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Figure 2. Ferromanganese deposits
of a sector of the southern oceans.
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Figure 1 (above). Transmission electron micrograph of quartz sand
grain from "Turbidite" sequence in equatorial Mid-Atlantic deep-
sea core. V-shaped indentations are believed to have been
produced by abrasion during transportation. These features are
similar to those observed on sand grains from high-energy
beach-surf zones. Triangular etch pits are evidence of solution
of quartz by sea water.

Figure 2 (top, right). Eolian surface textures, scanning electron
micrograph. Sand grain from Libyan Desert showing oriented
fracture patterns.

Figure 3 (center, right). Glacial marine environment, Eltanin core
13-4. Sand grain from sediments of Eocene age. SEM photo
showing glacial scratches on smooth surfaces at top of grain
and oriented triangular etch pits similar to those in Figure 1.

Figure 4 (bottom, right). Combination of glacial, eolian, and beach
features. Sand grain from Berkner Bank, Weddell Sea. SEM
photo shows large conchoidal fractures and chatter marks of
glacial origin. Small fractures on pitted surface are similar
to those found on grains from coastal dunes.

sedimentological data indicate that the Berkner Bank
may have been exposed at the surface during an in-
terglacial period when the antarctic land surface
stood approximately 300 in higher with respect to sea
level than it does today.

The effect of chemical solution on quartz sand
grains after burial in deep-sea cores was investigated
with the scanning microscope (Krinsley and Margolis,
1969). Fifty sand grains were sampled every 100 cm of
core E13-17 from the South Pacific (Watkins and
Goodell, 1967. Examination of these grains showed a
progressive increase with depth in the percentage of
sand-grain surface area covered with oriented solution
features. Below a depth of 1,970 cm, however, there
was an abrupt increase in the area covered by these
features, possibly indicating an unconformity or per-
haps a chemical change in interstitial fluids. More
detailed investigations are in progress, in cooperation
with Dr. N. D. Watkins, on the surface features of
sand grains from Eltanin cores, with emphasis on pos-
sible chemical changes occurring at paleomagnetic
boundaries
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Miocene-Pliocene Boundary. A significant plank-
tonic datum plane for the later Cenozoic is the Sphae-
riodinella dehiscens Datum (Fig. 1) of the tropics,
which approximates the Miocene-Pliocene boundary
(Bandy, 1963, 1964). It has been defined recently in
deep-sea cores at a position within the upper part of
the Gauss Magnetic Epoch (Glass et al., 1967). This
datum plane is essentially the boundary between Neo-
gene zones 18 (Miocene) and 19 (Lower Pliocene) of
Banner and Blow (1965). Analysis of radiolarian
faunas of antarctic deep-sea cores (Hays and Opdyke,
1967; Bandy et al., 1969) shows that the extinction
datum for Prunopyle titan occurs within the upper
part of the Gauss Normal Magnetic Epoch, a point
nearly correlative with the S. dehiscens Datum Plane
of the tropics. In California, these radiolarian and
foraininiferal events are approximately coincident
with the Miocene-Pliocene boundary; in Italy, the
first appearance of S. dehiscens is near the base of the
recognized Pliocene. Additional Upper Miocene ra-
diolarians occurring just below the Prunopyle titan
Datum include Oroscena digitata, verifying the
Upper Miocene character of the fauna.

Pliocene-Pleistocene Boundary. A second important
planktonic datum of tropical areas is that marking the
origin of the keeled forms of Globorotalia truncatulin-
oides, which is also the approximate level for the ex-
tinction of discoasters in tropical and temperate re-

gions (Fig. 1). These planktonic events mark the ap-
proximate base of the Gilsa event, formerly misidenti-
fied as the Olduvai event, which is approximately
coincident with the extinction datum of Eucyrtidium
calvertense in antarctic and temperate deep-sea cores.
Similarly, the appearance of G. truncatulinoides and
extinction of discoasters mark the base of the Wheeler-
ian Stage in California and the base of the Calabrian
in Italy (Hay and Boudreaux, 1968; Bandy, 1969;
Bandy et al., 1969).

Pale oclimatology. Major paleotemperature varia-
tions of the Antarctic consist of subtropical conditions
in the lower part of the Gilbert Reversed Magnetic
Epoch, indicated by tropical collosphaerids; cold-
water conditions in the upper Gilbert, Gauss, and
basal Matuyama Epochs as indicated by exclusively
cold-water types; temperate influences in most of
the Matuyama Epoch, indicated by mostly continuous
occurrences of temperate species such as Pterocanium
trilobum and Saturnulus planetes; colder water condi-
tions during much of the Brunhes Normal Epoch with
exclusively cold-water species; and a temperate influ-
ence near the top of the Brunhes indicated by the
appearance of Saturnulus planetes, Theoconus zan-
cleus, and others. The first appearance of glacial de-
posits in most cores occurs at or just above the disap-
pearance of the tropical collosphaerids well down into
the Gilbert Reversed Epoch (Fig. 1). It would appear
that the major, coldest intervals, represented by left-
coiling populations of Turborotalia pachyderma in-
vading temperate areas, are those of the Upper Mio-
cene (upper Gilbert Epoch), and the glacial Pleisto-
cene (most of the Brunhes), with perhaps a short
cooler interval in the middle Matuyama which is
equivalent to the Venturian cool interval of Cali-
fornia (Bandy, 1968) and the Astian cool interval of
the Italian section (Lona, 1962).

Radiometric dating. It is clear that radiometric
dates available from land sections (Obradovich, 1968;
Bandy and Ingle, in press) are in direct conflict
with those associated with the paleornagnetic scale
(Fig. 1). Planktonic events and paleomagnetic data
are in agreement for correlations made between high
and low latitudes in deep-sea cores. Planktonic events
in deep-sea cores correlate well with land-based sec-
tions. It is suggested that radiometric dates for the
land-based marine sections are too high by a factor of
about 3.
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