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Plankton and surface sediment samples from the Gulf of California
were analyzed to determine the present geographic distribution of sili-
coflagellate species in this area. Variations in the composition of the
silicoflagellate assemblage are related to water mass distrikutions.
Seven species and three forms were identified in these samples. Octactis
pulchra is associated with high levels of primary productivity in the
surface waters and is found in greatest abundance in the certral Gulf

of California. Dictyocha messanensis dcminates the silicoflagellate

assemblage in stations outside the Gulf of California and increases in

relative abundance with decreasing amcunts of O. pulchra. D. calidz and

D. spec. 1 forms are associated with equatorial waters and have the
highest relative abundance near the mouth of the Gulf. D. epiodon and

Distephanus speculum are associated with cold California Current Watex

and Dictyocha epiodon is present in minor zbundance in Gulf samples.

D. spec. 2 has a patchy distribution with low relative abundance ir these
samples.

Downcore sediment samples wvere arnalyzed from six locations in the

southern Gulf of California. The resulits suggest that major variations




in the relative composition cf the silicoflagellate assemblage have not
occurred over the past 1000 years.

Sediment material obtained from the basin slopes in the central Gulf
of California exhibit alternating light and dark laminations. A laminae
couplet equals one vear of deposition. The composition of the silico-
flagellate assemblage was determined in one hundred twenty individual
laminae samples from the top section of a box core from the central Gulf.
There is no indication of a characteristic assemblage composition associ-
ated with either light or dark laminations in these samples. A high
relative abundance of O. pulchra is present in the well laminated sec-

tions of the core. D. spec. 1, D. epiodon, D. calida, and D. spec. 2

are periodically in great abundance spanning more than one laminae sample.
Variations in the relative abundance of silicoflagellate species in

the central Gulf of California during the last 38,000 years were deter-

mined from DSDP Leg 64 Site 480 samples. The results indicate that O.

pulchra was in lower relative abundance and Distephanus speculum,

Dictyocha epiodon, and D. spec. 1 forms were in greater abundance during

the glacial period compared to the present. This suggests that there was
a decrease in primary production, an increase in Pacific water influence,
and a decrease in surface water temperatures in the central Gulf of

California during the last major glacial interval compared to the present

conditions.
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PALEO-QOCEANOGRAPHY OF THE GULF OF CALIFORNIA
BASED ON SILICOFLAGELLATES FROM MARINE VARVED SEDIMENTS

1. INTRODUCTION

Silicoflagellates, which constitute a minor component of the
phytoplankton, are autotrophic marine algae with siliceous skeletons.
Very little is known about their ecology although work by Gemeinhardt
(1934) and Yanagisawa (1943) show a temperature dependence in the
distribution of silicoflagellate species. By mapping the distribution
of silicoflagellates in surface sediments from the North Pacific,
Poelchau (1976) shows a direct association between water mass and
species distribution. Lipps {(1970) suggests that distributions are
also linked to salinity and nutrient availability, although only
limited work has been done to support this conclusion. Recently,
workers have used the temperature dependence of silicoflagellates in
estimating paleotemperatures for Eocene to Recent siliceous sediments
{Mandra, 1969; Jendrzojewski and Zarillo, 1971, 1972; Bukry, 1973;
Bukry and Foster, 1973; Ciesielski and Weaver, 1973; Mandra et al.,
1973; Poelchau, 1974; Schrader and Richert, 1974).

Silicoflagellates are most commonly found in marine envircnments
with high diatom concentrations. Fluctuations in the abundance of
diatoms are accompanied by similar changes in the abundance of silico-
flagellates (Martini, 1971). Laminated diatom rich sediments obtained
from the Gulf of California during DSDP Leg 64 and the Oregon State

University BAV79 and BAMS80 cruises vermit the study of fine scale

variations in the sediment assemblage since the Late Pleistocene. The




different silicoflagellate species and forms, although a minor
component of the opal microfloral assemblage, were few in number and
easily recognized in these diatom rich sediments. This study uses the
association of silicoflagellates to particular water masses (Poelchau,
1976) to document the variations of water masses in the Gulf of
California and the productivity of the surface waters over Recent
global climatic changes. The objectives are to:

i) document the association between the distribution of the
silicoflagellate assemblage in the plankton and surface sediments in
the southern Gulf of California and the relationship to water masses;

2) document recent changes (past 50 years) in the composition
of the silicoflagellate assemblage on a seasonal basis by looking at
the fine scale variations (events from one to five years in length)
in the Gulf at the present;

3) characterize recent downcore trends (past 2000 years) in the
composition of the silicoflagellate assemblage in the southern Gulf;

4) compare the composition of the silicoflagellate assemblage
in the Gulf of California during both a glacial and an interglacial

period to document changes in ocean circulation, sea surface tempera-

ture, and productivity levels in this area.




2. THE SETTING

2.1 Physiography

The Gulf of California is a long narrow marginal sea between the
west coast of Mexico and the Baja Peninsula. £ is closed on three sides
and open to the Pacific Ocean at its southern end. The northern Gulf is
mostly at shelf depth (van Andel, 1964) and is separated from the southern
region by a chain of islands at approximately 29°N (Figure 2.1). The
southern region consists of a series of basins formed by spreading centers
located in NE-SW trending enechelon troughs connected by a series of NW-SE
trending transform faults (Moore, 1973). These basins are deeper toward

the mouth of the Gulf.

2.2 Meteorological and Oceanographic Aspects

The regional winds generally blow from the northwest during winter
and early spring and from the southeast during the summer months. The
surface circulation in the southern Gulf is linked to this regional wind
pattern with flow that is predominantly southeasterly in the winter and
northwesterly in the summer (Figure 2.2). Measurements of the surface
currents across the mouth of the Gulf (Roden, 1964) indicate variable
currents with southeasterly flow ranging between 10 and 15 cm/sec commonly
from February to May and northwesterly flow with speeds up to 10 cm/sec
from June to September. The currents are weak and flow towards a westerly
or southwesterly direction during the remaining months of the year (Roden,
1964).

Upwelling of nutrient rich waters is also associated with this wind

pattern. Upwelling has been observed on the eastern side of the Gulf

during the winter and spring when the winds are from the northwest and on




Figure 2.1

Bathymetry of the Gulf of California after
Bischoff and Niemitz (1980) showing locations
of Kasten cores BAV79 A-5, BAV79 B-29, BAMS8O
E-17, BAMBO F-30, BAMBO G-34, BAM8BO I-42;

box core BAV79 A-2; Hydraulic Piston Core
(HPC) DSDP Leg 64, Site 480.
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Figure 2.2

Ocean surface circulation in the Gulf of
California (wille, 1966) and adjacent
areas (Wyrtki, 1965; Namias, 1971). Large
arrows show prevailing wind direction for
(A) August to October and (B) February

to April. The shaded areas are locals of
upwelling (Roden and Groves, 1959). This
figure is from Matherne (1982).
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and on the western side during the summer months when the winds are from
the southeast (Roden and Groves, 1959).

The average annual rainfall is greater for the east side (30 cm)
than on the west side (12 cm) of the Gulf and increases towards the
south (Roden, 1958). Rainfall mostly occurs during the summer months in
the southern Gulf, and because of the general absence of permanent streams,
the main terrigenous imput is from runoff during the summer. Average
annual evaporation is approximately 17 times the annual runoff into
the Gulf by all streams including the Colorado River prior to damming
(Byrne and Emery, 1960). Average monthly sea surface temperatures
range from 15-21°C in February to 28-30°C in August (Robinson, 1973).
Temperatures generally decrease up the Gulf.

The thermchaline structure of the southern Gulf is similar to that
of the eguatorial Pacific with modificati;ns due to extensive evaporation
at the surface and by mixing with California Current Water (Roden, 1964).
Three surface water types have been observed in the upper 200 meters
of the southern Gulf. Cold California Current Water with low salinity
(T < 22°C, S < 34.6°/,,) is observed turning east around the tip of
Baja and penetrating into the Gulf (Figure 2.2). The extent of this
penetration depends upon the season and year of observation (Stevenson,
1970). Warm Eastern Tropical Pacific Water with intermediate salinities
(T > 25°C, 34.6 < S < 34.9°/,,) flows in from the southeast (Figure 2.2).
wyrtki (1967) identifies the boundary cf tropical surface waters as the
25°C isotherm. During the summer months, its northern position reaches

above the southern tip of Baja California apparently limiting the

influence of the California Current (Robinson, 1973). The third type is




warm, highly saline Gulf Water {22 < T < 25°C, S > 34.9°/_,) formed

within the Gulf by evaporation of Equatorial Water (Roden and Groves,

1959). A subsurface water mass which is formed by a mixture of California
Current and Subtropical Subsurface Water (13 < T < 20°C, 34.6 < s < 34.9°/,,)
lies between 50 and 200 meters (Warsh et al., 1973). This water laver
originates from the south Pacific Ocean and has been observed to reach

as far north as 29°N within the Gulf (Mundhenke, 1969).

Low o%ygen concentrations at intermediate depths are characteristic
of Gulf waters (Roden, 1964). In general, oxygen concentrations are
higher than 1 ml/i in the upper 100 m and decrease to less than 0.5 ml/1
below 150 m. At intermediate depths (500-1100 m) the concentration of
oxygen is occasionally undetectable by the Winkler method. The oxygen
minimum at the entrance of the Gulf is more pronounced than in the
interior and it covers a larger depth interval (Roden, 1964). Oxyvgen
concentrations increase from the minimum to about 2.4 ml/1 at 3500 m
at the mouth of the Gulf.

The influence of the Gulf of California upon the adjacent Pacific
Ocean is small. Flux into and out of the Gulf estimated by Roden (1964)
using a salt budget calculation indicates a flow in of 1.19 Sv and a
flow out of 1.17 Sv, with the difference accounted for by evaporation.
General observations indicate that the Pacific supplies nutrient rich

waters at depth to the Gulf of California and receives nutrient poor

waters at the surface.
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2.3 Primary Producticn

Plankton blooms have been observed in many locations in the Gulf of
California throughout the year mainly near steep slopes and in the lee of
capes and islands (Byrne, 1957; van andel, 1964). These blooms are caused
by the upwelling of nutrient rich waters in association with the seasonal
wind patterns. Revelle (1950) indicates that upwelling is less intense
on the west side of the Gulf than on the east side which is at a maximum
in the winter and early spring.

Zeitzschel (1969) summarized primary productivity data from six
cruises to the Gulf of California and reported an average integrated rate
of .382 gC/m2/d (range:.002-.952) for the whole Gulf. Both Zeitzschel's
data and work by Round (1967) indicate that the central Gulf has the
highest phytoplankton levels.

Similar levels of primary productivity have been reported from the
upwelling areas off the west coast of Baja California (Owen, 1974), North
Africa (Huntsman and Barber, 1977), and Peru (Guillen, et al., 1972).
These levels are 2 to 3 times those reported from the open Pacific or

Atlantic at similar latitudes (Zeitzschel, 1969).

2.4 Laminated Sediments

Sediments exhibiting millimeter to sub-millimeter thick alternating
dark and light laminations have been obtained from the slopes of the
basins in the Gulf of California (van Andel, 1964; Calvert, 1966;

Schrader, Kelts, et al., 1980; Schrader, 1979). These sediments are

deposited within the region where the intense oxygen minimum zone




intersects the sediment-water interface. Because of the low oxygen
values, infauna are not present (Calvert, 1966) and the sediments accumu-
late relatively undisturbed.

These sediments are generally diatom rich with the dark laminae
containing more clay material than the light laminae (Calvert, 1966;
Donegan and Schrader, in press). Numerous authors have proposed models
for laminae formation (Calvert, 1966; Schrader, Murray, et al., 1980;
Donegan and Schrader, in press) which indicate that a laminae couplet
{(l1ight and dark) represents deposition during one year. Baumgartner
et ai. (1981) found close agreement between sedimentation rates based
on 2*%%pb dating and rates determined from counting of couplets (varves).
Based on previous studies, the laminated sediments from the central Gulf
sre being deposited at a rate of 1-3 m/1000 years.

Sediment texture estimated in material obtained from the central
Gulf (Donegan and Schrader, 1981) indicates diatoms generally comprise
50~90% of the sediment and terrigenous material generally comprises 5-25%.
Minor amounts of other microfossils and amorphous organic carbon ars pre-
sent. Studies of the diatoms in the sediments (Calvert, 1966; Round, 1967,
1968; Matherne,‘l982) indicate a relatively well preserved assemblage with
core top abundances on the order of 106-10% diatoms per gm drvy sediment.

Similar abundances have been found beneath the upwelling areas of the

west coast of South America and South Africa (Schuette and Schrader,
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3. MATERIALS AND METHODS

3.1 Plankton Material

3.1.1 Recovery of Plankton Material

Underway near-surface plankton samples were obtained during the BAMBSO
(September 30, 1980-December 2, 1980) cruise. Non-guantitative samples
were collected by pumping seawater, at a rate of 18 l/minute, from an
intake in the ship's hull three meters below the surface, through a
phytoplankton net with 33 um mesh size. The duration of the sampling
period varied depending upon how quickly the net became clogged with
material. Generally the sampling period was 30 minutes for stations
outside the Gulf of California and 10 to 15 minutes for stations within
the Gulf where plankton in the surface was more abundant. At the end of
each sampling period, the material collected was placed in plastic
or glass bottles and approximately 1 ml of concentrated formaldehyde
was added. Local envirommental conditions obtained during sampling are

given in Table 3.1.
3.1.2 Processing of Plankton Material

The material from each station was placed in 25 x 200 mm test tubes
which hold approximately 75 ml of ligquid. The test tubes were filled
to the top with distilled water. After 24 hours, two thirds of the
supernatant liquid was gently removed using a vacuum pump. The test

tubes were again filled with distilled water and after 24 hours, two

thirds of the supernatant liquid was removed. This procedure was




Table 3.1 Phytoplankton station locations and local conditions at each station.

cruise report (in preparation by Schrader).
+8 hours for stations Pl to P92 and +7 hours for P96 to P200.

Data from BAMBO

Greenwich Mean Time (GMT) equals local time

Position Data/Tiks {locall Sampling Susface (°C)  Wind{*)spead fea Foultion Date/Time (local) Sampling Eurface (°C) Wind{*)lpeed
5 . . Duration Temperature oirectlon/ o . o Ducation Te: Catur Directi
Sanple start End Start/Eid rexar state Sempla  stast €l Start/End wporature raction/ Sea
b {ain) Begin/tnd (Kts e & (min} Begin/tnd (k785) State
[23 0N E'H 30*57.5'N 10731, 00U0-0030 30 19.5 EWE/T 2 [2¥] 22°51.0°N 22*50.0°N 11/2, 000-0030 30 24.7-28.5 NHE-NE/13. 46 2-3
Y16°33.6'W  116°31.2'W 109258 ,4°W 109°51.0'W
v2 30°23.0°N 30°19.5°'8 10/31, 0039-00310 30 19.0-18.0 - HiiW/2-4 3 [21] 23°08.7°'n 23°14.3°'N 12/2, 0300-0330 0 28.3-28.4 WNE-W/18 4
e 18.6°0 116°15,1'% 109°24.5°'% 109°23.0°w
¥3 2444910 29%42.8°N 16/3), 0600-0630 30 18.0-17.5 ENE-NE/4-7 1 #19 23°47.0'8 23°54.0°N 11/2, 0600-0630 10 26.0-28.1 /18 3
116°04,2°d 116%01.5'W 109°26.0°'W 100°27.0'W
(2] 29%102.5°8 24406.5°N 10/31, 0900-u930 30 19.5-20.0 /L [ P20 24%23.0°N  24°27.5°N 11/2, 0900-0930 30 26.0-28,2 min/12 3
115°34.5°0W 115°33.0'% 103°37,5°% 109°40.5'w
»5 6035 8°H 20°29.5°'N 10/3), 1200-1230 30 20.8-21.5 WSW-5/2-8 1 21 24°54.5'0 25%01.5'N 11/2, 1200-1230 10 27.6-27.5 NiW/4-12 3
115°34.5' 115%33,0'w 109%48.0'W 109+49.0'4
»6 28°01, 1R 20°56,7'N 10/31, 1500-1530 30 20.5-23.5 N-NNE/6-9 2 §22 25033.0°N 25°38.4°N 11/2, 1500-1530 10 27.8-28.1 wi/ia 4
145°22.7'w 115“17.7°W 105456.0°w 110°00.5'w
¥? 27%3).5'n 27°27.4'n 10/31, 1800-1830 30 21,6-21.0 ESE~SE/4 ] »23 26°07.0°N 26°14.0°N 11/2, 1600-1830 0 271.0 WiiW/ 3-8 2-4
114°54.0°'W  114°51.0'W ’ 110°10.7'W  110°14.0°W
(<] 21°00.0°'H 26454.6°H 10/31, 21060-2130 30 21.0-21.5 whi/2 ] 24 26°431.5°'N 26%a8.5'0 1172, #00-2130 0 26.3 WNW/ 14 MI
114°26.5°'W 114°22.0°w 110%26.0°'W 110°27.0'w
. ; ) 2% 27°18.5°N 271°24.6°'N 1173, 0000-U030 30 26.0 WHR/L9 4
#3 26°28.0'N 26%21.5'N 11/1, 00U0-0030 0 22.0-22.2 HE/3 2 110°40.5°W 110°43.5'%
113*56.5°0 113°55.0°W
- P28 27°33.0°N 27°53.5'0 11/3, 0300-0330 30 24.2-24.0 - -
1214 25°58.2°N8 25°53.3'n /1, 0300-0130 30 $3.5-23.0 n/4 S 110°52.0°W 110°52.8°W
313°32.1°W 113%22.5'w
) - i K L ¥27 27°36.5°'N 27°31.5°N 11/3, 06900-0830 30 24.5-24.8 /- 2
el 25%26.7'8 25°23.5'N 11/1, 0600~0630 30 23.3-23.5 e/ 1 111°04.0°%  115%09.3°W
113°03.0°W  112°57.5'w
e ~ - $28 27°18.2'n 27°21.0°N 1373, 0216-0348 30 26.6~26.4 WHW/2-5 14
¥12 25%00.0°d 24%54. 7' 1371, 0900-0930 30 24.0-24.5 E-ENE/3-4 -3 111°24.5°4 111%25.0°W
312%36.7°W 112°3).0°W
$29 21°33.0'n 2103530 k173, 3200-1218 is 24.5-25.0 WNH/S 4
7% 24°32.1H 24°20.0°W 1171, 1200-1230 20 24.6-25.4 SH/1-6 0-1 11022.3°W  111°22.3°W
112°0%,5°W 112°04.0°W
P10 27°39.0°N 27°33. 1N 11/3, 1523-1534 15 24.9 NW/L5 3
37 24°08.0°N  24°01,0°N 11/1, 1500-1530 30 25.5-25.8 W-WSH/5-10 2-3 $11022.5°W  111%22.3°W s /
111°32,6°W  111°33.5°W
B - P31 27°54.5°N 27°58.56°0 /3, 1u0C-1830 10 25.3-25.0 Nw/18 4
1 2%} 23°42.2°N 23°37,5°n 1171, 1800-1610 30 27.0-27.0 NE-NRE/T-12 2 111004, 6'w 111°25.0°W
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110°30.0'W  110°25.0'W
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Table 3.1 (continued)

et N : ] o :
Position bate/Time {Jocal) Sampling Surfaca (*C) Wind (*)sSpoed . Fosielon Date/Tine (losal) Sampllng  Surface (°C) Hlnd"lbpﬁod'
Ducation Tawperaturs Piraection/ Sea Busation Toaperature Piroction/ Sea
somple Lvert End Starc/End (min) Begin/bnd T Stale Somple Stare £nd Starc/End {min) Bugin/End {Kta) Stake
P40 27°39.9°N 1174, 1754-1812 17 24.3-25.0 e 4 P102 24%30.4°N 11784, 2348-0000 1 2.0 W ‘
11121 .0 190l . i'w
10/ 240576 -
w4l 28°00.5'% 11/6, 2030-2042 13 21.0 calm - 109 et o-: 11714, 0255-0305 i6 6.9 L 4
11275 .
PIO6  25°04.2°N 11/14, 0355-0405 10 26.8 e .
P62 27°54.2'H 11/7, o100 15 6.0 W 2 109°47.0'%
111°30.0'%
PlO8  25°04.6°N 11714, 0500-0510 10 26.8 " N
P57 27°56.7'n 1177, 04vo 15 24.5 Wy 3 110°06.2°W
111°27.5W
P109  25°19.4°n 11714, 0u55-0705 10 21.0 i ‘.
P60 27°22.4°W 1177, 2200 is 26.0 ESE-MW 4 110°15.6°%
KIL*12.0'%
¥10 25°25.3°M 11714, 0755-0605 10 27.0 N 3
¥6b  27°2i.8°0 11/1, 2230 15 26.5 BSE-NW . 110°25.3°%
11050
eill 25°:0. 4N 11/14, 0855-0305 10 29.2 W 5
¥6)  27°11.0°n 1177, 2330 15 6.0 W s 110°34.5'%
110°55.7°%
¥l12 - 11/14, 2040-2050 10 - N 3
¥66  26°55.0°'% 1t/e, 0100 15 5.5 s54 3
10°44.2°
110°44. 20 ¥I13 26°03.0°N 11/14, 2149-2210 2 - N °
.
269 26°40.2°N 11/8, 0230 15 6.0 S-me 3-4 thotal.0t
32.6° -
110%32.6°W P4 26°04.2°N 1/14, 2258-2213 19 - WNE 2
¥73 26°20.4'W 1178, 0430 15 25.9 g 4 11074537
110°13.0° Jo . i ] "
v122 26°37.0°N 11716, Q325-0935 10 24.75 Wi/19 5
11429 8w
¥l6 25°45.5°% 11/8, 1800 15 21.5 s 2 _—
1095 36,34 ¥i2?  26%35.5°N 11716, 1155-1205 10 25.0 NH/19 5
111°29.6°%
BIB 15°23.5°M 11/8, 2000 15 .5 EsE 2
108°24.0% BI34 24052008 11/18, U250-0800 10 - - -
10u°57.3 '
V62 24°49.0°N 1173, 0000 15 21.0 N 3 o~ .
10038, 50 PL3G  24°30.6°N 11/18, 1010-1024 14 - - -
108°23.5°%
PeS  24°24.4°n 11/, 0300 is 6.0 - - e
10405, 0N FI0T 24%29.00N 11718, 11131138 25 - - -
100% 26.2°M
v39  23°51.0°N 1179, 0700 15 28.0 E 2
107°20.00% P18 24°16.0'n 11718, 1314-1324 10 - - -
100°02.0°W
¥91 23°25.2°N 1179, 1000 15 20.7 EsE 3 -
106°10.0°% Pl43 23°20.3'N 11720, 2200 10 26.5 - -
106°59.0'W
P96 24°00.5°N 11713, 1756-1810 12 8.0 i 3
Lows02. 200 PIS4 23020.0°N 11/22, 0645 10 25.5 - -
_ 10G55.0'%
P90 24U14.9°N 11713, 1952-2604 12 28.0 New 3
103°19.9 4 PIST  21°14.2°'W 11722, 1300 10 2.5 - N
— 107°05.3 %
PIOL 24°03.2°M /12, 2255-2705 10 8.0 ™ N
100°51.0°W
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Table 3.1 (continued)

114-17.5°W

rositlon Data/Time (lucal) Sampl g Gucface (*CH  Wind{*)Spued foaition Date/Time {(lucal) Saupling surface (°C) Wlnd{®)Speed
Duration = Tenperature  Pirsction/ Sua buration Tempurature  Direction Sea
Bargle start End Start/tnd (min) Beyin/End {Kkts) state Sample Srare End Start/End inin) Bagin/Lad {xKta) State
PIS9 23°03.%°N 11/24, 1155 L) 26.0 - - ,
107°19.8'W ¥ie2 27°29.2°n 11730, 0800 30 20.0 - -
114°53.0°0
F160 30106 31728, 1400 15 26.% - - e .
107° 40,5 164 27485.4°'8 11730, 1155 0 19.3 - -
115%05. 2w
[ 4138 43°02.6°0 M1/28, 1657 0 26.0 - - ;
103+01.0°W Pive 4°51.5°u 11/30, 1555 30 18.5 - -
115°26.0°u
vl62 23°00.2°N 11/28, 1753 30 26.0 - - N )
108°14.0°0 ¥io? 29°08.2°% 11730, 1355 30 i4.25 - .
115°32.3°w
P163 22°56.3°N 1)/2a, 2000 0 25.% - - ——
103°38.8°W #1890 29°45.49°n /30, 2345 0 18.0 - -
115°56.3°W
Piod 22°55.2'W 11728, 2200 30 25.0 - -
309°05.7°% #3192 30°09.0°n 1271, G¥4S 30 18.7 - -
116°10.0'w
P16% 22°51.0°% 11/29, 0000 30 25.5% - -
1090 . 1°W #1931 3oe2l.aN 32/1, 1600 30 18.0 - -
116°16.0'W
rrO& 22°49.5'N M/29, 0215 30 21.0 - -
110°01.0°W rlua 31°10.0°N 12/1, 1800 E 16.75 - -
1i6°13.6'W
¥iey 23°09.0°4 11729, 0400 30 26.5 - - B
110°22.5w e199 2490 12/, 1945 30 17.5 - -
HE%4s. 6w
Klod 23°26.9°H ¥11/13, ¢6io 20 23.9 - -
310°43.6'W $200 IR TR Y 12/1, 2200 10 17.5 - _
. POS—— 1651 .a'w
P70 22°34.6°W 31729, G155 20 3.9 - - -
110°55.5'w
en 23°57.2°N 11/23, 0935 0 24.5 - -
111°26.5'W
P172 24°15.2°N 13/29, 1145 20 24.25 - -
131%43.2°W
¥ 24°33.2°N 11/29, 1347 20 24.8 - -
112°42.5°8
¥lre 24%44.0' 11729, 1545 30 24.5 - -
1120335
(2 X1 25424.06°N 11729, 1945 30 23.5 - -
111°0%.8°W
BLr7? 25°499.5°N 11/29, 2028 30 23.5 - -
113°25.0°%
Flis 26 249N 11/30, 0215 0 23,5 - -
113°39.5°W
PlLUO 2L°48.0'H 11730, 040% 30 2.0 - -

ST
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repeated eight more times to desalt the sample. Examination of the super-
natant liquid showed that very little of the plankton material was lost
using this method. The material was resuspended by vigorously shaking
the test tube and 300-400 pl was immediately withdrawn using a disﬁosable
glass pipette and placed evenly on a water-covered 18 mm square coverslip.
This procedure was performed twice for each sample. The coverslips were
allowed to dry slowly and then mounted on standard microscopic slides
using Hyrax (R.I. = 1.71) as a mounting medium.

The remainder of each sample was then chemically treated to obtain
a concentrated siliceous fraction using methods outlined by Simonsen
(1974) and Fryxell (1975). Approximately 10-15 ml of a saturated solu-
tion of KMnO4 was added to each sample and then let stand for 24 hours.
10-15 ml of reagent grade HCl (37%) was added to the mixture. After
24 hours, the test tubes were placed in a water bath and boiled slowly
until the solution changed from purple to light yellow in color. All
samples were cleaned to remove the acid with the same method used to
remove the salt. Microscopic slides were made from the siliceous fraction
following the same procedure used to make slides of the desalted material.

A few drops of concentrated formaldehyde was added to the remainder of

the siliceous fraction and the material was placed in capped glass vials.

3.2 Box Core Material

3.2.1 Recovery and Curation

Core BAV79 A-2 (Table 3.2, Figures 2.1, 3.1.1, and 3.1.2) was

obtained using a lightweight Reineck Box Corer during the BAV79 (Sept.




Table 3.2 Locations, water depth, and length of cores used in this study. All cores are stored
at the Core Repository, School of Oceanography, Oregon State University.

Total Core Length Latitude Longitude Water Depth
(cm) (°N) (°wW) (m)
BAV79 A-2 (Box core) 35 26°43.4" 110°08.6" 710
BAV79 A-5 (Kasten core) 185 26°43.4" 110°07.0" 705
BAV79 B-29 (Kasten core) 197 26°42.0" 111°25.0° 635
BAMBO E-17 (Kasten core) 449.5 27°55.2¢ 111°36.6° 620
BAMB0 F-30 (Kasten core) 276.5 26°08.1" 109°53.4" 620
BAM80O G~34 (Kasten core)(l) 408 23°50.7! 107°41.8" 620
BAM80 I-42 (Kasten core) 237 26°00.5" 110°59.0° 705
DSDP Leg 64 Site 480 (HPC)(Z) 15,200 27°54.0° 111°39.3" 655

(1) only the laminated section (0-255 cm) was analyzed
(2) Schrader, H., Kelts, K., et al.,

(1980) .

L1
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BAV T79-A-2, Box Core, total length 30¢cm
0

S s wE2.5Y
{32
- I 3 teminsescm

Color: very dark grayish brown
VTV T Color: dark olive

20F~

s —rtSY

= =133

LV Vo

- — ® at 24-24.5 cm: 1 thick dark laminae {5Y 3/3)
—_v_—v_—u Color: dark olive

— - I v laminae/cm

3ov'v'\r

Description based on x-ray slab no 4.

Color change at 15 cm, above lighter
calor, very faintly laminated, forams
scattered over surface.

Areas distinctly lawinated are darker
in color.

Figure 3.1.1 Lithologic summary of box core BAV79 A-2. The
depth scale in the left column is in centimeters.
The lithology is from DSDP notation for muddy
diatom ooze. The colors were determined using
a Munsell color chart.




Figure 3.1.2 Pogitive print of an X-ray picture
of box core BAV79 A-2-2. Darker
lines indicate higher density material
than lighter lines.
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7, 1979-Sept. 30, 1979) cruise. After placing a sheet of plastic on top
of the sediment surface, the core was sealed using two component poly-
urethane foam and the entire box was transported in a refrigerated wvan
to Oregon State University for curation.
When the box was opened, it was noticed that the sediment height was
11 cm shorter than when sealed on board ship. This compaction is attributed
to dewatering of the sediment. A Teflon coated metal sheet was used to
subsample the core into 1 or 4 cm thick slabs. This method tended to
compact the sediment by an additional 5 cm but laminations seen in the
core (Figure 3.1.2) were not distorted and the material was useful for

the focus of this study.
3.2.2 Individual Laminae Samples

The top 21.1 cm of a 1 x 15 x 30 cm slab (labeled BAV79 A-2-2)
taken 3.5-4.5 em from one side of the core was sampled on an individual
laminae basis. The slab was left uncovered in a refrigerator to partially
dry it until the distinction between light and dark laminae was more
evident. A dissecting probe was used to pick a small amount of material
from each laminae and the material was placed in separate 10 x 75 mm
test tubes. Depths of distinct horizons were noted during the sampling
process and photographs of the sampled core were taken to help document

exact sample locations. Five drops of technical grade H, O, (35%) and

2
five drops of distilled water were added to each sample. The test tubes

were placed in large glass beakers and the solutions were slowly boiled

to dissolve some of the organic matter and to disperse the material.

After cooling, the material of the first sample was resuspended by
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vigorous shaking and 300-400 ul (generally the whole sample) was withdrawn
using a disposable glass pipette and divided evenly between two water-
covered 18 mm square coverslips. This procedure was performed for each
sample. The coverslips were allowed to dry slowly and mounted on standard

microscopic slides using Hyrax as a mounting medium.

3.2.3 Composite Samples

Successive 2.5 cm long samples were taken from the upper 22.5 cm of
BAV79 A-2-2. The sediment was placed in 400 ml beakers and 25 ml of a
mixture of H202 (35%) and distilled water was added. The solution was
boiled for 15 minutes which helped to dissolve some of the organic
matter and disperse the sediment material. After a brisk stirring to
homogenize the sample, 300-400 pl was immediately withdrawn using a
disposable glass pipette and divided evenly between two water-covered
coverslips. This procedure was performed for each sample and microscopic

slides were made using the same procedure as for the individual laminae

material.

3.3  Kasten Core Material

3.3.1 Recovery and Curation

Six Kasten cores (Figure 2.1, Table 3.2) containing laminated sedi-
ments obtained during the BAV79 and BAM30 cruises were analyzed in this

study. A 7 cm (BAV79) or 4 cm,(BAMBO) thick layer of sediment from each

Kasten core was placed in plastic trays on board ship. Samples for
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this study were obtained from the material in these trays. A 1 cm
thick layer for X-ray analysiz along with bulk density samples were
also obtained from Kasten cores during the BAM80 cruise. All material
in the trays was sealed with plastic wrap and transported in a refrig-

erated van to Oregon State University for storage.

3.3.2 Composite Samples

Before subsampling for this study the exposed face of all cores was
scraped clean. Successive 5 cm composite samples were taken along the
length of each cores by scraping a microscopic slide across the exposed
face. The samples were placed in plastic capped vials, freeze~dried,
and then homogenized. Approximately 0.4 gm of dried material from each
sample was placed in 400 ml beakers. 25 ml of H202 (35%) was added and
the samples were boiled until most of the organic material was dissolved
and the strong boiling reaction subsided. Excessive foaming was stopped
by adding a few drops of methanol. Samples were placed in 60 ml (5.5
cm high) plastic bottles and allowed to stand for 90 minutes. Two thirds
of the supernatant liquid was decanted using a vacuum pump. These bottles
were then filled with distilled water and thoroughly stirred. After S0
minutes, two thirds of the supernatant liquid was again removed. The
process was continued until the supernatant liquid was fairly clear after

90 minutes. It was observed that no whole silicoflagellates and generally

only clay sized particles were removed using this procedure. After the

last decantation, the bottles were fillted with distilled water so that
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they contained 50 ml of solution. After a vigorous shaking a 25 ul
aliquot was immediately withdrawn from the sample bottle using an Eppen-
dorf automatic pipette. The material was spread evenly over a water-
covered coverslip. This procedure was performed twice for each sample
and after the coverslips were dried slowly, each was mounted on

standard microscopic slides using Hyrax as a mounting medium.

3.3.3 Texture

Texture of the sediment from each of the six Kasten cores was
estimated microscopically at 1000 times magnification {(objective: Pl
Apo/0il 100x/1.32; ocular: Periplan GW 10xM) using 2.5 cm long scrapings
from various levels in each Kasten core. Each sample, which contained
a number of light and dark laminae, was placed in a 400 ml beaker con-
taining 15 ml of distilled water. The solution was stirred to homogenize
the sample and a 100 pl split was immediately withdrawn using an automatic
Eppendorf pipette. The splits were spread evenly over water-covered
coverslips, dried slowly, and mounted on standard microscopic slides
using Hyrax as a mounting medium. Estimates of the relative clay
(<4um), silt (4 to 63 um), and sand (63 um to 2 mm) sized proportions
were made. Within each size class, the terrigenous and biogenous amounts
were estimated. This method was used by Donegan and Schrader (in press)

for similar sediment material and closely follows DSDP shipboard standards

_for smear slide analysis (Kulm et al., 1973).




3.3.4 Sedimentation Rates

Sedimentation rates were determined for the Kasten cores by a con-
tinuous counting of the laminae along the length of each core. The cores
were divided into 2.5 cm intervals (5 cm intervals in BAV79 B-29 [Matherne,
1982]1) and counts of laminae were made in each interval. Where laminae
were faint or indistinct, laminae counts were estimated based on the
thickness of laminae form surrounding intervals. When an interval con-
taining a thick terrigenous layer or the intersection of two plastic trays
was encountered, the length Qas adjusted to subtract out these features.

Rates were calculated by assuming two laminae represent a varve
which is equal to one year or deposition. Thus, the #varves/cm = #years/

cm and the inverse will give sedimentation rates in cm/yr.

3.4 Hydraulic Piston Core [DSDP Leg 64, Site 480]

Scrapings from the working half were taken at 10 cm intervals along
the entire length of the 152 meter core (Crawford and Schrader, in press).
The sediment material was weighed before and after drying. The samples
were boiled in 25 ml of H202 (35%) and 25 ml of saturated sodium pyro-
phosphate solution in order to remove the organic matter and disperse
the clay sized material. The samples were then wet sieved through a

150 pm mesh metal sieve to separate the coarse and fine fractions. The

fine fraction was processed for siliceous microfossil analysis using the

same methods outlined for the Kasten core material except that 100 ui
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splits were used for each sample and Aroclor 4465 {(R.I.=1.67) was used
as a mounting medium. The coarse fraction was dried and placed in

foraminiferal counting trays.

3.5 Microscopical Analysis

3.5.1 silicoflagellate Assemblage

A Leitz Orthoplan microscope with 400 times magnification k(objegt;ve}
dry 40x/0.65; ocular: Periplan GW 10xM) was used to determine the
composition of the silicoflagellate assemblage in each of the microscopic
slides analyzed. Approximately 150-200 silicoflagellates were counted
from each sample, although in many of the phytoplankton and individual
laminae slides, limited abundances prohibited reaching this figure.

When possible, extra mounts were made with a higher concentration of
material (generally 200 ul) in an attempt to reach a representative
count for each sample. Traverses scanned most of the coverslip and only
individuals, where greater than one half of the skeleton was present,
were counted. Replicate counts on a given slide and on additional
slides from the same sample generally vield differences of less than
10% in the relative abundance of a given species but may reach 25% at
times. Replicate counts of less than 150 individuals tend to increase
this difference.

Taxonomy for this study follows Poelchau (1976) along with an in-
house nomenclature for those species present in the Gulf of California
sediments that were not found in North Pacific surface sediments. The

silicoflagellates species found in the Gulf are pictured in Plates I-VI

and a brief description of each is given in Appendix 1.




3.5.2 semi-quantitative Abundances

Estimates of silicoflagellates per gram of dry sediment were
obtained from processed Kasten core and hydraulic piston core samples.
Three random traverses (representing approximately 1/10 of the slide)
were made over a slide at 400 times magnification (objective: dry 40x/
0.65;  ocular: Periplan GW 10xM) and the number of silicoflagellates

was tallied. The following equation was used to obtain semi-quantitative

abundances.
A B silicos « 182 mm < Slide < E ml
C mm< slide Dx10~3ml ©~ F g dry sediment
where A = abundance of silicoflagellates/gram dry sediment

B = number of silicoflagellates in transects.

C = area covered by transects (transects x .585 mm x 18 mm)
D = sample split in ul

E = sample dilution

F = dry weight

This is a modification of the eguaticn used by Schrader and Gersonde

(1978) to estimate the total number of diatoms per gram of dry sediment.
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4. RESULTS AND DISCUSSION

4.1 sSilicoflagellates in Phytoplankton and Surface Sediments

4.1.1 Studies from Nearby Areas

Because silicoflagellates are a minor component in the phytoplankton,
details of species distributions have rarely been documented in plankton
studies. A major problem in using previous reports where distributions
of silicoflagellates have been documented is that names of particular
species differ from study to study. It is sometimes difficult to
convert from one taxonomic scheme to another when species identified in
the samples are not pictured in the manuscript.

Poelchau (1976) determined the siiicoflagellate assemblage in

sediment surface samples from the North Pacific. He identified six species

and two forms in the samples and five of these species, Dictyocha messa-
nensis Haeckel, D. calida Poelchau, D. epiodon Ehrenberg, Distephanus

speculum (Ehrenberg) Haeckel, and Octactis pulchra Schiller are present

in Gulf of California sediments. Poelchau divided Dictyocha messanensis

Haeckel into D. messanensis fa. messanensis Haeckel and D. messanensis

fa. spinosa Lemmermann. This study did not make this distinction.
DeVries and Schrader (1981) report Dictyocha spp. and Distephanus

speculum present in sediments from the upper-slope mud Jens off Peru.

Further analysis of these sediments indicates that Dictyocha spp. cor-

responds to D. messanensis, D. calida, and D. spec.l using the nomen-

clature in this study, and Octactis pulchra was incorrectly identified

as Distephanus speculum. Dictyocha messanensis, D. calida, D.spec.l and

0. pulchra also comprise the silicoflagellate assemblage in a surface
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sample of core Y69 106P (2°59.0'N, 86°33.0'W; 2870 m water depth) from
the Panama Basin.

O'Kane (1970) reported two species and seven varieties in plankton
samples obtained during March 1968 to Ncvember 1969 from Monterey Bay,

California. These correspond to D. messanensis, D. epiodon, Distephanus

speculum, and Octactis pulchra in this study. Distephanus speculum was

the most abundant of these during the sample period in Monterey Bay and
is also the most abundant silicoflagellate in surface sediments from the
Santa Barbara Basin (Schrader, pers. comm.).

Based on these studies, one can establish a biogeographic distribution,
in the North Pacific and the Tropics, of the species which are present

in the Gulf of California. Distephanus speculum, a cold water species,

is abundant in the Bering Sea and subarctic Pacific and extends to the

south along the continental margins. Dictyocha epiodon mainly occurs

in the Alaskan Gyre and in the western North Pacific. Its distribution
also extends south along western North America in association with the

California Current. Dictyocha messanensis is a cosmopolitan species and

dominates the assemblage away from the continental margins south of

45°N. Dictyocha calida is found in relatively low abundance and is

associated with the Equatorial Countercurrent. Octactis pulchra is

found in the eastern tropical Pacific in association with locals of

high primary production in upwelling areas. Dictyocha spec. 1 is present

in the eastern tropical Pacific continental margin area.
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4.1.2 phytoplankton

The composition of the silicoflagellate assemblage was determined in
ninety-nine plankton samples from the BAM80O cruise (Figure 4.1) and were
chosen to obtain a representative spacial and temporal distribution from
the data set. Seven species and three forms were identified in the
samples. Silicoflagellates generally make up less than two percent of
the siliceous assemblage which is dominated by diatoms. In a few samples

where "blooms" of Dictyocha messanensis or Octactis pulchra have been

observed, silicoflagellates comprise up to five percent of the siliceous
assemblage.

Local sea surface temperature and wind conditions were obtained at
each station (Table 3.1). During the month of November, winds were
generally from the northwest in the Gulf of California with higher speeds
observed at the end of the month. These results are consistant with the
average wind pattern for this period (Roden, 1964). Sea-~surface tempera-
ture values show an equatorward shift during the study period. This
temperature distribution closely follows the mean sea-surface temperature
pattern established by Robinson (1973) for the same time period.

Figures 4.2.1 and 4.2.2 show the relative percent distribution of each
of the species present. The samples, which were taken over the period
from 10/31/80 to 12/2/80, are considered to be time equivalent in order
to observe *the general areal distribution of the species during the
sampling period. In most of the samples from the area near the mouth

of the Gulf silicoflagellates, and siliceous material in general, were not

aburdant and usually less than f£ifty individuals were counted (Figure




rigure 4.1

Location of all phytoplankton stations,
from the BAM80 cruise, used in this study.
Co-ordinates for each station are given
in Table 3.1.

O = <10 silicoflagellates counted from the
sample

A = 10-50 silicoflagellates counted from
the sample

e = >50 silicoflagellates counted from
the sample

31
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Figure 4.2.1, 4.2.2
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The distribution of the relative percent
of silicoflagellate species in BAMSO
phytoplankton samples. See Figure 4.1
for key to station location symbols.
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Because counting less than 150 individuals does not always vield a
representative assemblage for a particular location, nearby samples
where more representative counts were obtained, were used in positioning
of contours of species distribution.

In the phytoplankton samples, Octactis pulchra is in greatest abundance

in the central Gulf above 26°N (Figure 4.2.1). It is also present in
high abundance at the mouth of the Gulf and between 29°N and 30°N in
the Pacific coastal stations. It can be seen that the highest abundance

of Octactis pulchra in these samples is in the surface waters of the

Guaymas and Carmen Basins, which coincides with the area showing highest
levels of primary productivity in earlier studies (Round, 1968; Zeitzschel,
1969). sSamples in these regions are also indicative of high levels of
primary production based on the diatoms present (abundant Chaetoceros

spp. vegetative cells, Bacteriastrum spp., Thalassionema-Thalassiothrix

SpP., a.0.). These results imply that high nutrient levels are associ-
ated with increased abundance of Q0. pulchra. Previous studies have
documented that upwelling of nutrient rich waters occurs on the east

side of the Gulf of California in association with strong northwest winds.
The distribution of Q. pulchra implies that there are high nutrient
levels on both sides of the central Gulf possibly indicating that mixing,
more than upwelling, is responsible for bringing nutrients to the surface
to support high levels of primary production. Results from Donegan and
Schrader (in press) are supportive of this statement.

Dictyocha messanensis dominates the silicoflagellate assemblage in

the Pacific stations west of Baja (Figure 4.2.1). Some "blooms" of this
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species were observed at stations along the northern part of the Baja
Peninsula. This species also déminates in samples where silicoflagel-
lates are rare in abundance, such as stations at the mouth of the Gulf.

It was generally observed that a smaller form of D. messanensis (Plate
II:6,7) persisted in samples from the Pacific Ocean, whereas a larger
form of D. messanensis (Plate II:3,5) was more prevalent in Gulf stations.
Within the Gulf this species increases in relative abundance when either
0. pulchra or D. spec. 1 decreases in abundance. This may indicate

that O. pulchra and D. spec. 1 are more susceptible to blooms than is

D. messanensis. Poelchau (1974) presents support for this observation.

The warm water species, Dictyocha calida, which is associated with

the Equatorial Countercurrent, is present in relatively high abundance

at the mouth of the Gulf and is present in low numbers in waters extend-
ing up to 27.5°N within the Gulf (Figure 4.2.1). This species is also
present on the Pacific side of Baja as far north as 24°N which corresponds
to the 24°C isotherm (Table 3.1).

The distribution of Dictyocha epiodon (Figure 4.2.2), which is

associated with Califcrnia Current Water, moves further to the south

along the Baja peninsula during the sampling period in association with
the 25-26°C isotherms (Table 3.1). Its distribution extends across the
mouth of the Gulf by the end of November. Wyrtki (1967) uses the 25°C
isotherm to mark the boundary of tropical surface waters. Thus, variations
in the southward extent of D. epiodon in the surface waters of the

eastern Pacific could be an indication of the movement of the front
between the California Current and Subtropical Surface Water. The pre-

sence of both L. epiodon and D. calida near the mouth of the Gulf indicates

a mixing of Equatorial waters and California Current Water in this region.
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Distephanus speculum, a cold water species, 1s found in minor

abundance at the Pacific stations along the north coast of Baja Cali-~
fornia above 28.5°N and also near the coast between 23.5-24.5°N (Figure
4.2.2). This lower region had measured temperatures between 25-26°C

which is generally considered as an upper limit for Distephanus speculum.

Dictvocha spec. l.has three forms distinguished in these samples and

is present in most localities studied within the Gulf, reaching its
highest abundance of greater than 50% near the mouth of the Gulf on the
mainland side (Figure 4.2.2). Here the assemblage mainly consists of

D. spec. l fa.éf Further to the north, along the mainland side, a

mixed assemblage of D. spec.l fa.A and faLE is present. A similar mixed
assemblage is also found on the Baja side of the area near the mouth of
the Gulf of California. D. spec. 1 fa. B dominates the assemblage i

the central Gulf on the Baja side and in samples above 28°N from Pacific
stations. D. spec. 1 fa. C is present in Pacific samples above 29°N

in minor amounts. Although in relatively low abundance compared

to other silicoflagellate species present, form "A" is the dominant form
of D. spec. 1 in Pacific stations along the lower part of the Baja penin-
sula. Generally, D. spec. 1l increases in abundance to the south. Aas
was mentioned earlier, it is found in nearshore stations on the Peru
slope at approximately 16°S and in the Panama Basin. Poelchau (1976)
did not report its presence in any of his North Pacific surface sedi-
ment samples which have a poor representation along the eastern tropical
and subtropical continental margin. This information may suggest that

this species has a tropical to subtropical margin distribution and its

presence in the Gulf of California is indicative of Eguatorial waters
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moving up the coast of Central America and Mexico in association with
southwesterly winds and El Nifio type events.

Dictyocha spec. 2 shows no apparent preferred distribution in these

samples (Figure 4.2.2). This species was never found more than two

percent of the silicoflagellate assemblage when present.
4.1.3 Surface Sediments

The composition of the silicoflagellate assemblage in the 0-5 c¢m
composite sample from each of the six Kasten cores (Figure 2.1, Table
3.2) used in this study. Each sample represents an average of approxi-
mately 15 years of deposition, based on laminae counts over these inter-
vals. Variations in the composition of the silicoflagellate assemblage
in the Gulf of California can be seen in Figure 4.3.

The relative percent of O. pulchra decreases down the Gulf from
greater than 40% to less than 5%. All other forms increase in relative

abundance down the Gulf with greatest abundances of D. spec. 1, D. spec.

.g, and D. epiodon in BAMS8O G-34.

Absolute abundances of silicoflagellates per gram of dry sediment and
textural composition were also determined in the surface sediments from
the six Kasten cores (Tables 4.1 and 4.2). Abundances range from lelO6
silicoflagellates per gram of dry sediment in the surface of BAM80 E-17
to 0.2x106 silicoflagellates per gram of dry sediment in BAMSO G-34.

Abundances in BAMS8O E-17 are higher than those reported from the North

Pacific by Poelchau (1976), except for the area beneath the Western

Convergence off of Japan. Diatom abundances are at least one order of
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The relative composition of the silico-
flagellate assemblage in surface samples
from the Gulf of California. Histograms
represent relative percent of each species
in the 0-5 cm sample from each Kasten core.
Lines point to respective core locations.
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Table 4.1 Semi-quantitative abundance of silicoflagellates in
sediments from the Gulf of California

Silicoflagellate Abundance
(106 silicoflagellates/gm dry sediment)

BAV79 A-5 0.2 - 1.5
BAV79 B-29 1.5 - 3.0
éAMSO E-17 1.5 - 15.0
BAMB0O F~-30 0.5 - 2.0
BAMS8O G—34(l) 0.2 - 1.5
BAM8B0O - I-42 . 2.0 - 4.0
DsDP site 480‘?

Laminated Section 3.0 - 8.0
Homogeneous Section 0.2 - 0.5

(1) only the laminated section of G-34 (0-255 cm) was examined

(2)only samples above Core 7 (30 m) were examined




Table 4.2 Visual estimation of the textural composition in surface samples from all Kasten cores
used in this study. % Biogenous/% Terrigenous is the proportion of biogenous vs.
terrigenous material in the total sample.

. 1) . .
Clay Silt Sand % Biogenous/% Terrigenous
BAV79 A-5 0 2.5 cm 50 70% 30 40% 0 10% 50 60 / 40 50
BAV79 B-29 0 2.5 cm 30 40% 50 70% 0 10% 60 80 / 20 40
BAM8BO E-17 0 2.5 cm ' 20 60% 40 80% 0 10% 60 90 / 10 40
BAM80O F-30 0 2.5 cm 60 80% 20 -~ 40% 0 10% 30 50 / 50 - 70
BAM80 G-34 0 2.5 cm 60 70% 20 40% 0 10% 20 30 / 70 80
BAM80O I-42 0 2.5 cm 30 40% 60 70% 0 10% 60 90 / 10 490

(1)
(2)

The sand-sized fraction is composed of large centric diatoms
Diatoms generally comprise 90% of the biogenous fraction in all areas.
Silicoflagellates are <2% of the biogenous fraction in all areas.

Radiolaria increase in abundance towards the mouth of the Gulf.

Coccoliths are present in A-5, B-29, and I-42.

Biogenic carbonate is not present in the surface samples from E-17 or F-30.
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magnitude greater than silicoflagellates in BavV79 B-29 and BAM80O E-17
(Matherne, 1982). Further analysis indicates a similar relationship in
the other four cores. Generally, terrigenous clay content increases
down the Gulf on the mainland side. This is consistent with increasing
rainfall ﬁo&érds the mouth of the Gulf (Section 2.1). The high content
of silt sized material is generally a reflection of a well presexved
diatom and silicoflagellate assemblagz. The decrease in absolute abun-
dance of diatoms and silicoflagellates and an increase in clay content
towards the mouth of the Gulf is associated with poorer preservation.
This may explain why O. pulchra and D. calida, which are more delicate

forms, are in such low abundance in BAM80O G-34.

The relative distribution of O. pulchra, D. messanensis, and D.

spec. 1 in the surface sediment samples is generally consistent with the
assemblage obtained from phytoplankton samples. Variations noted in the
presence of D. epiodon and D. calida are probably a reflection of the
extent to which their associated water masses influence the Gulf of

California over a sampled time interval.

4.1.4 Summary

A summary of these results indicates that O. pulchra is indicative of
high levels of productivity in tropical and subtropical regions. D.
messanensis dominates the assemblage with decreasing amounts of O. pulchra
in the Gulf of California and has much higher abundances outside the

Gulf. D. calida is associated with the Equatorial Countercurrent and

is found both north and south of the egquator.
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D. epiodon is a transitional zone species associated with the

California Current, and Distephanus speculum is a cold water species

alsoc associated with the California Current. Dictyocha spec. 1 is
associated with Equatorial water along the continental margin.
Because of the poor documentation of the distribution of D. spec. 2,

its biogeographic distribution can not be determined at this time.

4.2 Fine Scale (0-5 year) Downcore Changes

4.2.1 Individual Laminae Samples

The top 21.1 cm of box core BAV7S A-2 (Figures 3.1.1 and 3.1.2}
was sampled laminae by laminae to ascertain the fine scale variability
in the composition of the silicoflagellate assemblage from a greater than
fifty year time interval. The downcore plots of relative abundance of
each species in the top 120 laminae (Figure 4.4) indicate a large
variability in composition over time. Results from this core do not
support a model in which a characteristic silicoflagellate assemblage
is associated with either light or dark laminae as proposed by Donegan
and Schrader (in press) for two nearby areas in the Gulf of California.

From Figure 3.1.2, it can be seen that the top 10 cm of the
core exhibits a large amount of disturbed areas with individual lamina-
tions becoming more distinct below this level. Because the laminae are
not as clear in the upper 10 ¢m, the ability to sample individual
laminae in this interval is questionable. Some samples may be a
mixture of a few seasons of deposition. A composite sample was taken

over the interval from 10.1 - 10.6 cm because the section was disturbed

and laminae were indistinct. A gap in the sampling record occurs




Figure 4.4
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Relative percent of silicoflagellates in the

top 120 laminae from box core BAV79 A-2. A
tentative time scale is given in the left

hand column. Column A is depth in centimeters.
Column B is the laminae number with the surface

of the core = no. 1. A gap in sampling record
occurs between laminae no. 10 and no. 1l1.

Heavy lines indicate the relative abundance of
silicoflagellates in composite samples from each
interval. X-ray slab no. 2 was used for this study.
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from 3.0 - 4.0 cm {(between laminae #10 and #11). Before being sampled
laminae by laminae, the subsection of BAV79 A-2 was allowed to partially
dry (Sec. 3.2.2). During this process, portions of the core shrank and
breaks in the section occurred. This did not disturb the sampling
record but it does mean that the reported distances between laminae
(Figure 4.4, Column B) are not true representations of original laminae
thicknesses.

Silicoflagellate abundances are generally low in individual samples
in this core. The upper disturbed section has a greater terrigenous
clay content and poorer preservation of the silicoflagellate assemblage
than the section below. Because of this, it was difficult to obtain a
representative count in most of the samples. A better record could be
obtained from cores in an area where laminations are thicker and more
distinct (to ease in the sampling process and reduce the number of
missing laminae), and, where silicoflagellates are present in greater
abundance (to obtain a representative count from each laminae).

General trends show Octactis pulchra in lower relative abundance

in the upper, more disturbed, section of the core with higher abundances
in the well laminated section. This may be a reflection of the pro-
ductivity in the overlying waters with higher abundances of O. pulchra
corresponding to higher levels of primary productivity. The decompo-"
sition of the high flux of organic matter from the surface waters
associated with high levels of primary production would lead to a

strengthening of the oxygen minimum zone. This would exclude benthic

life and preserve the laminations.
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Dictyocha messanensis shows an opposite relationship to Octactis

pulchra. D. messanensis has been described as a cosmopolitan species
in the North Pacific below 45°N and tends to dominate the assemblage
in Gulf samples with a decrease in O. pulchra. Its relative increase
may either be a reflection of increased influence of oceanic waters in
the region or a decrease in the productivity levels in the overlying

waters.

D. spec. 1, D. epiodon, D. calida, and D. spec. 2 are all generally

present in low abundances with intervals of extreme high abundances.
These may be interpreted as oceanographic related event indicators

and are used to establish time equivalent depositional horizons in the
Gulf (Schrader, in prep.). Using previously established associations of
D. epiodon and D. calida to the California Current and Equatorial
Countercurrent, respectively, one can interpret these peak abundances

as representative of a high influence of these particular water masses
in the Gulf of California over time. Generally more than one laminae
comprise a peak event which indicates that the associated water mass
influences an area for more than one season.

Based on the number of laminae sampled and taking into account
breaks in the sampling record due to indistinct laminations, a tentative
time scale can be assigned to the section (Figure 4.4). The break in the
sampling record from 3.0 - 4.0 cm is assumed to represent 3 years of
deposition and the composite sample between 10.0 - 10.6 cm represents 2

years of deposition so a total of 5 years was added to the time scale.
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An initial attempt to relate variations in the composition of
the silicoflagellate assemblage to time eguivalent changes in the flow
of the California Current (Chelton, 198l) vields a poor correlation.
Present work by Schrader (pers. comm.) and Baumgartner et al. (1981)
indicates that a single core from a given area may contain small gaps
in the laminae record. Thus, it may be necessary to obtain a suite of
cores from an area and establish time equivalent horizons between cores
where gaps in the record (if any) can be resolved. The composition
in the silicoflagellate assemblage in this complete laminae record
could then be compared to oceanographic and atmospheric variations over

the same time interval.
4.2.2 Composite vs. Individual Laminae Samples

Successive 2.5 cm composite samples were taken from core BAV79
A~-2 to de?ermine how well the silicoflagellate assemblage in a composite
of a number of laminae represents the assemblage in individual laminae
within the interval. Because these sediments are laminated and unmixed,
a 2.5 cm composite scraping across each interval was used to obtain a
time averaged signal from the whole interval. The mean for each species
from the individual laminae in a given depth interval was compared with
the values (* 10% counting error) from the compoSite sample over that
same interval. The results (Table 4.3) indicate a significant
difference between 14 out of 56 of the means tested. This was deter-
mined using a Student T test statistic and a 95% confidence limit. The

results indicate that in these 14 cases, the composite sample is not a

representative mixing of the laminae over these intervals.




Table 4.3 A comparison between the relative percent of silicoflagellate species in composite samples
(C) of BAV79 A-2 and mean values of the relative percent of each species in individual

laminae from each interval (L).

values with an * indicate those cases where the value

(£10% counting error) obtained from the composite sample is significantly different from the
mean value of the laminae counts.
and a 95% confidence limit.

This was determined using a Student T test statistic

| 1 ] I | i | | |

SR8 |S26 | 328| 238 | 948 | 46 | 4B | ngB |gn6

C L c L C L o L C L C L C L c L c L
Octactis pulchra 36 27%| 23 34*%| 31 38*| 34 35 | 27 30 | 35 32 75 65*| 76 72 | 59 -
Dictyocha messanensis |40 44 | 54 44 | 47 32%| 30 31 | 37 39 | 30 33 17 24%| 12 11 | 26 -
Dictyocha calida 3 8% 9 9 6 9% 12 11 9 7 5 6 1 2 4 3 3 -
Dictyocha spec 1A 11 11 4 6 8 12 9 7 10 6* 7 4 5 5 7 7 -
Dictyocha spec 1B,1C 5 6 6 3% 3 3 7 7 9 7 |13 1 1 1 1 1 2 -
Dictyocha spec 2 2 4 2 2 4 2 2 4% 4 9 5 4 5 3% 2 5* 3 -
Dictyocha epiodon 4 1% 3 2 2 4 5 4 4 3 |10 8 0 0 0 o | <1 -
Total counted/ 169/8 160/7 211/15 212/20 206/10 | 237/18 223/17 207/20 | 215/-

Laminae

per interval

1s
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The problems may lie in the counting and sampling of the individual
laminae.  As mentioned earlier, in most samples less than 150 silico-
flagellates were counted. This would tend to increase the counting
error. The laminae were very thin in many instances and sampling using
a probe may not have obtained a representative sample from each laminae.
There are also sections where gaps exist in the sampling record which
could have an effect on the mean value from the interval. Generally,

a good record was obtained from the lower, well laminated section of

the core. The 10% estimate of the variability in the counts from the
composite samples may be a low value in many instances. A more accurate
estimate of the error could reduce the number of cases where the assem-
blage in the composite sample differs from the mean values of the
individual laminae samples. In concluding that the composite sample

is representative of the mean of the individual laminae samples within
an interval, it must be assumed that each laminae contributes the same
relative amount to the composite sample. This does not take into account
variations in laminae thickness or silicoflagellate abundance downcore.
Any of these errors in counting or sampling could account of the
differences between the composite samples and the individual laminae
samples.

Even with these erroré, the downcore assemblage in the 2.5 cm
composite samples show the same trends present in the individual

laminae samples (Figqure 4.4). There is no significant difference in the

mean of each species from individual laminae and composite samples
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when the entire sampled interval is considered. The relative range

in abundance of each species is greatly decreased and the amplitudes of
species events are reduced when composite samples are used. By using
sampling intervals of greater than 2.5 cm, the amplitudes of species
events would be further reduced and only major events or trends of each

species would be seen.

4.2.3 Summary

These results indicate that there is a high variability in the
composition of the silicoflagellate assemblage from laminae to laminae.
There is no indication of a characteristic assemblage associated with
either light or dark laminations in this area. A high relative abun-

dance of Octactis pulchra is found in the well laminated sections of

- the core and D. spec. 1, D. epiodon, D. calida, and D. spec. 2 periodi~
cally exhibit high abundances generally spanning more than one season
of deposition. These "events" can be used to correlate between cores
and to oceanographic and atmospheric data.

The composition of the silicoflagellate assemblage in composite
2.5 cm samples generally represent the mean of the individual laminae
samples from the corresponding section in the core. Major events

and trends of the silicoflagellate assemblage can be seen from com-

posite samples although the amplitudes of species events are reduced.
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4.3 Recent (0-2000 year) Downcore Variations

The results in Section 4.2.2 indicate that the silicoflagellate
assemblage obtained from a 2.5 cm composite sample generally represents
the mean of the assemblage from individual laminae within the same
section. A 2.5 cm interval also tends to retain some of the fine
scale (0-5 year) events observed in the individual laminae samples
(Figure 4.4). Larger sampling intervals reduce the representation of
the high amplitude events in each species and thus more generzl trends
in the silicoflagellate assemblage are observed. Composite 5 cm samples
from Kasten cores were used to examine general trends in the assemblage
downcore, but also retaining some of the signal from individual species
events. Based on laminae counts, a 5 cm composite sample represents

13-40 years of deposition with average values from 19~27 years.

4.3.1 Consecutive Samples vs. Samples at 25 cm Intervals

Using three Kasten cores, a comparison was made between the
silicoflagellate assemblage in consecutive 5 cm and 2.5 cm composite
samples, and, samples taken every 25 cm (Figures 4.5 and 4.6). Hans
Schrader provided the silicoflagellate data from the consecutive samples.
This comparison was made to determine if major downcore assemblage
variations in the detailed record are preserved when the cores are
sampled in less detail. These variations are on the order of hundreds
of years. An F test statistic was used to determine if the variance

of each species in the detailed record is significantly different from

the reccrd when samples are taken every 25 cm. In all cases, at a 95%
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Figure 4.5 and 4.6 Downcore plots of the relative percent
of each silicoflagellate species in 5 cm
and 2.5 cm composite samples. The mid-
point of each interval was used to note
its depth location on the graphs. Solid
lines connect values from consecutive
samples (data from Hans Schrader). Dashed
lines connect values from samples every
25 cm (large points).
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BAV 79 B-29 2.5 and 5¢cm composite samples
D.EPIODON D.MESSANENSIS Q. PULCRRA D.SPEC. 1 D.CALIDA D.SPEL.2
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BAV 79 A-5 5cm composite samples
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Figure 4.5
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BAM 80 E-17 5cm composite samples
D.EPIODON D.MESSANENSIS Q. PULCHRA 0.5PEC.1 O.CALIDA 0.5P€C.2
100 25 50 O 50 1000 10 20 0O 10 200 10 20%
1 T i 1 1 kN i i 1

Figure 4.6
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confidence level, there is no significant difference in the variability
of each species using consecutive versus 25 cm sample spacing. This
indicates that major downcore trends in the record can be obtained with

a fewer number of samples. It should be noted, however, that the results
in Section 4.2.2 suggest that a finer sample spacing must be used to
determine the details of particular silicoflagellate events within

the record of each species (i.e. the D. epicdon event in the top 25 cm

of the three Kasten cores in Figures 4.5 and 4.6).
4.3.2 Sedimentation Rates

The Kasten cores were dated by varve chronology (Figure 4.7) and
by Cl4 analysis (Table 4.4). DeMaster {(1979) and Matherne (1982)
discuss the problems in using Cl4 dating versus varve chronclogy in
the sediments from the Gulf of California. In most cases, Cl4 dates
were obtained for only two to three samples per core. It is felt that
because of the high sedimentation rates in the Gulf and the dating
problems associated with the input of older carbon into the system
(DeMaster, 1979), the varve chronology gives a better estimate of the
sedimentation rate, provided no major hiatuses occur in the core.
Results in Figure 4.7 and Table 4.4 indicate that the rates determined
by C14 analysis are approximately one half the rates determined using
varve chronology. The relative ranking of each core from high to
low sedimentation rates is the same using eithermethod. The core with

the highest rate is BAV79 B-29 with BAMSO E-17 showing a similar sedi-

mentation rate. Cores BAV79 A-5, BAMS8O F-30, and BAM80 I-42 have
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Figure 4.7 Downcore plot of cummulative age, based on a
continuous counting of laminae, versus depth
in centimeters. This assumes that two laminae
equal one year and that the top of the core
equals O yBP. The sedimentation rate for each
core is determined by dividing the total
cummulative age for each core by its length.
The data for BAV79 B-29 are from Matherne (1982).
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Table 4.4 Sedimentation rate based on C14 analysis. Dating of samples
from BAV79 A-5 and B-29 by M. Stuiver, University of Washing-
ton, and BAM8O E-17, F-30, G-34, and I-42 by S. Robinson,
USGS, Menlo Park, California.

Sample Cl4 Age Average Sed. Rate for
Kasten Core Depth (cm) (yBP) entire core (cm/v)
BAV79 A-5 15 - 25 1030 + 15 .08
55 - 65 1350 + 20
115 - 130 2350 £ 20
175 ~ 185 2930 £ 20
BAV79 B-29 20 - 30 960 + 70 .20
185 - 197 1800 * 80
BAMBO E-17 15 - 28 770 = 60 .13
147 - 159 ~ 1700
298 - 308 3000 £ 50
BAM8O F-30 10 - 20 1070 * 35 .10
85 - 95 ~ 1700
180 - 190 2710 % 40
BAM8O G-34 15 - 35 1410 * 30 .03
130 - 135 4680 * 35
BAM8B0O I-42 75 - 85 1725 * 40 .08
155 - 165 2780 %= 35
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comparable rates which are about three-fourths the sedimentation rates
from BAV79 B-29 and BAM8O E-~17. Many disturbed areas were found in
the BAMB0O G~24 sediment record and a sedimentation rate based on
laminae counts was not determined. General observations of laminae
thickness and Cl4 dating indicate that BAM80O G-34 has a very low sedi-
mentation rate compared fo the other five cores.

Variations in the sedimentation rate downcore can be determined
using laminae counts. Initially laminae were counted in 2.5 cm con-
secutive intervals downcore and the sedimentation rate for each inter-
val was determined. A comparison between downcore rates in 2.5 cm
versus 5 cm intervals was made (Figure 4.8, E-17 Plot A and E-17 Plot

B). The results indicate that major trends in the variation of sedi-

mentation rates downcore are observed when either 5 cm or 2.5 cm inter
vals are used for counting laminae. The remainder of thehplots of the
variation in sedimentation rate downcore use 5 cm intervals. These
results show that the highest rates are found at the top of the core
indicating that laminae are thicker in these intervals. This is due
to the high water content in these core surface samples and that as the
sediments dewater, they become more compact. Laminae are generally
thicker and more distinct in BAV79 B-29 and BAM80O E-17 than in BAV79

A-5, BAM8O F-30, or BAM8O I-42.

4.3.3 Major Downcore Trends {(0-2000 yBF)

Taking into account the relative differences in sedimentation

rate between cores, a comparisor of the composition of the silico-

flagellate assemblage between areas can be made. The major trends in




Figure 4.8
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Variations in sedimentation rate downcore.

E-17 plot A uses rates determined in 2.5 cm
intervals by counting the number of laminae
within each interval. E-17 plot B, B-29,

I-42, A-5, and F-30 use rates determined from

5 cm intervals. The data points downcore have
been smoothed using a three point running
average. The dashed lines in the plots are the
mean sedimentation rates determined from varve
chronology (Figure 4.7).
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the assemblage from the six Kasten core locations in the southern

Gulf pf California are presented in Figure 4.9. The overall mean
assemblage composition in each core for approximately the last 1000
years is presented in Table 4.5. The relative abundances of each
species over the last 1000 years are similar to the relationships
established between areas for surface samples {Figure 4.3). The 1000
yBP level corresponds to approximately 250 cm depth downcore in BAM80
E~-17, -200 cm downcore in BAM80O F-30, 200 cm downcore in BAM80Q I-42,

and slightly below the base of BAV79 A-5 and BAV79 B-29. Because of
the disturbed record in BAM80 G-34, its downcore record cannot be
correlated to the other cores. From the 1000 yBP level to the base of
E-17 (2000 y BP), there is a general decrease in the relative abundance
of 0. pulchra and an increase in D. messanensis and D. spec. 1. There
is also a notable absence of D. epiodon in the lower section of BAMS8O
E-17. These results suggest that there are lower productivity levels,
a greater influence of warmer Equatorial Water, and a decrease in
California Current Water influence during the 1000-2000 yBP time
interval.compared to the present conditions. Pisias (1979) indicates
that sea surface temperatures in the Santa Barbara Basin were higher
during this time period than they are at the present. Data from Chelton
(1981) shows that higher sea surface temperztures off southern California
are synchronous with a decrease in the southward transport in the

California Current. A similar situation have occurred in this

region during the 1000-2000 yBP time interval.




Figure 4.9 Plots downcore of the relative abundance
of each silicoflagellate species in 5 cm
composite samples taken every 25 cm.
Core locations are given in Table 3.2.
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Table 4.5 Mean values of each species over the length of each core
using 5 cm composite samples taken every 25 cm.

- N
o) o) o o o o o)
@ o~ ® ™~ ~ o o ™~ ™~ @ Q «
= 5'4 > AN 2 > 0 = m = ™
& 1 & & & & < |
m =5 Mm =3 m M m - m < m m U
Octactis pulchra 60.7 51.9 50.6 43.5 37.4 21.8 2.1

Dictyocha messanensis 21.6 28.0 36.2 31.5 29.6 36.3 42.7
Dictyocha calida 5.3 5.2 3.6 9.8 7.6 10.7 5.3
Dictyocha spec. 1A 5.5 5.4 4.0 3.3 9.9 11.7 28.6
Dictyocha spec. 1B, 1lC 4.8 8.0 3.8 9.3 6.5 8.1 9.3
Dictyocha spec. 2 1.3 1.2 1.8 2.5 8.5 | 10.3 7.2

Dictyocha. epiodon 0.6 0.4 0.4 0.7 1.0 1.3 5.2

(1) Mean values in the top 2.5 m only

(2) Mean values over the total 4.5 m length
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4.3.4 Summary

The same general trends in the composition of the silicoflagellate
assemblage can be obtained using a 5 cm composite sample every 25 cm
versus consecutive sampling. Varve chronology yields sedimentation rates
that are twice the Cl4 determined rates. BAV79 B-29 and BAMBO E-17 have
the highest average sedimentation rates (0.24 - 0.26 cm/yr), and, BAV79
A-5, BAM8O F~-30, and BAM I-42 have average rates which are three-fourths
of these values (0.18 - 0.20 cm/yr). Major downcore trends indicate that
the relative composition of the siliccflagellate assemblage has remained
constant over the last 1000 years. During the 1000 - 2000 yBP interval,
there are lower productivity levels, a greater influence of Equatorial

waters and a decrease of California Current Water in Gulf of California

compared to present conditions.
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4.4 DSDP Leg 64 Site 480

4.4.1 Stratigraphic Correlation between DSDP Site 480 and BAM80Q E~17

Water content values of 85% in the first section of DSDP Site 480
suggest that the top of the core is near the sediment-water interface
{Schrader, Kelts, et al., 1980). A 4.5 m long Kasten core (BAM80 E-17)
was obtained within 5 km of Site 480 (Figure 2.1 and Table 3.2). By
stratigraphically correlating the two cores, it can be determined how
much sediment material is missing from the top of DSDP Site 480.

The composition of the silicoflagellate assemblage was determined
in consecutive 10 c¢cm composite samples in DSDP Site 480 (Figure 4.10)
and consecutive 5 cm composite samples in BAM80O E-17 (Figure 4.6).
Laminae thickness from the bottom two meters in BAMBO E-17 and the
top two meters of DSDP Site 480 indicate that BAM80 E~17 has approximately
twice the sedimentation rate of Site 480. Data on varve counts in the
upper section of DSDP Site 480 is from A. Soutar (pers. comm., 1980).
This would mean that a 10 cm composite sample in DSDP Site 480 repre-
sents an average of four 5 cm composite samples from BAM80 E-17. The
amplitude of species events downcore in BAM80 E~17 would therefore be
smoothed out in the DSDP Site 480 record and the comparison can be made
only between species showing major trends. The best correlation of the
relative downcore silicoflagellate abundance indicates that the top of
DSDP Site 480 corresponds to the 180 cm level in BAM8C E-17. This is
based on the trends in O. pulchra and D. messanensis in each core.

Results from laminae thicknesses indicate that this represents approxi-

mately 750 years of missing record.




Figure 4.10
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Downcore plot of the relative percent
abundance of each silicoflagellate species
in consecutive 10 cm composite samples.
Values are plotted at midpoints of the
composite sample intervals.
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An average estimated sedimentation rate, based on laminae widths

in the first two sections of Core 1 of DSDP Site 480 is 0.12 cm/yr.
The record in Figure 4.10 represents the time interval from 3250 to 750
yBP. During this time period a notable absence of D. epiodon and a
general increase in the abundance of 0. pulchra can be observed.
These results suggest decreased levels in primary production in the
central Gulf of California and a decrease in California Current
influence compared to the recent situation. Q. pulchra reaches its
current levels at approximately 1300 yBP. D. messanensis shows an
opposite relative distribution to that of O. pulchra. D. spec. 1
has its highest relative abundance between 2000 and 1200 yBP. This
corresponds to a period where Pisias (1979) shows higher sea-surface
temperatures off southern Calfornia indicating a decrease in the south-
ward transport of the California Current. These same results were

found in BAM 80 E-17.

4.4.2 General Trends (0-30 meters)

An analysis of the composition of the silicoflagellate assemblage
downcore in DSDP Site 480 by Matherne, et al. (1980) indicates major
assemblage changes at various levels downcore. The upper 30 meters
of the core was examined more closely to determine the changes in
the assemblage over this interval. The general trends in the relative
abundance of silicoflagellate species in the upper 30 meters were
determined using 10 cm composite samples taken approximately every 70

cm (Figure 4.11).
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Figure 4.11 Downcore plots of relative percent abundance
of each of the silicoflagellate species.
D. spec. 1 is a combination of D. spec. 1B
and D. perlaevis forms. The dotted
line in the D. spec. 1. plot is the relative
abundance of D. spec. 1lA. Column A shows the
intervals that are examined in greater detail
in Figure 4.12. Column B is the depth down-
hole in meters. Column C is the recovery
record. Shaded areas are recovered intervals
while intervals not recovered are left blank.
The numbers indicate core number. Column D
indicates major laminated (thin lines) and
non-laminated (blank areas) intervals. The
temperature values (°C) are from an equation for
annual mean sea-surface temperatures in the
east Pacific {(Poelchau, 1974). See text for
explanation. The 5018 results are from
Shackleton and Hall (in press). The assem~
blage at top of Core 5 is anamalous to the
assemblage in samples above and below and a
dashed line is used to indicate this anomaly.
The information on the recovery record was
provided by the shipboard scientific party
DSDP Leg 64.
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Based on laminae thicknesses, the average sedimentation rate for
the upper 10 meters is 1 m/1000 years. This would indicate that the
10,000 yBP level is in the lower section of Core 2 at approximately 8
meters downcore. Results from pollen data (Heusser and Burckle, 1981)
support this conclusion. Results from 6018 analysis in this core
(Shackleton and Hall, in press) suggest that the oxygen isotopic Stage
2/1 boundary is in the upper part of Core 3 at approximately 12 meters.
Their results also indicate that the oxygen isotopic Stage 2/3 boundary
is at the base of Core 5 at approximately 23 meters. This yields an
average sedimentation rate of 0.6 m/1000 years using a 2/3 boundary
age of 29,000 yBP and a 1/2 boundary age of 11,000 yBP (Hays, et al.,
1976; Woillard and Mook, 1982). Within this interval, the core exhibits
either mottled features or it is homogeneous. The biogenic component
is much reduced and silicoflagellate abundances are one order of magni-
tude lower than those reported in the upper section (Table 4.1). If
the terrigenous supply remains essentially constant, sedimentation rates
would be lower in this section because of a reduced biogenic input.

The fact that these sediments are homogeneous or mottled indicate that

a benthic community which could bioturbate the sediments must have

been present in this area. This would mean that oxygen levels were
higher at the sediment-water interface compared to the present situation.
A decrease in the flux of organic matter as a result of decreased primary
productivity in the surface waters could cause such a situation. The
section from 23 to 30 meters has both laminated and homogeneous inter-

vals. This suggests that the average sedimentation rate for the

interval may be between the rate for a completely homogeneous section




and a totally laminated section. If an intermediate sedimentation rate
of 0.8 m/1000 years is used for this interval, the 30 meter level
corresponds to 38,000 yBP. This time scale based on sedimentation rates
over each interval, is only tentative and relies on the fact that no
major hiatuses are present in the section.

The general trends of the silicoflagellate assemblage in the upper
30 meters are presented in Figure 4.11. O. pulchra shows a general
decrease below the middle of Core 1. There is a marked increase in the
middle of Core 3 corresponding to an interval where the siliceous
microfossil assemblage shows excellent preservation. This is based
on the presence of weakly silicified diatom species such as Chaetoceros
spp. vegetative cells and an increase in absolute abundance of siliceous
microfossils. Q. pulchra has generally lower values throughout the
homogenecus section with high levels in Core 6. This corresponds to
high productivity levels in the surface waters during oxygen isotopic
Stage 3. Lower levels are associated with Stage 2, with a lag time
before higher levels are reached again in the upper section of the core.
These decreases in productivity may be the result of a lowering of

the wind intensity and nutrient levels over time. Dictyocha messanensis

shows an opposite distribution downcore compared to O. pulchra and D.
spec. 1. Increases in D. messanensis may be just a reflection of a
decrease in the absolute abundance of these other two species. Analysis
of the variations downcore of the absolute abundance of each species
could help resolve this problem. The D. spec. 1 plot is a combination

of the downcore distribution of D. spec. 1B, and D. perlaevis forms

(Plates IV, V, and VI). Below the 10 m level, the D. perlaevis
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(D. spec. 1C form) and the D. perlaevis (large D. calida form) dominate
the assemblage. Above this level, D. spec. 1B dominates. The dotted
line in Figure 4.11 indicates the relative abundance of D. spec. lA.
This species is absent below the 12 meter level except in core material
that has fallen down from higher up in the hole. The distribution
of D. spec. 1 downcore may represent the influence of eastern Pacific
margin tropical to subtropical waters in the Gulf if D. perlaevis has a
similar ecology to that of D. spec. 1. The downcore distribution of
D. calida shows that this species is present in low relative abundance
above 10 meters but is absent below this level. Poelchau (1974) notes
the presence of D. calida at the 100,000 yBP level in core SCAN 29Pb
(33°16'N, 153°44'E, 5857 m water depth) taken in an area west of the
Shatsky Rise. This may indicate that the absence of D. calida below
10 meters in DSDP Site 480 is a reflection of the decrease influence of
the Equatorial Countercurrent in the Gulf over the 38,000 to 10,000 yBP
time interval. D. spec. 2 is never present in high abundance in these

samples and is not found below the 10 meter depth in this section.

The downcore distribution of Dictyocha epiodon indicates that the influ-

ence of the California Current has decreased since the last glacial
maximum and had a greater influence before this time. Distephanus
speculum has its greatest relative abundance within the last glacial
period (29,000-18,000 yBP) which indicates that cold waters were present
in the Gulf of California during this time interval. The apparent dis-

crepancy between the abundance of Dictyocha epiodon and Distephanus

speculum indicating the presence of California Current Water in the

Gulf during the last glacial period can not be resolved at this time.
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Analysis of samples from the top of Cores 4 and 5 yields a silico~
flagellate assemblage that is drastically different from samples above

and below. This includes the presence of D. calida, D. spec. 1A and 1B

and high values of D. messanensis. By locking at the data of the detailed
core lithology from A. Soutar (pers. comm., 1980) it is noticed that a
disturbance due to coring is found on the top of Core 4. This same
situation may exist at the top of Core 5 and could possibly account for
the anomalous assemblage at the top of Core 2. These results suggest
that anomalous species assemblages at the top of the cores may be indica-
tive of material falling down the hole from higher levels in the sediment
section.

Poelchau (1974) developed sea-surface temperature equations for
the North Pacific based on the relative abundance of silicoflagellate
species in North Pacific surface sediments. He used this equation to
estimate paleotemperatures and found a close agreement between the
relative temperature trends established by Moore (1973) based on the
radiolarian assemblage variations in the same core. This study uses the
following equation to estimate annual mean surface temperatures in the
East Pacific from Poelchau (1974) to determine temperature trends in

the Gulf of California from DSDP Site 480 samples (Figure 4.11).

inT = .74511-18.0871 (X) - 11.3426(E) - 16.9935(s) +
7.8948(X2) + 5.89(E2) + 12.4377(32) + 22.943(X-E) +
27.873(X*S) + 17.0418(E-S) + 6.0562(X3)

where E = D. epiodon

X = D. messanensis, g.calida, and D. perlaevis forms.

Distephanus speculum

=]
il

annual mean sea-surface temperature
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The relative percent values of these three variables
(E, X, and S) are normalized to a sum of one before

they are used in the equation.

This equation emphasizes the fact that Dictyocha epiodon and Distephanus

speculum represent colder temperatures in the samples. It does not place

a high weight on the fact that Dictyocha calida and possibly D. perlaevis

indicate warmer temperatures. This equation does not use the relative
abundance of Q. pulchra which is present in high abundance in the Gulf
of California. Excluding O. pulchra will cause minor species to have
higher relative abundance and induces errors in the temperature estimate.
Only the general trend in mean annual sea-surface temperatures based cn
the composition of the silicoflagellate assemblage should be used and
not the magnitude of the temperature values. Results in Figure 4.11
show low temperature values during oxygen isotopic Stages 2 and 3 and
higher values since this time. The general trends agree with results
from Moore, et al. (1980) which indicate an increased flow of California

Current and cooler temperatures near the mcuth of the Gulf.
4.4.3 Interglacial vs. Glacial Assemblage

The present day (interglacial) composition of the silicoflagellate
assemblage can be compared to the assemblage from a section that was
determined to be a glacial stage by 6018 stratigraphy (Shackleton
and Hall, in press). Consecutive 10 cm composite samples from approxi-
mately three meters in each section were expmined and the results

are presented in Figure 4.12.
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Figure 4.12 Consecutive 10 cm composite samples from three
levels in DSDP Leg 64 Site 480. Data points are
plotted using the midpoint of each sample inter-
val. Column A indicates depth downhole in
centimeters. Column B is the DSDP notation for
corresponding core and section numbers. Column
C indicates major structural features in the
sections. % = laminated intervals; §=
layered intervals; = mottled intervals;
disturbed due tc coring;[::]= gap in the coring
record. See text for the explanation of Produc-
tivity Index, Cal. Current Index, and Eguatorial
Index. The temperature values are determined
using the equation from Poelchau (1974). sol8
values are from Shackleton and Hall (in press).
The dashed lines ~at the top of Core 4 connect
samples which exhibit an assemblage that is
anomalous to surrounding samples. The last
glacial maximum at 18,000 yBP is indicated at
1250 cm downhole.
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Based on ecologies, species groupings were used to reduce the

number of variables.

op
Prod .. - x 100
roductivity Index OP + DM + DC + DP + DE + DS

_DE+DS = x 100
All Species

Cal. Current Index

DC + DS1 + DP o 100
All species

Equatorial Index =

Where: OP = relative percent of Octactis Eplchfa

DM = relative percent of Dictyocha messanensis

DC = relative percent of D. calida

DP = relative percent of D. perlaevis
DSl = relative percent of D. spec. 1
DE = relative percent of D. epiodon

DS = relative percent of Distephanus speculum

All Species = total of all species present (100%)

Large values of the Productivity Index in Gulf samples represent high
productivity levels in the Gulf of California. In most instances it
loocks similar to the downcore plot of O. pulchra. Samples with higher
values of the Cal.Current Index than the present, represent times of
increased influence of cold California Current Water in the Gulf. A
large influence of equatorial waters in the Gulf of California is
represented by high values of the Equatorial Index.

The downcore trends in the O to 300 cm section of the silico-
flagellate species are discussed in Section 4.4.1. To reiterate, this
section represents the time interval from 3250 to 750 yBP. There is

a notable absence in the California Current influence in the Gulf.

There is also a higher amount of equatorial waters in the Gulf in the
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lower part of the section than at the present. There are lower produc-
tivity values, as indicated by silicoflagellates in the lower section
than at the present. These results can be compared to results. obtained
by applying the following ratio to the data from the coarse fraction

samples.

X = Radiolaria X 100
Radiolaria + Planktonic Foraminifera

High values of x correspond to high relative levels of prcductivity

(Diester~Haass, 1977)

These results are presented in Figure 4.12. The comparisons indicate that
silicoflagellates may give a more sensitive indication of the variations
in productivity levels in the surface waters of the Gulf of California.
Temperature values are high throughout this upper section reflecting

the absence of the species associated with the cool California Current
waters.

Results from 6018 analysis by Shackleton and Hail (in press)
indicate that there is a transition from the present interglacial to the
last glacial stage in the middle of Core 3. This section was examined
in detail to determine changes in the silicoflagellate assemblage at
this transition. The assemblage during the glacial period indicate
low productivity levels in the surface waters. The results from the
coarse fracticn analysis support this conclusion. There is a high
influence of the California Current and eguatorial waters during this

time interval. This may indicate that there was a large exchange of

waters between the Pacific Ocean and the Gulf of California during the
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glacial period. At approximately 13 m downcore there is a marked change
in assemblage composition with the present relative composition of the
silicoflagellate assemblage attained by 1225 cm downcore. There is an
apparent lag of 800 years between the change in assemblage composition
and the 6018 changes. This value is obtained using sedimentation rates
for this section determined in Section 4.4.2. This may represent the
time it takes for the bottom waters at DSDP Site 480 to show the effects
of global changes.

Two samples from Section 2 of Core 10 in DSDP Site 480 yield sot®
values associated with an interglacial period (Shackleton and Hall,
in press). The composition of the silicoflagellate assemblage indicates
high relative abundance of species associated with Pacific waters. The
assemblage also indicates that colder waters are present in the Gulf
during this interval. The productivity ratio from coarse fraction
analysis suggests that high productivity levels are present in the
surface waters at this time. A possible solution is that the 5018 value
is measured at a transitional boundary and that, during this interval,
there are major fluctuations in the intensity of the influence of the
California Current and the Equatorial Countercurrent in the Gulf of
California which disguise the productivity signal seen from the silico-
flagellates. By using a sedimentation rate of 0.8 m/1000 years for
the section between 30 metersand 45 meters, the 45 meter level is
approximately 56,000 yBP. Data from Hays et al. (1976) indicates that the

oxygen isotopic Stage 3/4 boundary is at 61,000 yBP. This might suggest

that the section is close to the 3/4 boundary and that the sediment
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record within this interval was deposited near the end of oxygen iscotopic
Stage 4 when worldwide temperatures were colder than the present. This

section is therefore not a good representation of an interglacial period.

4.4.4 Summary

These results indicate that there are approximately 750 years of
the sediment record missing from the top of DSDP Site 480. The average
estimated sedimentation for the upper 10 meters is 1 m/1000 years.

The oxygen isotopic Stage 2/1 boundary is at the 12 meter level and the
Stage 3/2 boundary is at the 23 meter level. The average sedimentation
rate for Stage 2 is 0.6 m/1000 yrs. The average estimated sedimentation
rate in the section from 23 meters to 45 meters is 0.8 m/1000 yrs.

This places the 30 meter level at approximately 38,000 yBP. General
downcore trends show high productivity values associated with the
present interglacial period and lower levels associated with the last
glacial period. There is an increase in the influence of Pacific waters
during the glacial period compared to the present with colder waters
present in the Gulf of California during the last glacial maximum.
Species found in the upper section of DSDP Site 480 such as D. spec. 1A
and 1B and D. calida can be used to determine if ancmalous assemblage

compositions at the tops of the Cores are the result of material falling

down the hole from above.
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CONCLUSIONS
1) Areal distributions of silicoflagellate species in plankton and

surface sediment samples from the Gulf of California are indicative of

variations in water mass characteristics. Octactis puichra is associated

with areas of high levels of surface primary productivity. Dictyocha
messanensis increases in abundance with decreasing amounts of Q. pulchra.
D. calida and D. spec. 1 forms, which are associated with tropical waters,
have their highest relative abundance near the mouth of the Gulf and

decrease to the north. The distributions of Distephanus speculum and

Dictyocha epiodon correspond to the California Current and decrease in

abundance to the south along the Baja Peninsula. D. epiodon is present
in minor abundance in Gulf of California surface sediments.

2) There is a high variability in the composition of the silico-
flagellate assemblage from laminae to laminae. There is also no indi-
cation that a characteristic assemblage composition is associated with

either light or dark laminae. Octactis pulchra is present in greater

relative abundance in the well laminated sections of the core analyzed

in this study. D. spec. 1, D. epiodon, D. calida, and D. spec. 2

periodically exhibit high abundance values which usually span more

than one season of deposition. The composition of the silicoflagellate
assemblage in 2.5 cm composite samples generally represent the mean
composition of individual laminae samples from the corresponding section
in the core. Although the amplitudes of species events are reduced,

major events and downcore trends in each of the silicoflagellate species

can be obtained from composite samples.
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3) Major downcore trends of each species indicate that the relative
composition of the assemblage has remained the same over the last 1000
years. During the 2000-1000 yBP interval, there were lower productivity
levels, a greater influence of Equatorial waters, axd a decrease of
California Current Water in the Gulf of California compared to present
conditions.

4) A comparison of the assemblage composition between the present
interglacial and the last glacial period indicates that there was an
increased influence in Pacific waters, a decrease in surface primary

productivity, and colder surface water temperatures in the central

Gulf of California during the last major glacial period.
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Plate I
Octactis pulchra Schiller
Figure 1,5 BAV79 A-2-2, Lam. No. 96; seven and nine
spine variants
2,4a.b BAV79 A-2-2, Lam. No. 103; apical ring
preserved
3 BAV79 A-2-2, Lam. No. 8; common form
6 BAMS8O Pl60, phytoplankton; seven spine variant
7 DSDP Leg 64, Site 480; P1-2, 40-50 cm; seven
spine variant
8 BAV79 A-2-2, Lam. No. 14; thick basal ring
Distephanus speculum (Ehrenkerg) Haeckel
9a,b DSDP Leg 64, Site 480; P8-2, 100-~110 cm;
small apical ring
10a,b, DSDP Leg 64, Site 480; P20-2, 120-130 cm;
large apical ring
11 DSDP Leg 64, Site 480; P3-3, 30~40 cm;

aberrant form

The scale given is for all figures.
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Plate II

Figure la,b;13
2
3
4;10
5a,b
6;7

11
12

Dictyocha messanensis Haeckel

BAM8O E-17, 50-55 cm

DSDP Leg 64, Site 480; P1-1, 30-40 cm
BAV79 A~2-2, Lam. No. 16

DSDP Leg 64, Site 480; P1-2, 40-~50 cm
BAM8B0O E-17, 75-80 cm; common large form

DSDP Leg 64, Site 480p P1l-1, 80-~90 cm;
common small form

BAM80O P186, phytoplankton; aberrant form
BAV79 A-2-2, Lam. No. 22; five-sided variant
BAV79 A~2-2, Lam. No. 16; aberrant form
BAV79 A-2-2, Lam. No. 82

The scale for all figures is given on Flate I.
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Plate III
Dictyocha spec. 2
Figure 1 BAV79 A-2-2, Lam. No. 8; most common form
2 BAV79 A-2-2, Lam. No. 103
3 BAV79 A-2-2, Lam. No. 69
4 BAV79 A-2-2, Lam. No. 93
D. spec. 2 - D. messanensis forms
5 BAV79 A-2-2, Lam. No. 69
6 BAV79 A-2-2, Lam. No. 293
7 BAV79 A-2-2, Lam. No. 51
Dictyocha perlaevis Frenguelli
8 DSDP Leg 64, Site 480; P10-2, 0-10 cm; small
form
Dictyocha calida Poelchau
9 BAV79 A-2~2, Lam. No. 99; most common form
10 BAM8SO Plé6l, phytoplankton
11 BAM8O E-17, 100-~105 cm, five-sided variant
12 BAV79 A-2-2, Lam. No. 22
13;17 BAV79 A-2-2, Lam. No. 98
14 BAM80O P160, phytoplankton
15 BAV79 A-2-2, Lam. No. 97; five-sided variant
16 DSDP Leg 64, Site 480; Pl-1l, 0-10 cm
18 BAV79 A-2-2, Lam. No. 8; three-sided variant

The scale for all figures is given oOn Plate I.
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Plate IV
Dictyocha perlaevis Frenguelli (D. spec.lC)
Figure 1 BAV79 A-2-2, Lam. No. 91; common form
2 BAM80O E-17, 25-30 cm
3 DSDP Leg 64, Site 480; P5-3, 0-10 cm
4 BAV79 A-2-2, Lam. No. 98
5 DSDP Leg 64, Site 480; P5-3, 70-80 cm
6 BAV79 A-2-2, Lam. No. 73
Dictyocha epiodon Ehrenburg
7 BAV79 A-2-2, Lam. No. 14; most common form
8 DSDP Leg 64, Site 480; P2-2, 70-80 cm
9 BAV79 A-2-2, Lam. No. 24; aberrant form
10 BAV79 A-2-2, Lam. No. 26; aberrant form
11 BAV79 A-2-2, Lam. No 65; aberrant form
12 BAV79 A-2-2, Lam. No. 63; aberrant form

The scale for all figures is given on Plate I.
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Plate V
Dictyocha spec. 1B
Figure 1 BAM80O E-17, 125-130 cm; most common form
2 BAV79 A-2-2, Lam. No. 73; aberrant form
3 BAMB0O P136; phytoplankton
4 BAMBO E-17, 25-30 cm; aberrant form
5 DSDP Leg 64, Site 480; Pl-1l, 70-80 cm
13 BAV79 A-2-2, Lam. No. 99; aberrant form
Dictyocha spec. 1A
7 BAM80O E-~17, 125-130 cm; most common form
8 . BAV79 A-2-2, Lam. No. 103
9 BAM80O P136, phytoplankton
10 BAV79kA-2—2, Lam. No. 5; aberrant form
11 BAV79 A-2-2, Lam. No. 29
12 BAV79 A~-2-2, Lam. No. 59; aberrant form

The scale for all figures is given on Plate I.
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Plate VI
Dictyocha perlaevis Frenguelli (large D. calida
form)
Figure 1 DSDP Leg 64, Site 480; P6-2, 20-100 cm
2 DSDP Leg 64, Site 480; P1-1, 30-40 cm
3 DSDP Leg 64, Site 480; P1-2, 30-40 cm;
aberrant form
4 DSDP Leg 64, Site 480; P3-3, 91-100 cm
5 DSDP Leg 64, Site 480; P3-2, 130-140 cm
6 BAV79 A-2-2, Lam. No. 100

The scale for all figures is given on Plate I.
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APPENDIX 1

Species Notes

A systematic discussion for the following species can be found in
Poelchau (1976).

Dictyocha calida Poelchau

Plate 3, Figures 9-18

* Dictyocha messanensis Haeckel

- Plate 2, Figures 1-13

Remarks: The two forms of this species discussed in Poelchau (1976)
are combined in this study.

‘Dictyocha epiodon Ehrenberg

Plate 4, Figures 7-12

Distephanus speculum (Ehrenberg) Haeckel

Plate 1, Figures 9-11

Octactis pulchra Schiller

Plate 1, Figqures 1-8

The following species are found in samples from this study and were not
found in North Pacific surface sediment samples.

:Dictyocha spec. 1 fa. A

Plate 5, Figures 7-12

Remarks: This form is similar to the form identified by Bukry
(1980) as Dictyocha perlaevis perlaevis (elongate) which
has a much shorter minor axis than is typical of Dictyocha
perlaevis perlaevis. The length of the major axis of the

basal ring in Gulf of California samples is 45-55 um.
The spines on the basal ring in the Gulf forms are shorter
than in the forms described by Bukry (1980).
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Dictyocha spec. 1 fa. B

Plate 5, Figures 1-6

Remarks:

This form is similar to the form described by Bukry (1976)
as Dictyocha perlaevis delicata. The forms in the Gulf

of California do not always have an apical bar and struts
that are distinctly thinner than the basal ring. The

length of the major and minor axes of this form are approxi-

mately egual which distinguishes it from Dictyocha spec. 1
fa. A.

Dictyocha perlaevis Frenguelli

Plate 5, Figures 1-6, and Plate 6, Figures 1-6

: Remarks:

Two forms of this species are differentiated in Gulf of
California samples. Dictyocha spec. 1 fa. C is similar
to Dictyocha perlaevis perlaevis discussed by Bukry
(1979) except that only forms with more of a pinched out-
line of the basal ring than either D. spec. 1. fa. A or
D. spec. 1 fa. B are included. The D. perlaevis (large
D. calida form) is described by Bukry (1972) as Dictyocha
calida ampliata. It is distinguished from D. spec. 1 fa.
C because of the more distinctly pinched outline and
longer spines on the basal ring.

Dictyocha spec. 2

Plate 3, Figures 1-4

Remarks:

This species is similar to Dictyocha calida. It differs

from D. calida because the length of the minor axis is
approximately one third the major axis in D. spec. 2. The
spine lengths on the basal ring of D. spec. 2 are generally
smaller than those in D. calida. Forms of this species
shown in Plate 3, Figures 5-7 have a more rhombic basal
ring and resemble D. messanensis more than D. calida.
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Relative percent of each silicoflagellate
species in plankton, individual laminae, and
Kasten core samples used in this study.

Percent values are rounded to the nearest whole
number. A "P" listed for a species percent
value indicates that the respective species is
present in the sample but no percent value is
calculated. The total number of silicoflagel-
lates counted per sample is listed under Total
Counted. A "R" in this column indicates that

silicoflagellates are rarely found in the
sample. Some of the data from consecutive
samples in Kasten cores was provided by Hans
Schrader.
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INDIVIDUAL LAMINAE
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Appendix 3.

Relative percent of each siliccflagellate
species in DSDP Leg 64 Site 480 samples.
Percent values are rounded to the nearest
whole percent. The total number of silico-
flagellates counted per sample is listed
under Total Counted. Core depth values

are listed using DSDP sample notation. Hole
depth values are depths calculated downhole.
Radiolaria and planktonic Foraminifera wvalues
are from coarse fraction samples. Temperature
values are obtained using the Poelchau (1974)
equation given in the text. Samples with an
"%" indicate those used for the study of the
top 30 meters.
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P 1-1, 10~ 20j 10- 20 &6 19 3 4 8 1 0 0 226 100 0 27.5
P 1-1, 20~ 30; 20~ 30 75 10 4 4 5 2 0 0 197 - - 27.5
P 1-1, 30- 40; 30~ 40 &9 19 S 3 7 0 o} 0 208 - - 27.5
P 1-1, 40~ 50; 40~ 50 68 13 2 2 7 7 [¢] 0 241 - - 27.5
P 1-1y S0~ 403 50~ 40 73 12 2 4 7 1 0 0 204 100 0 27.5
P 1-1, 60~ 70; &60- 70 69 1 2 4 13 1 0 0 228 - - 27.5

*P 1-1, 70- 80; 70 80 68 14 S 3 9 b 0 0 214 - - 27.5
F 1-1, 80~ 90; 80—~ 90 5 25 4 5 8 2 0 0 217 - - 27.5
P 1-1, 90-1003 §0- 100 64 18 5 ] 8 0 0 0 223 ?S [o) 27.5
F 1-1,100-110; 100~ 110 48 16 4 3 7 1 0 0 202 - - 27.5
P 1-1,110-120; 110~ 120 47 26 6 4 16 2 0 0 213 114 1 27.5
P 1-1,120-1305 120~ 130 52 31 8 4 S 1 0 o] 218 - - 27.5
P 1-1,130~140; 130- 140 48 32 & S & 3 1 0 210 114 13 26.2

*F 1-1,140-1507 140- 150 51 31 4 4 5 2 0 ¢ 205 - - 27.5
P12y 0~ 107 150~ 140 &0 23 7 2 9 0 o] 0 152 100 0 27.5
P 1-25 .10~ 207 1460~ 170 51 3% 5 4 6 0 0 o 199 - - 27.5
P~ o1-2y 20~ 305 170- 180 L 46 39 4 3 5 0 0 0 233 - - 27.5
FF1-2y, 30~ 40 180- 190 - 5% 31 2 5 5 1 0 1 222 100 0 28.5
F 1-2, 40- 50 190- 200 - 44 35 3 3 4 1 o] 0 223 - - 27.3
P 1-2y S0- 603 200- 210 52 39 1 1 5 1 0 0 207 - - 27.%
P 1-25 60~ 703 210~ 220 54 31 3 3 3 ¢} 0 0 228 - - 27.5

XP 1-2, 70— 803 220~ 230 } 38 5 1 4 2 2 G 0 208 100 0 27.5
F 1-2, 80~ 20} 230- 240 34 53 1 2 9 1 o] ] 222 161 0 27.5
P 1-2, 90-1005 240- 250 41 50 2 2 4 1 o] o] 208 100 0 27.5
P 1-2,100-1105 2%0~ 240 26 47 4 & 7 0 o 0 198 100 0 27.3
P 1-2,110-1205 260-.270 40 48 3 2 8 1 o] [ 203 150 0 27.5
P 1-2,120-1305 270~ 280 45 46 4 [+ 2 1 0 0 201 - - 27.5
F1-2,130-~140% 280~ 290 : 26 40 1 2 5 1 H 0 209 - 26.8
P 1-2,140-150; 290~ 300 T30 460 2 1 6 1 0 0 212 100 0 27.5

P 1-3, 0~ 103 300- 310 29 &2 4 1 2 1 1 0 217 - - 26.8

X 1-3, 70~ 803 370~ 380 34 49 ] [ S 1 0 0 164 - -~ 27.5

XF 2-1, 0- 107 475~ 485 53 30 3 7 5 1 1 0 210 - - 26.1

AP 2-1; 70~ 803 945~ 555 30 40 4 3 2 1 0 0 199 - - 27.5

X 2-2y 20~ 303 445~ 455 36 S8 2 1 1 1 0 o} 213 - - 27.5
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*F 2-2y 70- BO0F 4696~ 705 32 52 2 0 0 o] 14 0 223 - - 15.9
*F 2-3, 20~ 303 795~ 80%5 31 67 -1 1 0 0 0 0 217 - - 27.5
*P 2-3y, 706~ 807 BA5~ BSS5 24 71 1 2 1 0 0 0 201 - - 27.59
P 3-1y O0- 103 950~ 960 44 37 0 1 15 0 2 0 177 - - 23.9
P 3-1, 70—~ 803 1020-~1030 45 46 0 1 -3 0 2 0 211 - - 23.3.
%P 3-2» 0~ 105 1100-1110 31 38 0 13 28 0 0 0 129 - - 27.5
%P 3-2, 70- 805 1170-1180 78 9 o 1 11 0 1 0 203 - - 23.2
F 3-2, 90-1005 1190-1200 75 ? 0 0 16 0 0 -0 240 167 0 27.5
F 3-2,100~1105 1200-1210 75 ? 0 0 14 0 0 0 239 204 0 27.5
F 3-2,110~-1205 1210-1220 70 11 0 o 19 Q 0 0 223 225 0 27,5
P 3-2,120-1305 1220-1230 67 20 0 0 11 Q 0 2 211 158 0 21.4
P 3-2,130-1405 1230-1240 ) 71 15 0 0 14 0 0 0 201 77 0 27.5
P 3-2,140~-1505 1240-1250 75 10 0 0 i8 0 2 S 242 259 0 13.7
P 3-3, O~ 105 1250~-1260 70 14 0 0 11 0 1 3 224 191 0 16.5
F 3-3, 10~ 205 1260-1270 75 12 0 0 8 2 1 4 240 174 0 14,8
P 3-3, 206- 305 1270-1280 70 8 0 0 12 0 2 8 241 109 0 12.4
P 3-3, 30— 40 1280-1290 : &7 11 0 0 11 0 1 10 228 149 [} 2.5
P 3-3,- 40~ 505 1290-1300 - 46 9 0 0 20 0 1 22 224 188 S 14.1
F 3~3y S0~ 4605 1300-1310 S6 9 0 0 20 0 1 13 204 163 83 13.3
P 3-3» 60— 7205 1310-1320 19 14 0 0 S 0 1 22 143 B4 348 13.7
XF 3-3y 70~ 773 1320~1327 " 38 13 0 0 Iz 0 1 17 191 118 176 13.7
P 3-3y 91-1005 1341-1350 29 14 0 0 47 0 1 3 226 48 3514 17.8
P 3-3,100-11C5 1350-13460 24 12 0 0 50 0 1 13 172 87 341 15.0
P 3~3,1310-12057 1360-1370 30 9 0 0 43 0 1 18 208 S 120 13.3
*F 3-3,120-1305 1370-1380 37 12 o] 0 38 Q0 1 12 232 93 84 14.7
F 4-1, O~ 103 1425-1435 32 59 4 0 -3 0 0 0 227 - - -
F 4-1y 10— 205. 1435~1445 29 b6 1 3 3 1 0 0 213 248 7 -
P 4-1i» 20~ 305 1445-14S55 33 26 1 -3 1 Q 1 6 116 110 249 -
XF 4-1, 30— 405 1455-146%S 36 8 0 0 39 ] 1 2 22 88 247 13.5
F 4-1, 40~ 50;.1465—1475 37 12 0 0 37 o} 1 13 211 106 294 14.5
XP 4-1, 70— BO; 149S-13505 20 ? 0 0 S3 o] 10 ? 1462 - - 14.5
%P 4-2, O0- 105 1575-158% 29 10 0 0 26 ¢} 9 33 17 ~ - 15.1
*P 4-2, 70- 803% 1645~14535 57 9 0 0 27 0 1 6 143 - - 16.0
%P 4-3, O- 10; 172%5~1739 33 14 o] 0 47 0 0O 6 170 - - 19.2
XF 4-3, 0 Q 58 0 3 3 60 - - 20.0

70—~ 805 1795-1805 18 17
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*F 3-1y 0- 105 1900~-1910 24 50 1 4 16 0 2 51 221 - - -
P 5-1y 70- 805 1970-1980 22 12 0 0 37 0 18 11 170 - - 13.5
P S5-2y 0~ 105 2050-~2040 36 12 0 0 45 0 S 4 172 - - 17.7
%P 5-2y 70- 805 2120~2:130 34 ) 0 0 58 0 3 [ 80 - - 23.7
*F 3-3y 0~ 103 2200-2210 40 7 o} 0 49 0 1 3 198 - - 27.5
XF 5-3y 70~ 805 2270-2280 42 17 0 0 21 [ 0 O 166 - - 21.4
¥F 4-1y 0--10% 2375-238S5 65 18 0 0 13 0 3 1 141 - - 19.2
*F 6-1y 70~ B0: 2445-245%5 45 23 0 0 15 0 16 2 195 - - 14.3
*F 6-2y 0- 105 2525-2535 67 15 0 0 14 0 & 1 23 - ~ 15.6
¥ 62y 70— 805 2395-2605 69 5 0 0 23 [« 3 1 188 - - 18.3
P 6~3y 10~ 205 2685-2695 - 61 8 0 [ 27 0 3 1 210 - - 19.3
XF 6-3y 70— 805 2745-2755 46 15 0 0 38 0 2 0 220 - - 24.1
%P 7-1y  0- 105 2850-2860 62 13 0 [ 18 0 7 [ 110 - - 16.2
P 7-1y 70~ 805 2920-2930 62 23 0 0 15 0 b 0 200 - - 24,7
P 7-2s 00— 105 3000~32010 33 26 0 0 30 0 11 0 200 - - 16,9
F10~-2y O~ 105 4425-4435 19 32 0 0 48 0 1 [ 220 105 0 26.2
P10-2y 10~ 205 4435~444%5 18 31 0 0 50 [ 1 0 211 170 2 26.2
F10-2y 20- 3205 4445-4485%5 17 24 0 0 52 [v} 7 0 208 - - 20.4
10-2y 30— 405 4455-4465 22 27 ] [ 42 [+ ? 0 209 151 [ 18.8
P10-2y 40~ S035 446%5-4475 19 19 0 0 59 0 3 0 243 115 [ 23.8
F10-2y S50~ 6035 4475-448% 18 26 0 [ 45 0 11 0 219 197 0 18.¢
P10-2y 60~ 705 4485-4495 4 11 0 Q 26 ¢ 58 o} 282 122 0 14,7
P10~2y 70~ 80§ 4495-5305 20 14 0 0 456 0 20 0 221 250 4] 15.1
F10-2» 80- 205 4505-4515 24 16 0 0 g G 3 0 157 181 0 22.%
#10-25 90-100% 4515-43525 16 21 0 [ S 0 10 & 210 1846 o/ 18.6
F10-2,100-1105 43254535 ) 7 0 [ 25 ] 62 0 2324 110 [ 14,6
F10-2,110-1203 4535-4545 7 11 0 0 18 ] 5 0 212 217 [ 14.4
CP10-29120-1307 4545~-4535 & 5 O [ 16 [ 7 [ 212 103 o 13.4
F10~-2+,130~1405 4555-45465 15 2 0 0 25 ¢ 48 o 224 194 v 14.7
F10-2,140~1505 4585-457S g 10 o] 0 24 o 38 0 207 178 0 14.7




