accounts for the strong feature seen at
1365 cm—1! in various samples.]

The high concentration of impuri-
ties in “polywater” samples that exhibit
the appropriate infrared spectrum and
the failure of the absorption bands to
undergo isotope frequency shifts on
deuteration make it very unlikely that
the spectrum originates from polymer-
ized HyO units. The evidence presented
here is consistent with this assumption
and shows that sodium lactate, the
primary constituent of sweat, may ac-
count for the main features of the infra-
red spectrum (7).

D. L. ROUSSEAU
Bell Telephone Laboratories,
Murray Hill, New Jersey 07974
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Paleolimnology of Late Quaternary Deposits:

Seibold Site, North Dakota

Abstract. A unique late Quaternary lacustrine deposit has been discovered
recently on the Missouri Coteau of North Dakota. A diverse, extremely well-
preserved biota of more than 160 species has been recovered primarily from an
organic mud deposited about 9500 years before the present. The lacustrine body
shallowed gradually as the climate became drier.

In the autumn of 1969, an extremely
diverse and unusually well-preserved
fossil assemblage was discovered in a
late Quaternary lacustrine deposit in
southeastern North Dakota (I); fish, a
frog, beaver, and muskrat form part of
this assemblage. We present here our
preliminary findings.

Fossils were recovered from an ex-
cavation on the floor of an intermittent
pond in the SW¥4 NWV4 section 21,
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township 141 north, range 67 west,
about 17 km southeast of Woodworth,
Stutsman County, North Dakota. This
pond, herein called the Seibold Slough
(2), occupies a subcircular depression,
one of hundreds of thousands of similar
depressions on the Missouri Coteau.
This depression, approximately 100 m
in diameter, is completely enclosed by
low hills a few meters high. The excava-
tion (about 52 m long by 2212 m wide),

as well as other possible excavations
within the Seibold Slough, is here des-
ignated the Seibold Site (2). The area
closely surrounding the excavation and
slough is in cultivation, but prairie exists
where the terrain is undisturbed.

Active glacial ice existed in the gen-
eral area until about 13,000 years be-
fore the present (B.P.) (3, 4). With sub-
sequent melting and thinning of the
ice, englacial debris was concentrated
on the surface, forming a blanket of
superglacial till a few tens of meters
thick. Insulation by the till allowed
stagnant masses of ice to persist for
thousands of years; some ice existed
at least as late as 9000 years B.P. Both
the till and buried ice were distributed
irregularly, and when the last ice melted
irregular hills and depressions resulted,
giving rise to a completely nonintegrated
drainage. The Seibold Slough occupies
one of these depressions.

The stratigraphic sequence exposed
at the site (autumn 1969) is about 4.3
m thick and consists of seven units. All
units, except perhaps the lowest, thicken
and dip toward the west end of the ex-
cavation. The lowest unit (unit 1) is
gray, pebbly, sandy to clayey silt. This
unit is at least 97 cm thick. We found
only rare shells of the snail Gyraulus
parvus within it. The overlying unit
(unit 2) is gray, laminated, sandy to
clayey silt. It is up to 40 cm thick and
is poorly fossiliferous, having yielded
only ostracod shells and fish fragments.

Unit 3 (“fish bed”) is green, gray,
and brown, laminated, organic mud or
“gyttja.” It has a maximum thickness
of 61 cm at the west end of the excava-
tion. Megascopic laminae are a frac-
tion of a millimeter to 3 mm thick and
are distinguishable by color and texture;
the lighter laminae are poorer in organic
material. Examination of thin sections
reveals that each megascopic lamina
consists of about 10 to 20 sets of al-
ternating organic-rich and organic-poor
laminae. Measurements of 124 sets of
these laminae give an average of 9.3
sets per millimeter of sediment. The
sediment consists of about 50 to 60 per-

" cent organic matter (most of which is

translucent and light to dark brown,
greenish-brown, or green in thin sec-
tion), 20 to 30 percent micrite (proba-
bly derived mostly from Charophyceae),
and minor amounts of terrigenous fine
sand, silt, and clay. It is highly fos-
siliferous and fish are the conspicuous
organisms.

Overlying the fish bed is unit 4,
light to medium gray, silty, calcareous
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Fig. 1. Pollen diagram of stratigraphic unit 3 (fish bed) near the northwest part of the Seibold Site. Pollen sum is 300 to 400. AP,

arboreal pollen; NAP, nonarboreal pollen.

clay (carbonate content about 35° per-
cent or less); it has a maximum exposed
thickness of 71 cm. This unit is quite
fossiliferous and contains mollusks,
ostracods, insects, and fish fragments.

The three youngest units constitute
two facies, a sandy mud facies (units
5 and 7) and a muddy sand facies (unit
6). Unit 5 is dark gray to brown,
slightly sandy, silty clay. Mollusks,
ostracods, and fish fragments are com-
mon. Unit 6, medium and brownish
gray muddy sand, is essentially unfossi-
liferous; it reaches an exposed thickness
of 230 cm. Unit 7 is essentially the
same lithologically as unit 5 and merges
with it toward the northern part of the
exposure where the two units reach a
combined thickness of 224 cm. Unit 7
differs from unit 5 in containing fewer
fossils.

More than 160 species of fossil orga-
nisms are presently known from the
Seibold Site; most of them occur in the
fish bed or unit 3. The general groups,
with numbers of species and evidence
for each group, are as follows: sponges
(1, spicules), bryozoans (1, statoblasts),
mollusks (10, shells), cladocerans (1,
ephippia), ostracods (18, shells), amphi-
pods (1, body impressions), insects (88,
of which 81 are beetles, body parts),
mites and ticks (2, body parts), spiders
(1, body parts), fish (5, complete skele-
tons), frogs (1, incomplete skeletons),
mammals (2, incomplete skull, gnawed
wood, and fecal droppings), aquatic
plants (9, mostly body tissue and pol-
len), trees and shrubs (17, pollen, leaves,
twigs, and bark), and grasses and herbs
(6, pollen). Most conspicuous are the
fish which include Notropis heterolepis
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Eigenmann and FEigenmann, Hybog-
nathus hankinsoni Hubbs, Fundulus
diaphanus Lesuer, Perca flavescens Mit-
chell, and Eucalia inconstans (Kirtland)
5.

It is noteworthy that the Seibold
Site represents the second discovery of
fish in North Dakota. Three other fish
species were taken from postglacial de-
posits at the Prophets Mountains Site
(6), but their stratigraphic occurrence
is uncertain. Further study will probably
reveal many more taxa, particularly of
cladocerans, insects, and plants. Sev-
eral other groups can also be expected
(7). Prior to the discovery of the Sei-
bold Site, essentially only mollusks and
plants had been recovered from late
Quaternary deposits in North Dakota
6, 8-13).

Fossil preservation within the fish
bed (unit 3) is excellent. Fish generally
occur as complete skeletons with oto-
liths. For certain fishes, abundant scales
delineate the configuration of the body;
an oily substance is usually present with
each fish skeleton. Complete, yellowish,
body impressions of amphipods have re-
tained such details as antennae and
eyes. Some beetle elytra still exhibit
bright metallic colors. Such plants as
Lemna trisulca occur as what appears
to be a film of essentially unaltered,
green, plant tissue. Filamentous algae
appear to constitute an appreciable per-
centage of the fish bed lithology; as a
result one can peel back dark green
layers that have the consistency of
heavy tar paper.

A pollen and macrofloral analysis of
the fish bed (unit 3) reveals a spruce-
dominated assemblage (lower 10 cm)

that is replaced by a mixed assemblage
of deciduous trees, shrubs, herbs, and
grasses (upper 40 cm) (Fig. 1). The
spruce decline occurs at the same level
as a beaver-gnawed wood sample (I-
4537) that was dated at 9750 = 140
years B.P. This agrees closely with the
generally recognized, relatively rapid
disappearance of spruce that occurred
throughout the eastern United States
11,000 to 10,000 years ago (I4).

The partial pollen sequence resem-
bles that of other northern prairie sites
such as that at nearby Woodworth
Pond (8), Pickerel Lake in northeastern
South Dakota (I5), and the Belmont
and Glenboro sites in southern Mani-
toba (16). Common to all sites is the
initial dominance of spruce (Picea) with
associated small but significant amounts
of larch (Larix), birch (Betula), black
ash (Fraxinus nigra), juniper (Cupres-’
sineae), soapberry (Shepherdia cana-
densis), and, generally, aspen or poplar
(Populus). These, and other trees and
shrubs, constitute more than 80 percent
of the pollen sum. At such sites as
Woodworth and Belmont, high values
of sedge pollen (Cyperaceae) occur at
the base of each sampled sequence;
this may also be true at the Seibold
Site but the lowest sediment has not yet
been sampled.

Of the upper mixed assemblage in
unit 3, aspen, birch, and elm (Ulmus)
probably occurred locally; the pollen
of oak and pine was probably blown in
from elsewhere. Important shrubs were
hazel (Corylus), alder (Alnus), willow
(Salix), and buffalo berry (Shepherdia
argentea). In addition to grasses, the
prairie herbs included prairie clover
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(Petalostemum) and wild onion (A4 llium).

Fossil and sedimentological evidence
suggest a five-phase history at the Sei-
bold Site.

1) During phase 1, a depression
formed as underlying glacial ice melted
during the late Wisconsinan (about 12,-
000 or 11,000 years B.P.). Meltwater
flowed into the depression, depositing
units 1 and 2 in a cool, oligotrophic lake,
here called Paleolake Seibold (2). Ostra-
cod evidence (/7), from the upper part
of unit 2, suggests that a permanent
stream entered the lake; the maximum
temperature of the summer air was about
30°C, and precipitation exceeded eva-
poration. Fish and other organisms
probably entered the lake from the
west via a tributary of the Missouri
River.

2) During phase 2 (represented by
units 3 and 4), latest Wisconsinan and
earliest Holocene time or about 10,500
years B.P. and later, a eutrophic lake
or permanent pond existed at the Sei-
bold Site and shallowed gradually. Os-
tracod evidence from unit 3 (fish bed)
suggests a maximum water depth of
about 6 m during the deposition of that
unit. Dissolved solids were lower at the
outset of phase 2 than during phase 1
and fluctuated considerably during depo-
sition of the fish bed. Aquatic vegeta-
tion was abundant during deposition of
most of the fish bed. The lake was
flanked by a spruce-dominated forest
during the early stage of fish bed depo-
sition and later was surrounded by
prairie with tree groves. Ostracod evi-
~ dence suggests that maximum air tem-

perature during the later stages proba-
bly approached 32°C, accompanied by
~a decrease in precipitation. Continued
shallowing of water resulted in the
deposition of calcareous unit 4.

3) By phase 3 (early Holocene, about
8500 years B.P. and earlier) all of the
ice in the area had melted and a shal-
low pond, with high concentrations
of dissolved solids (represented by
unit 5), replaced the lake phases. This
phase marked the beginning of Seibold
Slough deposition. Branchiate gastro-
pods gave way to pulmonate gastropods.

4) During phase 4 (middle Holocene,
about 8500 to 4500 years B.P.) the cli-
mate became drier still, and less pro-
tective vegetative cover resulted in in-
creased hillslope erosion (represented
by sandy unit 6 at the south edge of
the basin and by parts of units 5 and
7 near its center). During part of this
phase a prolonged dry period is re-
flected by a complete absence of aquatic
gastropods in the sedimentary sequence.
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'5) Phase 5 (represented by unit 7)
was a time (late Holocene, 4500 years
B.P. to the present) of reversal to a rela-
tively more moist climate, essentially
similar to that of phase 3; it con-
tinues as the present-day slough.
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Kinetics of Single-Layer Graphite Oxidation:
Evaluation by Electron Microscopy

Abstract. Etch-decoration reveals that the rate of removal of carbon atoms
exposed at monolayer steps on graphite surfaces is very different from the rate
of removal, under identical conditions, at multilayer steps. At 1113°K and a
pressure of 1.33 newtons per square meter of oxygen, the rate of oxidation (along
the layer planes) is less by a factor of nearly 100 than that at multilayer steps.

For over a century investigators have
measured the kinetics of the oxida-
tion of carbon by recording either the
rate of change of the mass of the solid
(the procedure still widely used for
metals and alloys) or the rate of pro-
duction of gaseous oxides. Within the
last decade (I, 2) it has proved pos-
sible to measure oxidation rates along
all the principal crystallographic axes
of graphite by following, with optical
microscopy, the rate of growth of dis-
location etch pits on the (0001) face
of single crystals. Anisotropy factors
as large as 1013 (for the a- and c-direc-
tions) have been shown (3) to occur.
It is apparent from optical micro-
graphs (see Fig. 1) (4, 5) of partially

oxidized basal faces that oxidation in
directions parallel to the basal planes
(that is, in the c-plane along either
the (1010) or (1120) direction involves
the uniform recession of multilayers,
the step heights being as much as 10
um. This means that, under steady-state
conditions, many thousands of indi-
vidual basal layers are oxidized co-
operatively from their peripheries. The
activation energy (4) for the recession
(6) in molecular oxygen in the tem-
perature range 1085° to 1145°K is
268 = 17 Kkjoule/mole. We now re-
port a direct method of measuring the
rate of recession of individual layers—
that is, the lateral movement, by com-
bustion in O,, of 0.335-nm steps—and
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