through recrystallization, probably in re-
sponse to the combined influence of high
temperatures (=—10°C) and high strain
rates (13); fluctuations in magnitude or
orientation of stresses also may help form
this fabric (25). High strain rates and fluctu-
ating stresses characterize the base of the
Greenland ice sheet at Camp Century and
Dye 3, but temperatures are less than
—13°C and a single-maximum fabric is de-
veloped (16-18, 24, 26). Recrystallization
under strong basal shear thus seems to re-
quire high temperatures. The importance of
fluctuating stresses is still uncertain.

A multiple-maximum recrystallization
fabric is developed on ice shelves (11, 27); ¢-
axis concentrations are greater than 10% per
1% area at temperatures less than —20°C at
shallow depth, and concentrations strength-
en with increasing temperature and strain at
greater depth (27). Ice shelves are dominat-
ed by normal stresses, and strain rates are
greater than ~107? year™!. Comparison to
inland regions shows that strain rates must
be greater than ~1073 year™ to cause rapid
recrystallization under normal stresses at
temperatures less than ~—10°C, but that
strain rates greater than ~107! year™! and
temperatures greater than ~—10°C are nec-
essary for recrystallization under simple
shear.

The textures, temperatures, and strain
rates in ice shelves with multiple-maximum
fabrics are similar to those at the UpB camp
on ice stream B, Antarctica (28, 29). This
suggests that recrystallization also domi-
nates at UpB. Strain at UpB is longitudinal-
ly extensional and vertically and transversely
compressional (29); therefore, my model
predicts that a fabric similar to that of Fig.
1D but with local concentrations arising
from recrystallization should occur. Prelimi-
nary seismic results from ice stream B indi-
cate that ¢ axes do cluster near a transverse
vertical plane (30), as predicted.

A complex strain history commonly leads
to a complex fabric. Strains in excess of
100% may be required to remove evidence
of a previous fabric by way of grain rotation;
however, recrystallization will reduce the
strain that is needed to generate a new fabric

).
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Superconducting and Magnetic Behavior in

La2_ NaxCuO4

M. A. SUBRAMANIAN, J. GOPALAKRISHNAN, C. C. TORARDI,
T. R. Askew, R. B. FLIPPEN, A. W. SLEIGHT, J. J. LIN, S. J. PoON

New phases of the type La,_,Al*CuO,_, have been prepared where A!* is sodium or
potassium. The sodium phases are superconducting for x values from 0.2 to 0.5 at
temperatures up to about 40 K. In addition, there are unusual magnetic properties
below about 10 K that may be indicative of spin glass behavior. Phases of the type
La;_,K;CuOj4-, could only be prepared with x values up to about 0.1, and these phases

are not superconducting above 4.2 K.

OLLOWING THE DISCOVERY OF
high-temperature  superconductivity

in the La-Ba-Cu-O system by Bed-

norz and Miiller (1), it has been shown
that alkaline-earth metal substitution in
La,CuO,, Lay—,A,CuO,4 where A is calci-
um, strontium, or barium, gives rise to
superconductivity in this system in the 20 to
40 K range (2). One of us (3) has argued
that superconductivity in this system is
closely related to the strong electropositive
character of A atoms that can stabilize Cu™
, and render the Cu~O bonds more covalent.

This hypothesis is further strengthened by
the observation that substitution of Pb" and
Cd" in La,CuO, does not give rise to
superconductivity (4). Accordingly, we have
studied the substitution of strongly electro-
positive alkali metal cations into La,CuQ,.
Prior attempts (5) to substitute potassium in

M. A. Subramanian, J. Gopalakrishnan, C. C. Torardi, T.
R. Askew, R. B. Flippen, A. W. Sleight, Central Re-
search and Development Department, E. I. du Pont de
Nemours and Company, Experimental Station, Wil-
mington, DE 19898.

J.J.Linand S.J. Poon, Department of Physics, Universi-
ty of Virginia, Charlottesville, VA 22906.
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La,CuQ, have not been successful. We have
been able to substitute both sodium and
potassium into La,CuQO, giving rise to the
La,_,A}*CuOy (A = Na and K) series; of
these, only the sodium-substituted samples
exhibit superconductivity above 4.2 K. We
report here the synthesis, structure, super-
conductivity (up to about 40 K), and un-
usual magnetic properties of this new series
of oxides.

Members of the La,_,Na,CuQ, series for
various values of x up to x = 0.5 were
prepared. Stoichiometric amounts of La,Os,
CuO, and Na,O, were mixed and loaded
into gold tubes inside a dry box, and the
ends of the tubes were closed by welding.
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Fig. 1. Resistivity curves for La, ,Na,CuO,_,
samples. Curve a: ¥ = 0.1; curve b: x = 0.3; and
curve c: ¥ = 0.5. The room temperature—specific
resistivities of these samples are 11.1, 2.8, and 2.2
milliohm-cm, respectively.
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Fig. 2. Magnetic susceptibility x, for La, ,Na,.
CuOy,-_, samples. Curve a: ¥ = 0.5, prepared at
atmospheric conditions; curve b: x = 0.3, pre-
pared under 3 kbar; and curve c: x = 0.5, pre-
pared under 3 kbar. Inset shows magnetic suscep-
tibility data at different fields Hpc for x = 0.5
samples prepared under 3 kbar.
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The sealed gold tubes were heated at 800° to
900°C for 24 to 36 hours in air. Alternative-
ly, gold tubes with the same starting mix-
tures were heated to 850° to 900°C for 24
hours under an external pressure of 3 kbar.
For La,_,K,CuOy4 samples, KO, was used
as the source of potassium. Total copper
content was determined by iodometric titra-
tion, and Cu'™ content was determined by
reaction with a standard Fe! solution (6).
The results (Table 1) show that samples
prepared at 3 kbar O, pressure in sealed
gold tubes contain larger concentrations of
Culll.

Powder x-ray diffraction patterns were
obtained on all products with a SCINTAG
diffractometer by using CuK,, radiation, and
the unit cell edges (Table 2) were refined by
a least-squares fit. As for the La,_,A2*CuO,
series where A is calcium, strontium, or
barium, the room temperature symmetry
changes from orthorhombic to tetragonal
with increasing values of x. Also, the # cell
edge distance decreases with increasing val-
ues of x. The Cu—O distance is one-half that
of the @ edge; thus, for the La,_,Na,CuOy4
series, the Cu—O distance decreases from
1.901 = 0.002 A at x=0.0 to 1.888 =
0.002 A for x = 0.3.

Structural refinements based on neutron
diffraction data taken from polycrystalline
samples were performed for La, gNag ,CuQOy,
La; 7Nag3CuO4, and La;gKeCuO,  at
room temperature and for La; gNag ,CuO,4
at 10 K. These data were collected at Brook-
haven National Laboratory and were refined
by the Rietveld profile analysis method (7).
The neutron scattering powers of lantha-
num (0.827), sodium (0.363), and potassi-
um (0.367) are such that these refinements
do not lead to an accurate assessment of the
alkali content of these phases. The room
temperature data for La; gNag,CuO, and
La; 7Nag 3;CuOy readily refined in the te-
tragonal space group I4/mmm, as in the
case of the La, ,A2*CuO, phases. The
La, 3K 2,CuO4 room temperature data and
the La;gNag,CuO,4 data taken at 10 K
indicate orthorhombic symmetry but with a
distortion from tetragonal that is much less
than in the case of pure La,CuO,4. Agree-
ment factors (Rwp) in the range from 7.5
to 8.0 were obtained; details will be report-
ed elsewhere (8).

The resistance R as a function of tempera-
ture was measured with a four-terminal
technique (Fig. 1). The x = 0.1 sample
shows a small negative temperature coeffi-
cient of resistance above 40 K; it exhibits
semiconducting behavior, with resistivity in-
creasing rapidly as temperatures is lowered.
However, both the x = 0.3 and 0.5 samples
show metal-like resistance behavior. Below
~40 K, R drops more rapidly and an appar-

Table 1. Concentration of Cu™ in samples of
La,_,Na,CuO,_,.

111
Nominal Pres- Cu™/
composition sure total 7
PO Cu
La; §Nap ,CuO4-,, 1 atm 0.15 0.12
Lal.sNao'zcuO4_y 3 kbar 0.19 0.11
La, ;Nap 3CuO,4_,, 1 atm 0.18 0.21
La1,7Nao.3CuO4_y 3 kbar 0.21 0.20

*The values of y were calculated for the data in column 3 by
assuming the nominal composition given in column 1.

Table 2. Cell dimensions for some La, A} CuQO,
oxides at room temperature. La,CuQOj is actually
orthorhombic; the “#” value is (u+17)/2\/5. The
numbers in parentheses are the standard errors of
the mean expressed as deviations in the last digit
reported.

Nominal
composition o (A) ¢ (@A)
La,CuO, 3.802(2) 13.167(4)
La; ¢Nay ;CuOy 3.783(3) 13.179(6)
La, gNay ,CuOy, 3.778(2) 13.176(5)
La; 7Nag 3CuQy4 3.775(3) 13.170(5)
La, gKo2CuO4* 3.783(3) 13.192(8)

*Values given are for pseudotetragonal cell from powder
x-ray data. Neutron diffraction data reveals orthorhom-
bic symmetry with a4 = 5.3596(3), & = 5.3431(2), and

= 13.1955% ) A

ent zero resistance (10™° ohms) is achieved
at 20 K. To confirm the superconducting
state in these samples, Meissner effect (flux
exclusion) measurements were performed.
Magnetization was measured by use of a
SQUID susceptometer as the samples were
cooled from 50 to 7 K in an applied field of
20 Oe. Thex = 0.3 and 0.5 samples showed
a diamagnetic signal corresponding to
=~10% of that estimated for a complete
Meissner effect, indicative of bulk supercon-
ductivity. To further characterize the mag-
netic state at low temperature, magnetic
studies were performed on samples prepared
at different pressures. Figure 2 shows results
on the x = 0.5 samples. The diamagnetic
signals from the sample prepared at 3-kbar
pressure are about an order of magnitude
larger than the ones prepared at atmospheric
pressure. Below 10 K, both samples show a
susceptibility maximum at 7 K in an ac
measurement (Fig. 2). These susceptibility
maxima were suppressed in moderate dc
fields of 20 to 100 Oe, characteristic of that
observed in spin glasses. High-temperature
susceptibility measurement on both samples
yielded similar effective moments of ~0.43
pg per copper atom. However, samples
prepared at low pressure show a positive
Curie-Weiss intercept (~+10 K) indicating
ferromagnetic interactions, whereas the
samples prepared at high pressure show a
negative intercept (~—16 K) indicative of
antiferromagnetic interactions. This is con-
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sistent with the large paramagnetic signals
observed in the diamagnetic regime in sam-
ples prepared at low pressure.

During our concurrent investigation of
the Na-Cu-O system, we have discovered a
phase that becomes ferromagnetic at ~10
K. Thus, we carefully considered the possi-
bility that an impurity of this phase could
cause the unusual magnetic behavior of
La,_,Na,CuO, samples at ~10 K. Howev-
er, the observed moments at low tempera-
ture for our samples prepared at low pres-
sure are such that the amount of ferromag-
netic impurity would have to exceed by
several times the amount of the host materi-
al, and our x-ray diffraction patterns show
essentially single-phase La,_,Na,CuO;. Thus
we have concluded that the unusual magnet-
ic behavior observed in La,_,Na,CuQy is
not due to a ferromagnetic impurity.

It is possible to produce superconductiv-
ity in the La-Cu-O system by purposely
préparing a phase off the ideal La,CuOy
stoichiometry (9). However, under our con-
ditions of synthesis, we observe no super-
conductivity above 4.2 K for La,_,Al*CuOy4
phases over the range of x from 0.0 to 0.1.
The substitution of the alkali cation sodium
for lanthanum apparently must exceed 5%
before metallic and superconducting proper-
ties occur. Assuming no oxygen deficiency
or peroxide formation, we would express
the oxidation states as Lai,NalCujl,,
CurlOy4. The measured Cu! concentration
(Table 1) is always less than this formula
predicts thus indicating that there is always
some oxygen deficiency. However, the
amount of oxygen deficiency may be de-
creased by using high oxygen pressure. The
present results indicate that oxygen deficien-
cy is a key factor in determining the sign of
the magnetic interaction and thus the nature
of the magnetic ground state. Lower oxygen
deficiency improves the superconducting
properties and also accentuates the lower
temperature magnetic behavior that may be
indicative of the coexistence of spin glass
and superconductivity in these novel materi-
als.
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Subsidence in the Northeastern Nile Delta:
Rapid Rates, Possible Causes, and Consequences

DANIEL JEAN STANLEY

Holocene fluvial and marine deposits have accumulated in a graben-like structure on
the northeastern margin of the Nile delta. This part of the delta, which includes Lake
Manzala, Port Said, and the northern Suez Canal, has subsided rapidly at rates of up to
0.5 centimeter per year since about 7500 years ago. This subsidence has diverted at
least four major distributaries of the Nile River into this region. The combined effects
of continued subsidence and sea level rise may flood a large part of the northern delta
plain by as much as 1 meter by the year 2100. The impact of continued subsidence,
now occurring when sediment input along the coast has been sharply reduced because
of the Aswan High Dam, is likely to be substantial, particularly in the Port Said area
and as far inland as south of Lake Manzala.

THE CONFIGURATION OF THE NILE
delta in Egypt, the major depocenter
in the eastern Mediterranean, has
changed markedly during the Holocene and
continues to evolve rapidly (I1). Geologic
evolution of the northern delta plain margin
has been controlled largely by interplay of
custatic sea level fluctuations (2), climatic
variations (3), which affect Nile River flow
and sediment discharge (4), the erosional
effects of eastward-directed coastal and near-
shore Mediterranean currents (5), man’s ac-
tivity since pre-Dynastic time (6), and neo-
tectonics. The migration of the distributary
channels of the Nile River through time (7)
has affected the morphology of the delta and
the general subsurface distribution of upper
Quaternary sediment facies (8, 9). Recent

workers have investigated the stratigraphy,
petrology, and radiocarbon age of numer-
ous drill-core sections. Studies of these cores
provide a chronostratigraphic base with
which to interpret more precisely recent
changes that have affected this delta. These
cores have been used to determine the up-
permost Pleistocene through Holocene
shifts of coastlines and delta lobes on the
northeastern delta margin (2) and to show
that the shoreline in the northeastern delta
prograded northward by as much as 50 km
during the past 5000 years (an average rate
of about 10 m/year).

Mediterranean Basin Project, U.S. National Museum of
Natural History, Smithsonian Institution, Washington,
DC 20560.
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Fig. 1. Map of the northeastern Nile delta that shows the location of Smithsonian cores (S-1 to §-30,
Table 1) and other borings (1 to 67, Table 2). Former major Nile River distributaries (4 in study area)

are shown in inset.
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