k- s

on an electron-transparent, free-standing

SiO, film supported on a GaAs wafer (15).
2 PP

A 2.2-nm-long aryl di-isonitrile

was used to link the clusters. The mea-
sured room-temperature conductance of
the unlinked array was 133 nS and of the
linked network was 78 nS. After a TEM
image of the LCN was obtained, the back-
side of the substrate was metallized and
the current-voltage relationship of the
LCN was measured as a function of tem-
perature T (Fig. 5).

The low-bias conductance (Fig. 5) ex-
hibits Coulomb charging behavior and fol-
lowed the relation

GO =G, e—E,\/knT

(1)

where G., is the conductance as T — o, E,
is an activation energy, and kg is Boltz-
mann’s constant. The best fit parameters to
these data are G,. = 1.12 X 107 °Sand E,
= 97 meV. The capacitance of a cluster
embedded in this LCN (cluster diameter
of 3.7 nm, and a gap of 1.9 nm, as esti-
mated by TEM) was calculated with the
FASTCAP program (16) and used to es-
timate the Coulomb charging energy,
which should correspond to E, for the
array. This calculation yields a value of
200 meV/e, for E, (g, the relative dielec-
tric constant of the organic molecules, is
estimated to be 1.5 to 2). The agreement
with the experimental activation energy,
E, = 97 meV, is quite good. The dot-to-
dot resistance of this LCN is Rjy ~ (G_,) ™!
= 0.9 megohm. We estimate the maxi-
mum number of molecules linking adja-
cent clusters to be 32, which would yield
an estimated resistance of 29 megohms per
molecule. The resistance of a single 22ADI
molecule is predicted to be 43 megohms
from a semiempirical treatment of a mole-
cule bridging the gap between two gold
surfaces by using an extended Hiickel meth-
od (17). The close agreement between
these two estimates of molecular resistance
indicates that the assumption that the clus-
ters are linked by 22ADI is reasonable.

A general synthesis strategy for fabrica-
tion of a 2D network of metal clusters linked
by organic molecules has been outlined. The
power of this strategy resides in its inherent
flexibility. By altering the size or composi-
tion of the clusters, the length and chemical
structure of the organic molecules used as
molecular interconnects, and the character-
istics of the substrate, a wide range of elec-
tronic behavior can be achieved. Coulomb
charging behavior has been observed in such
a linked cluster network.
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A Revised Chronology for
Mississippi River Subdeltas

Torbjorn E. Térnqvist,” Tristram R. Kidder, Whitney J. Autin,
Klaas van der Borg, Arie F. M. de Jong, Cornelis J. W. Klerks,
Els M. A. Snijders, Joep E. A. Storms, Remke L. van Dam,
Michael C. Wiemannt

Radiocarbon measurements by accelerator mass spectrometry relating to three of the
four late Holocene Mississippi River subdeltas yielded consistent results and were found
to differ by up to 2000 carbon-14 years from previously inferred ages. These geological
data are in agreement with archaeological carbon-14 data and stratigraphic ages based
on ceramic seriation and were used to develop a revised chronologic framework, which
has implications for prehistoric human settlement patterns, coastal evolution and wet-
land loss, and sequence-stratigraphic interpretations.

The geochronology of the Mississippi delta
is relevant to investigations of fluvial devel-
opment in relation to deltaic evolution (I,
2), coastal evolution (3), archaeological re-
search (4, 5), coastal wetland loss (6), and
sequence-stratigraphic interpretations (7).
For example, the age of subdeltas (8) is an
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important input parameter for simulation
models of wetland loss, a severe environ-
mental problem in this region. The chro-
nology of Mississippi River subdeltas is a
well-known textbook example of clastic
sedimentology (9), and it can contribute to
computer simulations of alluvial architec-
ture (10) where avulsion (channel diver-
sion) is a crucial component. Early strati-
graphic studies of Holocene sediments in
this region (Fig. 1) revealed a relative chro-
nology that is still largely valid (11). The
first “C ages were published in the early
1950s (12), and subsequent investigations
(13, 14) contributed to the development of
a numerical-age chronology for Mississippi
River subdeltas, which was later revised
toward older ages by Frazier (15). His chro-
nology has since been used for most Missis-
sippi delta studies (1-7). However, some
concerns can be raised about Frazier’s sam-
pling strategy. Many of his samples cover
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area (7), and the location of cross sections and
14C-dated cores.
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Fig. 2. Sampling strategy for dating the period of

activity of distributaries (22). Circles with numbers
refer to '4C sample types.

large vertical intervals (usually close to 0.5
m) and their association with events of
interest is not always clear (16). Modifica-
tions of Frazier’s chronology have included
a shift of the beginning of activity of the
Lafourche subdelta (Fig. 1) from 3500 to
2500 years before present (B.P.) (17),
whereas other revisions (18) shifted delta-
lobe ages further back in time. Such amend-
ments underline the present uncertainties
in subdelta ages. Recent archaeological
studies showed that Frazier’s chronology is
inconsistent with data from Native Ameri-
can sites (16, 19). The St. Bernard and
Lafourche subdeltas revealed surprisingly
young '*C ages for their inhabitation com-
pared with assumed ages of the beginning of
fluvial activity of 4600 and 3500 years B.P.,
respectively (20).

To address these age discrepancies, we
used a different sampling strategy (21, 22) in
the Mississippi delta downstream of Donald-
sonville, Louisiana (Fig. 1), where the trunk
segments of the Plaquemines-Modern,
Lafourche, and St. Bernard subdeltas are
located. We focused on dating the begin-
ning of subdelta activity by sampling the top
of peat beds underneath clayey overbank
deposits (23). The *C ages from the top of
organic beds underneath overbank deposits
(sample type 1) yield ages for the beginning
of fluvial activity, whereas ages from the
base of organic beds overlying overbank de-
posits (sample type 2) and ages from the base
of organic residual-channel fills (sample
type 3) represent the end of activity (Fig. 2).

Type 1 samples provide the most consistent
results (22). We constructed cross sections
(Figs. 3 and 4) to optimize the selection of
sampling sites. Other sampling sites are pre-
sented as individual cores (Fig. 5).

The cross section at Paincourtville (Fig.
3) shows part of the Bayou Lafourche chan-
nel belt and its genetically associated over-
bank deposits. A lateral facies change in
thickness and grain size occurs away from
the channel belt. A laterally continuous
peat bed underlying these strata covers the
narrow channel belt and fine-grained over-
bank deposits of a buried distributary. Pres-
ently, we lack the data to provide a defin-
itive stratigraphic correlation and therefore
refer to it as a pre-St. Bernard distributary.
We #C dated the onset of activity of the
Lafourche subdelta at three locations (eight
measurements) and obtained consistent re-
sults (Table 1 and Fig. 3), with ages clus-
tering around 1500 years B.P. Additional
samples from the middle and basal part of
the peat bed (Fig. 3) indicate that organic
accumulation spanned at least 3400 #C
years. We consider the basal age of ~4900
years B.P. a minimum age for the pre-St.
Bernard distributary.

A cross section near Vacherie (Fig. 4)
shows part of a channel belt of the Plaque-
mines-Modern subdelta, the St. Bernard
subdelta, or possibly both. The related over-
bank deposits consist of two stacked units,
as indicated by oxidized and consolidated
sediments buried by a younger bed. We
interpret these strata as belonging to the St.
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Fig. 3 (left). Cross section of deposits at Pain-
courtville. The '“C ages are weighted means for
multiple samples. MSL, mean sea level. Fig.4
(above). Cross section of deposits at Vacherie.
Same color legend as in Fig. 3.



Bernard and the Plaquemines-Modern sub-
deltas, respectively. This confirms previous
inferences (14, 24, 25) that this reach of
the Mississippi River was occupied during
St. Bernard time and subsequently reacti-
vated (26). Carbon-14 ages from the top of
the underlying peat bed (Fig. 4), and at two
sites north of the river (Fig. 5, Convent I
and Lutcher I) indicate an age of ~3600
years B.P. (four measurements). A thinner
overbank deposit underlies this organic bed
and presumably belongs to another pre-St.
Bernard distributary. A thin peat bed local-
ly separates the overbank deposits of the St.
Bernard and Plaquemines-Modern subdel-
tas. The top of this bed provided '*C ages of
1200 to 1400 years B.P. (Fig. 5, Lagan I),
similar to an earlier measurement (1325 *
105 years B.P.) of an identical transition in
the same area (24).

The distribution of dated archaeologi-
cal sites in the eastern Mississippi delta
(27) is shown in Fig. 6. The oldest human
occupation was attributed to the Late Ar-
chaic period and is in the upstream part of
the St. Bernard subdelta (28). Archaeo-
logically derived *C data and stratigraph-
ic ages based on ceramic seriation indicate
that sites become progressively younger
eastward (29-31), with initial occupation
of the easternmost St. Bernard subdelta
occurring during the Marksville period (5,
29). The earliest inhabitation of the
Lafourche subdelta dates to the very end
of the Baytown period (32), whereas in-
habitation of sites near the mouth of Bay-
ou Lafourche dates to the end of the Coles
Creek period. The earliest *C age for
human settlement in this area is 980 *+ 60

years B.P. (33). Initial occupation of the
Plaquemines-Modern subdelta occurred
during the late Baytown or early Coles
Creek period. A buried site along a cre-
vasse channel southwest of New Orleans
has a '"“C age for initial occupation of
1350 = 60 years B.P. (30).

The 'C measurements for the begin-
ning of activity of the St. Bernard,
Lafourche, and Plaquemines-Modern sub-
deltas yield weighted mean ages of 3569 *
24, 1491 = 13, and 1322 * 22 years B.P,,
respectively, and provide maximum ages for
all downstream distributaries belonging to
these subdeltas. Calibration to calendar
years (34) yields 95% confidence age ranges
of 1960 to 1832 B.C. (St. Bernard), 566 to
608 A.D. (Lafourche), and 664 to 744 A.D.
(Plaquemines-Modern), in agreement with
existing archaeological data. The delta
lobes evidently were rapidly occupied after
their formation (33, 35). Apparently the
formation of the Lafourche and Plaque-
mines-Modern subdeltas started almost si-
multaneously. Similar phenomena have
been observed in the Rhine-Meuse delta,
The Netherlands (36).

Qur results show that the chronology of
Mississippi River subdeltas needs reevalua-
tion. When our data are compared with pre-
vious chronological work (Table 2), McFar-
lan’s (14) and Saucier’s (24) results are more
consistent with our findings than those of
Frazier (15). This is not surprising, because
these earlier chronologies were based on *C
ages of organic materials underneath natural
levees. We believe that our results constitute
an initial framework for a revised *C chro-
nology for the Mississippi delta.

Table 1. List of '“C ages. The UtC number is the laboratory number. UTM, universal

transverse mercator.

utC

UTM coordinates and surface

Depth be-

14C age 31°C . Sample  Mate-
ngg: (years B.P.)  (per mil) elevation |2\t,)§|\/(ﬁqTean sea fI;\;Aé ?(l:Jrrn) name* rialt
3871 1469 * 35 —27.2  3319.240N, 686.920E, 4.7 891-893 Pl-1a 1 Tdt
3872 1486 + 55 -25.0 3319.240N, 686.920E, 4.7 891-893 Pl-1b 1 Tdc
3873 3780 * 59 —27.7  3319.240N, 686.920E, 4.7 1045-1047 P 1-2 10 Sr
3874 4869 * 51 —-28.4  3319.240N, 686.920E, 4.7 1125-1128 PI-3 5Cs
3875 1483 = 36 —-25.6  3318.560N, 685.700E, 3.5 530-532 Pll-1a 1 Tdt
3876 1578 = 37 —-23.5 3318.560N, 685.700E, 3.5 530-532 Pll-1b 1 Tdc
3877 1503 + 31 —26.8  3317.660N, 683.820E, 1.0 216-220 Plll-1a 1 Tdt
3878 1462 = 33 —24.5  3317.660N, 683.820E, 1.0 216-220 Pll-ib 1 Tdt
3879 1438 = 37 —24.7. 3317.660N, 683.820E, 1.0 216-220 Pll-ic 1 Tdc
3880 1524 * 43 -25.1 3317.660N, 683.820E, 1.0 216-220 PIl-1d 1 Tdc
3881 3523 + 38 —27.4  3326.940N, 720.500E, 1.8 468-470 Ll-1a 1Ch
3882 3664 + 73 —27.2  3326.940N, 720.500E, 1.8 468-470 LI-1b 4 Ch
3883 4917 £ 57 —27.9  3326.940N, 720.500E, 1.8 672-675 LI-2 7 Sr
3884 3541 + 46 —28.3  3322.840N, 711.960E, 3.3 552-554 Clki 86¢Sr
3885 3631 + 48 —27.4  3317.720N, 716.720E, 2.8 608-610  VI-1 8 Sr
4456 1400 * 60 —-24.9  3316.380N, 712.360E, 1.9 157-159 Lal-la 1 Tdc
4457 1380 = 31 —-25.8  3316.380N, 712.360E, 1.9 157-159 Lal-ib- 6Ch
4458 1197 = 39 —-32.0 3316.380N, 712.360E, 1.9 157-159 Lal-ic 11U

*P, Paincourtville; L, Lutcher; C, Convent; V, Vacherie; and La, Lagan.

FTdt (or Tdc), Taxodium distichum twig

(cone); Sr, Scirpus cf. robustus nut; Cs, Carex sp. nut; Ch, charcoal fragment; and U, unidentified nut.
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Table 2. Beginning of activity of Mississippi Riv-
er subdeltas according to various authors [Mc-
Farlan (74), Frazier (15), and Saucier (24)]. SB,
St. Bernard; LF, Lafourche; and PM, Plaque-
mines-Modern.

Begininng of activity for subdelta
(14C years B.P.)

Author
SB LF PM
McFarlan 2750-2200 ~1500 ~1200
Frazier ~4600 ~3500 ~1000
Saucier ~4000 — ~1200

This study 3569 + 24 1491 + 13 1322 + 22

Sw Convent | NE

Lutcher |

4917 £ 57

= 14C sample

A Anthropogenic

PM Plaquemines-Modern

SB St. Bernard

PC Prairie Complex (Pleistocene)

-5

Fig. 5. Cores Lagan |, Convent |, and Lutcher I.
Same color legend as in Fig. 3. The '“C ages are
weighted means for multiple samples.

Archaeological period (age in 14C years B.P.)

® Mississippi (950—400) ® Marksville (1950—1550)
® Coles Creek (1250-950) ® Tchula (2850-1950)
Baytown (1550-1250) ® | ate Archaic (3450-2850)

Fig. 6. The distribution and age of archaeological
sites in the eastern Mississippi delta (27).
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RNA Tertiary Structure Mediation
by Adenosine Platforms
Jamie H. Cate, Anne R. Gooding, Elaine Podell,

Kaihong Zhou, Barbara L. Golden, Alexander A. Szewczak,
Craig E. Kundrot, Thomas R. Cech, Jennifer A. Doudna*

The crystal structure of a group | intron domain reveals an unexpected motif that
mediates both intra- and intermolecular interactions. At three separate locations in the
160-nucleotide domain, adjacent adenosines in the sequence lie side-by-side and form
a pseudo-base pair within a helix. This adenosine platform opens the minor groove for
base stacking or base pairing with nucleotides from a noncontiguous RNA strand. The
platform motif has a distinctive chemical modification signature that may enable its
detection in other structured RNAs. The ability of this motif to facilitate higher order
folding provides one explanation for the abundance of adenosine residues in internal

loops of many RNAs.

Ribozymes and large RNA components of
spliceosomes and ribosomes fold into com-
plex three-dimensional architectures. To
form these biologically active structures, he-
lical regions must pack together specifically.
Comparative sequence analysis (1, 2), bio-
chemical experiments (2-5), and modeling
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based on intermolecular contacts in crystals
of small RNAs (6) have identified some
elements responsible for long-range tertiary
interactions in large RNAs, but their mo-
lecular details are largely unknown. The
crystal structure of the 160-nucleotide P4-
P6 domain of the Tetrahymena thermophila
self-splicing intron (7) has revealed several
new types of long-range contacts, including
three examples of the adenosine platform
motif described below.

The secondary structure of the P4-P6
domain, like that of many other large
RNAs, contains base-paired regions inter-
spersed with internal loops (Fig. 1A). As in
other RNAs, many of the loops contain a





