(Rkiz), and the youngest ones are in the
south (Ferlo).

Sea-level data are also plotted in terms
of distance from the present coast (Fig.
2¢). This transect profiles the geoid at
different times and shows little change in
the parallelism of successive geoid sur-
faces. From 6500 years B.P. to the pres-
ent, the tilting seems less than = 1 m. No
clear evidence of crustal tilting is ob-
served for more recent geoids.

In conclusion, if the slight emergence
simulated by models is in any way evi-
dent in this 120-km transect of West Af-
rica, its seaward tilting is limited. This
result seems to imply that the lithosphere
is more rigid than has been assumed in
models.
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Upper Wisconsinan Till Recovered on the
Continental Shelf Southeast of New England

Abstract. Basal till was identified in two sediment cores collected about 69 kilome-
ters southeast of Nantucket Island on the east and west sides of Great South Chan-
nel. These are the first samples of till collected on the outer continental shelf off the
northeastern United States. The carbon-14 age of the total organic carbon in the tills
provides a ‘‘no older than” age of about 20,000 years before present and suggests
that the tills were deposited during the late Wisconsinan glaciation. This conclusion
is in support of the hypothesis of an extensive Laurentide ice sheet that extended to

the northern side of Georges Bank.

A number of features on the continen-
tal shelf off the northeastern United
States have been cited as evidence for
Pleistocene glacial ice in areas seaward
of the present shoreline. The location of
gravel in surface sediments has been
used to estimate the southern limit of gla-
cial ice on Nantucket Shoals and along
the northern edge of Georges Bank (7).
Moraine-like features have been ob-
served in high-resolution, seismic-reflec-
tion profiles of the shelf south of Mar-
tha’s Vineyard (2). Glacial ice in the Gulf
of Maine has been inferred from the mor-

Georges \—]
Bank
f J
LT 4

69° 68°

Fig. 1. The locations of vibrocores on the east
and west sides of Great South Channel are in-
dicated by the black circles. The heavy line
designates the southern limit of abundant
gravel, and the vertical series of short lines
indicates the southern limit of probable late
Wisconsinan ice advance (/). Bathymetric
contours are in meters.
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phology of the deep closed basins in the
central area of the gulf (3) and from the
morphology of Northeast Channel,
which resembles a glaciated valley ).

The glacial features presently recog-
nizable on the continental shelf are gen-
erally assumed to be of late Wisconsinan
age because multiple regressions and
transgressions of sea level would have
tended to obliterate evidence of earlier
glaciations. Evidence confirming the ex-
istence of late Wisconsinan ice on the
continental shelf off New England is
lacking, however, because ice-contact
sediments have not been recovered for
dating.

The presence of late Wisconsinan ice
seaward of Cape Cod is documented
from reworked, carbonitized wood
found in glacial outwash on the outer
cape. The wood has a radiocarbon age of
26,000 = 2,000 years before present
(B.P.) (5) and gives a maximum age of
the last advance of ice. On Martha’s
Vineyard, leaves in clay stratigraphically
below till are dated at 15,300 = 800
years B.P. (6).

We describe here till recovered in two
sediment cores (7) from the continental
shelf southeast of Nantucket Island at
water depths of 49 and 60 m (Fig. 1). We
discuss the interpretation of “C ages de-
termined on the total organic carbon in
these sediments.

The sediment texture throughout core
4506(D) is similar to that of till. Samples
consist primarily of sand, but measur-
able quantities of gravel, silt, and clay
are also present (8). Scattered sub-
angular and subrounded cobbles, as
much as 8 cm in diameter and having
sharp irregular edges, were found in this
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Table 1. Radiocarbon ages of organic carbon in glacial till from the continental shelf off south-

eastern New England.

To- Esti-
Cor-
Labora- Bulk (t)?{ 1 n::it:ld rected
Depth in den- . age 14C
tory by ganic and
core (cm) No sity car- (years graph- age
: (g/cm?) bon B.P.) ite* (years
B.P.)
(%) (%)
Core 4506(D); water depth, 49 m
120to 150 W-3968 1.9 0.11 20,350 = 450 10 19,500
195 to 225 W-3899 1.5 0.20 30,800 = 700 10 30,000
413 to 438 W-3890 2.2 0.15 28,700 = 700 20 26,900
555to 583 W-3883 2.1 0.15 35,300 = 1,100 10 34,500
Core 4510(A2); water depth, 60 m
449 to 479 W-3953 1.7 0.24 24,290

26,600 = 500 25

*As a percentage of the total organic carbon.

core. The sorting of this material (Fig. 2)
(>3.0 ¢ units) is poorer than the sorting
measured in tills on Cape Cod [2.3 ¢
units (9)] or in southern Massachusetts
[2.9 ¢ units (10)].

The surfaces of most quartz sand
grains are shiny and have sharp irregular
edges. Geotechnical measurements in-
dicate that the sediments in this core are
precompressed by pressures equivalent
to a weight of 15 m of ice (/1); this com-
pression is evidence against the possi-
bility of deposition by ice-rafting. On the
basis of texture, poor sorting, the angu-
larity of sediment grains, and results of
precompression tests, we conclude that
the section of sediment recovered in core
4506(D) is basal till.

In core 4510(A2) the upper 400 cm of
sediment contain well-sorted sand and
gravel with less than 7 percent silt plus
clay 8). At a depth of about 430 cm, the
clay and silt content increases to more
than 45 percent. In the interval from 430
to 450 cm, the sorting (Fig. 2) and the
biomodal distribution of sand, silt, and
clay are very similar to those of the till in
core 4506(D). Till is also present in the
lower 20 cm of this core.

Throughout most of the till of both
cores, calcareous and siliceous fossils
are absent, which suggests nonmarine
deposition. However, in a sample at 580
cm in core 4506(D), the following poorly
preserved fossils were found in very low

concentrations: calcareous nannofossil
Transversopontis aff. pulcher (12) of Pa- 20
leocene and Eocene age, bryozoan colo- 10
nies associated with glauconite, shallow- 5t
water marine benthic foraminifers of 2
probable Pleistocene age or younger, O;

mollusk shell fragments, and fish teeth
(13). We interpret this fossil material to
be glacially reworked from Eocene sedi-
ments similar to those found in drilled
cores on the northern margin of Georges
Bank (i/4) and in outwash of outer Cape
Cod ).
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Material conventionally used for “C
dating such as wood, peat, or shells was
absent in the till, and therefore “C mea-
surements were made on the total organ-
ic carbon contained in the sediment
(Table 1) (I5); the ages ranged from
about 20,000 to 35,000 years B.P. The
oldest date in core 4506(D) occurs at the
deepest level of the core in till containing
reworked Eocene fossils and possibly re-
worked organic carbon from the same
period.

There are several sources of error as-
sociated with the use of total organic car-
bon for dating this till. The origin of the
organic carbon in the till is somewhat un-
certain. It was probably derived from
soils and plant material in the path of the
glacier and incorporated into the till dur-
ing the ice advance. Recent soils typi-
cally have *C ages of at least 1000 years
(16). Fossil soil and plant remains may
also have been incorporated into the till.
The till obviously contains some coal
and graphite of presumably infinite “C

99.5

Cumulative weight percent

-4 -2 0 2 4 6 8 10

Fig. 2. A set of cumulative grain size curves:
curve 1, core 4506(D), 500 cm; curve 2, core
4510(A2), 449 to 479 cm; curve 3, till from
southern Massachusetts (10); and curve 4, till
from Cape Cod, Massachusetts (9); ¢ is —In,
(grain diameter in millimeters).

age. We estimated (I7) the elemental car-
bon content of each dated horizon and
corrected the "C ages for its effect
(Table 1). In view of these sources of er-
ror, the dates are interpreted as an upper
limit for the time of deposition. Thus the
youngest date gives the best estimate of
the age of the till, suggesting that it is no
older than 20,000 years and is of late
Wisconsinan age.

Another potential source of con-
tamination is younger roots and humic
material from a subsequent forest. There
is evidence of forest growth on Georges
Bank during the last low stand of the sea
level. Pollen from spruce, fir, and pine
was identified in peat dredged from the
northern side of Georges Bank that has a
14C age of about 11,000 years B.P. (I8).
Although spruce and fir have an esti-
mated maximum root penetration of less
than 1 m, pine has a tap root that may
extend considerably farther.

Root penetration is significantly re-
tarded in tills that are precompressed.
Root penetration is retarded in sedi-
ments with a bulk density of 1.5 g/cm?,
and root penetration is prevented in sedi-
ments with bulk densities of 2.0 g/cm? or
more (/9). The bulk densities of the
cored sediments range from 1.5 to 2.2 g/
cm? (Table 1) and suggest minimal root
penetration, particularly in the lower
section. In addition, the till may have
been buried at the time of forest growth
by additional overburden, which was lat-
er eroded away during transgression of
the sea; therefore, the till may have been
even farther away from a root horizon.

The possibility of pine-root pene-
tration as well as of the percolation of
soluble organic carbon through the till
along joints or other zones of weakness
cannot be ruled out, although joints were
not evident where the core sections were
sampled. The magnitude of the effect of
this relatively young carbon is poten-
tially significant because of the low or-
ganic carbon content of the till. For ex-
ample, if infinitely old carbon were con-
taminated by a 25 percent component of
11,000-year-old carbon, the resultant “C
age of the mixture would be approxi-
mately 22,000 years. Because such a
mixture could be responsible for the ob-
served “C dates, we cannot conclude
without reservation that these ages are
simply upper limits. However, on the
basis of the bulk density data discussed
above, the absence of joints, and the fact
that the section exhibited no roots, peat,
or organic-rich horizon, we believe that
these sediments are not contaminated
with young carbon.

The *C ages on the total organic car-
bon in till from two locations on the con-
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tinental shelf southeast of Nantucket Is-
land suggest that at least part of the tex-
turally correlated ice limit (Fig. 1) is a
result of the late Wisconsinan glacial ad-
vance. This conclusion also is in support
of the hypothesis (20) of an extensive
Laurentide ice sheet that may have ex-
tended to Georges Bank during the late
Wisconsinan.

MicHAEL H. BOTHNER
U.S. Geological Survey,
Woods Hole, Massachusetts 02543

ELLioTT C. SPIKER

U.S. Geological Survey,
Reston, Virginia 22092
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Abstract. The tear gas ethyl bromoacetate is a fruity-smelling alkylating agent that
blocks the ability of the frog nose to respond to esters and a variety of other odor-
ants, but leaves sensitivity to amines unimpaired. Lachrymators and chemical war-
fare agents of other functional types such as sulfides (mustard gas) and amines (ni-
trogen mustards) may have similarly specific actions that will enable their use as

chemical probes of the sense of smell.

The initial step in odor recognition by
the nose is the momentary binding of
odorant molecules to receptor sites em-
bedded in the dendritic membranes of ol-
factory receptor cells. The interaction
between odorant molecules and at least
some receptor sites must be highly spe-
cific, because humans and animals can
discriminate odorants with a high degree
of chemical similarity, for example be-
tween optical isomers of the same com-
pound (/). Even single olfactory receptor
cells respond differently to molecules as
similar as ethyl and methyl acetate (2),
propanol and butanol (3), or stereo-
isomers of the same complex alcohol
molecule @).

The physiological function and bio-
chemistry of receptor proteins is most ef-
fectively studied when specific and irre-
versible inhibitors are available for use
as chemical probes, for example, when
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a-bungarotoxin is used to inhibit and tag
acetylcholine receptors (5). Getchell and
Gesteland (6) pioneered studies of olfac-
tory receptors using the group-specific
sulfhydryl reagent N-ethylmaleimide
(NEM). The NEM blocked the electrical
responses of the frog olfactory epithe-
lium to a variety of odors, presumably by
inactivating receptor proteins through at-
tack on sulfhydryl groups near the odor-
ant binding site. When the fruity-smell-
ing ester ethyl-n-butyrate was applied
before and during NEM treatment, re-
sponses to it and to similar esters were
maintained and those to dissimilar odor-
ants abolished (7).

We adopted Getchell and Gesteland’s
approach, but searched for reagents that
would not require application in liquid
solution and would not require the simul-
taneous application of other chemicals to
protect specific receptor sites from the

effects of the inhibitor. Vaporous inhib-
itors are preferable for olfactory studies
since application of any liquid agent to
the olfactory mucosa impairs responses
to odors for a time and prevents mon-
itoring the progressive effect of the inhib-
itor. We used volatile alkylating agents
from a novel source—obsolete war gases
of pre-World War II vintage. The agent
most studied to date, ethyl bromoace-
tate, inhibits olfactory responses in a
specific and unexpected way.

More than 50 different chemical agents
were tested for antipersonnel use during
World War I (§). Many are alkylating
agents that attack proteins by forming
covalent bonds with sulfhydryl and
amino groups (9). We sought chemical
agents with distinctive odor qualities as-
sociated with the functional groups they
contain, expecting that such agents
would more selectively attack receptors
for those specific odor qualities (/0).
Ethyl bromoacetate (EBA) was chosen
for our first tests because it is a fast-act-
ing tear gas with a high vapor pressure
and an identifiable fruity odor. We rea-
soned that a fruity-smelling alkylating
agent should preferentially bind to recep-
tors for fruity-smelling compounds and
deactivate them, leaving responses to
other classes of odorants unaffected.
Haloacetates such as EBA have been
widely used for modification of enzymes
and other proteins. They are much more
reactive to sulfhydryl groups than amino
groups (/1), and in this regard are similar
to NEM.

Electroolfactogram (EOG) potentials
of the frog (Rana pipiens) olfactory epi-
thelium were recorded with an automat-
ic, programmable stimulating and record-
ing system (/2). The system delivered
0.5-second test pulses of a reference
odorant, isoamyl acetate, at 100-second
intervals. Frogs were immobilized with
curare, and EOG responses were detect-
ed with Ag-AgCl Ringer-agar-filled glass
electrodes in contact with surface of the
surgically exposed olfactory mucosa (13).

The EOG response recorded at the
epithelial surface is a mass potential or
summated d-c voltage change composed
of many individual receptor potentials
produced by tens to hundreds of olfac-
tory neurons in the vicinity of the record-
ing electrode (/4). Single 0.5-second
pulses of a variety of odorants—includ-
ing alcohols, aldehydes, amines, esters,
ketones, organic acids, and sulfides—
generally produced EOG amplitudes of 2
to 6 mV. A typical experiment included a
40- to 60-minute period of stimulation
with the reference odorant (0.5-second
test pulses at 100-second intervals) until
a stable baseline (amplitude variation of

0036-8075/80/1024-0425$00.50/0 Copyright © 1980 AAAS 425



	Article Contents
	p.423
	p.424
	p.425

	Issue Table of Contents
	Science, Vol. 210, No. 4468, Oct. 24, 1980
	Front Matter [pp.367-384F]
	Letters
	Science and the Courts [p.376]
	Antibiotics in Animal Feeds [pp.376-378]
	Coca, Not Cocoa [p.378]
	Kidney Transplants [pp.378-379]

	Erratum: A Major Meteorite Impact on the Earth 65 Million Years Ago: Evidence from the Cretaceous-Tertiary Boundary Clay [p.379]
	Erratum: Sulfide Deposits from the East Pacific Rise near 21 degrees N [p.379]
	Drift and Danger in U.S.--Soviet Relations [p.383]
	Trace Chemistries of Fire: A Source of Chlorinated Dioxins [pp.385-390]
	Multidimensional Scaling, Tree-Fitting, and Clustering [pp.390-398]
	Saline Culture of Crops: A Genetic Approach [pp.399-404]
	News and Comment
	Frank Press to be Nominated for NAS [pp.405-406]
	Frank Press's Numbers Game [p.406]
	Human Gene Treatment Stirs New Debate [p.407]
	Hayes Makes Sunshine at SERI [pp.408-409]
	Philosophers at the Pentagon [pp.409-412]

	Briefing
	Progressive Case Fallout has a Long Half-Life [pp.410-411]
	A Century after, a Huxley Back at Royal Society Helm [p.411]
	North Carolina's School for Science, Math All-Stars [p.411]
	Palm for Prescience to Wolf Foundation [p.411]

	Research News
	Hua Lo-Keng Shapes Chinese Math [pp.413-414]
	Energy Sweepstakes: Fusion Gets a Chance [pp.415-416]

	Book Reviews
	A Historic Dispute [pp.417-418]
	Toxicology [pp.418-419]
	Licensing Controversy [pp.419-420]
	Structures of Proteins [p.420]

	Reports
	Geoidal Change and Shore-Level Tilt along Holocene Estuaries: Sénégal River Area, West Africa [pp.421-423]
	Upper Wisconsinan till Recovered on the Continental Shelf Southeast of New England [pp.423-425]
	War Gases as Olfactory Probes [pp.425-426]
	Site-Specific X-Chromosome Rearrangements from Hybrid Dysgenesis in Drosophila melanogaster [pp.427-429]
	Tumor Promoter TPA Mimics Irradiation Effects on the Cell Cycle of HeLa Cells [pp.429-431]
	Chemical Mimicry as an Integrating Mechanism: Cuticular Hydrocarbons of a Termitophile and Its Host [pp.431-433]
	Metabolism of Propachlor by the Germfree Rat [pp.433-435]
	Acetylcholine Synthesis by Displaced Amacrine Cells [pp.435-437]
	Pollen Tube Growth Rates in Zea mays: Implications for Genetic Improvement of Crops [pp.437-438]
	Specific Reading Disability: Differences in Contrast Sensitivity as a Function of Spatial Frequency [pp.439-440]
	Catecholamine-Induced Alteration in Sedimentation Behavior of Membrane Bound β-Adrenergic Receptors [pp.441-443]
	Flight Activity Initiated Via Giant Interneurons of the Cockroach: Evidence for Bifunctional Trigger Interneurons [pp.443-445]
	Thermoregulation in Doves (Columbidae): A Novel Esophageal Heat Exchanger [pp.445-447]
	Bladder Cancer and Artificial Sweeteners: A Methodological Issue [pp.447-448]
	N-Acetylglucosamine-6-Sulfate Sulfatase Deficiency Reconsidered [p.448]

	Meeting
	Gordon Research Conferences: 1981 Winter Schedule [pp.449-452]

	Back Matter [pp.420-474]





