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1976). The elements silver, copper, and tin are also enriched in
this less-than-2-micrometer fraction.

Only strontium has a strong partitioning to the total sedi-
ment, and its correlation is with calcium (r = + 0.98) in calcium
carbonate shell detritus. The same relationship is found in the
less-than-2-micrometer fraction with a calcium-strontium cor-
relation coefficient at + 0.97. Although elements may not be
partitioned to a given sample set, they may have strong interele-
ment or cluster correlations in a set. Several such statistical
relationships are found in the three sample groups. An example
from the total sediment analyses would be the pairs iron-cobalt
(r = +0.93), iron-scandium (r = +0.91), iron-vanadium (r =
+0.90), scandium-vanadium (r = +0.92), cobalt-scandium (r
= +0.93), and cobalt-vanadium (r = +0.91) which together
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Chilean Archipelago bottom sediments were collected be-
tween 55° and 42°S latitude. The sediments have a large in
granulometry from totally gravel, pebbles, or coarse-shell de-
tritus, to 0.3-98.8 percent sand, silt, and 0.1-60.1 percent clay.
The difference in granulometry is a 0.5-96.2 percent function of
sample location with respect to river or glacial discharge, and
halmrolysis (submarine weathering) in the archipelago system.
Total bottom sediments as well as their heavy-mineral and less-
than-2-micrometer fractions were analyzed by emission spec-
trography to establish average element concentrations for the
region and to determine whether there were latitudinal varia-
tions in geochemistry that could be related to the adjacent land
geology.

The table gives the average element concentrations for the
three sample sets studied. There is marked partitioning of sev-
eral major elements (iron, magnesium, titanium, and phos-
phorus) and associated minor elements (nickel, cobalt, scan-
dium, vanadium, niobium, chromium, zirconium, yttrium,
and lanthides) to the heavy mineral samples, as expected. Cor-
relation coefficients between several element-element pairs are
positive and high and can be predicted on the basis of size,
charge, and coordination relations for major and minor element
diadochy in minerals. For example, the pairs magnesium-nick-
el, magnesium-cobalt, and nickel-cobalt have correlation coeffi-
cients of + 0.80, + 0.89, and + 0.86 + 0.86, respectively, and
cluster analysis between these pairs gives a level of + 0.86
indicating that nickel and cobalt are associated in a magnesium
mineral. Similarly, the + 0.67 correlation coefficient for the ti-
tanium-niobium pair suggests the inclusion of niobium in a
titanium mineral, probably rutile. The elements chronium and
zirconium do not have significant correlation coefficients with
the other elements studied and are present as their own miner-
als, chromite and zircon.

The partitioning of potassium and the minor elements boron,
barium, and lead to the clay-size or aluminosilicate phase has
been recognized in other areas dominated by detrital deposits
and is a common association related to acidic rocks (Calvert
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Total	Heavy	micrometer
Sediment	Minerals	size

Element	 (n=30)	(in =25)	(n-25)

Silicon (percent)	25.5	29.9	21.1
Aluminum	 7.6	9.9	7.6
Iron	 2.7	18.8	3.8
Magnesium	 1.5	7.8	2.2
Calcium	 7.1	6.6	4.7
Sodium	 2.2	0.9	2.1
Potassium	 1.5	0.7	2.8
Titanium	 0.3	1.1	 0.2
Phosphorus	 0.1	0.4	0.2

(percent)
Silver (parts per	BDL a	0.2	3.6

million)
Boron	 55.9	50.8	91.0
Barium	 259.0	106.9	404.0
Berylium	 1.1	1.1	 1.5
Cerium	 BDL	162.1	BDL
Cobalt	 9.3	43.6	14.6
Chromium	 38.6	202.7	80.0
Copper	 22.5	28.8	74.2
Europium	 BDL	2.4	BDL
Gallium	 13.1	27.9	25.3
Lanthanium	 21.4	70.9	24.5
Manganese	660.0	3932.0	1049.0
Molybdenum	BDL	4.6	3.6
Niobium	 BDL	25.9	5.9
Nickel	 16.1	65.1	42.7
Lead	 12.0	64.1	104.0
Scandium	 12.5	46.0	13.6
Tin	 BDL	BDL	 10.0
Strontium	 507.0	293.5	348.6
Vanadium	 77.9	287.2	91.0
Yttrium	 12.7	46.5	12.7
Ytterbium	 1.8	7.3	2.1
Zinc	 47.0	206.4	177.9
Zirconium	 64.5	211.1	51.1

"BDL" denotes 'below detection limit?'
Note: The standard deviation of individual values that make up the aver-
ages was taken as plus 50 percent, and minus 33 percent.
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have a cluster level of +0.91. The association of the minor
elements scandium, vanadium, and cobalt with the major ele-
ment iron in rock-forming minerals is well known.

There were regular latitudinal differences in element con-
centrations in the sample sets analyzed that could be related to
the general lithologies of the bordering land masses. This was
somewhat unexpected, because such differences had been re-
ported for the mineralogy of suspended sediments (more than
0.45 micrometers) for chlorite, illite, and talc, and in the less-
than-2-micrometer fraction of the bottom sediments for chlo-
rite, illite, and feldspar in the archipelago (Siegel, Pierce, and
Kostick 1981). Chlorite and talc had greater input to the archi-
pelago sediments south of about 50°35'S latitude which sug-
gested the influence of metamorphic rocks and altered
ophiolites whereas illite had its stronger contributions to the
sediments north of 50°35'S latitude where granodioritic-granitic
rocks are more dominant than metamorphic rocks and where
mafic complexes have not been identified. In addition, a group-
ing of four suspended sediments contained high concentrations
of chromium, nickel, and cobalt between about 54° and 54°30'S
latitude near mafic complexes and Paleozoic basement rocks

(Siegel and Pierce 1982). In the bottom sediments, only chro-
mium on the heavy-mineral fraction of sediment collected at
about 54S latitude showed a high (anomalous) value. If thought
is given to using archipelago sediments for regional geo-
chemical exploration in this potentially mineral-rich but rather
inaccessible area, the suspended sediments and the heavy-
mineral fractions offer the best prospects.

This research was supported by National Science Foundation
grant DPP 73-09317.
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On 11 January 1957, the U.S.S. Staten Island (AGB-4) occupied
oceanographic station SI 19 in the Weddell Sea at 77°37's latitude
and 43°15'W longitude as part of Deep Freeze II (figure 1). That
day a sample of sediment was recovered from a depth of 430
meters, and the gravel fraction was separated by sieving
through a window screen. An aliquot of gravel fraction of this
sample (OP-4s) was made available to us in February 1984 by
William H. Littlewood who had been the senior oceanographer
on board.

The gravel sample weighed 346.2 grams and consisted of
pebbles and granules in four size ranges: (1) greater than 12.7
millimeters, 29.8 percent; (2) less than 12.7 but greater than 4
milimeters,40.7 percent; (3) less than 4 but greater than 2 milli-
meters, 23.4 percent; and (4) less than 2 millimeters, 6.1 per-
cent. The coarsest fraction contained pebbles of a red, fine-
grained granitic rocks, diorite/granodiorite, sandstone, sil-
tstone, conglomerate with foraminifers, and basalt.

The sandstone is a quartz arenite containing subangular to
rounded quartz grains (90 percent), illite possibly replacing

potassium-feldspar (5 percent), and opaque hematite cement (5
percent). The diorite/granodiorite is composed of augite altered
to amphibole (35 percent), placioclase (labradorite) slightly al-
tered to sericite (40 percent), amphibole (10 percent), quartz (5
percent), granophyre (4 percent), opaques (4 percent), biotite (2
percent), and potassium-feldspar (2 percent). One siltstone
pebble contains quartz (60 percent); clay minerals (30 percent);
and minor muscovite, opaques, and calcite. A second siltstone
pebble is composed of angular quartz grains (75 percent) in a

450W700S	\ 30°W	(V.

A-X )75°S

Weddell Sea	 .. .
LltUewood>< 

X	Mountains70 0 S	 Sample
Filchne

-:--. Ice Shelf
.	 .	.	ShackletonJRange

LneShelf \/ J .. .. ..
. PensacolaRock exposure k\	I\Ice front	 .::.

Land surface

Scale 1:10,000 000S Eilsworth Mountains

Figure 1. Location of oceanographic station SI 19 by u.s.s. Staten
Island in the Weddell Sea on 11 January 1957.
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