Bi,Ca,Sr,Cu3Oyg, whose unit cell includes
an extra copper-oxygen layer. Tsuchiya ez al.
(9) have presented cross-sectional transmis-
sion electron microscopy results of double,
triple, and quadruple copper-oxygen layers
in the Bi-Ca-Sr-Cu-O systems.

None of the remaining samples, with one
exception, had either a linear resistance ex-
trapolating to zero or a pair of two super-
conducting transitions. To obtain supercon-
ducting transitions for the narrow diameter
nonsmooth fibers, it was necessary to anneal
them in air at 500°C, in contrast to the data
in Fig. 6, which were obtained for an unan-
nealed portion of the smooth fiber. This
suggests that the process that forms the large
oriented crystallites in the smooth fiber sec-
tions also accompanies the incorporation of
adequate quantities of oxygen. The results
thus indicate that an oxygen anneal lowers
the resistivity and narrows the supercon-
ducting transition of the thick fibers, as well
as the rough portions of thin fibers.

It is of great interest to measure the
critical currents of the fibers and, following
the work by Elkin ez al. (10) on YBCO,
improved contacts on the fibers have been
made by ion milling the surface and deposit-
ing silver or gold contacts on the surface.
With a pressed indium overlayer, these con-
tacts had resistivities of 30 to 40 wohm/cm?,
but the critical current measurements are
not yet complete.

We have demonstrated a capability for
growing, under controlled conditions, su-
perconducting fibers by means of the laser-
heated pedestal growth technique. Under
the right conditions, the growth process
leads to several simultaneously occuring
properties which make them ideal for study.
The a-& planes are directed along the axis of
the fiber, which we believe optimizes con-
duction in the axial direction. A reduced
number of larger crystallites takes over dur-
ing the growth of the smooth sections,
which should augment the critical current.
The fiber’s surface morphology becomes
smooth, facilitating the placement of electri-
cal contacts. The superconducting transition
consists of two distinct drops which we
believe results from a phase with higher 7.

Note added in proof: Preliminary measure-
ments (11) with a pulsed current showed an
excess of 60,000 A/cm? at 68 K.

REFERENCES AND NOTES

1. R. S. Feigelson, in Crystal Growth of Electronic
Materials, E. Kaldis, Ed. (North-Holland, Amster-
dam, 1985), pp. 127-145; in Tunable Solid State
Lasers, P. Hammerling, A. B. Budgor, A. Pinto,
Eds. (Springer, New York, 1985), pp. 129-141.

. ——,]. Crystal Growth 79, 669 (1986).

. C. A. Burrus and J. Stone, Appl. Phys. Lett. 26, 318
(1974).

4. J. Bednorz and K. A. Miiller, Z. P/ys. B 64, 189
(1986).

5. R.S. Feigelson and Y. X. Fan, paper presented at the

w N

17 JUNE 1988

Seventh American Conference on Crystal Growth,
12 to 17 July 1987, Monterey, CA.

6. H. Maeda, Y. Tanaka, M. Fukutomi, T. Asano, Jp».
J. Appl. Phys. 27, 1.209 (1988).

7. See, for example: J. M. Tarascon et al., Phys. Rev. B,
in press; S. A. Sunshine et al., tbid., in press.

8. See, for example: R. M. Hazen et al., Phys. Rev.
Lett., 60, 1174 (1988); S. S. Parkin ez al., tbid., in
press; C. C. Torardi ez al., Science 240, 631 (1988).

9. J. Tsuchiya et al., in preparation.

10. J. W. Elkin, A. J. Panson, B. A. Blankenship, Appl.
Phys. Lett. 52, 331 (1988).
11. J. Sun, D. Fork, A. Kapitulnik ez al., private commu-

nications.

12. We thank R. Raymakers for making the polycrystal-
line starting material, C. B. Eom for assistance with
the SEM photographs, J. Sun for preliminary resis-
tivity measurements, R. Barton for useful discus-
sions, S. Ladderman for verifying the diffraction
techniques, and M. Lee for assistance in making the
contacts. This work was supported by the NSF
Materials Research Laboratory program through
the Center for Materials Research at Stanford Uni-
versity.

27 April 1988; accepted 5 May 1988

Low Lake Stands in Lakes Malawi and Tanganyika,
East Africa, Delineated with Multifold Seismic Data

C. A. ScHOLZ AND B. R. ROSENDAHL

Seismic data reveal that water level in Lake Malawi, East Africa, was 250 to 500 meters
lower before about 25,000 years ago. Water levels in Lake Tanganyika at that time
were more than 600 meters below the current lake level. A drier climate appears to
have caused these low stands, but tectonic tilting may also have been a contributing
factor in Lake Malawi. High-angle discordances associated with shallow sequence
boundaries suggest that these low stands probably lasted many tens of thousands of
years. Because of its basement topography, the Lake Tanganyika basin had three
separate paleolakes, whereas the Lake Malawi basin had only one. The different
geographies of these paleolakes may be responsible in part for the differences in the

endemic fish populations in these lakes.

E HAVE USED 24-FOLD COM-

mon depth point seismic reflec-

tion data (I) to delineate the
boundaries of the predecessors to Lakes
Malawi and Tanganyika, East Africa (Figs. 1
and 2). Mapping of paleoshorelines lying
many hundreds of meters below modern
lake levels is necessary for examining deposi-
tional processes in rifts, the limnology and
ichthyology of African rift lakes, and the
paleoclimatology of East Africa.

Lake Malawi and Lake Tanganyika occu-
py the southern and central parts of the
western branch of the East African rift sys-
tem (Fig. 1). They are among the world’s
deepest lakes, and both lie in a region of
savannah and subtropical forest (2-5).
Structurally, both rifts are composed of a
series of linked half-grabens, which tend to
have alternating directions of asymmetry
along the rift axes (6). Modern depocenters
coincide with the most subsided parts of
these half-grabens. Multifold seismic data
(Fig. 2, A and C) indicate that 4 km or more
of sediment have accumulated in the north-
ern basins of the Lake Malawi rift (7) and
over 6 km of sediment fill parts of the Lake
Tanganyika rift (8, 9).

Several seismic sequence boundaries (10)
have been identified in the sediments be-

Project PROBE, Department of Geology, Duke Univer-
sity, Durham, NC 27706.

neath the main African rift lakes (7, 8, 11,
12). These boundaries are major breaks in
the lacustrine stratigraphy and represent de-
positional changes that were caused by cli-
matic, tectonic, and, in the case of the
eastern rift (13), volcanogenic processes.
The stratigraphic record of abrupt changes
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may extend back tens of millions of years in
Lakes Tanganyika and Malawi (7, 8). Lake
levels also were highly variable in East Africa
during the late Pleistocene (12, 14-16), as
well as during historical times (3, 5, 17).
Lakes, even large ones, are typically sub-
ject to more rapid water level changes than
oceans. In rift lakes, crustal extension adds a
tectonic component to lake level changes.

The situation is compounded in warm, arid
regions where the primary hydrologic out-
put is by evaporation. Rapid and often large
water level variations in small, high-relief
drainage basins generate dynamic deposi-
tional systems. Sedimentary facies changes
are common, both vertically and laterally,
across lacustrine rift basins (18).

Ancient lacustrine environments and asso-

Contours in meters

Fig. 2. (A) Multifold seismic coverage of Lake Malawi. (B) Bathymetry of Lake Malawi. (C) Multifold
seismic coverage of Lake Tanganyika. (D) Bathymetry of Lake Tanganyika. Bold lines indicate locations

of seismic lines in Fig. 3.

Fig. 3. (A) Seismic line 816
from northwestern Lake

Malawi. Section from a to b A Upper
shows zone of erosional  0.00 :equznce

i - a oundary Conformable
truncation beneath the up e Erosional truncation

per sequence boundary.
Note change to a conform-
able relation down dip along
the upper sequence bound-

. Note the approximate
location of the paleoshore-

. reflections
Approximate paleoshoreline

line for the major low lake

stage discussed in text. (B)
Seismic line 820 from west-
central Lake Malawi show-
ing continuous “open lacus-’
trine” type acoustic facies (b
to ¢) and wavy, semi-discon-
tinuous “desiccated” facies

above shallow basement (a

to b). (C) Seismic line 214

from central Lake Tanganyi-
ka. Note shallow erosional
surface at water depths of =
over 600 m. Lines displayed
are 24-fold, stacked time
sections with approximately
2.6:1 vertical exaggeration

Erosional
truncation

with respect to the water
bottom. Line 214 is time-
migrated.
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ciated paleolake shorelines can be recog-
nized in seismic reflection data by (i)
changes in acoustic character, which are
diagnostic of shallow- to deep-water facies
transitions, (ii) changes in reflection termi-
nation geometries along sequence bound-
aries, and (iii) diagnostic external facies ge-
ometries such as wave-cut terraces and barri-
er systems. For example, a seismic section
across the northwest part of Lake Malawi
(Fig. 3) shows that a considerable part of
the lower, east-dipping sequence has been
truncated at the upper (that is, shallowest)
sequence boundary. Truncation is a manifes-
tation of subaerial exposure and erosion.

To the east of “b” on Fig. 3A, the reflec-
tion configuration along the upper sequence
boundary changes to a conformable rela-
tion. Along this part of the seismic line, the
thin, upper depositional sequence overlies
continuous, narrow bandwidth reflections.
We interpret the lower reflections as an
acoustic facies indicative of continuous,
open lacustrine deposits. We interpret the
transition area from erosional truncation to
conformable reflections as the shoreline of a
previous lake level still stand, which on this
profile is 400 m below the present level. In
regions with steeply dipping sequence
boundaries, such as on the shoaling sides of
rift half-grabens, this transition is easily
identified. Similar stratal relations have been
recognized at comparable depths elsewhere
in the northern two-thirds of Lake Malawi,
as well as in several regions in Lake Tangan-
yika.

In west-central Lake Malawi, two distinc-
tive acoustic facies are evident beneath the
shallowest seismic sequence boundary (Fig.
3B). Toward the center of the lake (from
“b” to “c” in Fig. 3B) reflections are indica-
tive of relatively open, deep-water lacustrine
sedimentation, as previously discussed. In
the region from “a” to “b” the acoustic facies
consists of mixed amplitude, variable fre-
quency, wavy, and less continuous reflec-
tions. On this profile, this facies occurs at
levels that are shallower than 300 m below
the modern lake level. We interpret it as
lacustrine deposits that were subjected to
subaerial erosion and desiccation during the
same late Pleistocene low stand of Lake
Malawi discussed above.

The acoustic facies and reflection termina-
tion geometries that correspond to this low
stand have been mapped throughout Lake
Malawi (Fig. 4A). About 40 m of lacustrine
sediment typically blankets the sequence
boundary that is associated with the low
stand. The basinward limits of erosional
truncation are about 375 to 400 m below
the modern lake level in the north-central
part of the lake (Fig. 4A). Open lacustrine
deposits occur at depths of 400 m in this
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area. Acoustic facies that are typical of sub-
aerial erosion, desiccation, and nearshore
conditions are recognized above the 375-m
isobath (Figs. 3A and 4A). The basement
topography in the Lake Malawi region
makes it unlikely that this paleolake was
connected to the Shire River, which current-
ly drains Lake Malawi, or to any other
outlet.

Preliminary results of 2'°Pb sedimentation
rate studies from a few Lake Malawi cores
suggest that deep-water sediment has accu-
mulated at rates of between 1 and 3 mm/
year (19). Cryptic laminations that have
been interpreted as varves suggest that sedi-
mentation rates were about 1 mm/year (20).
The thickness of the overlying sequence
varies between a few tens of meters and
about 75 m, but averages about 40 m.
Assuming that the above sedimentation
rates are comparable to late Pleistocene and

E=1 Conformable, continuous reflections
7} Zone of erosional truncation

r 1 Conformable, discontinuous reflections

Il Variable amplitude, discontinuous reflections
[ Discontinuous, hyperbolic reflections

--— Interpreted paleoshoreline

Fig. 4. (A) Seismic facies beneath the upper
sequence boundary in Lake Malawi. Dashed line
indicates approximate paleoshoreline region.
Zone of conformable, highly continuous, and
parallel reflections is indicative of open lacustrine
conditions. Region of conformable, discontinu-
ous reflections indicates previously desiccated la-
custrine sediments. Variable amplitude, discon-
tinuous reflections are interpreted as desiccated
lacustrine sediments over shallow basement rocks.
Discontinuous, hyperbolic reflections may indi-
cate border fault talus fan deposits. (B) Seismic
facies beneath the upper sequence boundary in
Lake Tanganyika. Note interpretation of three
discrete lake basins at this time. Both sequence
boundaries are buried beneath an average of 40 m
of sediment, as determined from multifold seismic
data.

17 JUNE 1988

early Holocene sedimentation rates, we esti-
mate that this low lake stage occurred about
25,000 years ago. This is an insufficient
amount of time for water level changes of
such magnitude and scale to be solely attrib-
utable to tectonic subsidence. Although tec-
tonic damming - of the outlet may have
caused the lake’s level to rise, there is no
geomorphological evidence for this. The
low lake stand probably corresponds to the
cooler (21) and presumably drier climate in
the Pleistocene. The large angular discor-
dance and large amount of erosion that are
evident on many seismic lines (for example,
Fig. 3A) suggest that water level in the lake
was low for a long time, probably tens of
thousands of years or longer. Repeated lake
level drops also could have created the ero-
sional surface; rapid changes in water level
apparently occurred during the deposition
of lacustrine sedimentary rocks of the Trias-
sic rift basins in the eastern United States
(22). However, we have been unable to
resolve multiple depositional sequences,
which most likely would have formed from
such cyclical water level variations, from our
multifold seismic data. A modern-day ana-
log for paleo—Lake Malawi, on the basis of
its size, climate, and hydrological condi-
tions, might be modern-day Lake Turkana
(Fig. 1).

Although we infer that climatic change
caused this low stand in Malawi, tectonic
processes also may have had an effect. Sepa-
rating climatic and tectonic controls is possi-
ble by examining the variation of mapped
paleoshoreline levels from place to place.
The rationale is that climatically controlled
changes in water level are likely to be uni-
form throughout a rift lake, whereas tectoni-
cally controlled changes would almost cer-
tainly differ along a rift of Malawi’s size, and
may differ between adjacent half-grabens.
The region of east-central Lake Malawi has a
gently sloping lake floor. There is evidence
here for subaerial erosion on the crests of
tilted fault blocks at levels of up to 500 m
below the modern lake level, compared with
375 to 400 m farther north. These estimates
of paleoshoreline levels in the different struc-
tural units suggest that the lake basin has
tilted southward, or perhaps pivoted around
the north-central half-graben. Differential
subsidence between adjacent half-grabens
(7) or crustal doming in the Rungwe vol-
canic province (23), which lies north-north-
west of the Malawi rift, could have caused
this tilting.

Lake Tanganyika and Lake Malawi have
similar tectonic, climatic, and physiographic
settings. Stratal relations that- have been
inferred from multifold seismic data (1)
(Fig. 3C) along a shallow sequence bound-
ary in Lake Tanganyika also indicate a major

low stand there. A sediment blanket in Lake
Tanganyika similar in thickness and compa-
rable in accumulation rate (24) to that in
Lake Malawi and the large angular discor-
dance and great amount of erosion evident
on seismic lines from many areas of Lake
Tanganyika suggest that this low stand was
approximately contemporaneous with the
one for Lake Malawi (Fig. 4B). The Lake
Tanganyika low stand was also primarily
related to a change in climate. The basement
structure of Lake Tanganyika, particularly
the occurrences of interbasinal ridges (Fig.
2D), or accommodation zones (6, 25), re-
sulted in the formation of at least three
discrete basins during the low stand, in
contrast to the single paleo—Lake Malawi.
The ridges between these three basins prob-
ably isolated the basins from each other,
creating lakes that were hydrologically,
chemically, and biologically distinct. Tilting
of fault blocks may have resulted in the
damming of several smaller lakes, tens of
square kilometers in area (Fig. 4B).

On the basis of sediment core analysis,
carlier workers have postulated that the level
of Lake Tanganyika also fluctuated during
the late Pleistocene and Holocene (4, 24, 26,
27). Although interpretations of the timing
and amount of fluctuations of Lake Tangan-
yika differ in detail, there is a broad consen-
sus that arid conditions prevailed in much of
East Africa and that most lake levels were
low before about 12,000 years ago (1416,
27, 28). Paleoclimatic data in East Africa for
the period before about 20,000 years ago
have been obtained from only a few areas.

The Quaternary geologic history of the
African great lakes likely affected evolution
of their endemic fish populations (5, 9).
Lake Malawi supports over 200 species of
cichlid fishes and Lake Tanganyika 136 spe-
cies (30); however, Lake Malawi has only 9
families of total fishes, compared with 19 for
Lake Tanganyika (30). The Lake Tanganyi-
ka fauna has apparently undergone a more
divergent evolution than their counterparts
in Lake Malawi. It has been postulated that
the different hydrologies and basin mor-
phologies of the two regions during the
geologic past may have contributed to this
difference in diversity (31). This notion is
consistent with our seismic analysis. The
number of ecological habitats in the three
Tanganyika paleolakes presumably would
have been greater than in the single basin of
paleo—Lake Malawi.
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Amino Acid Preferences for Specific Locations at the

Ends of a Helices

JANE S. RICHARDSON AND DAvID C. RICHARDSON

A definition based on a-carbon positions and a sample of 215 a helices from 45
different globular protein structures were used to tabulate amino acid preferences for
16 individual positions relative to the helix ends. The interface residue, which is half in
and half out of the helix, is called the N-cap or C-cap, whichever is appropriate. The
results confirm earlier observations, such as asymmetrical charge distributions in the
first and last helical turn, but several new, sharp preferences are found as well. The
most striking of these are a 3.5:1 preference for Asn at the N-cap position, and a
preference of 2.6:1 for Pro at N-cap + 1. The C-cap position is overwhelmingly
dominated by Gly, which ends 34 percent of the helices. Hydrophobic residues peak at

positions N-cap + 4 and C-cap — 4.

HE EMPIRICAL PREFERENCES OF

each amino acid for the different

types of secondary structure have
formed a central theme of the efforts to
predict three-dimensional protein structure
from amino acid sequence. In almost all
cases (I—4), those amino acid preferences
have been smoothed over windows of 3 to
20 residues along the sequence, which gives
statistically solid but relatively weak prefer-
ence values. The only secondary structures
that have been analyzed for unaveraged,
single-position preferences are specific types
of turns or connections; those have shown
preferences as high as the 3:1 value for
proline in tight turn position two (5), and
sometimes even higher for glycine in very
specifically defined connection types (6).
Position-specific preferences have not been
compiled for helices or B strands, presum-
ably because the database was not large
enough, and also because of the difficulty of
settling on an unambiguous definition for
placing segment ends. The database of well-
determined three-dimensional protein struc-
tures is now large enough to provide statisti-
cally meaningful single-position helix prefer-

ences for all but the rarer amino acids. We
use a definition of helix ends that optimizes
correlation with the amino acid sequence, in
order to compile those preferences here.
The sample of 215 a helices was taken
from 42 proteins in the Brookhaven Data
Bank (7), plus three revised coordinate sets:
bacteriochlorophyll protein (8), cro repres-
sor (8), and cytochrome b562 (9). From
families of homologous proteins, only exam-
ples with low sequence similarity to each
other were included. We examined the
structures on an Evans and Sutherland PS
330 with a Tektronix stereo window, using
the display program CHAOS (10), which
runs entirely inside the PS 330 processor.
The utility programs that calculate vectors,
ribbons, H bonds, and dot surfaces for
CHAOS run on a MassComp workstation
under UNIX. The backbone dihedral angles
¢ and ¢ were calculated by means of the
DIHDRL program (11), modified for the
UNIX MassComp. The superpositions in
Fig. 2 were done with the INSIGHT pro-

Department of Biochemistry, Duke University, Durham,
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