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ABSTRACT 

Three broad sedimentary environments within the 

north San Clemente Basin have been defined. The south 

slope of San Clemente Island and the northernmost part 

of the San Clemente Basin receive predominantly silici- 

clastic sediments shed from San Clemente Island. Clastic 

sediments deposited in San Clemente Canyon are sorted 

and transported by the action of tidally generated 

currents. Currents measured in the canyon show upcanyon 

and downcanyon reversals of flow nearly every 12 hours, 

and currents reached velocities of 18 cm/second during 

periods of peak flow. The currents have winnowed silt and 

clay from sediments at the head of the canyon, leaving a 

sandy lag deposit. Pine-grained sediment is transported 

into the basin and slowly deppsited as the currents 

lose velocity. Three piston cores from the northern 

part of the basin penetrated the Holocene-Plelstocene 

boundary. Slightly more than a meter of Holocene sedi¬ 

ment was measured in each core, as determined by mlcro- 

paleontologic methods. The central part of the north 

San Clemente Basin is dominated by pelagic sedimentation. 



Basin physiography effectively blocks transport of 

clastic sediments from San Clemente Island and mainland 

California to the area. Hemipelagic sediments and 

distal turbidites are transported through the Navy 

Fan of the south San Clemente Basin and into the 

southern part of the study area. The observed distal 

turbidites may be a result of Early Holocene sea^level 

regressions. 

Sediments within the north San Clemente Basin 

are in a reducing environment, as indicated by their 

color and the presence of authigenic sulfides. 

Micropaleontologic data from this study indicate 

that kummerform Globlgerina pachyderma tests are a 

result of displacement into unfavorable environments. 
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Introduction. 

The California Continental Borderland is comprised 

of a series of fault-bounded ridges and basins, filled 

to varying degrees with terrigenous and hemipelaglc 

sediments (Big. 1). The purpose of this study is to 

investigate and understand the sedimentary processes 

operating in a portion of the San Clemente Basin of 

the California Borderland. Prior to this study, pub¬ 

lished data on the north San Clemente Basin, an area 

of almost 800 square kilometers, consisted of results 

from one piston core and several seismic reflection 

profiles. On cruises 1338 and 1411 of the Eesearch 

Vessel Velero IV in April and October of 1977» 14 

piston cores and seven box cores were recovered from 

the north San Clemente Basin. In addition to the 

cores, three current meters were emplaced in the San 

Clemente Canyon in the northeastern part of the study 

area (Big. 2). Several 3.5 kilohertz (KHZ) precision 

depth recording (PDB) tracks were run and 12 KHZ PDR 

was run continuously to provide insight on sediment 

thickness and basin structure. 

To provide a general background for a study of 

sedimentary processes in the north San Clemente 

Basin, core samples were described in detail both 

megascopically and microscopically. Sediments were 

analyzed for sedimentary structures, grain-size trends, 

mineralogy and micropaleontology. 



Pigure 1 Physiography of the California Borderland 

(from Roberts, 1975)» The area of study is outlined. 
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Figure 2 The area of study (from Coast and Geodeti 

survey chart 18740). 
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In order to integrate these data into a coherent 

picture of sedimentation in the study area, I have 

attempted to: 

1) determine sedimentation rates for the 

north San Clemente Basin and to explain any observed 

variations , 

2) determine sediment sources for the study area, 

3) determine if the San Clemente Canyon is 

actively transporting sediment, 

4) determine the magnitude and direction of 

currents inferred to be active in the San Clemente 

Canyon CMoarp, 196$), 

3) determine the differences, if any, between 

Holocene and Pleistocene sedimentation, and 

6) determine if terrigenous sediments from the 

Navy Pan of the soudth San Clemente Basin (Normark and 

Piper, 1972) extended to the study area. 

Methods 

The sampling program for this study was carried 

out on Research Vessel Velero IV of the Allan Hancock 

Foundation of the University of Southern California. 

Navigation was done by LORAN C and radar bearings on 

San Clemente Island. 

Piston cores were obtained with core pipes approxi¬ 

mately six meters in length and five cm In, inside diameter. 

Plastic liners inserted in the core pipes provided for 

easy extrusion of the cores. To differentiate piston 
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cores from box cores in laboratory studies, piston 

cores received an RPC prefix followed by the piston 

core number, while box cores received an RBX prefix 

followed by the box core number. Box cores were ob¬ 

tained with a box 30 cm by 20 cm and 60 centimeters... 

in length.. 

Current meters were emplaced in the San Clemente 

Canyon by allowing them to free fall to the sea bottom. 

Little drift during the emplacement operation was expected 

due to the large negative buoyancy of the instrument packages. 

Laboratory analyses of the piston cores consisted 

of splitting the cores lengthwise into archive and 

working halves. The archive half was x-rayed for structures 

and stored for future studies. The working half of each 

core was sampled, at 20 cm intervals and weighed and dried. 

The samples were sieved through a 62 micron mesh screen 

to separate coarse- and fine-fractions. Coarse-fractions, 

where appreciable, were sieved to determine size dis¬ 

tributions. Pine-fractions were analyzed by hydrophoto¬ 

meter. Coarse-fractions were examined by binocular 

microscope for minéralogie and micropaleontologic data. 

Regional Setting 

Bordèrland Physiography 

The California Borderland consists of 21 known 

basins with intervening islands and banks (Pig. 1). 

The basins are arranged in three approximately parallel 
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rows with their long axes trending northwest-southeast. 

The western boundary of the Borderland is the Patton 

Escarpment, where the sea floor drops precipitously 

into the abyssal Pacific Ocean. To the north the 

east-west trending Transverse Ranges and Channel Islands 

bound the Borderland. The Penninsular Ranges form the 

eastern boundary of the California Borderland. The 

southern limit is ill-defined, but is placed at about 

21° 31* north latitude, approximately 1100 km south of 

the United States-Mexico border. In general, the 

Borderland is folded into a broad downwarp, the axis 

of which is transverse to the northwesterly trend of the 

basins and ridges (Emery, 1954). The mean heights of 

mountains, ridge tops, basin floors and sill depths 

decrease from the Transverse Ranges in the north to 

a minimum at 31° 30* north latitude (Emery, 1954). 

Recent work by Doyle and Gorsline (1977) shows that this 

trend continues to about 29° 50' north, where the heights 

of these structures begin to rise again. Figure 3 

shows the synclinal nature of the Borderland. 

Most of the basins of the California Borderland are 

roughly rectangular, though some, such as the San Clemente 

Basin, are irregularly shaped. Basin widths range from 

eight to 37 kilometers and lengths from 35 to 135 km. 

Basin floor depths vary from 200 fathoms to over 1200 

fathoms (one fathom = 6 feet). • Fathoms are used in 



Figure 3 California Borderland depth trends (from 

Doyle and Gorsline, 1977). The arrows show the location 

of the north San Clemente Basin in relation to the rest 

of the California Borderland. 



7 

001 X SÜ3J.3W 



3 

this study because bathymetric charts are most commonly 

contoured in fathoms. One fathom is approximately 

1.35 meters. 

The easternmost basins are the Santa Barbara, 

Santa Monica and San Pedro basins and the San Diego 

Trough. The Santa Barbara basin has its long axis 

oriented with the east-west trend of the Transverse 

Ranges and may, in fact, be a part of that structural 

province (Moore, 1969). In general, .these near-shore 

basins are shallower and relief is more subdued than 

in basins farther offshore. This is due to the greater 

volumes of terrigenous sediments the near-shore basins 

receive. The sediments fill the basins and smooth the 

topography. Floor depths in these basins vary from 34-0 

to 500 fathoms. Offsetting these basins from those to 

the west is a series of basement highs including 

Thirtymile and Fortymile banks, Santa Catalina Island 

and San Clemente Island. 

To the west of these highs lie the Santa Cruz, 

San Nicolas, Santa Catalina and San Clemente basins. 

Topography is more rugged and sea floor ddpths generally 

greater than in near-shore basins reflecting the smaller 

input of terrigenous sediments. Maximum basin floor 

depths range from about 740 fathoms in the Santa 

Catalina Basin to over 1150 fathoms in the San Clemente Basin. 

The Santa Rosa-Cortes Ridge and Tanner and Cortes 

banks form another series of highs isolating the No Name, 
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Velero, East Cortes, tfest Cortes and Tanner basins. 

These basins have very rugged topography and depths 

over 1200 fathoms. To the west of these basins lies 

the Patton Escarpment. Here the sea floor drops off 

sharply to the Pacific Ocean floor. Along the escarp¬ 

ment it is not uncommon for the sea bottom to change 

over 1600 fathoms in depth in less than 50 km. 

Regional Structure 

Figure 4 shows the locations of known and inferred 

structures of the California Borderland. Two groups 

of faults can be seen; one trending northwest-southeast, 

the other east-west. Northwest trending faults are more 

numerous and generally longer than east-west trending 

faults. The faults are from tens to several hundreds of 

kilometers'in length and extend to depths of at least 10 

kilometers (Moore, 1969)• The northwest trending faults 

can be divided into an inner (nearshore) and outer zone, 

separated by an area of large-scale folding (Moore, 

1969, pp.37-38). The inner zone of faults are those 

shoreward of the fault paralleling the west side of 

San Clemente Island. The major fault of the inner 

zone is the San Clemente fault, its known length 

reaching 120 miles. The fault is probably a seaward 

extension of the Agua Blanca fault of Baja, California 

(Allen et al. i960). The fault forms the steep eastern 

scarp of San Clemente Island and the western flank 



.Figure 4- Regional structure of the California Border¬ 

land (from Moore, 1969). The northernmost arrow points 

to the fault bounding the east side of San Clemente 

Island. The southernmost arrow points to the north San 

Clemente Basin. 
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of Fortymile Bank. The dominant fault of the outer 

zone is the Patton Escarpment. Another major fault 

forms the western scarp of the Santa Rosa-Cortes Ridge. 

Separating the two fault zones is an area of 7500 square 

miles in which folding is the dominant structural form 

(Moore, 1969) Large scale folding is best seen on 

the Santa Rosa-Cortes Ridge. The axes of the folds 

appear to parallel the overall northwesterly trend 

of the Borderland. 

Basement Lithology 

The distribution of lithologic units of the California 

Borderland is shown in Figure 5. This map is based 

on dredge sampling, island outcrops and interpretation 

of seismic reflection profiles. About 90% of the 

exposed rocks in the Borderland are sedimentary, mostly 

shales and mudstones of Miocene Age (Emery I960, p. 65). 

Miocene strata have been dredged from nearly every 

basement high off the coast of Southern California. 

Pliocene mudstones have been recovered from the north¬ 

eastern slope of San Clemente Island, the western flank 

of Santa Rosa-Cortes Ridge and the northeastern slopes 

of Santa Monica and San Pedro basins (Emery and Shepard, 

194-5). Sandstones of possible Jurassic age have been 

dredged from the Patton Escarpment west of Tanner Basin 

(Moore, 1969). Igneous rocks constitute most of the 

remaining basement rocks, mainly basalts and andesites. 

Metamorphic rocks, mostly Mesozoic schists, are in¬ 

frequently exposed. 



Figure 5 Basement lithology of the California Border¬ 

land (from Moore, 1969). The heavy lines show the 

location of the San Clemente fault and the fault that 

hounds the west side of San Clemente Island. 
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Authigenic phosphorite is commonly found on 

hank tops, ridges add deep-hills-in the California 

Borderland. Emery (i960, p. 69) estimates that phosphorite 

covers about. 6000 square miles of the sea bottom. 

It is believed to be precipitated as colloids from 

sea water in an area of strong upwelling (Emery, I960, 

p. 72). Borderland phosphorites are Miocene and 

Late Pliocene in age. 

Tectonic Evolution 

Recent work by Atwater and Molnar (1973) and 

Blake et al.(1978) has greatly increased our understand¬ 

ing of California basin formation and evolution. Atwater 

and Molnar's (1973) plate movement reconstructions 

and Blake et- al. (1978) integration of structural, 

sedimentary and lithologic data provide a useful frame¬ 

work for the study of California Borderland basins. 

Figure 6, from Blake et al. (1978), shows a schematic 

model of interaction between the Farallon, Pacific and 

North American plates for six Tertiary time intervals. 

Prior to 29 million years ago (m. y.), subduction took place 

along the entire western margin of North America, as the 

Farallon plate was consumed (Fig. 6, block A). As the North 

American plate overrode the spreading center between 

the Farallon and Pacific plates, two triple Junctions 

and an intervening zone of right-lateral shear were 

formed (Fig. 6, blocks B and C). The northernmost 

triple junction (transform-transform-trench) migrated 



Figure 6 Plate tectonic evolution of western North 

America for six Tertiary time intervals (from Blake 

et al., 1978). The stippled area indicates the broad 

zone of deformation in which basin formation took 

place along the margin of North America. PP=Farallon 

plate, PP=Pacific plate, NA=North America. 
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north, and the southernmost one (ridge-trench-transform) 

migrated south with continued subduction (Blake et al., 

1978). California Borderland basins may have formed as 

a result of extensional tectonics generated by the 

ridge-trench-transform triple junction and the zone 

of right-lateral shear (Blake et al.;, 1978). Henyey 

(1976) noted that newly-formed and thus hotter oceanic 

crust was subducted, making conditions favorable for 

crustal stretching, folding and basin formation. 

Basin Sedimentation 

Nearshore basins of the California Borderland 

have the highest sedimentation rates due to the large 

amount of terrigenous clastic sediments.they receive. 

Clastic sediments enter the basins via turbidity current 

flows, mass flows and in slow moving, suspended clouds. 

Sedimentation rates in the nearshore basins are on the 

order of 50 to 80 cm of sediment per 1000 years (adapted 

from Emery, i960). The Santa Barbara Basin has the 

highest sedimentation rate of Borderland Basins, about 

200 cm per 1000 years. This is,in part, due to the large 

number of streams on the mainland that empty into the 

sea near the basin and the concomittant increase in 

terrigenous sediments. Strong upwelling in the area 

increases the biologic productivity and is responsible 

for large amounts of plankton tests.in Santa Barbara 

Basin sediments (Gorsline, 1977). The Santa Barbara 

Basin is also interesting in that its sill depth lies 
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within the oxygen minimum zone, which limits the 

benthic population and biogenic reworking of the 

sediments. This permits original sedimentary structures 

to be preserved in the basin. The San Diego Trough, 

another nearshore basin, is of interest to this study 

because it lies just to the east of the San Clemente 

Basin. The San Diego Trough has been filled to its sill 

depth and sediments spill over into the Santa Catalina 

Basin and the south San Clemente Basin (Normark and 

Piper, 1972). 

The Santa Catalina, San Clemente, San Nicolas and 

Santa Cruz Basins have sedimentation rates less than 

those of the nearshore basins as less terrigenous 

elastics reach these basins. Terrigenous sediments 

reach these basins mainly in suspension. Biogenic 

contributions form an increasingly higher percent of 

the sediments with the lower input of elastics. 

The outermost basins have sedimentation rates approach¬ 

ing that of the deep sea because the intervening basins 

pond most of the clastic sediments delivered to the 

California Borderland. Sedimentation rates range between 

10 to 20 cm per 1000 years. 

Local Setting 

Physiography and .Structuré of the 

North San Clemente Basin 

To .help visualize the topography of the north 

San Clemente Basin, a block diagram was constructed by 
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computer from Coast and Geodetric Survey chart 18740. 

A computer program changed the normal 90° perspective 

to angles of 60° and 70° and plotted a three-dimensional 

block diagram. Views of the study area from the southeast 

are presented in Figures 7 and 8. 

The area surrounding the north San Clemente Basin 

is dominated by three structural features: San Clemente 

Island, Fortymile Bank and the San Clemente fault. San 

Clemente Island forms the northern boundary of the study 

area. It is composed of extrusive volcanics and 

sedimentary rocks. Andesites, dacites and rhyolites 

comprise 90$ of the exposed rocks on the island (Emery, 

I960', p. 66). Andesites are. the most abundant volcanic 

rocks, about 75$ of the total. K-Ar dates on the 

andesites give an age of 13.2-15*7 m. y. ago (Vedder 

and Moore, 1976). The remaining exposed rocks are 

mainly Miocene sandstones and shales (Vedder and Moore, 

1976). The island is bounded on the east by the San 

Clemente fault and on the west by a less prominent fault 

(see Fig. 4). The fault-bounded eastern side of the 

island .has a prominent ridge paralleling the fault and 

an extremely steep eastern scarp. On the southeastern 

end of the island it is expressed as a promontory called 

Pyramid Head. The ridge trend continues below sea level 

and forms the western side of the San Clemente Canyon. 

The southern slope of the island resembles a broad 



Figure 7 Block diagram of the study area, viewed 

from a perspective angle of 60 degrees and from an 

azimuth of 125 degrees. 
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figure 8 Block diagram of the study area, viewed 

from a perspective angle of 60 degrees and from an 

azimuth of 150 degrees. 
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ramp leading into tlie basin (see Fig. 7). 

Forming the northeastern boundary of the study 

area are Thirtymile and Fortymile banks. A minor 

fault is the nominal boundary between the two banks. Rocks 

dredged from the banks were Mesozoic schists and Miocene 

and post Miocene sedimentary rocks (Emery, I960, p. 66). 

Authigenic phosphorite commonly coats bathymetric highs 

on the banks (Emery, 1960, p. 68). the block diagrams 

show the bank tops to have a rolling, hummocky bathymetry. 

The western side of Fortymile Bank is an extremely steep 

scarp formed by the San Clemente fault. The southern 

sides of the banks resembles the relatively gradual slope 

of the southern side of San Clemente Island. 

Shepard and Emery (1941) first suggested that 25 

miles of right lateral strike-slip movement along the San 

Clemente fault had separated San Clemente Island and 

Fortymile Bank. In view of the large numbers of right 

lateral strike-slip faults in this area, this is a reason¬ 

able reconstruction. The block diagrams show that San 

Clemente Island has been uplifted relative to Fortymile 

Bank (assuming both were at an equal elevation prior to 

separation). Incised along part of the fault is the San 

Clemente Canyon. The canyon is4 approximately 10 miles long, 

emptying into the northernmost part of the basin. 

The length of the north San Clemente Basin below 

sill depth (1000 fathoms) is about 19 nautical miles 
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and the width varies from 8-12 nautical miles (Emery, 1960, 

fable 5). The area of the basin below sill depth is 

approximately 140 square miles. The basin floor has three 

circular depressions: one Just south of the mouth of the 

San Clemente Canyon, one in the southwesternmost part of 

the basin and one in the southeastern part of the basin. 

The deepest part of the basin floor is 1116 fathoms and 

lies within the northernmost depression. Located in the 

western part of basin is a feature that appears to be a 

submarine canyon with its head to the west in 700 fathoms 

of water. 

Previous Sedimentary Studies in the 

San Clemente Basin 

Sediments and sedimentary processes in the south San 

Clemente Basin were studied by Normark and Piper (1972). 

They obtained over 100 gravity and piston cores from the 

area of the Navy Pan, a submarine fan approximately center¬ 

ed at 32 14* north and 117 42' west. According to Normark 

and Piper, terrigenous sediments enter the south San 

Clemente Basin through the Navy Channel, a submarine canyon 

cut through the basement high separating the San Diego 

Trough and the San Clemente Basin. Sediments on the fan 

total about 56 cubic kilometers and are less than 200 

meters thicic. The bulk of the sediment was deposited from 

22,000 to 7,000 years ago, mostly during the Pleistocene. 

Sediments on the fan were of three types: well-sorted 

sands, dark micaceous muds and muds with biogenic sands. 
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The sands were graded with sharp bases and bloturbated tops. 

Parallel laminations were common, and cross laminations 

were observed. Some laminated sands have alternating 

quartz sand and dark micaceous mud laminae. Each pair of 

laminae is believed to represent a single turbidity current 

event (Normark and Piper, 1972). 

Results from piston core AH? 4672 from the south San 

Clemente Basin were published by Emery (I960). The core was 

located at 32° 08' north and 117° 56' west, southwest of the 

Navy Pan. It was 279 cm long and had a radiocarbon date 

of 11,800 ± 300 years at the base. This gives a sedimen¬ 

tation rate of 24 cm per 1000 years. 

Results from piston core AHf 4670, located at 32° 38* 

north and 118° 07*5' west, were published by Emery (I960) and 

Bandy (I960). The core was 319 cm long and had a radiocarbon 

age of 12,500 - 250 years at the base. This gives a sedi¬ 

mentation rate nearly the same as that in core AHP 4672. Cores 

4670 and 4672 were also similar in composition (for more 

complete description, see Emery, I960 pp. 250-264). This core 

AHP 4670 is the only core from the north San Clemente Basin 

upon which results have been published. 

Data 

Piston Core Megascopic Descriptions 

The piston cores were examined in. detail for megascopic 

structures to attempt to. gain insight on sedimentary processes 

in the basin. Particular attention was paid to color, 

laminations and burrow mottlings. Detailed descriptions are 
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presented in Appendix 1. For piston core locations see 

Figure 9- 

For the most part, the piston cores recovered on 

cruises 1388 and 1411 of the Yelero IV were short. This 

was partly due to dull cutting edges on the piston 

corer and partly due to the firmness of the sediment 

only a meter or so below the sediment-water interface. 

The core pipe would typically penetrate 4 to 5 meters (as 

measured by the length of mud on the outside of the core 

pipe) , but only about 2 meters were recovered in the core 

liner. The mud was so firm with depth that it became 

easier to displace the mud below the corer than to cut 

through it. So, core recovery was always considerably 

less than the penetration. 

All cores but one were very moist and soft at the 

top and became firmer with depth. Water contents of the 

surface sediments constituted nearly two-thirds the 

weight of the sediment. Core RPC-7 was firmer and less 

moist at its top than any other core. In piston coring 

operations, 10-20 cm of surface sediments are lost during 

impact of the corer with the bottom. In the case of RPC-7, 

it may be that more than the normal amount of surface sedi¬ 

ments were lost. This would account for the unusually firm 

mud at the top of the core. All cores were very firm at 

their bases and water contents typically decreased by 400^ 

from the core top to the base. Surface sediments were a 

slightly lighter green color than sediments near core bases 



Figure 9 Piston core locations. 
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(for a more complete description of color changes, see 

Appendix 1). 

Burrow mottlings were visible in all cores, being 

most common in the top meter of sediment. In the longest 

core, RPC-6, burrow mottlings are absent below 240 cm. In 

piston core RPC-5, they disappear below 140 cm. In all other 

cores, they are present at the core base but are less 

abundant than at the core top. X-ray radiographs of the 

cores show small burrow-like structures in almost every 

core (see Pig. 10). These structures are opague to x-*rays, 

being dark in positive prints. They appear at varying 

depths below the sediment-water interface, usually below 

50 cm. Most of these burrow structures are oriented 

vertically, but in some rare cases they are horizontal. 

In general, they become longer, thicker and more abundant 

with depth in the core. Careful slicing of a section of 

core that displayed a large number of these structures in 

radiographs revealed white, slimey tubes that were lined 

with authigenic pyrite or marcasite. The presence of 

pyrite explains why these burrows are opague to x-rays. 

Dr. D. S. Gorsline (pers. comm. 1978) believes these 

structures are nematode burrows and appear in Pleistocene 

sediments. He believes they show up then because larger 

burrowing organisms were not active enough at that time to 

destroy these small features. I am not certain that these 

structures are nematode burrows, but for lack of a better 

term, I will refer to them as nematode burrows below. 
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Sedimentary structures are rare in the cores from 

the study area. Cores RPC-13 and 14 have clay laminations 

in their top 50 and 25 cm, respectively. The laminations 

are on the order of 1 to 2 mm thick and visible only in 

x-ray radiographs (see Pig. 11). Piston core RPC-5 

has well-developed silt and clay laminae from 220-230 cm. 

Core RPC-6 is laminated in a similar manner from 240-291 

cm. To the eye, it is laminated only from 240-249 cm and 

276-291 cm, but x-ray radiographs reveal laminations not 

visible to the naked eye. Figure 12 shows a radiograph of 

the laminations in core RPC-6. Also note that cross lamina¬ 

tions present at 283 cm. RPC-9 has three sets of alternat¬ 

ing sandy-silt and silt laminae from 91-96.5 cm, 98-101 

cm and from 103-106.5 cm (Pig. 13)* Each set of laminations 

is made up of 9, 13 and 30 individual laminae, respectively. 

Individual laminations consist of either white quartz 

sandy-silt laminations or green micaceous silt laminations. 

The sets of laminations are offset from one another by 

2 to 3 cm of dark green mud. The quartz laminae are usually, 

but not always, overlain by the micaceous laminae. Pine 

grading is visible in many of the quartz laminae, and 

basal contacts are sharp with the underlying units. The 

significance of these laminations will be discussed in 

later sections. 

Hydrotroilite (authigenic PeS) staining was noted in 

several cores. It first appears at a depth of 60 cm 

in core RPC-3, at 60 cm in RPC-5» at 154 cm in core 

RPC-6, at 64 cm in piston core 13 and at 48 cm in piston 



Figure 10 Nematode (?) burrows in piston core 14. 

One to one scale. 





Figure 11 Laminations in piston core 14 core-top. 

One to one scale. 





Figure 12 Laminations in piston core 6. The arrow 

points to a cross-laminated unit. One to one scale. 





Figure 13 Sand and silt laminae in piston core 9. 

One to one scale. 
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core 14. It is notably absent in near-surface sediments 

and units that are laminated. 

Box cores recovered about 20-30 cm of heavily bio- 

turbated, sandy green mud. Radiographs showed abundant 

burrow mottlings in all cores except RBX-6. RBX-6 was 

recovered from, or near, the axis of the San Clemente 

Canyon. Impact with the bottom sheared a number of bolts 

on the box core seam and water may have circulated through 

the box during the ascent and destroyed any stratigraphy 

that was present. About 6 cm of green, muddy sand, several 

manganese and phosphorus coated cobbles and a few cm of 

a semi-consolidated black mud were recovered. The cobbles 

were shales and mudstones. Thin-sections were examined 

from several of these cobbles, but no microfaunas were 

present. Miocene shales and mudstones are abundant in 

the area of San Clemente Island and these rocks may be 

part of the Miocene Altamira shale (R. E. Casey, pers. 

comm., 1978). No laminations or any other sedimentary 

structures were visible in x.-»ray radiographs from the box 

cores. 

Minéralogie Trends 

Coarse-fractions (material larger than .062 mm) 

were analyzed microscopically for minéralogie content. 

Particular attention was paid to areal and depth distri¬ 

bution of clastic minerals and authigenic sulfides. The 

purpose of these observations is to gaih insight on- 

details on the nature of sedimentation in the north San 



figure 14 Box core locations. 
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Clemente Basin, Including sediment sources, processes and 

variations through time. Por more complete descriptions 

see the microscopic analyses tables in Appendix 2. 

The most common clastic minerals in the north San 

Clemente Basin are quartz and mica. Quartz grains show 

a strongly bimodal texture and distribution. The largest 

concentrations of detrital quartz are in the northern 

part of the study area. Piston core 11, from the head of 

San Clemente Canyon, was comprised mainly of quartz sand. 

Individual grains were as large as medium sand. Individual 

grains were angular to sub-angular and showed no frosting 

or pitting, indicating the grains had undergone little 

transport. Cores RPC-13 and 14, at the mouth of San 

Clemente Canyon, have appreciable amounts of quartz in 

their coarse fractions. Box cores from the southern slope 

of San Clemente Island also have significant amounts of 

quartz. The other area of the basin in which quartz was 

observed in appreciable amounts was in the southern part 

of the h'orth San Clemente Basin in core RPC-9. Very fine 

quartz sand and coarse quartz silt were present in three 

sets of laminae at depths in the core of about 1 meter (see 

megascopic descriptions for more detail). In addition to 

the fine size of the grains, they were sub-rounded and 

frosted and pitted. This indicates the grains have under¬ 

gone considerable transport. Quartz is a very minor con¬ 

stituent in cores from the central north San Clemente 

Basin. The occasional grains observed were sub-angular and 
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showed no frosting. 

Mica is present in all cores from the north San 

Clemente 3asin. It is most common in cores from the southern 

part of the basin. In cores RPC-7 and 9, mica exhibits 

a considerable increase in abundance with depth. The sand 

fraction of the base of piston core 9 is composed almost 

entirely of mica. Core RPC-5 shows an increase in mica 

content in the lower 40 cm. Mica is rare in all other 

cores, but especially so in cores near the San Clemente 

Canyon. 

A heavy mineral analysis was run on samples from 

core RPC-11. Heavy minerals comprised about ~$% by weight 

of the sample. Olivine and augite were the most abundant 

minerals, constituting about 90% of the total heavy min¬ 

erals. Magnetite was about 5% of the heavy minerals. 

Minor glaucophane was also noted. These minerals, in 

particular olivine, are unstable and do not withstand 

considerable transport. The composition of the heavy 

minerals is not surprising since San Clemente Island has 

abundant basalts and andesites exposed. Heavy minerals 

are present in significant amounts only in piston cores 

11, 13 and 14, near San Clemente Island and San Clemente 

Canyon. 

Authigenic minerals present in the sediments are 

glauconite and pyrite (and/or marcasite). Glauconite is 

common in piston cores 11 and 14. It is present only in 

minor amounts in other cores. It is almost completely 
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absent in RPC-9- Glauconite was not present in large 

enough amounts to note any pattern of distribution with 

depth in the cores. Authigenic pyrite was observed in 

cores from all parts of the basin. No pyrite was present 

in any core top sample. The earliest depth at which it 

was noticed was 20 cm in piston cores 7» 13 and 14. In 

most other cores it did not appear until about 1 meter. 

Pyrite shows a definite increase in abundance with depth 

in the cores. 

The significance of these observations and their 

relation to sedimentary processes in the north San Clemente 

Basin will be discussed in later sections. 

Micropaleontologlc Trends 

Mlcropaleontological analyses concentrated on plant- 

tonic foraminifera and radiolarians in order to determine 

paleoenvironmental conditions and to assign ages to the 

piston cores. 

Coiling ratios of planktonic foraminifera have been 

used extensively as stratigraphic indicators by California 

Borderland workers. Green (1958) noted that 98$ of the 

planktonic foraminifer Globlgerlna pachyderma in high 

latitudes coil sinistrally (to the left), and in lower 

latitude waters.(warmer than 8° C.) 98$ of the G. pachyderma 

coil dextrally (to the right). This distribution of coil¬ 

ing direction with water temperature provides a valuable 

tool in defining the transition from cold Pleistocene waters 

to warmer Holocene waters in sediments. Work by Bandy 



36 

(I960) placed this boundary at about 12,000 years b.p., 

marked by a transitional fauna of 50$ left coiling and 

5Q$ right coiling G^ Pachyderma, with recent sediments 

having more than 50$ right coiling specimens and Pleisto¬ 

cene sediments having more than 50$ left coiling speci¬ 

mens. Coiling ratios of G. pachyderma were counted in 

cores from the north San Clemente Basin to determine the 

depth at which the Holocene-Pleistocene transition occurs. 

Three cores had sediments that contained this boundary, and 

are thus assumed to be older than 12,000 years. Figure 

15 shows coiling direction versus core depth for RPC-5, 

6, and 14. In piston core RPC-5, the change from dextrally 

coiled G. pachyderma tests to sinistrally coiled tests 

takes place just below 120 cm. Cold water forms become 

dominant in RPC-6 between 100 and 120 cm. In piston cores 

5 and 6, the change from dominantly warm water forms to 

cold water forms is rather sudden and dramatic. In RPC-14, 

the change is somewhat tenuous. Warm and cold water forms 

alternate in dominance between 80 and 140 cm. Below 

140 cm, sinistrally coiled G. pachyderma are dominant. 

The number of G. pachyderma tests observed at 100 cm was 

only 34, a number that is probably not satistically sig¬ 

nificant. The Holocene-Pleistocene boundary probably 

lies between 120 and 140 cm, where the left-coiling forms 

dominate. In core RPC-7, cold water G. pachyderma were 

dominant below 80 cm, but the number of specimens was low. 

In addition to the coiling directions of G. pachyderma, 



figure 15 Sinistral (left) coiling versus dextral 

(right) coiling Globigerlna pachyderma with depth in 

piston cores 5» 6 and 14. 
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the number of kummerform teste was also noted in piston 

cores 3 and 5. Kummerform foraminifera are those.whose 

last chamber is smaller than the previous chamber. 

In normal foraminiferal growth each chamber added is 

iarger than the previous one, Ihese tests are referred 

to as normalform. figure 16 shows the percentage of right 

coiling kummerform G. pachyderma with depth in piston 

cores 3 and 5- No kummerform tests were observed in the 

top 40 cm of either core. The percent of right-coiling 

kummerform tests increases gradually with depth in core 

3* At 100 cm, over 50$ of the observed right-coiling 

G. pachyderma tests were kummerform. The percent of right 

coiling kummerform tests remained high, above 40$, to the 

base of the core at 168 cm. The core was assigned an age 

of Holocene at 168 cm on the basis of 70$ right coiling 

G. pachyderma tests. The only left-coiling kummerform 

tests observed in RPC-3 were two specimens present at 140 

cm. Core RPC-5 shows a sharp increase in the percent of 

right coiling kummerform tests below 60 cm. The kummer- 

corm tests reach a maximum at 80 cm and then gradually 

decline until they disappear at 160 cm. An appreciable 

number of left-coiling kummerform tests were noted at 140 

cm. At this point, they comprise 24$ of the total number 

of left-coiling G. pachyderma tests. In the RPC-7 core 

top sample, all G. pachyderma tests were right-coiling 

kummerform. Also noted in this sample were abundant cold 

water radiolarians such as Spongotrochus glaclalls. 



Figure 16 Percent dextral (right) coiling kummerform 

G-lobigerina pachyderma with depth in piston cores 3 
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Radiolarians present in the cores were mostly of the 

families Actinommidae, Spongodiscidae and Pylonidae. 

Radiolarians are abundant in every core-top sample except 

RPC-11. Any radiolarians that settle out of the water 

column over the San Clemente Canyon are probably swept 

down into the north San Clemente Basin by bottom currents . 

A sharp decrease in the number of radiolarians below 

40 cm.is seen in most cores. RPC-7 is an exception 

to this, as radiolarians are common throughput the core. 

The Miocene radiolarian Stlchocorys delmontensls was 

observed in RPC-14 at a depth of 180 cm. The specimen 

may be reworked from Miocene sedimentary rocks so preva¬ 

lent in the California Borderland, or it may be a result 

of contamination in the laboratory. 

Box cores from the southern slope of San Clemente 

Island had a coarse-fraction mainly composed of shallow 

water benthonic foraminifera and bryozoan fragments. 

Common genera of benthonic foraminifera were Ammodiscus 

and Cyclammlna. A small bleb of bryozoan fragments and 

shallow water benthonic foraminifera was observed in piston 

core 13 at a depth of 118 cm. They probably represent a 

minor mass flow deposit. Box core 6 had an unusual semi- 

consolidated black mud present. Upon microscopic examina¬ 

tion, it was found to be composed almost entirely of sponge 

spicules, with a minor amount of diatoms. 

Grain-Size Analyses 

Grain-size analyses were run on samples from various 
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cores to provide information on sedimentary processes and 

variations throughout the basin, Fine-fractions (sedi¬ 

ment finer than .063 mm in diameter) were analyzed by hydro¬ 

photometer. Sediments finer than approximately .002 mm 

were not run in the analyses due to the inordinate length 

of time necessary to obtain results on the hydrophotometer. 

As a result, the analyses are biased slightly towards a 

coarser grain-size distribution. Coarse fractions, where 

appreciable, were sieved to provide grain-size distribu¬ 

tions. For simplicity in plotting cumulative frequency 

curves and computation of statistical measures the 

phi (0) scale of Krumbein is used to describe sediment 

size. A phi unit is defined as the negative logarithm 

to the base 2 of the particle diameter in millimeters. 

Sediments were classified according to Folk's (1974) 

scheme (see Fig. 17). 

The coarsest samples in the basin are found in the 

area of San Clemente Island and San Clemente Canyon. 

Sediments near the head of the canyon are sandy with little 

or no clay. At the mouth of the canyon sediments have 

little sand and a fairly high percentage of clay. Sedi¬ 

ments in the central area of the basin are predominantly 

silts with little sand or clay present. In the southern 

part of the study area the samples are silty with signifi¬ 

cant clay fractions. Some sandy silts are also present in 

this area. In all cases, the sediments in the north 

San Clemente Basin are poorly sorted. 



Figure 17 Sediment classification scheme (after Folk, 

1974). 
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.Figures 18, 19, 20 and 21 show some representative results 

of the analyses plotted on triangular sand-silt-clay 

diagrams. Core RPC-4 is typical of cores from the central 

north San Clemente Basin. The sediments are about 85% 

silt and 14$ clay. No cores from this part of the study 

area recovered any significant amounts of sand. A cumu¬ 

lative curve was drawn for the RPC-4 0-2 cm sample and 

statistical measures were calculated. The mean grain size 

(Mz) for this sample is 6.5$. The inclusive graphic 

standard deviation (CÇ ) » a measure of sorting, is 1.14$ 

falling into Polk's (1974) poorly-sorted class. The sample 

is fine skewed, with a skewness (S^.) of +.15. Kurtosis, 

a measure of sorting in the tails of the curve versus 

sorting in the central portion, is mesokurtia* with 

both areas being equally well sorted. 

RPC-9 samples, from the southern part of the study area,. 

are plotted on a triangular sand-silt-clay diagram in 

Pigure 19. Most samples contain considerably more clay 

than samples from the central north San Clemente Basin. 

Two samples, from 98 and 99 cm, fall in the sandy silt 

area of the classification scheme. These samples were 

taken from the laminated units of piston core 9 (see 

megascopic descriptions). The sandiest sample, at 98 cm, 

was taken from a quartz-rich lamination. The sample with 

a slightly lower sand content, 99 cm, was taken from a 

micacous silt and quartz-sandy silt couplet. A cumulative 

curve was constructed for the sample at 98 cm. The mean 



Figure 18 Piston core 4 sediment sample analyses. 
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Figure 19 Piston core 9 sediment sample analyses. 
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Figure 20 Piston core 11 sediment sample analyses. 
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.figure 21 Pistou core 14 sediment sample analyses. 
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grain size is 4.880, a coarse silt. The sample was poorly- 

sorted, with aoi of 1.30. Kurtosis, K , is 1.3, indicat- 

ing the sample is leptokurtic, and the central portion of 

the curve is better sorted than the tails. The sample is 

strongly fine-skewed, with a value of +.504. 

Core RPC-11, from the head of San Clemente Canyon, 

was by far the sandiest piston core recovered. Most 

samples from this core fall in the silty sand block. The 

core top sample is classified as a sandy silt. The finer 

grain size of this sample is a result of upward reworking 

of fines during extrusion of the core liner. Statistical 

parameters were generated from the sample at 100 cm. Mean 

grain size is 3-350, a very fine sand. The sample is 

poorly sorted, with a Ox of 1.630. It is coarsely skewed, 

with an Sk value of -.10. The kurtosis value is 1.64 

(very leptokurtic). 

RPC-14 samples fall in the silt and mud areas of the 

classification scheme (Pig. 21). This core is typical 

of cores near the mouth of the San Clemente Canyon. Some 

samples have up to 8% sand. The core top sample has a 

mean grain size of 7-070- Again, the sample is poorly 

sorted with a Ox of 1.530. It is coarsely skewed and 

platykurtic, with better sorting in the tails of the curve. 

Box core samples are plotted on Pigure 22. Samples 

show a wide range of grain size values. Samples are almost 

equally divided between sandy silts and silty sands. Box 

core RBX-6 is of particular interest because it was re- 



Figure 22 Box core sediment sample analyses. 
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covered from the axis of the San Clemente Canyon. A 

sample from the core was a sandy silt, having 66% sand. 

The sample had a mean grain size of 3*30 and was very 

poorly sorted with a Ci of 3*30* It was mesokurtic and - 

fine skewed. 

How the above data represent changing sedimentary 

environments will be discussion in later sections. 

Current-Meter Hesults 

Bottom photographs from the San Clemente Canyon have 

led previous workers to believe that currents of tidal 

origins were active in the canyon axis (Moore, 1969). 

Photographs showed well developed sand ripples with a 

wavelength of 25 cm (Moore, 1969, Pig. 2). 

Three current meters were emplaced in the San Clemente 

Canyon to test this hypothesis. Current meters, and most 

of the statistical data, were graciously provided by Dr. 

Prancis Shepard and his co-workers at Scripps Institution 

of Oceanography. Current meters used were of the Isaacs- 

Schick type of Savonius rotor free-vehicle (see Isaacs 

et al., 1969). Instrument packages were located three 

meters off the sea bottom. Two of the three current 

meters were left on the bottom for a period of 30 days 

from April 4 to May 3, 1977. The third was recovered 

after a period of 4 days, from April 4 to April 7, 1977 

(for locations, see Pig. 23). 

Current meter 1 (stn. 122 of S.I.O.) was located at 

32° 46.12' N and 118°*15.48' ¥ in à water depth of about 



igure 23 Current meter locations. 
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700 fathoms. It was one of the two meters left on the bottom 

for 30 days. A portion of the records from this station 

are reproduced in Figure 24. The irregular line is the 

velocity curve and the sinusoidal curve is the predicted 

tides for the area at the time the current meter was in 

place. Upcanyon flow is measured on the +Y axis and down- 

canyon flow on the -Y axis. A correlation of canyon flow 

and the tidal cycle is immediately obvious. Times of 

peak upcanyon flow coincide with high tide, and peak 

downcanyon flow with low tide. The direction of flow 

reverses twice daily, completing one cycle in 11 hours. 

This is close to the diurnal component of 12 hours and 

26 minutes of the tidal period.. On some occasions, peak 

flows came as much as 2 hours ahead of high or low tide. 

The results from this station,‘averaged.'for 30 .days, show: 

average upcanyon verlocity=9.51 cm/sec 

average downcanyon velocity=11.99 cm/sec 

average crosscanyon velocity=6.75 cm/sec 

average time of upcanyon flow=.46 hours 

average time of downcanyon flow=.8l hours 

average time of crosscanyon flow=.15 hours. 

The records show that flow builds gradually until it reaches 

peak velocity. The flow then suddenly decreases and 

reverses direction. Peak flows commonly have velocities 

greater than 18 cm/sec. This velocity is of particular 

importance because it is the point at which currents will 

erode and transport fine sand (Hjtf.lstrom, 1939). 



Figure 24 Predicted tidal range (heavy line) versus 

current velocities from current meter 1. Upcanyon 

flow is measured on the +Y axis and downcanyon flow 

on the -Y axis. 
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Current meter 2 (Station 123 of S.I.O.) was left in 

place at a depth, of 890 fathoms for only 4 days. There 

were not enough data points for statistically significant 

results, but visual examination of the records show 

upcanyon flows averaging nearly 15 cm/sec and downcanyon 

flows nearly 18 cm/sec. The durations of upcanyon and 

downcanyon flow appear to be equal. The direction of 

flow and peak velocity showed the same relationship to the 

tidal period as current meter 1. 

Current meter 3 (Station 124 of S.I.O.) was located 

at 32° 44.10* N and 118° 11* W at a depth of 950 fathoms 

near the mouth of the San Clemente Canyon. Results averaged 

for the 30 day period of emplacement showed: 

average upcanyon velocity=6.64 cm/sec 

average downcanyon velocitÿ=6.46 cm/sec 

average crosscanyon velocity=6.34 cm/sec 

average time of upcanyon flow=.51 hours 

average time of downcanyon flows.28 hours 

average time of crosscanyon flows.35 hours. 

These results are significantly different from the other 

stations in that the upcanyon flow is greater than the down¬ 

canyon flow and lasts for a longer period. The records at 

this station have less of a correlation with the tidal 

cycle than the previousi two stations. Times of peak flows 

lag as much as 7.5 hours behind high and low tide, but there 

is still an obvious relationship to the tides. 
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PDR And Seismic Reflection Results 

5.5 Kilohertz (KHZ) precision depth recording (PDR) 

tracks on cruises 1388 and 1411 of R/V Velero were unin¬ 

formative due to persistent ringing interference from the 

transducer. Any sub-bbttom reflections that may have been 

observed in the records were obscured by the ringing 

phenomenon. 12 KHZ records were not troubled by ringing, 

but had the disadvantage of poor sub-bottom penetration 

commonly associated with high frequency profiles. Figure 25 

shows a reproduction of 12 KHZ records from the southern 

part of the study area. A persistent reflecting horizon 

underlies the area at a depth of about 6 meters below the 

sediment-water interface. This reflector vanishes 

north of about 32° 32' north, and sub-bottom has a 

homogenous appearance. This reflector probably repre¬ 

sents a change in depositional environment and may be a 

result of Pleistocene turbidite deposition in the southern 

part of the study area. 

There are few available seismic profiles from the 

north San Clemente Basin. Profile ’’Davis 67" (available 

from Scripps Institution of Oceanography) is an east-west 

o 
profile through the basin at a latitude of about 32 30' 

north (Fig. 26). It shows sediments prograding toward the 

east from Tanner Bank and/or Sixtymile Bank. It crosses 

through the depression where RPC-9 was located (see Fig. 8) 

and shows that this depression is the surface manifesta¬ 

tion of a basement fault. Sediment thickness is about 300 



Figure 25 Line drawing of a portion of a 12 KHZ pre¬ 

cision depth recording line from the southern part of 

the north San Clemente Basin. 
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Figure 26 Line drawing of a portion of "Davis 67" 

seismic reflection profile. Note the graben at the 

eastern end of the profile. 
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meters in this depression (assuming a P wave velocity of 

2.2 km/sec for the sediments) and 150 meters on the basin 

slope to the west. 

Discussion 

The purpose of this discussion is to integrate the 

data presented in this study into a comprehensive picture 

of sedimentation in the north San Clemente Basin. The 

various analyses, and how they reflect changing sedimen¬ 

tary processes, will be examined. 

There are three broad sedimentary environments within 

the north San Clemente Basin (Fig. 27). They are: 

a northern area of sllieiclastic sedimentation, a central 

area of predominantly pelagic sedimentation and a southern 

area of hemipelagic and clastic sedimentation. The follow¬ 

ing discussion will consider the sedimentary characteristics 

that define each area and then concentrate on properties 

common to all north San Clemente Basin sediments. 

Northern Sllieiclastic Area 

Data from piston cores 4, 5, 6, 11, 12, 13 and 14; 

the box cores and current meters show that the northern¬ 

most part of the study area is dominantly a sllieiclastic 

regieme. Coarse clastic sediments, mainly quartz and 

heavy minerals, are shed from San Clemente Island and 

deposited predominantly on the south slope of the island 

and in and near San Clemente Canyon. Finer elastics are 

transported into deeper basinal environs and ponded in 

bathymetric lows. 



Figure 27 Sedimentary environments in the north San 

Clemente Basin. The northern siliciclastic area is 

enclosed by the dashed line. The area of pelagic 

sedimentation is indicated by the stippling. The 

southern area of hemipelagic and distal turbidite 

sedimentation is enclosed by the solid line. 
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The box cores recovered from the south slope of San 

Clemente Island (see Pig. 14) were comprised mainly of 

sand- and silt-sized quartz and heavy minerals. The 

samples fell in the silty sand and sandy silt areas of 

the sediment classification (Pig. 17) and in general 

were the coarsest samples recovered from the basin. The 

method of transport of these elastics is unknown. X-ray 

radiographs of the box cores gave no evidence, because the 

cores were so heavily burrowed any sedimentary structures 

present would have been destroyed. Sedimentation rates in 

this area may not be high enough to allow a sufficient 

thickness of sediment to build up and give rise to 

slumping and turbidity currents. I believe that most 

sediment from San Clemente Island makes its way basinward 

by slower and less catastrophic processes. Winnowing and 

gravity creep may play a major role in sediment transport. 

Until the method of transport is directly observed, 

or less bioturbated cores recovered, transport mechanisms 

remain a matter of conjecture. 

Data from box core 6, piston cores 11 - 14 and 

the current meters provide insight on the nature of sedi¬ 

ment transport in and near the San Clemente Canyon. Piston 

core 11 sediments show that sediments near the head of tTae 

canyon have little silt or clay. Very little biogenic 

material was present in this core. The core was composed 

almost exclusively of quartz and heavy minerals. The grains 

were dominantly sand-sized and showed little evidence of 
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transport. No structures were visible in x-ray radiographs 

of this core. Box core 6 was recovered from the axis of 

San Clemente Canyon (Fig. 14). Abundant silt and clay 

was present in the core, in addition to sand-sized material 

similar to that in piston core 11. Also present in box 

core 6 were cobbles of phosphate-coated mudstone. Any 

sedimentary structures that may have been present were 
*r. 

probably obliterated due to splitting of the box core seam, 

on impact and subsequent washing of the sediment during 

core recovery. Bottom photographs (Moore, 1969, plate 16, 

Fig. 2), however show 25-cm wavelength current ripple 

marks on the floor of the canyon. 

Piston cores recovered near the mouth of the canyon 

showed higher amounts of silt and clay than in most other 

cores recovered from the basin. The cores also showed 

appreciable amounts of sand-sized clastic material. 

X-ray radiographs of piston cores 13 and 14 (Fig. 11) 

show thin clay and silt laminations present in the core 

tops. The laminations are confined to the upper 20 cm 

of the cores, but below that the cores have been heavily 

bioturbated. 

The currents measured in the San Clemente Canyon are 

responsible for winnowing the fines from sediments at the 

head of the canyon and transporting them into the basin. 

The currents in the San Clemente Canyon are similar to 

those described in studies of other submarine canyons in 

the California Borderland (Shepard and Marshall, 1973). 
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Their results showed reversals of current flow in periods 

of 20 minutes to just over 12 hours. The shorter periods 

were believed to be related to internal wave phenomena and 

the longer periods related to tidal phenomena (Shepard 

and Marshall, 1973). The longer period reversals in that 

study were found mostly in stations below 130 fathoms. 

Shepard and Marshall believed the 12-hour reversals were 

related to the tidal cycle in some way, but were not able 

to make a definitive correlation on the available data. 

The results from my study show that current reversals of 

12 hour periods are most certainly owing to tidal forces. 

The stations from San Clemente Canyon are probably deep 

enough to have little interference from internal waves or 

weather phenomena and thus the remarkable correlation of 

current reversals with the tidal cycle is observed (see 

Fig. 24). Results from current meters 1 and 2 show almost 

an exact correlation with the diurnal component of the tidal 

cycle. Shepard and Marshall's study showed that in general, 

downcanyon- currents were stronger and had longer periods 

of flow than upcanyon currents. This is in agreement 

with results from current meters 1 and 2 of this study. 

Current-meter station 3 had upcanyon flows that were stronger 

than downcanyon flows. This is not unusual when the con¬ 

figuration of the canyon is considered. The mouth of the 

canyon is wider than the canyon proper and has a greater 

volume. Downcanyon current velocities are in excess of 

10 cm/ second before they reach the canyon mouth. When the 
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flow reaches the mouth, with its greater cross-sectional 

width, the velocity of the flow decreases in accordance 

with Bernoulli's principle. As the currents lose velocity, 

their load of suspended fine-grained sediment is slowly 

deposited, as evidenced by the thin laminations seen in 

piston cores from the mouth of the canyon. 

Data from piston cores 4-6 indicate they lie near 

the southernmost limit of the clastic influence of San 

Clemente Island. Analyses showed the cores contained less 

terrigenous elastics and more biogenic material than 

cores to the north. This relationship indicates the 

increasing importance.of pelagic contributions and sub¬ 

sequent waning of clastic sedimentation this far south. 

The laminations described in piston cores 5 and 6 (see 

Appendix I) are.Pleistocene in age (Fig. 15) and indicate 

that highs to the west of The Basin were the source of some 

northern basinal sediments. Seismic data also confirms this 

relationship. (Fig. 25). Greater erosion in times of lower 

sea-level stands were probably responsible for the supply of 

sediments from the west. With rising sea levels in the Holo¬ 

cene, erosion rates slowed and the supply of sediments from 

the west dwindled. 

Sedimentation rates are inferred to be the highest 

in-the northern part of the study area. Core AHF 4670 

(Emery, i960) was recovered from the northernmost depression, 

in the deepest part of the basin. This core had over 3 

meters of Holocene sediments. This topographic low probably 
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has the highest sedimentation rate in the basin due to its 

proximity to San Clemente Island and sources of sediments 

from the west. Piston cores 5» 6 and 14 of this study 

penetrated and recovered Pleistocene sediments, as deter¬ 

mined by micropaléontologie methods. Holocene sediment 

thicknesses in these cores varied little, from 110 to 

140 cm. Piston core 14 would normally be expected to have 

a higher sedimentation rate than that measured because 

of its proximity to San Clemente Island. The lower than 

expected rate indicates that much of the sediment trans¬ 

ported to this area from the San Clemente Canyon bypasses 

it and is eventually deposited in deeper basin environs. 

Central Basin Sediments 

The central area of the north San Clemente Basin is 

dominated by pelagic sedimentation, as indicated by piston 

cores 7 and 8. Compositional analyses show the cores 

are comprised mainly of biogenic material. The only 

siliciclastic debris in these cores were occasional grains 

of quartz and mica. It appears that topographic lows to 

the north and southeast are effective in blocking trans¬ 

port of clastic sediments to the central north San Clemente 

Basin. Due to sampling problems discussed earlier, these 

piston cores were short, and it is not known what varia¬ 

tions in sedimentation may have occurred earlier in this 

area. There is no evidence, however, to suggest that 

conditions varied significantly. 
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Southern. Basin Sediments 

Analyses from piston cores 9 and 10 indicate that 

southern basinal areas receive clastic sediments from 

mainland California in addition to pelagic contributions. 

Grain size analyses from piston core 9 (-Fig. -19) gave 

consistently higher amounts of clay-sized material than 

did analyses from piston cores from other parts of the 

study area. I believe this is a result of deposition 

from, slow-moving clouds of suspended sediment, similar 

to that described by Moore (.1969). The sediment is probably 

transported through the Navy fan of the south San Clemente 

Basin and into the study area. 

The laminated sandy silts in piston core 9 are 

interpreted as distal turbidites'from the Navy Pan, 

being similar in composition and texture to the sediments 

described by Normark and Piper (1972). If the interpre¬ 

tation is correct, Navy Pan sediments extended at least 

as far north as 32° 30* north, to the depression where 

RPC-9 was recovered. The depression probably ponded all 

distal turbidites and forms the northernmost limit of their 

transport. Piston core 9 was composed completely* of 

Holocene sediments so the question arises why turbidite 

sedimentation should occur in a distal environment in a 

time of high sea level? It may be explained as a rare 

event such as the erosion of the distal part of the Navy 

Pan. There, may be an alternative explanation, as follows. 
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Figure 28" is a reproduction of Curray's (1964) 

Holocene sea level curve. The sea level rise from 

Holocene to Pleistocene is not smooth. Two minor regressions 

are present at about 8900 and 10,200 years b. p. The most 

recent regression was about 22 fathoms below present 

sea level. A somewhat longer period of low sea level 

occurred at about 10,200 years b.p and lasted for about 

300 years. At this time sea level was about 33 fathoms 

below its present level. Increased erosion during these 

minima may have been responsible for sending short pulses 

of turbidites into the north San Clemente Basin. The 

laminae from 91-96.5 cm in piston core 9 may be a direct 

result of low sea levels 3900 years b,p. The brevity 

of this regression makes it unlikely that any more than 

this 5.3 cm section of core was deposited during this time. 

Thus distal turbidites at 98-101 cm and 103-106.5 cm 

may have been laid down during the sea level minimum at 

10,200 years b.p. Piston core 9 did not recover any 

Pleistocene sediments, so it cannot be stated with certainty 

that distal turbidites reached this far north at that time. 

RPC-9 penetrated only 1.5 meters of sediments, even though 

the sediments at the base of the core were not especially 

firm. It is possible that sandy Pleistocene units were 

responsible for halting core penetration. 

Characteristics of North San Clemente Basin 

Sediments 

The dark green color of north San Clemente Basin 



figure 28 Holocene sea level curve (from Curray, 1961). 

The arrows denote the regressions referred to in the 

text. Sea level in fathoms below its current level 

is on the +Ï axis and time in thousands of years b. p. 

is on the +X axis 
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sediments indicates they are in a reducing environment. 

Green sediments indicate the presence of iron in the 

ferrous state, illite, chlorite and glauconite (Blatt 

et al, 1974). The presence of hydrotroilite and pyrite 

also indicates a reducing environment. Hydrotroilite is 

probably formed by the reaction of dissolved hydrogen 

sulfide with detrital iron minerals (Berner, 197Q). 

Further reaction of the non-crystalline FeS with elemental 

sulfur forms pyrite (Berner, 1970). Factors controlling 

the formation of pyrite are: the availability of dissolved 

sulfate, the availability and reactivity or iron compounds 

and the concentrations of organic compounds that can be 

utilized by sulfate-reducing bacteria. Of these, Berner 

(1970) believes the latter factor is the most important. 

Berner (1973) found measurable concentrations of pyrite 

in near surface tidal flat sediments of the Connecticut 

coast, suggesting a relatively short formation period. 

Authigenic sulfides were absent from the top meter/of.. — 

all piston cores in my study except for cores 7, 13 

and 14. Authigenic sulfides in piston core 13 and 14 

core tops may be a result of increased organic material 

delivered to the basin in that area from the San Clemente 

Canyon. Another possibility is that the previously dis¬ 

cussed currents near the canyon may have eroded the soft 

mud substrate and exhumed - older,.pyrite-bearing -sediments.. 

RPC-7 also had pyrite and hydrotroilite in the core top, 

but was not located near any obvious source of organic 
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material. The presence of warm water, kummerform fora- 

miniferal tests and cold water radiolarians such as 

Spongotrochus glaclalis suggest the area is one of 

upwelling and high biologic productivity (Dr. R. E. Casey, 

1978, pers. comm.). The high productivity may be responsible 

for an increased supply of organic material to the sediment 

and trigger the formation of authigenic sulfides in core 

top sediments. 

Bioturbation and Significance 

The distribution of burrow mottlings in piston 

cores that recovered Pleistocene sediments shows an in¬ 

teresting pattern. The abundance of burrow mottlings 

shows a marked decrease with depth in the core. This 

may be due to several factors. In my opinion, the most 

reasonable is that with rising Holocene sea level and 

decreasing clastic sedimentation, benthic dwellers found 

increasingly favorable environments. During the Pleistocene, 

with high clastic sedimentation rates inferred to be 

operating, benthic populations may have been low. This 

would account for the preserved Pleistocene laminations 

in piston cores 5 and 6. The Holocene may have had a 

gradual repopulation of the benthic environment, thus 

accounting for the increasing amounts of burrow mottlings 

up-core. 

Ecology from Microfossils 

Work by Berger (1969» 1971) leads him to believe that 

kummerform foraminiferal tests are a result of aging and/or 
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environmental factors. If such tests are a result of 

aging, then larger (and thus older) specimens would form 

a very large percentage of kummerform specimens. During 

the counting of kummerform Globigerina paehyderma in piston 

cores 3 and 5» this relationship was not in evidence. 

Berger (1971) also noted that kummerform tests are usually 

terminal, which led him to believe that the specimens were 

displaced into an unfavorable environment, resulting in 

the formation of a final chamber not fully developed. 

G. paehyderma tests provide an excellent test for this 

hypothesis, because there are distinct warm and cold water 

forms. Kummerform tests form a high percentage of 

right coiling G^ paehyderma tests below 40 cm in RPC-3* 

gradually decreasing from a maximum of nearly 50$ at 80 cm 

(Pig. 16). Piston core 5 also has a maximum of right coil¬ 

ing kummerform tests at a depth of 80 cm. If the presence 

of kummerform tests are evidence of unfavorable environ¬ 

mental conditions, one would expect large numbers of 

right coiling (warm water) kummerform tests near the 

Holocene-Pleistocene boundary when cold and warm Water- 

masses may have undergone extensive mixing. That the 

largest numbers of right-coiling kummerform tests are seen 

above this boundary may be a result of several factors. 

A transitional period of mixing of warm- and cold-water 

masses may have occurred early in the Holocene, thus 

accounting for the scarcity of warm kummerform tests at 

the Holocene-Pleistocene boundary in piston cores 3 and 5. 
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It may also be that the true numbers of warm water kummer- 

form tests near the Hplocene-Pleistocene boundary may be 

masked by the northward transport of normalform right- 

colling G^ pach.yderma tests. This would be in agreement 

with the overall northward circulation in the Borderland 

(Emery, i960 p., 112). Left-coiling G^ pachyderma tests 

were very rare in the north San Clemente Basin cores, 

suggesting that the cold water form is hardier and 

better able to withstand displacement into unfavorable 

environments, further evidence that environmental factors 

play a role in the development of kummerform tests is seen 

in RPC-7. The core top sample had 100$ right colling 

G. pachyderma kummerform tests. Abundant in this sample 

were cold water radiolarians such as Spongotrochus glacialls. 

This relationship may be a result of upwelling of cold, 

deep waters and mixing with warmer surface waters. 

The evidence is scanty, but the data from th.®piston 

cores suggest that warm water G^ pachyderma tests become 

kummerform when they are displaced into colder waters. 

Cold water forms appear to be less affected by such 

environmental changes... In the future, more attention 

needs to be paid to the distribution with depth of kummer¬ 

form G^ pachyderma tests in core samples to adequately 

document the hypothesis. 
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Conclusions 

The north San Clemente Basin has three broad sedi¬ 

mentary environments. The northernmost area is dominated 

by siliciclastic sediments shed from San Clemente Island. 

Silt and clay are transported through the San Clemente 

Canyon by the action of tidally generated currents and 

deposited in deep basinal areas near San Clemente Island. 

The central part of the north San Clemente Basin is pre¬ 

dominantly a pelagic regime, as the area is isolated 

from clastic sediment sources by depressions to the north 

and south. Sediments from the southern part of the north 

San Clemente Basin are hemipelagic and clastic in nature. 

Distal turbidites were transported to the area through 

the Navy Pan of the south San Clemente Basin in the Early 

Holocene. Precision depth recording data indicate that 

turbidites were transported to the area during the 

Pleistocene. The distribution of sediment types through¬ 

out the basin reflects how basin physiography can rapidly 

change the characteristics of the sediments over a short 

distance. 

Sediments throughout the basin are predominantly silts. 

The green color and the presence of authigenic sulfides 

indicates the sediments in the north San Clemente Basin are 

in a reducing environment. 

The distribution of kummerform Globlgerlna pachyderma 

tests in piston cores 3 and 5 suggest that the kummerform 

tests are a result of displacement into unfavorable 
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environments. Mixing of cold and warm water masses during 

the early Holocene may have bpen the cause of the large 

number of warm-water kummerform tests observed in the 

two cores. 
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MEGASCOPIC DESCRIPTION RPC-1 

Location: Santa Catalina Basin 

32 56. 12' north lat. 118 19. 30* west long. 

Core Length: 136 cm. 

Description: 0-136 cm: Very dark olive green (573/2 to 

5Y3.5/2) mud. Core is very moist and soft at the top, 

becoming gradationally firmer with depth. Core is very 

firm at the base. Sediment is very homogeneous. Other 

than occaisonal, faint burrow mottlings, no sedimentary 

structures are visible. No hydrotroilite staining was 

noticed. 

X-ray radiographs: Burrow mottlings are visible through¬ 

out the core. Very fine, faint laminations are present 

at about 80 cm. They are only three in number and are 

one to two mm thick. 



78 

MEGASCOPIC DESCRIPTION RPC-3 

Location: North San Clemente Basin 

32 41. 30' north lat. 118 10. 30’ west long. 

Core Length: 168 cm. 

Description: 0-168 cm: Very dark olive green (513/2) 

mud. Core is very moist and soft at the top, becoming 

firmer and less moist with depth. Burrow mottlings are 

visible at 28 cm. Hydrotroilite staining is visible 

at 60 cm and is common to 140 cm. Paint clay laminations 

are present from 146-148 cm. Core is very firm and 

slightly darker green at the base. 

X-ray radiographs: Nematode (?) burrows start at 63 

cm. They become more numerous, longer and thicker with 

depth in the core. The burrows are primarily oriented 

vertically. 
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MEGASCOPIC DESCRIPTION RPC-4 

Location: North San Clemente Basin 

32 37. 43' north lat. 118 08. 36* west long. 

Core Length: 140 cm. 

Description: 0-140 cm: Very dark green (5Ï3/2) mud. 

Very moist and soft at the top, becoming firmer with 

depth. Paint mottlings or clay laminations present 

from 84-88 cm. Silty, green clay laminations present 

from 108.5-110 cm. Core is very firm at the base. 

X-ray radiographs: Pine clay laminations present from 

76-79 cm. Nematode burrows are rare, only present below 

100 cm. Larger burrow mottlings are common throughout 

the core. 
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MEGASCOPIC DESCRIPTION RPC-5 

Location: North. San Clemente Basin 

32 32.54-' north lat. 11 B 13* 1 8* west long. 

Core Length: 230 cm. 

Description: 0-26 cm: Dark olive green (5Y4/3) 

Very moist and soft. No visible structures. Mica flakes 

and large faraminifera visible to the naked eye. Basal 

contact a gradational color change. 

26-60 cm: Dark olive green (5Y4/2.5) mud. 

Moist and soft. No visible structures. Basal contact 

a gradational textural change. 

60-104 cm: Dark olive green (5Y4/2.5) mud. 

Moist and firm. Hydrotroilite staining visible. Paint 

burrow mottlings at 90-93 cm. Basal contact a gradational 

color and textural change. 

104-230 cm: Dark green (5Y3/2) mud. Moist 

and very firm. Burrow mottlings are common to 140 cm, 

then they are absent. Hydrotroilite staining common. 

Pine silt or clay laminations visible from 220-230 cm. 

X-ray radiographs: Nematode (?) burrows present throughout 

the core. Near the core top they are vertically oriented. 

In the bottom 50 cm they are horizontally oriented. 

The burrows become larger with depth. 
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MEGASCOPIC DESCRIPTION RPC-6 

Location: North. San Clemente Basin 

32 31.30' north lat. 118 18. 24' west long. 

Core Length: 291 cm. 

Description: 0-49 cm: Dark olive green (513/1) mud. 

Very moist and soft. No visible structures. Basal 

contact a gradational color and textural change. 

49-209 cm: Dark olive green (513/2) mud. 

Moist and increasingly firmer with depth. Burrow mottlings 

are abundant. Hydrotroilite staining first noticed at 

154 cm. It is common to 154 cm. Basal contact a grada¬ 

tional color and sharp textural change. 

209-240 cm: Greenish black (5Y2/1) mud. 

Moist and very firm. Burrow mottlings are abundant. 

Basal contact a sharp, concave upwards color change. 

240-249 cm: Dark green (513/2) mud. Moist 

and very firm. Burrow mottlings present. Basal contact 

a sharp color and textural change. 

249-259 cm: Seven alternating light green 

and dark green silt and clay laminations. Each lamination 

is about one cm thick and has a sharp basal contact with 

the underlying lamination. Basal contact a gradational 

color and textural change. 

259-276 cm: Olive green (5Y3/2) mud. Moist 

and very firm. Hydrotroilite staining present. Basal 

contact a sharp color change. 

276-291 cm: Light green (515/2) mud. 



82 

Moist and very firm. Iterk green mottlings and fine 

laminations are present. .Hydrbtroilite' staining is very 

abundant. 

X-ray radiographs: The top meter of the core is heavily 

burrowed. Hematode burrows first appear at 60 cm,. They 

are oriented vertically and are short in length. These 

burrows are infrequent throughout the core. Approximately 

the bottom 50 cm of the core are finely laminated. Indi¬ 

vidual laminations are 1-2 mm thick and have a wavy 

appearance. Cross laminations are present at 284 cm. 
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MEGASCOPIC DESCRIPTION RPC-7 

Location: North San Clemente Basin 

32 32. 10' north lat. 118 07. 23' west long. 

Core Length: 94 cm. 

Description: 0-94 cm: Dark green (514/2) mud. Moist 

and firm. Core is unusual in that it is firm at the core 

top. Paint mottlings or laminations present at the core 

top. No other visible structures. 

X-ray radiographs: Nematode burrows present from 28 cm 

to the core bottom. Near the core top they are short 

and horizontally oriented. With increasing depth they 

are oriented both vertically and horizontally. The 

longest and most abundant mottlings are oriented vertically. 

Some of these burrows reach 10 cm in length. Larger 

burrow mottlings are rare. 
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MEGSCOPIC DESCRIPTION RPC-9 

Location: North San Clemente Basin 

32 30. 43* north lat. 118 04.9' west long. 

Core Length: 117 cm. 

Description: 0-57 cm: Light olive green (5Y3.5/3) mud. 

Very moist and soft. No visible structures. Basal 

contact a gradational color and textural change. 

57-91 cm: Dark green (513/3) mud. Moist 

and firm. No visible structures. Basal contact a sharp 

textural and compositional change. 

91-96.5 cm: 13 alternating green, micaceous 

laminae and white quartz sand laminae. Each lamination 

is 2-4 mm thick. The quartz sand laminae commonly show 

fine grading and erosional bases. Overlying these laminae 

in many cases are dark green micaceous silts. Basal 

contact a sharp textural and compositional change. 

96.5-98 cm: Dark green (5Y3/1) mud. Moist 

and very firm. Basal contact a sharp textural and compo¬ 

sitional change. 

98-101 cm: Nine alternating micaceous silt 

and quartz sand laminae, similar to those between 91- 

96.5 cm. Laminae are somewhat finer, on the order of 1-2 

mm thick. Basal contact a sharp textural and compositional 

change. 

101-103 cm: Dark green mud similar to that 

between 96.5-98, cm. Two small, discontinuous blebs of 
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white quartz sand are present. Basal contact a sharp 

textural and compositional change. 

103-106.5 cm: Alternating sand and silt 

laminae, similar to those between 98-101 cm. Between 

103 and 104 cm there are more than 30 fine laminae. .From 

104-106.5 cm are larger, more irregular laminae. Basal 

contact a sharp textural and compositional change. 

106.5-117 cm: Dark green (5Y3/1) mud. 

Moist and very firm. No visible structures. 

X-ray radiographs: Fine silt or clay laminae are visible 

from 80 to 91 cm. Nematode burrows are present from 109 

to 117 cm. 
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MEGASCOPIC DESCRIPTION RPC-11 

Location: Head of San Clemente Canyon 

32 47. 14* north lat. 118 16. 17' west long. 

Core Length: 167 cm. 

Description: 0-9 cm: Brownish green sandy mud. Very 

moist and soft. No visible structures. Basal contact 

a sharp textural change. 

9-167 cm: Olive green (5T3/2) sand. Moist 

and unconsolidated. Occaisional black and yellowish 

green sand mottle present. No visible structures. 

Comment: The top 9 cm is finer grained than the rest of 

the core due to upward reworking of fines during extru¬ 

sion of the core liner. The core pipe bent upon impact 

with the bottom. This made extrusion of the core liner 

difficult and resulted in the reworking of the fines. 

X-ray radiographs: No visible structures. 
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MEGASCOPIC DESCRIPTIONS RPC-13 

Location: Head of San Clemente Canyon 

32 40. 23' north lat. 118 11. 22* west long. 

Core Length: 136 cm. 

Description: 0-20 cm: Dark green (5Y3/2) mud. Moist 

and very soft. Clay laminations visible at 9» 13 and 

20 cm. Basal contact a gradational color change. 

20-136 cm: Dark green (5Y3/1) mud. Moist 

and increasingly firmer with depth. Hydrotroilite 

staining visible from 64 to 136 cm. A sand bleb composed 

of bryozoan fragments and large benthonic foraminifera 

is present from 127-129 cm. 

X-ray radiographs: The top 50 cm of the core have fine 

clay laminations. They are 2-3 mm thick. Nematode 

burrows start at 30 cm and are common from 35 to 136 cm. 

The burrows are primarily oriented vertically. 
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MEGASCOPIC DESCRIPTION RPC-14 

Location: Head of San Clemente Canyon 

32 40. 14' north lat. 118 08. 45' west long. 

Core Length: 207 cm.. 

Description: 0-8 cm: Light green (5X4/3.5) mud. Very 

moist and soft. Paint clay laminations visible. Basal 

contact a sharp color change. 

8-14 cm: Green (5Y3.5/2) mud. Moist 

and soft. Paint laminations visible. Basal contact a 

gradational color change. 

14-54 cm: Dark green (513/2) mud. Moist 

and firm. Hydrotroilite staining first visible at 48 cm, 

increasing in abundance with depth. Basal contact a 

gradational textural change. 

54-207 cm: Dark green (5T3/1) mud. Moist 

and very firm. No visible structures. 

X-ray radiographs: The top 26 cm have many clay laminae 

visible. Below approximately 26 cm they become indistinct. 

The laminations may extend to a depth of 75 cm. The first 

nematode burrows appear at 13 cm and are horizontally 

oriented. At approximately 8o cm they become abundant 

and are oriented vertically. With increasing depth in 

the core they become thicker and longer. 
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Core depth in cm. HPC-1 

0 . 20 40 60 80' 100 120 140 160 180 

Radiolaria 1 1 1 1 1 1 1 
I  

L. inaritalis 

S. glacialis 

Foraminifera 2 1 1 1 1 1 1 

0. universa 3 

G. truncatuli- 
noides 

G. bulloides 2 1 1 1 1 1 1 

G. pachyderma 2 1 1 1 1 1 1 

Uvigerina sp. 2 2 2 1 1 1 1 

U. peregrins 

Ammodiscus sp. 

Cyclammina sp. 
I 

2 

Textularia 

Sponge spicules 1 1 1 2 2 2 2 

Echinoid spines 

Minerals 1 1 1 1 1 1 1 

quartz 1 1 1 1 1 1 1 

mica 2 2 3 3 2 3 

glauconite 3 

pyrite 

dark minerals 1 3 2 3 3 2 1 

KEY: 

0*dominant 2»occasional 

1=frefluent 3“rare 



90 

Core depth in cm. RPC-3 

0 20 4-0 60 80 ' 100 120 140 160 180 

Radiolaria 1 1 2 3 3 

L. inaritalis 3 

S. pjlacialis 

Foraminifera 1 1 1 1 1 1 1 1 1 

0. universa 2 3 3 2 3 2 2 

G. truncatuli- 

noides 

. G. bulloides 2 2 2 1 1 2 1 1 1 

G. pachyderma 2 1 1 1 1 2 1 1 1 

Uvigerina sp. 1 3 2 

U. peregrina 2 

Ammodiscus sp. 3 

Cyclammina sp. 

3 3 3 

Sponge spicules 2 3 2 2 3 3 2 2 2 

Echinoid spines 3 3 3 3 2 3 3 3 

Minerals 2 2 2 2 2 2 2 2 2 

quartz 2 
2 2 2 2 2 2 2 2 

mica 3 3 3 2 2 3 

glauconite 3 3 3 2 3 3 2 2 1 

pyrite 3 1 2 

dark minerals 3 3 3 3 3 3 3 

KEY: 

0=dominant 2«occa*ional 

Infrequent 3“i*are 
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Core depth id cm, RPC-4 

0 20 40 60 80 100 120 140 160 180 

Radiolaria 1 1 2 2 3 

L, inaritalis 

S. glacialis 

Foraminifera 2 2 2 1 1 1 1 2 

0, universa 3 2 3 3 | 2 3 

G. truncatuli- 

noides 

G. bulloides 2 2 2 2 2 2 2 2 

G. pachyderma 3 3 3 2 2 2 2 2 

Uvigerina sp. 3 3 3 

U, peregrina 3 3 

Ammodiscus sp. 3 3 

Cyclammina sp. 3 3 

Textularia 3 3 3 

Sponge spicules 3 2 2 2 3 2 

Echinoid spines 3 3 5 3 

Minerals 3 3 3 2 2 3 2 

quartz 3 3 3 2 2 2 2 

mica 3 3 3 3 3 3 

glauconite 3 3 3 3 3 3 3 

pyrite 

dark minerals 3 3 3 3 3 

KEY: 

0=dominant 2=occasional 
1=frefluent 3®rare 
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Core depth in cm. RPC-5 

0 , 20 40 60 80 ‘ 100 120 140 160 180 

Radiolaria 1 1 1 2 2 3 3 

L. marital!s 

S. glacialis 3 
Foraminifera 1 1 1 1 1 1 1 1 1 1 

0. universa 2 2 3 3 2 3 3 3 2 

G. truncatuli- 

noides 
3 

G. bulloides 2 2 1 1 1 2 'l 2 2 1 

G. pachyderma 3 3 2 2 1 1 1 1 1 1 

Uvigerina sp. 3 3 3 3 2 

U. peregrina 3 3 3 

Ammodiscus sp. 

Cyclammina sp; 

Textularia 3 3 3 

Sponge spicules 2 2 2 2 2 2 2 2 3 2 

Echinoid spines 3 2 3 3 3 3 3 3 

Minerals 3 3 3 2 2 2 2 2 1 1 

quartz 3 3 3 3 3 2 2 1 1 

mica 3 3 3 3 2 2 3 2 3 

glauconite 3 3 3 3 2 3 2 

pyrite 3 3 2 2 2 

dark minerals 3 3 3 2 2 2 2 

KEY: 

O=dominant 2«occasional 

*1 «frequent 3“rare 



93 

Core depth in cm, RPC-5 

200. 220 •240 26Q 280 30Q 

Radiolaria 
- 

L. maritalis 

S. glacialis 

Foraminifera 2 3 
0. universe 

G. truncatuli- 

noides 

G. bulloides 
3 3 

G. pachyderms 2 3 

Uvigerina sp. 

U. peregrins 

Ammodiscus sp. 

Cyclammina sp. 

TgartnAaEia. 3 3 
Sponge spicules 

Echinoid spines 

Minerals 0 1 

quartz 0 1 

mica 1 1 

glauconite 2 2 

pyrite 0 1 

dark minerals 3 3 

KEY: 

0*dominant 2»occa.sional. 
'1=freguent 3»rare 
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Core depth in cm. RPC-6 

0 20 40 60 80' 100 120 140 160 180 

Radiolaria 0 1 3 3 3 
I  

L. maritalis 

S. glacialis 2 3 
Foraminifera 

3 3 2 2 1 1 1 1 1 1 

0. universe 3 3 2 3 
G. truncatuli- 

noides 

^G. bulloides 
3 3 2 2 3 

G. pachyderma 3 3 2 2 1 1 1 1 1 1 

Uvigerina sp. 3 3 3 2 3 
U. peregrina 3 3 

Ammodiscus sp. 

C.yclammina sp. 

Textularia 3 3 3 

Sponge spicules 3 3 3 3 3 3 

Echinoid spines 3 3 3 3 

Minerals 3 3 2 2 2 2 2 2 2 2 

quartz 3 3 2 2 2 2 2 2 2 2 

mica 3 3 2 2 2 3 3 2 2 2 

glauconite 3 3 3 3 

pyrite 3 3 2 2 

dark minerals 3 3 3 3 2 2 2 2 3 

KEY: 

0=dominant 2«*occasional 

remuent 3ssrare 
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Core depth in cm. RPC-6 

200. 220 240 260 280 291- 

Radiolaria 

L. jnaritalis 

S. glacialis 

Foraminifera 1 1 1 1 1 1 

0. universa 2 2 2 2 2 2 

G. truncatuli- 

noides 

.G. bulloides 1 1 1 1 2 1 

G. pachyderma 2 2 2 2 2 2 

Uvigerina sp. 

U. peregrina 

Ammodiscus sp. 

C.yclammina sp. 

Textularia 3 3 3 3 3 

Sponge spicules 3 3 3 

Echinoid spines 3 3 

Minerals 1 1 1 1 1 2 

quartz 1 1 1 1 1 3 

mica 3 3 3 3 3 3 

glauconite 2 2 2 1 2 3 

pyrite 1 1 1 2 2 3 

dark minerals 

KEY: 

O=dominant 2«»occasi.oiial, 

1=freguent 5»rare 
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Core depth in cm, RPC-6 

0 20 40 60 80 ‘ 100 120 140 160 180 

Radiolaria 0 3 3 3 1 

L, maritalis 

S, Klacialis 2 2 

Poraminifera 2 1 1 1 1 

0, universa 3 2 2 2 

G, truncatuli- 

noides 

G. bulloides 2 2 2 2 

G, pachyderma 2 2 1 1 1 

Uvigerina sp. 

U, peregrina 3 3 3 
Ammodiscus sp. 

Cyclammina • sp. 

Textularia 2 2 2 2 2 

Sponge spicules 3 3 
Echinoid spines 

Minerals 2 2 2 2 1 

quartz 3 3 3 
mica 2 2 1 1 1 

glauconite 

pyrite 2 2 2 1 

dark minerals 

KEY: 

O=dominant 2=occasional 

Infrequent 3=rare 
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Core depth in cm, RPC-9 

0 20 40 60 80 ‘ 98 ' 99 1.1.7 

Radiolaria 0 0 1 1 2 
I 

L, maritalis 3 3 

S. glacialis 

Foraminifera 2 2 1 1 1 2 

0, universe 2 2 2 

G, truncatuli- 

noides 
3 

G. bulloides 3 2 2 2 3 

G, pachyderma 3 3 2 2 2 2 

Uvigerina sp. 2 2 3 2 2 3 

U, peregrina 

Ammodiscus sp. 

Cyclammina sp. 

Textularia 3 3 3 

Sponge spicules 3 3 3 3 3 

Echinoid spines 3 3 

Minerals 2 2 2 2 2 0 0 0 

quartz 3 3 3 3 2 0 0 3 

mica 2 2 2 2 2 3 1 0 

glauconite 

pyrite 2 

dark minerals 

KEY: 

O=dominant 2«*occasional 

i =frefluent 3«=rare 
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Core depth in cm. RPC-11 

0,20 40 60 80 - 100 120 14-0 160 180 

Radiolaria 

L. maritalis 

S. glacialis 

Foraminifera 0 1 1 1 1 1 1 1 1 

0. universa 

G. truncatuli- 

noides 

G. bulloides 

G. pachyderms 

Uvigerina sp. 1 1 2 2 2 2 2 2 2 

U. peregrins 

Ammodiscus sp. 2 2 2 2 3 3 3 3 2 

Cyclammina sp. 2 2 2 2 2 2 2 2 3 

Textularia 

Sponge spicules 1 1 2 3 2 2 3 3 2 

Echinoid spines 

Minerals 0 0 a: 0 0 0 0 0 0 

quartz 1 1 1 1 1 1 1 1 

mica 

glauconite 1 1 1 1 1 1 1 1 

pyrite 

dark minerals 1 1 1 1 1 1 1 1 1 1 

KEY: 

O*dominant 2=occasional. 

1reguent 3«rare 
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Core depth in cm. RPC-13 

0 , 20 40 60 80 ‘ 100 120 140 160 180 

Radiolaria 1 2 3 2 2 2 3 

L. maritalis 

S. glacialis 

Poraminifera 1 1 1 1 1 1 1 

0. universa 2 3 3 3 3 3 3 

G. truncatuli- 

noides 

_G. bulloides 1 1 1 1 1 1 1 

G. pachyderma 1 1 1 1 1 1 

Uvigerina sp. 3 3 3 

U. peregrina 

Ammodiscus sp. 

Cyclammina- sp. 3 

Textularia • 

Sponge spicules 2 2 2 2 2 2 2 

Echinoid spines 3 3 

Minerals 1 1 1 1 1 1 1 

quartz 1 1 1 1 1 1 1 

mica 3 3 3 3 3 3 3 

glauconite 3 

pyrite 3 1 1 1 1 1 

dark minerals 2 2 2 3 3 3 

KEY: 

0=dominant 2=occa$ional• 

Infrequent 3»rare 
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Core depth in cm. RPC-14 

0,20 40 60 80 ‘ 100 120 140 160 180 

Radiolaria 1 2 2 3 3 3 3 
I  

L. maritalis 
3 

S. glacialis 

Foraminifera 2 2 2 3 3 3 3 3 3 1 

0. universa 3 3 3 3 

G. truncatuli- 

noides 

G. bulloides 
3 3 3 3 3 3 3 3 2 

G. pachyderma 3 3 3 3 3 3 2 2 2 1 

Uvigerina sp. 

U. peregrina 

Ammodiscus sp. 2 2 3 3 

Cyclammina sp. 2 3 3 2 2 2 3 3 3 

Textularia 

Sponge spicules 1 1 2 2 2 2 2 2 2 2 

Echinoid spines 3 3 3 3 3 3 2 3 3 3 

Minerals 1 1 1 1 0 1 1 1 1 1 

quartz 1 1 1 2 2 2 2 2 2 3 

mica 1 3 3 

glauconite 1 1 1 1 1 1 1 1 1 1 

pyrite 3 1 1 0 1 1 1 1 1 

dark minerals 1 1 1 1 1 1 1 1 1 1 

KEY: 

O=dominant 2oocca.sional 

•1=f remuent 3®rare 
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Core depth in cm, RPC-14 

200. 220 240 260 280 300 

Radiolaria 

L. inaritalis 

S. glacialis 

Foraminifera 1 3 
0, universa 

G. truncatuli- 
noides 

G, bulloides 2 3 
G. nachyderma 1 3 
Uvigerina sp. 

U. peregrina 

Ammodiscus sp. 

Cyclammina- sp.' 

Textularia 

Sponge spicules 

Echinoid spines 

Minerals 2 0 

quartz 3 3 
mica 

glauconite 2 2 

pyrite 1 0 

dark minerals 2 2 

KEY: 

O=dominant 2=occasional 

Isfreguent 3<rare 
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