source of the grains which comprise the sediment package at the Higgins
site, 2.) determine if the mineralogy of the sediment package varied horizontally
and/or vertically at the site, 3.) determine the shape/size of the grains as it relates to
the last cycle of transport, and 4.) determine the types/degree of post-depositional
grain diagenesis.

A total of twelve samples representing 84 detrital grain mounts were studied
from Blocks 1, 2, and 3 at the Higgins site. The 12 samples (4 from each block
excavation) examined represent individual samples from the Ap, Bw, C and R horizons
from each of the block excavations.

Methodology

The estimation of the relative abundance of the constituent mineral suite for
each of the 12 samples selected from the Higgins site was done with the aid of a Lietz
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binocular microscope at xl5, x30 and x60 magnification. This study involved those
grains saved from each size class of the wet sieve analysis. Each size class for each
processed sample yielded a maximum of seven grain mounted slides (4mm, 2mm,
lmm, 0.5mm, 0.25mm, 0.125mm and 0.063mm), assuming grains were recovered in
each sieve class. The grains for each size class were randomly sprinkled onto a
separate microscope slide. To avoid unnecessary movement of the sediment grains,
gum tragacanth was used as an adhesive agent. An identification of each mineral
component for each separate grain mount was made. Three hundred mineral counts
per slide were then converted into percentages, and the results tabulated.

Results of Detrital Grain Analysis

The following discussion details the results of the detrital grain composition
study as it relates to provenance, transport mode and deposition at the Higgins site.

1.) One of the most interesting results of the analysis was that the grain types and
relative percentages of each grain type from each size class did not significantly vary
in those samples from the Ap, Bw and C horizons at the site. This clearly indicates
that the sediment source did not vary during emplacement of the sediment package
which caps the Cretaceous Patapsco Formation.

2.) The dominant grain types in each of the grain mounts were angular to
subrounded, sand-sized quartz grains. The primary modal classes were that of 0.125
mm (3 phi) and 0.25 mm (2 phi), however, individual quartz grains as large as 1 mm
were not uncommon. In many cases, the individual quartz grains were stained by Fe-
oxides or occurred as grain aggregates cemented together by secondarily precipitated
iron oxides. Sand-sized vein quartz and rose quartz comprised less than 2% of the
sand-sized quartz grains, while sand-sized quartz grains overall comprised 99% of the
total mineral suite.

3.) The principal heavy minerals recovered from the sand-sized fraction included
tourmaline and zircon crystals; however, they represented less than 0.5% of the total
mineral suite.

4.) The veritable absence of any feldspars or micas in conjunction with an ultra-stable
heavy mineral suite supports a multi-cyclic history and mature designation for the
sand-sized grains at the Higgins site.

5.) The nearly pure quartzose nature of the sand-sized fraction appears to support the
following multi-cyclic transport history of the grains. First, during early Cretaceous
times, weathering released grains from the high-grade metamorphic and granitic
lithologies of the Piedmont province (just to the west of the project area) which were
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transported via streams to the east to form the sandy fades of the Patapsco Formation.
Second, during late Pleistocene times, the Patapsco Formation, which caps the ridges
locally, was incised by Kitten Branch and Stony Run. The final cycle of transport was
along Kitten Branch as bed load material during late Pleistocene and Holocene times
at the site.

6.) The primarily angular to subangular shape of the quartz grains (also supported by
the SEM analysis), ultra-stable heavy mineral suite, absence of feldspars and micas,
primary modal size class consistently at 2 phi (0.25mm), and fining-upward sequence
all support a fluvial versus aeolian mode of emplacement for the site's sediments.

Geochemical Analysis of the Higgins Site

Introduction

Due to time and monetary constraints, there was no attempt to examine
horizontally the geochemical variation at the Higgins site (on- versus off-site testing).
Rather, a vertical geochemical column was cut from each Test Block at the Higgins
site. Within each Test Block, a sample from each stratigraphic or, in some cases,
select stratigraphic horizons (both cultural and non-cultural) were vertically sampled.
Before discussing the significance of these elements as they relate to aboriginal
occupation of the Higgins site, a short discussion of those factors responsible for a
given element's occurrence within the soil/sediment profile at the Higgins site is
presented in the following pages.

Analytical Methodology

Thirty-six 50-gram soil samples were collected from the block excavations at the
Higgins site and sent to the Merkle Laboratory, Pennsylvania State University,
University Park, Pennsylvania for chemical analyses. The following analyses were
performed on these samples using Merkle Laboratory standard soil analyses routines:
soil pH, potassium (K), phosphorous (P), calcium (Ca), magnesium (Mg), Nitrogen (N)
and Organic Matter (C). The pH was determined using a pH meter with a soil
suspension in water, while potassium, calcium, magnesium, and phosphorous were
determined with the aid of a Spectronic 20 photoelectric colorimeter. Nitrogen
analysis was performed using a standard Kjeldahl test. In addition to the above, every
sample was analyzed for its total organic matter content.

Phosphorous

There are four primary sources which have/are contributing phosphorous to the
sediment package at the Higgins site: phosphorous-bearing minerals, human/animal
residues, plant residues and agricultural fertilizers. According to Cook and Heizer
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(1965:11), plant residues can be disregarded for they do not constitute a new
increment, but rather the replacement of phosphorous which had previously been
removed by the action of plant roots.

The relative absence of any phosphorite rocks and phosphorite-bearing minerals
(i.e., apatite) within the study area dismisses the emplacement of phosphorous at the
sites by inorganic sources. Phosphorous data clearly document that the sediments and
soils of the Atlantic and Gulf Coastal Plain contain the lowest phosphorous
percentages (0.017%) in the continental United States. Most soils contain between
0.022 and 0.083 per cent phosphorous (Black 1955:248). Since inorganic sources are
negligible, phosphorous deposition at the Higgins site is likely the result of: 1) human
and animal excreta, and 2) tissues, bones, and organic detritus left behind by the
aboriginal inhabitants at the sites.

There are three probable pathways of phosphorous loss within a soil profile:
leaching by groundwaters, variable pH levels and erosion. Dauncey (1952) states that
the retention of phosphoric acid over long periods of time is due to the use and
redeposition by vegetation, as well as its effective resistance to leaching. Similarly,
Jacks (1954:48) states that phosphate rarely occurs in the soil in a soluble form, thus
impeding any downward removal by the effects of leaching. If one assumes Dauncey's
and Jacks's statements on phosphorous retention to be correct, then phosphorous
peaks within the sediment pile at the Higgins site may indeed reflect past human
occupation.

A second possible explanation for the loss of phosphorous at the Higgins site
is differing pH levels within strata at the sites examined. Based on earlier works by
Alloway and Rhoades (1951), Thompson, Black and Zoellner (1951), Jackman (1955),
Karim and Khan (1955), Hsu and Jackson (1960), Cook and Heizer (1962), Cook and
Heizer (1965), and Bear (1964), it is clear that phosphorous moves rapidly by leaching
at pH levels on the alkaline side and slowly at acid pH levels of 5.0 or below. Cook
and Heizer (1965: 13) reason that phosphorous is able to remain in the mobile ionic
form to a maximum extent at pH ranges listed above 7.0 and below 5.0. At this level,
phosphorous is fixed in soluble compounds with either calcium or with iron and
aluminum where it is readily absorbed into the accepting clay mineral structures. The
low solubility of phosphorous and its resistance to leaching in most soils are now of
some value as an indicator of archeological sites (Black 1957:250). According to Ahler
(1976), lithic debris densities at Rodgers Rockshelter were correlative with high total
phosphorous values. Additionally, Vento (1985) notes that high densities of artifactual
materials at the Bay Springs Rockshelters were correlative with high phosphorous,
potassium and calcium levels. Phosphorous can be mobilized downward in a cave
profile (i.e., leached), and phosphorous peaks in the Paleolithic strata of Cueva Morin
may be a meter or so below major occupation horizons (Butzer 1982:82).
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The third way in which phosphorous may be removed is through surface erosion. This
is particularly important for soils developed on steep slopes undergoing more rapid
mass-wasting and surface run-off. Since the terrace (Tl) on which Higgins site is
situated displays a nominal slope of less than 4 ° (7%), removal of phosphorous via
surface runoff should be minimal.

Nitrogen

The deposition and removal of nitrogen at archeological sites are controlled by
the following factors: 1) inorganic nitrogenous constituents of rocks (i.e., nitrates), 2)
organic material deposited by plants and animals, 3) elemental nitrogen fixed from
the atmosphere, 4) nitrogen removed by plant roots to synthesize proteins and other
compounds, 5) leaching by ground waters, and 6) loss to the atmosphere by
denitrification (Cook and Heizer 1965; Hunt 1972).

Unlike phosphorous, nitrogen occurs in greater quantities but is removed from
the soil much more rapidly. The depth of nitrogen concentration in a soil varies in
accordance with the accumulation of organic matter. As a rule, the higher the rainfall,
the deeper the nitrogen penetration. The general trend of the nitrogen depth curve
is exponential, with curves for humid/mesic soils tending to lie above those of arid
regions (Jenny 1941:117). According to Cook and Heizer (1965), numerous studies by
Karim and Khan (1955) in Pakistan, McDonnell and Walsh (1957) in Ireland, Pearson
and Simonson (1939) in Iowa, Walker and Adams (1958) in New Zealand, and Marbut
(1929, 1935) in the United States uniformly encountered sharp decreases in nitrogen
percentages with increasing depth. Additionally, lower nitrogen values were identified
by Vento at the Rench site along the Illinois River (1984) and by Olaniyan (1982) and
Vento (1985) at the Bay Springs Rockshelters in Mississippi. These latter studies also
noted sharp reductions with increasing depth in the soil and sediment profiles at the
sites.

Calcium

Before proceeding with a discussion of probable sources of calcium, it should
be stated that calcium values were typically very low. This is due in part to the
general absence of any calcic-bearing rocks in the immediate vicinity of each of the
sites and the rapid leaching of calcic-bearing silicate minerals and carbonate rocks by
ground water percolation and organic acids (i.e., humic acid).

The following discussion is an attempt at defining not only the sources of
calcium present in the sediments at the Higgins site, but also the manner in which
calcium was or is currently being emplaced.

1) Calcium can be released through the chemical weathering of calcium and
magnesium-bearing silicate minerals (i.e., plagioclase feldspar). This has played a
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minor role since calcic-plagioclase feldspars generally comprise a small percentage of
the mineral component of the Patapsco Formation and, in turn, the late Wisconsin and
Holocene age vertical and lateral accretionary deposits which cap the terrace in the
study area.

2) Calcium can be contributed by the decomposition of animal tissues and fluids
which have, at times, provided a high concentration of calcium to certain
strata/horizons at the Higgins site.

3) Calcium can be emplaced by the in situ chemical weathering of fresh-water mollusc
shells. Presently, however, there is no evidence that the aboriginal inhabitants of the
Higgins site discarded the disarticulated valves of fresh water molluscs into the site's
sediments.

4) Calcium can be introduced into the site's sediments by the dissolution of terrestrial
gastropods naturally present within the alluvial deposits. This source has generally
provided a small supply of calcium to the site's sediments. It should be noted that little
bone or shell was recovered from the excavations at the site. In addition, the acidic
nature of the local sediments do not provide the necessary alkaline conditions for a
viable snail population.

5) A fifth source is through the residual chemical weathering of aboriginally
introduced calcareous cherts and shell-tempered ceramics. Depending on the types
of artifactual materials present, these two sources have contributed a variable amount
of calcium to certain levels within strata at the Higgins site.

The stability or endurance of calcium within the site's deposits is dependent
upon two factors: pH and precipitation. It is clear that at pH levels below 6.0 there
is a rapid removal of calcium. On the other hand, at pH levels above 6 and 7, calcium
can readily combine to form very stable compounds. The result, according to Cook
and Heizer (1965:19), is a pronounced tendency for calcium to leach from one horizon
and be fixed or deposited in a lower horizon, often yielding an indurated duripan (i.e.,
hardpan).

According to Jenny (1941), and Cook and Heizer (1965:20), no specific change
in calcium concentrations can be expected with increasing depth within a soil profile,
nor is there a direct correlation between calcium and other soil elements. In addition,
the paucity of calcium contributed from the parent materials within the immediate
vicinity of the Higgins site and general absence of any naturally occurring gastropods
indicate that calcium concentrations clearly reflect levels of aboriginal occupation at
the Higgins site (correlate with artifacts).
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Potassium

Factors contributing potassium to the deposits at the studied sites include
the following:

1) The release of potassium from the chemical weathering of potassium feldspars
(KAlSi3O8), primarily orthoclase and microcline.

2) Potassium released from the chemical weathering of muscovite
(KAl2(Al,Si3)OlO(OH,F)2 and various clay minerals within the sediment profile at the
sites.

3) The release of potassium by the aboriginal burning of hardwood trees at the sites
can contribute upwards of 8 per cent "pot ash," a concentrate obtained by evaporation
of potassium carbonate leached from wood ashes (Hunt 1972:294). At Cueva Morin,
a number of dug pits (Azilian or Terminal Paleolithic) yielded practically no cultural
artifacts and moderate phosphorous values, but high carbon and potassium values,
probably as a result of wood ash (Butzer 1982:82).

4) Minor amounts of potassium have been introduced from decaying animal tissues.
Most of the potassium metabolized by animals is excreted as soluble salts in urine.
Potassium from all these sources, except mineral weathering, is highly soluble and is
readily available to plant roots or removal by ground water leaching. It should be
stated that soil and water retain potassium ions longer than those of calcium and
magnesium, and that potassium is stored in the ground more readily than nitrogen but
less readily than phosphorous.

Magnesium

Magnesium levels at Higgins site are highly variable. Magnesium-bearing
silicate minerals such as biotite, hornblende, and augite, to name a few, comprise a
small percentage of the entire mineral suite at the Higgins site.
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CONTRIBUTION OF AEOLIAN SAND TO ARCHEOLOGICAL SAMPLES:
FOURIER SHAPE ANALYSIS

Introduction

Ten sediment samples (Al, B2, B3, D4, D5, El, Fl, H6,12, and Jl) from Block
1 on the Higgins site were examined by Fourier shape analysis techniques. Sample A
is the uppermost stratum at the site while Sample J represents the deepest horizon
encountered during archeological investigations.

The shape distribution of a sample of sedimentary particles is a complex
function of size, composition, source material, shape sorting during transport, chemical
activity (solution or precipitation), surface abrasion and breakage. Each of these
processes may have worked to varying degrees on sediment in any depositional setting.
Because this question is to address the possibility of aeolian abrasion of sediment in
certain samples, steps are taken to reduce the number of confounding variables.

Shape is, to some degree, a function of size. For example, gravel is easily
abraded to a high degree of roundness in fluvial settings where fine sand and silt are
not. To facilitate the interpretation of any possible change in shape among the
samples, only a single size split (between sieve intervals) was analyzed.

The sediment, after treatment with hydrofluoric acid to etch any feldspar
present, is observed under reflected light to qualitatively determine the composition.
Only a single mineral should be analyzed. In most studies, as in the present case,
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quartz is the desired component, and should be distinguished from other components.
Feldspar is recognized due to its surface corrosion; micas have visually distinct
morphology and opaque minerals are easily recognized.

Chemical activity after deposition is likely to be minimal and, in any case, not
likely to operate differentially within this stratigraphic sequence. Wholesale grain
breakage is not expected for sediment of this size transported by either aeolian or
fluvial precesses. The contribution of sediment from different sources, shape sorting
during transport, and differential abrasion by fluvial and aeolian processes cannot be
eliminated as possible explanations for any trends in shape observed in the sequence
and should be considered in interpreting the results.

Purpose of Investigation

The objective of the Fourier analysis was threefold: 1) to address what grain
size is most appropriate for the present study, 2) to determine how many grains are
necessary to characterize the shape distribution of the samples, and most importantly,
3) to determine if changes occur in grain shape within the stratigraphic sequence. The
ultimate goal was to establish if these changes were most likely due to aeolian
processes, fluvial processes or a combination of both. Although this final question is
not easily answered by particle shape alone, other complementary analyses (scanning
electron microscopy, grain size, grain composition) have lead to what we believe is a
satisfactory resolution.

Size

The sediment was dry sieved to determine the general size distribution so that
the most appropriate size fraction could be selected for analysis. The largest and
smallest sieves were 355 and 64 microns respectively. The size distributions are shown
in Figure 1. The size range 250 to 355 microns was selected for analysis because this
was the size range that was found in most abundance and was most likely to be wind-
blown. It should be noted that the purpose of this analysis was noi to determine
accurately size distribution (which would have been most appropriately accomplished
through wet sieving).

Number of Grains

Because over 200 grains can be analyzed on a single slide, all samples were
digitized and analyzed three times (Runs A, B and C), resulting in an average of
approximately 700 grains per sample. Figure 2 compares the results of Run A (Figure
2A) to A+B (Figure 2B) to A+B + C (Figure 2C). Some deviation and changes in the
trends can be seen between Figures 2A and 2B, but Figures 2B and 2C have similar
trends with limited deviation. Interpretations are based on the analysis of the full
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approximately 700 grains per sample.

Shape Trends

The major guidelines for the interpretation of aeolian processes based on
Fourier shape analysis are derived from Kennedy and Ferm (1983) and Mazzullo et
al. (1986). Relevant results are reproduced here in Figure 3. In Figure 3B, the shape
of stream sediment is plotted against distance. In the portion labeled "upstream" the
stream was draining bedrock, but in the portion labeled "dunes" the stream was being
fed by sediment blown into the river from an adjacent dune field.

In Figme 3D, the shape oi sediment samples from several transects (T) across
a dune field are plotted. Transects Tl to T4 indicate increasing distance of aeolian
transport. The two studies show that aeolian abrasion reduces the sharpness of grain
corners which is indicated by decreasing amplitude of the high harmonics. On the
other hand, no pattern of shape changes are apparent when the amplitude of the
second harmonic is plotted (Figs. 3A and 3C) indicating that the gross shape is not
affected by aeolian processes. Therefore, trends of decreasing amplitudes of high
harmonics that are not accompanied by trends in the second harmonic would be
consistent with their findings. Differences in gross shape are most likely related to
differences in sediment source material.

Fourier Shape Analysis

The shape of sedimentary particles can be quantified using Fourier shape
analysis. This procedure can be divided into four tasks; 1) sample preparation, 2) edge
point acquisition using videodigitizing techniques, 3) description of grain shapes by
Fourier techniques, and 4) data analysis.

Sample Preparation

The sediment is dry sieved, and a size split is selected. This split is treated with
hydrochloric acid and stannous chloride to remove soluble material and iron stains.
The sample is given a 3 minute bath in hydrofluoric acid. This period is long enough
to etch the surface of any feldspar grains presents, but not long enough to modify the
shape of quartz grains. Because the first dry sieving does not completely separate size
fractions and because the subsequent treatment produces fines, the sample is wet
sieved to assure a limited size range. Samples are observed under reflected light to
visually assess the composition.
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Edge Point Acquisition

The sample is split to a small volume which is sprinkled on a glass slide. This
slide is placed under a microscope and viewed by a TV camera. The camera output
is digitized into an array of X and Y coordinates and a light intensity. A "threshold
value" of light intensity that separates the bright background from the dark grain is
selected and a program identifies the edge of grains selected by the operator. This is
repeated grain by grain until the entire slide is scanned. The edge points are saved
in a file.

Fourier Analysis

After files containing the edge point data are obtained, the Fourier program is
run. The shape of a grain can be represented by the length of a ray from the particle
centroid to the periphery as that ray rotates a full circle. The length of this ray at any
angle (Re) can be calculated using the following formula:

24
^2 Rncos{nQ-0n)

22 = 1

where Ro is the radius of a circle with the same area as the particle, to which is added
a series of 24 terms, called harmonics. Each harmonic represents a geometric form;
the second harmonic represents elongation, the third harmonic represents triangularity,
the fourth harmonic represents quadrateness and so on to harmonic 24 which is a form
with 24 "bumps". The degree of contribution of each harmonic is represented by the
harmonic amplitude (Rn), normalized to the radius. For example, if the grain is very
elongate the amplitude of the second harmonic will be large, but if the grain is equant
the amplitude is small.

The shape can be reconstructed by adding each harmonic, with the proper
amplitude and at the proper orientation. This orientation for each harmonic is given
by the phase angle (0n).

Data Analysis

If the number of samples available for analysis is large, they can be analyzed
using an appropriate multivariate technique. In the present case, where the number
of samples is only 10, it is only possible to use more simple parameters. Here we use
the average amplitude of the harmonics to represent the sample grain shape
distribution.
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Shape trends are commonly demonstrated by plotting the sample average
amplitude of a single harmonic against some distance, the stratigraphic position in this
case. Herein, are plotted the amplitudes of harmonics 2, 20 and 22.

At the higher harmonics the error associated with each amplitude becomes
greater and a larger data set might be desirable. One way of getting a greater amount
of data is to use more than one harmonic. For example, the ten highest harmonics (15
to 24) can be combined because they are usually positively correlated, in effect
increasing the number of grains per sample by a factor of 10. However, because the
amplitude generally decreases as the harmonic number increases, we cannot simply
determine the average amplitude for the 10 harmonics combined. This would inflate
the contribution of lower harmonics relative to the higheT harmonics. Instead, the
average amplitude of the 10 samples is determined for each harmonic and the percent
difference between a single sample average and the combined average is determined
for each harmonic. A positive value indicates that the sample is more angular than
the average, a negative value indicates that the sample is rounder than the average.
Therefore each sample is characterized by a value for each of the 10 harmonics.
These are averaged over each of the 10 harmonics to give a percent deviation over this
range. This the value that is plotted.

For the lower harmonics, there is no reason to believe there is a positive
correlation among the harmonics and they should not be averaged. However, this is
not important as there is less associated error at this scale. The amplitude of the
second harmonic is plotted directly.

Results

Shape Trends

Figure 2C, based on the 10 harmonic averages, shows that the possible
candidates for aeolian abrasion are, in order, Al, H6, and possibly Jl and B2.
Kennedy and Ferm (1983) and Mazzullo and others (1986) used plots of individual
high harmonics to demonstrate aeolian abrasion; harmonic 20 in the former, and
harmonics 20 and 22 (and others) in the latter (See Figure 3). The amplitudes of
these harmonics for the present data are plotted in Figure 4. At harmonic 20, Al and
B2 remain possibilities for aeolian abrasion, whereas H6 and Jl are not (Figure 4A).
At 22, only Al appears to be more abraded than the others (Figure 4A).

However, both studies mentioned concluded that shape at low harmonics,
specifically harmonic 2 is not altered by aeolian abrasion. Changes at this gross scale
are more likely due to differences in source. Figure 4B show that sample Al and B2
are less elongate, and H6 is more elongate than the remaining samples. The most
likely explanation for the difference in elongation of the sediment in these three
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samples is that the sources providing the sediment have changed. Although this does
not preclude aeolian abrasion as well, this additional process is not necessary to
explain the observed trends in particle shape.

Conclusion

There are differences in the shape of sand grains in the size range from 250 to
355 microns. Samples Al, B2 and H6 all appear to somewhat more rounded than the
other samples at the finer scales of shape. This could be attributed to aeolian
abrasion. However, these samples are also different in elongation; Al and B2 more
equant and H6 more elongate that grains in other samples. Modification of gross
shape is not due to abrasion, but is more likely due to contribution of sediment from
additional or varied sources. These additional sources could have provided grains
more rounded in character. Although abrasion by aeolian processes is not precluded
in these upper horizons, a simpler explanation involves only differences in the relative
contribution of sand from various sources. Even if samples from the uppermost strata
at the site (A+B) contain aeolian sediment, the underlying strata (C-J, excluding H)
show no obvious features which could be interpreted as aeolian in origin. In fact, all
other analyses-SEM, grain size, and detrital grain composition-strongly point to short
transport by fluvial processes as the principal method of sediment emplacement at the
Higgins site.

182



References Cited

Kennedy, S.K. and J.B. Ferm
1983 Quartz Sand Shape in a Lake-Delta-Littoral-Beach Ridge System.

Geological Society of America, Abstracts with Program 15: 610.

Mazzullo, J., D. Sims, and D. Cunningham.
1986 The Effects of Eolian Sorting and Abrasion upon the Shapes of Fine

Quartz Sand Grains. Journal of Sedimentary Petrology 56(1): 45-46.

183



I

i i

i
5 "

i

SAMPLE A1

SAMPLE 62

SAMPLE 83

rzp,

I
i I

SAMPLE 04

i i Wfi rm rr^-n V7f,

i

SAMPLE 0 5

i

I i
>365 25O- I6O- 125- 90- 63- 46- PAN

365 250 l 6 ° I2S 9 0 6 3

i
I
s »-I111

I i
Jo-

lt -

I

l

I
1I

SAMPLE E1

SAMPLE F1

SAMPLE H6

SAMPLE 12

SAMPLE J1

>365 25O- I6O- 125- 9O- 63- 46- PAN
365 250 13O 125 90 63

Figure 1 Size distributions determined by dry sieving.

184



HARMONICS 15 TO 24

Figure 2 The percent deviation of each sample averaged over the highest 10
harmonics. A is for the first run, B is for the first and second run
combined and C is for all three runs combined. Each run consists of
over 200 grains per sample.
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Figure 3 Plots from Kennedy and Ferm 1983, (A and B) and from Mazzullo et
al. 1986 (C and D). In A and B, the aeolian abraded grains are
shown in the "dunes" region of the plot. In C and D, the aeolian
abrasion increases from Tl to T4.
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Figure 4 A is the plot of average harmonic amplitudes for harmonics 20 and
22. B is the plot of the average amplitude of the second harmonic.
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APPENDIX IX.

BLOOD RESIDUE ANALYSIS

Analysis undertaken by the University of Delaware.

188



University
of

Delaware

COLLEGE OF ARTS & SCIENCE (3O2) 451 28O2
DEPARTMENT OF ANTHROPOLOGY
NEWARK. DELAWARE 19716

April 18, 1989

Carol Ebright
Division of Archaeology
Maryland Geological Survey
2300 St. Paul St.
Baltimore, MD 21218

Dear Carol:

Enclosed are the artifacts and results of blood testing from the Higgins Site.
There were no positive reactions from any of the control samples or any of the
artifacts. These findings mean that there is no blood present on the tools now,
not that they never had blood on them.

This letter also serves as the invoice for the $100 cost of the analysis.
The check should be payable to the University of Delaware and sent to my attention.

If I can provide further information, please let me know.

Sincerely,

Jay F. Custer
Associate Professor

JFC/je

Enclosures
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HIGGINSSITE 18AN489

Soil samples

Block 1

Block 2

Block 3

B-7

B-2

B-7; rock

All soil, rock samples tested negative. 11 tests

Artifacts All artifacts tested negative. 15 tools, 46 tests

quartz Otter Creek point

quartz Wading River point

quartz biface
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HIGGINSSITE 18AN489

untyped rhyolite contracting stem point

quartz Bare Island point

rhyolite Bare Island point

quartz scraper

quartz biface
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HIGGINSSITE 18AN489

quartz biface

rhyolite Otter Creek side-notched point

quartz Type C side-notched point

Otter Creek quartzite side notched point

Otter Creek rhyolite side-notched point
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HIGGINSSITE 18AN489

Kirk rhyolite expanding stem point

quartz biface
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