Table 2. Concentration data for suspended particulate material in Arctic Ocean water at

Arctic drifting ice station, T-3.

D.“;lt Position of Water
Water mass (:1(25200 sample from depth Latitude Longitude
liters) surface (m) (m)
Surface 6.4 12 1537-1735 78°46'N 175°25'W
Pacific (maximum T) 3.76 75 2500-2528 79°25'N 171°25'W
Pacific (minimum T) 3.58 155 2286-2313 79°24'N 173°57TW
Atlantic 9.76 500 2184-2284 79°16’'N 175°05'W
Deep water 1.16 1000 2498-2522 79°37'N 171°41"'W
Deep water 1.92 2000 2250-2407 79°43'N 173°38'W
Deep water 1.68 2210 2310 79°39'N 171°52'W
Deep water 1.90 2260 2310 79°39'N 171°56'W
Deep water 2.0 2302 2304 79°38'N 172°00'W
liters) toward the continental slopes Pacific, then the North Atlantic. and

(6). At the continental slopes, “clouds”
were observed with a larger content of
particles in suspension, which are sug-
gestive of nepheloid water.

Contamination, the addition of some-
thing foreign to the sample, is probably
the greatest potential source of error.
A concerted effort has been made for
cleanliness in handling the water barrel,
the pump and hoses to it, and the core
pipe. Problems inherent to the sam-
pling process prompted development
of a recorder which gives a positive
check on the depth of closing of-the
door of the barrel. The completeness
of the recovery of the solids from the
centrifugation process is checked by
running the water remaining in the
centrifuge bowl through Millipore fil-
ters. The amount of material that col-
lects on these filters appears to be
negligible.

Recent sampling with a 200-liter
water barrel at the Arctic drifting ice
station, T-3, provides a useful compari-
son with the shipboard sampling. At
T-3, there is no core pipe, no storage
tank, no pump or hoses to clean, and
since the barrel used at T-3 has an
air vent at the top and a spigot at the
bottom, there is far less chance of con-
tamination. Temperature and salinity
define the stratification of four water
masses (7) at the Arctic station, sur-
face water, Pacific water, Atlantic
water, and deep water. The concentra-
tions of the particulate matter sus-
pended in the Atlantic and Pacific
water masses sampled at T-3 (Table
2) fall in the range of 0 to 9.9 mg/200
liters. The correlation of the T-3 value
for Atlantic water, 9.76 mg/200 liters,
with the mean value for the North
Atlantic, 9.8 mg/200 liters is notable.

The mean values for clear ocean
water indicate the South Pacific has
the least amount of solids in suspension,
the quantity increasing in the North
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is greatest in the South Atlantic. Cer-
tain areas of cloudy, or nepheloid,
water have been shown, by photo-
graphically recording light scattering
and by sample weight, to contain
greater concentrations of sedimentary
material in suspension than found in
clear ocean water.

To this picture of sediment distri-
bution in suspension, seismic profiles
add the aspect of sediment stratifica-
tion from the sea bottom to the crystal-
line basement rock. It appears that
where a thick accumulation of pelagic
sediments occurs, there is a nepheloid
layer above, extending up from the sea
bottom several hundred meters. Obser-
vations (8) indicate that oceanic depo-
sition occurs in the nepheloid layer.
The relationship is significant because
it is part of the sedimentation process
which may have been active for hun-
dreds of millions of years. Areas re-
ceiving vast accumulations of sedi-
ments today, such as the North Ameri-
can Basin or the Argentine Basin, may
have continued to do so throughout
one and perhaps part of two geologic
eras.

The pelagic sediments found in these
basins have many origins, terrigenous,
volcanic, extraterrestrial, skeletal, or
chemical precipitation; fine grain-size,
however, is their prevailing character-

istic. Material of less than one micron
in size, especially clay minerals, is found
in even the clearest water of the mid-
ocean. Because of their size and shape,
clay mineral flakes can be carried in
suspension for long periods of time by
currents and circulation of the deep
sea. Similarly lutite-size material half-
settled and half-suspended at the sedi-
ment-water interface may be disturbed,
resuspended, and reactivated into a
lutite flow, a fine-grained analog of
a turbidity flow. Such a process could
explain the distribution of pelagic sedi-
ments. The flow would follow the bot-
tom topography, transported by the
movement of bottom water, and pro-
duce deposits of colloidal-size particles
that would blanket and eventually
smooth out basement irregularities (9)
exactly as seismic profiles portray
pelagic stratification.

MARIAN B. JAcoBs

MAurice EwWING

Lamont Geological Observatory,
Columbia University, Palisades,
New York 10964
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Fossil Deep-Sea Channel on the Aleutian Abyssal Plain

Abstract. The discovery of a leveed deep-sea channel whose axial gradient
reverses near the Aleutian trench supports the hypothesis that the downbowing
of the trench interrupted the turbidity current processes that constructed the

Aleutian abyssal plain.

A study of fathograms (/) from En-
vironmental Science Services Adminis-
tration Seamap surveys has revealed a
deep-sea channel which trends northeast
to southwest for a distance of 370 km

on the Aleutian abyssal plain south of
the Aleutian trench (Fig. 1). The chan-
nel, here named Seamap channel, is
unusual in that it slopes downward from
a summit located about midway from
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either end (Fig. 2a), thus precluding the
flow of turbidity currents from end to
end. It is postulated that the section
northeast of the present summit was
once higher, but has been downwarped
with the Aleutian trench, thus cutting
the channel off from a northern source.
This is in agreement with the thesis sug-
gested by Hurley (2) from bathymetric
considerations and supported by Hamil-

ton’s (3) seismic reflection results that
the Aleutian plain has been cut off from
its supply of turbidites by the Aleutian
trench, leaving a fossil or relic abyssal
plain whose only present-day supply of
sediment is pelagic material settling
from the water column.

The profiles across the channel shown
in Fig. 2b are typical of the channel
northeast of point B (Fig. 1). Its width,

measured between the highest parts of
the levees, averages about 6 km, and its
depth (top of levees to channel bottom)
averages about 50 m. West of B, the
channel loses its distinctive shape ag it
turns into a region of east—west trending
ridges. Farther west it widens and be-
comes indiscernible as a single feature.
Upstream from point E (Fig. 1), the
channel passes close to Sirius Seamount
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Fig. 1. Locajtion of Seamap channel on the Aleutian abyssal plain. The channel is shaded between the highest parts of the levees.
Depths are in corrected meters. Seamounts, ridges, and abyssal hills are shown in black. Tracklines are dashed. The contour interval
changes north of the 5000-m contour on the south wall of the Aleutian trench. Letters 4 to I correspond to points along the axial

profile shown in Fig, 2.
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and has well-developed meanders aver-
aging about 35 km in wavelength. It
finally disappears at a depth of about
4800 m on the south wall of the Aleu-
tian trench (Fig. 1, I); north of point
I it has apparently been destroyed by
slumping.

The direction that turbidity currents
flowed when the channel was active
must have been from northeast to
southwest because (i) the only plentiful
supply of material for turbidites is con-
tinental North America which is north-
east of the channel; (ii) in general the
Aleutian abyssal plain deepens toward
the south; and (iii) to the southwest of
point E (Fig. 1), where the relative
heights of the channel levees have ap-
parently been little affected by the
formation of the trench (and where the
channel does not meander), the right
levee (as one looks southwest) is con-
sistently higher than the left levee. This
is consistent with observations that in
the northern hemisphere, as one looks
downstream, the levee on the right side
is higher as a result of the Coriolis
effect (3, 4).

It is difficult to tell how closely the
axial profile (Fig. 2a) approximates the
profile which existed immediately after
the trench formed, and which parts of
it, if any, represent the channel before
the trench formed. The section of pro-
file from 4 to E may be close to that of
the channel when it was active. The
minor gradient reversals in this section
of the channel could be the results of
processes, operating during or after the
trench formed, such as regional warp-
ing of the sea floor or nonuniform
pelagic sedimentation rates.

The downbowed part of the profile
(between E and I, Fig. 2a) shows three
secondary peaks. These possibly are
caused by the greater downbowing by
the Aleutian trench of the north swings
of the meanders impressed on an ir-
regular original gradient.

The trend of Seamap channel is
along the crest of a broad rise, with the
floor of the channel elevated well above
the general level of the adjacent area
(Fig. 1 and Fig. 2c). Similar but less
pronounced channel elevations have
been observed elsewhere in the north-
east Pacific (3). Hamilton’s seismic re-
flection data for channels in the north-
east Pacific clearly show that deep-sea
channels are depositional features (3).
This suggests that Seamap channel is
located on an unusually thick wedge of
sediment.

Assuming that the axial gradient
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Fig. 2. (a) Longitudinal (axial) profile of Seamap channel. Vertical exaggeration is
1000. Letters A to I are points along the channel shown in Fig. 1. (b) Profiles across
channel from echo soundings at points D, E, F, and G looking southwest. Vertical
exaggeration about 30. (c) North-south profile across region along section J-J' of Fig.

1 (vertical exaggeration of 100).

which existed before the trench formed
is approximated by that portion of the
channel southwest of point E, we can
compare its gradient with that of other
active channels. The mean gradient
from A4 to E is 0.75 m/km. However,
it shows much variability (it is essen-
tially zero between B and C, and 1.4
m/km between C and E). Cascadia
channel, which has an axial profile
similar to those of other channels, has
gradients of 1.83, 1.67, and 1.17 m/km
at respective distances of about 165, 275,
and 435 km from the base of the con-
tinental slope (2). Although there are
many difficulties in using such compari-
sons to obtain an approximate distance
of section 4 to E from the ancient
source of turbidites, it seems reasonable
that this part of the channel was at least
several hundred kilometers from the
sediment source. An extrapolation of
the channel north of the trench suggests
that it may have originated somewhere
in the area between the Shumagin Is-
lands and Kodiak Tsland. However, our

echo soundings (mainly along north—
south lines) have not revealed the
presence of the channel north of the
trench.
PauL J. GrRiM
FrEDERIC P. NAUGLER
Pacific Oceanographic Research
Laboratory, Seattle, Washington 98102
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Garnet-Like Structures of
High-Pressure Cadmium Germanate
and Calcium Germanate

Abstract. Crystals of CdGeO4 grown
at a pressure of 65 kilobars are tetrag-
onal and have an ordered, garnet-like
crystal structure with cadmium occupy-
ing the dodecahedral and octahedral
sites, and germanium the octahedral and
tetrahedral sites. The crystal structure
(a = 12.406 = 1 angstroms, ¢ =
12.256 * | angstroms, and space group
I4,/a) has been refined by least-squares
analysis to an R (discrepancy index) of
0.073. Two high-pressure phases of
CaGeO, were synthesized, one isotypic
with tetragonal CdGeO, (a = 12.514
+ 3 angstroms, ¢ = 12.358 *= 3 ang-
stroms), and the other isotypic with
perovskite.

In 1963 Ringwood and Seabrook (/)
reported the synthesis of a high-pressure
phase of CaGeO, which apparently had
the garnet structure. They also synthe-
sized CdGeQ., which had an x-ray
powder pattern similar to that of garnet
except that the reflections were split;
this indicated that the symmetry was
lower than cubic. Ringwood and Sea-
brook proposed the formula CdgV1I
(CdGe)V'Ge,'VO,,. However, CaGeO,
also has the lower symmetry, and its
x-ray powder patterns can be indexed
on a tetragonal cell with ¢ = 12.51 A,

Table 1. Relations between equivalent positions
temperature factors.

¢ = 12.36 A (2). Because there has
been considerable comment about aniso-
tropic optical properties of garnet (3)
and because, to our knowledge, no
other modifications of garnet with sym-
metry lower than cubic have been re-
ported, we have investigated the high-
pressure CdGeO, and CaGeO, phases to
determine the actual symmetry and have
refined the crystal structure of CdGeO,
because we could prepare better crystals
of this phase.

High-purity CdO and GeO, in a 1:1
molar ratio were thoroughly mixed. The
mixture was subjected to a pressure of
65 kb at 1200° to 1400°C for about 4
hours and then quenched. Two CaGeQO,
phases were prepared by analogous
high-pressure methods, except that the
starting material was CaGeQ, with the
wollastonite structure. One of these
phases has the garnet-like structure (7,
2), and the other is isotypic with perov-
skite. The tetrahedral anvil used for
these high-pressure experiments has
been described by Bither et al. (4).

A Higg-Guinier photograph was ini-
tially taken of the CdGeQ, sample. We
assumed that the cell was tetragonal
with a ~ ¢ ~ 12.40 A; using a com-
puter program for the assignment of
indices and refining by least-squares
analysis, we were able to index the pat-
tern and to refine the cell. These results
were confirmed with precession photo-
graphs of a single crystal, and the space
group was identified as 14,/a-C®,;, [ab-
sences: for hkl, h+k+1 s 2n and
for hkO, h(k) % 2n]. Other cell data are
a = 12406 =1 A, ¢ = 12.256 = 1 A,
cell volume (V) = 1.886.3 A3, number
of formula units per cell (Z) = 32, cal-
culated density (D,) = 6.56 g cm~*, and
absorption coefficient p = 115.0 cm?

(AgKq radiation). The cell for tetrago-
nal CaGeO, has @ = 12514 =3 A, ¢
= 12.358 += 3 A; we have assumed that
CaGeO, has the same space group as
CdGeO,, although no crystals large
enough” for single-crystal examination
have been synthesized. The observed
and calculated powder patterns for
CdGeO, and CaGeO, have been sub-
mitted to the powder data file of the
American Society for Testing and Ma-
terials.

Ringwood and Major (5) reported the
synthesis of a perovskite form of
CaGeO, at 120 kb and 900°C. This
compound appeared to be cubic with a
= 3.723 A. Although one of the phases
in our samples of CaGeQO, is also the
perovskite type, it would be necessary
to double the cell parameter (7.448 + 2
A) to account for weak reflections on
both the Guinier and precession photo-
graphs.

Using a Picker diffractometer with
Pd-filtered AgKe radiation, a takeoff
angle of 3°, pulse-height analysis, and a
scan range for each reflection of 1.5°
plus the (a; — a,) dispersion, we mea-
sured three-dimensional diffraction data
(740 nonequivalent reflections). These
data were corrected for absorption, and
provision was later made for secondary
extinction correction during least-
squares refinement.

We devised a model for the structure
by comparing possible locations in space
group I4,/a with those of the garnet
structure in Ia3d. In doing this, it was
necessary to shift the origin of 74,/a by
Y5,% % from that given in Interna-
tional Tables for X-Ray Crystallography
(origin at 4) (6). This orients the sym-
metry elements of /4,/a in a manner
similar to those for Ia3d (6). Table 1

in the garnet and CdGeO; structures and the refined CdGeO, atom coordinates and isotropic

Garnet space group Ia3d

CdGeO;, space group I4,/a

Equi- Sym- Coor-

Refined coordinates

. Equi- Sym-
Site point  metry  dinates Atom i metry x y p (gz)
Dodecahedral 24c 222 %,0,V4 cd(1) 16f 1 0.1256 =+ 1 0.0052 == 1 0.2564 == 1 0.64 =5
Cd(2) 8e 2 0 14 62362 6146
Octahedrat 16a 3 0,0,0 Cd(3) 8d 1 0 0 123 636
Ge(1) 8¢ T 0 0 0 4317
Tetrahedral 24d 4 14,0,3% Ge(2) ab 4 0 Y4 3% 50+9
Ge(3) da a 0 Y% Th 369
Ge(4) 161 1 126772 016642 7599 =+ 2 3746
Oxygen 96k 1 XV,2 o(1) 161 1 0251 =+ 11 067211 6718 =12 4127
: 0(2) 16f 1 0478 =11 0500 = 11 8621 + 11 3628
03) 161 1 2260 = 11 A117 +12 .8101 =11 A1 =+27
0(4) 16f 1 2148 + 11 —0823 11 7023 += 12 28 426
o(5) 164 1 0653 == 11 1636+ 12 4696 = 12 .63 +128
0(6) 16/ 1 —1051 = 11 212812 7840 =+ 12 .59 =428
386
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