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ABSTRACT 

Radiolarian assemblages in Holocene sediments from the 

Gulf of Mexico and Caribbean and the southern California 

borderland reflect overlying oceanographic conditions, such 

as general productivity, upwelling, and preservational para¬ 

meters. A reconnaissance investigation of the lateral 

variations in the radiolarian assemblage with increasing 

water depth indicates that the changes are not consistent 

enough in either region for the establishment of a definite 

depth zonation; however a number of radiolarian species and 

higher taxa show some general trends with depth. 

Symbiotic taxa, and spumellaria in general, are more 

abundant in the thanatocoenosis of the Gulf region than off 

California and are indicative of oligotrophic conditions. 

Low oxygen content and high dissolved silica concentration 

in the bottom water of the Gulf of Mexico's Orca Basin lead 

to good preservation in this locality. Diversity, up to 

the family level, is greater in the California assemblages 

due to a mixing of radiolarian faunas and better preserva¬ 

tion. There are more deep-water radiolarian taxa present 

at shallower depths, and all depths, in the California assem¬ 

blages as compared to those of the Gulf due to more dynamic 

upwelling conditions which enhance these species both in the 

biocoenosis and thanatocoenosis. 
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INTRODUCTION 

Radiolaria, marine planktonic protozoans with tests 

of amorphous silica, can be utilized as environmental and 

stratigraphic indicators. In addition, like many other 

marine microplankton, they can serve as a tool in the 

study of both past and present hydrographic parameters. 

Recent studies have shown that many radiolarian species 

alive in the water column are restricted to certain depths 

and water masses (Casey, et al., 1979b; Kling, 1976; 

McMillen and Casey, 1978; Petrushevskaya, 1971a, 1971b; 

Renz, 1976; Spaw, 1979). Although many investigations have 

shown that the distribution of the radiolarian biocoenosis 

is often reflected in the underlying sediments as a laterally 

restricted thanatocoenosis, most of the work has been con¬ 

ducted in regions of fairly high radiolarian density and 

over large lateral distances (Johnson and Nigrini, 1980; 

Molina-Cruz, 1977; Nigrini, 1968; Petrushevskaya, 1971a, 

1971b). 

This thesis involves the examination of two series of 

surface sediment samples: one from the Gulf of Mexico and 

Caribbean Sea, the other from the southern California border¬ 

land. The original primary objective was to determine 

whether or not the vertical zonation of radiolaria in the 

water column was preserved in the sediment of the Gulf of 
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Mexico and Caribbean Sea and the southern California border¬ 

land by examining the radiolarian assemblages below various 

water depths- More specifically, to ascertain, if over small 

lateral distances and in areas of low radiolarian density, 

the changes in the preserved radiolarian assemblage with 

water depth were distinct enough to be useful as a depth - 

paleodepth indicator. As it turned out, the lateral changes 

in the radiolarian assemblages, at the resolution of this 

study, were not pronounced enough for definite depth zona¬ 

tions to be devised for either the Gulf of Mexico and 

Caribbean or the southern California borderland. The 

observed thanatocoenosis, when compared with known informa¬ 

tion on the biocoenosis and oceanographic conditions, how¬ 

ever, led to some interesting results. Important differences 

were noted between the samples from the oligotrophic, rather 

nondynamic upwelling Gulf of Mexico region, and the eutrophic 

more vigorous upwelling region off the California coast. 

The major focus of this project thus became a study of the 

most significant of these differences, including such fea¬ 

tures as radiolarian diversity and the abundance and distribu 

tion of both symbiotic and deep-living radiolarian taxa. 



PREVIOUS INVESTIGATIONS 

Radiolarian investigations began in the early 1800's, 

and the most extensive utilization of radiolaria for both 

environmental and stratigraphic indicators has been in the 

last half of this century (Kling, 1978). Over the past two 

decades investigators have examined the horizontal composi¬ 

tional changes of the radiolarian assemblage, preserved in 

the recent sediment, below different water masses (Go 11 and 

Bjorklund, 1971, 1974; Johnson and Nigrini, 1980; Molina- 

Cruz, 1977; Nigrini, 1968, 1970; Petrushevskaya, 1971a, 

1971b; Renz, 1976). Although few in number, some recent 

publications have been concerned with the vertical distribu¬ 

tion of living radiolaria in the water column (Bjorklund, 

1974; Casey et al. , 1979a, 1979b; Kling, 1976, 1979; 

McMillen and Casey, 1978; Petrushevskaya,1971 a, 1971b; 

Renz, 1976; Spaw, 1979). 

Renz (1976), in a comprehensive study, examined the 

radiolarian assemblage changes in recent sediment in a 

region of the central Pacific which spanned more than 50° 

latitude. The central Pacific is presently one of the best 

areas in the oceans of the world for high radiolarian den¬ 

sity and good preservation. This is due to the large radio¬ 

larian standing crop and the high levels (compared to other 
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oceans) of dissolved silica at depth. It is not surprising, 

therefore, that this study illustrated (by means of recurrent 

group analysis) that in both the water column and in the 

bottom sediments the radiolarian domains corresponded to the 

major water masses. 

Kling (1979) examined the vertical distribution of 

polycystine radiolaria in the central North Pacific. In 

this study four species distribution zones were identified 

within the upper 2000 meters and correlated with hydrographic 

parameters. 

Molina-Cruz (1977), in the subtropical, southeastern 

Pacific, examined the radiolarian assemblages in the surface 

sediments over a range of 50° latitude. The results of his 

study showed five lateral radiolarian assemblages whose 

boundaries coincide with the three dimensional ocean circu¬ 

lation and the associated water masses above the region 

studied. 

Even in oceans where the abundance of living radiolar¬ 

ian specimens is reduced and conditions for preservation are 

less favorable, recent studies have shown definite vertical 

restrictions of the species in the water column (Spaw, 1979; 

Takahashi and Honjo, 1981a). Both the Spaw (1979) study in 

the southern Sargasso Sea and the Takahashi and Honjo (1981a) 

study in the western tropical Atlantic showed there to be a 

general trend of increased nassellarian dominance with depth. 

Due to minimal research and poor preservation it has not yet 
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been determined whether the vertical distributions in the 

water column are reflected in the surface sediment of the 

Atlantic Ocean. 

Investigations have also shown that the occurrence of 

certain species of radiolaria are limited both horizontally 

and vertically and that the resulting zonations can be 

correlated to hydrographic features (Casey, 1977). These 

hydrographic features include thermoclines, water masses, 

and circulation patterns. The Gulf of Mexico and the 

California borderland, the study areas for this thesis, are 

both fairly well understood in terms of physical ocean¬ 

ography and, more importantly, are areas where there has 

been research on the vertical distribution of living radio¬ 

laria (Casey, 1966, 1971b; McMillen, 1976; McMillen and 

Casey, 1978). 



GEOLOGICAL DESCRIPTION OF THE STUDY AREAS 

Gulf of Mexico and Caribbean Sea 

The Gulf of Mexico, comprising some 1.7 million square 

kilometers, and the Caribbean Sea, with 2.6 million square 

kilometers, are often called the American Mediterranean 

(Tchernia, 1980). The formation of this region, along with 

the central Atlantic, began when Africa and South America 

drifted away from the North American continent during 

Triassic time, approximately 200 million years ago (Kennett, 

1982). After seme periods of evaporite formation early in 

its history, the Gulf of Mexico, located along a passive 

margin, began to accumulate a thick sequence of both elastics 

and carbonates (Kennett, 1982). Today, the Gulf basin can be 

described as an old, small, subsided ocean basin, partially 

filled with a thick sedimentary accumulation (Antoine, 1972; 

Emery and Uchupi, 1972; Menard, 1967). 

As is illustrated in Figure 1, the Gulf of Mexico has a 

wide peripheral continental shelf which occupies more than 

33 percent of its surface area and surrounds the central 

basin where the maximum depth is 3800 meters (Tchernia, 1980). 

The Gulf of Mexico is connected to the North Atlantic Ocean 

through the 56-93 kilometer wide, 800 meter deep, Straits 

of Florida and to the topographically more complex Caribbean 

6 
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Figure 1. Bathymetric map of the Gulf of Mexico. 
Contour interval is 1000 meters. The 
100 meter contour is also included. 

(Modified after: Antoine, 1972) 
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via the 111 kilometer wide, 2000 meter deep, Yucatan Channel 

(Tchernia, 1980). The Caribbean has its major interchange 

with the North Atlantic basin through the Windward Passage 

which is 1600 meters deep and spans roughly 22 kilometers 

from the southeastern portion of Cuba to the northeastern 

end of Haiti (Tchernia, 1980). 

Sediments of the western Gulf of Mexico consist mainly 

of terrigenous material whereas the eastern Gulf of Mexico 

and Caribbean Sea contain primarily biogenic carbonate sedi¬ 

ment (Emery and Uchupi, 1972). In his examination of the 

distribution of sedimentary structures in Gulf of Mexico 

sediments, Bouma (1968) found that the clayey sediments, 

which predominate in the Gulf, disclose very few structural 

features to the unaided eye. He did find that homogeneous 

sediment, burrows, mottling, mycellia, shells, and shell 

fragments were present throughout the Gulf of Mexico. Below 

deeper water sections of the Gulf of Mexico the upper sedi¬ 

ments are composed primarily of either a Globigerina ooze or 

a clayey pelite (Bouma, 1968, 1972). 

The study area, as shown in Figure 2, includes the Gulf 

of Mexico and portions of the western Caribbean Sea. 

Although the region appears immense for so few sample locali¬ 

ties, the actual size is not as important as the oceanographic 

conditions. Due to its structure and geographic location, the 

entire Gulf of Mexico and western Caribbean Sea may be 

thought of as one oceanographic province. This will be 
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Figure 2. Locations of sediment samples 
study from the Gulf of Mexico 

used in this 
and Caribbean. 
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discussed in greater detail in the following section on the 

regional oceanography. In addition, the sample locations 

involve a total spread of less than 10° in latitude, a far 

smaller range than many of the previous studies of radio- 

laria in the recent sediment (Molina-Cruz, 1977; 

Petrushevskaya, 1971b; Renz, 1976). The latitudinal and 

longitudinal coordinates of the sample locations for this 

study are given in Table 1. 

The major variable of each of these Recent sediment 

samples is the overlying water depth. The water depth 

ranges from 194 meters, at the shallowest station, down to 

4517 meters at the.deepest station (Table 1). Utilizing 

the map of physiographic provinces of the Gulf of Mexico 

by Bouma (1968), Figure 3, it is evident that station 

75-G-10,! at 194 meters is on the Texas-Louisiana shelf. 

Station EX-71G, lying below 646 meters of water, is on the 

continental slope. Having been obtained from DeSoto 

Canyon (Figure 3), station 73-A-6,39, although closer to 

shore is actually from deeper water (920 meters). Orca 

Basin, station 0-B,l, with a sill depth of 1800 meters, is 

on the continental slope. Orca Basin, a 400 square kilo¬ 

meter depression, is one of a number of large bathymetric 

depressions in the northern Gulf of Mexico (Figure 1), but 

is unique in that the bottom 200 meters of water are hyper¬ 

saline and anoxic (Millero et al., 1979; Shokes et al ., 

1977). Both the continental shelf and slope of the northern 



Table 1. Coordinates and water depth (in meters) 
above the sediment samples taken in the 
Gulf of Mexico and Caribbean Sea* 
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GULF OF MEXICO AND CARIBBEAN SEA SAMPLES 

Station Latitude 

75-G-10-1 27°50.8'N 

EX-71 G 27°37.0'N 

73-A-6-39 29°08.5'N 

O-B-1 (Orca 
(Basin) 

27°55.01N 

73-A-6-B52 26°46.61N 

75-G-lO-l1 20°19.0'N 

75-G-10-8 20°12.8'N 

Lonqitude Depth (m) 

93°10.6 ' W 194 

92°13.0 ' W 646 

87°11 ,9'W 920 

91°20.0'W 1800 

86°44.1 'W 2979 

82°52.1 'W 4358 

73°41.5 ' W 4517 



Figure 3. Map showing the physiographic provinces 
of the Gulf of Mexico. 

(From: Bouma, 1968) 
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Gulf are part of the Gulf Coast Geosyncline (Antoine, 1972). 

Sediment sample 75-A-6-B52, under 2979 meters of water, is from 

the continental slope off the west coast of Florida. South 

of the Cuba shelf, in 4358 meters of water, sample 75-G-10-11 

was obtained. Finally, in the*Windward Passage, sediment 

sample 75-G-10-8 was taken under 4517 meters of water. 

Southern California Borderland 

Covering an area of more than 64,000 square kilometers, 

the region of basins, banks, and islands off the coast of 

southern California is commonly referred to as the continen¬ 

tal borderland (Shepard and Emery, 1941). The continental 

borderland is bounded by the true continental shelf, which 

is only a few kilometers wide and located immediately adja¬ 

cent to the continent, and the continental slope, which is 

over 200 kilometers from shore (Kennet.t, 1982). Topograph¬ 

ically, the borderland is characterized by block-and-basin 

structure (Kennett, 1982). After the late Mesozoic to early 

Tertiary uplift of what was probably a Jurassic geosyncline, 

downwarping and block faulting during the early Neogene 

marked the actual origin of the borderland province (Guilcher, 

1963). Since that time, periodic tectonism a«nd various 

processes of sediment distribution, including terrigenous, 

biogenous, and hydrogenous material, have continued to 

modify the accumulating deposits (Gorsline, 1978). 
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Although the California borderland province is very 

similar to the adjacent land mass, the submarine topography 

is distinctive in that the slopes are smoother, the basins 

deeper, and the banks and mountains flatter (Lawson, 1941; 

Shepard and Emery, 1941). The elevations are predominantly 

elongated ridges, some of which, in the northern portion of 

the borderland province, emerge as islands (Shepard and 

Emery, 1941). The structural trends are primarily northwest- 

southeast, with minor trends to both the east and to the 

north. 

The borderland province contains approximately 20 

basins (Figures 4 and 5). These basins are, with the excep¬ 

tion of San Diego Trough, closed depressions ranging from 

50-200 kilometers in length to 20-100 kilometers in width 

(Kennett, 1982). The basins, which comprise roughly a quar¬ 

ter of the borderland surface area, are arranged in more or 

less parallel belts trending northwest-southeast (Emery, 

1960; Shepard and Emery, 1941). Basically oval in outline, 

the basins range in sill depth from 200 meters to more than 

2000 meters, with the sills becoming increasingly deeper to 

the southeast (Gorsline, 1978; Shepard and Emery, 1941). 

The basin floors, which can be termed abyssal plains since 

the slope is less than 1:1000, also deepen to the southeast 

(Heezén and Laughton, 1963; Shepard and Emery, 1941). 

As both seismic records and sampling have demonstrated, 

the inner basins have a thick accumulation of clastic 
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Figure 4. Bathymetric map of the California border¬ 
land. Contour interval is 1500 meters. 

(From: Emery, 1960) 
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Figure 5. Basins of the southern California border¬ 
land. Basin outlines are at sill depth 
where possible. The diagram also includes 
the continental slope and the Santa Rosa- 
Cortes Ridge. 

(Modified after: Emery, 1960) 

S.B. - Santa Barbara Basin 

S.M. - Santa Monica Basin 

S.P. - San Pedro Basin 

S.D.T.- San Diego Trough 

S.CR. - Santa Cruz Basin 

S.CA. - Santa Catalina Basin 

S.CL. - San Clemente Basin 

S. N. - San Nicolas Basin 

E.C. - East Cortes Basin 

N.N. - No Name Basin 

T. - Tanner Basin 

W.C. - West Cortes Basin 

VEL. - Velero Basin 

L. - Long Basin 

S.R.-C.R. - Santa Rosa-Cortes Ridge 
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CALIFORNIA BORDERLAND BASINS 
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sediments, whereas the offshore basins have a thinner sedi¬ 

mentary veneer of primarily pelagic-hemipel agio material 

(Emery, 1960; Kennett, 1982). Where the bottom waters of a 

basin are anoxic, such as in the Santa Monica and Santa 

Barbara basins, the hemipelagic laminae, varve-like primary 

sedimentary structures, are not destroyed because of the 

absence of burrowing organisms (Gorsline, 1978). Gorsline 

and Emery (1959) have utilized some of these undisturbed, 

non-bioturbated sediments to study turbidity current deposits. 

The study area extends from the Santa Barbara Basin 

southward to the San Diego Trough (Figure 6). Coordinates 

of the sampling sites for this study are given in Table 2. 

As in the Gulf of Mexico, the sample locations off southern 

California vary in the depth of the overlying water. Table 

2 lists the water depths at each station, with the shallowest 

at 192 meters and the deepest at 1188 meters. These water 

depths are actually given as sill depths because the sill 

depth determines the deepest water mass able to enter the 

basin and thereby controls the microfaunal assemblage of 

each basin irrespective of the actual sediment sample depth 

or the maximum basin depth (Gorsline, 1978). 
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Figure 6. Locations of sediment samples used in this 
study from the southern California borderland. 
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Table 2. Coordinates and water depth (in meters) above 
the southern California borderland samples. 
The 520, 806, and 1074 meter depths are the 
lowest sill depths for the basins from which 
the sample was *obtained, not the actual depth 
at the sample site. 

S-D San Diego Trough 

S-B Santa Barbara Basin 

S-P San Pedro Basin 

C-B Catalina Basin 
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SOUTHERN CALIFORNIA BORDERLAND SAMPLES 

Station Latitude Longitude Depth (m) 

S-D-l 32°36'N 117°22 1W 192 

S-B-l 34°13 ' N 120°02 1 W 520 

S-P-l 33°30 1N 118°201W 806 

C-B-l 33°10 1N 118°30'W 1074 

S-D-2 32°28'N 117°29 1W 1188 



OCEANOGRAPHY OF THE STUDY AREA 

Gulf of Mexico and Caribbean Sea 

Early surveys of the Gulf of Mexico were initiated in 

the 19th century by the United States Coast Survey. Later 

in the 1800's, studies were conducted by the United States 

Commission of Fish and Fisheries (Galtsoff, 1954). Then, 

in the mid 1930's a series of rather extensive hydrographic 

surveys of the Gulf of Mexico and Caribbean Sea were under¬ 

taken (Parr, 1935, 1937; Rakestraw and Smith, 1938). During 

the 1950's and 1960's there was growing interest in the 

oceanographic parameters of the Gulf region (Leipper, 1954b; 

Gordon, 1967; Ichiye, 1962; McLellan and Nowlin, 1963; 

Worthington, 1966). More recently, the Gulf of Mexico and 

Caribbean Sea have been the site for more detailed studies 

on such hydrographic parameters as currents, eddies, and 

upwelling (Armstrong et al ., 1967; Huh et al ., 1978; Molinari 

et al., 1978; Nowlin, 1971; Sweet, 1974). 

The Gulf of Mexico and Caribbean Sea encompass over 

4 million square kilometers (Davis, 1973). Like other 

oceanic regions lying between 10°N and 30°N, the seasonal 

variations in temperature are small (Tchernia, 1980). The 

large scale wind pattern is driven by the trade wind system 

of the Northern Hemisphere, while on a smaller, seasonal 

scale the Gulf receives a more northerly wind component 
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during winter (Tchernia, 1980). Sea-level atmospheric pres¬ 

sures range, on the average, from 30.00 to 30.15 inches of 

mercury and wind velocity averages 6-8 knots in the summer 

to 10-12 knots in the winter (Leipper, 1954a). Annual 

precipitation is 500-1000 mi 11imeters over the Gulf of Mexico 

and 500-2000 mi 11 imeters over the Caribbean Sea (Tchernia, 

1980). The Gulf of Mexico receives 785 cubic kilometers 

of total annual river discharge, more than twice that flow¬ 

ing into the Atlantic Ocean (Emery and Uchupi, 1972). This 

is due to the fact that drainage from more than 1/2 the 

area of Mexico and 2/3 the area of the United States ter¬ 

minates in the Gulf of Mexico (El-Sayed et al ., 1965). 

Suspended material, both organic and inorganic, in the sur¬ 

face water can vary considerably, from 100-300 mi 11igrams 

per liter just off the Mississippi River to 0.125 mi 11igrams 

per liter over the deep ocean floor (Emery and Uchupi, 

1972). The organic component of suspended sediment increases 

in percentage in an offshore direction (Emery and Uchupi, 

1972). 

The primary entrance for water flowing into the Gulf 

of Mexico, at an inflow rate estimated at 28 million cubic 

meters per second, is the Yucatan Strait (Gordon, 1967). Of 

secondary importance is the less than 5 million cubic meters 

per second which enters the Caribbean through the Windward 

Passage (Gordon, 1967). For both the Gulf of Mexico and 
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Caribbean Sea, the various sills prevent any water layers 

below 2000 meters maximum to enter from the Atlantic (Emery 

and Uchupi, 1972; McLellan and Nowlin, 1963; Tchernia, 1980). 

Upon entering the Gulf of Mexico, some of the surface water 

simply turns to the east and heads out through the Florida 

Straits (Emery and Uchupi, 1972). Another portion of the 

water, in what is known as the Loop Current, flows northward 

dominating the eastern Gulf before swinging to the east and 

out through the Florida Straits (El-Sayed et al., 1965; 

Emery and Uchupi, 1972), The rest of the water flows to the 

west over the Campeche shelf. Surface currents in the west¬ 

ern Gulf, which are more complex and changeable, are char¬ 

acterized by both cyclonic and anticyclonic gyres (Nowlin, 

1972; Nowlin and Hubertz, 1972). Water leaves the Gulf of 

Mexico at 26 million cubic meters per second through the 

Straits of Florida (Tchernia, 1980). In fact, since the 

Florida Strait is narrower than the major incoming passage, 

water piles up approximately 19 centimeters higher on the 

Gulf side of the Florida peninsula than on the Atlantic 

side and the velocity through the passage reaches 4-5 knots 

(Tchernia, 1980). 

In comparison with the semidiurnal tides of the 

Atlantic and Caribbean, the Gulf of Mexico can be charac¬ 

terized by the diurnal nature of its tides (Marmer, 1954). 

The diurnal, 24 hour 50 minute, tide results from the fact 
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that the length and depth dimensions of the Gulf create a 

free period of oscillation of roughly 24 hours. This free 

period, in turn, reinforces the diurnal tide-producing forces 

(Marmer, 1954). 

The dissolved oxygen distribution, after temperature 

and salinity, is one of the most important oceanographic 

parameters (El-Sayed et al., 1965). According to Nowlin and 

McLellan (1967), the dissolved oxygen concentration is near 

or at saturation for the particular temperatures and salini¬ 

ties of the surface waters of the Gulf region. Both the 

western Gulf and the eastern Gulf have major oxygen minima 

zones at 300-600 meters and 550-800 meters respectively 

(Figure 7). This is not surprising as it has long been 

known that it is common to find an oxygen minimum zone at 

depths of 200-2000 meters. This is due, primarily, to more 

rapid depletion of oxygen by the oxidation of organic matter 

as it passes down through the water column and/or less 

oxygen to begin with in that particular water mass (Emery 

and Uchupi, 1972). Warm water forming and diving at mid¬ 

latitudes contains less oxygen than.cold water sinking in 

high latitudes (Emery and Uchupi, 1972). In the western 

Gulf the oxygen begins to drop off rapidly at approximately 

100-150 meters, which corresponds to the themocline. The 

major low oxygen concentration zones in both the western 

Gulf and the eastern Gulf correspond to the core of Antarctic 
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Figure 7. Upper two diagrams show the dissolved 
oxygen concentration verses depth for both 
the western Gulf and the eastern Gulf. 
Lower diagram of the Gulf of Mexico gives 
the locations where the oxygen measurements, 
shown in the above curves, were collected. 

(From: Nowlin and McLellan, 1967) 
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Intermediate Water. The lower values obtained in the west¬ 

ern Gulf as compared to the eastern Gulf suggest a longer 

residence time for these waters (Nowlin and McLellan, 1967). 

The eastern Gulf, and the chemically similar western 

Caribbean, in addition to the major oxygen minimum zone, 

has a secondary minimum at 200-250 meters. This minimum 

corresponds to the Subtropical Underwater which forms and 

dives at mid latitudes in the Sargasso Sea and is character¬ 

ized by a reduced oxygen content (El-Sayed et al., 1 965). 

The absence of this minimum in the western Gulf is probably 

due to the greater mixing with surface water in the western 

region. Below 1500 meters the entire Gulf, with concentra¬ 

tions of dissolved oxygen at approximately 4.91 ml/L, is 

essentially uniform. In fact, since the western Caribbean 

water at 1500 meters, close to the sill depth, is 5.0 ml/L, 

additional support is provided to suggest that the water 

mass at this level supplies all of the deep water in the 

Gulf of Mexico (El-Sayed et al., 1965). Oxygen minima 

zones are important especially where they imping on the 

bottom due to the increase in preservation of both organic 

and inorganic matter; the organic matter by direct means, 

the inorganic matter mainly indirectly through the decrease 

in benthic organisms which would otherwise mix the sediment. 

As stated by Emery and Uchupi (1972), the most impor¬ 

tant parameters of seawater are temperature and salinity 



because they control many of the physical, chemical and 

biological processes. Summarized below, and in Figure 8, 

are some salient features of the water masses within the 

Gulf of Mexico and Caribbean Sea (Armstrong and Grady, 

1967; Leipper, 1954b; McMillen and Casey, 1973; Nowlin, 

1972). 

1. Surface Water 

a) Caribbean - forms in the Caribbean Sea 

and flows into the eastern and 

central Gulf of Mexico. Salinity 

is 36.0-36.2%* Temperature 

averages 29°C in the summer down 

to 18-23°C in the winter. 

b) Western Gulf - forms by high evaporation 

in the western Gulf of Mexico. 

Salinity is 36.5%>. Temperatures are 

similar to Caribbean surface water. 

2. Subtropical Underwater - forms at the surface of 

the Sargasso Sea in the North Atlantic 

Ocean. Core is at 100-200 meters. 

Salinity is 36.8%.in the Caribbean, 

decreasing to 36.5%. in the Gulf of 

Mexico due to combination with the 

western Gulf surface water. 



Figure 8. Temperature and salinity profiles 
for both the central Gulf of Mexico 
and the northwest Caribbean. 

(From: McMillen and Casey, 1978) 
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3. Antarctic Intermediate Water - forms and dives at 

the Antarctic Convergence in the 

South Atlantic Ocean. Salinity 

minimum core is at 600-1000 meters. 

Salinity is 34.65%* in the southeast¬ 

ern Caribbean, 34.9%*in the western 

Gulf of Mexico. Although present 

throughout the Gulf, this water mass 

does not constitute a large percentage 

of the total water composition. 

4. North Atlantic Deep Water - forms by the mixing of 

Norwegian Overflow Water and Med- 

iteranean Intermediate Water. This 

water mass fills all the basins of 

the Caribbean and Gulf of Mexico. 

Salinity is 34.9%*and temperature 

is 3.7° - 3.8°C. The slight salinity 

decrease at the lower limit of this 

water mass may indicate the presence 

of some North Atlantic or Antarctic 

Bottom Water. 

♦ 

Southern California Borderland 

One of the earliest surveys, of the waters off California, 

was conducted in 1851 by the United States Coast and Geodetic 
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Survey. With the exception of a few deep water stations, 

most of their lead-line soundings were taken in shallow 

coastal waters (Emery, 1960). Two ships, the USS Hull and 

Cory, in the year 1922, took roughly 5000 sonic soundings 

from off northern Mexico to southern California (Emery, 

1960). Then, from 1935-1937 additional soundings were taken 

by the Coast and Geodetic Survey (Emery, 1960). During the 

1930's and early 1940’s studies were conducted off southern 

California to learn more about the water masses and their 

characteristic properties (Tibby, 1941; Young, 1939). Terry 

(1955) compiled a bibliography of the marine geology and 

oceanography for the California coast which gives an exten¬ 

sive list of pre-1955 references. More recently, there have 

been several comprehensive studies on the geology and oceano¬ 

graphy of the southern California borderland (Allan Handcock 

Foundation, 1965; Emery, 1954, 1960). 

The continental borderland off southern California extends 

approximately 240 kilometers offshore from San Diego northward 

to about 80 kilometers off Point Conception (Allan Handcock 

Foundation, 1965). Climatically this area, 32.5°N - 34.5°N, 

is considered to be 'Mediterranean'. Summers are character¬ 

istically warm and dry, while the winters are mild, short, 

and have only modest rainfall. The large scale wind pattern, 

which controls the climate, is driven primarily by the east 

Pacific high pressure area. This high pressure area is 
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centered between Hawaii and Alaska (Allan Handcock Founda¬ 

tion, 1965). Smaller scale climatic variations result from 

topography, coastline orientation, local pressure systems, 

and diurnal land-sea breezes (Allan Handcock Foundation, 

1965). 

Along the southern California coast, the tidal range 

can vary from less than 0.3 meters to more than 2 meters 

with a mean of approximately 1 meter (Allen Handcock Founda¬ 

tion, 1965; Emery 1960). The mixed tide, which is character¬ 

istic of the Pacific coast of the United States, has two low 

waters and two high waters of unequal height per day (Allan 

Handcock Foundation, 1965). 

The major oceanographic feature appearing at the surface 

off southern California is the California Current. The 

California Current flows in a southeasterly direction just 

seaward of the continental borderland and is driven by strong 

westerly winds (Allan Handcock Foundation, 1965; Casey, 1966). 

Over 600 kilometers wide, the California Current has a complex 

and variable shape which transports 10 million cubic 

meters of water per second (Emery, 1960). The water of the 

California Current is probably derived from a combination of 

the Kuroshio-Aleutian Surface Water and the North Tropical 

Surface Water (Casey, 1966). In the winter months, due to 

weaker westerly winds and a reduced California Current, the 

Davidson Current develops a greater surface component and 

flows northward along the coast (Casey, 1966). 
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As the California Current passes Point Conception, 

surface water from the northern borderland is entrained 

(Emery, 1960). This in turn causes subsurface water to rise 

and replace the deficit left by the removal of surface 

water. The upwelling water, centered near the Santa Rosa- 

Cortes Ridge (Figure 5), is cooler in temperature and en¬ 

riched in nutrients compared to the normal surface water 

(Allan Handcock Foundation, 1965). Nutrient enrichment 

in the photic zone creates high levels of primary produc¬ 

tivity (Emery, 1960). 

Adjacent to the California Current, and located over 

the borderland, a large cyclonic eddy is the dominant sur- 

ficial feature. The eddy has its axis above the Santa Rosa- 

Cortes Ridge and flows counterclockwise to the northwest as 

the southern California Countercurrent (Allan Handcock; Foun¬ 

dation, 1965). Some water on the eastern side of the eddy 

turns and flows southeastward along the coast (Allan Hand- 

cock Foundation 1965, Emery 1960). The circulation patterns 

at depth are similar but not as dynamic (Emery, 1960). 

Therefore, the basins are mainly filled with water from 

the south with the exception of a couple of basins which 

fill from the west or southwest (Figure 9). As deep water 

moves northward into the California borderland province, 

progressively shallower sills are encountered so that pro¬ 

gressively shallower levels of water fill the basins (Emery, 
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Figure 9. Diagram of the flow of bottom water into 
and between the basins of the California 
borderland. 

(Modified from: Emery, 1960) 
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1954; Kennett, 1982). The basins, below the sill depth, 

contain roughly 5% of the water over the borderland (Emery, 

1960). Water below the sill depth of a given basin is quite 

uniform, being essentially the same as the water outside the 

basin at sill depth (Emery, 1954, 1960). This is especially 

true of the temperature component (Figure 10). The range 

of salinity from basin to basin is only 34.25-34.58%* 

(Emery, 1960). As shown in Figure 11, the oxygen content 

of the water is highest, 5.5-6.0 ml/L, near the surface de¬ 

creasing to less than 0.5 ml/L between 500-600 meters, which 

is considered the oxygen minimum zone (Emery, 1954). Further 

down in the water column the oxygen content again increases 

to 2.0 ml/L at the 2000 meter level (Emery, 1954). The 

oxygen content, like temperature and salinity, of the water 

in the basins is similar to that of the water at sill level 

since the sill determines the water which fills the basin. 

Summarized below are the primary water masses encounter¬ 

ed over the southern California borderland (Casey, 1966; 

Emery, 1960). 

1. Surface water - a mixture of the Kuroshio-Aleutian 

Surface Water and the North Tropical 

Surface Water both coming from the 

northeast. 

a. Northern borderland - temperature ranges 

from spring values of 12.5°C to fall 
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Figure 10. Profile illustrating temperature in °C 
versus depth in meters from the southern 
California borderland region. Four 
individual curves arc shown: 

Open Sea - regular oceanic conditions 
off southern California 

S.B.B. - Santa Barbara Basin 

S.P.B. - San Pedro Basin 

S.C.B. - Santa Catalina Basin 

The short perpendicular lines at the ends 
of the basin curves indicate the sill depth 
on top and the basin floor on the bottom. 

(From: Rittenberg et al., 1955) 
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Figure 11. Profile illustrating the oxygen content 
in milliliters per liter versus depth in 
meters of the southern California border¬ 
land region. Four individual curves are 
shown : 

Open Sea - regular oceanic conditions 
off southern California 

S.B.B. - Santa Barbara Basin 

S.P.B. - San Pedro Basin 

S.C.B. - Santa Catalina Basin 

Arrows indicate sill depth. 

(Modified from: Emery, 1954 ) 
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values of 17.0°C. Salinity is slightly 

higher, 33.5%», oxygen slightly lower, 

and phosphate-phosphorous quite a bit 

higher than in the southern borderland 

surface water due to upwelling. 

b. Southern borderland - temperature ranges 

from spring values of 14.0°C to fall 

values of 19.5°C. Salinity is slightly 

lower, 33.4%», oxygen slightly higher, 

and phosphate-phosphorous quite a bit 

lower than in the northern borderland 

surface water. 

2. "Intermediate" Water - mainly North East Central Pacific 

Water and North Pacific Intermediate Water 

coming from the south between 200-1900 

meters. Temperature is uniform 8-9°C, 

year-round. This Intermediate water mixes 

with the Surface water between 200-500 

meters, with Intermediate water finally 

dominating below 500 meters. 



METHODS 

Sample Aquisition, Preparation, and Analysis 

Gulf of Mexico and Caribbean Sea 

A series of samples representing various water depths 

were selected from the box cores in cold storage at Rice 

University. These box cores had been collected from the 

Gulf of Mexico and Caribbean Sea, over a number of years, 

by Dr. Casey of the Rice Geology Department. Fifteen 

slabs were chosen and a small sample (less than 100 grams) 

was removed from the top one to two centimeters of each 

box core slab. These samples were then taken to the 

laboratory for processing. 

The processing procedure began by placing each sample 

in a 250 ml beaker with approximately 100 ml of deionized 

water. After mechanically disaggregating the sample by 

stirring, it was split wet into two equal portions using 

a modified Folsom plankton splitter. One half was bottled 

for archiving. The remaining half was split again, one 

portion to be utilized for gathering quantitative measure¬ 

ments, the other for micropaleontologic data. A diagrammatic 

sketch of the sample allocation is given in Figure 12. 

The aliquot of each sample designated for quantitative 

50 



Figure 12 Sample allocation diagram. 
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measurements was placed in a 50 ml graduated cylinder. These 

were left standing overnight so that all the particulate 

matter could settle out of the water column. The wet 

volume of the sediment sample was then read from the scale 

markings. The majority of the liquid portion was decanted 

and discarded. The wet sediment was then transferred to 

petri dishes to dry. Wet (damp) weight was determined on 

an analytical balance when the wet sample was saturated but 

contained no excess water. Later, after dry weights had 

also been measured, this aliquot of each sample was reserved 

in a plastic bottle in the event a backup micropaleontologic 

aliquot was needed. The quantitative measurements for those 

samples used in the final detailed analysis are given in 

Table 3. 

Aliquots for the micropaleontologic analysis were wash¬ 

ed over a 63y screen. The residue retained on the screen 

was then rinsed with deionized water into beakers. Once 

dry, the samples were split using a micro-sediment splitter, 

one aliquot to be used for foraminifera/radiolaria counts 

and one aliquot to be used to prepare radiolaria slides. 

The aliquot for foraminifera/radiolaria analysis from 

each sample was boiled in deionized water to which 30% 

hydrogen peroxide (H2O2) was added a few drops at a time. 

When most of the organic matter had been eliminated the 

sample was then wet sieved again on a 63u screen and the 
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Table 3. Data sheet for the Gulf of Mexico and Caribbean 
Sea sediment samples showing wet volume in milli¬ 
liters (ml), wet weight in grams (g), and dry 
weight in grams (g). 
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DATA SHEET 

GULF OF MEXICO AND CARIBBEAN SEA SAMPLES 

Sample Wet Volume Wet Weight Dry Weight 

75-G-l0-1 63.8 27.815 15.25 

EX-71 G 

73-A-6-39 47.3 23.105 9.58 

0-B-1 (Orca 
Basin) 

29.5 15.995 6.75 

75-A-6-B52 28.5 20.600 8.76 

75-G-l0-11 12.0 7.905 3.26 

75-G-10-8 10.5 8.095 4.05 
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residue dried. A representative portion of each sample 

was then examined on a two inch by three inch black, gridded, 

sorting tray. The.first three hundred specimens (foramini- 

fera and radiolaria combined) were tabulated to determine 

the relative abundances of one to the other (Table 4). 

Aliquots for the preparation of radiolaria slides were 

given the same initial processing as described above, except 

after being boiled in hydrogen peroxide and wet sieved, 

they were then placed back in a beaker of deionized water 

to be boiled again. To the boiling water a 30% solution of 

hydrochloric acid (HC1) was added a few drops at a time 

until the calcium carbonate constituent of the sample had 

been eliminated. The samples were then washed again on the 

63y screen and the residue retained. For those samples 

which appeared not as clean (of calcium carbonate or organic 

material) as thought when boiling, the entire procedure was 

repeated'. Once all the samples were clean, those with too 

many quartz grains for slide preparation were examined 

under a binocular, reflected light microscope for radiolaria. 

The other samples were decanted of most of their water and 

then added a few drops at a time onto a.warm slide. The 

slides can be kept warm by placing them on a hot plate set 

at approximately 150°C. The aperatural diameter of each 

dropping pipet was enlarged with a diamond tip pen. This 

ensured that no discrimination against the larger individuals 
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Table 4. Quantitative micropaleontologic data pertaining 
to the sediment samples from the Gulf of Mexico 
and Caribbean Sea. The foraminifera to radio- 
laria ratio is based’on a count of the first 
three hundred individuals (foraminifera and 
radiolaria combined) encountered in the examina¬ 
tion of a sample. The radiolarian number is the 
number of individual radiolaria per gram of 
sediment. 

♦Sample EX-71G was processed differently so 
this particular quantitative data is unavailable. 
However, from Pflum and Frerichs (1976) we know 
that the % radiolaria in the total foraminifera- 
radiolaria population is approximately 1.0%. 
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QUANTITATIVE MICROPALEONTOLOGIC DATA 

GULF OF MEXICO AND CARIBBEAN SEA SAMPLES 

Sample Foram./Rad♦ Rad. Number 

75-G-lO-l 297/3 818.62 

EX-71G* 

73-A-6-39 300/0 35.72 

O-B-l (Orca 
Basin) 

245/55 1858.66 

75-A-6-B52 299/1 342.46 

75-G-lO-ll 300/0 548.46 

75-G-l0-8 299/1 279.36 
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would occur. Once all the residue had been applied to 

the slides and a mounting medium (Permount) added, cover 

slips were affixed. After hardening, the slides were 

examined under a binocular, transmitted-1ight microscope. 

Preliminary counts were made on all samples. Samples which 

contained fewer than approximately 300 individuals were dis¬ 

carded because those with low radiolarian abundance probably 

did not represent the top 1-2 centimeters of a box core. 

Radiolarian abundance drops off dramatically below the top 

few centimeters. The number of radiolaria per gram of sedi¬ 

ment for each sample is given in Figure 13 and Table 4. Only 

for those samples with sufficient radiolarian abundance 

(greater than 300 individuals) were detailed counts made. The 

identifications were made using descriptions and photographs 

from Nigrini and Moore (1979). As this is the major, cur¬ 

rently accepted, reference manual on recent radiolaria, the 

data collected will be readily comparable to most other 

recently published data. For broken specimens, only those 

where more than half the individual remained, or a distinct 

central portion was visible, were counted. This avoided 

counting any one individual more than' once. The data counts 

are tabulated according to the outline, Table 5, of the cur¬ 

rent radiolarian classification (Tables 6, 7, and 8). 

Sample EX-71G, on loan from Exxon Production Research 

Company, was processed differently than the other samples to 
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Figure 13. The number of radiolaria per gram of 
surface sediment from the six sample 
locations in the Gulf of Mexico and 
Caribbean Sea. 
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GULF OF MEXICO AND CARIBBEAN SEA 

NUMBER OF R ADI OLAR I A / GRAM 
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Table 5. Outline of the current radiolarian 
classification. 

(From: Kling, 1978) 



63 

BASIC RADIOLARIAN CLASSIFICATION 

Phylum PROTOZOA 

Class ACTINOPODA Calkins 

Subclass RADIOLARIA Muller 

Superorder TRIPYLEA Hertwig 

Superorder POLYCYSTINA Ehrenberg, emend. Riedel 

Order SPUMELLARIA Ehrenberg 

Family ENTACTINIIDAE Riedel 
Family OROSPHAERIDAE Haeckel 
Family COLLOSPHAERIDAE Muller 
Family ACTINOMMIDAE Haeckel, emend. Riedel 
Family PHACODISCIDAE Haeckel 
Family COCCODISCIDAE Haeckel 
Family SPONGODISCIDAE Haeckel, emend. Riedel 
Family HAGIASTRIDAE Pessagno 
Family PSEUDOAULOPHACIDAE Riedel, emend. 

Pessagno 
Family PYLONIIDAE Haeckel 
Family THOLONIIDAE Haeckel 
Family LITHELIIDAE Haeckel 

Order NASSELLARIA Ehrenberg 

Family PLAGONIIDAE Haeckel, emend. Riedel 
Family ACANTHODESMIIDAE Haeckel 
Family THEOPERIDAE Haeckel, emend. Riedel 
Family CARPOCANIIDAE Haeckel, emend. Riedel 
Family PTEROCORYTHIDAE Haeckel, emend. Riedel 
Family AMPHIPYNDACIDAE Riedel 
Family ARTOSTROBIIDAE Riedel 
Family CANNOBOTRYIDAE Haeckel, emend. Riedel 
Family ROTAFORMIDAE Pessagno 

Radiolaria incertae sedis 

Family ALBAILLELLIDAE Deflandre 
Family PALAEOCENIDIIDAE Riedel 
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Table 6. The relative numerical abundances of radio- 
laria in the sediment samples from the Gulf 
of Mexico and Caribbean Sea. The numbers 
given represent the actual number of individ¬ 
ual radiolaria counted in a sample population 
of three hundred specimens (closer to 200 
specimens for the 920 n depth sample). 
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RELATIVE NUMERICAL ABUNDANCES 

GULF OF MEXICO AND CARIBBEAN SEA 

Taxonomic unit . Depth (m) 
194 646 920 1800 2979 4358 4517 

Spumel1arians 

OROSPHAERIDAE 

Orosphaerid pieces 

COLLOSPHAERIDAE 

Col 1osphaera 
tuberosa 

Otosphaera 
auriculata 

Polysplenia spp. 

Siphonosphaera 
polysiphonia 

Collosphaerids - 
Uni dent. 

ACTINOMIDAE 

Stylosphaerids 

Axoprunum 
stauraxonium 

Stylatractus spp. 

Stylosphaerids - 
Uni dent. 

Cubosphaerids 

Hexacontium 
enthacanthum 

1 7 

3 

1 

8 11 

8 

42 10 26 32 68 
2 3 111 

2 1 

11 38 

17 

1 1 5 

1 5 4 14 

3 1 
2 2 1? 4 

♦ 1 1 5 2 



Taxonomie unit 

66 

Depth (m) 
194 646 920 1800 2979 4358 4517 

Hexacontiurn 
1aevigatum 

Astrosphaerids 

Actinomma 
arcadophorum 

Actinomma 
1eptodermum 

Actinomma medianum 

Astrosphaerids - 
Uni dent. 

2 8 12 

1? 1 

14 2 1 

1 

14 5 4 21 

Actinomids - Unident. 9 10 12 13 

Cenodiscids 

Cenosphaera 1 3 
coronata 

Cenosphaera spp. 4 114 5 

Artiscins 

Ommatartus 
tetrathalamus 9 15 

1 

3 

1 2 2 

17 13 5 

2 

17 5 15 

21 22 28 

PHACODISCIDAE 

He!iodiscus 3 
asteriscus 

SPONGODISC I DAE 

Amphirhopalurn 
ypsi1 on 

Dictyocoryne 
truncatum 

Pictyocoryne 
profunda 

1 

13 119 

2 2 

1 3 24 32 24 

1 



Taxonomie unit 

67 

Depth (m) • 
194 646 920 1800 2979 4358 4517 

Dictyocoryne spp. 14 20 1 5 14 27 15 

Euchitonia spp. 12 6 1 2 9 13 6 

Porodiscus/ 
Stylodictya spp. 

27 22 5 19 3*4 32 17 

Spongaster tétras 
irregularis 

1 2 1 

Spongaster tétras 
tétras 

1 9 3 2 

Spongaster tétras 
spp. 

1 4 2 3 

Spongocore puella 

Spongopyle osculosa 

1 

4 

Spongotrochus 
glacial is 

1 

Spongotrochus? 
venustum 

1 

Spongodiscids - 30 17 6 48 36 35 26 
Uni dent. 

LITHELIIDAE 

Larcospyra 
quadrangula 

Lithelius minor 2 

Pylospira octopyle 

Lithelids - Unident. 2 

2 

3 1 

2 1 

5 5 1 

PYLONIIDAE 

Octopyle 
stenozona 

Tetrapyle 
octacantha 

Tetrapyle sp. 

55 10 27 39 45 32 

1? 1? 1? 

THOLONIIDAE 



Taxonomie unit 

68 

Depth (m) 
194 646 920 1800 2979 4358 4517 

Tholonids 

Nassellaria 

PLAGONIIDAE 

Lophophaenins 

Sethoperins 

Sethophormins 

ACANTHODESMIIDAE 

2 1 2 2? 2 

1? 

1 2 3 

1? 2 

Ceratospyris 
borealis 

Giraffospyris 
angulata 

Liriospyris 
reticulata 

Lophospyris 
pentagona 

Phormospyris 
stabi1is 

Acanthodesmins 
Uni dent. 

1? 

22 1 8 7 11 9 8 

2 1 6 1 2 

1 2 

1 

1 3 1 

THEOPERIDAE 

Eucyrtidins 

Eucyrtidium spp. 5 

Lithopera bacca 

Pterocaniurn 9 
praetextum 

Pterocanium spp. 

Dictyophimus sp. 

4 3 

7 

5 112 

1 1 

Eucyrtidins 
Uni dent. 

2 



Taxonomie unit 

69 

Depth (m) 
194 646 920 1800 2979 4358 4517 

CARPOCANIIDAE 
Carpocaniids 

PTEROCORYTHIDAE 

Anthocyrtidium 
ophirense 

Anthocyrtidium 1 
zanguebaricum 

Lamprocyclas 2 
maritalis 

Lamprocyclas 
nigriniae 

Pterocorys 1 
hertwigii 

Pterocorys 21 
zancleus 

Pterocorids - 10 
Uni dent. 

ARTOSTROBIIDAE 

Botryostrobus 
auritus/ 
australis 

Artostrobiids - 
Uni dent. 

CANNOBOTRYIDAE 

Botryocyrtis 
scutum 

TOTAL COUNT 300 

SPONGE SPICULES + 

PHAEODARIA SPINES + 

1 

1 

35 19 8 2 1 2 

2 

1 

2 1 

2 14 12 13 13 

2 

1 

1 

301 198 300 300 302 300 

+ + + + + + 

+ 
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Table 7. A summary of the relative numerical abundances 
of radiolaria in the sediment samples from the 
Gulf of Mexico and Caribbean Sea. The numbers 
given for each family represent the actual 
number of individual radiolaria counted in a 
sample population of approximately three 
hundred specimens. 
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SUMMARY OF RELATIVE NUMERICAL ABUNDANCES 

GULF OF MEXICO AND CARIBBEAN SEA 

Taxonomic unit Depth (m) 

Family groups 194 646 920 1800 2979 4358 451 

OROSPHAERIDAE 1 - 7 - - - - 

COLLOSPHAERIDAE 16 11 44 19 27 33 70 

ACTINOMIDAE 43 41 94 72 71 47 69 

PHACODISCIDAE - 3 - - - - - 

SPONGODISCIDAE 99 194 14 100 121 146 92 

LITHELIIDAE 4 - - 9 9 - 2 

PYLONIIDAE 57 13 7 29 41 47 32 

THOLONIIDAE 2 1 2 2 2 - - 

PLAGONIIDAE 1 - - 1 - 2 6 

ACANTHODESMIIDAE 28 2 8 18 12 9 11 

THEOPERIDAE 14 - 1 19 1 4 3 

CARPOCANIIDAE - - - 1 - - - 

PTEROCORYTHIDAE 35 36 21 27 15 14 15 

ARTOSTROBIIDAE - - - 2 1 - - 

CANNOBOTRYIDAE - - - 1 - - - 

TOTAL COUNT 300 301 198 300 300 302 300 



Summary percentages of the relative numerical 
abundances of radiolaria in the sediment sam¬ 
ples from the Gulf of Mexico and Caribbean 
Sea. 

Table 8. 



73 

SUMMARY PERCENTAGES OF RELATIVE NUMERICAL ABUNDANCES 

GULF OF MEXICO AND CARIBBEAN SEA 

Taxonomic unit 

Family groups 

Depth 

194 

(m) 

646 920 1800 2979 4358 4517 

OROSPHAERIDAE 0.33 0.00 3.54 0.00 0.00 0.00 0.00 

COLLOSPHAERIDAE 5.33 3.65 22.22 6.33 9.00 10.93 23.33 

ACTINOMIDAE 14.33 13.62 47.47 24.00 23.67 15.56 23.00 

PHACODISC I DAE 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

SPONGODISCIDAE 33.00 64.45 7.07 33.33 40.33 48.34 30.67 

LITHELIIDAE 1 .33 0.00 p.pO 3.00 3.00 0.00 0.67 

PYLONIIDAE 19.00 4.32 3.54 9.67 13.67 15.56 10.67 

THOLONIIDAE 0.67 0.33 1 .01 0.67 0.67 0.00 0.00 

PLAGONIIDAE 0.33 0.00 0.00 0.33 0.00 0.66 2.00 

ACANTHODESMIIDAE 9.33 0.66 4.04 6.00 4.00 2.98 3.67 

THEOPERIDAE 4.67 0.00 0.51 6.33 0.33 1.32 1.00 

CARPOCANIIDAE 0.00 0.00 0.00 0.33 0.00 0.00 0.00 

PTEROCORYTHIDAE 11.67 11.96 10.61 9.00 5.00 4.64 5.00 

ARTOSTROBIIDAE 0.00 0.00 0.00 0.67 0.33 0.00 0.00 

CANNOBOTRYIDAE 0.00 0.00 0.00 0.33 0.00 0.00 0.00 

TOTAL PERCENTAGE 100.00 100.00 100.00 100.00 100.00 100.00 100.00 



74 

Table 9. The relative numerical abundances of radio- 
laria in the sediment samples from the 
southern California borderland. The numbers 
given represent the actual number of individual 
radiolaria counted in a sample population of 
approximately three hundred individuals. 
Sample population at the 806 meter station is 
closer to two hundred specimens - see last page 
of table for total counts. 
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RELATIVE NUMERICAL ABUNDANCES 

SOUTHERN CALIFORNIA BORDERLAND 

Taxonomic unit Depth (m) 192 520 806 1074 1188 

Spumel1arians 

OROSPHAERIDAE 

Orosphaerid pieces 

COLLOSPHAERIDAE 

Polysplenia spp. 

Siphonosphaera 
polysiphonia 

ACTINOMIDAE 

Stylosphaerids 
Axoprunum 

stauraxonium 

Stylatractus spp. 

Stylosphaerids - Unident. 

Cubosphaerids 

Cubosphaerids - Unident. 

Astrosphaerids 

Actinomma sp. 

ÎPrunopyle antarctica 

Astrosphaerids - Unident. 

Cenodiscids 

Anomolacantha dentata 

Cenosphaera spp. 

Actinomids - Unident. 

Artiscins 
Ommatartus tetrathalamus 

6 3 

1 1 4 6 

1 1 

2 

16 

19 

2 

3 
1 
2 

12 15 8 

4 

21 6 14 11 
1? 

11 

1 

18 8 7 7 31 

20 12 3 9 9 

4 5 3 
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Taxonomie unit Depth (m) 192 520 806 1074 1188 

SPONGODISCIDAE 

Pictyocoryne spp. 4 2 
Porodiscus/Stylodictya spp. 23 15 

Spongaster tétras 
irregularis 

Spongocore puella 1 2 
Spongoplegma sp. 1 

Spongopyle osculosa 2 
Spongotrochus glacialis 1 1 

Spongodiscids - Unident. 91 111 

6 4 6 

8 . 13 21 
1 

1 3 

1 2 
2 1 1 

62 121 84 

LITHELIIDAE 

Lithelius minor 
Larcospyra quadrangula 

Lithelids - Unident. 

2 

2 

4 11 

1 2 
1 

PYLONIIDAE 
Octopyle stenozona 

Tetrapyle octacantha 

TH0L0NIIDAE 

Tholoniids 

1 1 
1 5 3 13 3 28 

1 1 2 

Nassellaria 

PLAGONIIDAE 

Lophophaenins 
Sethophormins 

ACANTHODESMIIDAE 

Ceratospyris sp. 
Phormospyris sp. 
Acanthodesmins - Unident. 

30 5 1 
2? 2? 1 1 

2 

2 

3 1 
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Taxonomie unit Depth (m) 192 520 806 1074 1188 

IHEOPERIDAE 
Eucyrtidins 

Pictyophimus spp. 3 5 

Eucyrtidiurn spp. 3 11 

Larcopyle sp. 

Pterocanium praetextum 
eculpum 

Pterocanium spp. 1 4 

PIectopyrami ns 

Cornutella profunda 2 

Peripyramis circumtexta 2 

CARPOCANIÎDAE 

Carpocaniids 2 

PTEROCORYTHIDAE 

Anthocyrtidiurn 
zanguebaricum 1 

Artophormis sp. 2 

Lamprocyrtis maritalis 4 

Lamprocyrtis neoheteroporus 

Lamprocyrtis nigriniae 8 1 

Pterocorys zancleus 4 6 

Theocalyptra sp. 3 

Theocorythiurn trachelium 1 

Pterocorids - Unident. 9 

ARTOSTROBIIDAE 

Botryostrobus spp. 
thin test 9 

thick test 20 21 

4 

3 

3 

1 

5 

4 

2 

5 

6 

6 

3 

10 

4 3 

1 

1 

10 3 

1 

2 3 

5 4 

1 

1 

11 8 

10 25 

5 10 

8 5 

34 15 
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Taxonomie unit Depth (m) 192 520 806 1074 

CANNOBOTRYIDAE 

Botryocyrtis sc 

TOTAL COUNT 

SPONGE SPICULES 

PHAEODARIA SPINES 

um 

301 

+ 

1 

300 215 300 

+ + + 

1188 

'302 

+ 
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Table 10. A summary of the relative numerical abundances 
of radiolaria in the sediment samples from the 
southern California borderland. The numbers 
given for each family represent the actual 
number of individual radiolaria counted in a 
sample population of approximately three 
hundred specimens (approximately two hundred 
specimens at the 806 meter station). 
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SUMMARY OF RELATIVE NUMERICAL ABUNDANCES 

SOUTHERN CALIFORNIA BORDERLAND 

Taxonomic unit Depth (m) 192 520 806 1074 1188 

TOTAL OROSPHAERIDAE - - 6 - 3 

TOTAL COLLOSPHAERIDAE 1 1 2 5 6 

TOTAL- ACTINOMIDAE no 44 44 41 69 

TOTAL SPONGODISCIDAE 120 134 80 144 113 

TOTAL LITHELIIDAE 7 5 7 6 13 

TOTAL PYLONIIDAE 15 4 14 3 28 

TOTAL THOLONIIDAE 1 - 1 2 - 

TOTAL PLAGONIIDAE - 32 7 2 1 

TOTAL ACANTHODESMIIDAE 2 4 2 5 1 

TOTAL THEOPERIDAE 9 22 16 18 10 

TOTAL CARPOCANIIDAE - 2 4 5 4 

TOTAL PTEROCORYTHIDAE 17 22 19 27 34 

TOTAL ARTOSTROBIIDAE 20 30 13 42 20 

TOTAL CANNOBOTRYIDAE - 1 - - - 

TOTAL COUNT 302 301 215 300 302 



81 

Table 11. Summary percentages of the relative numerical 
abundances of radiolaria in the sediment sam¬ 
ples from the southern California borderland. 



82 

SUMMARY PERCENTAGES OF RELATIVE NUMERICAL ABUNDANCES 

SOUTHERN CALIFORNIA BORDERLAND 

Taxonomic unit Depth (m) 192 520 806 1074 1188 

TOTAL OROSPHAERIIDAE 0.00 0.00 2.79 0.00 0.99 

TOTAL COLLOSPHAERIDAE 0.33 0.33 0.93 1.67 1.99 

TOTAL ACTINOMIDAE 36.42 14.62 20.47 13.67 22.85 

TOTAL SPONGODISCIDAE 39.74 44.52 37.21 48.00 37.42 

TOTAL LITHELIIDAE 2.32 1 .66 3.26 2.00 4.30 

TOTAL PYLONIIDAE 4.97 1.33 6.51 1.00 9.27 

TOTAL THOLONIIDAE 0.33 0.00 0.47 0.67 0.00 

TOTAL PLAGONIIDAE 0.00 10.63 3.26 0.67 0.33 

TOTAL ACANTHODESMIIDAE 0.66 1.33 0.93 1.67 0.33 

TOTAL THEOPERIDAE 2.99 7.31 7.44 6.00 3.31 

TOTAL CARPOCANIIDAE 0.00 0.66 1.86 1.67 1.32 

TOTAL PTEROCORYTHIDAE 5.63 7.31 8.84 9.00 11.26 

TOTAL ARTOSTROBIIDAE 6.62 9.97 6.05 14.00 6.62 

TOTAL CANNOBOTRYIDAE 0.00 0.33 0.00 0.00 0.00 

TOTAL PERCENTAGE 100.0 100.0 100.0 100.0 100.0 
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avoid destroying the foraminifera component. This must be 

kept in mind when evaluating the data. Valuable radiolarian 

data, however, was obtained. For this sample, processing 

began with seiving on a I8O4 screen. Splits were taken from 

the material that passed through the screen until a conven¬ 

ient working size sample was obtained. This material was 

sprinkled into a gridded, black sorting box and all radio- 

laria were hand picked with a fine tip paint brush and placed 

in water. Radiolarian slides and the subsequent counts were 

made as described above. 

Southern California Borderland 

Samples representing recent sediment deposits beneath 

differing water depths off southern California were ob¬ 

tained from Dr. Casey. These samples were already in the 

form of prepared radiolarian slides. Identifications and 

counts used in the data aquisition were performed as des¬ 

cribed above (Tables 9, 10, and 11). 



RESULTS 

A number of interesting changes occur in the various 

assemblages from both the Gulf of Mexico and the southern 

California borderland samples. In this section, a brief 

description of the results, to accompany the statistics 

(Tables 12 and 13), will be given. The Gulf of Mexico 

data preceed the California borderland data and in both 

cases the material is examined in the order of shallower to 

deeper overlying water depths. Tables 14, 15, 16, 17 and 

Plate 1 elaborate on some of the statistics presented in 

Tables 12 and 13. 

Under 194 meters of water, the shallowest assemblage 

sample examined contained 11 radiolarian families, 8 of 

which had greater than 1.0% relative abundance. As can be 

seen in Table 12, the number of family groups at the various 

depths was quite variable, ranging from 8 to 13. The number 

of family groups with greater than 1.0% relative abundance, 

however, was much more consistent being either 7 or 8, with 

a 6 as the single exception. Both this sample, at 194 

meters, and the 1800 meter sample were comprised of the 

greatest number of family groups. These samples represent 

the two best preserved sites in terms of the radiolarian 

assemblages as noted by the presence of the fragile and 

84 
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Table 12. A compilation of the radiolarian assemblage 
statistics for the Gulf of Mexico and 
Caribbean Sea samples. 

* - O.T.U.'s refer to operational taxonomic 
units. These are the lowest divisions to 
which identification could be made. 
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COMPILATION OF RADIOLARIAN ASSEMBLAGE STATISTICS 

GULF OF MEXICO AND CARIBBEAN SEA 

Depth (») 
194 646 920 1800 2979 4358 4517 

No. of individuals 
identified 300 301 198 300 300 302 300 

No. of O.T.U. 's* 41 25 23 53 31 27 29 

No. of family 
groups 11 8 9 13 10 8 9 

No. of families 
with > 1% 
relative 
abundance 8 6 8 8 7 7 7 

% Spumel1arians 74.0 87.4 84.9 77.0 90.3 90.4 88.3 

% Nassellarians 26.0 12.6 15.1 23.0 9.7 9.6 11.7 

Nass./spurn. 0.35 0.14 0.18 0.30. 0.11 0.11 0.13 

% Symbiotic 
taxon 59.7 67.4 33.8 43.0 61.3 74.5 68.0 

% Deep-living 
taxon 2.3 5.6 36.4 5.7 4.7 1.7 6.3 

Sponge spicules 
present Yes Yes Yes Yes Yes Yes Yes 

Phaeodaria spines 
present Yes No No Yes No No No 
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Table 13. A compilation of the radiolarian assemblage 
statistics for the southern California 
borderland samples. 

*- O.T.U.'s refer to operational taxonomic 
units. These are the lowest divisions to 
which identification could be made. 
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COMPILATION OF RADIOLARIAN ASSEMBLAGE STATISTICS 

SOUTHERN CALIFORNIA BORDERLAND 

Depth (m) 
192 520 806 1074 1188 

No. of individuals 
identified 301 300 215 300 302 

No. of O.T.U.'s* 29 35 36 35 32 

No. of family 
groups 10 12 13 12 12 

No. of families 
with > 1% 
relative 
abundance 7 9 10 10 9 

% Spumel1arians 84.1 62.5 71 .6 67.0 76.8 

% Nassel1arians 15.9 37.5 28.4 33.0 23.2 

Nass./spurn. 0.19 0.60 0.40 0.49 0.30 

% Symbiotic taxon 16.3 10.3 14.9 10.3 21.9 

% Deep-living 
taxon 23.6 15.3 19.1 20.0 14.9 

Sponge spicules 
present Yes Yes Yes Yes Yes 

Phaeodaria spines 
present No No No No No 
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Table 14. List of the symbiotic radiolarian taxa 
encountered in the Gulf of Mexico and 
Caribbean Sea samples of this study. 
The symbiotical relationship is with 
zooxanthellae contained within the 
protoplasm. 

(Casey, 1982 - Personal communication) 

* - Indicates those species of probable 
symbiotic affinities. 



SYMBIOTIC RADIOLARIAN TAXA 

GULF OF MEXICO AND CARIBBEAN SEA 

COLLOSPHAERIDAE 

Collosphaera tuberosa 
Otosphaera auriculata 
Polysplenia spp. 
Siphonosphaera polysiphonia 
Col 1osphaerids - Unident. 

ACTINOMIDAE 

Ommatartus tetrathalamus 

SPONGODISCIDAE 

Amphiropalurn ypsilon* 
UTctyocoryne truncatum 
Dictyocoryne profunda* 
Dictyocoryne spp.* 
Euchitonia spp.* 
Porodiscus/Stylodictya spp.* 
Sponqaster tétras irregularis 
Spongaster tétras tétras 
Spongaster tétras sp. 

PYLONIIDAE 

Octopyle stenozona* 
Tetrapyle octacantha 
Tetrapyle sp. 

ACANTHODESMIIDAE 

Ceratospyris borealis* 
Giraffospyris angulata* 
Liriospyris reticulata* 
Lophospyris pentagona* 
Phormospyris stablis* 
Acanthodesmins - Unident.* 
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Table 15. List of the symbiotic radiolarian taxa 
encountered in the southern California 
borderland samples of this study. The 
symbiotical relationship is with zoo- 
xanthellae contained within the proto- 
pi asm. 

(Casey, 1982 - Personal communication) 

* - Indicates those species of probable 
symbiotic affinities. 



SYMBIOTIC RADIOLARIAN TAXA 

SOUTHERN CALIFORNIA BORDERLAND 

COLLOSPHAERIDAE 

Polysplenia spp. 
Siphonosphaera polysiphonia 

ACTINOMIDAE 

Ommatartus tetrathalanius 

SPONGODISCIDAE 

Dictyocoryne spp.* 
Porodiscus/Stylodistya spp.* 
Spongaster tétras irregularis 

PYLONIIDAE 

Octopyle stenozona* 
Tetrapyle octacantha 

ACANTHODESMIIDAE 

Ceratospyris sp.* 
Phormospyris sp.* 
Acanthodesmins - Unident.* 



93 

Table 16. List of the deep-living (below 200 meters) 
radiolarian taxa encountered in the Gulf' 
of Mexico and Caribbean Sea samples of this 
study. 

(Casey, 1982 - Personal communication) 

k - Indicates those species of a probable 
deep water habitat. 



DEEP-LIVING RADIOLARIAN TAXA 

GULF OF MEXICO AND CARIBBEAN SEA 

OROSPHAERIDAE 

Orosphaerid pieces 

ACTINOMIDAE 

Axoprunum stauraxoniurn 
Stylatractus spp. 
Stylosphaerids - Unident. 
Actinomma leptodermum* 

SPONGODISCIDAE 

Spongopyle osculosa 
Spongotrochus qlacialis 
Spongotrochus? venustum 

LITHELII DAE 

Lithelius minor 

THOLONIIDAE 

Tholonids 

THEOPERIDAE 

Dictyophimus sp. 

ARTOSTROBIIDAE 

Botryostrobus auritus/austral is 
Artostrobiids 



95 

Table 17. List of the deep-living (below 200 meters) 
radiolarian t^xa encountered in the 
southern California borderland samples 
of this study. 

(Casey, 1982 - Personal communication) 



DEEP-LIVING RADIOLARIAN TAXA 

SOUTHERN CALIFORNIA BORDERLAND 

OROSPHAERIDAE 

Orosphaerid pieces 

ACTINOMIDAE 

Axoprunum stauraxonium 
Stylatractus spp. 
Stylosphaerids - Unident. 
ÎPrunopyle antarctica 

SPONGODISCIDAE 

Spongopyle osculosa 
Spongotrochus glacialis 

LITHELIIDAE 

Lithelius minor 

THOLONIIDAE 

Tholonids 

THEOPERIDAE 

Pictyophimus sp. 
Cornutella profunda 
Peripyramis circumtexta 

ARTOSTROBIIDAE 

Botryostrobus sp. 
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Plate 1. Some typical symbiotic and deep-living taxa 
from both the Gulf and California study 
areas. 1) Tetraplyle octacantha 2) Spongaster 
tétras tetris' 3) Polysplenia spp. 4) Ommatartus 
tetrathalamus 5) Axoprunum stauraxonium 
6) Spongotrochus glacialis 1) Peripyramis 
circumtexta 8) Cornutella profunda 9) Sp^ongo- 
pyle osculosa. 



PLATE 1 

DEEP-LIVING TAXA 

20 0 M 
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easily dissolved Phaeodaria spines, and by higher O.T.U. 

(Operational Taxonomic Unit) counts. O.T.U.'s are the lowest 

divisions to which identification could be made. Spumel- 

larians constitute roughly 3/4 of the entire radiolarian 

assemblage at this depth, and the family with by far the 

greatest dominance in terms of relative abundance was the 

Spongodiscidae. This family, at 33% of the total assemblage, 

was composed primarily of individuals from the Pictyocoryne, 

Euchitonia, and Porodiscus/Stylodictya genera. The Pyloniidae 

family comprised 19% of the assemblage population and was 

96% the single species Tetrapyle octacantha. The third 

major spumellarian family was the Actinomidae, which at 

14.33%, was a fairly diverse mixture of stylosphaerids, 

cubosphaerids, astrosphaerids, cenodiscids and artiscins. 

The dominant nassellarian family was the Pterocorythidae, 

at 11.67% of the total population, with Pterocorvs 

zancleus being the major identifiable species. 

The next sample, below 646 meters of water, contained 

8 radiolarian families, 6 of which constitute greater than 

1.0% each of the relative abundance. At 87.4%, there was 

more than a 13% increase in the percentage of spume!1arians. 

As in the previous sample examined, the three dominant 

spumellarian families were the Spongodiscidae, Actinomidae, 

and the Pylonidae. However, at this location the relative 

percentages of the Spongodiscidae and the Pylonidae had 
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changed drastically, the former now having almost doubled, 

up to 64.45%, and the latter down, by more than a factor of 

4, to 4.32%. The dramaticincrease in the Spongodiscidae 

was due to the enormous increase in Dictyocorvne truncatum 

(Table 6). The Actinomidae has a relative percentage and 

diversity similar to the previous sample with the excep¬ 

tion that here there is an absence of artiscins. The domin¬ 

ant nassel1arian, at 11.96%, was again Pterocorythidae. 

However, unlike the 194 meter station where Pterocorys 

zancleus was the major component of this family, it was 

almost entirely Lamprocyclas mari tail's at this station. In 

fact, Lamprocyclas maritalis had increased from 0.67% of 

the assemblage population to 11.67%. Some of the anomalies 

found at this depth might be attributed to the fact that 

this sample underwent a different preparation and this could 

have biased the results to some degree. 

The sample below 920 meters of water was comprised of 9 

radiolarian families with all but one having more than 1.0% 

of the relative assemblage population. The percentage of 

spumel1arians and nassellarians, 84.9% and 15.1% respec¬ 

tively, was similar to the previous station. The major 

feature here was that, unlike the two preceeding sample 

sites, the Spongodiscidae are now no longer the dominant 

family group. At this site there was a dramatic increase 

in the Actinomidae. With 47.47% of the total 
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assemblage population, the Actinomidae were more than twice 

as prevalent as the Collosphaeridae which was the next most 

abundant family. The Collosphaeridae, although still mainly 

Polysolenia sp. , were 5 times more abundant here than they 

were at 646 meters. Also unusual at this station was the 

presence (3.54%) of orosphaerid pieces. With the exception 

of the assemblage at 194 meters this was the only other site 

where they were encountered at all. As before, however, 

the dominant nassellarian family was the Pterocorythidae 

and, like the previous sample, was almost entirely 

Lamprocyclas maritalis. 

The next sample, taken from below 1800 meters of water, 

had a radiolarian assemblage representing 13 family groups, 

with 8 of these families over 1.0% in relative abundance. 

The noticeable increase in the family numbers can probably 

be directly attributed to the physical and chemical condi¬ 

tions of the deposition site. This station was located in 

Orca Basin, which was described earlier as an anoxic, 

hypersaline basin. These conditions greatly enhance preser¬ 

vation for a number of reasons which will be discussed in 

the following section. Good preservation, like the sample 

from below 194 meters, was also indicated by the presence 

of phaeodarian spines. Spumellarian and nassellarian per¬ 

centages, 77.0% and 23.0% respectively, were also more 

similar to 194 meters than the other depths. Four out of 
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five family groups with less than 1% relative abundance at 

this site were nassellarians, and these and the other 

nassel1arians are more abundant than at other depths and 

preservational conditions. Like the assemblages at 194 

and 646 meters, the dominant spumel1arians were the 

Spongodiscidae, Actinomidae, and Pyloniidae. The 

Spongodiscidae and Actinomidae had a fairly diverse species 

composition, but the Pyloniidae as before were essentially 

monospecific (Tetrapyle octacantha). The Pterocorythidae 

were still the major nassellarian family but had decreased 

slightly in percentage from the previous assemblages and, 

unlike the others, was composed of a rather diverse selec¬ 

tion of individual species. 

Being represented by 10 families, 7 of which had 

greater than 1.0% relative abundance, the assemblage below 

2979 meters had 90.3% spumel1arians, more than any of the 

previous assemblages. Similar to the 1800 meter assemblage, 

the dominant family groups were again the Spongodiscidae, 

Actinomidae, and Pyloniidae. As seen in Table 6, the 

Spongodiscidae were not as diverse as the 1800 meter assem¬ 

blage with the species here being mostly concentrated in 

the Pictyocoryne spp., Euchitorn’a spp., and Porodiscus/ 

Stylodictya spp. Also, at this site there was an increase 

in the number of Polysplenia spp. of the collosphaerid 

family compared to the previous assemblage. In the 
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nassellarians, there was a large decrease in the percentage 

of Pterocorythidae. From a fairly steady value of approxi¬ 

mately 10% in all the previous samples it dropped to 5% in 

this sample. 

The assemblage below 4358 meters of water had essen¬ 

tially the same spumel1arian and nassellarian percentages as 

the 2979 meter sample. At this location, however, there 

was a drop to only 8 family groups. Like the preceeding 

sample, the major spumellarian families were the 

Spongodiscidae, Actinomidae, Pyloniidae, and Col 1osphaeridae. 

Again, Tetrapyle octacantha was the primary constituent of 

the pyloniids and Polysolenia spp. the dominant constituent 

of the collosphaerids. The Spongodiscidae were slightly 

more diverse and the Actinomidae slightly less diverse than 

the preceeding assemblage. None of the nassellarian families 

were very abundant. The Artostrobiidae and Tholoniidae were 

now absent all together, and remain so to 4517 meters, the 

deepest site. 

The deepest sample site, below 4517 meters of water, 

for the Gulf of Mexico and Caribbean Sea, contained an assem¬ 

blage of 9 radiolarian families. Seven of these families 

had greater than 1.0% relative abundance. The spumel1arians 

and nassellarian percentages were again similar to both of 

the two immediately preceeding samples. Both the 

collosphaerids and actinomids showed noticeable increases. 
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Increases in Axoprunum stauraxonium and Cenosphaera spp. 

were the principal cause of the greater relative abundance 

of the Actinomidae. The colloaphaerids were still com¬ 

prised almost entirely of Pol.ysolenia spp. The 

Spongodiscidae and Pyloniidae abundances had fallen off 

from the 4358 meter sample, whereas the nassel1arians 

appear to be basically the same. As would be expected this 

assemblage contained more deep-living radiolaria, with the 

exception of the 920 meter sample, than the others. 

From the southern California borderland, the shallow¬ 

est sample was taken under 192 meters of water. This was 

approximately the same depth as the first Gulf of Mexico 

station. Here at 192 meters the radiolarian assemblage 

contained 10 family groups, 7 of which had a relative 

abundance greater than 1.0%. All the other assemblages 

from the California borderland presented here had 12 or 13 

families with 9 or 10 having a relative abundance greater 

than 1.0%. At this location the spumellarians, with 84.1% 

of the total radiolarian population, were clearly dominated 

by the Spongodiscidae and the Actinomidae: the former hav¬ 

ing 36.42% and the latter having 39.74% of the assemblage 

composition. According to the data presented in Table 6, 

the Spongodiscidae were comprised mainly of Porodiscus/ 

Stylodictya spp. and many unidentified spongodiscids. The 

Actinomidae contained a diverse set of stylosphaerids, 
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cubosphaerids, astrosphaerids, cenodiscids and artiscins. 

The nassellarian component of the assemblage was represent¬ 

ed in greatest numbers by the Artostrobiidae (6.62%) and 

the Pterocorythidae (5.63%). The Artostrobiidae consisted 

entirely of thick test Botryostrobus spp. individuals, where 

as the Pterocorythidae contained a more diverse selection of 

species. Of all the California assemblage samples examined 

in this project the assemblage at 192 meters had the great¬ 

est percentage of deep-living taxa and the second highest 

percentage of symbiotic taxa. Perhaps the increase in deep¬ 

living taxa at this level is indicative of greater mortality 

of those expatriated species at the shelf break. Lists of 

those species considered to be deep-living or symbiotic are 

given in Tables 15 and 17. 

Below 520 meters of water the percentage of spumellar- 

ians had dropped to 62.5% but the dominant families, as in 

the previous assemblage, were still the Spongodiscidae 

(44.52%) and the Actinomidae (14.62%). Also, although the 

diversity had increased here for the Spongodiscidae and 

decreased for the Actinomidae, the same subfamilies still 

predominate the assemblage. The increase in nassellarians 

at this depth coincided with the introduction of three 

families not present in the previous assemblage: the 

Plagoniidae, the Carpocaniidae, and the Cannobotryidae. In 

fact, the Plagoniidae was now the most abundant nassellarian 
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family. The Artostrobiidae and Pterocorythidae were still 

abundant, with the Pterocorythidae having diversified to a 

greater extent and the Artostrobiidae consisting of both 

thin and thick test Botryostrobus spp. At this depth there 

was also a greater than two fold increase in the percentage 

of Theoperidae; up to 7.31% from 2.99%. 

The next assemblage, beneath 806 meters of water, con¬ 

tained 13 families, the highest of the California border¬ 

land samples examined. Although the Spongodiscidae (37.21%) 

and Actinomidae (20.47%) were still the most abundant 

spumellarians, there was an increase at this level of all 

the other families of this order listed, including the 

Orosphaeridae which are first seen at this depth. In the 

nassellarian order there was a decrease in the Plagoniidae, 

Acanthodesmiidae, and Artostrobiidae and an increase in the 

Theoperidae, Carpocaniidae, and Pterocorythidae from the 

previous sample. The only change of significant magnitude 

was the drop from 10.63% to 3.26% in the Plagoniidae. The 

lophophaenins, which were the primary constituent of this 

family continue to decrease in the assemblages of increasing 

depth. 

Underneath 1074 meters of water, the radiolarian assem- 

blage underwent a slight decrease in the percentage of 

spume!1arians. At 48% of the total assemblage population 

the Spongodiscidae prevailed. Similar to all the preceeding 
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assemblage samples the major constituents of this family 

were still the PorodiscUs/Stylodictya spp. and the uniden¬ 

tified spongodiscids. The Actinomidae, although reduced 

somewhat in diversity from the shallower samples was still 

the second most abundant family. The Col 1osphaeridae, 

Litheliidae, Pyloniidae, and Tholoniidae were present but 

each u>as less than 2.1% of the assemblage population. The 

nassellarians of this depth appeared to be essentially the 

same, in terms of family percentages, as those at 806 meters, 

with the exception of the increase in Atrostrobiidae. Even 

the detailed counts in Table 6 showed the rather consistent 

occurrence of species at both 806 meters and 1074 meters. 

The final assemblage examined, was from a depth of 1188 

meters. In this sample, the spumellarian and nassellarian 

percentages of the assemblage were 76.8% and 23.2% respec¬ 

tively. Again the Spongodiscidae and Actinomidae were the 

spumellarians of greatest abundance. The major difference 

from the preceeding sample in terms of the spumellarian com¬ 

ponent was the large increase (from 1.0% to 9.27%) in the 

Pyloniidae. As before, only in greater numbers, it was 

Tetrapyle octacantha which accounts for the Pyloniidae per¬ 

centages. All the nassellarian family percentages had de¬ 

creased with the single exception of the Pterocorythidae. 

The increase of this family was due to a sizeable increase in 

the number of Pterocorys zancleus. In fact, Pterocorys 
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zancleus increased in numbers steadily from 192 meters down 

to 1188 meters perhaps indicating a general increase in 

this species in an offshore direction. 



DISCUSSION 

The results presented in the preceeding section point 

out a number of significant changes in the radiolarian 

assemblages both within one geographic area and between the 

two different regions. In this discussion the variations 

within the Gulf of Mexico and Caribbean samples and the 

southern California borderland samples will be examined 

separately, followed by a comparison between the two sets of 

assemblages. 

One of the most obvious features of the data presented 

in Table 12, which summarizes the Gulf of Mexico and 

Caribbean assemblage statistics, is that the assemblage 

from the 1800 meter depth has a much greater faunal (radio¬ 

larian) diversity. As mentioned before, this assemblage, 

from Orca Basin, contains 13 family groups, two more than 

the second most diverse assemblage in terms of families 

present. On a more specific level there are twelve taxa, 

which out of the seven Gulf assemblages examined, were only 

found at this location (Table 18). Unlike most of the other 

assemblages, phaeodarian spines were also present. If the 

taxa listed in Table 18 are compared with the 20 dissolution 

index fossil (radiolaria) values proposed by Johnson (1974), 

those that can be fit into one of the index fossil categories 
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Table 18. A list of radiolarian taxa, that, out of 
all the assemblages examined from the 
Gulf of Mexico and Caribbean Sea for this 
project, were found only in Orca Basin. 



RADIOLARIA FROM ORCA BASIN 

Collosphaera tuberosa 

Otosphaera auriculata 

Spongopyle osculosa 

Spongotrochus qlacialis 

Spongotrochus? venustum 

Larcospyra quadrangula 

Sethophormin? 

Lithopera bacca 

Carpocaniids 

Lamprocyclas nigriniae 

Botryostrobus auritus/australis 

Botryocyrtis scutum 
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are found to have low resistance to dissolution values. For 

example, Botryostrobus auritus/australis, Botryocyrtis scutum, 

phaeodaria fragments, and sethophormins found here in Orca 

Basin correspond to the Artostrobiid, phaeodarian fragments, 

and Theocalyptra spp. groups with dissolution indices of 34, 

20, and 8 respectively. These are low values (the scale is 

0 to 70, with 70 being most resistant to dissolution) and 

indicate that we are deaing with a well preserved assemblage. 

Some of the major factors controlling biogenic silica dis¬ 

solution are: silica concentration, exposure time, sedimen¬ 

tation rate, surface area of organism, organic or metallic 

coatings, temperature, pressure, and oxygen concentration 

(Berger and Soutar, 1970; Heath, 1974; Johnson, 1974; Kunze, 

1980). Orca Basin, as an anoxic, hypersaline basin, has 

several chemical and biological characteristics which en¬ 

hance silica preservation. Chemically, as illustrated in 

the depth profiles by Shokes et al . ( 1977), the high bottom 

water salinity, probably derived from a near surface salt 

deposit, sets up a density gradient which limits the ver¬ 

tical circulation. This density stratification causes 

several other chemical constituents along with the salinity 

to change dramatically in the lower 200-300 meters of basin 

water. One of these constituents, most beneficial for bio¬ 

genic silica preservation, that increases greatly is the dis¬ 

solved silica concentration (approximately 30yM to 230yM) . 
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The increase in dissolved silica in the bottom water is due 

to upward diffusion from bottom sediments and/or water 

column dissolution of primarily diatom frustules, which in 

either case concentrate silica in the lower waters due to 

the lack of mixing (Shokes et al., 1977). Other factors 

being constant, the higher the silica concentration of the 

water, the lower the rate of biogenic silica dissolution 

(Berger, 1968). Another property very important in preser¬ 

vation is the dissolved oxygen concentration. In Orca Basin, 

the dissolved oxygen content drops off from 5ml/L to Oml/L within 

the bottom 200 meters (Shokes et al., 1977). The lack of 

oxygen at the sediment water interface and above creates an 

absence of most macroscopic benthic organisms. Without 

burrowing organisms there is much less chance that a sili¬ 

ceous test which does make it to the bottom will then be 

broken or stripped of organic and/or metallic coatings as 

it passes through the digestive track of an organism. Also, 

non-turbulence of the sediment will reduce breakage and keep 

the exchange of interstitial water (usually higher in dis¬ 

solved silica) and bottom water (usually more corrosive) at 

a minimum. 

In examining the Gulf of Mexico and Caribbean assem¬ 

blages for possible depth zonations it appears, at least at 

the resolution of this project, that the assemblage changes 

are not pronounced enough to set up any definite zonations. 
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Table 19. Radiolaria indicative of the Surface Water, 
Subtropical Underwater, and Antarctic Inter 
mediate Water and/or North Atlantic Deep 
Water from the Gulf of Mexico and Caribbean 
Sea. 

(From: Casey, 1979b) 
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RADIOLARIA GROUPED BY WATER MASS 

SURFACE WATER 

Buccinosphaera invaginata 

Pterocorys zancleus 

Peridinium spinipes 

Pterocanium praetextum 

Sponqaster tétras 

Euchitonia furcata 

Ommatartus tetrathal amus 

Pictyocoryne profunda-truncaturn group 

SUBTROPICAL UNDERWATER 

Pterocorys hertwigii 

Liriospyris reticulata 

Heliodiscus echiniscus 

Amphirhopalum ypsilon 

ANTARCTIC INTERMEDIATE AND/OR NORTH ATLANTIC DEEP WATER 

Cornutella profunda 

Spongotrochus glacialis 

Cyrtopera 1aguncula-Stichoformis cornutella group 

Eucyrtidium calvertense 

Spongopyle osculosa 

Theocalyptra bicornis 

Peripyramis circumtexta 
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However, some interesting comparisons between the 

biocoenosis/oceanography and the thanatocoenosis are possi¬ 

ble. If the species listed by Casey (1971a, 1971b), Table 

19, as indicators of surface water are compared with the 

thanatocoenosis data in Table 6, the only surface-living 

species that has a greater relative abundance in the sedi¬ 

ments at shallow depths is Pterocorys zancleus. Also, 

Table 20, which compares shallow water radiolarian biocoeno- 

sis with the thanatocoenosis from the shallowest station, 

illustrates that although many of the same species are pres¬ 

ent in each state, many of the relative percentages have 

changed. Petrushevskaya (1971a), who examined the radio¬ 

larian component in both the water column and the recent 

sediment in the Pacific, found this to be true also. Differ¬ 

ential dissolution is the primary cause (Petrushevskaya, 

1971a). It should also be mentioned that several sediment 

samples from the continental shelf were examined for radio- 

laria. The station from 194 meters, roughly the shelf edge, 

was the first location in an offshore direction where a good 

radiolarian assemblage was encountered. This may, in part, 

be due to preservational factors such as the dissolved 

oxygen concentration. The 194 meter depth would be just 

inside the subsurface dissolved oxygen minimum zone (Figure 

7) and as for reasons discussed above on the subject of Orca 

Basin this could lead to enhanced preservation. 
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Table 20. Comparison of data from radiolaria living 
in the water column over the Texas shelf 
(from: McMillen, 1976) with the radio- 
larian thanatocoenosis found in this study 
of the sediment (station 75-G-10-1, at 194 
meters, located at the edge of the Texas shelf 
is used for the comparison). 
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COMPARISON OF RADIOLARIA IN 

THE WATER COLUMN AND SEDIMENT OF THE TEXAS SHELF 

No./m in water column Relative abundance 
(From: McMillen, 1976) 

50- 

[%) in bottom sediments 

0-50tn 100m Sed. 

Disolenia zanguebarica 9.7 

Choenicosphaera murrayana 4.8 

Polysolenia lappacea 22.1 

Ommatartus tetrathelamus 
tetrathalamus 1.4 

Tetrapyle octacantha 0.7 

Hymeniastrum profundum 2.8 

Euchitonia spp. 2.1 

Spongotrochus glacial is 1.4 

Theopilium tricostaturn 2.1 

Lipmanella virchowii 0.7 

Pterocanium praetextum 4.1 

Pterocorys zancleus 1.4 

Anthocyrtidium cineraria 

Theoconus hertwigii 

Lithomelissa sp. 1.4 

Clathrocanium diadema 0.7 

Acanthodesmia viniculata 0.7 

Stylocontrarium 
bispiculum ★ 

Spongodiscids * 

2.7 Polysolenia spp. 

1.4 3.0 0. tetra, tetra. 

13.3 T. octacantha 

0.7 9.0 Dictyocoryne spp. 

2.1 4.0 Euchitonia spp. 

7.6 

2.8 

3.5 3.0 P. praetextum 

3.5 7.0 P. zancleus 

2.1 3.3 P. Uni dent. 

0.7 

0.7 

7.3 Giraffospyris 
angulata 

* 3.0 Actinomids - Unide 
* 10.0 Spongodiscids 

2.8 Siphonosphaera 
polysiphonia 

4.7 Astrosphaerids - 
Uni dent. 

9.0 Porodiscus/ 
Stylodictya spp. 
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Comparing the biocôenosis (Table 19) with the 

thanatocoenosis data obtained in this study (Table 6), it 

•is evident that there is just not a great enough overlap of 

similar species to make any significant depth determination. 

Some general trends mentioned in the Results section which 

might provide additional depth information in a more detail¬ 

ed study include: 1) the significant decrease in 

Pterocorythidae between 1800 meters and 2979 meters; 2) the 

increase of Col 1osphaeridae with depth; 3) the lack of 

stylosphaerids in the shallow sediment assemblage; 4) the 

large increase in Lamprocyclas marital is between 194 meters 

and 646 meters; 5) the large drop in abundance of Pterocorys 

zancleus between 194 meters and 646 meters. 

The southern California borderland assemblages, like 

those from the Gulf, do not have the resolution to be useful 

as precise depth indicators. But again, some general depth 

trends are noticeable and some interesting comparisons with 

the oceanography can be made. For example, the stylosphaerids 

(Stylatractus sp. in particular), normally considered a deep¬ 

living taxon, are most abundant in the thanatocoenosis of 

the shallowest assemblage examined. This suggests the possi¬ 

ble upwelling and enhancement of certain deeper living 

radiolaria. Other deep-living species such as Sponqopyle 

osculosa, Sponqotrochus qlacialis, Cornutella profunda, and 

Peripyramis circumtexta, although not found in enough quantity 
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to be statistically useful, are found more consistently with 

depth (520-1188 meters). Lithelius minor, a deep-living 

species, which is more abundant in these samples has its 

maximum abundance at the deepest station. An interesting 

feature of the Pterocorythidae is that Lamprocyrtis 

nigriniae, which is a shallow living species, is found at 

all the stations examined and actually increases with depth. 

One would expect Lamprocyrtis? hanni, which lives at depth 

and from which L . n i g r i nia e envolved through an allopatric 

spéciation lineage, to be found in the deeper assemblages, 

yet it was not encountered at all (Casey, 1982). Perhaps 

Lamprocyrtis nigriniae is more abundant or is selectively 

preserved. 

In comparing the assemblage sets from the Gulf of 

Mexico and Caribbean with those from the southern California 

borderland, several similarities and differences are immed¬ 

iately obvious. From Tables 8 and 11, it is evident that, 

although the relative percentages within the population may 

vary, the same basic radiolarian family groups are present 

at both geographic localities. Using the more detailed 

taxonomic identifications, we can see that although there 

are quite a few similar genera and species between the two 

regions, the relative abundances of many have changed dramat¬ 

ically (Tables 6 and 9). Also, there are many species 

present at one location and not at the other. The first 
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outstanding feature in Tables 12 and 13 is the pronounced 

difference in the number of families with greater than 1.0% 

relative abundance between the two areas. The southern 

California borderland assemblages have a greater diversity 

in terms of family representation (Figure 14a). The most 

logical explanation for this is the general upwelling and 

horizontal mixing characteristic of ecotone conditions off 

California compared to the oligotrophic conditions present 

in the Gulf and surrounding regions (McGowan, 1977). This 

would correspond to the biocoenosis where the radiolarian 

standing crop values vary immensely between the two geo¬ 

graphic regions, with the southern California values often 

25 times greater than the open Gulf of Mexico values 

(Casey et al ., 1979b). 

Two families found at all the southern California 

stations but only at a few Gulf stations are the deep-living 

Artostrobiidae and Litheliidae. These taxa are probably 

enchanced in the California assemblages because of the deep 

water brought in with the upwelling and/or the increased 

standing crops at depth. In fact, the greater number of 

deep-living taxa present in the California assemblages gives 

rise to much higher percentages of the deeper taxa for this 

region as compared to the Gulf (Figure 15b). Casey (1979b) 

found that some radiolarians such as Sponqotrochus glacialis 

and Spongopyle osculosa are found in the biocoenosis at 
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Figure 14. 
A) Profile comparing the number of radio- 

larian families having greater than 
1.0% of the assemblage population with 
depth, for both the Gulf of Mexico and 
Caribbean Sea and the southern 
California borderland. 

B) Profile comparing the Gulf of Mexico and 
Caribbean Sea with the southern California 
borderland in terms of the percentage of 
spumel1arians in the radiolarian assem¬ 
blage versus depth. 
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Figure 15. 
A) Profile comparing the Gulf of Mexico 

and Caribbean Sea with the southern 
California borderland in terms of the 
percentage of symbiotic radiolarian 
taxa versus depth. 

B) Profile comparing the Gulf of Mexico 
and Caribbean Sea with the southern 
California borderland in terms of the 
percentage of deep-living radiolarian 
taxa versus depth. 
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shallower levels off southern California compared to other 

areas suggesting upwelling as the cause. Here, as shown in 

Figure 15b, we find that this feature of the biocoenosis is 

preserved in the sediments. More specifically, Cornutel1 a 

profunda, Peripyramis circumtexta, and Sponqotrochus 

glacialis, all typical deep water taxa account for 22 in¬ 

dividuals in the five California samples (the deepest being 

1188 meters) and only one individual in the seven Gulf and 

Caribbean samples (the deepest being from 4517 meters). 

Also, as in Orca Basin, the basins of southern California 

with their low oxygen content, right down to the bottom 

(Figure 12), may increase preservation. 

The second outstanding difference between the two 

geographic areas is the precentage of spumellarians. The 

Gulf of Mexico and Caribbean set of assemblages average 

over 10% more spumellarians than those from the southern 

California borderland (Figure 14b). A large part of this 

variance is due to the much greater abundance of symbiotic 

radiolarian taxa in the Gulf of Mexico and Caribbean (Figure 

15a). Most of the common symbiotic taxa are from the 

Collosphaeridae, Spongodiscidae, and Pyloniidae spumellarian 

families. Symbiotic algae may provide some polycystine 

radiolaria with most or all to their necessary food require¬ 

ments (Casey, 1979b). These species which have a symbiotic 

association often dominate the radiolarian biocoenosis of 
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the oligotrophic gyres of the open ocean (Casey, 1979b). 

Therefore, a feature of the biocoenosis is again being 

represented in the thanatocoenosis. It is also interesting 

to note that several of the common symbiotic taxa such as 

Polysplenia spp., Qmmatartus tetrathalamus, and Tetrapyle 

octacantha, often have their greatest abundance at the deep¬ 

est stations (Tables 6 and 9). This suggests, since most 

symbiotic species are shallow living, that these species can 

survive dissolution and be abundant in the sediment at depth. 

Perhaps, as suggested by Kunze (1980), a metallic coating, 

such as cobalt which is often concentrated in plants as part 

of their nitrogen fixing activity, is incorporated onto the 

silica test of symbiotic forms and retards dissolution. 

A final comparison wiiich should be noted between the 

two geographic regions is that in both localities the 

spumel1arians are much more abundant than the nassellaria 

(Tables 12 and 13). This is contrary to what is found in 

the water column where the ratio (spumel1arians/nassellar¬ 

ians) in the top 1000 meters is 1/3 and close to 1/2 below 

1000 meters (Takahashi and Honjo, 1981a). However, accord¬ 

ing to Takahashi and Honjo (1981b, 1981c), spumellarians 

being heavier arrive at,the sea-floor faster and with less 

change in their species composition than the slower sinking 

nassel larians. Shallower living radiolarians (where the 

spumellarian are more abundant) may also be more frequently 
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incorporated into fecal pellets. This would allow them a 

better chance to escape dissolution on the way to the bottom 

and would account for the enhancement in the thanatocoenosis 

of radiolaria of the spumellarian order. 



CONCLUSIONS 

1. There are more family groups present in the California 

assemblages as compared to the Gulf and Caribbean assem¬ 

blages due to greater lateral and vertical (upwelling) 

mixing, and better preservation. 

2. There is a greater percentage of deep-water radiolarians 

present in the southern California borderland sediment 

samples compared to the Gulf of Mexico and Caribbean 

samples. The diversity of these deep-water radiolaria 

is also greater off southern California. These features 

are due to the more dynamic upwelling conditions off 

California which cause the increase in density and 

elevation of certain deep-water taxa in both the 

biocoenosis and thanatocoenosis. 

3. Symbiotic taxa, and spumellaria in general, are more 

abundant (enhanced) in the Gulf of Mexico and Caribbean 

assemblages due to their greater abundance in the 

biocoenosis and their resistance to dissolution. 

4. Low oxygen content and high dissolved silica concentra¬ 

tion in the bottom waters of Orca Basin lead to better 

than normal radiolarian preservation. 

129 
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5. The lateral changes in the radiolarian assemblages, at 

the resolution of this study, were not pronounced 

enough for definite depth zonations to be devised for 

either the Gulf of Mexico and Caribbean or the south¬ 

ern California borderland. 

6. A number of radiolarian species and higher order taxa 

(Fterocorythidae, Lamprocyclas marital is, and Pterocorys 

zancleus to name a few) show some general trends with 

depth. Perhaps more detailed studies of these taxa at 

specific depth intervals will yield useful information. 
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APPLICATIONS 

Some of the conclusions drawn in the previous section 

concerning the radiolarian assemblages in recent sediment 

samples have important implications for evaluating fossil 

material. First, a diverse, well preserved fossil assem¬ 

blage may represent a rather small region, such as Orca 

Basin, of unusual physical, chemical, and biological condi¬ 

tions compared to the larger, more regional oceanography. 

Second, deep-water taxa in a sample should not automatically 

indicate a deep-water environment of deposition. As shown 

here, upwelling conditions can superimpose deep-living 

taxa into a shallow water assemblage. In fact, there may 

even be more deep-living radiolarian tests found in the 

thanatocoenosis of a shallow water assemblage than a deep 

water assemblage. Third, the first occurrence of a diverse, 

well preserved radiolarian assemblage, in an offshore series 

of samples or in a land based section, may be indicative of 

a shelf-slope break. More deep water radiolarians in this 

first well preserved assemblage than in the remaining radio- 

larian-rich samples may be indicative of deposition at or 

near the shelf-slope break in an upwelling environment. 

Finally, increased symbiotic species representation and/or 

higher percentages of spumellaria in the radiolarian 
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thanatocoenosis, like in the biocoenosis, may indicate 

paleoceanographic conditions of an oligotrophic nature. 
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