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The distribution patterns of quartz and opal contents and the dis-

tribution patterns of radiolarian assemblages, in the sediments of the

southeastern Pacific, are largely controlled by both the surface winds

and the mixed-layer oceanic circulation. The distribution pattern of

quartz is related to eolian and ice-rafted transport, as well as to run-

off. In the subtropical region, quartz distribution extends offshore of

Peru as a tongue in the same direction and position as the prevailing

trade winds. Along the South Anierican and Antarctic coast, high quartz

concentrations are found in patches near shore or abundances commonly

decrease rapidly seaward; Opal distribution follows the mixed-layer cir-

culation around the subtropical anticyclonic gyre and shows high values

under areas of oceanic divergence, characterized by high primary pro-

ductivity. Along the continental margins, opal abundances are diluted

by terrigenous debris; even off the Peruvian coast, where strong upweliing

occins and consequently high pririary oroductivity prevails The distri-

bution patterns of six radiolarian assemblages, defined through fl-mode

factor analysis, reflect the geographical distribution of water masses
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associated with both surface and subsurface circulation. These are:

1) the surface Antarctic water mass, 2) the surface Subantarctic-Temperate

water mass, 3) the Chile Current, 4) the Peru Current, 5) the surface

Subtropical water mass and 6) the Equatorial Undercurrent. The Equa-

torial Undercurrent surfaces either because of strong trade winds or

because of considerable relaxed trade winds.

The above mentioned distribution patterns have shifted geographically

during the Late Quaternary because of global climatic changes (glacial

and interglacial stages). Fluctuations in the strength of the winds

have been concurrent with fluctuations in the amount of ice stored on the

continents, represented by the l8o stratigraphic record, however, the

direction and position of the winds have varied in a rather complex

manner. Consequently, the oceanic circulation and associated water

masses have presented a different behavior within each of the last five

i8
stages. Approximately 127,000 years ago, at the cS18O stage 5/6

boundary, the oceanographic conditions along the Pacific coast o Souti

America were like the ones observed presently During alda stage

weak trade winds, probably less parallel to the Peruvian coast than at

the present, caused reductioi in coastal upwelling and allowea advec'ion

of subantarctic-temperate waters, via the Chi1 Current, along tfle

Peruvian coast. During ô180 stage 4, the trade winds were strong and

more parallel to the equator, even to the east of the Galapagos Islands

This gave rise to surfacing ot the Equatorial Undercurreit through di-

vergence processes Because of weak trade winds, the Galapagos front was

positioned nearer to the South American coast during the lower part of

.3



stage 3. During the upper s18o stage 3 and stage 2, the Pacific coast

of South America experienced an intensified circulation, a strong

development of upwelling, and as a result "cool" surface water tem-

peratures. Approximately 18,000 years ago, at the climax of the last

glaciation 8o stage 2), sea surface temperatures in the subtropical

southeastern Pacific, were as much as 4°C cooler than present during

the austral winter. It appears that the trend to the present oceano-

graphic conditions began first in high latitudes and later in the

tropical regions. Similar features in oceanographic changes were also

observed during the onset of
l8

stage 5.

A significant waning of the Antarctic ice occurred approximately

400,000 years ago. This was preceded by a considerable waxing of the

Antarctic ice close to the Brunhes-Matuyama paleo-magnetic boundary

(approximately 700,000 years ago). During the last 700,000 years the

Polar front zone has shifted from its present position toward the north.

1 11
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LATE QUATERNARY OCEANIC CIRCULATION
ALONG THE PACIFIC COAST OF SOUTH AMERICA

I. INTRODUCTION

The oceanic circulation along the Pacific coast of South America

is inter-related with upwelling processes and thus some of its

associated water masses are characterized by high primary pro-

ductivity which in turn sustains one of the largest fisheries of the

world. The wind field of this region together with the associated

wind-driven oceanic circulation is seasonally modified; from time to

time so dramatically that fisheries are considerably reduced

(Bjerknes, 1966). Thus for both scientific and economic reasons, it

is important to study the causes and consequences of climatic

fluctuations in this area, An approach to this objective can be made

through Paleoceanographic studies; i.e., by studying the long-term

modifications of the circulation system as recorded in the sediments

accumulating beneath these currents.

Previous work by this author (Molina-Cruz, 1977a, 1977b) sag-

gests the siliceous constituents of the deep-sea sediment are among

the most useful in studying the paleo-circulation along the Pacific

coast of South America prevalent during Late Quaternary. Therefore

micropaleontological data from radiolarian assemblages, as well as

data on the opal and quartz content of sediment have been utilized in
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a further study of this region.

The micropaleontological data are evaluated through the trans-

fer function te-chnique' (Imbr-ie and Kipp, 1971). Using this techni-

que, the composition and distribution pattern of recent radiolarian

assemblages in the sediments of the southeastern Pacific were

established and compared to modern oceanographic conditions, The

relationship between modern assemblages and surface water masses

was used to trace the shifting of surface water masses within the

geological past in six cores, located along the coast of South

America (Appendix 2), and the statistical relationships between

these assemblages and sea surface temperature were used to esti-

mate sea surface paleo-temperatures down these cores. Present

distribution patterns as well as down-core records of opal and

quartz contents were also analyzed and related both to atmospheric

and oceanic circulation. Consequently, the paleoce anographic

inferences produced in this study are based on two independent sets

of information: the micropaleontological data and the mineralogical

data.

The six cores used in the down-core study have been divided into

two groups based on their means of stratigraphic correlation, The

four northern cores have be-en stratigraphically correlated through

their ô record; they represent the bulk of the down-co-re study

presented he-re (the last 127, 000 years). The two southern cores,
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characterized by verylow sedimentation rate, have been tentatively

correlated through the radiolarian biozonation proposed by Hays

(1965; 1967) and provide a less detailed picture of oceanographic

change over the last 700, 000 years.



II, OCEANOGRAPHIC SETTING

Regional Descriptive Oceanography

Upper Layer Water Circulation and Water Masses

The Pacific coast of South America spans the tropical climate

of low latitudes, the desert climate of mid to low latitudes and the

peri-glacial climate of high latitudes (Paskoff, 1977). Nevertheless,

because of the transport of sea water from high latitudes to low

latitudes along the coast and the intense upwelling off Peru, most of

the waters along the coast are characterized by relatively cool

temperatures compared to open sea waters at the same latitude

(Fig. 1). The upper-water transport in the S.E. Pacific is mostly

east-west; south of 34°S the West Wind Drift drives currents to the

east, while north of 20°S the trade winds drive currents to the west

(Fig. 2). However, part of the eastward water transport is diverted

to the north by the South American coast and forms a subtropical

gyre.

The upper-layer water circulation as well as differences in heat

and moisture exchange with the atmosphere characterize the surface

water masses found in the S,E. Pacific. The very cool (-2 to 3°C)

and low salinity (33. 6 to 34. 2%) surface water between the coast of

the Antarctica and the oceanographic Polar front" (Gordon, 1971a,
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1971b) is defined as the Antarctic surface water mass. This water

mass is associated with the clockwise circulation of the Antarctic

Circümpolar Current and with the sluggish westward circulation,

driven by the "easterlies, near the coast of the Antarctic continent.

The shear and Ekman transport associated with these two currents

raises zones of divergence. Since the Antarctic surface water mass

is largely fed by upwelling of Deep-water (Fig. 3), it is also

characterized by high nutrient content and high primary productivity

(Reid, 1962), However, these non-conservative water mass

characteristics probably vary considerably through the year because

of seasonal fluctuations in the wind, in the amount of ice around the

Antarctica and in the amount of sunlight penetrating the photic zone.

At the Polar front, between 50-60°S latitude, the Antarctic surface

water mixes with and sinks under the Subantarctic water mass.

There is some disagreement among scientists in defining the

Subantarctic surface water mass. Gordon (1967, 1971a, 1971b,

1971c) considers Subantarctic waters as those between the polar

front (to the south) and the Subtropical Convergence (to the north).

However, Wyrtki (1967) considers that the waters within the northern

part of such a band could be considered different from those within

the southern part. This is because, although sea surface tempera-

tures and salinities decrease regularly poleward within the Sub-

tropical Convergence and the Polar front, the northern waters have
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much warmer temperatures (8-18° C) than the -southern on-es (3-8°C).

Thus -Wyrtki (1967) defined the northern part as -the Temperate sur-

face water -mass. In any case, the surface water between the above

mentioned oceanic fronts flows eastward as the West Wind Drift.

When this oceanic flow reaches the South American coast, it

bifurcates near 47°S latitud.e (Silva-Sandoval and Neshyba, 1977;

Wyrtki, 1967, 1975a). One branch tu-rns south as the Cabo de Hornos

Current, while the other turns nor-th -as part of the -Peru-Chile Cur-

re-nt system. - Strong rainfall and runoff from land off Chile, between

33°S latitude and 44°S latitude (Scholl et al., 1970; Paskoff, 1977),

reduce the salinity of the Subantarctic-Temper-ate wate-r mass flow-

ing in the northern b-ranch (it reaches approximately 33 % along the

coast). As this cool, low salinity water proceeds northward,

salinity increases through mixing and evaporation -reaching 35% ne-ar

23° S latitude. With the -turning to the north, the -Subtropical Conver-

gence is be-nt no-rthward near -90°W longitude (Fig.. 2), and finally

disappears near 23°S latitude -where- it is disrupted by the Chile

Current flowing to the north and no-rthwest along the South American

coast. Before -reaching 20°S latitude, the land configuration and the

wind field (Wyrtki and Meyers, l975a; Manabe et al., 1974) turn the

Chile Current to the west. Although the subsequent path of th-e Chile

Current is not known exactly, it has bee-n assumed that- it contributes

in feeding the -Peru -Cu-rrent System (White, 1969). However, sea
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surface temperature distribution (Fig. 1B; Bjerknes, 1966) and

micropaleontologic al studies (Molina -C ruz., 19 77 a) suggest that the

Temperate waters of the Chile Current blend principally in the Sub -

tropical waters carried to the west with the South Equatorial

Current.

North of 20°S latitude, oceanic circulation and characteristics of

water masses are strongly influenced by the trade wind field. This

wind field sustains strong upwefling off Peru and along the equator

(Smith, 1968; Pak and Zaneveld, 1974), drives the largest westward

flow of the Pacific Ocean (the South Equatorial and North Equatorial

Currents; Wyrtki, 1967), and indirectly influences the subsurface

circulation. Surface circulation defines the distribution of tempera-

ture in the mixed layer and thus density, which in turn defines the

pressure field and from this the subsurface circulation. Therefore,

in spite of the simplicity of the wind field, the equatorial upper-

layer circulation is rather complex, encompassing both surface and

subsurface currents.

Along the coast of northern South America, the Peru Current

system, flowing northwest, is largely fed by waters coming from

below, through upwelling. Therefore, this system is characterized

by waters of relatively cool temperatures (16°C-20°C) and by high

nutrient content which in turn sustains large fisheries. Gunter (1936)

pointed out that the Peru Current system is composed of a coastal
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branch and an oceanic branch; between which, the Peru Countercur-

rent (which appears as an undercurrent most of the time) flows south-

ward. This southward countercurrent has been inadequately investi-

gated; however, Silva-Sandoval and Neshyba (1977) report traces of

it as far south as 40°S latitude.

The South Equatorial Current is broad and flows westward Its

latitudinal boundaries are approximately 15GS latitude and 4N

latitude ('its boundary with the North Equatorial Countercurrent).

The North Equatorial Countercurrent carries mostly Tropical water,

while the South Equatorial Current carries mostly Subtropical

water; in between, the Equatorial surface water mass is defined.

The Tropical surface water mass is warm (generally > 25°C) but

because of strong rainfall has a low salinity (approximately 33%).

The Subtropical surface water mass presents a wide range of

temperature (17-25°C) but it is principally characterized by high

salinity ( >35 %) resulting from the excess of evaporation over pre-

cipitation. The Equatorial water, between the Tropical and Sub-

tropical water masses is intermediate in its properties and results

not only from mixing of waters to the north and south but also from

the advection of waters from the Peru Current and from Equatorial

upwelling (Wyrtki, 1967).

The westward flowing South Equatorial Current is shallow at the

Equator (20-50 m deep) and becomes considerably deeper farther
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south (about 200 m deep). The supply of waters to this current coming

from the Peru-Chile Current system and the North Equatorial

Countercurrent is approximately 20 x io2 m3/sec. This is not

enough to sustain the enormous transport carried west by the South

Equatorial Current (approximately 50 x 1012 m3/sec) and it has been

assumed that the largest contribution comes up from the eastward

flowing Pacific Equatorial Undercurrent (Wyrtki, 1966; 1967).

The Equatorial Undercurrent flows eastward beneath the northern

(shallowest) part of the South Equatorial Current. Thecore of this

undercurrent is generally centered at the equator, but its width

(approximately 400 km) and thickness (approximately 200 m) vary

along its course (Knauss, 1960; Wyrtki, 1966, 1967). Near the

Galapagos Islands the Equatorial Undercurrent is twice as wide as

it is in the central Pacific (Christensen, 1971). The enormous dis-

charge of water from the Equatorial Undercurrent (35 x 1012 m3/sec;

Wyrtki, 1967) in the most eastern tropical Pacific creates complex

regional oceanography, which unfortunately has undergone few

studies (e. g., Wyrtki, 1966, 1967; White, 1969; Stevenson and Taft,

1971; Pak and Zaneveld, 1973, 1974; Molina-Cruz, 1977b). Never-

theless, several important features of this current have been

described. Although the depth of the Equatorial Undercurrent does

not vary in a uniform way, it generally rises from west to east,

surfacing and contributing to equatorial upwelling near the
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Galapagos Islands. As it approaches these islands, the undercurrent

is decelerated and is split into northern and southern branches around

the islands. Most of the water discharged to the south (approximately

20 x l0 m3/sec; Wyrtki, 1967) feeds the South Equatorial Current.

Thus, the transport of the latter current increases during its passage

from the coast of Peru to about l00CW longitude. Part of the water

discharged by the Equatorial Undercurrent flows southward in the

Peru Countercurrent (principally as a subsurface current) and feeds

the upwelling off Peru (Wyrtki, 1963; White, 1969; Barber et al.

1971). Smoothed temperature and salinity vertical gradients,

resulting from intense mixing, as well as high oxygen content and

light scattering are characteristics of the water associated with the

Equatorial Undercurrent (Wyrtki, 1966; Christensen,. 1971; Pak and

Zaneveld, 1973, 1974). Although it has been assumed that the

Equatorial Undercurrent undergoes low seasonal variation, there is

some evidence that it may be stronger in March-May. It also appears

to be in phase with intensifications of the South Equatorial Current and

to slightly lag behind relaxations of this surface current (Wyrtki,

l974a).
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The Sea Bottom

Physiographical Features

Figure 4 sketches the major physiographical features of the

southeastern Pacific; these have been based on a bathymetric map

elaborated by Chase et al. (1976). The southeastern Pacific, as it

is defined here, has the East Pacific Rise and the Pacific Antarctic

Ridge as its western boundary while the South American margin

together with the Drake Passage and the Antarctic peninsula lie on

the eastern boundary. Along the continental margin of South

America, the PeruChi1e Trench is well defined from the equator

to about 34°S latitude; further south it has been filled with sediments

(Hayes, 1966). The Galapagos Spreading Center lies on the northern

boundary of the southeastern Pacific; this spreading center as well

as the Chile Rise and the Sala y Gomez - Nazca Ridge complex join

the East Pacific Rise and the South American margin and delineate

the major basins. South of the Chile Rise is the Southeast Pacific

Basin; between the Chile Rise and the Nazca - Sala y Gomez Ridge

complex is the Chile Basin, and between the Nazca - Sala y Gomez

Ridge and the Galapagos Spreading Center, with the inferred

Galapagos Rise (Herron, 1972) in between, are located the Bauer

Basin (west) and the Peru Basin (east). Numerous fracture zones

lie more or less normal to the East Pacific Rise, the Pacific-
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Figure 4. Bathymetry (from Chase et al., 1976), physiographic fea-
tures, and bottom currents (from Lonsdale, 1976).
Bathymetric contours are in meters (*1000). Encircled
numbers point out: 1) the Bauer Deep; 2) the Peru
Basin; 3) the Chile Basin, 4) the Southeast Basin.
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Antarctic Ridge and the Chile Rise (Mammerickx et al., 1975). Some

of these fractures, such as the "Glomar and ?tEltaninu fracture

zones, are so huge that they noticeably offset the trending of the

Pacific-Antarctic Ridge (Heezen et al. , 1968),

Bottom Currents

Although bottom currents are present in the southeastern Pacific

(e. g., Gordon, 1966; Heezen et aL, 1968; Laird, 1971) very few

studies concerningtheir impact on sediment distribution have been

carried out (Lonsdale, 1976 and references therein).

The surface Circumpolar Current (Fig. 4) flowing clockwise

around the Antarctica extends to the ocean floor probably with little

attenuation (Stommel, 1958; Gordon, 1967, 1971a). Two branches

off the Circumpolar Current introduces bottom water to the abyssal

circulation of the Pacific Ocean: in the Southwestern Pacific as a

western boundary current and in the southeastern Pacific as a north-

ward flow in the Southeast Pacific Basin (Fig. 4; Warren, 1973).

The subsequent spreading flow of the bottom water is restricted by

the ridges. However, it has been shown by Lonsdale (1976) that

bottom water leaks out the basins through cjeep transform fault-

troughs and the Peru-Chile Trench.
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Ocean Floor Sediments

The distribution of sediments in the deep sea is principally in-

fluenced by bathymetry, by the oceanic circulation and its associated

biogenic input, and by the character of the terrigenous input (Goodell,

1973 and references therein). In the southeastern Pacific, regions

shallower than approximately 4000 meters and to the north of the

UPolar front" are not exposed to the "corrosive" bottom water which

dissolves calcium carbonate (Berger, 1970; Loano and Hays, 1976).

Thus the sediments on the ridges are rich in calcium carbonate

(reaching as high as 90-93% by weight; Rosato et al., 1975).

The basins to the north of the Chile Rise (Fig. 4) are deeper than

the carbonate compensation depth (Bramlette, 1961; Parker and

Berger, 1971; Luz and Shackleton, 1975) and are shielded from

terrigenous input by the Peru-Chile Trench, which traps most of the

land derived detritus (Rosato et aL, 1975). These basins contain

predominantly brown clay, which decreases in iron content from the

seismically active East Pacific Rise to South America. The sedi-

ments within the Southeast Pacific Basin (sometimes referred to as

the Bellingshausen Basin) are strongly influenced by terrigenous

input as well as by turbidity and bottom currents (Ewing et al.,

1968; Hollister and Heezen, 1967; Heezen et al., 1968; Goodell

et al., 1971). The sediments and the assorted processes acting on



them present a complex distribution pattern. In the Drake Passage,

as well as on the periphery of southern South America and the

Antarctica, "sandy silts" and "clayed silts-" (Goodell, 1973) are

found. These sediments are characterized by being transitional

between the coarser, easily identifiable -glacial-marine deposits of

the outer shelf-slope and the pelagic-claysof the abyssal floor.

Their distribution reflects -the decrease in ice--rafted coarse-

grained glacial detritus away from the continent. Along the "Polar

front" (specially to the south) and far from the considerable in-

fluence of terrigenous input, siliceous ooze is common. This

siliceous ooze -is the product of high primary productivity in the

overlying surface waters. Th-is is caused by the -recycling of

nutrients -to the surface through upwelling processes (Fig. 3).

The erosion caused by the Circumpolar Current (Fig, 4) is so

large (Heezen et al., 1968; Hollister and Heezen, 196-7) that- it has

caused a very low sedimentation rate throughout this area for at

least the last million years (Goodell and Watkins, 19-68). Further-

more, it has been proposed that this current sweeps away metal

ions de-rived from the Pacific-Antarctic spreading center and pre-

cipitates them, within the Southeast Pacific Basin and the Drake

Passage, in fields of manganese nodules (Goodell et al., 1971).

The sediments on seismically active ridges (Fig. 4) are riche-r

-in oxides and hydroxides than the -sediments on the aseismic -ridges
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(Heath and Dymond, 1977).



III, METHODS

in

One hundred sixty-four sediment samples from the S.E. Pacific

(Appendix I; Fig. 7) were analyzed to establish how the Radiolaria

thaphocoenoses reflects the distribution of the modern water masses,

Also six piston cores, located along the Pacific coast of South

America (Appendix 2), were studied to determine shifts in the water

mass boundaries which have occurred during the Late Quaternary. In

addition, nine down-core samples (Appendix 3) which represent the

18, 000 years B. P. level have been employed to depict the geographic

distribution of water masses at this particular time in the south-

eastern subtropical Pacific.

The sediment samples were obtained from the trigger weight

and piston core collections of Oregon State University (Yaloc cruises),

of Lamont-Doherty Geological Observatory (R. Conrad and Vema

cruises) and of Florida State University (Eltanin cruises), Approxi-

mately one cubic centimeter of sediment sample was taken from as

close as possible to the top of each of the 164 core locations chosen

for the surface study (Appendix 1), It is generally thought that such

samples represent Holocene conditions; however, for samples taken

in the region below the influence of the erosive Circumpolar Current

(Fig. 4) this assumption may not be valid. The down-core samples
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also represent approximately one cubic centimeter of sediment and

they have been taken as is shown in Appendices 2 and 3.

It has been pointed out that the sediments at the center of the

southern subtropical gyre are barren of Radiolaria (Lisitzin, 1971;

Gofl, 1976), Nevertheless, sample-locations fromthis region were

considered for the study of the distribution of opal and quartz and

because the presence (or absence) of Radiolaria in the sediments re-

flects important oceanographic features (Fig. 7).

Slide Preparation and Sample Counts

Fluctuations in abundance of particular species of Radiolaria in

the sediments may be due not only to ecological effects but also to

physical effects, Selective dissolution of some species (Berger,

1968; Moore, 1969; Johnson, 1974) or hydraulic sorting may super-

impose an additional effect on the ecological fluctuations, Thus in

order to yield ecological and depositional information, it is better to

analyze a large number of species. This procedure will presumably

buffer the phycial effects if they are minor and make them obvious if

they have severely altered the assemblage. When water masses are

characterized by the species makeup of Radiolaria, the cosmopolitan

species tend to obscure boundary zones separating different water

masses, Because the autoecology of each of the Radiolaria species

found in the sediments is not yet well known, it is assumed that when
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inferring distribution of water masses, analysis of a large number of

species will buffer the obscuring effect caused by cosmopolitan

species.

It has been estimated that over 200 species constitute the Radio-

lana thanatocoenoses found in the Late Quaternary sediments. How-

ever, in the southeastern Pacific only 60 species were found in

abundances greater than 2% (Molina-Cruz, 1977a), Ninety-five of the

most common 'categonies" (see Appendix 4 for definition of !Icategorysv)

were selected for analysis. With this Holocene -Late Pleistocene

Radiolaria taxonomic framework, it is possible to categorize 92% or

more of the specimens of Radiolaria contained in the samples. For

each sediment sample, the relative abundances (percentages;

Appendices 5-7) of each of the 95 selected categories of Radiolaria

were estimated from counts of generally more than 750 specimens.

The counts were made from slides containing (statistically) a

random subsample of a Radiolaria population - sample retained in a

62 i sieve. These slides were prepared following the settling method

developed by Moore (1973a), re-explained by Sachs (1973) and refined

in this study. The manufacture of a ring to hold the microscope slide

within the settling container (Fig. 5) improves the method in the

following ways:

(1) Assures that the slide will not move during the process;

i. e., maintain the horizontal position of the slide.
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Figure 5, Settling device for grain size material. The diameters of the ring (D and d) can vary
according to the size of the slide and the container. Neverthe1ess to allow siphoning
of the water below the level of settling, the height of the ring (h) must be at least
about 2,5 cm,
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(2) Avoids the use of forceps to remove the slide from within the

settling container; therefore reduces the possibility of

accidental falls of the slide.

(3) Allows the siphoning of water below the level of settling

(Fig. 5), which eliminates the step of evaporation and

removes the attendant possibility of perturbation due to

heat convection. The step of evaporation and drying

(Moore's step No. 8) is considerably reduced from about

2 hours to about 10 minutes.

(4) Facilitates the removal of the remaining sample. (In the

unrefined method the remaining sample is dry and sticks

to the walls of the settling container.)

The ring has been made of teflon, because the sediment samples

do not stick so strongly to this material, thus facilitating its cleaning,

which in turn reduces risk of contamination in subsequent uses.

Furthermore, teflon material does not oxidize.

Step 1 of Moore's method (1973a) requires several sizes of

settling containers and of slides. Therefore, it is convenient to have

rings of several sizes available. When dealing with large samples,

it is recommended to use micro-splitter devices.

Evaluation of Mic ropaleontological Data

Mathematical procedures facilitate evaluation of the large
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amount of data yielded by the analysis of a large number of species.

Of the several mathematical procedures most often used in geological

science (see Sachs, 1973; Dinkelman, 1974), the transfer function

techniqu&' developed by Imbrie and Kipp (1971) has been followed in

this study. This method has the advantage of not only allowing one to

estimate the values for oceanographic variables (sea surface tempera-

ture, salinity, etc.) which prevailed in the past, but also, through the

intermediate steps of the method, allowing one to make a large

number of inferences about oceanographic features. Furthermore,

it is possible to interrelate data of distinctly different natures (e. g.,

micropaleontological with mineralogical data; Molina-Cruz, 1977b)

when constructing the estimator model. The transfer function techni-

que consists primarily of the following analysis: 1) Q-mode factor

analysis, 2) regression analysis, 3) classification analysis.

Q-mode factor analysis (Imbrie and van Andel, 1964; Joreskog

et al., 1976) is required in order to establish the species-makeup

and distribution of radiolarian assemblages. Thus the radiolarian

assemblages are usually called "factors" or "end members" because

their species makeup is mathematically defined. The Q-mode factor

analysis has been performed using the computer program (CABFAC)

described by Klovan and Imbrie (1971). This program produces a

varimax factor matrix (Appendhc 16) which indicates the importance

of each factor at each sample location, and a matrix of scaled factor



scores (Appendix 15) which indicates the importance of each radio-

larian category in each factor (radiolarian assemblage). The values

of the varimax factor matrix (Appendix 16) are contoured in a set of

maps (Figs.11_16) in order to establish the geographical distribution

of each of the factors in the modern sediments.

Sixty radiolarian categories (Appendix 15) out of the ninety-five

radiolarian categories included in the taxonomic framework (Appendix

4) were selected to be used in the Q-mode factor analysis based on the

following criteria: 1) each category accounts for abundanceslarger

than 1.5% in at least one sample location (Appendix 5), and 2) each

category can be consistently identified.

Multiple regression analysis is employed to establish the rela-

tionship between factors and (chosen) oceanographic variables, as

expressed by the correlation matrix (Appendix 20). Subsequently,

the regression analysis yields equations which are employed to esti-

mate the oceanographic variables from factor loadings in samples for

which these variables are unknown.

It is clear that the hydrography of the surface waters controls

the distribution of radiolarian assemblages. However, for the purpose

of estimating oceanographic variables through the multiple regression

equations, it is assumed that the relationship is reversed, and the

oceanographic variables are treated as the dependent variables while

the factor loadings are used as the independent variables. Equations



27

to estimate February and August sea surface temperature have been

produced, and their characteristics are given in Appendices 21 and

22. The data for the dependent variables were interpolated from

charts (see Fig. 1) prepared by the Geophysical Fluids Dynamics

Laboratory and the CL1MAP Project (unpublished). The regression

analysis, within the transfer function technique was carried out using

the linear, squares and cross products of the factors as independent

variables.

Classification analysis (parafactor method; Imbrie and Kipp,

1971) is used to describe down-core samples in terms of the modern

assemblages (factors). Classification analysis estimates factor

loadings in each sample on the basis of the importance of each radio-

larian category in each of the factors defined by Q-mode facto.r

analysis. These estimated factor loadings (Appendices 17-19) are

used, as independent variables, to estimate values of hydrographic

variables in the equations obtained by regression analysis (Figs. 26,

27, 29, 31, 32). Furthermore, down-core plots of the estimated

factor values can be used to infer shifts in water mass distributions

(Figs. 19-23 and 32).

Both in the varimax factor matrix (Appendix 16) and in the

matrix yielded by the classification analysis (Appendices 17-19), the

degree to which the planktic radiolarian fauna in each sample is

explained by the Q-mode factor model is measured and expressed



as ucommunalityu (Sachs, 1973; Luz and Morris, 1976). Since the

Q-mode factor model used only core-top (modern) samples, the

communalities from down-core (historic) samples are a measure of

the degree to which down-core faunas are explained by the surface

assemblages.

Flow diagrams of the procedure of the transfer function techni-

que used to estimate oceanographic variables can be found in Kipp

(1976) and Molina-Cruz (1977b),

Opal and Quartz Determinations

Utilizing a portion of each of the samples employed in the radio-

larian study, the determinations of opal and quartz concentration in

marine sediments were carried out simultaneously, following the

Xray difrction method first developed by Goldberg (1958) and

Calvert (1966) and subsequently refined by Ellis (1972).

Prior to X-ray diffraction, the samples are treated with buffered

acetic aciclin order to remove the carbonate portion and heated at

1000°C for 24 hours in order to convert the opaline portion to cristo-

balite, On a global basis, changing compositional sediment matrix

and differing proportions of diatoms and radiolarians found at high and

low latitudes (Lisitzin, 1971) have raised doubts as to the reliability

of this method (Heath, 1976). Nevertheless, eventhough the absolute

values are estimated to be accurate to within +5% (Ellis, 1972), the



method gives reliable relative values (as pointed out by Moore et al.,

1973; Ellis and Moore, 1973; Heath, 1976). The quartz content was

determined from the same opal X-ray diffraction run because the

heating process reduced interference from clay peaks and enhances

the quartz peaks (Till and Spears, 1969).

The results of the opal and quartz determinations are first

expressed as weight percentages of the carbonate -free portion (Appen-

dices 8-12); however, weight percentages of the total sediment were

calculated because this form was required at some steps of this

study. Similarly, quartz content was expressed as weight percentage

of the opal and carbonate-free portion in order to remove the effects

of the supply and preservation of biogenic debris on the concentration

ofquartz in pelagic sediments (Molina-Cruz, 1976).

Stratigraphic Control and Estimation of
Rates of Deposition

Measurements of o
l8 made on shells of microfossils yield

down-core records which are relatively easy to correlate strati-

graphically from one core to another core at any location. This is

because 18o records represent climatic fluctuations which have

been global in character and relatively concurrent in time. Variation

of the amount of ice stored on the continental ice masses has largely

controlled the oxygen isotopic composition of the sea water and
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consequently of the shells of the organisms living in it (Shackleton

and Opdyke, 1973).

Boundaries between 18o stages proposed by Emiliani (1955),

and for which ages have been estimated through paleomagnetic or

radiometric dating (e. g., Broecker and van Donk, 1970; Shackleton

and Opdyke, 1973; Imbrie et al. , 1973), are easy to recognize within

the l8 records of 4 cores employed in this study (Fig. 6). It must

be noticed that core V19-29 and core Y7l-6-12 have oxygen isotope

records that cover from the present to "Termination II" (Broecker

and van Donk, 1970), while records from core V15-53 and core

RC15-1 only reach to just older than the 18 maximum which

represents the 18,000 years B. P. datum. Theages of the down-core

samples are based on linear interpolation between ages of the closest

boundaries of isotopic stages 1 to 6. Ages used for these boundaries

are those proposed by Shackleton and Opdyke (1973).

Using the 18ç chronology and the length of the sediment re-

presenting an ô 18o stage within each core, deposition rates were

estimated; they are shown in Appendix 14.

Accumulation Rates

On the basis of Appendix 14, it is observed that deposition rates

have varied considerably at each of the core locations during the last

127, 000 years. Because this fact may mask subtle down-core
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fluctuations of some mine ra1ogial sediment components if they are

expressed as weight percentages, it was decided to compute opal and

quartz accumulation rates (Lisitzin, 1971; van Andel and others,

1975),

Accumulation rates for each sample are computed by the follow-

ing multiplication: the weight percentage of the variable in question *

ubulk densityu * sedimentation rate. Because core V19-29 has been

stored dry, it was not possible to measure the 'bulk densityH of its

samples; thus these were calculated through the regression model

proposed by Luz and Shackleton (1975), since carbonate determinations

for this core are available (Appendix 11). However, it was noticed

that bulk densities calculated by the Lu and Shackleton (1975)

approach tend to be in general lower than the measured ones: calcu-

lated bulk densities for core Y71-6-l2 (as well as for core Y69-106,

2°59N-86°33W; Pisias, 1974) are lower than the measured bulk

densities (Appendix 12). Therefore, a corrector coefficient (1.4041)

has been applied to the Luz and Shackleton equation.
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IV. MODERN DISTRIBUTION OF SILICEOUS DEEP SEA
SEDIMENT COMPONENTS AND THEIR

RELATIONSHiP TO OCEAN CIRCULATION

Distribution of Opal and Quarts

it is generally agreed that the opal and quartz found in deep-sea

sediments are derived from plankton and from allochthonous tern-

genous materials, respectively. Runoff from land, icebergs and

winds, all carry quartz into the ocean, while primary productivity

associated with oceanic circulation (Reid, 1962.) controls the input of

opal into the sediments (Molina-Cruz and Price, 1977). Since quartz

is practicallyinsolub].e in seawater, and since opal dissolution is

independent of depth (van Andel and others, 1975), together they can

reflect both the influence of land and oceanic circulation more

accurately than other less resistant constituents of deep-sea sediments

(e. g., calcium carbonate). It is clear, however, that a perfect re -

flection of circulation patterns by siliceous constituents may be

obscured by effects of sea bottom perturbation and by effects of

dilution.

The presence of radiolarian tests, as well as the opal distribu-

tion pattern in the surface sediments (Fig. 7) reflect, in general, the

mixed-layer oceanic circulation. Radiolarian tests and opal concen-

trations ( > 5 weight percentage) occur below the margin of the anti-

cyclonic gyre, i. e., below thefl areas of well defined currents
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surrounding the center of the anticyclonic gyre. Where horizontal

divergence occurs, such as along the equator and in areas adjacent

to the Polar front, opal concentrations are high. The center of the

subtropical anticyclonic gyre is characterized by convergence; thus,

due to insufficient replenishment of nutrients, primary productivity

is poor. Consequently the rate of supply of opal to the sediments

below the center of the gyreis exceeded by the rate of removal by

solution (Lisitzin, 1971; Heath, 1976).

Along the continental margins, the effects of terrigenous dilution

and vertical circulation (upwelling and downwelling) a.re superimposed

on the opal distribution pattern related to the horizontal circulation.

Strong runoff from the lake and fjord regions of Chile (Scholl et al.,

1970; Paskoff, 1977) as well as icebergs from.the Antarctica input a

large amount of terrigenous debris which dilutes the opaline com-

ponent. The amount of terrigenous debris derived from southern

Chile is so large that the Peru-Chile Trench, at these latitudes, has

been filled with sediments (Hayes, 1966). Downwelling reduces

primary productivity; thus the downwelling associated with the south-

ward flow of the Cabo de Hornos current also contributes to low opal

concentrations along the southern coast of Chile.

We do not find high opal concentrations along the Peruvian coast

even though it is an area of high primary productivity and is also

apparently shielded from major terrigenous input. There are no
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large rivers along the Peruvian coast and it has been assumed that the

Peru-Chile Trench (Fig. 4) traps most of the debris carried from

land (Rosato, 1974). Nevertheless, since the Peruvian coastis

almost completely devoid of vegetation, rain and intense storms which

do come after intervals of several years (Quinn, 1974) supply much

debris to the ocean (Trask, 1961), thus causing dilution of the opal.

Microscopic examination of samples from along the Peruvian coast

shows well prese*'ved siliceous micro-organisms diluted by terri-

genous debris. Strong upwelling, recycling most of the siliceous

tests before these reach the bottom (Diester-Haass, 1976), or rapid

dissolution (Zhuze, 1972; Heath, 1976) may also partially account for

the low opal concentrations along the Peruvian coast.

Most of the quartz content in the sediments of the ocean is a

product of terrigenous input (Molina-Cruz and Price, 1977 and

references therein). Therefore, the distribution pattern of quartz

(Fig. 8) reflects the (character) transport potential of the "agent&'

which carry debris fromland into. the ocean, and subsequently the

superimposed effect of redistribution by oceanic circulation.

The Andean ordi1lera extends along the western margin of

South America. Here low troposphere winds (Fig. 9) have a large

influence of the character of climate along the coast. South of about

40°S latitude the moist west wind impinging on the Andes causes pre-

cipitation, while north of about 25° S latitude the dy sout'heastern trade
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wind, taking off from the coast, inhibits precipitation. Rain is so

common on the tip of South America that Bahia Felix, in the western

Magallanes Strait, has an average of 325 days/year of rain (Riordan,

1970). Consequently, strong runoff from southern Chile as well as

icebergs from the Antarctica Peninsula input abundant quartz into the

Drake Passage and neighboring regions (Fig. 8).

The small area of high quartz concentrations about 37°S

latitude, on the South American coast, corresponds to the mouth of

the largest river in Chile: the Bio-Bio River.

North of about 25°S latitude, quartz is distributed as a tongue

extending in the same manner as do the prevailing trade winds (c. f.

Figs. 8 and 10); thus supporting the idea of eolian transport (Molina-

Cruz and Price, 1977). The quartz concentrations close to regions of

intense runoff are generally larger than 20 percent by weight (car-

bonate:-and-opal_free basis), while in areas where quartz is con-

sidered to be a product oieolian input the quartz concentrations are

around 10-15 weight percentage (Fig. 8).

It is observed in Figure 8 that quartz concentrations not only

decrease seaward, but also that quartz concentrations ( > 5 weight

percentage values) reflect the path of the surface currents bordering

the subtropical anticyclonic gyre Fig. 2). Since the wind drives the

surface currents, it is not surprising that the currents as well as

the wind match the quartz distribution (c.f. Figs. 2, 8, 9). There
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is ample evidence that quartz is transported by wind (Molina-Cruz and

Price, 1977and references therein), while there is little or no evi-

dence that it is transported by surface currents (Folger, 1970).

Nevertheless, if detrital matter is carried in suspension by oceanic

currents (Jacobs and Ewing, 1969; Chester et al., 1971; Pierce,

1976), then it is possible that the finer quartz particles delivered by

the southern trade winds in the subtropical Pacific may be carried

even farther away from land by the westward South Equatorial

Current. Also it is possible that the subantarctic west wind drift

and the southward flow of the Cabos de Hornos Current prevent high

quartz concentrations far from the coastf southern Chile.

The eastward flow of the Antarctic Circumpolar Circulation,

which attains its maximum velocities near the position of the Polar

front, probably extends to the ocean floor with little attenuation

(Stommel, 1958; Gordon, 1967, 1971a). Where this circuthpolar

circulation is intercepted by the Pacific-Antarctic Ridge (Fig. 4)

upwelling of deep water is produced (Gordon, 1971a) inducing high

primary productivity and consequently high opal concentrations within

and downstream from this region (Fig. 7). The Antarctic Circum-

polar Current deflects to the north where it is intercepted by the

Pacific-Antarctic Ridge, and subsequently crosses the ridge at the

Eltanin Fracture Zone (Gordon and Goldberg, 1970). The channeling

of the Circumpolar Current through fracture troughs causes strong
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erosive bottom currents within the Eltanin Fracture Zone (Gordon,

1966; Heezen et a]., 1968). The winowing produced by these bottom

currents appears to influence the distribution of quartz which has been

transported and released by icebergs incorporated into the Circum-

polar Current, probably in the vicinity of the Ross Sea. Within the

Eltanin Fracture Zone the quartz distribution shows a tongue

extending eastward in the same direction of the bottom currents

(Fig. 8), which apparently are winnowing out the quartz-poor clays

and leaving the quartz-rich coarser debris (Fisher, 1968).

Radiolarian Assemblage Distributions

The distribution patterns of fossil radiolarian assemblages in

undisturbed ocean floor sediments reflects the geographic distribution

of the different surface and subsurface water masses within the

Pacific Ocean (Nigrini, 1970; Sachs, 1973; Moore, 1973b; Molina-

Cruz, 1977a). In this study the distribution patterns of six major

radiolarian assemblages, defined mathematic ally through 'Q -mode

factor ana1ysis (see Methods section), have also clearly delineated

the near-surface water masses of the S.E. Pacific (Figs. 11 to 16).

The six mathematic ally defined as semblages (factors) account

for 95.3% of the variability of the data considered in the factor analysis

(Appendix 16). Maps of these factors group high values ( > . 5) into

distinct regions. These radiolarian assemblages have been named
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Figure 11. Distribution of the 1Antarctic" factor (assemblage) in
the surface sediments of the southeastern Pacific; ex-
pressed as factor loadings (1O),
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Figure 12. ]Jistribution of the Subantarctic factor (assemblage)
in the surface sediments of the southeastern Pacific;
expressed as factor loadings (*-1O).



Figure 13. Distribution of the 'TChile Current' factor (assemblage)
in the surface sediments of the southeastern Pacific;
expressed as factor loadings (*10),
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I0
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Figure 14, Distribution of the 'Peru Current" factor (assemblage)
in the surface sediments of the southeastern Pacific;
expressed as factor loadings (*10),

o.
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Figure 16. DIstribution of the 'Equatorial Undercurrent" factor
(assemblage) in the surface sediments of the south-
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according to the prominent oceanographic features within the geo-

graphical area in which each factor dominates: 1) the "Antarctica

xactor, 2) the "Subtropical" factor, 3) the "Chile Current" factor,

4) the "Peru Current" factor, 5) the "Subantarctic factor, and 6) the

"Equatorial Undercurrent" factor.

The "Antarctic" factor accounts for most of the variance in the

data (42.2%). Its distribution (Fig. 11) is dominantly to the south of

50°S latitude, where cool waters (<8°C; see Fig. 1) associated with

the circumpolar circulation prevail. The preference of this "Antarc-

tic" assemblage for cool waters is expressed statistically in the

correlation matrix (Appendix 20) which shows a strong inverse rela-

tionship between temperature and high values for this factor.

The 8°C sea surface isotherm undergoes little positional varia-

tion seasonally (Fig. 1). Consequently, it appears that this isotherm

represents an ecological barrier which pzevents the "Antarctic" assem-

blage from dwelling north of about 50°S latitude. However, it has been

suggested (Hays, 1965; Lozano and Hays, 1976) that the "Polar front

zone" (Gordon, l971b) acts as an oceanographic barrier to the distri-

bution of this radiolarian assemblage. In this study the distribution of

the "Antarctic" factor extends as much as 50 latitude North of the mean

position of the Polar front zone and appears to disagree with such a

suggestion. However, it must be considered that the position of the

Polar front zone within the geographical area stiidied here has not been

well established (Gordon, 197,lb and eferences therein); its proposed



boundaries varying by as much as 5° latitude (Ostapoff, 1962 a, 1962b).

The character of sedimentation and bottcm circulation below the

area of the Antarctic Circumpolar Current may also account for the

discrepancy between the mean position of the Polar front zone and the

northern edge of the geographical area dominated by the "Antarctic"

factor. Because of the very low rate of deposition experienced in

this area (about 3. 5 mm/lO years, Ku et al., 1968), samples even

2 cm dowm from the top of the core locations may reflect Pleistocene

environments rather than Holocene environments. In addition, bottom

circulation (Figs. 3 and 4) is strong in the Southeast Pacific Basin

(Heezen et al., 1968; Goodell et al., 1971). This circulation may be

transporting radiolarian tests toward the north.

According to the scaled varimax factor scores (Appendix 15),

the category makeup of the "Antarctic" factor is.largely dominated by

Antarctissa strelkovi (N50) and Antarctissa denticulata (N49); but

Saccospyris antarctica (N48), Phormospyris stabilis antarctica (Nl4)

and Lithelius (?) nautiloides (S58) also contribute significantly to the

category makeup. The dominance of A. strelkovi and A. denticulata

in the Antarctic environment has also been noted by Petrushevskaya

(1967) and by Lozano and Hays (1976).

Although the distribution of the "Subantarctic" factor (Fig. 12)

reflects the general geographical area occupied by the Subantarctic

surface water mass (see the oceanographic setting), it appears that
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this assemblage has preference for temperate waters; i.e., the

waters in the northern portion of the Subantarctic region where

temperatures range between 8 to 15°C (see Fig. 1). The distribution

of the HSubantarcticfl factor also follows Subantarctic waters as they

split to form the equatorward Chile Current and the poleward Cabo

de Hornos Current when reaching the South American coast (Fig. 2).

The Subantarctic" factor accounts for 6. 5% of the variability

in the data, Its category makeup (Appendix 15) is principally

characterized by the presence of Phorticium clevei (S56) and

Heliodiscus asteriscus (S14). However, the occurrence of Echinomma

delicatulum (S 10) and Stylochlamyctium asteriscus (S30) is also

important.

Originating in the Subantarctic region, the Chile Current (Fig.

2) acquires its own oceanographic traits as it flows along the coast

of South America, and then disappears in the subtropical region,

mixing principally into the South Equatorial Current. Consequently,

a distinctive radiolarian assemblage is found in the waters of the

Chile Current:: the "Chile Current" factor. This factor accounts for

5. 5% of the variability in the data and although its distribution

(Fig. 13) shows a tendency to follow the marginal circulation of the

subtropical anticyclonic gyre, the distribution of its largest loadings

( > 5) suggests that this radiolarian assemblage prefers the waters

associated with the Chile Current. Since the Chile Current disrupts



the Subtropical Convergence, the distribution of the "Chile Current"

factor is extended into the subtropical region, but does not reach the

coast of Peru (Fig. 13). It leaves the coast at about 23°S latitude,

thus supporting the suggestionthat the Chile Current is actually

distinct from the Peru Current (Wooster, 1970; Molina-Cruz, 1977a).

The category makeup of the "Chile Current?' factor consists

principally of Echinomma delicatulum (Sb), Lithelius minor (S24),

Stylatractus spp. (S51), Lamprocyclas maritalis polypora and L.

maritalis ventricosa (N16), and Siphocampe aquilonaris (N33).

Stybodicty validispina (S47), Axoprunum stauraxonium and Stylosphaera

lithatractus (S50) are also important in the description of this factor.

The present study of the entire area occupied by the Chile Cur-

rent has allowed a refinement of the species composition of the "Chile

Current" factor previously defined by Molina-Cruz (1977a), There-

fore, the makeup of the "Chile Current" factor shown in this study

(Appendix 15) is slightly different than the one given in that reference.

Furthermore, categories which are difficult to identify, such as S6

(Appendix 4) have not been employed in the factor analysis of this

study.

The "Peru Current" factor accounts for 4. 1% of the variance

in the data. Its development is influenced by the coastal upwelling

processes which feeds the Peru Current system with cool, nutrient

rich waters (see the oceanographic setting). The distribution of the

The categories which dominate the makeup of the 'Subtropical"
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Peru CurrentH factor (Fig. 14) forms a narrow tongue along the:

Peruvian coast and shows the 1agest factor values in the region where

the strongest coastal upwelling has been reported to occur (Wooster

1970; Zuta and Guillen, 1970; Jordan, 1971). Seaward from this

center the factor values decrease regularly.

The most important categories in the Peru Gurrent' factor are

Polysolenia raan1(S34) and Dictyophimus infabricatus (N24).

Nevertheless, çyladophora davisiana (N35) and Theoconusy-

thorax(N7) contribute significantly to this factor.

The Subtropical' factor accounts for 35.4% of the variance in

the data and dwells principally in the subtropical waters associated

with the broad South Equatorial Current. The comparison of the

distribution of the SubtropicalTM factor (Fig. 15) with the distribution

of the August sea surface temperature (Fig. 1) clearly suggests that

this factor is highly correlated with sea surface temperature. This

fact is supported by the correlation coefficients of the correlation

matrix (R . 96 for August temperature and R = . 954 for February

temperature in Appenidx 20). Along the Peruvian coast and along the

equatorial area to the east of the Galapagos Islands, the distribution

pattern of the TMSubtropicalhl factor shows a minimum which is the

result of the warm subtropical waters being replaced by the relatively

cool waters produced by upwelling processes.

The categories which dominate the mnakeup of the "SubtropicalTM



factor are: Tetrap octacantha and Octopyle stenozoa (S54),

Ommatartus tetrathalamus (S23) and Theoconus minythorax (N7).

Previously it was pointed out (Molina-Cruz, l977a) that

(?) toxarium A is also important in the category makeup of this

factor; however, because of doubts in the identification of this cate-

gory, it was not included in this study.

Accounting only for 1. 7% of the variance in the data, the

Equatorial I!Undercurrent?I factor is not as well defined as the other

factors. Nevertheless, its distribution (Fig. 16) is coherent and

coincident with some of the oceanographic features created by the

undercurrent-countercurrent system within the S. E. Pacific. The

Equatorial Undercurrent surfaces near, and to the east of the

Galapagos Islands (Pak and Zaneveld, 1974; Molina-Cruz, 1977b),

thus creating a particular environment in which species of the

UEquatorial Undercurrentu factor prefer to dwell. The Peru Counter-

current and (Or) the Peru Undercurrent flowing southward along the

coast (Wyrtki, 1965, 1967; Wooster, 1970) carry (carries)

equatorial waters probably as far south as 5O°S latitude (Silva-

Sandovaland Neshyba, 1977; Silva-Sandoval, 1978). Therefore, it is

suggested that the patches of the 'Equatorial Undercurrent factor

found along the Pacific coast of South America might be the product

of occasional surfacing of the counter-undercurrent system. Such a

surfacing has been suggested by Wyrtki (1963, 1965), Jones (1969)
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and Taft et al. (1974).

There are a larger number of categories important to the

description of the "Equatorial Undercurrent" factor than for the other

factors (see Appendix 15): Lithostrobus (?) botrycyrtis, L. (?)

lithobotrys and L. (?) seriatus (N18); Cycladophora davisiana (N35);

Theoconus minythorax (N7); Sty1odicty validispina (S47); Stylochla-

um asteriscüs (S30); Spongurus (Si); Eucyrtidium hexa-

natum (Nil), and Phormospyris stabilis scaphipes(NiZ).

The species makeup of each of the factors (Appendix 15) mdi-

cates that some individual radiolarian species may not be sensitive to

special oceanographic conditions. This is the case with Echinomma

delicatulum (Sb); Styiodictya validispina (S47); Theoconusy-

thorax (N7), and C1adophora davisiana (N35) which have appeared

within more than one defined environment in this study. E. delicatu-

lum (SlO) has been found in the "Subantarctic" and "Chile Current"

environments; S. validispina (S47) in the "Chile Current" and

9Equatorial Undercurrent" environments; T. minythorax (N7) in the

"Subtropical, " "Peru Current" and "Equatorial Undercurrent"

environments; and C. davjsjana (N35) in the "Peru Cur rents' and

"Equatorial Undercurrent" environments.
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V. DOWN-CORE STUDY

In the previous chapter it was shown that the quartz distribution

pattern in the ocean-floor sediments reflects, in part, the wind

circulation in the lower troposphere, while the radiolarian assem-

blages and the opal distribution patterns reflect the surface oceanic

circulation. Thus, since the lower tropospheric wind circulation and

the sea surface circulation are largely inter-related (Duxbury, 1971),

it is expected that within the geological time the down-core records

of quartz, opal, and radiolarian assemblages have fluctuated con-

currently as a result of paleo-oceanographic events.

Six cores located along the Pacific coast of South America

(Appendix 2) were available for down-core studies. However, large

differences in deposition rate between the northern four cores and

the southern two cores precluded the construction of a stratigraphic

transect spanning the Pacific coast of South America. Based on

oxygen isotope stratigraphy, the deposition rate of the northern four

cores ranges between 0. 84 cm/l000 yrs. and 9. 6 cm/1000 yrs.

(Appendix 14; Fig, 6), The deposition rate of the southern two

cores is approximately 1. 7 mm/l000 yrs. (Fig. 32). These rates

agree with those found in neighboring cores studied by Ku et al.

(1968). Consequently, the four northern cores were used in a

180-based stratigraphic transect (Fig. 6), and the two southerncores
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were used to construct a biostratigraphic -based section (Fig. 32).

The two southern cores will be considered separately in Chapter VII.

Down-core Quartz Records

According to the present quartz distribution pattern (Fig. 17),

the locations of core V19-29 and core Y71-6-l2 are under the influence

of quartz input by the southern trade winds (Fig. 10), while core

V15-53 and core RC15-6l are located in the vicinity of an area of

strong runoff (near the mouth of the Bio-Bio River). Therefore, the

down-core quartz fluctuations of cores V19-29 and Y7l-6-lZ are

thought to record variations in the HcharacterJT of the eolian agent

(the trade winds), while the down-core fluctuations of cores V15-53

and RCI5-61 are thought to record variations in the amount of runoff.

Furthermore, in both cases the following relationship is assumed:

the stronger the intensity of the erosive agent, the larger the input

of quartz.

The following inferences about paleo-circulation from the down-

core quartz records of cores V19-29 and Y71-6-12 (Fig. 17) are

suggested. During 18o stage s, the trade winds were in general

weak. Approximately 75, 000 years ago (at the 18o 4/5 boundary),

the trade winds intensified nd continued to be intense during the 8o

stage 4. The lower part of ô
18 stage 3 is a geological time of weak
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trade winds, while the upper part of 6180 stage 3 and 6
18o stage

experienced some of the more intense trade winds of the last 75, 000

years (Molina-Cruz, 1977b-). The--intensification of the trade winds

-at this time appears to have occurred together with contraction and

shifting to the north of the center of the subtropical anticyclonic gyre

(Luz, 1973). The down-core quartz records of the two southern cores

shown in Figure 17 (V15-53 and RC15 -61) suggest that in the-jr -loca-

tion, during l8 stage 2-, runoff was strongly increased as a result

of a shifting to the north- of the region of high precipitation (Groot and

Groot, 1966; Scholl e-t al., 1970; Paskoff, 1977). The onset of the

modern conditions occurs about 11,000 years ago.

Down-core Radiolarian As s-emblage Records

It is generally agreed that some water masses-can be -charac-

te-rized by the -species makeup of their planktonic assemblages (Schott,

1935). Therefore, it has been demonstrated -that the remains -of

Radiolar-ia in the -ocean-floor sediments of this region reflect the

geographic distribution of the different surface -and subsurface water

masses (see previous -chapter). If such a -reflection has not been

masked by dissolution of the micro-organisms or by disturbance of

the sediments due to turbidity or bottom cur-rents, and if the ecologi-

cal response -of the species has dominated any evolutionary response,

it is expected that ge-ographic shifting of the different water-mass-es



will be recordedin the sediment column. Through classification

analysis it is possible to compare the composition and distribution of

the down-core radiolarian assemblages with those of the modern

sediments defined by the Q-mode factor analysis (see Methods section).

The communalities (see Methods section) for core V 19-29

(Fig. 18) are generally larger than . 6; however, their tendency for

decreasing at o18o stage 5 suggests that during this geological time

the invasion or development of a radiolarian assemblage not found

presently in the studied area was experienced at this location. Since

core V19-29 is locatedin the northern extreme of the studied area,

the possibility of invasions of waters of the Pacific North Equatorial

Countercurrent must not be disregarded. Changes of assemblages

because of winnowing which probably occurs near to core V19-29

location (Fig. 4; Lonsdale and Malfait, 1974) may also affect

communalitie s,

Core Y7 1 -6 -12 is at the middle of the studied area and is

apparently shielded from bottom disturbances; it ison the top of the

Naca Ridge and to the west of the Peru-Chile Trench which traps

more of the terrigenous input. Thus, the communalities of core

Y71-6-l2 are generally "good" (>.8) all the way down.

The low communalities (Fig. 18) as well as the anomalous

values (Fig. 6) at the top of the core V15-53 indicate that the

top of this core is disturbed. Microscopic analysis of samples from
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core RC15-61 shows that Radiolaria are strongly diluted byterrigenous

material at this location. This is particularly true within l8o stage

2, where Radiolar:ia were not found at some levels. The low commun-

alities and the large amount of terrigenous debris observed in core

RC15-61 (Fig. 18) suggest that the increase of terrigenous supply

occurring at this location during stage 2 (see down-core quartz record

section) produced turbidity currents which disturbed the sediments.

Therefore, the factor loadings for samples from stage 2 in this core

must be considered with caution.

Figure 19 suggests that the subantarctic surface waters extended

farther to the north, into the region of the Chile Current and the sub-

tropical southeastern Pacific, during most of the last 127, 000 years.

At both Termination II (about 127, 000 years ago) and I (about 11,000

years ago). just preceding the warm l8 stages 5 and 1, there is a

marked decrease of this factor.

Major incorporation of subantarctic surface water into the Chile

Current might result from the intensification of the circulation around

the anticyclonic gyre; however, as was inferred from the quartz

records (Fig. 17), there is evidence of stronger atmospheric circula-

tion only for l8 stages 4, upper 3 and 2. Thus, it appears that

another mechanism also causes variation in the incorporation of the

subantarctic water mass into the Chile Current. The farther south

the position of the core of the West Wind Drift, the larger is the
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input of subantarctic water through the Drake Passage; and conse-

quently the less input of subantarctic water into the Chile Current.

Therefore, if the belt of the West Wind Drift is shifted north of its

present position, it is possible to incorporate a larger amount of

subantarctic water in the Chile Current. Such shifts in westerlies

and their associated flow might be associated with high latitude

-changes in temperature and ice cover.

The down-core records of the ?tChile Currenttt factor (Fig. 20)

trend similarly to the down-core records of the subantarctic" factor.

For the last 127, 000 years, the only time in which the Chile Current

conditions appear to be similar to the conditions of stage 1 and late

stage 2 was at the 5180 stage boundary 5/6. Also, the down-core

records of the 'Chile Currentu factor suggest a northward shift in the

position of the anticyclonic gyre during l8 stages 2 to 5. Factor

values similar to those presently found near the core of the surface

water mass associated with the Chile Current were present at the

location of Y71-6-12 (Fig. 20) from early 18 stage 5 to mid 18

stage 2. The center of such a water mass is presently about 12

latitude south of the location of core Y71-6-12. The uChile CurrentU

factor values of cores V15-53 and RC15-61 were decreased during the

18 stage 2 as the dominance of the Chile Current water mass was

shifted to the north of these cores.

Along the Peruvian coast, coastal upwelling processes not only



So EST
STAGE AGE

0
11.000

18,000

33,000

63,000

75,000

©

II -. 27,000

Y71 -6-12 P

(factor loadings)

1.0 .8 .6 .4

FACTOR 3: "CHILE CURRENT"

V15-53P RCI5-615
(factor loadings) (factor loadings

2

1'1:1-:'i: 1IIL2TT°

PRESENT
61925

DISTRIBUTION

-
1

Figure 20. Down-core records of the 'TChile Current factor. The sample values were
plotted down-core in accordance with the 6 180 based stratigraphic section
shown in Figure 6. U,'



sustain high primary productivity and influence the development of

the 'Peru Current" factor, but also feed the Peru Current system.

(see oceanographic setting). Since coastal upwelling is related to the

intensity and direction of the Trade Winds, it is expected that the

trend of the down-core "Peru Current" factor records (Fig. 21)

would support the paleo-oceanographic inferences made on the basis

of the down-core quartz records (Fig. 17). In general, 18 stages

5, 3 and 1 have been times bf weak trade winds; similarly the "Peru

Current" factor is poorly developed at these geological times (Fig.

21). Stages 4 and 2 are times of stronger trade winds. We have

evidence of a good development of the "Peru Current" factor at
18

stage 2 but not at the 18 stage 4. In order to explain such dis-

agreement, it is necessary to consider the position and direction of

the trade wind field in addition to its strength. Wyrtki (1974b) has

shown that the development of each of the currents which constitute

the Equatorial circulation system is more dependent on the position

of the trade wind field than on the intensity of this wind field. Thus,

it is suggested that during l8 stage 4 the trade winds were more
18perpendicular to the coast than during o 0 stage 2. This would

intensify the westward deviation of the Chile Current and deliver

large amounts of quartz to deep-sea sediments, but would not 'pro-

duce strong coastal upwelling (Molina-Cruz, 1977b).

The down-core record of the "Peru Current" factor in
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Y71-6-12 also suggests that the region of coastal upwelling was dis-

placed further north during l8 stages 5 to 2 than during 6180

stage 1.

The coastal circulation of the Chile and Peru currents as well

as surfacing of the Equatorial Undercurrent inhibit the "Subtropical

factor from reaching the Peruvian coast (see previous chapter).

Therefore, the down-core records of the "SubtropicaV factor

(Fig. 22) depict this relationship through time. In general, when the

Chile Current (Fig. 20) has intensified or shifted its geographical

position to the north, invading the Y71-6-12 location, the "Sub-

tropical factor has retreated from the coast; i. e., during most of the

last 127, 000 years, but not at the 6180 stage 5/6 boundary nor during

late stage 2 and stage 1. The circulation at the site of core Vl9 -29

more complex, since this location not only "feels" the coastal

circulation of the Peru Current but also the eastward flow and stir-

facing of the Equatorial Undercurrent. Consequently, it appears that

the Subtropical" factor has been important at the V19-29 location

when neither the Peru Current (Fig. 21) nor the Equatorial Under-

current (Fig. 23) flowed strongly; i.e., during 6
l8ü stages 5 and 1.

Nevertheless, during 6
18 stage 2, although the "Peru" and

'Equatorial" factors are important, the "Subtropical" factor is too.

This fact suggests strong mixing of water masses near the V19-29

site, at this particular time.
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Although the downcore records in Figure 23 represent varia-

tions in the dominance of the fauna associated with the Equatorial

Undercurrent, it should be noted that these records also suggest the

mechanisms by which the undercurrent reaches the surface and is

thus able to influence the fauna. Variations in the strength of the

Equatorial Undercurrent with time is poorly documented over long

time periods (see the oceanographic setting). However, it is

expected that in order to maintain continuity the strength of the under-

current should vary more or less in phase with the South Equatorial

Current (Wyrtki, 1967, 1974a). Nevertheless, the means by which

the Equatorial Undercurrent surfaces are rather complex, since it

has been suggested to involve either strong trade winds or markedly

reduced trade winds.

It is known that the Equatorial Undercurrent occasionally sur-

faces (Cromwell et al., 1954; Wyrtki, 1963, 1965, 1967; Pak and

Zaneveld, 1974); however, there are very few studies of the

mechanism&' by which this undercurrent reaches the surface.

Jones (1969) suggested that surfacing of the Equatorial Undercurrent

s the result of release of the prevailing westward surface wind

stress. However, Taft et al. (1974) found a strong eastward

Equatorial Undercurrent, even though strong westward surface

winds were present. They suggested that the Undercurrent was

br ought to the surface because of intense equatorial divergence.
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Noting that the observations of the surfacing of the Equatorial Under-

current made by Jones (1969) were near the Galapagos Islands, while

those made by Taft et al, (1974) were at 150°W longitude (far west of

the Galapagos Islands) the hypothesis below (made by Molina-Cruz,

1977b) appears to hold. In the equatorial region to the east of the

Galapagos Islands the northern boundary of the southern trade wind

field trends northwest-southeast (Fig. 10), while the equatorial

region to the west of the Galapagos Islands is normally under the

influence of the southeastern trades. Thus, because of Ekman

transport, upwelling of the Equatorial Undercurrent could be expected

to occur to the west of the Galapagos Islands; where strong winds,

more nearly parallel to the Equator, cause divergence. However to

the east of the Galapagos, where atmospheric and oceanic circulation

is more complex, surfacing of the Equatorial Undercurrent occurs

when the S,E. trades, and consequently the Peru Current, are

weaker, In summary, when the S.E. trades and surface circulation

are intense, the surfacing of the undercurrent is increased to the

west of the Galapagos Islands, while to the east of the islands it is

diminished. The opposite occurs during weak S.E, trades and

diminished surface circulation.

Intense mixing of water masses occurs to the east of the

Galapagos Islands. Here the "cool waters from the coastal up-

welling area (Fig. 14) and those associated with the surfacing Qf the
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Equatorial Undercurrent near the Galapagos (Fig. 16), often form an

oceanic front (Pak and Zaneveld, 1974). This oceanic front (called

herein the Galapago.s front) develops and is shifted within this region,

presumably in accordance with the position and intensity of the trade

winds and currents of the mixed-layer (Wooster, 1970; Pak and

Zaneveld, 1974). Core V 19-29 is located within the region influenced

by this oceanic front (Fig. 23) and thus has recorded the development

and shifting of the Galapagos front through time.

It appears the Galapagos front was centered close to the site of

core V19-29 at the l8 stage 5/6 boundary. Later, in early stage 5,

the center of this front. shifted northeastward to near its present

position. This was concurrent with a shift to the north of the Chile

Current environment (Fig. 20). During 18o stage 4, southeast

trade winds stronger and more nearly parallel to the equator, even to

the east of the Galapagos Islands (see page 66), enhanced surfacingof

the Equatorial Undercurrent (through divergence); this in turn pro-

moted dominance of the Equatorial undercurrent factor. In early

stage 3, the dominance of the Equatorial Undercurrent factor at

V19-29 location was as large as it was during stage 4; however, at

early stage 3 surfacing of the Undercurrent was promoted by weak

trade winds, as suggested by the quartz record (Fig. 17). Further-

more, during early stage 3, it is probable that the Galapagos front

was centered close to the V19-29 site. During late stage 3 and
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stage 2, strong trade winds drove strong mixed-layer water circula-

tion, in particular coastal upwelling (Fig. 2 1). This produced a

stronger development of the Galapagos front (and consequently water

masses mixing) and centered it probably close to its present position.

Down-core Opal Records

It has been shown that the amount of opal in the sediments of the

subtropical southeastern Pacific is related to the abundance of the

radiolarian as semblage representing the Equatorial Undercurrent

(Pisias, 1974; Molina-Cruz, 1977a). Thus it is not surprising to

find that the down-core records of the opal concentrations and those

of the Equatorial Undercurrent" factor have a similar trend (Fig. 24).

It is also observed that high concentrations of opal occur both during

times when the Equatorial Undercurrent - South Equatorial Current

and atmospheric circulation were intensified (e.g., stage 4) and

during times when the surface winds (represented by the quartz

record; Fig. 25) were diminished, allowing surfacing of the

Equatorial Undercurrent to the east of the Galapagos Islands (e. g.,

early stage 3).

Down-core Re cords of Sea Surf ace Paleo -temperatures

One great advantage of the "transfer function technique"

(Imbrie and Kipp, 1971; see evaluation of the micropaleontological
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data in the Methods section) is its ability to make quantitative esti-

mates of paleo -oceanographic variables (seawater pale o -temperatures,

seawater paleo -s alinities, etc.). The estimated paleo -oceanographic

variables produce down-core records which are more directly inter-

pretable by the oceanographer and reveal interesting features that

are not readily apparent in the lithological and faunal stratigraphuies

discussed above.

Because water temperature is both an important biological

controller and one of the conservative properties which define water

masses, multi-regression equations have been developed to estimate

August (austral winter) and February (austral summer) sea surface

temperatures (Appendices 21 and 2). The estimatedsea surface

paleo-temperatures (shown in Appendices 23 to 25) are traced down-

core in Figures 26 and 27 and contoured for the 18,000 B. P. level in

Figures 29D and E,

Since each of the core-locations considered in this study are

under the influence of different currents (Fig. 2), their downcore

record of sea surface temperature are somewhat different (Fig8. 26

and 27).

Variations in the strength of the Chile Current and/or changes

in position of the subtropical anticyclonic gyre have been considered

in this study as responsible for the shifting of subantarctic oceano-

graphic characteristics into the subtropical Pacific region
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(Figs. 19 and ZO). Therefore, at the location of core

Y71-6-lZ (and probably V 15-53) August sea surface temperatures

were 6°C cooler than in modern times during most of the last

127, 000 years. The exception to this general rule are the intervals

representing the l8 stage 5/6 boundary and the uppermost part of

stage 2. To explain these observations the following hypothesis is

made: the marked melting of the ice masses stored on the continents

which occurred at the o
180 isotope "termination& II and I(and

18correspond to a 0 isotope boundaries 5/6 and 1/2, respectively;

Broecker and van Donk, 1970; Shackleton and Opdyke, 1973) were

associated with expansion and/or shifting to higher latitudes of the

center of the southern anticyclonic gyre. This shift, in turn, was

associated with southward shifts of the belt of the West Wind Drift

(see page 62). Such oceanographic events, at the
18 stages 5/6

and 1/2 boundaries, reduced the input of subantarctic waters into the

Chile Current; and consequently, permitted a rise in the sea surface

temperature off the northern coast of Chile.

The location of core V19-29 is affected by a rather complex

circulation, It is under the influence of the Peru Current and its

associated coastal upwelling (Fig. 21) as well as under the influence

of surfacing of the Equatorial Undercurrent (Fig. 23). Furthermore,

occasional invasions of subtropical waters (Fig. 22) or of tropical

waters are common in the V19-29 region, specially during the
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oceanographic phenomenon known as "El Nino" (Bjerknes, 1966, 1972;

Quinn, 1974; Wyrtki, 1975b; Wyrtki et al., 1976). Therefore, it is

difficult to explain the processes leading to the V1929 paleo-

temperature records (Figs. 26 and 27) without referring to the faunal

data from which they were derived.

During the lowermost stage 5, just after the marrked ice melting

of the continental ice masses and the sea surface warming jn higher

latitudes occurred during termination II (see Y7L-6-12 records in

Figs. 26 and 27), the location of core V19-29 experienced sea surface

temperatures similar to those of modern times. This was probably

because of reduced circulation intensity and a southwardshift of the

anticyclonic gyre such as it has been argued above. At the V19-29

location, the southward shift of the anticyclonic gyre is evidenced

by the apparent southeastward shift of the Galapagos front (see page

73), from its present position to near the core V19-29 site.

August temperatures during stage 5 were cooler than present

(sometimes 4°C; Fig. 26) and occurred together with weak trade

winds (Fig. 17) and reduced coastal upwefling (Fig. 21), Thus,

during stage 5, the trades and coastal upwelling, markedly decreased,

had less influence on the westward deviation of the Chile Current.

This permitted flow of the Chile Current (which was strong during

this time) along the coast of Peru, advecting cool waters northward,

even toward the location of core V 19-29. From 18o stage 4 to



stage 2, the August sea surface temperature at the V 19-29 location

appears associated with the development and/or the position of the

Galapagos front. August sea surface temperature was warmer when

the Galapagos ront developed and/or was positioned near to the

location, of core V19-29 (see page 73). At termination I, a southward

shift in the center of the anticyclonic gyre might be inferred as sea

surface temperatures rose to their present values.

The relaxation of the southern trade wind field during the

austral summer (Wyrtki, l974b; Wyrtki and Meyers, 1975a) allows

surfacing of the southward (flowing) Peru Countercurrent (Wyrtki,

1965; see oceanographic setting). This countercurrent once at the

surface carries warm waters southward, deflecting the isotherms as

a wedge from the Equator to the northern coast of Chile (Figs. 1 and

29B). Such an oceanographic event is noted in the February (summer)

sea surface paleo-temperature record at the core Y71-6-12 location

during ô
l8 stage 5, the lower part of stage 3 and stage 1 (Fig. 27).

All of these time are assumed to have been associated with relaxed

winds (Fig. 17).

Discus sion

In Table 1, the generalized oceanographic conditions prevalent

during each of the stages 2 to 5 are compared to those pre-

valentin the present 18 stage i,



Table I. Summary of paleo-oceonographic events

Galapagos front Aug. sea surf. temp. Feb. sea surf. temp.
5 00 Trade winds field Subantarc. Chile Peru Current Subtrop. (Equator. Under- (winter) (sumer)
stage (Quartz content) water mass Current (coastal upwell.) water mass current factcrr) V19-29 Y71-6-12 V19-29 Y7l-6-12

Note The oceanograpuic inferences below are conpared to the oceanograpuc observations for this stage 1 (present conditions)

1/2 Alike Alike Alike Area shifted to the Alike Alike Cooler Alike Slightly Alike
north cooler

Stronger Reached nor- Stronger Area shifted to the Slightly off Slightly stronger Cooler Cooler Slightly Slightly

2
them lati- north the coast or developed cooler cooler
tudes, largel area shifted alter-
incorporated to north nating
in Chile Cur- with
rent cooler

Stronger Same as stage Stronger Reduced area Same as stage Slightly stronger Alike Cooler Slightly Cooler

3--developed -cooler

Alike Same as stage Stronger Slightly reduced Slightly off Alike, but loca- Alike Cooler Slightly Slightly
2 area the coast ted nearer to cooler cooler

the S. American
coast

Stronger, but Same as stage Stronger Reduced area Far off the Stronger developed Cooler Cooler Cooler Cooler
4 more parallel to 2 coast and located nearer

the equator to the S American
coast

Alike but less Same as stage Stronger Reduced area Slightly off Alike, but shift- Cooler Cooler Cooler al Cooler
parallel to the 2 the coast ing its position with ternated alter-
Peruvian coast alternated between the Gala- alike at with nated with

with alike pagos I and S base slightly slightly
America cooler cooler

(alike at

base)

5/6 Alike Alike Alike Reduced area Alike Alike, but 10- Cooler Alike Cooler Alike
cated nearer to
the S. American
coast

II'



The 18 stage 5/6 boundary interval experienced oceano-

graphic conditions which were similar to those presently observed in
l8 stage 1; particularly in the higher latitudes. During both inter-

vals large melting of the continental ice masses has occurred

(Fig. 6). Also, the Chile Current, receiving smaller amounts of in-

coming subantarctic waters, as compared with the rest of the geo-

logical time considered here (Fig. 19), has been weaker (Fig. 20).

These oceanographic events appear to have been associated with a

shift to higher latitudes and/or expansion of the center of the sub-

tropical anticyclonic gyre.

Stage 5 was characterized by relatively weak trade winds

(Fig. 17) which probably also were less parallel to the Peruvian coast

than they are at the present. As a result the development of coastal

upwelling was reduced, even more than at present (Fig. 21). This

together with a probable northward shift in the West Wind Drift

allowed a larger influence of the Chile Current along the coast of

Peru. Consequently the transport of subantarctic -temperate waters

farther north along the coast caused cooler temperatures than at

present, particularly during the austral winter (Fig. 26). However,

austral summer relaxation of the Chile Current and intensification of

the tropical countercurrent system (the North Equatorial Counter-

current, the Equatorial Undercurrent, the Peru Countercurrent) are

still evident, in the February sea surface temperature records which



show alternately warm and cool peaks (Fig. 27), Stage 4 is a geo-

logical time of strong circulation. However, the reduced coastal up-

welling area (Fig. 21) and the evidence of stronger surfacing of the

Equatorial Undercurrenl (Fig. 23) suggest that the trade winds were

blowing somewhat less parallel to the coast of Peru and somewhat

more parallel to the equator (Fig. 10), therefore reducing the coastal

upwelling and allowing the surfacing of the Equatorial Undercurrent

through increased divergence at the equator, the mechanisms by which

it reaches the surface to the west of the Galapagos at the present time

(Taft et al., 1974; Molina-Cruz, 1977b).

The melting of the continental ice masses occurring during

6180 stage 3 is less dramatic than those occurring during 6
18

stages 5 and 1 (Fig. 6). Thus, it appears that a southward shift and/or

a weakening of the Chile Current did not occur during this time

(Fig. 20). However, the relaxation of the Trade Winds during the
18lower part of 6 0 stage 3 (Fig. 17) allowed surfacing of the Equa-

tonal Undercurrent (Fig. 23), at least to the east of the Galapagos

Islands, This surfacing probably occurred principally during the

austral summer, since the February sea surface temperature record

of core Y71-6-l2 suggests that the Peru Countercurrent was invading

this location with its associated warmer waters (Fig. 27).
18During the upper part of 6 0 stage 3, the trade winds were

intensified. However, according to Molina-Cruz (1977b), this was a



geological time of great seasonal contrast in the S.E. trade winds

speed. This fact produced frequent alternations of surface westward

flow, surfacing of the Equatorial Undercurrent and invasions of sub-

tropical and tropical waters; thus causing strong mixing of radio-

larian assemblages.

6 stage 2 was in general characterized by cool sea surface

temperatures as well as by strong winds and intensified circulation.

These oceanographic conditions appear to have been coincident with

contraction and shifting to the north of the center of the subtropical

anticyclonic gyre (Luz, 1973). At about 11, 000 years ago, near the

6180 stage 1/2 boundary interval, probably due to the large melting

of the continental ice masses (Fig. 6), the subtropical anticyclonic

gyre was again expanded and/or shifted south, marking the onset of

the present oceanographic conditions.

The sediment cores considered in this study were stratigraphi-

cally correlated through their 6
18o records (Fig. 6); thus, the

accuracy in their chronostratigraphic correlation is limited by the

mixing-time of the oceans (approximately 1, 300 years; Shackleton

and Opdyke, 1973; Pisias, 1974). Nevertheless, in accordance with

Figures 26 and 27, it appears that the marked warmings of the sea

surface waters, approximately at the 6
180 terminations i and II,

occurred first at high latitudes (cores V15-53 and Y71-6-lZ) and

later at the equator (core V19-29).



VI. THE SUBTROPICAL SOUTHEASTERN PACIFIC
18, 000 YEARS BEFORE PRESENT

It has been inferred from the down-core study in the previous

chapter that the subtropical anticyclonic gyre has not been significantly

disrupted during the last 127, 000 years, but that it has shifted in

position or changed in size or shape. Under this assumption, it is

possible to reconstruct, on the basis of a few sediment cores, the

general oceanographic conditions prevalent in the subtropical south -

eastern Pacific at the climax of the last glaciation, about 18, 000 years

ago (CLIMAP Project Members, 1976).

The levels representing the last glacial maximum in these cores

have been c1iosen following a stratigraphy based on the studies listed

in AppendLx 3.

Eighteen thousand years ago there was greater advection of sub-

antarctic temperate water into the subtropical southeastern Pacific

via the Chile Current (Fig. a8B). Furthermore, because of intensi-

fied upwelling, the Surface Subtropical Water mass wasless evident

along the Peruvian coast and along the equatorial region to the east of

the Galapagos Islands (Fig, ZSA). These two facts appear to have been

the major causes of regional environmental changes in the subtropical

southeastern Pacific.

Because of strong trade winds (Fig. 17), the coastal upwelling

and the equatorial divergence intensified 18, 000 years ago.
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Therefore, primary productivity increased and consequently a large

amount of biogenic opaline remains were entombed in the sediments.

Nevertheless, because we are using opal weight percentages to mea-

sure this oceanographic feature (Fig. 28C), the effect of terrigenous

dilution on the distribution of opal along the Peruvian coast is

apparent (see opal and quartz distribution section in Chapter IV).

At the present during the southern hemisphere winter (August)

the sea surface temperature pattern (Fig. 29A) does not reflect the

flow pattern of the Chile Current. However, during the southern

hemisphere summer (February) the pattern of sea surface tempera-

ture delineates the advection of cooler waters by the Chile Current

into a warmer subtropical southeastern Pacific (Fig. 29B).

The intensification of the anticyclonic gyre occurring during

l8 stage 2 caused larger advection of subantarctic-temperate

water into the subtropical southeastern Pacific via the Chile Current

(Fig. 19). Once in the subtropical region, the current diverged from

the coast, as it does at present, but to a greater degree. Conse-

quently, this advection of subantarctic-temperate water appears both

in the winter and summer sea surface paleo-temperature maps as a

tongue of cool water extending to the west-northwest (Fig. 29D and E).

The degree of the extension of such a tongue was also determined on

the basis of paleo-temperature estimates kindly provided by members

of the CLIMAP Project (unpublished; Appendix 25).
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The effect of upwelling is also evident in the sea surface tern-

perature pattern. It is expected that as upwelling intensifies, its

regional expression increases proportionally. Accordingly, it is

assumed that 18, 000 years ago larger changes of sea surface temper-

ature occurred on the fringes of the areas of upwelling than within

their centers (Fig. 30A). This oceanographic feature is presently

observed seasonally, particularly along the coast of Peru: as the

coastal upwelling develops and expands during the winter (Aug.) and

then reduces during the summer (Feb.), greater changes in tempera-

ture are observed along the fringes of the area of upwelling than in

its core (Fig. 29C). Because of the increased advection of cool

water by the Chile Current into the subtropical southeastern Pacific,

as well as the expansion of the upwelling areas, the subtropical

region was cooler 18, 000 years ago than atpresent, particularly

during the southern hemisphere winter (Fig. 30). Because of this

relatively greater winter cooling there was a greater seasonal

contrast 18,000 years ago than today (c.f. Figs. 29C and29F).
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VII, THE SUBPOLAR SOUTHEASTERN PACIFIC DURING
THE BRUNHES PALEOMAGNE TIC EPOCH: BRIEF

PALEO-OCEANOGRAPHIC CONSIDERATION

Shifts in the position of the HPolar front zoneU (Gordon, 1971b)

have occurred concurrently with the waxing and waning of the Antarc-

tica continental ice (Schott, 1939; Lisitzin, 1962). These shifts are

recorded by the biostratigraphic and lithostratigraphic changes which

are observed in sediment cores taken around Antarctica (Phillip,

1910; Hays, 1965, 1967; Donahue, 1967; Hays and Opdyke, 1967;

Geitzenauer, 1969, 1972; Kennett, 1970; Huddlestun, 1971; Hays

et al., 1976). However, it has been difficult to carry out paleo-

oceanographic studies because of large differences in accumulation

rates and erosional effects in cores located near and beneath the

Antarctic Circumpolar Current (see the oceanographic setting).

Furthermore, during certain geological intervals, different planktonic

groups (e. g., radiolarians, forams, diatoms, coccoliths), apparently

lead to opposite paleo-oceanographic inferences. For example,

while one planktonic group appears to indicate 'warm condition&t

(Kennett 1970; Hudd1eton, 1971), another group appears to point

out Hcool condition&' (Geitzenauer, 1969, 1972). One interval, the

inferred 'warm peak which occurs at the base of Hays' (1965, 1967)

radiolarian ç biozone, has been supported both by foraminifera

(peak no. 5 in Kennett, 1970) and coccolithophores (Geitzenauer,

located. Nevertheless, the V17-92 down-core record of quartz

(Fig. 31A) suggests that the produ.ction of icebergs and consequently



1972). Also, the considerable cooling at the paleomagnetic Brunhes-

Matuyama boundary (about 700, 000 years in age) suggested by Fisher

(1968) has been supported by Kennett and Watkins (1970).

In this investigation two cores, V17-92 and RC17-213 (Appendix

2; Fig. 32), from the extreme southern portion of the area of study,

were examined. For each core, the radiolarian bio-zonation esta-

bushed by Hays (1965, 1967) and subsequently correlated to the paleo-

magnetic stratigraphy (Hays and Opdyke, 1967), was defined down-

core to the Y/X radiolarian bio-zone boundary (Fig. 32; approximately

equivalent to the Brunhes-Matuyama boundary). The y Jx boundary

was defined relatively easily in core RC17-2l3; however, it was

observed that the core lacks most of the 'p bio-zone which is

characterized principally by the presence of Stylatractus universus

(Hays3 1970; Hays and Shackleton, 1976). In spite of this, a chrono-

stratigraphic correlation between cores RC17-2l3 and V17-92 was

tentatively established (Fig. 32).

The down-core records of the modern radiolarian assemblages

(see Chapter IV) indicate that during most of the Brunhes epoch the

location of core V17-92 has been dominated by the Antarctic surface

water mass (Fig. 3lC). Therefore, sea surface temperature has

varied only slightly (Fig. 3lB)in the region in which the core is

located. Nevertheless, the V17-92 down-core record of quartz

(Fig. 3lA) suggests that the production of icebergs and consequently
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core V17-92. The Radiolaria biozonation is according to Hays (1965,
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of terrigenous input to sea has experienced large fluctuations several

times during the Brunhes paleomagnetic epoch. Through the down-

core record of variation in quartz concentration, the previously

mentioned warm interval at the base of the ç1 radiolarian bio -zone

and the cool interval at the Brunhe-Matuyama boundary are clearly

seen (Fig. 31A).

Core RC17-213 is located to the north of the polar frontal zone,

in an ideal position to record shifting of the Antarctic and Subantarctic

water masses, Through the faunistic and pale-temperature records

of core RC17-213, it is apparently easy to recognize the marked

warm and cool interval mentioned above, On the basis of these dis-

tinctively climatic intervals, as well as on the presence of the radio-

larian index-species of Hay's (1965, 1967) bio-zonation, core RC17-

213 has been chronostratigraphically correlated with core Vl7-92

(Fig. 32), The base of the ' bio-zone present in core RC17-2l3

shows reworked material.

Finally, from Figures 31 and 32, it is inferred that during the

Brunhes, more dramatic changes have occurred in the modern

Subantarctic environment than in the modern Antarctic environment.

This is apparently because the range of shifting of the polar front is

mostly from its present position to probably about 7° of latitude

further north (Fisher, 1968; Hays et al. , 1976).



VIII. SUMMARY AND CONCLUSIONS

The radiolarian taphocoenoses as well as the opal and quartz

contents in the deep-sea sediments of the southeastern Pacific reflect

the low troposphere and ocean mixed-layer circulation. Six radio-

larian assemblages, defined mathematically through Q-mode factor

analysis, have distribution patterns which reflect particularly the

geographic extent of: 1) the surface Antarctic water masse, 2) the

surface Subantarctic-Temperate water mass, 3) the Chile Current,

4) the Peru Current, 5) the surface Subtropical water mass, and

6) the Equatorial Undercurrent. Opal distribution follows the

circulation around the subtropical central gyre and shows high con-

centrations under areas of divergences where primary productivity

is increased, Along the continental margin, terrigenous debris

dilute opal concentrations, even within areas characterized by strong

upwelling, such as on the Peruvian coast. Quartz distribution sug-

gesting its terrigenous derivation depicts a tongue in the same

direction and position of the southeast trade wind field. High quartz

concentrations decrease seaward along the coast. This occurs prin-

cipally along southern South America where there is high rainfall and

runoff and near Antarctica where icebergs carry terrigenous material

out to sea.

Since low altitude winds and the oceanic circulation are strongly



correlated, the down-core records of the sediment variable repre-

senting atmospheric circulation (quartz) and the sediment variables

representing the oceanic circulation (radiolarian assemblages and

opal) have fluctuated concurrently in time. However, because the

oceanic circulation is not only dependent on the strength of the winds

of the lower troposphere but also on their direction, position and

frequency, the relationship of the two types of records is not a

simple one.

The surfacing of the Equatorial Undercurrent is a complex

oceanographic process. It can occur both with strong or relaxed

trade winds. With strong trade winds blowing nearly parallel to the

equator, the Equatorial Undercurrent surfaces because of divergence

at the equator. With very weak trade winds, the Undercurrent sur-

faces because it is not opposed by the surface wind-driven circula-

tion. Only moderately strong trade winds, blowing in a generally

northwestern direction, inhibit the surfacing of this Undercurrent to

the east of the Galapagos Islands.

The oceanographic conditions at the base of l8o stage 5 were

similar to those of modern times. During the rest of ô 18o stage 5

relaxed trade winds caused poor development of the coastal upwelling

off Peru and had a lesser effect on the westward deviation of the

Chile Current. Thus, the Chile Current flowed along the coast of

Peru, advecting relatively cool waters northward. During
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ol8o stage 4, strong trade winds were experienced. However, these

winds were probably more perpendicular to the South American coast,

thus coastal upwelling was not as well developed and through equa-

tonal divergence the Equatorial Undercurrent was broughtto the

surface, even to the east of the Galapagos Islands. The lower part of

6180 stage 3 presents different oceanographic conditions than those

in the upper part of the same stage. Relaxed trade winds during the

lower l8 stage 3 allowed surfacing of the Equatorial Undercurrent

at least to the east of the Galapagos Islands, causing a marked

development of the radiolarian assemblage which is associated with

this oceanographic feature. Since the development of the Equatorial

Undercurrent radiolarian assemblage contributes to the opal produc-

tion, the opal production was significantly. increased during the lower
18 18

6 0 stage 3. The upper 6 0 stage 3 shows a transition toward

the strong circulation, which prevailed during l8 stage 2. During

the present 6180 stage i, which started 11,000 years ago, the Sub-

tropical central gyre appears to have shifted to a southern position

similar to the one which prevailed during the base of 6 18o stage 5.

The inference that coastal upwelling is better developed now than it

was during the 6 18o stage 5 suggests that, although diminished, the

trade wind field is presently more parallel to the Peruvian coast than

it was during 6
18o stage 5.

Marked warming of the sea surface temperature occurred about
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the l8o "termination&' i and II. These, apparently, occurred first

at high latitudes and later at the equator.

The major causes which changed the oceanographic conditions

of the subtropical southeastern Pacific 18, 000 years ago (the climax

of the glaciated o
l8 stage 2) were the larger input of subantarctic-

temperate water via the Chile Current and the intensification both of

coastal upwelling and equatorial divergence. Sea surface temperature

in the subtropical southeastern Pacific, as compared with the present

temperature, was as much as 4°C cooler in some regions during the

austral winter and as much as 1°C cooler in the austral summer. As

a result of these changes greater seasonal contrast in sea surface

temperature occurred in the subtropical southeastern Pacific 18, 000

years ago than at the present.

The Antarctic and Subantarctic regions which are under the

erosive effect of the Circumpolar Current show a very low deposition

rate, making it difficult to correlate cores from these regions with

cores in the subtropical and tropical regions.

Paleo-oceanographic interpretation of the radiolarian assem-

blages and quartz records of two cores (RC17-213 and V17-9Z)

located near the Drake Passage suggests that at the base of Hayes 2

(1965, 1967) bio-zone (approximately equivalent to 400, 000 years ago)

a considerable waning of the Antarctic ice occurred. This was

preceded by a singificant waxing of the Antarctic ice close to the
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Brunhes-Matuyama paleomagnetic boundary (700, 000 years ago).

The study of these two cores suggests that during the last 700, 000

years the polar front zone has shifted from its present position toward

the north, probably as much as 70 of latitude.

As it was previously proposed by this author (Molina-Cruz,

1976), the extension of paleo-oceariographic studies in the south-

eastern Pacific, based on the analysis of the geographical distribu-

tions and down-core records of the siliceous components of the sedi-

ments, has revealed important oceanographic features which occur

in this region. Thus, it is proposed that these kinds of studies be

continued. A series of core-transects running perpendicular to the

South American coast can be used to study waning and waxing both of

the coastal upwelling area as well as of the subtropical anticyclonic

gyre. Development of new techniques for chrono-stratigraphic con-

trol, better knowledge of the present physical oceanography and

refinement of the radiolarian taxonomy will allow studies which will

undoubtedly surpass the paleo-oceanographic base established in this

study.
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Appendix 1: Surface locations.

A).- LOCATICNS CONTAINING RAOIOLARIA

LOC. ACCESS CORE NO. LATITUDE LONGITUDE DEPTH DEPTH IN
NO. NUM3EP OEG.MIN. OEG.MIN. (P1) CORE CM

1 P1008194 Y69-71P 00 06 N -086 29 W 2740 4-5
2 P1008193 Y69-8OMGI -01 01 S -091 51. W 3408 0-4
3 P1005314 Y69-103P -00 05 S -082 26 W 1808 13
4 M00831S Y69-IQL+MG -02 18 S -031 31. 14 3892 0-5
S P100803E Y71-6-4P -14 37 S -079 07 W 4518 3-4
6 P1008036 Y71--12P -1.6 26 S -077 34 14 2734 2-4
7 P1008037 V71--14G2 -17 40 S -075 47 14 '+625 13

10 M00803 Y71-7-27P -10 14 S -082 05 W 4569 2-4
11 M008J33 Y71-7-23G2 -ii 01 S -085 CU 14 4491 5-7
12 P1005032 Y71-7-30G2 -1.0 03 S -088 0 14 4237 2-3
13 P1008033 Y7i-7-32P to '+5 S -093 06 14 3850 2-3
14 P1008031 Y71-?-33G1+ -1,0 00 S -092 4) 14 4393 2-3
1.5 P1008029 v71-7-35p -09 58 S -097 56 W 4010 1-2
IS MO0832 Y71-7-36G1 -10 03 S -102 51 14 4541 'i-S
i.7 P1003327 Y7i-7-38G3 -10 '+6 5 -106 20 14 3691 2-3
18 P1008023 Y71-8-70P -08 L42 S -082 13 14 478 5-6
19 P1008024 Y71-8-77P -08 10 S -081 36 14 5121 0-2
20 P1003322 V71-9-84P -05 03 S -085 57 14 401.0 2-4
21 P1008021 Y71-9-85P -05 02 S -087 28 4 3858 1-3
22 P1008023 Y71-9-86P -05 05 5 -090 47 14 3877 4-
23 P1008019 v71-c-87P -05 03 S -093 04 14 3858 0-2
24 P1003318 Y71-9-8SP -05 00 S -099 26 14

3650 +5
25 P100831.7 V7t-9-89P -05 59 S -101 Dl 14 3990 2-4
26 M00801 V71-9-91P -05 57 S -1C 52 14 3512 3-5
27 LC8178 I15-33TW -06 03 S -082 41 14 '+040 0-2
28 MLOS1B3 V15-Ls61W -12 51 S -084 28 14 4583 0-2
30 P1L08047 V15-56T14 -34 22 S _Q77 5 14 137 3-3
34 ML11376 Vi6-131TW -59 20 S -117 24 14 5029 3-Z
36 ML11878 Vt6-i3kTW -61 54 S -091 15 14 5138 0-3
39 ML11882 V17-58T14 -'+9 25 S -078 46 U 3863 0-3
43 ML11883 V17-STW -57 02 S -074 29 14 4063 0-2
41 Mt.11905 v17-c2P -62 11 S -075 14 '+3.37 03
42 MLiI884 t7-93TW -52 02 5 -068 15 14 3922 0-3
45 P1L3317 V19-0TW -03 23 S -083 31 14 3091 0-2

P1L08184 V1936TW rU 59 S 081 31 14 4731 01
47 P1L08182 V19-38TW -12 30 5 -086 39 14 '+276 0-1
1+8 ML03131 j9-39TW -12 '+3 5 -089 08 14 4173 0-1
49 ML01+907 V21-291W 00 57 N -089 21. 14 0712 3-1
SC ML33978 V2L+-4OTW 03 04 N -097 08 14 3204 3-i
St ML03979 V24-4STW . 01. 40 N -Irs 39 14 3574 0-1
57 MLOBI8C C8-98TW -13 28 S -092 35 14 3853 3-1
61 ML08342 RC9-86T14 -23 33 S -072 29 14 4208 0-2
69 ML11894 RCIC-6914 -01 1+0 S -1.16 30 14 4200 0-2
70 MLQ9LOL, RCII-230114 -08 48 S -113 48 14 3259 1-2
71. ML08179 C11-234TW -13 19 S -103 57 14 3645 0-2
72 MLII347 RCI2-2251w -53 39 5 -123 08 14 2964 0-2
73 ML11948 RCI2-227T14 -55 i'+ S -111 56 14 3902 2-3
74 P1L11849 RCI2-2231W -55 35 S -100 18 14 4420 0-2
75 P11.11850 RC12-23014 -55 03 S -088 57 14 4685 0-2
76 1L1iS1 RC12-2311W -55 32 S -082 57 14 5349 1-2
77 P11.11352 RCI2-232TW -56 00 S -077 17 14 1+296 1-2
'2 1.Ø533G RC13-108TW -16 06 S -081 17 4 '+573 0-2
83 P1L08177 RCI3-135T14 -06 58 5 -086 01 14 4173 0-2
3'+ MLU3t7 RC13-111TW -03 32 S -098 41 3252 0-2
5 M10817'i RC13-tl7TW -03 19 3 -106 54 14 3733 02

91. MLU80' RCIS-55114 -31. 35 S -074 56 14 4294 0-2
93 P11.12971 RC15-61T14 -43 35 5 -077 1. 14 3771 0-2
5 MLtj 357 RC15-63T14 -'+7 5 S -077 59 3696 0-2

96 ML1j858 RC15-S4TW -51 23 5 -076 25 14 3200 0-2
97 ML11359 RCI5-67T14 -53 Cl S -080 35 14 5033 3-1
98 P11.11.860 RCI5-7114 -65 23 5 -071 22 14 3440 3-2



99 ML11861.
100 M111862
101+ ML11902
105 ML1186
1.06 MLIIS67
107 M111568
108 ML11869
109 MLij37Q
111. ML11903
1.12 ME12634
115 MEI.2551
116 ME12552
11.7 ME12553
11.8 M12554
122 ME1253Q
123 MEI2 640
124 ME1I9O1
127 ME126'+2
128 ME12557
129 ME12312
130 ME12644
131. ME1.261+5
11+1. MEI264S
i'.2 MEIZ 564
11+4 Mj..2324
145 ME12325
1+7 ME12327
148 MEI2Sz+g
149 ME12331
150 ME12333
156 ME1256
137 ME12567
158 ME12568
159 ME12569
160 ME12655

'[17

RCIS-?31W -59 47 S -066 36 W 3658 0-2
RCI5-75TW -60 26 S -062 17 W 3951 0-2
RC17-2111W -48 26 5 -101. 42 W '+353 0-i
RC17-2t3TW -51. 33 S -084 58 W 1+1+55 3-2
RC1.8-31W -56 29 S -057 '+5 W 1+1.37 0-2
RCI8-4TW -60 29 S -056 38 W '4007 3-2
RCI8-91W -58 33 S -074 26 W '+679 0-2
RC18-1TTW -52 26 5 -077 00 t4 21.89 0-2
C18-34TW -46 57 S -094 59 W '+1+91+ 0-2E10- -61 01 S -052 5'. W 477? 0-1

E11-31W -56 51 5 -115 14 W 4801. 0-2
Eli-71W -60 55 S -114 '+7 W 5005 0-2
E1t-91W -62 50 S -115 01+ W 1+986 0-2
E11-131W -65 49 S -115 01. W 4704 0-2
E1i-26P -63 30 S -086 36 W 4631 0-1
E13-6P -59 36 S -089 28 W 43014 2-3
E17-17P -66 59 S -120 03 W '+1+86 0-1
E1?-26P -64 17 S. -095 07 W 4662 1-2
Ei7-3OTW -58 09 S -094 49 W 3745 0-2
E19-7P -67 09 S -109 05 W 5026 0-1
E20-13P -55 00 S -135 23W 1+313 3-1
E23-1SP -51 57 S -099 '+3 W L+231+ 1-2

-13 59 S 120 03 W 3931. 3-1+
E21-1'+TW -1+9 01. S -120 W 3303 0-2
E21-ISP -56 31 S -119 32 W 1+550 6-7
E21-21P -61. 08 S -120 1.6 W 4950 (i-I
E21-23P -62 29 5 -099 '.8 W 4936 3-1
E23-4P -63 30 S -095 35 W 4896 0-1
E23-i.5P -61. 03 S -115 51. W 481+1. 2-3
23-13 -58 59 S -115 00 W 5247 0-1

E25-71W -50 06 S -091+ 54 W 4542 0-2
E25-STW -50 02 S -130 02 W 1+01+9 0-2
E25-91W -50 01. S -105 07 W 3822 0-2
E25-101W -50 06 5 -111+ 47 W 2876 0-2
E'+2-71W -6'. 56 S -119 1+'. W 1+841 0-1

B).- LOG. CCNTAINING SCARCE RAOIOLARIA

LOC. ACCESS
NO. NUMBER

a M009619
29 MLj2P8L
35 ML11877
143 MLI19C
41 Mt.11907
62 P1108341
78 Mlii 89
88 P1108338
Si. P1108185

103 1L1i86
110 Mlii 871
113 ME12635
121 ME12638
136 ME12S6O
137 MEI2SÔI
j13 ME12565
153 ME12652
163 ME12658
161+ ME12659

C),- LOCATIONS

LOG. ACCESS
NO. NUMBER

CORE NO. LATITUOE LONGITUOE OEPTH OEPTP4 IN
OEG.MIN. OEG.MIN. (P1) CORE CM

Y71--18G2
V15-S3TW
V 16-1331W
ViS -72 1W
Vi S-7STW
RC9-877W

C13-39TW
RC 13-981W
RC 1. 3-9 91 W

C 1 7-210 1 W
R.C15-ISTW
4:Ej. 07P
Eii-23P
2 1-71W

E2 1-81W
E21-15TW
E25-3P
E'42-1OTW
E42-I2TW

-1.6 56 S
-33 27 S
-61 56 S
-60 29 S
-62 4'. S
-23 05 S
-1.8 26 S
-16 59 S
-1.6 31. S
-42 39 S
-'+7 12. S
-62 11+ S
-67 39 S
-38 19 S
-39 53 S
-52 Ci S
-39 57 S
-69 24. S
-68 59 S

BARREN 0F RAOIOLARIA

CORE NO. LAIITUOE
0 E G P1 IN.

9 P1009620 Y7j.--t9C2
31. P1111873 Vi 5'-'EZTW
32 P1111574 V15-6STW
33 Mt.l.i575 V15-701W

-1.7 03 S
-38 07 S
-'+1 11+ S
-145 31 S

-074 21 W
-073 1+0 4

-095 03 W
-075 57 W
-069 '+9 W
-076 21. W
-111. 17 W
-056 56 W
-054 3'. W
-101+ 15 W
-076 51 W
-083 18 W
-389 39 W
-095 28 W
-096 51+ W
-120 03 W
-082 5? W
-087 51 W
-089 37 W

7280
3915
5062
4695
3959
458 8
3340
14437
684

3738
31+04
4695
'+255
3348
3543
2984
3995
3019
3536

LONGITUOE OEPTH
0G.HIN. (H)

-074 21+ W 5791
-07'. 25 W 231.6
-37'. 53 W 0989
-076 35 W 2752

1-2
3-2
8-2
0-2
0-2
2-4
8-2
0-2
0-2
0-2
0-2
1+-S
0-i
0-2
0-2
0-2
0-1
3-1+
3-14.

O!PTH IN
GORE CM

3-1
0-3
3-2
0-3
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37 M111880 V17-52TW -37 13 S -077 1+1+ W '+11+7 0-2
38 M1118&i. V17-55TW -i+0 33 S -075 10 W 3636 0-3
52 ML11885 RC8-8TTW -39 28 S -125 30 W 1+583 0-2
53 MLII&8 RC8-831W -38 03 S -121 55 W L533 0-2
5's ML11887 RCB_9OrW 31 52 S -ii's 1+8 W 3396 0-2
55 !4Ljj888 C8-91TW -33 25 S -iii. 54. N 2723 0-2
56 MLII389 R08-92TW -31 33 5 -108 30 N 2710 0-2
58 ML39621 RC9-811W -16 55 S -073 13 N 3603 1-1
59 ML09622 RC9-821W. -17 31+ 5 -073 08 N 5&00 0-i
60 !1L09121 RC9-831W -at 20 5 -073 51+ N 1+332 0-1
63 MLO8OL.0 RC9-S9TW -22 27 S -081 03 N 1+422 0-3
6s ML 0818 RC9-901W -21 47 5 -037 13 N 1+190 0-i
65 ML138049 RC9-9ITW -21 26 S -090 58 N 5110 2-1+
66 ML11891 RC9-9kTW -20 19 S -102 14 N 3939 0-2
67 ML11892 RC9-96TW -22 47 S -jiG 59 N 3577 0-2
68 ML11893 RC9-1021W -26 23 S -119 56 N 3368 0-2
79 MLC8I87 RGI3-96TW -17 58 S -092 53 N 1+290 0-1
86 MLIIS97 RC15-k31W -26 23 S -113 10 N 2595 0-4
37 ML11853 Ci5-5iTW -28 11 S -093 54 N 3952 0-3
88 M1080k3 RCIS-SZTW -29 14. S -085 59 N 3780 0-2
9 MLOBOLs4 R015-531N -29 53 S -082 07 N '+085 0-2

90 MLOSOL+5 RCI5-5k1W -30 36 S -378 ±3 N 1+169 0-2
92. ML08048 RC15-581W -31+ 1+1 S -373 27 N 5110 0-2
94 MLII 85 RCI5621W -45 17. 5 -377 13 N: 2809 0-2

101 M111863 RCil-2081N -29 20 S -108 53 N 3135 0-1
102 MLi1d6 RCI7-2091W -36 15 S -136 21+ N 3671 0-1
114 ME12636 Et3-12P -64 51. S. -078 38 N '+113 1-2
119 ME12637 Eli-ISP -88 17 S _jjI 41 N '+240 0-1
120 ME12555 Ei.i-17TW -70 11+ S -11L 1+6 N 3'e58 0-2
125 Mi2306 t17-20 -67 55 S -103 04 N 4386 0-i
126 4E12556 E17-22TW -68 56 S -095 19 N 4308 0-2
132 ME12646 E23-13P -41+ 33 S -iii 20 W 2853 1-2
133 ME126L+? 21-2P -32 59 S -087 57 N 3640 2-3
131+ ME12558 E21-4TW -35 4's S -092 40 N 3285 0-2
1.35 ME12319 E21-P -37 25 S -091+ 1+0 N 3075 3-1
138 ME12562 E21-91N -1+0 00 S -135 01+ N 39ti1+ 0-2
139 ME12563 E2i-IOTW -39 59 S -1.09 51 N 3130 0-2
1L+0 ME12322 E21-121W -'+ at s -i19 .35 N '+131 0-2
11+6 MEi232 E21-22P -62 30 S -101 56 N 1977 0-1
151. ME12650 E25-1 -36 38 S -083 15 N 3q37 1-2
152 ME12651 E25-2P -39 56 S -085 55 N 3858 0-1
151+ ME12653 E25-4P -1+1 58 S -081 57 N 3585 0-1
155 lEt2â54 E25-SP 20 S -078 35 U 371+6 0-1
161 Et2656 E'+2-81W -64 31. S -092 30 N 4615 5-6
162 ME12657 E1+2-9TW -69 59 S -080 2. U 561+ 3-1
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Appendix 2 Core locations and sampling

Core Lat. CS) Long. (W) Depth Cm) Sampled ( 1 cm3)

V19-29P 03°35' O83°56 3157 every 10 cm from 0 to 950 cm

Y7l-6-12P 16°26' 077°34' 2734 every 6 cm from 0 to 186 cm

V15-53P 33°2T 073°40' 3915 every 4 cm from 0 to 80 cm

RC15-61P 40°36' 077°12 3771 every 4 cm from 0 to 80 cm

RC17-.213P 51°33' 0840581 4455 every 5 cm from 0 to 125 cm

V17-92P 62°11' 075°07' 4087 every 5 cm from 0 to 125 cm



Appendix 3. 18 K sample locations.

0.s.u.

Core-Sample Access No Latitude Longitude (W)

Y69-71P M007250 00°06'(N) 086029*

Y69-73P M007287 01°27'(N) 087°56'

Y69-106P M007256 02059*(N) 086°33'

Y71-6-12P M012807 16026*(S) 077°34'

Vi9-29P ML07268 03°35'(S) 083056*

V19-41P t1L13183 14°06'(S) 096°12'

V21-33P ML09201 0348'(S) 092005*

RC11-230 ML09176 08°48'(S) 110048*

RC13-113 ML09181 01039(S) 103038*

Depth (ni)
Depth in

Core (cm)
Stratigraphic
Argument

2740 175-176

2707 132-133 18o

2870 3335 o180

2734 24-25 18o

3157 120-121

3248 30-31 l8o

3726 46-47 l8

3259 45-46

3195 50-51 Faunistic
correlation to
core RC11-209

C)
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Appendix 4: Notes on taxonomy

a) Introduction

The radiolarian fauna in the Pacific Ocean is diverse with over

200 extant species. However less than 60 species are usually found in

abundances greater than 1% of the total population (Nigrini, 1968; Sachs,

1973; Moore, 1973). The taxonomic framework presented here contains 113

species which are coniiionly found in the Late Quaternary sediments of the

southeastern Pacific. Some of the species were placed in morphologically

similar groups, assuming they show a similar geographical distribution.

These groups formed the categories used in the counting and in the sub-

sequent factor analysis. Establishing of categories, in addition to

avoiding problems of distinguishing between very alike species, provides

a language which is easier to handle in the computer processes. The

categories are prefixed by either the letter "S" for Spumellaria or °N"

for Hassellaria and their species makeup is shown in part b of this

appendix. (Most of this appendix has been published in Molina-Cruz,

1977)
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b) Holocene-Late Pleistocene radiolarian taxonomic framework used
for this study.

Category Species name Appendix Plate Figs

page

Si Spongurus spp. 129 1 2

S1A Spongurus cf. jjjpca 129

Actinomma niedianum 127 1 1

LS3 Actinomma arcadophorum 127

S4 Actinomma sp. 127

S5 Cenosphaera cristata 128 1 3

S6 Acanthosphaera tenuissima 127

$6 Haliomma erinaceum 128

S6 Haliomma glisifra 128

S6 Heliosphaera radiata 128

S6 Hexastylus triaxonius 129

S7 Echinomma cf jodermum 128 1 7

S8 Cromyechinus antarctica 128 1 8,9

S9 Amphirhopalum p,jjn 130 1 6

510 Echinomma delicatulum 128 1 5

511 Collosphaera tuberosa 126 2 6

[S12 Euchitonia elegans 130

L512 Euchitonia furcata 131 2 1,8

S13 Pojjnipinosa 126

S13A Polysolenia fiammabunda 126 2 4

S14 Heliodiscus asteriscus 130 2 2

S15 Actinomma antarctica 127

S17 Hexacontium encanthum 129
2 3,5

S17A Hexacontium iaevigaturn 129 2 7

S18 Hymeniastrium euclidis 131
3

Si 9 9sir fl9la 133

S21 Cenosphaera coronata 128 4

S23 Ommatartus tetrathalamus 129 3 1 ,2

S24 Lithelius minor 134 3 13,14

S26 Litheiius solaris 134

S27 octopyle 134 3
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Figs.Category Species name Appendix Plate

page

S28 Spirema melonia 134

S29 Larcopyle bütschlii 133 3 10,11

S30 Stylochiamydium asteriscus 132 4 6

S3OA Stylochiamydium asteriscus (var A) 132

S308 Stylochiarnydium asteriscus (var B) 132

rS3l Lithelius alveolina 133

S31 Lithelius (?) obscurus 134

LS31 Tholospira (?) sp A 134

S33 Polysolenia lappacea 126

S34 Polysolenia murrayana 126 3 5,6

S36 Dictyocoryne truncatum 130

S36A Dictyocoryne profunda 130 4 4

S36B Hymeniastrium koellikeri 131

{36C Euchitonia triangulurn 131 4 3,5

36C Euchitonia (2) spp 131 4 1,2

537 Siphonosphaera polysiphonia 127 5 14,15

S38 Siphonosphaera sp 127 5 11

rS39 Disolenia guadrata 126 5 8,9

LS39 Disolenia zanguebarica 126

r539A Otosphaera auriculata 126 10

139A Otosphaera polymorpha 126

S40 Spongastertetras 131 5 11

129 9 6

S42 Spongocore puella 131 5 4

S45 Ommatodiscus sp A 131 2 8

S47 Stylodictya validispina 132 4 7

rS48 Spongotrochus glacialis 132

S48 Spongopyle osculosa 132 5 18

LS48 Stylochiamydium venustum 132 5 16

rS5O
Axoprunum stauraxonium 127 3 4

LS5O 1osphaera lithatractus 129

S51 y1atractus spp 130 3 7

S53 jespp. 132 2 9,10
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Category Species name Appendix Plate Figs.

page

54 Tetrapyle octacantha 132 5 5,6,7

S54 Octapyle stenozoa 133 5 1 ,2,3

S56 Phorticium clevei 133 9 1 to 5

S57 Cnsphra(?) sp. 127 5 12,13

S58 Lithelious (?) nautiloides 133 9 8,9

S59 Lithelious C?) sp. 133 9 7

NI Liriospyris reticulata 134 6 6

N1A Tholospyris uadrata 135

NiB Liriospyris toxarium 135 6 4,5

N1C Liriospyris (?) toxarium (A) 135 6 1,2,3

N2 Anthocyrtidium 2phirense 137 6 10

N3 Anthocyrtidium zanjaricum 138 6 8

N4 Carpocanium spp. 137 6 12,13

N5 Lamprocyrtis J 138 6 9

N6 Pterocanium andiporus 136 6 ii

N7 Theoconus minythorax 138 7 1

N8 Dictyocryphalus jjjo! 139 7 13

N9 jj 134 6 7

Ni0 acuminaturn 135 7 3

Nil Eucyrtidiuni hexagonatum 135 7 4,5

1112 Phormospyris stabilis scaphipes 135 7 11,12

N14 Phormospyris stabilis antarctica 135 9 11

1115 procyclas junonis 138 7 2,10

[N16 Lamprocycias maritalis p1ypora 138 7 6

L1116
Lamprocyclas maritalis ventricosa 138 7 7

1117 Lamprocyclas maritalis maritalis 138 7 8,9

Ti18 Lithostrobus (?) botrycy!'tis 136 7 18

11118 Lithostrobus (?) 136 7 17

18 Lithostrobus (?) seriatus 136 7 15,16

N19 Botryocyrtis scutum 139 6 14
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Category Species name Appendix Plate Figs

page

N24 Dictyophimus infabricatus 135 8 1

N25 Pterocanium praetextum eucolpum 136

N26 Pterocanium korotnevi 136

N27 Pterocanium 136 8 2,3

N28 Pterocanium trilobum 137 8 5

N29 Pterocorys hirundo 138 8 9

i'132 Siphocampe corbula 139 8 6

N33 Siphocampe aguilonaris 139 8 10,11

N35 Cycladophora davisiana 137 7 19

i'435A Cycladophora davisiana (var) 137

N36 Theocalyptra bicornis (var) 137 9 13

N38 Theocalyptra bicornis 137 8 12,13

N39 Theoconus hertwigii 138 8 7,8

N40 Theoconus zancleous 138

N42 Theocorythium trachelium 139 8 4

{43 Peripyramis circumtexta 136

j43 Plectopyramis dodecomma 136

[i48 Saccospyris antarcticum 139 9 10

48 Saccospyris conithorax 139

f49 Antarctissa deuticulata 140 9 14

49 Antarctissa denticulata clausa 140 9 15

N50 Antarctissa strelkovi 140 9 16,17

Biostratigraphic Index Species

Stylatractus universus 130 10 5,6

Saturnulus p1anetts 130 10 1

Sethocorys sp 138 10 2,3

Pterocanium trilobum 137 10 4
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C) Taxonomy

SUBCLASS RADIOLARIA MUller 1858

ORDER POLYCYSTINA Ehreiberg 1875

SUBORDER SPUMELLARIA Ehrenberg 1875

FAMILY COLLOSPHAERIDAE M.fl1er 1858

GENUS COLLOSPHASRA MUller 1855

Co4Jçhaera tuberosa (Haeckel)

Haeckei, 1887, p. 97: Nigrini, 1971, p 445, p1 34, fig 1

GENUS OISOLEIA Ehrenberg, 186Db

Disolenia Quadrata (Ehrenberg)
S39

Tetaso1enia quadrata Ehrenber, 1872b, p 301, p1 x, fig 20
Ooieniaouadrat37!hrenberg), Niqrini, 196?, p 19, p1 7, fig 5

Disoieriia zanguebarice (Ehrenberg)
S39

Trisolenia zanguebarica Ehrenberg, 1872a, p 321
Diso1eiarica (Ehrenberg), Nigrini, 1967, p 20, p1 1, fig 6

GENUS OTOSPHAERA Haeckel 1887, emend. Nigrini 1967

Otosphaera auriculata (Haeckel)
S39A

Haeckel, 1887, p 116, p1 7, fig 5; Nigrini, 1967, p 22, p1 1, fig 7

Otosphaera polymorpha (Haeckel)
539A

I4aeckel, 1887, p 23, p1 1, fig 8: Nigrini, 1967, p 23, p1 1, fig 8

GENUS POLYSOLENIA Ehrenberg 1872a, emend. Fligrini , 1967

Polysoienia flainmabunde (Haeckel)

S13A

Choenicosphaera flamabunda Haeckel 1887, p 103, p1 8, fig 5
7croshaera f1amEunTRaecke1) Popofsky, 1917, p 253, text figs. 1416 (part)
2oijia flarnmabunda (Haeckel), Nigrini, 1967, p 15, p1 1, fig 2

2L1enia laopacea (Haeckel)
S33

.2J1s.1enia p.pea (Haeckel); Nigrini, 1967, p 16, p1 1, fig 3

Polysolenia murrayena (Haeckei)
S34

Choenicosphaera murrayana Hacke1 1887, p 102, p1 8, fig 6
Acros haera murr (Haeckel) Popofsky, 1917, p 269, text figs. 22-23
Po ysolenia murrayana (Haeckel) Nigrini, 1968, p 52, p1 1, fig la, b

Remarks: It is mostly abundant in areas of coastal upwelling

Po1yo1enia spinosa (Haeckel)
S13

Collosphacra scinosa Haeckel 1860, p 845
Acrohaerasoi'ic.sa (Haeckel), Haeckel, 1887
Polysoienia scinoa (Haeckel), Nigrini 1967, p 14, p1 1, fig 1

Po1yso1eiaT. Benson 1966, p 119, p1 2, figs 1,2

GENUS SIPHONOSPPAERA MU1 1 er 1858
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S'phonosohae'a polysipnonia (Haeckel)
S37

Haeckel 1887, p 106: Nigrini, 1967, p 18, p1 1, fig 4a, b
Siphonosphaera sp.
S38

Remarks: This species resembles Siphonoshaera polysiphonia, but it does
not show tubes and the size of the pores is more irregular.

FAMILY ACTINOMMIDAE Haeckel 1862, emend. Riedel 1967

GENUS ACANTHOSPHAERA Ehrenberg, 1858

Acanthosphaera tenuissima (Haeckel)
S6

Haeckei, 1862, p 351, p1 9 fig 2

Acanthosphaera tenuissima (Haeckel), Renz 1973, p 150, p1 2 fig ii
Remarks: 0iof several simple spherical spuniellarians grouped and

counted together in category S6.

GENUS ACTINOMMA Haeckel 1860, emend. Nigrini 1967

Actinomrna arcadophorurn (Haeckel)
53

HaecKei 1887, p 225, p1 29 fig 7, 8: Nigrini 1967, p 29, p1 2, fig 3
Remarks As noted by Nigrini (1967) it s more delicate than A medianun

It is assumed that this species is a morphological variant of
A. medianum and was grouped with this species in the counts.

Actinonina medianum (Nigrini)
53

Nigrini 1967, p 27, p1 2, fig 2a, b

P,ctinomma antarctica (Haeckel)
515

Spongopiegma antarcticum Haeckei, 1887, p 90; Hays, 1965, p 166, p1 1,
fig 1

jo1e banzare Riedel, 1958, p 223, p1 1, figs 3,4
Actinonuja antarcticum Nigrini , 196?, p 26, p1 2, figs la-id

Actinonma sp.

Actiriorrnna sp., Benson, 1966, p 164 (in part), p1 5, fig 6 (only); Sachs,
T77i37, p1 2.lg
GENUS AXOPRUNUM Haeckel 1887

Axoprunum stauraxoni urn
S50

Remarks: This species was counted together with Stylosphaera iithatractu.

GENUS CENOSPHAERA Ehrenberg 1864

Cenosphaera (?) sp.
S57
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Remarks: This species is a robust sphere devoid of radial spicules (P1 5,
figs. 12, 13) and with regular pores which are generally 5-6 in half
equator. It occurs abundantly along the coast of South America near
the area where the Subtropical Convergence vanishes and several water
masses mix together. However, it was not employed in the micropaleon-
tology evaluation (factor analysis) because this species occurs with
higher frequencies down the core Y71-6-12 (16°26S-77°33'W) than in
any of the surface-locations analyzed for this study, and this alters
future evaluations (Sachs, 1973).

o5haera coronata (Heeckel)

Haeckel 1387, p 67, p1 26, fig 11

haera cristata (Heeckel)?
S

Cenoshaera cristata Haeckel , 1887, p 66; Riedel , 1958, p 223, p1 1, fig 1, 2

GENUS CROMYECHINUS Haeckel 1881

Cromyechinus antarctica (Dreyer)
S8

Prunopyie antarctica Dreyer, 1889, p 24, fig 75; Riedel, 1958, p 225, p1 1

fig 7, 8
Actinorna imoefecta Popofsky, 1908, p 215, p1 24, fig 4; Riedel, 1958,
p 24TT 1, fig 5
Croinus antarctica (Dreyer) Petrushevskaya, 1968, p 22-26, fig 13, 1-Vu
Cromyechinus sp. Sachs 1973, p l39, p1 2. lh,i

GENUS ECHIN0M?1A Haeckel 1881

Echinornma delicatuium (Dogiel)
Sl 0

Heliosoma delicatum Dogiel , 1952
Echinoma delicatum (Dogiel); Petrushevskaya, 1968, p 18, fig 11; Sachs, 1973,
T7T 2.2a,b

Remarks: Most abundant in cooler waters. However, as it is a robust form,
it could appear abundant in areas of presumed dissolution.

Echinomma cf. leptodermum (Jorgensen)

Echinorna leptodermuni Jorgensen, 1905, p 116, p1 8, fig 33
Echinoma cf. leptodermum Jorgensen, Sachs, 1973, p 142, p1 2.2c,d; Moore,
1973, p 103.

GENUS HALIOMMA Ehrenberg 1838

Haia erinaceun' (Haeckel)
S6

Haecke] 1862, p 427, p1 23, fig 3,4; Popofsky 1912, p 102, p1 4, fig 1;
Renz, 1973, p 152, p1 2 fig 4a,b
Remarks: One of several simple spherical spumellarians grouped and counted

together in category S6.

Halionra glisifra (Renz)
S6

Renz, 1973, p 153, p1 2, fig 10
Remarks: One of several simple, spherical spurnellarians grouped and counted

together jr category S6.

GENUS HELIOSPHAERA Haeckel 1962 emend Haeckel 1881

Heliosphaera radiata (Popofsky)
So
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P000fsky, 1913, p 98, text fig 10
Remarks: One of several simple spherical spuneliariens lrouped and counted

together in category 36.

GENUS HEXACONTIUM haeckel 1881

Hexacontium encanthum (Jbrgensen)
Si?

Jorgensen, 1899, p 52, p1 2, fig 14, p1 4, fig 20; Benson, 1966, p 149, p1 3,
fig 13-14, p1 4, fig 1-3.

Hexacontium iaevigatum (Haeckel)
Si 7A

Haeckel, 1887, p 193, p1 24, fig 6; Benson, 1966, p 154, p1 4, fig 4-5

GENUS HEXASTYLUS Haeckel 1881

Hexastylus triaxonius (Haeckei)
S6

Haeckel 1887, p 175, p1 21, fig 2
Remarks: One of several simple, spherical spumellarians grouped and counted

together in category 56.

GENUS 0?'1ATARTUS Naeckel 1881, emend. Riedel 1971

Ommatartus tetrathalamus (Haeckel)
S23

Panartus tetrathalamus Haeckel, 1887, p 378, p1 40, fig 3; Nigrini, 1967,
p 30, p1 2, fig 4a-4d; 1970, p 168, p1 1, fig 12; Moore (1973), p 103
Ommartartus tetrathalamus (Haeckel), Rena 1973, p 158, p1 1, fig 6
Remarks: The subspecies of Panartus tetrathalamus described by Nigrini

(1970) are grouped together in this study.

GENUS SPONGURUS Haeckel 1860

pylomaticus (Riedel)

Riedel, 1958, p 225, p1 1, fig 10,11; Ling at al., 1971, p1 1, fig 5; Sachs,
1973, p 163 p1 2.4j

Spongurus of. elliptica (Ehrenberg)
Si A

?Acanthosphaera elliptica Ehrenberg, 1873, p1 7, fig 4
Spongurus cf. elliotica Ehrenberg) Benson, 1966, p 189, p1 8, fig 4,5
Remarks: It was found only in the equatorial and subtropical regions; and

it is not common in this study.

ussp.

Spongurus (?) sp., Petrushevskaya, 1968, p 30, fig 16, II!; 26, I
Spongurus sp. Sachs, 1973, p 164, p1 2.4k
Remarks: It is most abundant in coastal and cool waters.

GENUS SIYLOSPHAERA Ehrenberg 1847

Styiosphaera lithatractus (Haeckel)
S50

Haeckel 1887, p1 16, fig 4; Renz, 1973. p 156, p1 2, fig 7
Remarks: This species 'was counted togather with Axoprunurn stauraxonium.
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GENUS STYLOTRACTUS Haeckel 1887

Stylatractus spp.
S51

neptunus, Heeckel 1887, p 328, p1 17, fig 6
jatractus crorios (Haeckei), 8enson 1966, p 182, p1 7, fig 12-13
Xiphatractus (Haeckel), Benson 1966, p 184, p1 7, fig 14-17
Stylatractus sp. Sachs, 1973, p 147, p1 2.3c,d
Remarks: This species group is distinguished from Stylasphaera lithatractus

by its generally smaller size and strongly biaded polar spines.

Stylatractus universus (Hays)

Stylatractus sp Hays, 1965, p 167, p1 I, fig 6
Stylatractus universus Hays, 1970, p 215, p1 1, figs 1,2
Remarks: This species is considered a biostratigraphic index. S. universus

is not found in recent sediments and its range of occurrence was
from approximately 750,000 years ago to 410,000 years ago.

GENUS SATURNULUS Haeckel 1882

Saturnulus 2jnetes (Haeckel)

Seturnulus p]anetes Haeckel, 1887, p 142, p1 16, fig 17; Hays, 1965, p 167
p1 I, fig S
Remarks: This species is considered a hiostratigraphic index south 0f the

(Antarctic) Polar front. It became extinct at about 700,000
years ego in such region.

FAMILY PHA000ISCIDAE Haeckel 1881

GENUS HELIODISCUS Haeckel 1862, emend. Nigrini 1967

Heliodiscus asteriscus (Haeckel)
Sl 4

Kaeckel, 1887, p A45, p1 33, fig 8; Nigrini, 1967, p1 32, p1 3, fig la, 1b;
1970, p1 2, fig 1

FAMILY SPONGODISCIDAE Haeckel 1862, emend. Riedel 1967

GENUS AMPHIRHOPALUM Haeckel 1881, emend. Nigrini 1967

Amphirhopalum ypsilon (Haeckel)
89

Haeckel, 1387, p 522; Nigrini, 1967, p 35, p1 3, fig 3a-3d; 1970, p 168, p1 2,
fig 2

GENUS DICTYCCORYNE Ehrenberg 1860

Dictyo:or pnda (Ehrenberg)

Ehrenberg, 1872b, c 307, p1 7, fig 23; Rez, 1973, p 144, p1 3, fig 1

ctvocoL truncatum (Ehrenberg)

?Rhopalodictyurn truncatuv Ehrenberg, 1861, p 307; Haeckel, 1887, p. 589-90.
Dictyocoryne. truncatum (Enrenberg), Benson, 1966, p 235, p1 15, fig 1

GENUS EUCHITONIA

Euchionia e1ej (Ehrenberg)
S1 2
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Pteractis elecans Ehrenberg, 1972a, p 319
Eucnitonia elegans (Ehrerber) hcckC1 1887 p Lug a-d Anikouchine
167, p 1486, p1 189, 190, figs 3, 4
Remarks: This species was grouped and counted together with Euchitonia

furcata.

Euchitonia furcata (Ehrenberg)
512

Ehrenberg, 1860a, p 767; Ling and Anikouchine, 1967, p 1484, p1 189, 190,
figs 1-2, 5-7; Nigrini, 1970, p 169, p1 2, fig S

Euchitonia triangulumn (Ehrenberg)
S3GC

Stylactis trian ulum Ehrenberg 1872a, p 320; 1872b, p 298-299, p1 8, fig 9
Euchitonia trianau urn (Ehrenberg), Naeckel 1887, p 533; cf. E. triangulum,
Ling and Anikouchine 1967, p 1487, p1 189, 190, fig 8,9

Euchitonia (?) spp.
S36C

Remarks: All unidentified SPONGOCIDAE with °helix'forms were counted together
in this category.

GENUS HYMENIASTRUM Ehrenberg 1847

Hymermiastrum euclidis (Raeckei)
S18

Haeckel, 1887, p 521; Benson, 1966, p 222, p1 12, fig 1-3; Ling and Anikouchine,
1967, p 1488, p1 191, fig 3, p1 192, fig 3; Nigrini, 1970, p 168, p1 2, fig 3

Hymneniastrum koellikeri (Haeckei)
S36B

Haeckel 1887, p 530; Benson 1966, p 225, p1 12, fig 4-6

GENUS OMMATODISCUS Stohr 1880

Ommatodiscus sp. A
S45

Onmuatodiscus sp. Sachs 1973, p 149, p1 2.3f
Remarks: This species is distinguished from Ormnatodiscus sp. B by the

regular concentric nature of the internal rings.

0mmtodiscus sp. B

Ormrnatodiscus sp., Benson 1966, p 210, p1 10, fig 4 (only)
Stylochiarnydium venustum (Bailey) Renz, 1973, p 161, p1 3, fig 11
Remarks: This species is distinguished by the irregular discontinuous

internal rings.

GENUS SPONGASTER Ehrenberg l860b

Spormgaster tetras (Ehrenberg)
S40

Ehrenberg 1860b, p 833; Nigrini, 1967, p 41, p1 5, fig la,b; 1970, p 169,
p1 2, fig 7

GENUS SPONGOCORE Haeckel, 1887

Spongocore puella (Haeckel)
S42
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Spongocore puella (Haeckel), Benson 1966, p1 8, figs 1-3, Nigrini 1970, p 168

GENUS SPONGOPYLE Dreyer 1889

p.992J. osculosa (Dreyer)
S48

Dreyer, 1889, p 42, p1 6, fig 99, 100; Riedel , 1958, p 226, p1 1, fig 12
Remarks: This species was grouped and counted together in category $44.

This was a mistake, since it appears that each of the species in
this category has a defined distribution. Consequently, this
category was not used in the evaluation of the micropaleontological
data (factor analysis).

GENUS SPONGOTROCHUS Haeckel 1860

Spongotrochus glacialis (Popofsky)
548

Popofsky, 1908, p 228, p1 26, fig 8, p1 27, fig 1, p1 28, fig 2; Riedel, 1958
p 227, p1 2 fig 1,2
(See remarkz in ponsooyie osculosa.)

GENUS STYLOCHLAMYDIUM Haeckel 1887

Stylochiamydium asteriscus (Haeckei)
S30

Haeckel, 1887, p 514, p1 41, fig 10; Renz, 1973, p 160, p1 3, fig 12

Remarks: This species presented three variants. Thus, it was divided into

three categories: (l) S30, (2) S3OA, and (3) S308. $30 has ar

ooaque center and is most1y abundant in the equatorial region.
S3OA has a clear and concentric center. S3OB has a clear center
but it is in the form of a spiral. 5338 was not common in this

study.

Styl ochl amydi urn venustum (Bailey)

S4

Perichlaniidjum venustum Bailey, 1856, p 5, p1 1, fig 16, 17
.j2J.amum venusturn (Bailey), Ling et al . , 1971, p 711, fig 7,8

Sachs, 1973, p 152, p1 2.3i,j
(See remarks in Spongopyle osculosa)

GENUS STYLODICTYA Ehrenberg 1847

y1odictya validispina (Jorgensen)
S47

JOrgensen, 1905, p 119, p1 10, fig 40; Benson, 1966, p 203, p1 9, fig 5-6
Petrushevskaya, 1968, p 30, p1 17; Sachs, 1973, p 150, p1 2.3g

FAMILY PYLONIIDAE Haeckel 1881

GENUS HEXAPYLE Heeckel, 1882

Hexapyle spp. (Haeckel)
$53

Hexapyle dodecantha (Haeckel), Benson, 1966, p 275, p1 18, figs 14-16

GENUS TETRAPYLE Muller 1858

Tetrapyle octacanth (Muller)

S54



1 33

Muller, 1858, p 33, p1 2, fig 12, 13, p1 3, fig 1-12; Benson, 1966, p1 15,
fig 3-10, p1 16, fig 1; Sachs, 1973, p 154, p1 2.3m

GENUS OCTAPYLE Haeckel 1881

Octopyle stenozoa (Haeckel)
S54

Haeckel, 1887, p 652, p1 9, fig 11
Remarks: This species was counted together with Tetrapyf octacantha.

Nowever, Octopyle stenozoa is much less abundant than Tetraoyle
octacantha.

GENUS PHORTICIUM Haeckel , 1882

Phorticium clevei (Jorgensen)
556

Phorticium pylonium (Cleve); Riedel 1958, vol 6, p 229, p1 2, fig 5;
Phorticium clevei (Jorgesen); Petrushevkaya, 1968. p 56, fips 32 1,11; 33. I-Ill.

FAMILY LITHELIIDAE Haeckel 1862

GENUS LARCOPYLE Dreyer 1889

Larcopyle butschlii (Oreyer)
S29

Dreyer, 1889, p 124, p1 10, fig 70; Benson, 1966, p 280, p1 19, fig 3-5;
Sachs, 1973, p 155, p1 2.3k, 1

GENUS. LARCOSPIRA Naeckel 1887

Larcospira guadrangula (Haeckel)
si g

Haeckel, 1887, p 696, p1 49, fig 3; Benson, 1966, p 266, p1 18, fig 7-8;
Nigrini, 1970, p 169, p1 2, fig 9

GENUS LITHELIUS Haeckel 1862

Lithelius alveolina (Haeckel)
$31

Haeckel, 1887, p. 694; Renz 1973, p 142, p1 1, fig 16
Remarks: Grouped and counted together in category $31 with several similar

forms.

Lithelious (?) nautiloides (Popofsky)
S58

Lithelious nautiloides Popofsky, 1908, p 230-231, p1 27, figs 244;
Riedel, 1958, p 228, p1 2, figs 3,4
Lithelious (?) nautiloides Popofsky, Petrushevskaya, 1968, p 0, figs 27;

291

Lithelious (?) sp.
s5

Remarks: This form is somewhat similar to spongorus spp. (Si).
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Lithelius minor (Jorgensen)
524

Jorgensen, 1899, p 65-66, p1 5, fig 24; Benson, 1966, p 262, p1 17, fig 9-10,
p1 18, fig 1-4; Sachs 1973, p 157, p1 2.3o, 2.3p
Remarks: This species appeared very cosmopolitan. It probably needs a taxonomic

review, since the specimens may represent more than one species with
markedly different ecological responses.

Lithelius solaris (Haeckel)
S26

Heeckel , 1887, p 695, p1 49, fig 2

Lithelius (?) obscurus (Popofsky)
S3l

Popofsky, 1908, p 231-232, p1 27, fig 5, 6, p1 28, fig 3, 4;
Petrushevskaya, 1968, p 53, fig 30
Remarks: Grouped and counted with several similar forms in category S31.

GENUS PYLOSPIRA Haeckei 1887

Pylospira octopyle (Haeckel)?
527

Heeckel, 1887, p 698, p1 49, fig 4
Tholospira (?) sp 2, Sachs, 1973, p 160, p1 2.4f, g
Remarks: The identification of this species is questionable because the test

illustrated by Haeckel is much more regular than the forms observed
in this study.

GENUS SPIREMA Heeckel 1881

Spirerna melonia (Haeckel)?
528

Haeckel 1887, p 692, p1 49, fig 1
Thlospira (?) sp 3 Sachs, 1973, p 161, p1 2.4h,i

GENUS THOLOSPIR.A Haeckel 1887

Tholospira (?) sp A
S31

Iholospira (?) sp 1, Sachs 1973, p 159, p1 2.4.d,e
Remarks: Grouped and counted with several similar forms in category 531.

SUBORDER NASSELLARIA Ehrenberg 1875

FAMILY TRISSOCYCL1DAE Haeckel 1881, emend. Goll, 1968

GENUS GIRAFFOSPYRIS Haeckel 1881 , emend. Goli 1968

Giraffospyris flj_ata (Haeckel)

Eucoronis gjata Haeckel 1387, p 978, p1 82, fig 3
Giraffospyris angulata (Haeckel) Goll, 1969, p 331, p1 59, fig 4,6,7,9

GENUS LIRIOSPYRIS Haeckei 1881, emend. G-oli, 1968

Liriospyris reticulate (Ehrenberg)
Ni

Dictyospyris reticulate Ehrenberg 1872b, p 307
Amphispyris reticulate (Ehrenberg) Haeckel 1887, p 1096

sris costata Hae:kel 1887, p 1097, p1 88, fig 3
Amhspvris thorax Heeckel 1827, p 996, p1 93, fig 18

osrisreicuiata (Ehrenberg) Goll, 1968, p 1429, p1 176, fig 9,ll,13
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yriospvris toxariuni (aecke1, 1887)
NiB

Arn2jris toxariurn Haeckel 1887, p 1097, p1 88, fig 7.
ospyris toxariurn Benson 1966, p 293, p1 20, figs 3-7.

Lyriospiris toxariurn (A)
Ni C

y_ospiris toxarium Benson 1966, p1 20, fig 2
Remarks: it is presumably the sagittal ring of Lyriospi?Stoxarium (NIB).

However, as this ring could be confused with sagttai rings
from another species, it was counted in a separate category.
This category occurs abundantly in subtropical waters.

GENUS THOLOSPYRIS Haeckel 1881 , emend. Goli 1968

Phormospyris stabilis scaphioes
N12

Tristylospyris scaphipes Haeckel 1887, p 1033, p1 84, fig 13
Tholospyris scaphipes (Haeckel) Soil 1969, p 328, p1 58, fig 1-8,13,14
Phormospyris stabilis scaphipes (Haeckel) Goll, 1976, p 394, pis 8,9

Phormospyris stabilis antarctica (Haecker)
N14

Triceraspyris antarctica (Haecker), Riedel, 1968, p 230, p1 2, figs 6,7
Tricerapyris (?) antarctica Petrushevskaya, 1968, p 62, fig 37.
Phornospyris stabilis antica (Haecker), Goll, 1976, p 394, p1 5,figs 3-6.

Tholospyris subguadrata (Haeckel)
Ni A

Amohispyris subquadrata Haeckel , 1887, p 1097, p1 88, fig 5; Benson 1966,
p 297, p1 20, fig 9-12
Tholospyris procera SoIl 1969, p 328, p1 59, fig 8, 10-12

FAMILY THEOPERIDAE Haeckei 1881, emend, Riedel 1967

GENUS DICTYOPHIMUS Ehrenberg 1847, emend. Nigrini 1968

infrabricatus (Nigrini)

Nigrini 1968, p 56, p1 1, fig 6

GENUS EUCYRTIDIUM Ehrenberg 1847, emend. Nigrini 1967

Eucyrti di urn acurni natum (Ehrenberg)
Ni 0

Lithocampe acuminata (Ehrenberg) 1844, p 84

Eucyrtidium acuminatum (Ehrenberg) 1847; Nigrini, 1967, p 81, p1 8,
fTg 3a,b; 1970, p 171, p1 4, fig 1

Eucyrtidium hexagonatum (Haeckel)
Nil

Haeckel 1887, p 1489, p1 80, fig 11; Nigrini 1967, p 83, p1 8, fig 4a,b;
1970, p 171, p1 4, fig 2
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GENUS LITHOSTROBUS Butschli 1882

Lithostrobus (7) crtis (Haeckel)

Haeckei 1887, p 1475, p1 79, fig 18; Petrushevskaya, 1968, p 141, 142, fig 80,
IV, fig 81, I-IV

Lithostrobus (?) iithobotrys (Haeckel)
Ni 8

Haeckel 1887, p 1475, p1 79, fig 17; Petrushevskaya 1968, p 143, fig 81, V-VI

Lithostrobus (?) seriatus (Haeckel)
Ni 8

Lithostrobus seriatus Haeckel 1887, p 1474, p1 79, fig 15
Lithostrobus (7) seriatus (Haeckel), Petrushevskaya, 1968, p 143, fig 81
I-IV; Sachs, 1973, p 172, p1 2.5k
Remarks: Lithostrobus (?) seriatus, L. (?) botr oc rtis, and L. (?) lithobotrys

were grouped and counted together. his category is mostly abundant
in waters of equatorial upweliing (divergences).

GENUS PERIPYRAMIS Haeckel 1881, emend. Riedel 1958

Peripyramis circumtext (Haeckel)
N43

Haeckel 1887, p 1162, p1 54, fig 5; Riedel, 1958, p 231, p1 2, fig 8,9;
Petrushevskaya, 1968, p 111, fig 64, I-lI, fig 54, I-Il

GENUS PLECTOPYRAMIS Haeckel 1881

Plectopyramis dodecomma (Haeckel)
N43

Haeckel 1887, p 1258, p1 54, fig 6; Benson 1966, p 424, p1 29, fig 3

GENUS PTEROCANIUM Ehrenberg 1847

Pterocaniurn randiporus (Nigrini)
N6

Nigrini 1968, p 57, p1 1, fig 7

Pterocanium korotnevi (Dogiel)
N26

.rocor. korotnevi Dogiel , Dogiel and Reshetnyak 1952, p 17, fig 11
Pterocanium korotnevi (Dogiel) Nigrini 1970, p 170, p1 3, fig 10,11
Remarks: It was rare in this study.

Pterocanium eum (Ehrenberg)

Lychnocanium praetextum Ehrenberg 1872a, p 316
Pterocanium praetextum (Ehrenberg) Haeckel 1887, p 1330, p1 73, fig 6
Pterocanium preetextum praetextum (Ehrenberg) Nigrini 1967, p 68, p1 7, fig 1

Pterocanium praetextum eucolpum (Ehrenberg)
N25

Pterocanium praetextuni Ehrenberg) eucolpuis Haeckel, Nigrini, 1967, p 70
p1 7 fig 2
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Pterocanium trilobum (Haeckel)

Dictyopodium trilobum Haeckei 1860, p 839
Dterocanium trilobum Haeckei 1887, p 1333; Nigrini 1967, p 91, p1 7, fig 3a,b

GENUS STICHOPILIUM Haeckel, 1881

Stichopilium bicorne (Haeckel)
N34

Stichopilium bicorne Haeckel ; Benson 1966, p 422, p1 29, figs 1 ,2

GENUS THEOCALPYTRA Haeckel 1687

Theocalyptra bicornis (Popofsky)
N38

Halicalyptra (?) cornuta Bailey 1856, p 5, p1 1, fig 13
Theocalyptrà cornuta (Bailey), Haeckel 1887, p 1398
Pterocorys bicorni Popofsky 1908, p 288, p1 34, fig 7,8
Theocalyotra bicornis (Popofsky), Riedel 1958, p 240, p1 4, fig 4; Petrushevskaya,

1968, p 124, fig 71, 1-VIlI

Theocalyptra bicornis (var) (Ehrenberg)
N36

Coracalyptra cervus (Ehrenberg); Benson, 1966, p 447-450, p1 30, figs 3-5
Theocalyptra bicois (var) Moore 1973

GENUS CYCLADOPHORA

Cycladophora davisiana (Ehrenberg)
N35

Cyladoohora (7) davisiana Ehrenberg, 1861 , p 297
Theocalyptra davisiaria (Ehrenberg), Riedel, 1958, p 239, p1 4, fig 2,3
Cyciadonora davisiana Ehrenberg, Petrushevskaya 1968, p 120, fig 69 1-Vu
fig7O, 1-VI; Ling et a1., 1971, p 714, p1 2, fig 6,7
Remarks: In this study it was mostly abundant along the coast.

Cycladophora davisiana (var) (Ehrenberg)

N3SA

Cycladophora davisiana (Ehrenberg) (var), Petrushevskaya, 1968, p 122,

Fig 70 IV-VII

FAMILY CARPOCANIIDAE Haeckel 1881, emend. Riedel 1967

GENUS CARPOCANIUM

Carpocaniuni spp.

Caroocanium spp., Nigrini 1g70, p 171, p1 4, fig 4-6
Carpocanium sp. A, Nigrini 1968, p 55, p1 1, fig 4

Carpocanium spp. , Sachs 1973, p 176, p1 2.6c

FAMiLY PTER000RYIDAE Haeckel 1881, emend. Riedel 1967

GENUS ANTHOCYRTIDIUM Haeckel 1881

Anthocyrti di urn hi rense (Ehrenberg)

N2

Anthocyrtis qphirensis Ehrenberg 1872a, p 301; Haeckel 1887, p 1270

Anthocyrtidium cineraria Haeckel 1887, p 1278, p1 62, fig 16

Anthocyrtidium (Ehrenberg) Nigrthi 1967, p 56, p1 6, fg 3
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Anthocyrti di urn zanquebaricuni (Ehrenberg)
N3

Anthocvrtis zanQuebarica Ehrenberg 1872, p 301
hortidiuni cineraria Haeckel 1887; Riedel 1957, p 84 (partim.)

Anthocyrtidium zanguebaricum (Ehrenberg), Nigrini, 1967, p 58, p1 6, fig 4

GENUS SETHOCORYS Haeckei 1882

Sethocorys sp (Haeckel)

Sethocorys sp. Haeckel, Hays, 1965, p 177, p1 III, fig 8
Remarks: This species is considered a biostratigraphic index south of

the (Antarctic) Polar front. It became extinct about
700,000 years ago in this region.

GENUS LAMPROCYCLAS Haeckel 1881

Lamorocyclas junonis (Haeckel)
N15

Theoconus j2is Haeckel 1887, p 1401, p1 69, fig 7
Lamprocyclas maritalis maritaiis Haeckel in Sachs 1973, p 177, p1 2.6d,e

Larprocvc1as niaritalis maritalis (Haeckel)
Nií

Haeckel 1887, p 1390, p1 74, fig 13, 14; Nigrinl, 1967, p 74, p1 7, fig S

Lamprocyclas maritalis polypora (Nigrini)
NI 6

Lamprocyclas maritalis Haeckei 1887, p 1390, p1 74, fig 13, 14
Lamprocyclas maritalis Haeckel polypora Nigrini , 1970, p 171, Pi 4, fig 9
Remarks: Counted together with L. maritalis ventricosa

rocvcjmaritaUs ventricosa (Nigrini)

Lamoroc clas rnarita1is Haeckel 1887, p 1390, p1 74, fig 13,14
Lamprocyc as maritalis Haeckel ventricosa Nigrini 1968, p 57, p1 1, fig 9

GENUS LAMPROCYRTIS Kling 1973

Lamprocyrtis (Kling)

Conarachniuni (7) sp. Migrini 1968, p 56, p1 1, fig 5a,b; Moore, 1973, p 103
Klirig 1973, p 639, p1 5, fig 15, 16, p1 15, fig 1-3

GENUS PTER000RYS Haeckel 1881

erocors hirundo (Haeckel)

Haeckel 1887, p 1318, p1 71, fig 4; p 114, fig 67, I-V

GENUS THEOCONUS Heeckel 1887

Theoconus hertwigii (Haeckel)
N39

Eucyrtidium hertwigii Haeckel 1887, p 1491, p1 80, fig 12
Theoconus hertwioii çHaeckefl, Nigrini, 1967, p 73, p1 6, fig 4a,b

Theoconus minythorax (Nigrini)
N7

Nigrini 1968, p 57, p1 1, fig 8

Theoconus zancleus (Muller)
N40

gyrtidiurnzanclaeum Muller, 1958, p 41, p1 6, fig 1-3
Theoconus zancleus (Muller), Benson 1966, p 482, p- 33, fig 4,5; Sachs, 1973

p 179, p1 2.6h,i
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GENUS THEOCOP.YTHIUM Haeckel 1887

Theocorvthium tracheiium
T442

'tidiurn trachelius Ehrenberg 1872a, p 312
Calocyclas arnicae Haeckei 1887, p 1382, p1 74, fig 2

Theocyrtis trachelius (Ehrenberg) Haeckel 1887, p 1405

1heocorythiu tracheliuni trachelium (Ehrenberg) Nigrini, 1967, p 79, ol 8,

fig 2, p1 9, fig 2
Theocorythium trachelium (Ehrenberg) dianae (Haeckei) Nigrifli, 1967, p 77,

p1 8, fig la, b, p1 9, fig la, b
Remarks: The two subspecies described by Nigrini (1967) are grouped

together in this Study,

FAMILY ARTOSTRO8IIOAE Riedel 1967

GENUS SIPHOCAMPE Raeckel 1881

Siohocampe corbula (Harting)
N32

Siphocampe corbula (Harting); Nigrini, 1967, p 85, p1 8, fig 5; p1 9, fig 3

Siphocampe aquilonaris (Bailey)
N33

Eucyrtidium aguilonaris Bailey 1856, p 4, p1 1, fig 9
Eucyrticium tuuidu1um Bailey 1856, p 5, p1 1, fig 11; Hays, 1965, p 181,

p1 3, fig 7
Siphocampiurn erucosum (Haeckel) Benson, 1966, p 527, p1 35, fig 18-20

Lithocarnpe C?) aguiloriaris (Bailey), Petrushevskaya, 1968, p 140, fig 79, I-lI
Siohocarnpe acquilonaris Baiiey), Long et al,, 1971, p 716, p1 2, fig 12

GENUS DICTYOCRYPHALUS Haeckel, 1881

Dictyocryohalus papillosus (Ehrenberg)
118

lictyocryphalus papillosus (Ehrenberg); Nigrini 1967, p 63, p1 6, fig 6

FAMILY CANNQBOTRYIDAE Haeckel 1881, emend. Riedel 1967

GENUS BOTRYOCYRTIS Ehrenberg lBGOb

Botryocyrtis scutum (Harting)
1119

Ha1iomia scutum Harting 1863, p 11, p1 1, fig 18

9.,Ccrtis scutum (Harting) Nigrini, 1967, p 52, p1 6, fig la-c; 1970

GENUS SACCOSPYRIS (Haecker)

Saccospyri s corn'thorax (Petrushevskaya)
1148

Botryopyle antarctica (Haeckel), p 224-225 (in part);
Saccospyis conithorax, Petrushevskaya, 1968, p 149-150, fig 85-I

Saccospyris antarcticum (Haecker)
1148

Saccospyris antarctica Haecker, 1907, p 124, fig iDa, b
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Botryopyle antarctica (Haecker), Riedel, 1958, p 224, p1 4, fig 12 (in part)

Saccospyris antarctica (Naecker), Petrushevskaya, 1968, p 149, figs 85, tI.

FAMILY PLAGQt4lIOAE Haeckel, 1831, emend Riedel, 1967

GENUS ANTAROTISSA Petrushevskaya, 1968, p 83

Antarctissa denticulata (Ehrenbera)

N49

Perornelissa denticulata (Ehrenberg), Riedel,
1958, p 236, p1 3, fig 9,

text-ffgure 7
Antarctisa denticulata (Ehrenberg), Petrushevskaya, 1968, p 84, figs 49,

'-Iv
Antarctissa denticulata clausa (Popofsky)

N49

Antarctissa der.ticulata (Ehr.) var. clausa (Popfsky), Petrushevskaya,

1968, p 86, fig 49,V

Ar.tarctissa strelkovi
N50

Helotholus histricosa Jorgensen, 1905, p 137, p1 15, figs 86

Pöpofsky, 1908, p 279, p1 32, figs 105; p1 36, fig 2

Riedel, 1958, p 234, p1 3, fig 8, text-figure 6

Antarctissa strelkovi Petrushevskaya, 1968, p 88, figs 51, II-VI

Remarks: Because specimens of A. strelkovi are often badly preserved, it

is difficult sometimes to clearly identify this category.

A. strelkovi (N50) has an internal skeletal structure similar to

that of A. denticulata (N49) (Riedel, 1958). Nevertheless

all specimens far penting shape of an equilateral

triangle, as does category N49, were counted in this category.
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Plate 1

1. Actinomma medianum (S3)

V19-30 TW

2. Spongurus sp. (Si)

Y69-104 MG-i

3. Cenosphaera cristata (S5)

Vl 9-30 TW

4. Cenosphaera coronata (S21)
-

Y71-9-89P

5. Echinomma delicatuluni (SlO)
Y71-6-4P

6. Amphirhopalum ypsilon (S9)

Y69-103P

7. Echinomma cf. leptodermuni (S7)
RC9-86 TW

8,9. Cromyechinus antarctica ($8)
Y69-104 MG-i
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Plate 2

1. Euchitonia furcata (S12)
Y71-9-89P

2. Heliodiscus asteriscus (S14)
RCl3-l17 TW

3. Hexacontium encanthum (S17)
Y7i-9-89P

4. Polysoienia flammabunda (S13A)
Y7i-9-88P

5. Hexacontium encanthum (S17)
RC13-117 TW

6. Coliosphaera tuberosa (Sli)
Y71-9-89P

7. Hexacontium laevigatum (S17A)
Y69-104 MG-i

8 Euchitonia furcata (S12)
Y69-1 03P

9. Hexapyie sp. (S53)
Y7i-9-84P

10. Hexapyie sp. (S53)
Y69-104 MG-i
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Plate 3

1. Onimatartus tetrathalamus (S23)
Y71-9-89P

2. Ommatartus tetrathalamus (S23)
Y71-9-88P

3. Larcospira guadrangula (S19)
RC13-1l7 1W

4. Axoprunum stauraxonium (S50)
RC9-86 TW

5. Polysolenia murrayana (S34)
Y71-7-28 MG-2

6. Polysolenia murrayana (S34)
Y71-7-27P

7. Stylatractus sp. (S51)

RC9-87 TW

8. Onimatodiscus sp. A (S45)
Y71-7-38 MG-3

9. Pylospira octopyle (S27)
V24-40 TW

10. Larcopyle bUtschlii (S29)
Y71-9-.88P

11. Larcopyle bUtschlii (S29)
Y71-7-33 MG-4

12. Hymeniastrium euclidis (S18)
Y71-7-28 M2

13. Lithelius minor (S24)
RC9-87 TW

14. Lithelius minor (S24)
RCIE-55 TW
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Plate 4

1. Euchitonia sp. (S36C)
Y71 -8-70P

2. Euchitonia sp. (S36C)
Y69-104 MG-i

3. Euchitonia triangulum (S36C)
Y69-iO4 MG-i

4. Dictyocoryne profunda (S36A)
Y69-103P

5. Euchitonia triangulum (S36C)
Y71-88-77P

6. Stylochiamydiuni asteriscus (S30)
Y71-9-88P

7. Styiodictya validispina (S47)

V15-56 TW
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Plate 5

1. Ocypyle stenozoa (S54)
Y7i-9-88P

2. Octapyle stenozoa (S54)
V21-29W

3. Octapyle stenozoa (S54)
Y69-104 MG-i

4. Spongocore puella (S42)
Y69-104 MG-i

5. letrapyle octacantha (S54)
V69-104 MG-i

6. Tetrapyle octacantha (554)
Y71-8-77P

7. Tetrapyle octacantha (S54)
Y71-9-89P

8, 9. Disolenia guadrata (S39)
Y71 -8-77P

10. Otosphaera auriculata (S39A)
RC13-117 1W

ii. Siphonosphaera sp. (S38)
Vi 9-30 1W

12. Cenosphaera (?) sp. (S57)
Y71-7-28 MG-2

13. Cenosphaera (?) sp. (S57)
Y71-6-12 MG-2

14. Siphonosphaera polysiphonia (S37)
Y71-9-89P

15. Siphonosphaera po1vsiphona (S37)
RC13-117

16. Stylochiamydium venustum (with radial spines broken) (548)
Y69-104 MG

17. SDongaster tetras (S40)
Y69-163P

18. Songovv1e osculosa (S48)
Vi 9-30 1W
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Plate 6

1. Liriospyris (?) toxarium A (NIC)
V21-29 TW

2. Liriospyris (?) toxarium A (NIC)
RC13-117 TW

3. Liriospyris (?) toxarium A (NIC)
Y71-9-89P

4. Liriospyris toxarium (NIB)
Vi 9-30

5. Liriospyris toxariuni (NIB)
Y69-109 MG-i

6. Liriospyris reticulata (Ni)
RC13-li1 TW

7. Giraffospyris anguiata (N9)
Y69-iO3P

8. Anthocyrtidiuni zanguebaricum (N3)
Y69-104 MG-i

9. Lamprocyrtis haysi (N5)
Y69-104 MG-i

10. Anthocyrtidium pphiruese (N2)
RC13-117 TW

ii. Pterocanium grandiporus (N6)
Y71-8-77P

i2. Carpocanium sp. (N4)
Y69-iO4 MG-i

13. Carpocanium sp. (N4)
Y71-9-89P

14. Botryocyrtis scutum (N19)
V19-3OTW
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Plate 7

1. Theoconus minythorax (N7)
RCl3-ii7 TW

2. Larnprocycias junonis (N15)
Y71-6-14 MG-2

3. Eucyrtidium acuminatum (Nb)
Y71-6-4P

4. Eucyrtidium hexagonaturn (Nil)
RC13-117 TW

5. Eucyrtidium hexagonaturn (Nil)
Y69-104 MG-i

6. Lamprocyclas maritalis polypora (N16)
RC9-86 TW

7. Lamprocyclas maritalis ventricosa (N16)
Y69-104 MG-i

8. Lamprocycias maritalis mjtalis (N17)
RC13-117 TW

9. Lamprocyclas maritalis maritabis (N17)
Y69-104 MG-i

10. Lamprocycias junonis (Ni5)
RC15-55 TW

11. Phorniospyris stabilis scaphipes (N12)
Y71-8-70P

12. Phormospyris stabibis scaphipes (N12)
Y7l-8-77P

13. Diçyocryphalus papillosus (N8)
Y71 -8-77P

14. Stichopiiium bicorne (N34)
Y69-104 MG-i

15. Lithostrobus (?) seriatus (N18)
RC13-117 TW

16. Lithostrobus (?) seriatus (N18)
-

Y69-104 MG-i

17. Lithostrobus bithobotrys (N18)
V19-30 TW

18. Lithostrobus botrycyrtis (N18)
Y69-80 MG-b

19. Cycladophora davisiana (N35)
Y7l-T8MG-2
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Plate 8

1. Dictyophimus infabricatus (N24)
Y69-104 MG-i

2. Pterocanium petextum (N27)
Y69-104 MG-i

3. Pterocanium praetextum (N27)
Y71 -9-89P

4. Theocorythium trachelium (N42)
RC13-117 TW

5. Pterocanium trilobum (N28)
V19-30 TW

6. Siphocampe corbula (N32)
RC13-117 TW

7. Theocorius iii (N39)
Y71 -9-89P

8. Theoconus hertwigji (N39)
RC3-1i7 TW

9. Pterocorys hirundo (N29)
Y71-8-77P

10. jhocampe aguilonaris (N33)
RC1 5-551W

11. Siphocampe aguilonaris (N33)
V15-46 TW

12. Theocalyptra bicornis (N38)
Y69-7iP

13. IheocalYptra bicornis (N38)
Y69-104 MG-i
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Plate 9

1. Phorticium clevel (S56)
E19-7P

2. Phorticium clevei (S56)
RC1 2-225TW

3. Phorticium cievei (S56)
RC18-17TW

4. Phorticium cievei (S56)
E42-7TW

5. Phorticium clevei (S56)
Vi 7-88TW

6. Spongurus pylomaticus (S41)
Vi 6-131 TW

7. Lithelious(?) . (S59)
E21-14TW

8. Lithelious(?) nautiloides (558)
RC17-213P (115-117 cm)

9. Lithelious nautiloides (S58)
RC1 2-225TW

10. Saccospyris antarcticum (N48)
Vi 7-88TW

11. Phormospyris stabilis antarctica (N14)
E21-23P

12. Actinomma antarctica (S15)
E13-6P

13. Theocalyptra bicornis (var) (N36)
E13-6P

14. Antarctissa denticulata (N49)
V16-131TW

15. Antarctissa denticulata clausa (7) (N49)
Vi 7-88TW

16. Antarctissa strelkovi (N50)
V17-88TW

17. Antarctissa strekiovi (N50)
E13-6TW
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Plate 10

1. Saturriulus planetes
RC17-213p (95-97 cm)

2. Sethocorys p.
RC17-213P (120-122 cm)

3. Sethocorys .

RC17-213P (115-117 cm)

4. Pterocanium trilobum
RCI7-213P(90-92 cm)

5. Stylatractus universus
V17-92P (100-102 cm)

6. Stylatractus universus
V17092P (105-107 cniT
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Appendix 5: Percentages of Radiolariacategories of surface samples.
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3 .23 1.50 3.20
0 3 0 3
3 3 0 .90
a .SC 3 .90

13 13 0 0
0 .83 .1.3 3

.80 .1 3 .60
3 1.23 0 0

1.1.3 0 .50 0

MLI.1877 1.30 3 0
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.30 0 0 0

0 0 .70 .50
.13 0 0 5.93

0 0 0
1.50 1.20 .50 .10

0 0 10 3

.10 .70 .80 37.90
5.70 2.90 .1.0 3

O 0 0 0
.50 0 .30 .10

O 0 0 13

1.90 0 3 .73
.10 13 0 1.1.0

0 0 .1.0 1.00
0 0 3 .1.0
0 0 3 .70

1.1.0 .110 13 0
0 .313 0 0
O .1.3 1.70 22.90

21.10 0 .30 .30
0 0 0 .10

.113 .30 1.80 3

O .10 3 .113
.10 .1.0 .&O 3.70
.1.0 2.313 5.40 15.60

0 0 0 .70
3 0 a
O 3 3 .70

.90 .33 .10 .1.0
a 0 1 0

O .10 2.1.0 5.30
.1.0 .90 0

3 0 13 0
0 0 0 2.80
a 0 a
0 3.10 .53 2.2

.313 5.211 8.00 1.2.8

0.03 3.03 .33 3.03
0.00 0.00 0.03 3.00
0.00 0.310 3.03 .613
.30 .110 0.00 .30

0.00 0.03 0.30 0.00
0.30 .i .30 13.70
1.73 .33 1.73 3.03
0.00 3.00 0.00 3,00.
0.00 0.00 0.30
0.00 0.00 0.130 3.130
.23 .50 .33 3.140
.53 2.50 16.10 39.70

3 0 0 .90
13 3 0 3

.30 0 1.90 2.20
1.60 .60 3 3

3 .63 .90 3
.30 .313 .30 9.20

0 3.20 0 0

0 0 .30
1.20 .60 3.20 0

O t.0 3 .33
9.20 3.50 1.63

1.60 0 3 .313

o 11 .53 1.50
.113 0 0 3

0 3 3 5.13
1.10 .513 13 13

a .23 0 0

.50 1.20 '..1.0 13.70
2.00 .50 3 0

0 0 3 2.73
.10 .113 .13 0

0 .10 3 .23
19.50 7.50 .50 .1.0

0 13 0

O 3.23 1..90 3
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.53 0 3.80 a a a 0 0a a a a a 0 0 .530 0 3 0 1.60 3 1.00 0a a a a a a a aa a a 1.00 3 .50 1.33 15.30a i.oc a a .5o 1.63 0a a a c a a a aa a a a a a a 2.700 3 0 0 0 0 0 33 0 0 0 0 1.00 0 33 0 3 0 .50 6.53 14.23 27.43
MLU06 .60 0.00 0.00 0.00 0.00 .60 1.30.60 3.09 4.6Q 0.00 0.00 0.00 3.00 0.037.33 0.03 0.00 0.00 0.00 3.00 0.00 2.60o.aa .60 3.30 2.00 .60 0.00 .63 0.033.30 0.00 a.ao 0.30 0.00 0,00 0.00 0.030.30 0.00 0.00 0.00 .60 3.00 18.100.00 .60 o.aa a,ao .oa i.a i.3 2.800.00 3.0 0.00 0.00 0.00 3,03 0.00 0.000.00 0.00 0.00 0,00 0.00 .600.30 0.30 0.130 3,03 0.00 0.00 0.00 .600.30 0.00 0.00 3.00 2.30 0,30 0.00 1.331.30 3.00 3.00 0.00 .60 3.03 4.03 32.2Q
ML.1j.907 1.33 0 a 3 0 1.30 03 3 1.30 0 3 0 0 03.30 3 0 0 0 0 0 0a a a a 0 0 3 00 0 0 3 0 0 30 0 a 1.30 0 .60 60 12.130 .6C 0 0 .60 .63 2.70 .633 a a a a a a a3 13 0 0 3 0 0 2.03O 0 0 .60 0 0 0 33 0 0 0 0 0 .60 .60.63 0 0 3 0 2.00 14.10 '+7.20
MLO3O4I .50 0 .20 13 0 .80 0.50 0 7.73 0 3 0 0 .230 0 0 0 0 1.70 4.400 0 .20 1.40 .80 .23 0.23 0 0 0 0 0 .23 00 0 0 0 0 .20 .20 16.038.90 23.20 0 2.30 .20 3.20 0 0o a a a 0 0 0 .530 0 2,30 3 0 0 3 3O 7.IC 0 .20 0 0 0 30 0 .20 0 1.70 0 0 0O 13 3 3 1.70 0 0 0
ML03038 .40 0. 3 ,.+Q 0 .80 0.40 .40 6.20 0 0 3 1.700 3 3 0 0 0 7.13 4.900 0 0 .40 3,50 1.73 0 .403 8.50 0 .40 3 2.20 .43 .433 0 0 0 0 0 3.50 14.734.40 5.30 0 5.30 .80 8.53 3 3a 0 3.50 .43 0 .40 03 3 .80 0 0 3 0 30 1.30 3 0 0 3 0 30 0 0 3 .83 3 0 03 0 U 0 .40 3 3 3
ML38185 .13 0 0 3 3 1.30 .13.3C 13.13 3 .10 .10 .10 .133 0 3 .30 0 0 1.90 6.030 0 .10 0 .90 .70 0 3O 5.1+0 0 .30 3 .10 0 .133 0 0 3 3 .10 1.30 7.0014.00 16.20 3 4.70 .40 4.80 0 00 3 7.40 0 0 .10 .13O 0 2.23 0 .10 0 3 30 3.63 0 0 3 0 3 33 0 0 0 .60 .13 0 3a 0 0 0 1.30 0 3

ML1185 1.13 0 .30 3 3 4.33 1.10

9.2O .33 3 .70 5.53 0 2.20 33 0 0 a 0 2.20 C 00 0 3 a .70 1.83 5.50 6.603.Su 0 5.13 2.53 1.80 3 0
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3 0 0 0 0 0 0 1.13
0 .30 0 0 1.13 3 .70 0

.30 0 0 1.10 0 0 0 0
0 0 1.80 0 .70 .70 .70 .30

1.80 0 0 0 1.10 3 0

14L11871 3.80 0 0 3 0 .90 2.90
.93 0 5.30 0 0 0 0 3

0 .50 0 3 0 0 0 7.70
0 3 0 3.80 3.80 1..80 0 3
3 3 0 0 0 .90 0 3
O 0 3 .sn a 3 8.73 6.70

.90 2.93 0 2.90 1..30 1.90 0 .90
3 0 3 0 0 0 0 3
o 0- .90 0 0 .93 .50 0

14.80 2.90 0 0 0 .90 0 0
0 3 0 0 0 .90 .90 .90

1.90 0 2.90 0 3 0 3 3

ME12535 .93 0 0 3 0 1.90 3
3 3 .90 0 0 0 3 0

.53 0 0 0 0 0 0 0
O 0 0 0 0 0 0 3
3 0 0 a a a a o
0 -3 0 0 -0 13.70-
O .90 0 0 .qa a a 1.90
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1.90
3 0 .90 0 0 0 0
0 0 3 3 0 0 0 1.90
o 3 0 .90 1..93 6.80 51.90

ME12638 .93 0 0 0 3 1.90 3
.4+3 0 1.4+0 0 0 0 3 3

2.90 0 0 0 0 0 3- .4+0
O 0 0 0 0 0 3 0
0 0 a a a 0 0
o 0 3 0- 3 0 3 13.70
0 .90 0 a .1.3 .9 1.90 .4+0
0 0 0 U 0 0 U 0
0 0 0 0 0 0 0 2.93
3 0 0 0 0 0 0 0.
0 3 3 3 a .90 .90 .93
0 3 3 3 3.4+0 t4+.73 1.2.1U

MEI2SSO 3 3 3 3 3 2.03 0
0 0 16.60 0 3 C 0 0
u .60 3 3 3 0 0 9.73
0 3 0 0 2.00 1.33 0 3
0 0 1.30 0 0 0 3 0
O 6 0 0 0 0 1.30 tl.13

5.20 16.-SO 3 0 1.30 12.50 3 0
0 0 3 3 0 0 0 .63
3 0 a a 0 0 .60 0

.60 0 0 3 0 3 -3 0
0 3 .60 0 .63 0 3 1.30

.63 0 0 3 .50 0 0 2.00

ME1255 .50 0 .4.0 3 0 2.4+o 2.03
.13 0 7.13 3 0 0 0 1.53
.90 0 0 .jfl U 0 3 7.4+0

O .50 0 .80 1.10 .80 .1.0 .53
a U 0 0 0 3 0 3
3 0 3 0 0 .23 1.93

.90 3.10 3 .13 1..60 1.60 .23 3.13
O 0 0 3 0 0 3 0
O a 0 3 .63 .10 .20 0

.23 0 3 .4+0 3 0 U .20
0 3 0 6.1.0 .50 .53 .80

.10 0 0 0 .20 .53 1.23 6.90

ME12652 2.20 0 0 3 3 3.30 3
O 0 15.50 0 0 3 0 0
3 1.10 0 0 0 0 0 1.10
3 0 0 0 1.10 2.20 13

0 0 0 0 0 0 3 0
O 0 0 0 1.10 13 1.13

3.33 13.30 3 2.20 3 17.73 0 3
0 0 0 13 0 0 0 3
3 0 0 0 0 2.20 0 3
0 1.13 0 3 0 o
0 3 1.10 0 2.20 0 2.20 0

5.50 0 3 3 2.20 3 2.20 0
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M1.2658 0 3 0 0 0 3.30 2.20
1.10 0 '+.1.Q 0 0 0 0 3

0 3 0- C 0 1.13
3 .50 3 .50 1.10 51 0 3

3 0 0 0 3 0 0 3
O 0 3 2.20 3 .50 0 i1403

.50 3.30 0 3 .50 2.8u 1.60 .50
0 0 0 0 0 0 0

O 0 3 0 0 0 3.90
3 0 0 3 0 0 3 0

o a .sa 0 1.10 .50
.50 - W - 3. 2.20 .50 0 0

MEj265 .90 0 0 0 0 0 1.1.0
.1.0 0 .1.0 0 0 0 0

0 0 0 0 0 0 0 .140
0 0 0 0 .'+o a a .1.3
O 0 0 a a 0 0 0
O 0 0 j.z 0- 3 0 9.73
O 0 3 3 .513 0 .1.0 .1.0
0 0 3 0 3 13 13 0

3 0 0 0 0 0 3
O 0 3 3 13 3 0

0 0 3 0 0. 13 2.90
.93 0 0 0 .90 2.93 11.13 1.6.13
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Appendix 6: Percentages of Radiolaria categories of down-core samples
(Cores: V19-29, Y71-6-12, V15-53, RC15-61, RC17-273, V17-92).

F0R4M:

si S3 St. 55 56 57
LVI. 53 59 StO SIt 512 S13 S13A $14

$15 5j7 517A 51.8 S1.9 $21 S23 $21.

526 $27 $29 529 S30 530A $303 531
533 $31. S35 S36A S368 535C 537 535
$39 $39A $1.0 51.3. SZ.2 $1.5 51.7 $48
$5) $91. S53 531. 555 357 553 599
Ml. N1A 111.3 N1C P42 P43 141+ P45

'46 '47 148 P49 P413 P411. P412 '411.

P415 N1 P417 P418 '41.9 424 1425 '425

P427 P428 P429 '432 '433 P435 P135A P436

P438 1439 P4fQ P41+2 '443 111+8 '41+9 1153

UNIQENIF

CORE 19-29

L38195 .30 0.03 .30 0.30 3.30 3.33 .63
0.30 .80 2.20 .20 2.23 .10 .30 .30
3.03 l..7 .1.0 .60 1.90 .13 3.20 2.20
.10 2.80 .10 2.23 5.40 2..0 3.01 1.90

0.03 3.86 .1.0 0.03 0.00 1.1.3 .63 3.63
.3 0.00' .23 .10 .33 0.00 .90 1.9.50

3,30 1.1.3 13.30 .60 .66 3.03 3.00
.60 .20 .70 .90 .30 3.03 .1.0

.4 3.30 0.33 1.30 0.00 2.73 .73 3.00
0. 1.1 .1.3 .1.3 0.00 .70 .213 4.30
3. .9C .20 .10 .3.3 .1.0 0.33 .1.31

.1 '3.00 13 3.33 .10 .10 0.00 0.00
0,33

0.00 .73 0.00 0.130 0.33 .40
0.03 .33 3.43 .33 3.30 .30 .50 .80
0.30 2.30 .30 .20 1.73 0.36 2.60 1,80
.10 2.40 .20 3.33 3.50 2.23 3.03 .73
.10 6.lo .3t3 3.340 0.00 .6 1.23 3.03
.*3 0.03 3.33 3.03 .30 3.06 1.33 18.93
.1) .1.3 .90 10.40 0.00 1,50 3.03 0.33
.53 .13 .40 .540 .30 .60 0.03 .83
.50 2.56 0.33 1.20 0.00 1.1.0 .90 3.03
.30 1.3k. .10 .1.6 3.30 1.40 .93 0.30
.10 .90 tQ 0.03 .30 1.20 3.00 0.30

3.00 0.03 3.30 0.03 .20 3.60 0.00 0.03
3.73 0.00

MLOSI97 .53 0.00 .43 0.00 .513 .10 .213

.33 1.33 3.30 .30 1.80 .20 .213

0.03 2.10 0.03 .20 1.63 0.63 3.20 1.20
.10 3.33 0.30 2.20 2.93 2.1.3 0.03 1.53

0.30 4,63 .73 3.00 0.03 .90 1.50 .10
.60 3.30 .1.0 0.30 .10 .'3 1.53 20.13
.23 ..30 1.10 12.80 .53 .73 3.03 0.00

1.1 .1 .20 .53 .90 .30 .13 .840

.9 4.10 Q.30 .90 0.33 3.30 .53 3.0')

0.3 1.7 .'.0 7 3.00 .90 .73 3.30
3.3 1.0 .73 .2o .60 .913 3.00 0.63
.11 0.3C .1.6 .23 .23 .23 0.00
.6 0.5

MLQ819 .2 3.00 1.00 0.03 .313 .10 .213

0.33 .3 3.70 3.00 1.30 .1.0 .30 .313

0.00 .1. .3.0 1.70 2.23 0.03 4.63 2.60
0.03 2.2 0.03 1.53 4.90 1.80 3.30 1.03
0.03 4,7 .50 3.03 3.00 .86 1.80 0.03
.33 3.0 .1.0 0.30 .50 .23 2.53 21.1.0

.30 1. 1.23 1.3.60 .60 t.3 0.03

.63 .10 0.30 1.03 .1.0 .33 3.00 .1.0

.20 3.3 0.00 .713 0.30 1.80 .70 0.30

.20 1.60 1.0 .50 .13 .50 .30 0.00

.10 .1. .73 0.00 .50 .93 0.03 0.00

.23 0.0 .10 .13 .10 .10 0.00 0.30

Mt.3313 0.33 .23 0.03 .10 3.30 .53
.33 .2 2.30 .10 1.70 .73 .10 .23

0.00 1.1.0 .30 .20 2.13 0. 0 1..33 1.1.3

0.03 1.. 0.03 1.913 3.50 2..0 3.00 1.03
3.03 te....3 1.30 0.33 0.33 C 2.1+0 3.03
.83 3. 3 0.30 0.03 3.03 .23 .60 20.50
.23 0. - 1.43 12.00 .50 1. 3

3Q1 0.30
.1.0 .20 0.30 .313 .913 3 0.03 1.23
.1.0 3,7C 0.03 .36 .10 3.3 .Su 0.30

3.03 1.36 .213 .913 0.00 .23 1.00 3.00
0.30 .63 .20 0.00 0,00 .913 o.o 0,00
0.33 3.30 .10 3.33 .10 3.30 3.03 0.00
6.1.0 0.36
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ML03200 .20 0.03 .23 0.00 .10 .20 .20
0.00 .3- 3.+J t.0o 2.5Q .20 0.00 .143
0.33 3.30 .50 3.03 .80 0.03 6.93 1.63
.140 2.80 .23 1.90 3.50 1.70 3.03 1.13

0.30 14.93 .20 .13 .20 1.30 1.43 .13
.1+0 3.33 0.00 .10 .53 .10 1.20 20.60
.6) .13 1.00 3.713 .53 2.30 0.33 3.03
.30 3. 3.30 .13 1.00 .53 3.33 1.03
.20 14.10 3.03 1.30 .13 2.5 .50 3.03
.23 1.33 .13 .13 0.00 t.00 .70 0.00
.13 .7 .23 .20 .13 .5 0.30 3.03
.140 .10 .23 0.00 .o .10 0.33 0.33

1.30 0.00
0.30 .50 0.00 0.00 .20 .23

.53 .83 2.50 .20 1.43 .13 .13
0.33 t.0 .10 ..o .50 .10 14.90 2.10
.23 2.93 0.00 2.60 3.33 1.70 .13 2.53

0.00 5.5k .63 0.30 3.03 1.40 2.23 3.03
.13 .1 0.03 3.00 .140 .13 1.33 23.00
.80 .10 1.20 9.53 .SC 2.23 0.00 0.33
.20 Q.0 0.00 .60 .50 .140 .143 1,03
.30 +.5C 0.33 .20 0.30 2.3w .143 3.00
.13 1.60 .10 .10 0.30 .93 .63 0.33

3.00 .60 .20 0.33 0.00 .63 0.30 3.00
0.03 3.03 .13 3.00 0.00 .43 0.00 0.30
.80 3.00

ML03202 .14u 0.00 .140 0.00 .10 .20 .13
.23 1.33 2.6C .140 1.80 .20 0.30 .14]

0.00 2.3 .5 .30 .30 3.33 5.80 2.00
.10 2.93 .40 2,80 2.93 1.30 0.03 1.10

0.33 7.43 1.33 0.00 0.03 1.00 2.40 3.03
.143 3,00 .13 .20 ..3 .50 1.03 19.20
.53 .20 1.10 6.13 .70 2.73 3.03 0.03
.13 .10 0.00 .10 .90 .143 .30 1.30
.70 14.16 0.30 .20 .10 14.83 .23 0.03
.60 Z.0 .10 .60 0.33 1.10 .90 0.00
.13 .50 .10 .10 0.130 1.20 3.00 0.03
.143 3.30 .13 0.30 .23 0.03 3.33 3,30

1.33 3.00
M1_05233 .13 0.00 .13 0.00 .23 .20 .23

.20 .50 2.90 .10 2.80 .10 0.30 .10
0.00 1.53 .140 .10 0.33 0.00 2.63 2.20
0.00 1.20 0.33 1.13 .80 .80 0.03 1.50
0.03 5.00 .73 .140 .140 1.80 .93 .10
3.00 0.33 0.33 0.30 .53 .23 1.53 27.63
2.5:3 .30 .90 7.30 .70 3.30 0.00 3.33
.50 0.00 3.30 .50 .70 .L.0 .40 .140
.1+0 3.90 3.00 0.00 0.00 4.90 1.140 0.30
.23 1.60 .143 .146 0.00 .73 .80 3,03

3.03 .70 .13 .10 .20 .140 0.30 0.00
.23 0.00 3.33 .140 3.00 0.00 3.00

1.83 0.00
ML082014 .140 0.30 .80 0.00 .30 .30 .140

.73 .53 3.56 .33 2.10 .20 .10 0.03
0.00 1.80 .13 .10 .50 0.33 2.60 2.60
.13 14.63 3.33 .33 .90 1.40 0.30 1.60
.10 5.140 .80 .10 0.30 1.50 .140 .13
.53 3.30 3.00 .20 .10 .10 1.90 21.03

0.03 .33 .60 7.10 .73 3.70 3.30 0.33
.33 3.00 .10 0.00 .60 .70 0.33 3.53
.70 '+.3C 0.30 .10 0.33 3.33 .5) 0.33
.140 1.63 .23 1.30 0.00 1.20 .30 3.30

0.30 1.40 1.10 3.00 .10 1.23 0.30 0.00
.20 3.33 .33 0.03 .13 3.00 0.3) 3.33
.70 0.30

L03205 .Su 0.30 .23 0.00 .53 .73 .63
1.143 .140 5.140 3.30 1.53 2.36 0.30 3.00
0.00 14.53 .23 .30 .10 0.03 2.33 2.23
0.30 2.33 .1 1.90 .70 .40 0.00 1.53
0.03 .5C .20 0.00 0.00 .93 30 0.33
.70 0.03 0.30 3.00 .40 .23 .90 19.70

2.93 .20 1.26 3.20 .13 3.63 0.00 3.00
3.33 0.00 0.33 3.00 .80 .'3 3.03 14.20
.70 6.3o 0.00 .20 0.30 2.33 .143 0.03
.63 1.50 .13 .20 0.03 1.73 0.00 3.03

0.30 1.30 1.213 0.30 .140 .0 0.33 0.03
.20 3.30 .36 3.03 .143 0.00 0.00 0.00
.60 3.00

Mt.]7263 .20 0.00 .70 0.00 .53 1.140 .10
1.20 .33 5.13 0.00 1.20 3.00 3.00 .10
3.33 2.90 .63 .50 .10 .13 2.30 2.50
.10 3.140 ,.30 2.90 1.03 1.33 3.33 2.13

0.00 3.50 1.00 0.313 0,30 1.33 .30 .10
.50 0.33 .13 .00 0.00 .73 2.53 19.90
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1.03 .813 .53 9.63 1.30 4.212 0.013 0.33
0.00 13.00 3.30 .10 .413 3.013 3.313 2.40
.50 3.40 3.30 .10 3.30 2.212 .312 0.130

13.313 1.10 .20 .20 13.30 .30 1.60 .10
.113 .613 .90 .10 .213 1.60 0.00 .23
.113 3.00 0.013 0.oa .60 3.00 3.00 0.00

ML.03236 .16 0.30 .53 0.00 .10 13.00 .20
1.20 .iC 2.23 20 1.70 .1113 3.133 3.00
0.03 2.70 .313 .213 .30 .10 1.30 1.70
143 4.413 .313 3.213 1.70 .60 0.30 1.412
.213 1.40 .90 3.00 0.00 .60 .13 0.013
.43 .113 3.30 .10 .112 .7L 1.23 1.7.90

3.433 .10 .60 3.13 .70 2.33 0.133 3.00
.20 .113 0.30 .113 1.213 .tu .20 2.10
.513 5.713 0.30 .213 0.00 3.2u 0.00 .80
.1.3 1.10 .20 1.90 0.130 1.80 1.80 0.00

0.33 7.50 1.23 .10 .10 2.40 0.00 0.1312

.20 0.00 .60 0.013 .23 .313 0,33 0.00
3.93 0.00

P1108207 1.10 0.00 .20 0.30 3.00 0,00 .1.3
.513 3.30 2.30 0.313 1.213 3.133 0.03 0.00

0.33 2.90 1.10 .113 3.00 0.013 2.133 2.43
.23 3.613 .30 3.10 1.10 .313 0.00 1.30

0.313 3.0k 1.00 0.00 3.30 .513 .50 13.123

.213 0.0W 0.00 0.00 .20 .313 1.73 15.83

.60 0.00 .60 5.63 .10 2.40 0.00 3.00
0.00 0.00 .40 1.73 0.00 4.20

1.20 5.9 0.013 .113 .113 5.30 2.20 0.00
.33 1.6.. .20 2.40 0.00 2.13 1.513 0.00

0.30 2.1113 1.043 .30 .313 2.90 3.00 .1,13

0.00 0.00 0.00 0.00 .313 3.30 0.00 0.1313

1.40 3.00
'L38208 .1(3 0.30 .513 0.03 .313 .413 .213

.543 3.00 4,13 .313 2.10 3.03 .li] 13.00
0.00 2.90 .53 .1(3 .313 .113 2.20 1.93
.10 3.20 .513 3.60 1.10 .713 0.00 1.00

0.013 5.30 1.20 0.00 0.30 1.20 .83 .213

1.13 .lu 0.30 .143 .50 .63 1.83 18.20
.63 .113 .60 7.70 .60 3.60 13.03 0.00
.113 0.1313 13.30 .212 .90 .113 3.313 2.74)

1.13 3.80 3.30 .212 .113 3.60 .813 '3.63
.90 1.70 .33 .30 3.00 1.20 2.20 0.00

13.134) 1.6& .743 0.013 .30 2.13 3.00 0.60
.112 0.013 .212 0.01) .41] 0.00 0.03 3.00

1.83 13.00
'1L03209 .713 0.00 .743 3.30 .513 .512 .23

.53 .3 3.313 .30 1.80 .213 0.30 .113

0.00 2.33 .20 .13 .60 13.03 1.40 1.80
.1.3 2.50 .1.3 4.00 1.50 1.434) 0.30 1.40

0.02 4.23 1.113 3.00 0.00 1.1.0 1.20 .213
.73 .10 .113 0.00 .212 .1.0 1.70 18.53
.20 .20 .50 7.90 .40 3.20 0.03 0.33
.213 0.013 0.00 .513 .513 .643 .54) 3.20

1.00 4.20 13.30 .10 .213 4.40 .613 0.1313
.70 .813 .113 2.13 0.0413 2.413 1.30 3.1313

.13 1.00 .50 .113 .413 3.10 3.043 .1.13

.213 0.313 .20 0.313 .313 0.00 0.00 0.03
1.433 3.313

P1109213 1.33 0.00 .943 0.00 .513 .23 20
1.313 .1.13 3.30 .213 1.13 .113 .213 .1.13

0.433 2.243 .613 .413 .70 0.0(3 1.213 1.63
3.313 2.112 3.00 3.30 1.70 .813 3.30 .813
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.80 .10 .10 0.03 .1.0 .10 3.03 .30
5.70 3.00

Lfl8828 .60 0.06 .80 0.00 .1.0 .63 .30
.30 .80 3.70 .10 1.1.0 .3,) 3.03 .13
10 .60 .1.3 0.00 .30 0.00 3.70 1.66

0.03 .80 .13 1.20 1.10 .60 3.00 3.33
0.33 1.10 .60 3.33 o.00 .c .30 0.00
.33 0.03 0.00 0.30 .1.0 .30 2.40 17.40
.13 .1.0 .1.0 6.20 1.13 .1.0 0.30 3.00
.33 3.30 3.00 .80 .30 1.20 1.20 2.50
.30 5.10 1.13 .10 .80 2.00 3.00 0.30
.10 1.20 3.03 5.93 3,00 .93 0.30 0.30
.1.0 .1.3 .80 0.00 2.20 2.4u 3.00 .1.0

1.60 3.03 3.30 3.30 .80 0.00 3.03 .33
8.33 0.30

ML33829 .90 0.33 .43 3.00 3.06 0.00 .20

0.00 .1.0 4,60 .23 1.1.3 .20 0.03 3.00
3.30 1.70 3.00 .20 .20 0.00 5.3 1.1.0

3.00 1.1.3 .26 1.20 .90 .70 0.30 3.03
0.30 1.20 .1.0 3.00 0.00 .90 .73 0.33
0.30 3.00 0,00 0.03 .70 .70 1.1.0 21.1.0

0.00 .70 .1.3 5.13 .23 .20 0.30 0.00
.20 .20 0.30 .1.3 .73 .70 .1.0 1.93
.1.3 5.50 .1.0 3.03 0.30 3.40 1.90 3.03

1.90 1.90 0. 2.60 0.03 1.70 3.00 .70

.1.0 1.20 .1.iO 3.03 2.10 1.26 .23 .1.0

.93 3.00 .70 3.30 .20 .20 3.00 .23
5.30 0.00

ML08333 t.3u 3,33 .93 0.00 .80 .53 .83
.53 0.00 4.33 0.03 .50 .33 0.03 0.03
.1.3 .50 .53 0.00 .93 3.30 4.53 2.23

0.33 .SC .33 1.90 1.23 .13 0.03 0.03
0.00 1.90 .30 3.013 0.33 .53 .33 13.00

.13 3.30 3.00 0.00 .10 .36 2.43 22.90

.60 .60 0.30 5.70 1.30 .63 0.33 0.30

.30 0.00 3.33 .50 .30 1.70 .10 1.90

.63 5.26 .50 .10 1.53 2.53 2.1.3 3.33
1.26 1.20 3.30 3,80 .10 1.26 0.06 .33
.13 .63 .50 0.00 1.90 1.30 0.00 .33
.63 0.00 0.00 3.33 .10 .50 3.30 .30

5.1.0 3.00
ML38831 1.83 0.00 .30 3.03 .4C 0.00 .1.3

.50 .1.0 6.80 3.30 .10 .30 0.30 .13
3.00 .6 .30 .30 .1.0 .1.6 3.1.0 1.03
0.03 .36 .13 1.83 1.83 1.23 0.30 3.33
0.33 t.2 1.70 3.30 3.00 .73 .613 .13
3.03 3.00. 0.013 0.06 .30 .13 2.03 21.50
.30 .1.0 0.00 4.00 .60 1.40 0.33 0.33
.1.3 0.00 0.30 1.1.0 .1.0 .73 .30 1.2)
.13 4.20 1.43 0.30 .70 2.60 2.83 0.63
.63 2.10 0.30 5.30 0.30 .70 0.00 .913

.13 .73 .90 3.03 2.30 2.50 0.00 .63

.93 3.30 .30 3.03 .1.) .10 0.03 .16
5.1.0 3.3.0

L03832 1.60 0.00 .50 0.03 1.50 1.63 0.00
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.50 .50 4.90 0.33 1.60 0.30 0.00 0.03

0.33 1.613 0.30 13.00 0.30 13.0. 1.1.0 3.313

3.00 i.i.0 .50 1.60 2.713 1.1.0 0.03 0.00

0.00 1,10 1.13 3.03 3.30 1.13 .513 3.80

1.13 0.00 0.313 0.30 0.33 .s: 3.30 12.13

.50 .50 .513 ..40 1.10 3.Su 3.38 0.03

0.33 0.30 3.30 1.113 0.00 3.80 1.60 2.26

t.iu 3.313 1.1.3 3.30 0.00 3.3; 1.60 3.00

1.1.0 .5 0.00 i*.9Q 3.00 .513 0.60 0.00

0.30 13.013 2.70 0.08 1.10 1.6 .50 3.00
0.38 0.00 1.60 3.06 0.013 .513

1II..38833 2.i13 0.03 0.00 0.00 0.013 .813 .413

0.00 0.30 4.50 0.30 2.10 3.00 3.00 .40

0.03 i..70 0.30 0.00 .40 .48 3.40 1.713

0.33 o.00 a,ou t..38 2.10 1.70 0.01] 0.00

0.00 o.uc .80 0.03 0.00 .36 3.00 0.00

0.03 0.00 13.00 13.33 .80 .413 2.10
0.00 .413 0,03 4.30 .413 1.70 0.80 0.3
o.o o.au o.00 o.ao ..3 .90 .43 2.13
.43 5.60 2.10 2.10 2.1.0 3.00 0.00

5.60 0.00 4.30 3.00 1.30 0.130 3.00

.40 .40 1.70 .t3 3.1313 2.10 13.00 .43

0.00 3.3k 3.00 3.30 .413 .4 3.00 0.00

7.40 0.00
ML03834 1.90 0.00 .4 0.00 .40 .413 .40

.413 .50 4.71) 0.31] 1.20 0.00 0.00 0.136

0.00 .813 0,30 0.00 .2131 0.00 3.43 2.50

0.00 .60 0,00 .43 4.03 .5] 3.33 3.03

0.Ou 2.113 .813 0.30 3.30 .813 8.013 3.00

0.33 3.00 3.00 13.00 .40 .213 2.30 19.20
.20 13.00 0,00 7.50 .60 3.80 0.30 0.00

3.00 o.e 0,00 .613 0.013 3.00 .413 1.20

0.33 3.60 .613 0.00 .50 1.20 .40 3.013

.213 2.50 0.00 7..O .413 1.00 0.133 .20

.23 .40 0.013 0.30 .50 2.90 .613 .20

.4') 0.30 0.03 3.03 .40 0.00 0.30 .50

9.43 3.30
.713 3.00 .713 0.08 .713 .713 .20

.513 .53 3.23 .23 1.50 0.00 0.00 .53

0.00 1.50 0.30 3.00 0.00 0.00 3.20 1.50

0.00 .213 .213 1.33 3.50 3.50 0.00 3.30

3.03 2.213 1.20 0.30 0.00 1.00 .23
0.30 3.00 0.33 .20 .73 0.30 2.50 18.10

3.03 .213 3.00 7.50 .213 3.00 0.00 0.03

.23 0.013 0.00 .50 .5 1.213 3.00 2.50

1.50 2.73 .50 .50 1.20 1.So 1.70 0.00

.213 1.23 3.30 3.50 0.03 1.213 0.00 .23

3.00 .713 .23 .ao 1.20 3.00 .23 .713

.213 3.00 0.00 13.00 1.20 .21] 0.131] .50

7.53 0.30
M08836 1.60 0.00 .30 0.00 .80 .1.0 .1.3

.113 1.10 3.713 0.00 1.140 0.00 0.03 .313

0.30 1.90 0.30 .113 3.00 0.03 5.30 .80

0.03 .80 .13 1.10 3.40 1.10 0.03 0.00

0.30 2.50 .13 3.133 0.00 .613 .40 0.03

.613 3.00 .10 0.38 .113 .143 3.413 13.40

.140 .13 .30 9.53 .30 1.50 13.00 0.03

.140 3.03 0.38 1.10 .313 2.20 .140 1.20

.143 4.76 .Gt) .613 .40 3.40 3.50 0.133

3.00 1.10 .113 2.90 .313 .613 0.03 .113

.113 1.20 .1.8 .113 .60 2.70 .10 .613

.80 3.00 0.30 3.03 .30 .313 0.130 .313

7.13 3,313
ML138837 1.30 0.133 .113 .113 .10 .51] 0.00

.30 .313 2.53 .13 80 .113 0.00 1.013

0.00 1.50 0.30 0.03 .10 Q.0 4.50 2.03

3.03 1.60 3.00 1.80 3.613 1.80 0.013 8.00

13.00 4.60 .513 0.08 3.00 .113 .5'] 0.31)

.50 .1113 13 3.013 13.00 .513 4.00 14.30

0.30 .10 .50 6,53 .1.0 .513 0.00 3.013

.56 0.00 0.30 2.00 .83 .613 1.313 1.60

.313 6.513 .313 1.30 .60 2.50 2.60 0.130

.60 1.1.0 .313 2.83 .313 .113 0.011 13.133

1.133 .50 0.013 .30 .63 2.33 .613 1.03

1.50 13.00 3.00 0.30 .60 .813 0.03 .113

5.30 '3.00
ML35833 .513 .1.0 .30 3.00 .60 .13 .113

.30 .613 3.113 .10 1.li] .113 13.03 3.130

13.33 .613 10 3.013 .31] 0,03 5.70 1.40

0.3] .513 3.1313 2.10 5.313 1.50 0.30 0.03

3.03 3.1 1.3.13 8.313 0.33 .30 .oO 0.03

.313 3.03 .1.0 0.013 .10 .613 2.43 20.43

13.00 ..0 .3 8.33 .1.0 .913 13.03 0.013



10.33 .3.0 3,33 j,l.43 .33 1.3.0 .60 .810
.33 3.7 1.10 .1.0 .30 2.50 2.60 0.00
.30 .Su 3,310 2.713 .1.3 .30 0.00 .3.0

.10 o.aç .30 .% 0.30 143
.50 0.130 ,j.0 .1u .Bu 10.010 .3.0

5.63
1.210 3.00 3.00 .113 .113 0.03 3.100

10.30 1.1.10 2.613 3.010 O.00 0.1010 3.100
3.33 .610 0,00 ,.33 .113 3.00 3.710 1.50

1.210 ,i 0.310 3.100
0.30 1.710 2.010 0.100 0.00 1.510 .610 10.00
.310 0.00 .110 0.00 .310 .1.0 3,60 20.1.0
.110 .513 .10 6.33 0.30 .610 3.103 0.00
.110 3.1310 .110 1.70 .310 .610 1.1.0 .613
.3.1) 3.310 .90 13.00 .1.10 2.813 2.93 0.03

0.30 1.10 0.30 1..20 .63 .60 .1.10 .30
.3.0 .613 .613 .63 1,3.0 1.80 .30 .30
.610 3.OG 0,313 0.00 .1.0 .110 0.00 .913

7.70 0.30
ML3381.0 1.1 3,130 .313 0.03 .310 0.30 .313

.10 .8u 3.2 Q,.3 1,3.10 .110 0.012 0.
3.30 t.6C .1.0 ,jj.i .313 0.00 2,20 1.1.0
0.00 1.1.0 .310 1.10 1..20 1.310 0.00 0.010

.1.0 0.100 0.03 1.60 .910 0.00
0.03 0,010 0.30 3,33 .j3 .113 t..0 17.510
.1.0 .S .1.0 6.80 .3.0 1.30 0.00 3.010

0.30 3.01: 0.30 .1.0 .510 1.1.0 .810 .30
.310 3.51: .60 .30 .313 5.210 3.710 0.00
.8) .2.0 5.50 .110 .910 0.03 .110
.910 .3.13 .110 .30 .310 3.210 .3.) .1.2

1.30 0.310 .3.0 3.00 .1.13 .60 0.00 .90
6.53

MLOSS4L 2.30 0.310 .110 .110 .3.3 .3.13 .30
3.03 .510 1.80 0.133 .813 0.30 3.010 0.00
3.30 1.10 .110 0.00 .3.0 0,010 2.90 1.1.10
0.03 .80 0.3 2.00 3.1.0 ,.*8 10. 0.03
0.010 1.73 .60 3.00 0.00 .8 .iu 3.00
.3.0 3.00 3.00 3.31) .,3 0.Ou 1.110 Z12.iC
.310 .513 0.00 1..20 1.50 1.010 0.30 13.03
.310 0.310 .1.0 .50 .80 .610 .810 1.53
.310 5.810 .513 .53 i.ia 2.713 2.70 3.01)
.33 .53 0.31) 5,50 .111 3..1i 0.00 .3.1)
.50 .50 .60 .513 .310 3.eu ,j
.50 10.103 u.0O 3,00 1.3.3 .3.3 1.3.1)

7.30 1.00
ML0881.2 t.3o 3,310 ,+3 .3.3 .1.1) .213 0.100

.3.0 .1.10 .3.0 1,13 .1.10 3.00 .10
0.00 1.310. 0.03 .20 .510 0.00 2,510 .80
0.33 1.1C .10 1.93 2.90 2.50 0.30 0.00
0.30 2.610 .510 0.03 0.30 .513 1.00 .3.0
.53 0.01: 0.00 0,30 .710 0.00 2,20 11..713
.3.3 .210 .213 5,63 .3.3 1.30 3.101) 3.00
.213 3.32 0.010 ..3 1.10 .710 .313 2.63
.810 1..SC .1.0 .53 .70 2.23 1..j.3 3.30
.1.3 1.90 .210 5,L,3 0,1010 2.20 13.310 3.30
.53 3.00 .10 .1.0 .20 3.53 .210 1.10

1.93 0.00 0.33 0.310 .30 1.00 10,03 .710
5.60 0.010

CORE Y71-6-12

40t2801. 2.6 10 .110 0 10 .20 0
.110 .510 6.23 10 .80 10 10 .210

3 4 0 10 i.Bo c 1.91) 5.23
13 .8u .3.13 .9') 1.93 .410 10 13

10 6.t .3.13 0 10 .210 ,1.3 3

10 13 13 0 .20 .810 1.3.0 9.80
.513 1.510 .513 15.30 1.210 113.110 0 10

10 10 13 1.913 .1.0 C .113 .113
3 t.SC .80 .213 .513 .210 .510 13

10 .1.10 10 .90 0 .810 0 0
.13 10 .80 10 1.60 4.70 .110 .910
.50 10 10 13 .3,0 .2.10 13 .1.10

7.53 10

M0123105 2.61: 10 .510 0 10 .710 .3.13
.33 .82 5.510 10 .513 10 .23

10 .210 C .113 1.10 0 2.83 5.90
3 .810 .313 .50 1,20 .310 0 10

0 1..2C .110 0 13 .73 .613 3
0 0 10 .110 .713 1.10 8.610

.70 1.1.0 .513 11.310 1.113 13,10 10 0
0 13 3 1.50 .113 0 .20 .510

.3.10 2.510 2.50 .10 .610 .110 .31) 0
.210 .50 13 510' 13 1.010 10 13
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.10 .ju .713 13 1.60 3.30 13 .813

.50 13 0 a .7a a 13 .213
5.aa 0

M012130& 5.00 .10 .30 0 0 0 0
.20 .80 5.60 0 1.20 a 3 .113
.10 .5c 13 .70 .513 13 1.60 2.73

O 1.30 .20 .1.0 1.20 .613 13 13

a 3.213 .zc a a .sc .90 0
.ta a 0 13 e20 .71) 1.73

1.130 .73 .513 t3.0 .70 13.90 0 3

0 13 13 1.00 .313 .10 .90 .30
3 1.73 t.0 .30 .213 .113 .i.0 0

.50 .kC 13 .70 13 .313 .113 13

13 .(C 1.10 13 2.30 3.50 .113
1.03 13 .113 3 1.10 0 13 .20
5.1.3 0

MO12807 e.10 13 .30 Q 0 0 .113
.63 13.30 13 .313 .113 13 .13
.513 .213 0 .50 .10 .20 .30

13 .1.13 .60 .53 .53 .1.0 0 0
3 .913 0 0 0 1.00 .30 3

3 13 0 .20 .313 .6 1.20 5.713
1.10 1.1313 .313 7.20 1.00 21.,60 3 3

O 13 13 .1.0 0 .213 .113 .113
3 13 1.30 0 .213. .1.0 .10 13

.513 .113 .50 13 13 0 .13
0 .113 1.30 0 '..73 3.5 .213 0

1.1313 13 13 13 .813 0 13 .10
5.93 0

M01288 1.70 13 .50 0 0 3 .113
1.13 .113 t..30 0 .10 0 13 .113
.113 .3C 13 .30 .10 .113 .313 6.90

O .7: .513 1.10 1.10 .16 .3 a
13 .513 .113 0 0 1.13 13 0

.13 3 0 0 .10 .913 1.33 9.70
1.50 1.10 .10 3.13 2.10 28.13 13 0

3 13 .3 .1.0 0 0 13 .313
3 1.1 0 0 .513 0 .3

.33 .713 0 .313 13 .10 ii 0
13 13 2.50 0 2.53 2.313 3 .1.0

.313 a a 13 .513 0 13 13

5.00. 13

M012809 5.8w 13 0 0 3

33 0 1.2.00 0 .613 .113 13 .113
13 .1.0 13 .1.0 .643 .30 .913 5,33
0 .23 .1.0 .213 .1.13 .213 13 0
13 1.70 3 0 13 1.30 .213 .10
0 0 13 13 .1.13 .613 1.80 1.0.30

1.23 1.03 .313 6.60 1.73 20.213 0 0

3 13 13 .113 0 13 13 .713
.1.0 .713 2.50 0 .10 .213 .1.0 13

.213 .913 .10 .80 3 .1.13 0 .113
3 13 1.70 13 3.1.0 s.10 .213

.913 0 13 0 1.20 13

1.93 13

M0j.2313 3.33 13 13 13 .513 .90
.53 .713 t1.LsO 0 .613 13 13 .20
.213 .1.0 3 .30 .13 0 .20 6.80

0 .7Q .543 .70 .613 .313 13 0
0 i.... 0 13 13 .713 .ii] 3
O 13 .113 0 .643 1.10 8.70

.943 1.1313 .20 5.313 1.60 22.16 0 0
13 .1.0 13 .113 0 13 .113 .73
13 .2 1.013 .10 0 .613 .113 13

.513 1.00 13 .20 13 .20 13 .3

13 .1.0 2.33 0 3.30 '+.60 .10 .213
1.00 13 13 13 .90 0 13 .343
6.83 13

M0128j1 3.813 13 .20 3 13 .20
1.10 .313 11.013 13 .913 .113 3 .10
.23 .1.13 .10 .60 2.33 13 1.1.0 5.1.0

13 .30 .1.0 e30 .713 .30 13 13

0 13 0 t.13 .30 0
0 0 .213 .1.0 1.80 9.60

.613 2.20 .33 10.50 1.70 13.70 13 0

O 0 3 0 0 .20 .213
13 .70 .30 .1.0 0 .1.13 .1.0 0

.313 .1.0 0 1.113 13 .343 13 .13
0 13 .50 .30 2.10 3.50 .23 .70

.1.0 13 0 13 .130 0 0 .20
5.90 13

M012812 3.513 3 .1.0 .13 13 .53 .50
.83 .1.0 12.73 .3 .513 13 13 .213
.43 .1.0 3 60 .513 .513 .513 7.10
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0 .1.0 .213 1..63 1.60 .1.0 0 0
3 1.1.0 0 0 0 1.00 .20 0
3 13 13 13 .213 .813 1.70 7.701.23 .13 1..53 2.10 23.13 0 0
13 3 0 .1.0 .10 13 .813
3 .6 1.50 13 0 3 13

0 .20 a .80 0 13
3 .1.0 .913 13 14.1.3 3.20 .113 .113.;o a a a .o a a5.13 3

M012313 3.10 a .'o 0 .30 .2131.00 .30 1.3.30 3 JO 0 0 .113
.313 .70 13 .713 a .113 13 7.20

3 .613 .70 .23 1.00 .113 0 3
13 1.20 .213 .13 0 .913 0 13.10 13 0 .1.3 .60 .713 1.80 3.140.30 .513 .213 3.60 3.20 22.90 13 0
0 13 13 .1.3 0 0 0 .543

.113 .313 1.60 a 0 .50 .50 0.30 .30 13 .10 0 .543 13 13
0 0 .90 3.50 2.50 0 13

0 .60 0 0 .113g

M012811. 2.50 3 .1.3 0 .313 .313
.713 13 1.7.70 13 .90 13 0 0

o a a .so a .113 .10 6.90
13 .70 .943 .313 .313 3 a
3 .1.0 .140 0 13 .713 .1.0 0
0 0 13 0 0 .313 13 5.301.23 1,10 0 2.30 1.713 28.50 a
o a a a 0 13 3 .140
13 .10 1.80 0 0 .613 0 0.53 1.4Q 13 0 13 .31] 13 0
13 13 1.20 0 3.73 3.90 0 .113

a a .ga 3 0 0

2.33 13 .10 13 13 .10 .513.50 .513 13.20 3 .50 a a a.10 .213 0 .60 .20 .113 .213 7.90.20 .213 .513 .313 .21] I] 0
0 .60 .10 13 3 .60 0 3
13 8 13 .20 .10 .50 2.10 5.70.60 1.20 .10 3.60 2.73 27.1.0 0 0
13 13 13 .10 3 13 .113 .50
3 .t 1.33 0 .13 .20 .50 0.33 1.00 3 .10 0 .513 0 .1.13
0 0 .60 .13 14.30 2.30 0 13.33 0 .1.0 13 .90 13 13 .139.00 0

W012315 3.0C C .613 3 0 31
.1.3 .Z 12.30 0 .70 0 .113 3
.213 .313 .113 .313 1.3 .113 .30 5.83

3 .3 .70 .30 .30 .313 3 13
13 2,90 3 0 13 .713 .20 13
O 0 0 0 .140 1.213 1.30 9.201.313 1.10 .20 5.90 2.1.0 23.00 0 13
3 0 0 1Q 0 13 20 3
13 1.20 13 .1.0 .90 .10 0

.23 .813 0 .23 13 .313 0 13

O 3 1.10 0 2.2.0 2.70 13 .213
13 0 0 .90 13 13 136.80 13

M012517 3.83 3.00 .70 .513 0.00 .80 .213.33 .1.0 9.80 0.80 .70 13.013 0.00 3.33.30 .213 0.00 .53 .10 .1 .10 7.030.30 .613 .1.0 1.00 .80 .313 o.008.00 1.00 .33 0.00 0.30 1.13 0.03 3.000.03 0.30 8.33 0.30 .113 .313 .80 3.701.60 .713 .33 '.50 14.00 23.1.3 0.03 8.000.03 0.3] 3.00 .213 0.30 0.130 0.00 .3130.00 1.6] 2.10 0.00 0.013 .5 0.00 0.000.00 50 0.30 .543 0.30 .70 0.30 0.03
.213 0.30 1.813 .1.0 14.90 5.90 .113 .213.63 0.00 3.30 0.00 1.23 3.00 0.30 13.005.10 0,00

M012818 3.53 0 .23 .20 13 .30 .213.60 .513 13.33 0 1.11] 0 13 0.10 .1.0 .113 .1.0 .50 .10 .20 8.3.0
0 .140 .'.0 .60 .90 .10 3 0
3 1.20 .140 .30 0 1.00 .21] 0
3 0 0 13 .213 .60 2.213 10.03

.713 1.70 .2.0 14.60 2.10 19.513 13 .113
o 3 0 .1.0 13 13 .113 .1.3

.113 1.213 1.20 13 .213 .113 .143 3
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.12 .70 0 .140 .10 0 0
O 0 1.00 0 14.70 3.10 .20 .30

.5) 0 0 0 1.30 0 0 .20
5.80 0

w012619 1.20 0 .30 .10 C .33 0

0 .13 17.40 0 .10 3 .10 0
.13 3 0 .50 3 C .33 10.00

3 0 0 0 t.Go C 3 3
0 .90 .10 C 0 .30 0 0
O 3 3 3 3 0 1.1.3 7.00

1.140 2.70 .10 1.1.0 1.60 29.90 0 3
O 0 0 0 0 0 0 .30
3 .30 2.10 0 0 .90 0 0

.50 1.20 3 U 0 0 3 0
0 .10 1.1.i3 .10 5.140 2.10 - 0 0
0 0 0 U .33 0 0 0

4.93 3
'4012820 1.20 0 .20 0 0 0 0

.20 0 17.20 3 0 0 0 0
3 0 0 .1.0 .28 0 0 8.90
3 .20 0 .20 .1.0 0 0 0
0 0 0 0 0 .20 0 0
0 0 0 0 0 .20 1.1.0 7.60

.30 i..90 0 1.90 1,70 31.10 0 .23
0 8 0 0 8 0 0 0

.140 2.30 0 0 1.03 0 0
.83 1.0 a a a .23 0 0

3 0 1.30 3 3.30 2.70 8 0

3 0 0 0 .53 3 3 0

8.73 0
'4012321 1.03 0 1.00 .23 0 .20 .20

.63 0 21.70 0 C 3 0 0

.23 .20 2 .1.8 .0 8 3 9.90
0 .20 .20 .20 1.00 .20 3 0
O .20 0 0 0 .60 .20 0
3 0 0 0 3 0 1.60 6.73
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0 . :3 0
0 8 0 :3
3 0 0 0
2 3 .20
0 0 .23 0

.23 0 0 0
9.80 0

Mt.129t.8 .98 3 0
.30 0 1.43 C4.93 0 0 0

0 :3 :3 .50
0 0 3 0
3 0 0 3
:3 0 .10 0
0 :3 3 0
o 0 0 0
.3 0 C 0
0 0 :3 0

.10 0 .10 0

.21 0
M11291.9 .50 3 0

.50 0 .73 0
8.10 0 0 0

3 .30 0 1.20
0 0 :3
3 3 .90

50 0 3 0
O 0 0 0

213

0.03 0.00 0.00 .30
.80 0.00 0.30 3.00

0.03 3.08 3.00 0.03
0.00 0.00 2.20 i..23
1.30 3.00 3.00 3.03
0.00 0.00 0.00 0.uO
0.00 3.03 0.30 ..0
0.00 3.00 0.00 0.03
.23 3.2 0.03 1.8)
.20 3.00 11.83 37.53

0 3 0 0
0 0 0 :3
3 0 0 .50

.98 0 0 0
0 0 3 0
0 0 3.90 19.13

.50 1.30 3
0 0 C 0
O 0 0 1.50
C 0 :3 .13

.13 1.38 .30 .50

.30 1.90 8.83 37.70

o 0 3 .20
3 0 .3 3
0 0 0 0

.40 0 0 0
0 0 3 :3
0 .40 2.50 13.83

3.20 .43 .30 :3
'3 0 0 0
o 0 0 1.80
0 3 0 .23

.1.0 1.30 3 0

.40 2.30 5.30 37.00

3 0 0 3
o 0 :3 3
O 0 0 .20

.1.0 0 3 3
0 0 3 0
0 0 2.40 14.23

1.13 .43 1.13 0
0 3 0 0

.23 0 0 1.50
'3 0 3 .43

.40 1.30 0 .1.0

.20 2.40 8.33

0 0 0 0
0 0 .0 0
O 0 3 .60
0 .1.0 0 0
0 :3 0 0
O .20 1..3 12.53

1.53 0 2.03 0
3 3 3 3
0 3 3 2.00
0 0 :3 :3

3 2.23
.20 2.60 6.90

0 3 0 .30
0 C .3 3
0 1! 0 .53

.1.0 0 :3 :3

0 0 0 3
0 0 3.83 11.73

1.40 0 L.1Q 3
0 C 0 3

.1:3 a 0 2.0)
O :3 3 :3

.10 2.70 .30 .13

.30 3.80 7.93 47.73

O 0 0 0
O 0 3 0
0 '3 3 1.11

.10 0 0 0
0 0 0 :3
0 .38 2.03 15.93

.7 C 2.03 .3

:3 0 :3 3
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0 0 0 0 C C
C C 3 0 0 0 0 .50
a a .30 0 .30 2.43 a .i.a

.13 0 a a .70 4.00 3.1.0 39.03
0

Ml12950 .60 a 0 0 3 .43
.60 0 1.70 0 0 C 0 3

1.90 0 a a a a a 1.1.0
O .1.0 3 .Ø .50 .10 0 0
o C C a '0 0 0 3
0 0 0 .30 0 .10 4.80 1.2.60

.10 .10 .ia a 1.40 a t.n a

O C a a a a a

O 0 0 0 .10 3
a a a a a .ia a .1:
O C .40 0 .1.0 2.10 0 .0.0

a a a .30 5.1.3 30 43.60
a

Mt.12951 .30 0 0 0 a a .a
.40 0 1.20 0 0 0 0 0

3.80 0 '0 3 a a 0 .60
0 .30 0 .30 0 .10 0 '0

o a a a a a a a
O C 0 0 0 .11 4.10 1.0.80
0 .10 .io 0 1.70 .0.0 2.50 C
a a a a a a a a
a a a a .ta a a 1.90
a a a a a a a
o 0 .30 0 0 1.70 0 .10

0 .io a 1.20 6.00 7.60 44.70
7.1.0 0

ML1292 .90 0 0 0 0 .30
0 3.00 a a a a a

2.80 0 0 0 a a a
0 .30 0 .50 0 0 3

o a a a a a a a
0 0 0 1.80 0 .42 5.1.3 12.40
0 .30 .10 0 1.50 .30 1.80 .10
0 0 0 '0 a a a a
a a a a a a o
0 0 0 a a a a a
0 0 .30 0 .40 1.50 '0 .13

.43 0 3 0 .30 5.00 5.53 43.20
6.53 C

MLIZ9S3 .83 0 0 0 C I .80
.50 0 2.50 C C C 0 '0

3 60 '0 0 0 0 C 0 80
a a .ta .jo .50 .30 0 3
0 0 0 '0 0 0 0 3
'3 0 0 1.30 '0 .1.0 3,50 13.90
O .3U .1.0 0 3.50 0 1.60 0

a a a a a a a a
O .10 a C 0 '0 0 2.00
O 0 0 a a a a 3

a a a a .sa 2.30 a
.60 0 .30 0 1.03 2.53 S.3u

C
a a .ia

a a.a a a

2.90 0 C 0 0 .30
O .0.3 .33 .30 .0.' .0. 3
a a a a a a a a
O 0 0 1.50 0 .10 4.60 1.5.90
a .so a a 2.70 0 2.90 C
0 0 0 '0 C '0 0 '0
a a a a a a
o a a a a a a 0

0 .10 .30 C 1.33 1.33 J

.30 0 0 0 .50 .23 !.23 3.3.30
5.50 '0

a a a a 0 .60
.40 0 2.0 C C C '0 .23

3.90 0 0 C C C I .53
'0 .2C .60 .43 .20 .2 0 3

o 0 a a a a a a

3 0 0 1.80 0 .2G 3.30 11.1.3
O .20 3 C 2.80 2.20 3
O 0 '3 0 0 0 '0 0

0 0 0 0 0 0
O .20 0 .20 0 0 0 C
O '0 .20 3 ..0 1.20 0 0

.2] 0 0 0 1.00 3.70 7.63 42.60
3.60 0

p4112956 1..0 3 0 0 0 0 .13
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.313 13 310 13

'3

13

13

0
13

0
13

0

2.91)
O

13

13

13

.30 .113 0 0 0 13

13

0
13

0

13

13

13

1.90
13

13

0
.t

13

3.90
0

10.50
13 .513 .113 0 2.70 13 1.813 0

13 0 0 0 0 0 13 13

0 13 .10 0 0 0 13 1.813

13 0 0 0 13 0 13 0

3 13 .513 0 .90 .713 .113 13

.93 0 0 '3 .113 6.313 7.+3
9.213

'4112957
0

1.713 13 13 C 0 C C

.53 13 1.t13 0 13 13 0
0

0
33.913 0 13 13 13

0

C
13 0 0

13

13

0
13

3
13

.20
0 13 13 13 13

13 0 0 1.90 '3 13 5.60 114.213

3 1.10 0 0 2.80 C 1.140 0

13 0 13 0 3 0 0 13

0 0 a 0 13 13 3.140

13 13 0 13 a a 3 .20
13 0 13 13 i.140 0 13 .213

.23 0 13 3 13 14.50 9.113 37.00
8.23

M112958
0

3.10 0 13 0 0 13 .213

.213 13 (4.30 '3 3
'3

0
'3

0

a

13

.203.7)
3

13

0

0

.213
0

.50 0 0 0 3

0 0 0 13 0 0 13 13

3 13 13 2.013 0 .513 2.20 113.60

0 1.10 0 0 2.813 0 1.10 13

13

13

0
0

13

0
13

0
13

0
0
0

0
13

0
.80

0 13 0 0 0 13 0 . 0

13 13 13 13 .80 .813 13 13

.21 0 0 0 0 14.213 13.13 36.313

10.313 13

2.00 13 13 0 0 0 .140

.140 13 1.60 0 13

13

13

0

13

13

13

2.713 13

0

13

.213
a

.213 .SC C 13

.913

13

13

0

'3

0

13

0
2.00

13

13

0
.213

13

'.313
13

9.40
13 .f.e0 13 13 14.313 0 1.313 3

3

0

13

0

0

.213
13

0

13

0

13

13

13

0

13

2.013

13

13

0 0
.60

13

0

13

.63
13

1.113
13

0

13

.90
.1413

0 .213 3 13 5.213 11.70 37.313

7.33 0
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Appendix 7 Percentages of Radiolaria categories of 18 K level samples

FOM1T see \ppendix 6

4Lo72fJ .73 .1C .78 .50
.83 ,3 4.30 .10 2.28 3.06 0.08 .33

0.03 2.30 .8) .23 .30 0.33 3.00 1.63
.22 3.43 3.03 5.10 2.43 .70 0.30 .72

0.63 .30 .3o .10 3.03 .68 .60 0.80
1 13 3 30 +C . 73 12 4.
.4) .20 .70 1.4.00 .30 .0 8.80 3.33
2) 3 0.J 1 20 56 1 23 1 8

0.30 3.8C .80 1.20 .53 3.20 t.96 0.00
.30 .60 .10 5.68 .53 i.6i3 .70 0.00
.10 1.40 .38 .20 .50 2.43 3.03 3.03
.1.) 3.33 .30 0.83 .40 .53 0.00 0.30
.53 3.33

O3 727 1. 03 0 03 1 38 0 00 60 13
.70 .10 3.73 .10 1.90 0.30 .11 .33

O 33 1 5 90 20 3 CC 4 2 2 1
10 5 C 00 3 73 2 2 30 0 0. 9'

0.33 .70 .56 0.03 3.33 .20 .50 .13
.33 3.63 .33 3.00 .20 .1.3 .60 11.1.3
.50 .20 .53 15.90 .20 .20 0.03 0.33
2u 26 0 0 1.1.3 SC 20 93 3

3.30 .53 2.30 .10 2.93 2.33 0.30
.30 .90 .53 3.40 .18 1.80 1.00 0.00
.10 1,10 .20 .20 .20 3.83 0.00 0.30

0.30 0.03 .10 0.60 .20 .10 8.00 0.00
.90 3.30

M007256 .Q 0.03 1.80 3.08 .63 .90 0.80
0.00 .1.0 3.60 0,03 1.68 3.00 .13 .90
3.30 2.80 0.00 .20 .60 3.00 5.40 2.36
0.03 0.00 4.98 3.10 1.33 3.00 1.60
3.33 .90 .10 3.33 0.03 3.30 .13 0.00

IL 10 10 0 00 0 00 .60
0.03 3.30 .70 22.80 .58 .53 3.00 0.00

93 10 50 7, 50 73 2 20
30 5 9. 32 1 3 20 3 6. I 5 3 3'
.23 .5C .10 2.40 3.00 1.40 .33 0.03

1. 9 030 18 003 6 003 03'
.1) 0.60 .10 0.00 .50 .33 3.03 0.00
.33 0.08

Ot28C7 4.10 0 .30 3 0 3 .13
.50 .40 13.00 0 .30 .10 0 .13
.53 .23 0 .56 .13 .20 .33 4.43

3 .'.G .60 .53 .50 .43 3 0

3 .90 0 0 0 1.00 .33 3

3 3 3 .23 .30 .63 1.23 5.73
1.13 1.80 .33 7.23 1.00 24.63 0 3

0 3 3 1 0 .20 .1.0 .13
0 6 1.30 0 .20 ..o ..ta 0

.43 .50 .1.3 .50 3 3 0 .13
3 .13 1.00 3 4.73 3.53 .20 3

1.83 3 0 a .80 0 0 .10
5.98 0

iL07268 .20 0.00 .73 3.03 .50 1.43 .1.3

2. 23 6 13 0 uO 1. 3 CC 3 33 1
u.0 2.93 .oO .53 .18 .10 2.30 2.68
.10 3.4. .33 2.93 1.39 1.30 0.03 2.13

3.33 3.50 1.00 0.30 0.00 1.30 .30 .1.3

.13 0.33 8.30 .70 2.50 19.90
t.00 8 .50 9.60 1.30 4.2 0.03 3.00

0.33 u.0Q .2.3 .43 0.0. 3.33 2.4u
.62 3.40 0.30 .10 0.30 2.20 .30 0.30

0.83 1.10 .23 .23 0.00 .30 1.60 .1.0

.13 .So .90 .1.0 .22 1.62 0.00 .23
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13 3 0.03 0 00 60 0 03 0.03 3 62

1.413 0.03
ML13183 43.00 .10 0.03 0.33 .60 .913

6.06 .613 t.70 .23 0.00 .2Q

0.00 .2.3 13.3') IhOC 10.70 3.1.3

0.130 0.6 .113 .1.0 2.30 .913 3.30
0 03 3 .0 20 10

0.03 .20 0,60 .1.3 .213 4.40 13.00
1.30 1.73 .10 15.10 .'+Q .93 13.03 .643

0.00 1 .10 1.30 .10 .50 .93 1.60
0.00 .513 1.60 .513 0.00 1.28 .113 0.130

.53 1.30 0.03 .43 0.00 .13 0.00 .10

0.33 .20 .60 3.00 2.00 1.70 0.30 .53

1.23 3.05 0.33 0.00 .90 0.30 3.00 .1.0

6,50 3.00
ML39201 .3 0.130 .613 0.03 .50 .13 .23

.30 .1,0 6.30 .80 1.90 0.00 .13 .20

0.00 1.33 .60 0.00 1.30 .t 3.943 2.16
2.53 3.30 2.50 1.70 .56 0.30 .513

0.03 1.83 .643 .20 0.00 .7 .50 .13
1.33 .43 .20 0.60 .20 .33 1.30
.313 .33 .50 14.60 0.06 1.13 0.36 0.33
.313 3.33 .13 .60 .643 .16 .25 1.03
2 9 36 0 0 10 13 2 90 .713 0 CO
63 1. 30 .1.6 2 oQ 0 30 1 70 1 20

3.06 1.33 .90 .443 .50 2.33 3.33 3.00

U 00 10 10 13 30 13 13 03 0 30 0.00
.713 0.03

ML09176 1,3 0.130 .11) 0.130 0.00 .13 0.03

3.03 .143 L4.20 2.70 1.76 .s .40 1.43

0.03 .213 0.33 .10 .16 0.30 4.43 3.10
13 0 30 1.0 .60 3 1313 113

13 5 130 0 Qu 13 33 2i 1 30
5 7) 1.43 2 13 13 30 3 3 13 4

.50 .50 27.20 0.03 1.73 0.313 0.06
1 Ou 9 tu 18.90 10 13 00 41) 13 60

0 30 0.30 3.80 0 00 18 13 13

3.00 .13 3.36 0.00 .40 13.06 10
.23 .213 .13 0.00 .443 .40 3.03

0.30 0.03 3.06 .10 .2.0 3.00 3.03 0.00
3.13 3.00

MLO9I.31 .413 0.1313 .30 0.130 .30 .80 .413

.213 O.0 5.30 1.73 1.30 .2s .213 .53

3.00 1.65 .43 0.30 .513 .13 3.f.O 1.63
.1.3 3.53 0.00 4.20 3.20 .80 0.00 3.63

1.96 .1. 3 1313 13 00 4 1 .3 113

2.93 .3: .1.3 3.00 .113 .26 .33 11.70
.40 .26 .50 18.90 .10 .60 3.03 3.03
.30 0.00 3.130 .643 1.80 .15 i.3 .40

0.30 6.4 .213 1.20 0.0 4.30 .213 3.013

.113 .513 0.043 2.70 .20 .2s 13.133 0.33

.40 1.40 .50 .1.3 .43 .60 13.133 3.03
0.00 .8G .36 0.130 .213 .90 3.03 0.63

.53 3.30
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Appendix 8 Opal and quartz data for surface samples (weight perc )

4CC. LOCA- OPAL
NO. TIO!4 CF.

08194 1 60.73
05193 2 65.98
08814 3 22.60
08015 4 13.90
03035 5 09.33
03036 6
05037 7 35.80
09619 8 04,40
09620 9
091)34 1.0 06.73
05033 ii. 08.11
03032 12 16.60
08030 13 19.30
09031 14 23.50
08029 15 27.30
09028 16 27.10
08027 17 25.60
023 15 0'.60

03024 19 06.93
05022 20 25.70
03021 21 49.73
08020 22 35.90
1)3019 23 53.50
03fl1.8 24 55.53
09317 25 46.00
08016 26 47.53
08178 27 07.80
08133 23 0.20
12784 29 02.80
08047 33 09.40
11873 31 02.90
11874 32 30.77
11375 33 01.60
11576 34 74.13
11377 35 Ø39t
1138 36 02.48
11880 37 02.82
11881 38 03.46
11882 39 02.57
11383 43 02.86
11905 41 04.83
11884 42 03.04
11.906 43 03.84
11907 44 00.69
8176 45 23.63
03184 46 04.60
08182 47 12.90
33181 43 10.90
04937 49 62.53
03975 50 53.50
33979 Si. 1+s93
1185 52 08.42
11586 53 00.19
11397 5. 00.53
11.388 55 00.94

QUARTZ
C-U-F.

06.40
84,73
04.50
1.2.60
14. 80
13.00
09.80
26.00

13.60
13.1.0
12.30
08.70
10.80
o5.uc
02.70
03.70
16.90
21.70
12.50
12.08
06.28
10.23
31.40
03.40
02.
16.28
18.30
07,96
08.10
10 83
06.63
15.93
07,34
19.23
21.63
11.38
04.19
15.18
20.78
1.7.02
18.90
19.70
21.24
1.2.40
15.00
13.80
08.30
04.00
35.10
05.90
32.13
02.71
04.44
01.26

4CC. LOCA- OPAL atjARTZ
NO. lION CF. C-U-F.

11889 56 00.30 00.00
03180 57 14.60 08.60
09621 58
09622 59 04.40 26.00
09121 63 02.1.0 07.15
08042 61 10.60 11.50
09041 62 05.60 C8.'fl
03040 63 10.13 08.13
08186 64 06.90 07.30
05049 65 08.4J 87.28
11891 66 00.06 03.36
11392 6? 03.00 32.52
11893 68
11394 69 9.41 00.00
09104 70 17.00 03.08
08179 71. 15.60 04.20
11547 72 15.12 12.68
11843 73 56.52 12.85
11849 74 35.36 09.83
11850 75 11.61 07.60
11851 76 04.42 08.04
11852 77 02.06 15.94
11896 75
03j87 79 05.50 37.50
03038 30 07.20 10.50
08195 51 06.93 11.80
3039 82 07.53 13.33

03j77 83 13.20 13.40
05175 34 60.58 04.58
08174 85 53.70 36.60
11897 86 33.33 00.10
11853 87 31.62 00.53043 88 05.30 33.88
08044 89 06.58 05.80
08045 90 02.63 00.90
08046 91 09.83 39.90
08048 92 33.70 15.30
1291 93
11656 94 32.03 05.07
11857 95 02.85 i3.9
11858 96 03.22 41.22
11859 97 02.30 16.10
11860 98 02.67 17.3
11561 99 30,44 22.36
1t92 103 30.82 16.55
11861 101 03.55 00.00
11864 102 02.2 00,08
11865 103
11982 104 13.70 05.16
11866 105 06.90 17.72
11867 106 02.04 34.43
11865 107 32.37 25.79
11369 103 05.4 17.58
11870 109 32.6 22.49
11.871 1.13 32.63 14.65
11903 111. 33.33 04.58
12634 112 01.00 16.28



ACC. LCC4- OPAL
NO. TTO'4 CF.

12635 113 02.53
1.2636 111+ 02.00
12551. 115 47.13
12552 116 21.20
12553 117 23.23
12554 118 19.00
12637 1.19 32.40
12555 120 03.15
12638 121 03.25
12639 122 02.60
1261+0 1.23 18.00
11901 1.24
12306 125 34.85
12556 126
12642 127 32.15
12557 123
12312 129 36.70
12644 1.30 54.85
12645 131 38.00
12646 1.32 04.00
1261+7 1.33 36.00
12558 134
12319 135 05.90
12560 1.36 10.60
12561 1.37 09.1+0
12562 138 i21+.iO
12563 139 03.70
12322 11+3 02.60
1261+8 11+1 02.30
12564 11+2 £9,33
12565 11+3 1+9.30
12324 11+1+

12325 11+5 41.65
12326 11+6 21.75
12327 j7
1261+9 11+8 25.60
12331 jL 37,65
12333 150 29.40
12650 151. 31.14
12651. 152 03.80
12652 153 11.05
12653 1.51+ 04.60
12654 155 03.60
12566 1.56 14.1.0
12567 1.57 41.65
1.2568 158 05.20
12569 159 49.25
12655 163 36.40
12656 161 01,70
12657 162 32.80
12658 163 03.35
12659 161+ 02,65

CF C4RSONATE FRE

C-fl-F.= CARE, ANO

QUARTZ
C-a-F.

20.82
19.90
10 .7
00.00
02.94
09.1.3
05.1+8
18.58
19.58
20,02
09.14

51.10

05.57

03.95
11 96
11.12
02.65
03.30

01.48
02.12
02.04
Casio
01.03
02.77
04.38
12.13
13.31

01.19
01.53

02. to
03.00
02.17
06.29
34.14
06.60
07.78
06.69
p6.68
06.32
09.26
30.00
10.63
17.64
15.20
05.79

PORTION

OPAL FREE PORTION

219
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Appendix 9: Opal and quartz data for down-core samples (weight perc.).

C0E V15-5! CORE C1S-61

LVI.. OPAL 01!. QIZ. LVL. OPAL 017. QTZ.
CM. CF. COF. CF. CM. CF. COF. CF.

03 02.77 37.96 07.7'. 03 11.91 03.41 01.00
0'. 01.73 06.16 06.05 08 12.61 06.65 35.81.

83.15 16.85 36.63 16 11.91 07.31 06.45
12 Q.l2 05.35 05.67 2+ 87.99 07.99 07.35
16 04.37 05.77 35.52 32 3'..tC 07.65 37,31
21 02.79 08.78 08.46 43 0'.32 07.48 07.13

C3.58 33,OQ 07.71 48 04.3'. 07.38 07.06
28 03.27 17.24 07.83 6'. 03.55 17.47 07.21
32 82.72 08.06 07.84 63 03.21 07.96 07.70
36 83.05 35,95 05.77 72 03.1L 07.31 07.
41 02.35 09.39 39.12 81 01.22 06.61 86.53

03.2t. 18.10 09.77
49 03.37 18.61 10.25 CCR V17-92
52 03.31 08.69 33.43
56 82.93 08.47 08.22 LVI.. OOAL 01!. TZ.
60 02.96 87.09 06.88 CM. CF. COF. CF.
6'. 03.38 17,29 07.07
68 82.35 07.28 37.11 1G u'+.81 17.03 16.21
72 02.76 08.4'. 03.21 035 Cf.20 17.57 16.o6
74 03.30 39,77 09.1.5 010 06.94 21.17 19.70
80 83.67 08.73 03.41 815 05.99 19.36 17.92

02t! Cf.31 19.40 18.18
CORE RCI7-213 025 05.37 21.42 23.16

030 86.13 19.97 13.75
L\IL. OPAL 017. 0Z. 035 18.76 17.63
CM. CF. COF. CF. 048 05.19 21.63 19.56

045 05..2 18.78 17.76
038 06.33 17.70 16.48 050 05.98 15.98 15.02
005 06.10 16.60 15.59 055 05,99 21.30 19.7'.
010 C6.L+0 114.38 13.46 060 Oc.2.2 13.39 17,Li3
015 06.39 1.4.23 13.32 065 C'.9 18.5 17.28
020 02.3'. 12.36 12.01 073 04.99 19.o4 13.66
025 05.69 14.54 13.71 075 05.19 19.99 18.95
018 05.98 12.73 12.13 090 05.B6 21.12 19.92
035 04.91 12.36 11.75 036 16.50 15.69
848 05.52 12.18 11.51 890 C..91 17.10 16.24
0'.5 05.17 12.18 ij.55 095 05.68 28,59 1.'.2
053 86.23 14.32 13,43 110 06.89 19.19 18,02
055 85.33 13.65 12.92 185 85.29 20.58 19.49
060 05.48 13.25 12,52 11.0 07.30 23,00 23.17
065 35.77 14.03 13.22 115 36.29 21.33 21.46
0O 35.77 1t..63 13.79 120 3t.71 28.38 19.42
075 18.73 10.15 125 05.95 20.41 19.20
08 uS.55 j..L4 13,6'.
0.35 05.34 13.90 13.39 CF.= CA9ONATE FREE ORTION
090 84.95 jj,74 11.16
095 06.04 13.13 12.34 COF.= CARON4TE AND OPAL FPEE PORTION
138 05.94 13.97 13.1'.
105 06.43 14.63 13.69
110 05.33 14.33 13.21
115 05.55 11.35 10.72
120 05.46 14,3'. 13.56
125 06.35 i5.9 14.41
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Appendix 10 Opal and quartz data for 18K samples (weight perc )

O.S.U. Opal Quartz Quartz
Core Access No. (c.f.) (c and o.f.) (c.f.)

'(69-71 M007250 49.94 02.00 00.60

Y69-73 M007287 33.32 02.93 01.96

Y69-106 M007256 59.40 10.29 04.18

'(71-6-12 M012807 04 49 12 00 11 32

V19-29 ML07268 20.20 15.00 11.28

Vi 9-41 ML13183 19.98 08.00 06.29

V21-33 ML09201 78.71 26.00 05.48

RC11-230 ML09176 30.20 04.00 02.73

RC13-113 ML09181 92.42 28.00 02.10

c.f. = carbonate free

c and o.f. carbonate and opal-free

The values of core '(69-73 were considered noise
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Appnix 11: Mineralogical data for core \i9-29 (ieiht perc.).

LVI... OPAL 012. DEl. CAR8. DEN A DEN 3 S.R.

000 16.89 36.79 '+8.31 28.3 .5:312 .3783 6.36
010 17.70 06.22 44.97 31.1 .51+51 .3882 6.36
020 17.89 06.07 +3.'+'+ 32.6 .551+6 .3953 6.36
336 13.33 06.29 39.17 36.2 .5758 .4101 6.36
01+0 12.38 03.75 34.17 L9,7 .6728 .4792 6.36
054 10.23 04.75 31.40 53.6 .7071 .5336 6.36
00 18.23 04.66 32.11 1+5.0 .6355 .4526 6.36
070 12.30 04.96 36.33 46.4 .6462 .1+602 6.75
084 16.1+0 35.39 32.60 45.6 .61+01 .4559 7.14
090 16.t,i. u4.99 34.20 '+4.3 .6303 ,1'+39 7.14
10 09.22 fl5.70 43.26 '+1.8 .6125 .'+362 7.14
110 08.22 06.56 33.35 49.5 .6712 .+73J3 7.14
120 38.35 04.39 29.95 56.3 .7331 .5221 7.90
130 13.86 06.44 34.36 50.3 .o779 .1+828 8.66
140 IQ.83 06.37 '+3.58 42.5 .6174 .4397 9.66
150 t1.6 05.88 33.96 148.6 .5435 .4727 8.66
160 11.59 07.16 39.43 '+1.8 .6125 .4362 8.66
176 15.98 36.12 35.00 L43.3 .6209 .4+22 8.66
180 11.15 04.91 38.53 15.5 .6393 .4553 8.66
190 14.13 35.75 34.52 1+5.6 .61+01 .4559 8.o6
200 7.76 05.76 37.67 48.8 .6653 .4738 8.66
210 11.o2 05.63 37.0 15s7 .6'#08 .1+561+ 8.66
223 12.9c 06.55 36.41 '+4.1 .6289 .41+79 8.66
230 16,83 06.57 36.93 39.6 .5976 .4256 8.6b
2'+0 16.71 06.78 39.71 36.8 .5796 .'+i23 8.66
250 13.10 06.38 i.i1 39.4 .5963 .1+247 8.'+2
270 3,30 04.39 30.70 '+1.6 .6111 .'+352 8.17
250 13,51 06.75 31.32 '+3.. .238 .4443 8.17
230 14.77 05.58 33.53 '+o.1 .o439 .4586 .3.17
330 11.29 06.37 36.83 '+5.5 .6393 .'+553 8.1.
31u 2u.3L+ 05.93 3C.23 43.5 .61+45 .4448 8.17
33 1+.'7 6.78 39.04 39.4 .5963 .4247 8.17
33i 13.77 38.72 48.04 29.5 .5375 .3828 8.17
340 24.21 07.39 37.40 31.0 .51+56 .3886 8.17
350 24.40 06.33 41.07 28.1 .5303 .37Th 8.17
36 31.99 06.49 36.30 25.2 .5151+ .3671 8.17
37 27,53 36.20 42.37 23.9 .5091 .3626 3.17
330 28.19 5.43 1+Q.U7 26.3 .239 .37±3 3.17
390 '+1.11 5.69 27.4w 26.2 .5204 .3766 8.17
'+0 30.77 04.30 38.91 25.4 .16'+ .3678 8.17
'+10 27.87 33.71 '+3.91 24.5 .5119 .361+6 4.17
L426 37.97 03.19 32.34 26.5 .5219 .3717 8.17
1+30 38.39 34.20 29.71 27.7 .5t54 .3761 8.17
4'+0 26,72 04.82 39.05 29.1+ .53O9 .3824 8.17
k5Q 05.63 1+6.82 32.5 .5S'1 .39.6 8.17
'+6k 2.48 u'+.96 38.96 33.6 53Z .3991 3.17
470 32.33 O4Ø0 67.61 35,1+ .5710 .1+067 8.17
1+84 2b.81. Q6.4u 33, 33,5 .5598 .3987 8.17
430 15.27 Oc.58 p0.05 24.1 .5141 .3633 8.17
500 29.e7 06.56 33.79 25.9 .5190 .3696 3.37
510 20.33 C715 37.32 34.2 .5639 .'+316 9.5'
2fl 13.7' Q7,3 46.81 31.9 .5502 .3922 9.53

53u 19.1 L7.37 '+2.02 1.4 .51+79 .3902 9.58
51+u 22.1 i/.31+ 39.74 30.6 .5434 .3870 9.53
5C j6,' '+1+.97 33.9 .5o21 .'.Lu3 9.58

18.61 7.3S L+'+.20 29.8 .5390 .339 9.58
,7u 18.24 37.1E '+6.41 28.2 .5336 .3779 9.53
58u 21.97 07.ib 1+6.15 2k.7 .5129 .3653 9.58
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590 26.66 07.55 L7.89 17.9 .4819 .3432 958
600 07.84 47.80 20.8 .491+7 .3523 9.58
610 29.b6 06.1+8 36.05 27.9 .5291 .3768 7.29
620 27..6 07.26 .4.37 20.9 .4951 .3526 5.00
630 2.i6 28.13 1+2.0 .6139 .4372 5.00
61+0 11.45 u6,1+0 44,55 37.6 .581+7 ..16k 5.uO
650 12.35 06.36 +1.99 36.9 .5802 .4132 5.00
660 11.72 J7.i.0 5413 26.7 .5229 .3724 5.00
670 0.1i+ 05.3 68.36 23.0 1+910 .3497 5.30
680 13.31 08.19 1+9.90 28.9 .5343 .3805 5.80
690 lLe.00 09.23 54.67 22.1 .5006 .3565 5.03
700 09.36 06.99 60.25 22.9 .5041+ .3592 5.00
713 i7.6 09.36 53.81 19.2 .4875 .3472 5.0.3
72u 16.gl+ 07.98 56,88 18.2 .4832 .31+1+1 5.00
730 tS.,aG 07.82 50.78 23.4 .5067 .3609 5.00
7+0 17.?1 06.81 +9.25 26.4 .5213 .3713 5.03
750 09..3 U6..29 53.71 30.5 .542S .3866 5.00
760 13.17 u9.19 0.21+ 27.14 .526D .3750 5.0
770 11.97 09.53 58.90 19.6 .4893 .31+85 5.00
780 u9.'9 09.SD 60.2 20.6 .4937 .3516 5.08
790 18.08 08.81 54.41 18.7 .4354 .3457 5.Cu
833 18.29 08.35 51.56 21.8 .1+992 .3555 5.00
810 19.o7 07.02 48.31 25.0 .5145 .3661+ 5.00
820 17.53 05.65 37.12 39.6 .5976 .4256 5.00
830 j31+I 07.05 43.10 314.. .5658 .4021+ 5.00
81+0 21..k 07.05 40.01 31.5 .5484 .3906 5.30
85C 14.72 u6.91 50.67 27.7 .5281 .3761 5.00
860 16.78 06.49 38.1+3 38.3 .5892 .1+196 5.C.a
870 16.75 06.5 1+6.1.3 33.0 .5402 .331+7 5.80
880 8..21 7.75 47.9+ 36.1 .752 .1+097 5.u7
893 10.26 u7.92 48.32 33.5 .598 .3987 5.07
900 09.19 07.27 47.54 36.0 .5746 .4093 5.07
910 21.43 U5.53 36.34 36.1+ .5770 .1+113 5.87
920 22.74 06.51+ 34.92 35.5 57j5 .'+071 5.07
930 19.07 05.23 35.33 43L .6029 .4294 5.07
91+0. ..9.b7 06.14 43.19 31.0 .5456 .3886 5.07
950 19.31 35.93 1+0.76 34.0 .627 .4008 5.07

DEN B = Bulk density estimated through the regressive equation
defined by Luz and Shackleton (1975):

1
D

3.379 - 0.026 (% carbonate)

DEN A Bulk density B corrected by the coefficient 1.4041.
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Appendix 12 t1inera1ogica1 data for core Y71-6-12 (weight perc )

LVL. OPAL. QTZ. DET. CARS. OEM A DEN B S.R.

000 07.22 10.98 73.L3 08.4 .5558 .3163 0.84
00f 05.30 11.72 72.73 10.2 .5949 .3212 3.84
oia 05.36 39.01. 62.25 21.4 .6334 .35'4a 2.14
018 03.41 08.oO 64.06 23.9 .6718 .3627 2.14
024 05.04 89.02 60.19 25,7 .6999 .3690 2.97
030 03.13 37.84 62.73 26.3 .6869 .3709 2.uO
036 04.33 08.55 64.12 23.3 .6677 .3605 2.U0
042 04.80 38.48 60.t7 26.8 .7189 .3730 2.00
0.8 05.96 08.65 53.97 31.4 .7229 .3903 2.00
051+ 03.37 07.62 58.32 30.7 .7j75 .3874 1.75
060 uL+,79 38.52 53.39 33.3 .7753 .3979 1.50
066 03.o3 08.72 56.02 31.6 .7244 .3911 1.50
072 83.94 06.81 55.57 33.7 .7397 .3991+ t.Su
078 04.27 08.24 57.79 29.7 .7105 .3836 1.50
0S+ 06.72 U?.o2 61+.5, 21.1 .61+08 .3533 1.50
090 05.o 07.87 63.55 22.9 .6+35 .3593 1.5C
396 04.54 11.27 69.22 1.5.0 .6193 .3344 1.50
1.02 03.58 1.0.39 72.94 13.1. .6093 .3290 1.75
138 u4.29 11.3.3 70.10 14.6 .6299 .3333 2.00
IlL,. 04.30 09.82 73.46 12.7 .6075 .3280 2.t0
120 03.76 39.16 70.75 16.3 .6268 .3384 2.00
126 11.76 73.89 13.4 .6386 .33u1. 1.10
132 04.50 10.31 68.05 17.1+ .6457 .31+17 1.10
138 03.95 10.74 67.91 17.4 .6231 .3415 1.10
11+4 05.33 10.58 77.60 06.5 .5991 .3114 1.10
150 08.8 14.92 73.88 02.6 .5781+ .3Q23 1.10
156 05.33 12.3 6.02 1.7.9 .6356 .3432 1.1.0
162 J3.,5 10.94 71.93 1.3.6 .6119 .3304 1.10
168 05.07 11.17 71.15 12.6 .6067 .3276 1.10
171+ 35.24 1.0.85 67.72 16.2 .6263 .3380 1.10
180 35.01 09.86 Q1.13 2.8 .6367 .3633 1.10

DEN A = Measured bulk density.

DEN B = Bulk density estimated through the regressive equation
defined by Luz and Shackleton (1975); see Appendix 11.
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Appendix 13: Mineralogical accumlation rates for cores V19-29
and Y71-6-12 (gn/crn/l3O0 yr).

CORE V19-29

LVL. OPAL OTZ. DTRIT. CAR3.

000 56.20 22.41 160.57 93.67
010 60.77 21.29 154.16 106.1.4
020 62.13 20.91. 151.1+7 111.69
030 66.29 22.46 t+1.6k 130,41
01+0 52.07 15.66 11+4.37 207.145
050 1+5.43 20.93 139.36 236,07
060 72.91. 13.43 1.23.1+2 180.02
070 53.24 21.21 157.11 199.10
080 74.52 24.03 1.1.8.13 204.1+8
090 73.80 21.92 152.98 196.31
100 39.98 2+.77 187.71 173.15
110 39.07 30.97 184.95 233.44
120 53.96 27.80 173.14 324.28
130 80.35 37.26 199,70 291.11
11.0 57.31 31.84 214.90 222.86
150 53.70 27.03 158.31 224.15
163 60.53 37.37 207.37 215.79
170 34.25 32.53 186.62 229.28
180 61.00 26.33 211.57 247.29
190 77.61. 31.37 189.89 247.68
200 44.04 32.60 215.03 274.51
210 63.85 30.82 203.65 21.7.68
220 69.67 35.11 196.59 237.64
230 86.25 33.37 189.1.5 200.23
21+0 83.16 33.36 197,68 179.26
250 65.58 31.54 205.76 195.25
260 90.1+5 26.1.1 178.35 199.38
270 115.31 21.29 151.94 202.9120 93.36 33.81 157.95 216.99
290 76.56 28.65 174.1+8 239.58
300 57.97 32.61 1%.47 232.92
310 135.89 30.78 157.54 224.31
320 70.97 32.34 188.23 183.28
330 59.59 37,94 208.9 126.11.
31+0 106.33 32.23 165.10 136.85
350 103.03 29.19 176.01 123.20
360 133.07 26.70 151.1.3 104.29
370 113.38 25.56 171+.40 94.83
380 118.36 22.74 168.1.8 1.09.51
390 173.11 23.59 113.72 109.51
430 128.31 20.45 162.59 13'.49
1.10 115.07 15.31 181.71 99.34
1.20 159.91. 13.08 136.31 109.72
1.30 j5977 17.52 123,89 112.63

115.92 20.81. 169.32 125.91
450 67.31. 25.13 210.31 11.3.60

101.61 22.23 176.145 149.69
1.70 152.17 13.50 312,66 161.88
1+83 121.35 28.93 150,33 11.9.42
1+90 79.32 26.85 206.55 99.11+
500 12t.65 25.03 166.71 107.69
510 111.25 37.97 202.17 181.35
520 71.5B 39.19 21.4.53 161.98
530 99.77 37.93 21.8.25 161,09
51.0 115.03 37.66 20'+.79 154.,6



550
960
570
583
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
70
793
800
810
820
830
8140
850
860
870
883
890
co

910
920
30

940
950

LVL.

0C3
006
012
C 18
O 21.

030
036
042
0148
O 5l

060
066
072
073
3 94
093
096
102
108
114
120
126
132
138
14414

IFO
16
1.62
165
1
180

77.42 34.70
95.24 37.38
91.64 35.75
106.52 34.53
121.55 34.27
110.29 36.61
112.36 24.38
67.52 17.52
76.93 14.41
33.29 18.69
3(.53 15.27
30.54 18.53
14.98 13.50
3.71 21.63
35.00 23.00
24.70 17.39
'.2.56 22.65
40.81 19.05
45514 19.73
145.59 17.71
25.75 16.80
34.45 23.93
29.10 23.23
23.17 23.66
43.65 21.31+
45.1+1 20.71
90.37 17.99
52.54 16.72
51.98 19.73
58.6'. 19.13
38,51 18.22
49.18 18.89
45.09 18.36
23.57 22.14
28.61. 22.05
26.12 20.66
61.74 16.73
64.51 19.1+1
57.19 15.65
53.41 16.62
54.23

CORE Y7t-6-12

CPAL QTZ.

3.37 5.10
2.52 5.56
7.05 11.96
4.79 12.12
6.59 11.56
4.25 10.73
5.34 11.34
5.74 12.06

12.42
4.32 9.26
5.46 9.88
3.91. 9.45
4.32 7.51+
4.47 8.73
6.43 7.30
5.40 .52
4.18 10.40
3.62 10.66
5.28 13.84
4.56 11.90
4.63 11.39
2.67 8.21
3.21 7.13
2.67 7.33
3.49 6.92

30 9.47
3,49 8.35
2.35 7.33
.33 7.40

3.58 7,LL
3.50 6.86

239.72 176.19
226.33 145.49
233.62 140.98
224.23 116.7'+
218.42 77.68
224.33 93.86
137.12 132.84
109.64 1+9,53
86.13 128.73

129.94 138.01+
i21.51 104.40
141.95 67.6
167.68 49,10
133.23 74.76
136.53 55.00
151.70 55.44
131.00 46.27
137.17 43.47
128.27 58.19
12.17 67.73
145.53 81.30
132.03 71.01
144.01 46.46
148.'9 '.9.30
131.92 43.65
128.49 52.39
124.13 64.25
110.74 116.41
113.28 96.05
109.60 54.94
133.55 71.28
113.39 111.91
125.28 81.00
137.71 103.50
135.03 92.23
136.32 103.32
104.73 103,86

99.93
106.25 120.40
117.45 54.48
114.37 95,51k

DETRIT. CA3.
34.35 4.74
34.55 l+,75
82.65 27.92
90.13 32.41
79.21 32.95
86.02 35.67

33.65
87.02 37.34
77.33 44.76
71.06 36.57
61.96 35.36
60.82 33.67
61.52 36.58
61.45 30.89
61.92 20.16
61.25 21422
64.25 13493
75.47 13.1+6
88.19 17.61
89.11 14.57
88.52 20.03
49.69 9.12
48.47 12.12
46.53 11.65
51.13 3.95
46,92 1.27
45.40 11.37
48.32
1+7.40

11.02
42.75 16.79

226
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Appendix 14 Sedimentation rates of cores used in this study (cm/1000 yrs)

18
0 Stage

Core
V19-29

Core
Y71-6-12

Core
V15-53

Core
RC15-61

1 6.36 0.84 2.18

---2
7.14

8.66

2.14

2.00

2.28

3 8.17 1.50

4 9.58 2.00

5 5.00 1.10

6 5.07

3.63

11,000 yrs.

4.00
18,000 yrs.

33,000 yrs.

63,000 yrs.

75,000 yrs.

127,000 yrs.

]_1g4,000 yrs
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Appendix 15: Varimax Factor Score Matrix (F).

CAIEGCRV ANTARCI. SU9TROP. CMI1.E PERU SIJAN1. EQUAl,

I SI. .029 0339 1013 .0151 1536
2 23 .0089 .0003

.0966

.0169 .0115 -.0393 .3048
3 St3 .0136 .3836 .5877 .3481 -.1689 -.3111

$1.1 .3312 .0286 -.0104 -.0313 .0004 -.3042
S 212 .3022 .0829 -.3151 -.0178 .0377 .0220
6 Si.3 .0009 .0219 -.0039 -.0253 .0316 -.0037
7 2134 .0002 .0076 -.0C32 -.0323 .0001 .0048
8 S1.4 -.3062 .0197 -.0371 -.0108 -.1302 -.0503
9 St5 .0349 -.0018 -.0115 .0033 -.0405 -.0045

.0 217 -.0009 .0308 .3073 .31374 -.3101 .3699

.1 $174 .0002 .0341. -.0023 .031 .0005 .0177

.2 Si.9 .0002 .0285 -.0080 .0144 .30ti. .0157

.3 523 .0070 .2231 -.0402 -.3952 .0186 -.1412
224 -. 0012 ,39j4' .5257 -.0404 -.1307 .0480

.5 230 .0033 .1118 -.31335 -.0+69 -.1801 .2456

.6 233 .0001 .0037 -.0016 -.0023 -.0006 -.0001

.7 234 -.0131 .0438 -.0733 .8927 -.3211 -.1789

.8 S36C -.3018 .0321 .0146 .0622 -.0071 .0351
237 .0015 .0409 -.0120 -.3370 .0341 .0406
239 .0025 .0541 -.0225 -.0675 .0024 .0322

i. $40 .0010 .0232 -.0065 -.031.2 .3000 -.0102
241. .0143 .3076 -.3005 -.3349 -.0234 .3345
247 .0211 .0150 .3614 -.0684 -.1148 .2337
550 -.0052 .0275 .1147 .0299 -.3560 -.0954
251 -.0010 .3236 .2276 .3188 -.0567 -.1346
553 .0302 .0231 -.0092 .0148 .0012 .0375

7 254 .3t84 .9206 -.1097 -.3344 .0407 -.1172
$56 .0533 -.Q04 -.2162 .0309 -.9186 .0122
253 .3283 -.0009 -.0012 .0017 -.3025 -.3064

Ml .0023 .0566 -.3113 -.0513 .0066 .0013
N1 .0336 .0165 -.0073 -.0159 -.0007 .0034
#13 .0001 .0064 -.0028 -.3020 -.0002 .091

92 .0004 .0184 -.0687 -.3059 .3039 .0414
43 .0032 .0129 -.0048 -.0075 .0025 .0629
44 .3006 .0343 -.0083 -.0192 -.3017 .3376
45 -.0039 .3080 .3225 .0815 .0104 .0611
96 -.3001 .3048 .0010 .0126 .0023 .0189
47 -.0311. .1577 -.0355 .1.372 .0160 .3706
98 .0002 .0231 .3302 .3358 -.0126 .00.16
49 .0333 .0855 -.0329 -.0765 .3016 .0181

NIl .0001 .0634 .3005 -.0201 .0029 .2441
912 .0012 .0236 -.0127 .0624 -.0013 .1751
Nt' .0530 -.3008 -.0254 .0037 -.0390 -.0161
915 -.0034 -.0033 .1226 -.0370 .0001 .3744
916 -.0038 .0368 .1.960 .3335 .0630 -.0032
918 .3066 .0689 .0196 .0123 -.0010 .4487
919 .0008 .3242 -.3116 -.0245 .0013 .0731
424 -.0014 .0032 -.3052 .1.459 .3076 .1356
925 -.0003 .3347 -.0034 .0341 -.0305 .0140
#27 .0019 .3416 -.3208 -.0499 -.0013 .0384
923 .3006 .3201 -.0068 -.3077 .0327 .0753
#33 .0003 .0212 .1761 -.0116 -.0610 .0187
935 .0346 .0249 .1214 .2958 .3644 .3927

N3SA .3119 -.0028 .0235 .3368 -.333' Q75
436 .3364 -.0030 -.3018 .0154 -.0985 .0261
433 .0214 .0047 .0067 .3353 -.0666 .0366
#42 .3032 .0083 .0096 .00.43 .0042 .0109
444 .3854 .3026 -.0163 .0020 -.0092 .0263

251.1. - 0047 0328 - 0317 t.23 - 3141
950 .957k. ,0214 -.013u .3002 .0323 -.3243



229

Appendix 16: Variniax Factor Matrix (B)

LOC 4CC5 COMM ANTARC. SU8TROP CPl!LE PERU UBAt41 EQUAl.

(Fl) (F2) (F3) (F4) (F5) (F6)

031 M008194 .9587 .0251+ .91+58 .0351 .0369 -0.0421 .2271

002 M00319.3 .3508 .0251 .6984 .1633 .0948 -0.0771 .5863

603 M003014 .9630 .0237 .9740 .0719 .014 -0.0470 .3557

00 M00301.5 .3653 .0393 .7773 .1659 .2259 -0.0233

005 M008035 .9566 .0331. .8060 .6131 .5493 -3.3445 -3.3+82

006 M008036 .9135 .6325 .8305 .1810 .1+337 -3.3155 .0388

007 M008037 .3539 ,337i. .8436 .1782 .31.07 .0307 .1325

31.0 M008331. .968.3 31.33 .6580 .0461 .7230 -0.0307 -0.0641

011. M068033 9213! .01.94 8668 2385 3252 0 0672 3373

012 M008332 .9556 .0217 .9473 .1679 .1672 -0.01+58 .3025

013 M008330 .9855 .0231+ .9908 -0.0365 -0.0247 -6.0170 -0.6333

01. MC08031 9855 .0223 .9899 -0 0708 -0 Q..35 01.37 -0 6C53

015 M008029 .9833 .0247 .9910 -3.3105 -0.0108 .0175 .0059

31.6 M008028 .9707 .3236 .9795 -0.0379 -3.3624 -0.0386 -0.6729

017 M063027 .95'+S .0219 .961.9 -0.0303 -0.0850 -0.0069 -0.1217

61.8 M0050Z3 .933! .5425 .01.23 791.9 -0.0352 -0.6754

019 MO09024 .931.8 .0276 .5152 .0769 .7533 -3.0678 .3107

020 C08G22 9642 0239 9543 2113 -ii 0371 0533

021 M008021. .8166 .0264 .7907 .1241 .1115 -0.0359 .61.6

022 M03802C .9633 .G2.1. 9754 3723 .03 -*.0..23 0423

023 M008319 .9236 .0228 .9461. .0759 .0821. -3.0026 .1213

024 M0033j.8 979k 0235 9866 13632 0253 -3 0077 0186

325 fO08017 .9745 .0226 .9362 .3313 -0.0214 -0.3013 -0.0368

329 M003016 .9329 .0239 .9608 -3.0273 -0.0331 .0347 .6355

027 ML138178 .3681 .0255 .72.6 .0748 .6233 -3.0336 .2197

025 ML38133 949L .6415 .9606 -0.0259 .1361 -0.0626 -0.3417

030 ML030.7 .905! .311+0 .1602 .890.3 .0.55 -0.2336 -0.171.2

334 '4L11876 .9423 .9619 -0.3363 .0758 .0613 .051.9 .3631

036 ML11378 .995u .9950 -0.0079 .0606 .0148 -6.0281 0.0206

039 M1113&2 3986 .648 2765 5340 3216 -0 1+945 2757

340 MLI.i.393 .9833 .8898 -0.3023 -0.3496 .0175 -3.1+343 .3160

61.1 lLi.i965 .9937 .9966 -0.0115 .6130 .3122 -3.0348 -0.3667

042 ML1.1834 .9977 .9932 -0.0157 .0195 .3099 .3199 -6.0389

31+5 ML08178 .9556 .0294 .8432 .1340 .3732 -3.3455 .2943

046 fL33t'. .961.5 .114 .6500 .1317 .6825 -0.0631. -0.2271+

347 Mf33j3 .3590 .01.91 .8887 .2776 .2386 -3.0781 -0.1734

048 ML68131 .9584 .0215 .9655 .0317 .1275 -0.0155 -0.3913

01+9 MLO..907 .9721. .0211 .9847 .0072 .0116 -0.0306 -6.0286

050 ML03973 .9877 .0228 .9932 .0077 -0.0191 -0.0154 -0.0111

351. MLL3STS 960c 0221. 5692 0302 -0 0195 -0 3593 1322

057 4L63130 .9680 .0203 .9622 .0989 .0359 -0.3323 -0.1756

061 MLO8O4Z .8543 .0304 .7108 .5302 .2303 -0.1332 .0574

069 MU1894 .9483 .0233 .9690 -0.0559 -0.0507 -3.0219 .0514

070 MLO31.U4 .9.60 .0219 .9571k -0.0350 -0.0829 .0119 0.1441

071. MLO3179 .9748 .0213 .971+3 .0033 -0.0720 -0.3029 -0.1464

072 MLi.1347 979 94Z1 .3094 .3535 .0313 -3.2976 .0134

07.3 ML1.18'+8 .9747 .9023 .3323 .1279 .0274 -0.376. .0282

071+ MLII34S .3348 .9744 .0125 .0682 .3341 -0.1.683 .0288

075 L1.185C .9945 .9832 -6.0055 .0691+ .0235 -6.1437 .3328

376 MLI18SI. .9903 9173 -6.3006 .0234 .0137 -0.2849 .0370

37' MLjj352 9873 .9679 3029 0545 0!6 -Q 2143 0423

362 IL03039 .3229 .0287 .8670 .3283 .2642 -0.3903 -3.1128

063 1L68177 .9691 .0134 .9172 .1011+ .3335 -0.3391 -6.0673

034 ML03175 .3299 .3225 .9505 .331.7 -0.0085 -3.0448 .i.5Z

385 ML33174 .9477 .0199 .9866 .3193 -6.3142 -6.0505 .0992

091. MLQ3Q4Ô .952' .9253 .2021 .9199 .3552 -0.2397 .6087

39.3 ML12979 .829 .6353 .1503 .8326 .0429 -3.2210 .2484

095 ML11357 .9065 .4148 .234k .4777 .0319 -0.7292 .2163

096 4L11868 .7266 .1+293 .2331 ,41.34 -0.9148 -3.4968 .2333

097 ML1.j.559 9944 9934 0 6383 0453 3151 0.3&89

(continued on next page)
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398 MLI18âC .794 .9878 -.Ojj. .0199 .3370 .3531 -0.0i*.2
099 ML185t 8982 9451. -o 01.27 050*. .3392 3381. -Q 3269
103 NILI13oZ 9946 .9962 -0.01.59 0126 .01.32 .0393 -0.31.15
124 L1.192 .3523 116'. .1359 3148 041.L* -Q 8352 -0 1473
135 ML11866 9810 .881.0 0323 .0522 0043 -0 4421 3173
1.05 L11.867 .9922 .9665 -0.3382 .3093 .3152 -3.2404 .2015
107 L11868 .9585 .9930 0.3138 .0293 .3102 .0353 0.002t3
138 ML1.1369 9836 9885 -0 0342 .0236 u318 0 0665 q2G9
109 Q11870 9635 9ts37 0642 .1613 01.4 -3 .3078 ...123
111 L11933 .96t.3 3083 36.j. 341.7 31.73 0 9231. u.390
112 IE1253*. .9316 .9837 -0.01.18 .01.71 .0077 0.1.1'.0 -0.3181
1.1.5 ME12551 .9885 .9620 -0.3330 .0591 .0143 -0.2435 -0.0021
1.15 ME12552 .9707 .9648 -0.3198 -0.007'+ .0248 .0023 -0.3174
1.17 MEI.2553 .9919 .995*. -3.3j78 .0109 .3068 .0086 -0.3222
1.18 ME12554 .9955 .9972 -0.0169 .0166 .0056 .0187 -0.3111
122 M12639 .9953 .9966 -0.01.63 .319*. .3376 -0.0202 -0.3314
123 M125*.0 .9306 .963*. -0.31*.0 .0285 .031.8 -0.0158 .011*.
12*. ME1193i .9653 .9791 -0.0062 .0757 .017*. .53 -0,0226
127 ME12542 .9961 .9969 -0.0149 .0300 .0172 .0239 -3.3189
123 ME12557 .9827 .9865 -0.01.33 .0277 .3543 .0459 .3586
129 Mi25+.3 .991.5 .9953 -0.01.90 .0312 .0105 -0.3363 -3.01.72
133 ME12644 .9847 .9661 .3246 .1459 .0211 -0.1668 .0330
131 M12&..5 9912 972*. -O 3050 Q5'.3 31.00 -0 2343 -3 001
1L.i. M15i8 .3909 .0636 .1.816 .6273 -0.0029 -0.5743 .3790
142 ME125*. 3729 3928 j7L .723*. 3353 -0 5381 -0.1456
144 ME1Z3Z4 9828 .9836 -0.3048 .3561 .0612 -0.0718 3560
145 MEi232 9939 995* -o 0162 0048 0125 0243 -0 0023
147 M12327 .9929 .9936 -0.0086 .3523 .3133 -0.3345 -0.338*.
148 ME12549 .9619 .9798 -0.3172 .021.9 .0037 .0185 -0.0243
149 Mj.2331 .9726 .9848 -3.3158 .0210 .3093 .0393 -3.01.81.
150 M12333 .9969 .9965 -3.014.3 .0187 .3143 -0.0540 -0.0150
156 M12566 .9*.*.*. .955*. .31.39 .1650 .0107 -0.0595 -3.0247
1.57 ME12567 9465 3183 0286 1.785 0243 -3 4936 -0 3038
1.56 ME1258 9553 .3750 3362 .3863 .Q1'8 -0.81.13 -0 0172
1.59 M12569 .9771 .5338 .3851 .2288 .3250 -0,7953 -0.3186
1,3 I12655 9905 994'. -3 0190 3050 0060 33..3 -0 0185

VARIANCE 42 21.5 35.383 5.459 4 392 6.45 i63#
CUM VA 42 215 77 598 83.057 87 149 93.634 95 313



Appendix 17 Classification Analysis results (THREAD) for surface samples

DUPLICATED SAMPLES

bC. ACCESS COMM. ANTARC. SUBTROP. CHILE PERU SUBANT. EQUAT.(Fl) ff2) (F3) (F'.) (F5) (F6)
005 P4008035 .9290 .0231. .7250 .0566 .6278 -0.0659 .0333010 P400803k .961.1 .011.3 .7171. .0828 .661.0 -0.0385 -0.0058015 P4008023 .91.35 .0099 .601.5 .0734 .7538 -0.0555 -0.031.901.9 P4008024 .91.13 .0231 .3869 .1013 .8526 -0.0219 .2310028 ML08183 ,96tjC .0238 .9562 .0672 .1853 -0.0338 -0.0778
01+6 t1L08181. .9530 .0089 .6961 .0860 .6563 -0.01.36 -0.1683
1D P1L11902 .6946 .137'. .21.1.0 .4365 .0199 -0.6387 -0.1316105 P4112908 .9496 .6536 .0238 -0.1164 .0117 -0.7109 .0531108 t4L1i869 .9907 .9918 -0.0079 .0357 .0259 -0.0671 .0231.129 ME12312 .9760 .9872 -0.0155 .0218 .0091 .0093 -0.0223
SAMPLES CONTAINING SCARCE RADIOLARIA
LOC. ACCESS COMM. ANIARC. SUBTROP. CHILE PERU SUBANT. EQUAl.(Fl) ff2) (F3) (F'.) (F5) (F6)
008 P4009619 .7320 .0597 .5280 .1631 .5569 -0.011.3 .3357029 ML1278'. .1.291 .0298 .1307 .5676 .1123 -0.2166 .171'.035 ML118?7 .9296 .9581+ -0.0002 .0976 .0186 .0235 -0.021.301.3 ML119J6 .939u .9531. .0003 .0951 .0125 -0.1339 -0.051.204'. MLII9O7 .9926 .9950 -0.0171. .0171+ .0053 .0376 -0.0216062 ML08041 .3750 .0033 .1759 .527'. .0379 -0.1299 -0.2182080 MLti8O3B .7389 0116 .5050 .1.575 .4100 -0.2260 -0.2352081 ML08t8 .5636 .001+4 .2876 .5636 .2256 -0.1706 -0.2885133 HL1186'c .8363 .0276 .3789 .71.36 .0401 -0.3649 -i.0479110 ML11871 .8305 .01.51 .2905 .6952 .0237 -0.1.729 .191'.113 ME12635 .9792 .9889 -0.0182 .0009 .0u47 .0205 -0.0199121 ME12638 .9910 .9936 -0.016? .0253 .01.16 .01.43 -0.0261136 t1E12560 .7051, .0846 .1146 .7449 .0566 -0.2615 -0.24241'.3 HEt2565 .8627 .1.819 .1068 .6306 .0247 -0.461.9 -0.0675153 ME12652 .5470 .041.6 .1920 .61.02 .0827 -0.1865 -0.2381163 ME12658 .3665 .0595 .0885 .4946 .0550 -0.2701 -0.186015'. ME12659 .99u8 .991+7 -0.01.84 .0015 .0058 .0278 -0.0152

N)

-J
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Appendix 18: Classifiaction Analysis results (THREAD) for down-core samples
(Cores: V19-29, Y71-6-12, V15-53, RC15-53, RC15-61, RC17-213,
Vi 7-92)

CURE 1.9-29
LVL. ACCESS COMM. ANTAC. SUSIROP. CHILE PERU SU9AMT. £QUAT.

(Fj) (F2) (F3 (F4) (F5) (FS)
010 MLQ8I9S .9014 .0179 .9007 .0392 .2773 -0.0949 .0496020 ML38196 .8652 .3158 .+Ø5 .1256 .3701 -3.37+2 .01.55333 'IL.331.97 .9215 .3215 .9161 .0848 .2562 -3.3565 .0753040
050

HLO3I.98
ML

.3179 .0227 .9123 .1569 .21.51 -3.1132 .0335
053

199
MLOS200

.8928

.7477 .0199
.3186 .9138

.5037
291
.1122

.2181

.2753
-0.0638
-0.1085 .0701

.0385070 ML0821 .3407 .0189 .8374 .0983 .3423 -0.0950 .0595330 M108202 .6789 .013? .6521 .1240 .4632 -0.1041 .1128090 ML08203 .7586 .0138 .7225 .1904 .4285 -3.1082 .36951.00 ML08234 .8000 .0197 .7232 .2391 .'.332 -0.1053 .1.434110 ML08205 .7129 .0154 .7100 .2672 .3591 -3.0717 .0553120 ML07268 .3646 .0277 .8036 .3402 .2794 -3.1.558130 ML39206 .3078 .3261 .8203 .i'22 .1.352 -0.0821 .2701.143 ML08237 .7172 .0204 .6345 .2204 .3359 3.0373 .4342150 ML&8238 .7883 .0206 7273 .2371 .4220 0.0q6i. .1254150 HL38239 .5413 .0247 .7423 .1965 .3945 -0.0705 .3006170 MLQ8ZIQ .8491 .3251 .6973 .1929 .4167 -3.1174 .370?130 MLOS211 .7841 .0242 .7512 .2213 .3047 -0.1055 .2574190 ML08212 .7739 . .0353 .6832 .2322 .3357 -0.1211 .3753200 MLO5213 .6666 .0308 .4499 .1464 .2503 -3.0537 .6135210 ML05214 .7947 .3239 .6817 .1541 .3909 -0.0323 .3896220 MLOSZI.5 .9316 .3313 .7586 .1575 .3205 -0.0818 .4370230 ML08216 .8456 .0271 .7271 .2390 .3565 -0.1015 .3484240 MLQS217 .8925 .0245 .8475 .2052 .3071. -0.1155 .1532250 ML08218 .8668 .0208 .7863 .1491 .3511 -0.0461 .31.73260 M.08219 .5512 .0226 .7535 ,166 .3652 -3.0866 .3245270 ML08782 .3328 .0374 .7375 .2291 .1981 -0.0725250 ML08783 .5461 .0294 .5998 .2336 .2590 -0.1042 .4722290 4LC8734 .3843 .0275 .7534 .2190 .2607 -0.0678 .3563300 MLQS7S5 .879z. .3316 .7459 .1968 .2048 -0.0914 .4826310 MLOS7&6 .8620 .3302 .7749 .2170 .2622 -3.0912 .3633320 ML08787 .5738 .331.3 .7797 .2282 .2355 -0,1012 .3899330 MLOS7SS .8664 .3307 .7082 .2518 .2120 -0.3345 .4984343 ML03789 .9120 .0324 .7375 .2654 .2205 -0.0839 .4353350 1L33793 .8.386 .3299 .6734 .2287 .2099 -3.3521 .5377360 M108791 .8654 .3349 .au22 .2263 .2107 -0.0413 .6366373 ML08792 .8658 .0383 .6511 .2399 .2296 -0.3672 .5706350 ML38793 .7385 .3305 .5967 .2274 .2j94 -0.0705 .5753390 ML03794 .8795 .0349 .6523 .2899 .1906 -0.1233 .5631400 ML38795 .8705 .0351. .6134 .2412 .1925 -3.0812410 ML03796 5233 .036? .6027 .2869 .2236 -0.1137 .57520 ML08797 .3578 .0373 .5898 .2502 .2341 -3.0671 .6177430 ML08738 .8201 .3338 .5486 .2110 .2427 -0.0585 .6412440 L08799 3378 .0313 .5045 .2311 .2336 -3.3377 .6686450 ILO5803 .7528 .0316 .5642 .2542 .2385 -3.041.7 .5557460 MLQS8UI .3348 .0373 .6311 .3017 .3538 -0.0743 .4647470 lL388Q2 .3211 .0363 .5195 .2912 .3284 -3.0375 .5965'+30 '1L03833 .3196 .0399 .5733 .2993 .2936 -0.1123 .5531490 LQ8SO4 .3133 .0313 .5750 .2450 .2393 -3.3679 .5752500 MLQSSO5 .7284 .0543 .4438 .1969 .21.46 -0.1.31.3 .6497513 '1L38506 .7773 .0305 .5940 .2768 .2334 -3.3413 .5391520 ML08807 .7549 .0835 .4132 .2584 .1919 -0.1193 .6748530 ML08808 .7353 .072? .4733 .1258 .2185 -0.3321 .5605543 P1L08809 .6702 .1296 .3472 .2243 .2225 -3.1342 .6443550 MLQSS1O .7755 .0524 .5338 .3114 .2520 -0.1314 .5522560 tQ9811 .7020 .Q'+43 .3639 .3916 .2513 -0.1.221 .5659570 L08512 .7577 .0976 .3624 .2022 .3396 -0.3563 .6936
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530 ML08813 7317 .1292 .3749 .28<35 .2389 0.tU1.'+ .6501
590 1LQ8514 6719 .03<30 1.688 3362 .2341. -0.0589 5583
600 '1L03815 5771. 0661 1.461. 2358 2560 -O 3773 5886
61.0 MLC33Lo 7297 3308 '.097 .26'.3 3213 0 1084 6087
620 P1L08817 .70'. .3923 .4835 .2101 .2269 -0 0905 ,993
630 '4L08818 7'+7t .1145 .53514 .3333 .2168 -0.1593 .5*05
6'.0 1L08819 5981 0665 3525 .1649 2457 -O 3859 6113
650 '4L08820 6932 01.53 5348 ,'4Z52 291.6 -Q 1163 '.334
660 ML03821. o515 .058k. 8.435 .4342 1633 -0.1363 0627
670 ML08822 791.6 .0+03 771.7 3352 .1718 -0 1981. 3938
680 ML63823 '973 3678 .5330 14338 .31.3'. -3 1771. '.153
630 M.Q88Z4 3533 0568 7631 3434 1383 -0 1261. 3237
7fl0 'L08825 319 0883 6'+5 3t66 2663 -0 151.3 376
713 ML08826 7577 .0235 7253 .3826 .1.934 -0 1255 1.727
723 P1L8827 627'4 .0535 .5927 .3815 .1703 -0 2213 2233
730 M138323 7606 0543 .68S 2661 1377 -u 1388 1.336
7140 ML33829 5945 .0360 .6170 .2806 .1790 -0.070'. 3111
750 MLD 8830 765 C .0571. 6822 341.3 2202 -0 18u 8 3156
760 Mt.38831 686Z. .0420 5392 4488 .2206 -Q 1.588 3446
773 ML388.32 .8225 .0732 .5690 .4759 .1713 -13 2316 4291
730 ML38833 6500 02<31 51.99 .4132 1275 -0 1039 .3960
7<30 ML0883L. 8231. .0840 7233 322<3 2112 -U 1273 .3575
800 lLQ8835 .3610 .0720 .7319 .2615 .21.42 -0.1075 .3238
810 ML38835 31.07 .0524 81.12 18<30 2035 -G 0897 3077
820 ML08837 8u99 0404 6<382 2197 3377 0.10t<3 3848
830 ML08838 7637 .031.5 7388 .1.700 1930 -0 11.71 21.5?
340 lt.I38539 3133 .0973 7179 2681 .1635 - 1157 4261.
850 MLu88.+C 7994 0935 6813 2213 2050 -O 0863 '+775
860 4LQ384t 3.2' .1179 5652 1412 2651. 0 165o 6(jlJ
370 ML08842 .3142 0865 6132 .1468 .3373 -0 0554 5585

CORE Y71-6-t2
LVI ACCESS COMM. ANTARC SU3TROP. CHILE PERU SU9ANT EQUAl

(Fl) (FZi (F3) (F'.) (PS) (F6)
333 4OO8Q35 <3135 u325 3305 .1813 4337 -0.0155 0386
336 M012831. .9576 0535 81.72 .2<362 .3622 -Q 1329 -G 3233
012 M012805 <3352 31426 7475 1.973 2988 -G 1737 -0 0797
013 M012336 3908 31.80 8160 .3753 2545 -0.121.8 -U 0382
0214 M0123.7 7362 .3423 .5083 .6611 1711. -0 211.1 0 1.75
030 '$0128j8 8353 3301 3232 .7677 1275 -0 3154 -G 1.57206 101233<3 3396 0572 500'. .6624 2380 -Q 2415 0 3464
342 1012316 .843<3 0559 .1.6<33 7153 2319 -0 2527 -U 0595
01.8 M0t23j1 3888 .0508 .68<36 .5533 .2158 -0 2217 -Q 0832
051. MOj.2812 3632 3354 3937 71.91 1981. -0 305(3 -0.3758
0613 M012813 .3290 .0417 .3362 .7352 .1146 -0.3685 -0.0<346
066 40128i'+ 7642 281 2361. 7690 1527 -0 2596 -C 1596
072 M01251.5 .3666 .3389 .3297 7830 .131.0 Q.3357 -0.1156
078 M0128Lc .3832 .3337 '.723 6909 2626 -0 3334 -ü 1.".?
331. '1312817 7925 0458 '+089 650<3 2354 -0 3755 0568
0<30 M01231.8 .3825 .3476 .4134 .7534 .132'. -3.3353 -0.3251.
396 '1012319 8524 0208 .2331 .8298 1219 -0 2820 - 1676
102 M01232C .8258 21.0 .2195 .8167 .1013 -0 2761 -0 i53
138 '101.2821 3057 0229 20'+1. .7876 0888 -0 3360 -G 231.3
1.11. '1012322 3'.9 34714 3329 8021 1043 -0 3022 0 0984
120 '1012823 3104 0353 2309 750'. 1526 -43 3477 -3 131..
126 M012321. .8131 .0256 .11.36 .8021. .121<3 -6.3183 -0.1569
132 401.2825 .8260 0443 2790 .71.45 11.93 -3 '.C6 - 3433
138 '1012326 .8307 .3560 .531? .656'. .131.9 -0.2993 -0.3223
1.1. '1012327 .7977 .3.27 .4472 .6750 .182. -0.3272 -0.0123
1.50 '101.2328 .8568 .3321 .323'. .7823 .1679 -0.2863 0.1696
156 '1012329 .7<30'. .01.26 .3937 .7069 .1457 -0.3382 -0,1328
1.62 '1012930 .328'. .0422 .5033 .5858 .1.311 -0.2851. -0.0581.
168 '1012831 3446 .0742 1.449 .7215 1175 -43 2742 -0 1776
171. '1012832 .3775 .337'. '.3t.3 .7459 .1380 -6.3:313 -0.0483
1.30 '1012833 912? .057! 8177 .432 .1331 -O 1571 -0 1.273
136 '1012834 3808 3226 4.373 .7242 1381 -O 2829 -0 2599

CORE V15-53
LVL ACCESS COMM. 4NlAC. SUBTRCP CHILE ERU SU9ANI EQUAl.

(Pt) (P2) (P3) (F'.) (PS) (P6)

300 '411278'. '+291 3298 1337 5676 _123 -43 2166 1.7114
338 M112736 5967 .3554 .1.566 53<35 23C -0 3168 356
312 '1112737 533 31.9? 11.22 5801. .21.34 -0 2134 3108
32'. '1112790 .5377 .3364 .0992 .6233 .1.552 -O.256. .1.916
031 ML..27<32 o9SS 3351. 1566 744'. 1572 0 2295 13%
<336 '1112793 ooSO 0316 2553 7185 .11.76 -0.2375 1157
3413 ML1.Z'.51 657 3444 1833 b93'. 2191 -0 21.4.2 1359
01.4 '411279'. 591.2 0472 1378 511 .21.26 0 2535 .3237
048 '4112795 Z32 31.73 1.115 6369 2441 -u 2592 2755
056 'kt.12797 5o32 05'.Q 3956 .5312 2595 -0 2688 355o
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36L. 4t.l2799 .59k? .a53 .as .5616 .2602 -0.2323 .381.7

312 MLI2SUI .7875 .0502 .1318 .7183 .1.7 -0.3801 .2943

080 ML12803 .7T+8 .0559 .1.395 .671.5 .1798 -0.'+295 .2905

CORE RCI5-61

LVL. ACC!SS COMM. AMTARC. SU8flOP. CHILE PERU StJB4MT. EQUT.
(FL) (F2) (F3) (FL.) IFS) (F)

000 Mt42971 .9022 .3295 .1559 .8865 .1305 -0.2359 .1.561.

301+ ML12579 .829' .Q353 .1503 .8326 .3428 0.2210 .2484
008 t.i2972 .3117 .0382 .1853 .7999 .0955 -0.2167 .2523

012 ML12950 .8Q.1+ .tg9 .7913 .0961 -0.21+63 .291.1.

01.6 MLI.2973 .7902 .0386 .11+59 ,7a53 .131+1+ 0.2011 .3152

025
036

MLI.2982
ML12983

.3051+ .3355 .1.335 .7903 .Oi+SC -0.21+65
-0.2879

.2883

01+8 M112977
.7761.662.

.0383

.0351
.2111
.1621+

.7558

.691+1.
.0355
.1313 -0.1585

.2732

.3327
063 MLIZ'+5Z .5531 .3669 .1325 .5770 .1+15 -0.1431 .1+058

072 ML12661, .3725 .0488 .3823 .5597 .11.79 3.1940 .41+55

080 ML12970 .3374 .0396 .1168 .6160 .1339 -3.1671 .1+353

CORE RC17-213

LVL. ACCESS COMM. AMTARC. SUBIROP. CHILE PERU S)JBANT. EQUAT.

(FL) (F2) (F3) (FL.) (F5) (P6)

0343 ML129438 .31+96 .6536 .0238 -0.1164 .0117 -0.7139 .3531
005 MLjZ939 .8848 .751.3 -o.oasa -0.0842 .0099 -0.5587 .011+7

01.0 ML1.2913 .9213 .7936 -43.3149 -0.1331+ .3276 -0.5291+ .3124
015 ML12911 .3800 .61.95 -0.3101. -3.1311 .375 -0.691.7 .0198

320 ML12912 .9358 .871.2 -0.31.19 -0.0532 -0.3033 43.1+161 .0263
025 MLi2913 .3936 .8656 -0.31.1+7 -0.0605 .0161 Q,37L4 .3338

030 ML1Z914 .9421 .9452 -Q.31L49 -0.0307 .0087 -0.2171 .3063

035 ML12915 .9651 .8753 .31.27 -0.31+30 .3118 -3.4421+ .0364
31+3 ML1.2916 .3927 .8671. .0033 -0.01.87 .3235 -0.3693 .0592
045 MLL2917 .9784 .971.3 -0.0058 .0225 .3360 -0.1.851. .3263
353 ML1.2918 .9559 .9073 -0.30,3 .3394 .33u3 -0.3629 .031.1

355 MLIZ9t9 .9647 .951+5 -0.3100 -0.0169 -0.0009 -0.2284 .0331.

040 lt12923 .9280 .8998 -0.31.47 -0.01+92 .0349 -0.34u3 .0103
065 ML12921. .9559 .9376 -0,0103 -3.0365 .0339 -3.2746 .0361
373 MLI.2922 .31+96 .3283 .0162 .031.5 -0.3327 -0.3957 .3749

075 ML12923 .9319 .3777 .0334 -43,3c453 .3065 -0.3969 .01+23

330 ML1292. .91+36 .8275 .0125 -0.0797 -0.3033 -0.1+970 .31+83

335 ML12925 .9571 .9112 .0027 -43.0391+ -3.0031 -0.3525 .3336
090 ML12926 .9177 .9098 -0.3019 -43.3377 .0362 -0.2967 .3226
035 ML129Z7 .9192 .9017 -43.3144 0.36S3 .0049 -3.3181. .0095

133. ?4L12923 .9735 .9845 -0.0098 .0061+ .002u -3.0602 .0222
135 'L129Z9 .9352 .9543 -0.01.13 -0.0181 .3345 -0.151+9 .0105

110 ML12930 .9705 .9571 -0.3111 -3.3203 .3539 -43.2333 0.OuZi.

115 ML12931 .9734 .9653 -0.0136 -0.0232 .3360 -3.201.9 -3,01.25
1.20 ML12932 .9536 .8827 .3124 -0,0273 .3084 -0.1+097 .0513
125 ML12933 .9660 .9519 -0.3007 -0.0007 .0085 -0.2420 .3440

CORE '11.7-92

L'1L. ACCESS COMM. ANTARC. SUBIROP. CHILE PERU SU8AP4T. EOUAT.

(Pt) (F2) (P3) (FL.) (P5) F6)

030 MLI1.935 .9937 .9960 -43.3115 .0130 .31.22 -0.331+8 -3.0367
005 '1L12935 .9635 .9724 -0.3046 .0431+ .0798 .3333 .3871
01.0 MLI.2936 .3921 .9913 -0.0661. .0617 .0421 -0.0492 .0356

4315 L12937 .9670 .9800 -0.3104 .0512 .0426 .0279 .031+9

020 ML12938 .9756 .9856 -43,34371 .0709 .0397 -3.0037 .02±6
025 ML12939 .9890 .9934 -0.311+5 .031.6 .0316 -0.0380 .0253

030 ML1291.0 .9733 .9834 -0.0096 .0307 .3294 -3.0397 .0112

035 'dL1291+1 .9811 .9695 -0.0141. .0395 .31.41. -0.0375 -0.0080
01+0 ML12942 .9720 .9822 -0.3398 .0692 .0271. -0.0108 .0389
@.5 ML1291+3 .9836 .9932 -0.0116 .3419 .0233 .0012 .3253

050 MLt294 .9754 .9853 -0.01.36 .0390 .0076 -0.0507 .0170

055 ML1291+5 .9523 .971+u -3.3153 .0183 .0105 3.0537 .0384

063 Mt12946 .9809 .9898 -0.3124 .0263 .0095 .01.21+ -0.3313
045 ML12947 .9834 .9852 -43.31.34 .0573 .431.36 -0.001.3 .0173

370 ML1.29L+8 .9826 .9900 -0.3150 .01+21. .0157 .3049 .0146

075 ML12949 .9664 .981.3 -0.0138 .3394 .ul?S .3172 .01.21

083 MLI29SO .3683 .9821. -3.0120 .0560 .3399 -0.0367 .01.75

085 ML12951 .9818 .9895 -43.01.56 .0436 .0088 -0.0354 .01.37

090 ML13952 .9781 .981+8 -u.0396 .0758 .31.33 0.3162 .31.33

395 ML12953 .9802 .9867 -0.0101 .0557 .01.74 -0.3552 .0393

1.30 M112954 .560 .9719 -0.0074 .0870 .0115 -0.0635 .0329
tOS ML1295'+ .9853 .9908 -0.0122 .0437 .3089 -0.3321+ .0025

1.1.0 ML12956 .9821. .°8T1+ -43.olOC .071.9 .3102 -43.0431+ -0.0373
115 ML12957 .377g. .9854 -0.3132 .061+0 -0.0312 -3.3493 .01.38

1.23 ML12958 .9786 .9549 -3,3373 .3623 .0194 -0,0296 -0.021.9
125 ML12959 .9876 .9892 -0.3095 .05439 .0097 -0.0773 .0177



Appendix 19: Classification Analysis results (TUREIW) for 18 K level saiples.

ACCESS NO. COHN. ANTARC. SUBTROP. CHILE PERU SUBANT. EQUAl,
(Fib (F2) (F3) (F4) (F5) ff61

lO07250 .9187 .0331 .9020 .1505 .0707 -0.0514 .2714
P4007287 .9354 .0282 .9472 .1009 .0765 -0.0233 .1443
HOC7256 .9575 .0236 9741 .0174 031j -0.0312 .0725
P4O1207 .7862 .0423 .5083 .6611 .1714 -0.2141 -0.1175
ML07268 .8646 .0277 .8036 .3402 .2794 -0.1558 .0065
t4L13t83 .8386 .0355 .8586 .2900 -0,0164 -0.0974 -0.079?
P1L09201 .8617 .0234 .88Q3 .1810 .1611 -0.0376 .1618
PILO9I?6 .942 .0216 .951. .0288 -0.0504 -0.0052 -0.1492
MLO9I81 .9236 .0249 .9523 .0516 .0721 -0.0348 .0837

J\)

01



Appendix 20 Correlation matrix (R) for sea surface temperatures and Radiolaria Factors

Aug Feb

surface surface "Antarctic" "Subtropical" "Chile" "Peru" "Subantarctic" "Equatorial"
temp temp factor factor factor factor factor factor

Aug
surface 1 00 989 - 922 960 027 364 - 261 384

temp

surface
1 00 - 940 954 061 456 - 268 404

temp

"Antarctic' 1 00 - 875 - 308 - 429 053 - 462
factor

"Subtropical"
1 00 - 094 - 332 - 391 302

1 00 - 007 478 286

1 00 - 212 276

"Subantarctic"
1 00 043

tactor

"Equatorial"
1 00

factor

(A)
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Appendix 21 Regression Analysis data August sea surface temperature
on (transformed) factor loadings

For 10 variables entered

Multiple Correlation Coefficient 993
(Adjusted for 0 F ) 992

F-Value for Analysis of Variance . . 561.250
Standard Error of Estimate 1 153

(Adjusted for 0 F ) 1 215

VARIABLE VARIABLE REGRESSION STD ERROR OF COMPUTED
NUMBER NAME COEFFICIENT REG. COEFF. 1-VALUE

25 F2 8 57803 1 24825 6 872

24 Fl -54 83897 5 46706 -10 031

12 Fl*F5 18 35624 2 06741 8 879

3 F1SQ 37 61410 4 98820 7 541

11 F1*F4 57 14128 13 38331 4 270

15 F2*F4 - 7 25778 1 40285 - 5 174

19 F3*F5 -15 10172 3 55311 - 4 250

10 F1*F3 23 35778 5 78546 4 037

14 F2*F3 - 8 45469 2 28392 - 3 702

8 F6SQ 6 80534 3 20536 2 123

INTERCEPT 15 80156

Fl = "Antarctic" factor F4 = "Peru factor

F2 = "Subtropical" factor F5 = "Subantarctic" factor

F3 = "Chile" factor F6 = 'Equatorial" factor
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Appendix 21 continuation

TABLE OF RESIDUALS

80 PERCENT C.I.
LOC. V VALUE V EST. RESID. HIGH LOW S.ERROR

1 23.500 22.418 1.082 24.026 20.809 1.237
2 21.900 21.709 .191 23.763 19.655 1.580
3 23.830 22.234 1.566 23.S'si 20.627 1.236
5 17.700 18.723 -1.023 20.141.1+ 17.032 1.3u1
6 17.500 18.218 -.718 19.86u 16.576 1.263
7 i7.2I0 18.813 -1.613 20.43i. 17.196

10 18.300 17.219 1.081 18.948 15.493 1.330
11 19.10 18.654 .41+6 20.334 17.003 1.270
12 20.433 20.454 -.051+ 22.7i 18.837 1.244
13 21.000 22.613 -1.613 Z+.222 21.305 1.237
14 21.200 22.421 -1.221 24.030 20.812 1.238
15 22.433 2.832 -.432 24.448 21.215 1.244
16 22.9u0 22.342 .558 23.945 20.743 1.233
17 23.2130 22.275 .925 23.876 20.674 1.231
18 18.OuO 17.236 .764 18.967 15.485 1.347
19 17.900 17.480 .420 19.183 15.781 1.307
20 20.100 21.043 -.943 22.646 19.439 1.234
21 Z3.L+CO 20.981 -.581 22.671 19.292 1.380
22 21.300 22.123 -.823 23.727 2.519 1.234
23 21.803 21.764 .036 23.360 20.169 1.227
2. 22.SCO 2.357 .143 23.963 20.751 1.236
25 23.1CO 22.667 .433 24.277 21.057 1.238
26 23.3u0 22.408 .892 24.015 20.801 1.236
27 18.100 18.166 -.066 19.838 16.494 1.286
28 13.900 21.05'. -2.icz+ 22.662 19.446 1.237
30 13.000 12.601 .399 14.350 10.652 1.345
34 3.300 3.972 -.672 5.738 2.206 1.359
36 .830 1.244 -.'+44 2.868 -.383 1.249
39 7.000 6.638 .362 8.436 4.731 1.429

4.500 5.493 -.993 7.186 3.800 1.302
.i. -.600 .219 -.819 1.825 -1.388 1.236
42 -1.000 .050 -1.050 i.69 -1.560 1.238
45 20.000 19.470 e530 21.111 17.828 1.263
+6 13.183 17.533 .567 19.211 15.555 1.291
47 19.213 19.056 .11+1. 20.729 17.383 1.287
48 20.300 21.998 -1.998 23.599 20.397 1.232
49 23.430 22.997 .433 24.614 21.379 1.244
50 2e.900 22.923 1.977 24.539 21.3u6 1.243
51 23.900 22.217 1.683 23.322 23.612 1.235
57 23.630 22.315 -1.715 23.921+ 20.7C5 1.238
61. 15.700 15.922 -.222 17.752 14.092 1.408
69 23.400 22.11+9 1.251 23.753 20.547 1.232
70 23.9u0 22.233 1.667 23.833 20.634 1.230
71 22.2.0 22.657 -..457 2+.266 21.049 1.237
2 4.703 5.298 -.598 6.949 3.646 1.271

73 4.300 6.798 -1.998 8.1+65 5.131 1.282
74 +.6u0 4.476 .122 6.135 2.351 1.252
75 +. 8133 3.764 1. U3 .378 2.149 1.21+2
76 1+.83 3.815 .984 5,458 2.174 1.253
77 L#,830 3.617 1.183 5.230 2.004 1.241
52 16.ICQ 1.244 -.1++ 19.954 16.533 1.316
53 28.2L0 20.045 .155 21.668 18.1+21 1.249
84 22.030 22,59 -.859 24.476 21.242 1.244
85 22.930 22.855 .01+5 214.467 21.243 1.240
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91 14.000 11.92L+ 2.076 13.65? 10.190 1.33'+93 13.90 12.654 -1.754 14.46 10.903 1.347
95 7.900 7.413 .427 9.196 5.75u 1.326
96 6.600 5.990 .613 7.762 4.218 1.363
97 2.100 1.708 .392 3.3±0 .105 1.23398 -1.000 .27i -1.271 1.880 -1.338 1.23899 0.000 -.08 .080 1.557 -1.718 1.259

100 -1.300 .228 -1.228 1.835 -1.380 1.237
131+ 7.800 / 9.781 -1.981 11.453 8.109 1.286
135 6.100 5.102 .998 6.805 3.398 1.310
106 2.903 3.280 -.380 4.927 1.632 1.268
107 -1.100 .436 -1.536 2.042 -1.170 1.25
108 2.700 1.908 .792 3.528 .289 1,246
109 6.200 6.123 .072 7.828 4.427 1.308
iii 3.200 8.266 -.066 10.241 6.29± 1.519
112 1.133 1.210 -.110 2.817 -.397 1.236
115 3.800 4.077 -.277 5.698 2.455 1.247
117 .300 -.563 .86.3 1.053 -2.184 1.247
118 -1.100 -.291+ -.86 1.324 -1.9±2 1.245
122 -.600 -.101+ -.496 1.510 -1,717 1.241
123 2.600 .663 1.940 2.334 -.984 1.265127 -1.1C0 .7,3 -1.843 2.346 -.559 1.233128 4.130 2.949 1.151 4.683 1.214 1.331+
129 -1.300 -.623 -.680 1.U3 -2.241+ 1.249
130 4.800 5.161 -.361 6.901 3.421 1.338131 5.600 3.352 2.248 4.970 1.731+ 1.245
141 9.600 8.1+44 1.156 10.283 6.601+ 1.415
142 6.600 8.263 -1.663 10.312 6.515 1.345
11+4 3.900 4.275 -.375 6.339 2.510 1.357145 1.luO. -.084 1.154 1.529 -1.698 1.2i1
1'+7 .9u0 1.109 -.209 2.723 -.505 1.21+2
148 1.300 -.568 2.368 1,061 -2.196 1.253
149 -.630 .123 -.723 j,73j -1.1+86 1.237
150 3.100 .848 2.252 2.448 -.752 1.23117 6.600 6.966 -.366 8.61+7 5.286 1.29315 6.300 5.531 .769 7.241 3.320 1.316
159 6.130 6.448 -.348 8.175 4.722 1.328
160 -1.100 .356 .7L4 1.2o5 -1.976 1.247
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Appendix 22 Regression Analysis data February sea surface temperature
on (transforried) factor loadings

For 11 variables entered
Multiple Correlation Coefficient . . .995

(Adjusted for D.F.) .994
F-Value for Analysis of Variance . . 677.589
Standard Error of Estimate ...... 1.124

(Adjusted for D F ) 1 192

VARIABLE VARIABLE REGRESSION STD. ERROR OF COMPUTED
NUMBER NAME COEFFICIENT REG. COEFF. T-VALUE

25 F2 3 97163 1 36527 2 909

24 Fl -21 16817 1 28915 -16 420

19 F3*F5 -20 70622 3 60997 - 5 736

12 F1*F5 14.02370 2.06338 6.796

7 FSSQ -12.10701 1.73378 - 6.983

20 F3*F6 -20 00295 6 29870 3 176

8 F6SQ 8.63263 3.48099 2.480

9 Fl*F2 -59.92970 13.12820 * 4.565

10 F1*F3 23.30829 6.38986 3.648

16 F2*F5 28.24159 8.87355 3.183

14 F2*F3 - 5.70048 2.64057 * 2.159

INTERCEPT 23 48835

Fl = "Antarctic" factor F4 "Peru" factor

F2 = "Subtropical" factor F5 "Subantarctic" factor

F3 = "Chile" factor F6 = "Equatorial" factor
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Appendix 22: continuation
TABLE OF RESIDUALS

80 PERCENT C.I.
LOC. V VALUE V EST. RESIDS tIGH LOW S.ERROR

1 26.730 26.1+39 .291 27.990 2'i.828 1.216
2 26.803 27.289 -,t89 29.321 25.257 1.563
3 26.230 26.271 -.071 27.852 24.689 1.217
5 21+,iG0 25.345 i.21+5 26.960 23.730 1.21+2
6 23.633 23.941+ ,3zL 25.559 22.329 1.242
7 23.200 23.169 .031 21+.828 21.510 1.276

10 2Z+.7Q 23.601. 1.099 25.262 21.9:39 1.278
11 26.600 25.553 i.OLi7 27.178 23.928 1.250
12 26.500 25.783 .717 27.37k 2'i.192 1.221+
13 25.200 5.503 -.603 77.378 24.228 1.212
14 25.400 25.501 -.lCi. 27.084 23.918 1.218
1.5 25.20) 25.869 -.669 27.450 24.288 1.216
1.6 25.20 25.574 -.374 27.155 23.993 1.216
17 25.3u0 25.679 -.379 7.26U 24.098 1.216
18 25.560 25.724 -.224 27.447 24.001 1.325
19 24.700 24.381. .319 26.062 22.699 1.2
20 26.303 25.996 .304 27.5o6 24.426 1.2u8
21 26.'+GO 25.1+96 .9tL+ 27.158 23.334 1.279
22 26.100 25.372 .728 26.951 23.793 1.211+

23 26.000 25.1.11 .889 26.705 23.518 1.226
24 25.800 25.385 .1+15 26.971 23.798 1.220
25 25.900 25.1+56 44f 27.050 23.862 1.226
26 26.030 25.1+27 .573 7.011 23.843 1.219
27 24.630 25.119 -.519 26.701 23.538 1.216
28 26.030 25.566 .431+ 7.237 23.925 1.262
30 18.200 16.507 1.693 18.275 14.738 t.36C
31 3.600 5.112 -i.5,Z b.7'4S 3.475 1.259
36 4.000 3.697 .3t3 5,309 2.081+ 1.2+0
39 9.700 8.357 1.343 10.252 6.1+61 1.1+58

40 6.6C0 8.283 -1.683 9.958 6.608 1.288
41 2.700 2.537 .163 4.112 .962 1.211
42 2.Ot0 2.205 -.205 3.783 .627 1.214

26.luO 25.387 1.013 26.671 23.502 1.219
46 25.700 25.727 -.027 27.346 24.108 1.245
1+7 2.100 25.041 1.059 tb.7ji. 23.371 1.234
48 25.4C0 25.89'. -.494 27.4o6 24.321 1.210
49 27.000 26.518 .482 28.1i7 24.928 1.223
53 27.730 25.985 1.715 27.567 24.1+02 1.217
51 26.500 26.611 -.111. 28.21.5 25.007 1.231+
57 24.100 25.895 -1.795 27.468 2.323 1.239

21.000 22.871+ -1.87+ 24.674 21.373 1.385
25.560 25.753 -.253 il.321 24.185 1.206

70 25.900 25.791 .139 27.366 2k.216 1.211
1 24.060 25.848 -1.848 27.439 24.258 1.223

72 6.603 6.771+ -.174 8.331 5.167 1.236
73 6.100 7.777 -1,677 9.394 6.163 1.241+
74 6.303 5.477 .823 7.349 3.901+ 1.210
75 7.000 5.559 1.441 7.150 3.969 1.223

7.000 6,666 331 8.290 5.042 1.249
77 6.730 6.19 .521 7.767 +.592 1.221
82 24.330 k.31+2 -.31+2 6.034 22.65l. 1.331.
83 26.000 26.369 -.09 27.639 24.499 1,28
V. 26.600 26.888 -.288 28.494 25.282 1.235
85 26.300 27.044 -.744 23.o61 25.427



91 19.200 19.001 .199 20.367 17.1.35
93 15.280 16.034 -.834 17,961 i4.106
95 jQ.TuO 10.351. .349 12.113 8.588
96 8.3C0 10.392 -2.092 12.152 8.63197 5.000 3.992 1.003 5.569 2.41.5
98 .800 2.845 -2.045 4.418 1.272
99 3.600 L.,360 -.760 5.941. 2.780

100 2.300 2.287 .013 3.869 .705
101+ 9.930 11.167 -1.367 12.907 9.426105 8.500 7.283 1.217 8.991+ 5.572
106 4.800 5.359 -.559 6.991+ 3.723
107 1.700 2.81+5 1.11+5 4,416 1.275108 5.3u0 3.712 1.588 5.281 2.144
109 7.600 6.420 1.180 8.062 4.778
lii 11.400 10.755 .645 12.71+1 8.768
1.12 4.700 3.817 .883 5.392 2.242115 4.800 6.575 -1.775 8.170 4.981117 1.800 1.802 -.002 3.391 .213
118 .600 2.078 -1.478 3.659 .1+97
1.22 2.1+uO 2.221+ .176 3.302 .61+6
123 5.200 3.182 2.018 4.756 1.608127 1,560 2.563 -1.063 4.137 .990
129 5.300 3.105 2.1.95 4.673 1.537
129 9.000 1.1+78 -1.478 3.081 -.125
130 6.700 6.424 .276 8.117 4.731
131 3.000 5.91.5 2.035 7.496 4.333
141 13.300 11.318 1.982 13.120 9.515
11+2 9.780 11.634 -1.934 1.3.378 9.889
11+1+ 4.700 4.507 .193 6.098 2.915
11+5 2.100 1.952 .1'+8 3.51+2 .362
11+7 3.1.00 3.607 -.507 5.200 2.014
148 +.400 2.61 j.781 4.193 1.040
114.9 1.300 2.778 -1.478 4.351 1.206
1.50 3.600 2.71+6 .854 4.31.9 1.1.74157 9.180 9.528 -.428 11.206 7.851
158 9.OuO 8.798 .202 1Q.5& 7.023159 9.1.00 8.905 .195 10.89 7.221
160 .680 1.930 -1.330 3.526 .331+

242

1.1+35
1.482
1.356

i.21
1.210
1.215
1.21.7
1.339
1.316
1,258
1.268
1.207
1.263
1.528
1.212
1.227
1.222
1.216
1.21.1+
1. 211
1.211
1.206
1.233
1,3u 2
1.217
1.386
1.342
1. 221+
1.223
1.225
1.213
1.210
1.209
1.291
1.362
1.295
1.c28
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Appendix 23 Estimated sea surface temperatures for
u'face sarolec (°C)

OUPLICATEO SAMPLES

LOC. AUGUST FE8RUARY

5 17.95740 25.86586
13 17.75187 25.80355
15 17.16571 25.37782
19 16.66718 24.01871
28 21.23179 25.90020
46 17.96069 26.05682
104 9.20975 14.25128
135 5.71867 9.63512
138 1.95994 3.71140
129 -.36419 2.35751

SAMPLES CONTAINING SCARCE RADIOLARIA

LOC. AUGUST FE3RUARY

8 17.20332 22.22367
29 13.63625 19.19351
35 1.38132 5.59015
43 2.68038 6.63675
44 .00748 2.36835
62 15.64222 20.73160
80 15.30519 22.52991
81 15.42952 20.11439

103 11.71990 15.77727
110 13.63869 14.80036
113 -.82972 1.86189
121 .62747 2.6949513 11.25548 15.74459
143 5.9.3i67 12.37119
153 13.53615 18.43330
163 12.41292 18.41367
164 -.50043 1.83676
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Appendix 24: Estimated sea surface temperatures for down-core samples (°C)
(Cores: V1-29, Y71-6-12,Vi5-53, RC15-61, RC17-213, V17-92).

CORE V19-29

1..VL. AUGUST FE3RUAY
000 19.46933 25.03677
010 20.73871. 27.76965
020 19.26733 26.62189
030 20.1.81+90 26.35270
01.0 19.92488 26.93338
050 21.15271 27.01.669
060 19.52654 26.91+511.
070 j95j3L,5 26.921+71.
080 15.09930 26.20021
090 17.98800 26.1.8267
100 17.59918 25.22976
110 17.76583 25.0661.8
120 17.20516 25.58195
130 20.06603 25.8021.6
140 18.95318 24.2373a
150 17.65123 25.13472
160 13.5567g. 24.85034
170 18.1.7508 25.32657
1.80 19.561.1+8 25.15335
190 18.33649 24.40543
200 19.65217 25.43278
210 19.12969 24.82687
220 19.691+90 25.56192
230 18.44202 24.65999
21+0 13.79366 25.91+1.20
250 19.51'+62 25.38593
260 19.27100 25.94632
270 19.15515 23.89935
280 19.32871 24.82580
290 19.1+3503 24.61+791.
300 20.03619 25.28052
31 19.21589 2+.81675
320 j9,3flL85 24.31536
330 19.60029 24.34534
340 19.23568 24.03529
350 19.96321 24.36685
360 20.27401 24.1.1421
370 19.67256 24.04861
380 19.8011.0 24.5721.6
390 19.33938 24.01826
1+00 20.09021 24.57634
1+10 18.97216 23.68485
1.2C 19.67264 23.38978
'+30 23.03502 24.82682
1.40 20.04291 24.52513
450 19.17956 23.49940
'+60 13.19751 22.36992
'+70 19.00912 22.96029

13.51.531+ 23.19267
490 19.39077 24.13220
500 1.3.86762 24.50969
513 19.23386 23.3430?
520 17.31175 22.35703
530 18.9181.5 24.09467

LVL. AUGUST FEBRUARY

51.0 16.1021.2 21.07657
550 17.93900 22.1.6952
56t 17.29361. 21.11367
570 17.84499 22.48551
580 16.29713 20.31320
590 18.458.11. 22.55688
600 17.95835 22.66588
610 17.49152 21.92377
620 17.51038 22.09331
630 15.94337 19.50131
61+0 17.85361 23.76660
650 16.51617 20.90627
660 15,521.68 22.1791+3
670 17.06350 24.73581
680 15.97833 20.53679
690 17.32567 22.08732
700 16.54694 23.99634
710 17.24369 23.57448
720 1.5.69570 22.25067
730 19.01673 23.17306
7LQ 17.911.1.3 22.97673
750 16.63713 22.42601
760 16.10465 21.10560
770 15.30299 19.50347
780 j7,L9345 21.33061
790 16.67256 20.71.573
830 17.51633 21.94385
810 13.81365 23.73686
920 18.36090 24.11176
833 1.9.18391 25.1.0'.97
81.0 16.99247 20.53615
850 17.51.869 21.16280
860 17.59397 22.69853
870 18.37401 22.57352

ôontinued on next page



LVL.

000
305
U 1ü
015
020
025
o 30
03!.
01+0

05
05!
060
06!
070
07!
080
085
090
095
100
1
110
115
120
125

LVL.

o oc
005
010
01!
020
02!
030
035
043

050
05!
060
06!
070
G7!
080
085
090

100
105
110
ii!
120
125

CO qcil-213

AUGUST

5.71867
4. 778 87
5.23247
5.03380
4.09343
4.26348
2.51970
4.98052
3.89924
2.1496
3.25761
2.18798
3.68061
3.11922
2.92267
4.13001
4,94054
3.76291
2.97229
3.67921

30 178
1.13898
2.55863
2.38977
4.27784
2.39733

CO!E Vi792

A UGUST

.21859
4.02258
3.i24
2.31159
2.27976
1.22531
1.38274
.32391

1 .60437
78713

.58648

.13255
- .16 572
.55138
.41+724
.5 3296
.2 7757
.03235
.93233

1 6jj44
I 71653
.68756

1. 36132
70+9t

1. 82034
1.50329

FEBRU A4Y

9 63512
tO .02976
9.50731
10.4130k
8.19622
8.20988
5.62968
7.99272
8 09166
5.17198
7. 2 7528
5.53458
7.41119
6 '+ 6342
8. 1+ 4 50 Ii

8.09870
9.00833
7.60871
7.42396
7.57455
3.0 5287
4.85865
5.53393
5.05737
7.70108
5.86270

FE9RUARY

2.53703
3. 9 3937
1+ 15692
3.6 6793
3.87919
2.49003
3.35408
2 .7 6462
3 83348
2.84953
3.5 7374
3.10839
2.614%
3.13430
2.72443
3 .0 6444
3.33781
2.67048
4,03407
3.99236
5.15207
337331
4.18942
3.90893

706
4.11310
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CORE Y71-6-12

LVL. AUGUST FE3RUARY

000 15.21784 23.92+418
006 16.91107 24,06038
012 15.24733 22.93382
018 16.6956 23.56742
021+ 13.62613 20.33946
030 12.00534 17,26931
33! 12.92880 20.53513
342 12.48272 19.52190
01+8 14.40653 22.01203
054 12.02521 19.02341
060 11.35270 17.58096
066 12.56153 17.55248
072 11.42108 17.25070
078 12.60243 19.29389
08 11.88652 19,29596
090 11.73165 19.48169
096 12.12391 16.39731
132 12.18660 16.97522
108 12.13621 15.91797
11'. 11.44038 17.49484
120 11.57461 17.00193
12 11.69931 15.60745
132 10.66970 17.01033
138 12.67494 21.05598
11+4 12.26119 23.46148
153 12.19202 17.31558
15 12.27046 13.48467
162 12.76292 20.31388
168 12.01176 17.55727
171+ 11.80689 19.33957
180 16.32086 22.48628
18! 13.35297 17.82231

CORE \I15-53

LVL. AUGUST FEtJAy
30 13.63625 19.19851
08 13.25380 16.72934
12 13.72926 17.78140
2'. 12.32462 17.53940
32 12.55167 17.46342
36 12.92193 18.88751
39 12.83782 t7.74745

13.46893 17.03552
47 12.98003 16.65310
56 13.60199 17.23579
64 13.93609 17.24460
72 11.41073 13.65651
80 11.18503 13.35023

CORE RC15-61

LVL. AUGUST F9RUARY
00 12.18841
34 12.651+34 16.0335°
08 12.97023 16.11664
12 12.59150 15.47387
16 13.25510 16.05056
28 12.72114 15.69325
36 12.34202 15.67267
1+8 14.232+73 17.53315
65 14.06795 17.95997
72 14.31400 17.52258
50 14.48258 17.5951+2
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Appendix 25: Estimated sea surface temperatures for 18K level samples
(°C)

Access No August February

M007250 20.3 24.9

M007287 21.4 25.0

M007256 22.6 26.3

M012807 13 6 20 4

ML07268 17.2 25.6

ML13183 19.0 24.5

ML09201 20.1 24.9

ML09176 22.5 25.7

ML09181 21 9 25 9

Data provided by members of the CLIMAP Project
(unpublished):

Core Lat Long August February

Y71-7-45 11 04 S 110 05 W 21.6 25.7

RCJ3-113 01 39 S 103 38 W 22 1 25 5

V18-312 02 51 S 126 12 W 23.2 26.8

V18-318 03 10 N 118 27 W 24.6 27.4

V19-53 17 01 S 113 31 W 23 0 26 5




