


Abstract 

The radiolarian zonation of ODP Site 1179 waS- accessed using core-catcher 
samples. The data indicate that the soft sediments analyzed range from late Miocene to 
Recent. The radiolaria biostratigraphy of ODP Site 1179 yielded reliable results even 
though only core-catcher samples were studied, as seen by the comparison of the 
radiolarian and magnetostratigraphy based sedimentation rates. 

Sedimentation rates at DSDP/ODP sites (578, 579, 580, 581, 881,1149 and 1179) 
range from 23.1 m/Ma in the north to 3. 4 miMa in the south during the late Miocene.. The 
sedimentation rates during the Pliocene range from 58.4 m/Ma in the north to 14.0 m/Ma 
in the south site and. during the Quaternary they range from 65.4 m/Ma in the non:h to 
27.7 m/Ma in the south. 

The initiation of Miocene biosiliceouS-sedimentation in the North-west.Pacific: (kean, 
as recorded at DSDP Sites 578 and 581 and ODP Site 1179, indicates that this event was 
diachronous. The onset of biosiliceous sedimentation began in the middle ~ne at 
DSDP Site 581 and moved southward during the late Miocene. Since this time the 
Kuroshio/Oyashio transition zone has been migrated north- and south. The current path 
does not move straight to the east, instead its path is curved. 

The position of the KuroshioLOyashio transitionzoneduring the-late-Quaternary as 
indicated by radiolarian data occurs between 39 to 41 ~;this is not consistent with 
Koizumi (1985}. There is. a slight drift in the-apparent latitudeoftheK.uroshioLOyashio 
convergence boundary based on paleoceanographic sea surface currents and 
sedimentation indicator& 
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Chapter One -Introduction 

1.1 General Statement 

This thesis focuses on radiolarian data produced from samples taken aboard the 

Joides Resolution as part of the Ocean Drilling Program (ODP) Leg 191 in the Northwest 

Pacific off the coast of Japan, from July 17 to September 11, 2000. The radiolarian 

samples were collected, processed and analyzed, solely, by this author. These data also 

appear in the Ocean Drilling Program Initial Reports Volume: Leg 191, where the author 

participated as part of the shipboard scientific party as one of the first undergraduate 

student trainees. Subsequent analysis allowed these new data to be put in the framework 

ofNorthwest Pacific Cenozoic evolution. 

1.2 Objettive 0-f Project 

The objective of this thesis is to examine the radiolarians collected from samples 

taken at the International Ocean Network (ION) seismic installation Site WP-2a (ODP 

Site 1179) for the purpose of constructing a general hiostratigraphic zonation. All 

specimens observed were examined to the species level. Additionally, comparisons are 

made with findings from previous Deep Sea Drilling Project (DSDP) and Ocean Drilling 

Program (ODP) cruises in the Northwest Pacific Basin to ascertain the movement of the 

Kuroshio/Oyashio convergence boundary since the late Miocene. 

1.3 Scope of Project 

The study is confined to the cores recovered at ODP Site 1179, the ION seismic 

installation Site WP-2a, Samples were taken from the core catchers; approximately every 
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9.25m from core 191-1179B-1H to 191-1179C-27X. In particular, samples were taken 

approximately every 0. 75m from core 191-1179B-1H (0-7.43 mbsf) through to core 191-

1179C-3H (58.30- 67.70 mbsf). The section that is being studied corresponds to the 

topmost layer in the Northwest Pacific stratigraphy, a radiolarian and diatomaceous ooze 

with numerous ash layers and zeolitic clays. 

The samples taken for this thesis were used to construct a radiolaria zonation for 

ODP Site 1179 and are compared with data from DSDP and ODP sites drilled on the 

abyssal sea floor in the Northwest Pacific Basin. 

1.4 Radiolaria 

Radiolarians are of particular importance in the Pacific where the Carbonate 

Compensation Depth (CCD) is at 4000 m. Deep sea sediments in the Pacific Ocean are 

virtually carbonate free due to the positioning of the CCD; the only microfossils left for 

observation are siliceous (radiolarians, diatoms and silicoflagellates) or organic 

(palynomorphs) which have well understood distribution and stratigraphic ranges. 

Radiolaria are defined as marine, holoplanktic protozoa belonging to the class 

Actinopodea of the phylum Sarcodina (Anderson, 1983). Only one order of the subclass 

Radiolaria is preserved in the geologic record, the order Polycystinea. Polycystinea or 

Polycystine radiolaria contain three suborders: Spumellaria, Nassellaria and Phaeodaria 

(Casey, 1993). Spumellarians and nassellarians have amorphous opaline silica skeletal 

tests and Phaeodarians have smooth tests that are a mixture of silica and organic matter 

(Casey, 1993). Spumellarian skeletons (Figure 1.1) exhibit spherical symmetry where as 

nassellarian skeletons (Figure 1.1) exhibit bilateral symmetry (Casey, 1993 ). 
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· ·· .. -·.· . 

-·· · .· 
. . ·: .·· 

. . ·· · : 
. . . 

Figure 1.1 -Radiolaria from the order Spumellaria and Nassellar~~ showing_ spherical and 
bilateral symmetry, respectively. · 
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1.4.1 History of Study 

Radiolarians, living and fossil forms, were first described in the mid-nineteenth 

century by Ehrenburg (1847). He presented a classification scheme for the class 

Polycystinea. Ernest Haeckel presented the first comprehensive report on radiolaria 

(Haeckel, 1887) based on work done on the HMS Challenger Expedition (1873-1876). It 

took Haeckel over 10 years to examine the material from the Challenger Expedition and 

he identified over 3000 new species (Anderson, 1983). A second resurgence in work on 

radiolaria began with the creation of the Deep Sea Drilling Project (DSPD). William 

Riedel began developing a Tertiary tropical radiolarian biostratigraphic zonation (Riedel, 

1953) using deep-sea cores recovered on DSDP cruises. Hays (1970), Nigrini and 

Sanfilippo (1992, 2001) and others have done further work on the biostratigraphy and 

classification of radiolaria. 

Work done by Casey (1971) discusses-radiolaria as past and present water-mass 

indicators. His studies of plankton and sediments indicated that species diversity varies 

with water-mass. He found that certain species of radiolaria were endemic to specific 

water-masses (e.g., high latitude species such as Cycladophora davidsoni davidson are 

endemic to Arctic water masses}. Based on thiS- type of work paleotempera,ture 

calculations have been worked out. The initial paleotemperature analyses were done by 

generalized curves (Hay, 1965}. Modified curves were made based on work that was 

been done with diatoms in the North Pacific by Nigrini (1970). The relative-abundance 
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of radiolaria in the Northwest Pacific sediments is directly tied to the oceanographic 

properties in the surface and near surface waters (Robertson, 1975; Hays and Morley, 

198 5) allowing for paleotemperatures to be reconstructed using Q-mode factor analysis 

(Heusser and Morley, 1996). 

1.4.2 Geologic Range and Diversity 

Radiolaria first appear during the Cambrian and have persisted to recent times 

(Anderson, 1983). The diversity and relative abundance through time is difficult to 

assess because of dissolution of some species and their loss through the fossil record 

(Tappan and Loeblich, 1973). During the Cambrian spumellarians were the dominant 

order (Anderson, 1983). However, by the Carboniferous nassellariansbegan to greatly 

diversify (Anderson, 1983). Through the Tertiary there is little diversity amongst 

radiolaria species, but in the Quaternary it is expanding (Casey, 1993). 

1.5 Previous Work in the Northwest Pacific Basin 

Several DSDP and ODP Legs (6, 20, 32, &6, 14-5, andl85) have penetrated that 

abyssal seafloor of the Northwest Pacific Basin. Radiolarian biostratigraphy of these 

sites has determined that the olive green to gray siliceous clay and ooze with numerous 

ash layers are of Miocene to Pleistocene age (Kanazawa, Sager et al, submitted). 

Thickness greater than 200m have been observed resulting from high productivity in 

waters of the western boundary currents (Kanazawa, Sager et al, submitted). A 

radiolarian barren zone of red pelagic clays overlies a sequence of chert and chalk, this 

5 
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sequence contains radiolarian assemblages from the early to late Cretaceous (Kanazawa, 

Sager et al, submitted). 

6 

The Miocene to Pleistocene unit contains eight mid-latitude radiolarian zones of 

significance. These zones are not observed in all the sites drilled because many were not 

drilled continuously. The sites that were drilled continuously, however, show varying 

thicknesses of the mid-latitude zones. 

1.6 Organization 

This paper is organized in the following manner. Chapter two provides a 

background of the work accomplished by the shipboard scientific party aboard Leg 191 ; 

chapter three provides a detailed outline of the methodology used in sample collection, 

sample processing and sample analysis; chapter four shows the results from radiolarian 

sample analysis for the study; chapter five contains Pacif1c Zonal Definitions for the 

Middle Latitudes; chapter six contains the discussion, and is followed by conclusions in 

chapter seven. The pages immediately following the conclusion contain the Systematic 

:l'aKmiomy ofRadiolaria. Appendix One contains the visual core description barrel 

sheets of the sediments and sedimentary rock recovered at ODP Site 1179. 
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Chapter Two- ODP Site 1179 Background Information 

2.1 General Geological and Tectonic Setting of the Northwest Pacific 

ION Site WP-2a (ODP Site 1179) is located to the northwest of Shatsky Rise in 

the Pacific Ocean (Fig 2.1 ). It is 1650km east of Japan on the abyssal seafloor 

(Kanazawa, Sager et al., submitted). This part of the Pacific plate was formed during the 

early Cretaceous, specifically during the Hauterivian stage (Gradstein et al., 1994) 

according to the M-8 magnetic anomaly (Nakanishi et al., 1999) near which ODP Site 

1179 is centered (Fig 2.2). This area of the Pacific plate was formed at 10°N latitude 

according to paleomagnetic data and has drifted northward 30° since the early Cretaceous 

(Sager and Pringle, 1988; Larson et al., 1992). If the Pacific plate continues northward at 

its present rate the lithosphere along with the sediment at ODP Site 1179 will be 

subducted beneath the southern Kuril Trench in 7-8Ma (Kanazawa, Sager et al., 

submitted). 

Over the past 30 years work done in the Northwest Pacific Basin by the Deep Sea 

Drilling Project (Legs 6, 20, 32 and 86) and ODP (Legs 145, 185 and 191) shows that 

there is similar stratigraphy in the Northwest Pacific (Figure 2.3), mainly three primary 

layers (Hazen et al., 1971; 1973; Larson et al., 1975; Plank et al., 2000). Unit C, the 

bottom unit is composed of calcareous oozes, chalk or marl deposits (Figure 2.3). These 

poorly recovered layers were deposited soon after the crust was formed while it was still 

at a depth well above the CCD (Kanazawa, Sager et al., submitted). Unit B, the second 

unit synonymous to the Northwest Pacific, is a barren brown to reddish clay layer of 

largely undetermined age (Figure 2.3). At some Sites (51, 194, 195) the age of this unit 
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100E 120E 140E 160E 180E 

Figure 2.1 - General location of ION Site WP-2 (ODP Site 1179) showing the seismic station 
coverage in the Northwest Pacific. Open circle indicate borehole observatories., filled circles 
indicate land stations (after Kanazawa., Sager, et al., submitted). 
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Figure 2.2- Magnetic anolonolies near ODP Site 1179. Thin, curved lines represent 
magnetic anomalies, shaded where positive (after Kanazawa, Sager, et. al., submitted). 
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belongs to the mid- to late- Cretaceous. This unit may also contain a highly condensed 

section of the Tertiary (Site 576) (Kanazawa, Sager et al., submitted). 

11 

Unit A, the topmost unit, is a Miocene to Pleistocene olive green to gray siliceous 

clay and ooze with numerous ash layers (Figure 2.3). This unit contains common to 

abundant radiolaria and diatoms, but few calcareous microfossils are found. The lack of 

calcareous microfossils is due to the fact that this part of the Pacific Ocean has been well 

below the Carbonate Compensation Depth (CCD) for millions of years. This Neogene 

layer also contains zeolites in its lower parts. This layer has been observed to be greater 

than 200m in thickness as. a result of high productivity in waters. of the western boundary 

currents, mainly in the region of convergence between the Kuroshio and Oyashio currents 

(Kanazawa, Sager et aL, submitted). 

2.2 Leg 191 Objectives 

ODP Site 1179 was selected as the ION WP- 2 installation Site (Figure 2.1) to 

help provide earthquake coverage of the subduction zone beneath the southern Kuril 

trench near Japan in conjunction with ION Site WP-1 (Figure 2.1 ). A seismometer at 

this location will record seismic rays passing through parts of the mantle that would not 

otherwise be imaged. This site was.ideal for installation because it has a thin package of 

overlying sediments, which can be easily drilled through to reach basaltic crust. 

Installing the seismometer in basalt is essential because it has an increased signal to noise 

ratio (Kanazawa, Sager eta/., submitted). Like all ODP legs, the secondary objective is 

to collect data of geologic nature for scientific analysis there by adding to the getleral 

knowledge of the world's oceans. 
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2.3 Site Geophysics 

Seismic surveys of this area were conducted prior to Leg 191 during cruise 

KH96-3-1 ofthe R1V HakuhoMaru, from the University ofTokyo Ocean Research 

Institute. The vessel was navigated by satellite GPS and collected standard underway 

geophysical data, including magnetic field measurements and 3. 5 kHz echo-sounder 

profiles (Kanazawa, Sager et al., submitted). Seismic reflection data were collected using 

a 24-multichannel seismic streamer. The seismic data were then stacked, filtered and 

migrated for final interpretation (Kanazawa, Sager et al., sub-mitted). 

The seismic stratigraphy from profiles (Figure 2.4) show that ODP Site 1179 has 

a stratigraphy similar to typical sections in this area of the Northwest Pacific Oc_ean. 

Previous DSDP and ODP legs (6, 20, 32, 86, 185) in the region have conducted seismic 

surveys that show a transparent layer consisting of late Cretaceous to early Teniary 

siliceous ooze unit having several ash layers and highly condensed barren clay unit 

(Ewing et al., 1968; Kanazawa, Sager et al., submitted). The top of the transparent 

interval at Site 1179 occurs at a depth of 6.93 seconds two-way travel time and is 0.32 

seconds thick (Figure 2.4}, this roughly corresponds to findings from previouS-studies. 

There is a reverberant layer directly below the barren clay unit that corresponds to a 

pervasive chert layer with soft sediment intervals that are washed away during drilling 

(Ewing et al., 1968; Plank et al., 2000). The top of the cherty interval occurs at 7.24 

seconds two-way travel time and is 0.13- seconds thick (Figure 2.3). The acoustic 

basement is a high-amplitude reflector that occurs at a depth of7.33 seconds two-way 

travel time (Figure 2.4). 
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Seismic profiles ofODP Site 1179 show layers that conformably overlie each 

other, therefore seafloor topography represents undulations in the crystalline basement 

(Figure 2 4 }. These observations imply that sedimentation has been uniform and 

pelagically sourced (Kanazawa, Sager et al., submitted). Figure 2.4 has the lithologic 

data and predicted depths of unit boundaries incorporated in the seismic profile. There is 

a strong seafloor reflector and the Unit AlB and B/C boundaries line up with two parallel 

reflectors at 7.21 and 7.26 seconds two-way travel time,. having depths of~ 247 mhsf and 

~ 283 mbsf, respectively. The Unit C/basement boundary appears as a sharp reflector at 

7.3 3 seconds two-way travel time, a depth of 17 5 mhsf (Kanazawa,.. Sager ~t a/., 

submitted). 

2.4. Core. Analysis 

The cores average 9.5 m and are divided up into 1.5 m intervals,. with the interval 

being measured in meters below seafloor (mbsf). A conventional system is used to 

catalogue core samples and contains. the following information: 1~ s.ite,. hole, and core 

number, core type, section number, and interval in centimeters from top of section. For 

example, a sample identification of "191-1179B-2H-1 W, 78.-8.0 em" represents. a sample 

taken from the interval between 78-80 em of section 1 of core 2, which was taken during 

hydraulic piston coring. ofHoleB at Site 1179 during. Leg 191. Similarly, a sample 

identification of"191-1179C-5H-CC" denotes a sample taken from the core-catcher of 

core 5, which was taken during hydraulic piston coring of Hole B at Site 1179 during Leg 

191. A description of sedimentary units recovered during Leg 191 includes estimates of 

sediment composition based on smear slides,. thin sections,. carbonate measur~ X-
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ray diffraction, documentation of sedimentary and deformational structures, drilling 

disturbance, presence and type of fossils, bioturbation intensity, diagenetic alteration and 

colour (Kanazawa, Sager et a/., submitted). A visual core barrel description was also 

"included in the analysis of the core recovered, this can be viewed in Appendix One. 

2.5 Lithological Setting 

There were 3 77 m of sediments and sedimentary rock recovered during the ION 

seismic station installation as ODP Site 1179. The five holes drilled at this site: 1179A, 

1179B-, 1179C, 1179D and 1179E provided 1, 2, 27, and 11 cores, respectively. Hole 

1179£ was drilled strictly to install the ION seismic station, therefore no core was 

recovered. The configuration of the ho-les drilled at Site 1179 can be found in Figw:e 2. 5 

and the precise location of the holes can be found in Table 2.1(Kanazawa, Sager et al., 

submitted). 

Soft sediments make up Lithologic Units I-III and Lithological Unit IV is 

composed of sedimentary rock. Units I-III average 98.8% recovery (Table 2.2) and reach 

a depth of- 293 mbsf Lithological Unit I (late Miocene toRecent)-is-221.5 m thick and 

comprises a clay- and radiolarian-bearing diatom ooze with frequent ash layers. Unit I is 

found in 191-1179A-1H, 0-120 em, 191-1179B-1H, 0 em through to 6H-CC and 191-

1179C-IH, 0 em through to 20H-4, 80 em. Lithological Unit II (early late Miocene to 

late Miocene) is22.5 m thick and compriseS- a clay- and diatom- bearing radiolarian ooze 

with frequent ash layers. Unit II is found in 191-1179C-20H-4, 80 em through to 22H-5, 

125 em. Lithological Unit Ill (late Miocene and older) is 3 7. 53 m thick and comprises 

pelagic clays. Unit III is found in 191-1179C-22H-5, 125 em through to 26X-CC. Unit 

IV hasa2-llo/o.recovery rate(Table2.2)andisfoundfrom- 293-177 mbsf. 
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HOLE LATITUDE LONGITUDE WATER DEPTH 

1179 A 41°4.7884' North 159°57. 7877' East 5565.6 m 

1179 B 41°4.7887' North 159°57.7879' East 5563.90 m 

1179 c 41° 4. 7871' North 159°57.7856' East 5563.90 m 

1179D 41° 4.8122' North 159°57.7862' East 5566.00m_ 

1179E 41° 4. 7729' North 159°57.7973' East 5577.00-m 

Table 2.1 - Summary of latitude, longitude and water depth of holes 
drilled_ at sita 1179_ (modified from Kanazawa, Sager. eiaL ,_ submilied} 

17 
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Hole 1179A 

Core Top Depth Bottom Depth Length Cored 
Length 

No. (mbsf) (mbsf) (m) 
Recovered Recovery (%) 

m 
1H 0.0 10.0 10.0 10.02 100.2 

Total 10.0 10.02 100.2 

Hole 1179B 

Core Top Depth Bottom Depth Length Cored 
Length 

No. (mbsf) (mbsf) (m) 
Recovered Recovery(%) 

m 
1H 0.0 7.6 7.6 7.5J 99.1 
2H 7.6 17.1 9.5 9.14 96.2 
3H 17.1 26.6 9.5 10.04 105.7 
4H 26.6 36.1 9.5 9.46 99.6 
5H 36.1 45.6 9.5 10.07 106.0 
6H 45.6 55.1 9.5 9.65 101.6 

Total 55.1 55.89 101.4 

Hole 1179C 

Core Top Depth Bottom Depth Length Cored 
Length 

No. (mbsf) (mbsf) (m) 
Recovered Recovery (%) 

m 
lH 0.0 5.8 5.8 5.8J 100.5 
Drilled 5.8 48.8 
2H 48.8 58.3 9.5 10.02 105.5 
3H 58.3 67.8 9.5 9.56 100.6 
4H 67.8- 77.3 9.5 10.11 106.4 
5H 77.3 86.8 9.5 9.78 103.0 
6H 86.8 96.3 9.5 10.06 105.9 
7H 96.3 105.8 9.5 9.62 101.3 
8H 105.8 115.J 9.5 10.01 105.4 
9H 115.3 124.8 9.5 9.25 97.4 
lOH 124.8 134.3 9.5 9.84 103.6 
llH 134.3 143.8 9.5 9.62 101.3 
12H 143.8 15J.3 9.5 10.17 107.1 
13H 153.3 162.8 9.5 9.65 101.6 
14H 162.8 172.3 9.5 10.12 106.5 
15H 172.3 181.8 9.5 9.66 101.7 
16H 181.8 191.3 9.5 10.04 105.7 

Table 2.2- Summary of holes, cores, total depth below sea floor and recovery (modified from Kanazawa, Sager, eta/., 
submitted) 
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Hole 1179C 

Core Top Depth Bottom Depth Length Cored 
Length 

No. (mbsf) (mbsf) (m) 
Recovered Recovery (%) 

m 
17H 191.3 200.8 9.5 9.82 103.4 
18H 200.8 210.3 9.5 9.96 104.8 
19H 210.3 219.8 9.5 9.60 101.1 
20H 219.8 229.3 9.5 9.97 105.0 
21H 229.3 238.8 9.5 9.71 102.2 
22H 238.8 248.3 9.5 10.12 106.5 
23H 248.3 257.8 9.5 8.73 91.9 
24H 257.8 266.8 9.0 9.17 101.9 
25X 266.8 273.7 6.9 6.44 93.3 
26X 273.7 283.3 9.6 9.83 102.4 
27X 2833 292.9 9.6 0.20 2.1 

Cored 249.9 246.89 98.8 
Drilled 43 
Total 292.9 

Hole 1179D 

Core Top Depth Bottom Depth Length Cored 
Length 

No. (mbsf) (mbsf) (m) 
Recovered Recovery (%) 

m 
Drilled 0 281.0 
IR 281.0 290.6 9.6 0.98 10.2 
2R 290.6 300.2 9.6 0.19 2.0 
3R 300.2 309.8 9.6 0.26 2.7 
4R 309.8 319.4 9.6 0.99 10.3 
5R 319.4 329.0 9.6 0.57 5.9 
6R 329.0 338.6 9.6 0.82 8.5 
7R 338.6 348.2 9.6 1.10 11.5 
8R 348.2 357.9 9.7 0.25 2.6 
9R 357.9 367.5 9.6 0.65 6.8 
lOR 367.5 377.1 9.6 1.09 11.4 
llR 377.1 386.7 9.6 2.53 26.4 
12R 386.7 390.4 3.7 4.58 123.8 
13R 390.4 396.4 6.0 5.00 83.3 
14R 3%.4 406.0 9.6 3.85 40.1 
15R 406.0 415.7 9.7 0.19 2.0 
16R 415.7 418.8 3.1 0.18 5.8 
17R 418.8 425.3 6.5 2.67 41.1 
18R 425.3 434.9 9.6 4.69 48.9 
19R 434.9 444.6 9.7 3.36 34.6 
20R 444.6 454.2 9.6 5.20 54.2 
21R 454.2 463.8 9.6 4.79 49.9 
22R 463.8 475.0 11.2 6.42 57.3 

Cored 194.0 50.36 26.0 
Drilled 281.0 
Total 475.0 

Table 2.2- Summary of holes, cores, tota~ d-epth below sea floor and recovery (mod~fied from Kanazawa, Sager, eta/., 
submitted) 
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Lithological Unit IV(?- early Cretaceous) is 93.2 m thick and comprises cherty layers 

with soft porcelanite and chalk intervals. Unit IV is found in 191-1179C-26X-CC 

through to 191-1179D-11R-1, 15 em. An overview of the Lithological Units can be 

found in Table 2.3 and a lithology depth plot in Figure 2.6 (Kanazawa, Sager et al., 

submitted). 

2.6 Paleomagnetics 

20 

Natural remnant magnetism (NRM) intensities were measured every 5 em from 

the archive halves of all soft sediment cores ( 191-1179 A-1H, 0 em through 191-1179C-

26X-CC). The soft sediment cores contain excellent magnetic polarity reversal 

sequences from the early Miocene (Chron C5Dr) to the present (Chron 1Cn, Brunhes). 

The single core 191-1179A-1H records the present Chron Cln. The six cores from 

1179B record five magnetic polarity reversals and Cobb Mountain cryptonchron (C1r.2r­

ln). Cores 191-1179C-2H through 25H span from Chrons C1r.2r, Matuyama, to C4Dr. 

Figure 2.6 shows the magnetostratigraphy on the lithology depth plot and Figure 2. 7 

shows the magnetic polarity reversals for Site 1179 (Kanazawa, Sager et aL, submitted). 

2. 7 Biostratigraphy 

Siliceous microfossils, such as diatoms, radiolarians and silicoflagellates, are 

common and well preserved in Lithological Units I and II. Unit III is barren of all types 

of microfossils. Numerous radiolarian data were established and late Miocene to late 

Pleistocene zones for the mid-latitudes were determined, which are the focus of this 

thesis. 
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Lithological Description Intervals Depth Thickness 
Unit 

I Clay- and 191-1179A-1H to 
radiolarian bearing 191-1179C-20H 0.0- 223.5 mbsf 223.5 m 
diatom ooze 

II Clay- and diatom- 191-1179C-20H to 
bearing radiolarian 191-1179C-22H 223.5-246.0 mbsf 22.5m 
ooze 

III Pelagic clay 191-1179C-22H to 
191-1179C-26X 246.0- 283.53 37.53 m 

mbsf 

IV Chert 191-1179C-26X to 
191-1179D-11R 283.53-377.15 92.62 m 

mbsf 

Tab-le 2.3- An overview of the Litho-logic Units ofODP site 1179, including 
lithological description, intervals, depth and thickness (based on information from 
Kanzawa, Sager, et a/., sub-mitted) 
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Figure 2.6 - General lithology, magnetostratigraphy, and ranges of radiolarians, dinoflagellate cysts, 
calcareous nannofossil and foratninifer observed in core-catchers at ODP Site 1179 (after Kanazawa, 
Sager, et a/. , submitted). · 
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Few other microfossil data were produced with non-siliceoUS- microfossils. 

Sample 191-1179B-4H-CC contained both planktic and benthic foraminifera and 

calcareous-nannofossils. The foraminifera were not useful b-iostratigraphically, but the 

nannofossils helped to constrain and early Quaternary age for this sample (Figure 2.6). 

There is- no explanation for the occurreoce of calcareOUS- microfossils-within the core 

because the drilling site is well below the CCD for the Northwest Pacific Ocean. 

Geochemical analysis yielded anomalousl-y high cat=booate readings- elsewhere in Units I 

and II. There were no calcareous microfossils in Unit III and IV, and no anomalous 

readings-were observed. Agglutinated furaminifet=a of middle to-late Miocene age were 

observed in sample 191-1179C-20H-CCC (Figure 2.6) (Kanazawa, Sager et al., 

subm~ted). 

Palynomorphs- (terrestrial spores- and pollen, dinocystS- and acritru:ches-)-were 

observed in samples 191-1179 A-CC to 191-1179C-1 OH-CC and are moderately to well 

preserved,. ranging fro.m Pliocene-to. early Pleistocene.(Figu.re2...6}. All samples ~low 

191-1179C-11H-CC, in Units I, II and III, are barren of palynomorphs (Figure 2.6). 

Th€re is-an increase in the abundance of terrestrial- pollen in- the samples-t~have 

anomalously high carbonate contents- (Kanazawa, Sager et a/., submitted}. 
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Chapter Three- Methods 

3.1 lntrodu~tion 

This- chapter outlines- the guidelines- us-ed in the sample annotation, core 

description, radiolarian processing method, slide mounting techniques and slide 

examination: 

3.2 Radiolarian Processing 

24 

Radiolarians- were obtained from the core samples-191-1179B--lH to 19l~ll-79C-

3H and core catcher samples 191-1179B-1H-CC to 191-1179C-27X-CC. About 10 cm3 

of sediment were disaggregated b-y using 1 Oo/o- HzOz and about lo/o- Calgon solutions. 

Brief treatment of samples in an ultrasonic bath was followed by washing on a 63-J.tm 

mesh sieve. Treating the sample with a 1 Oo/0- HCl solution was not necessary becaus,e the 

sediments were well below the carbonate compensation depth. Radiolaria were obtained 

from sample l91-ll19D-9R-l, 58--62 em(~ 3-58- mbst}b-Y dissolving smal-~hert 

fragments in a 5% HF bath for 5hrs. The HF was decanted off the sample and it was then 

thoroughly washed in-distilled 'Yater. 

The core catcher samples-191-1119B-1H-CC t0-191-l119C-27X-CC andJ91-

1179D-9R-1, 58-62 em were mounted immediately. The Samples 191-1179B-1H to 191-

1179C-3-H-werefiltered using 15-cmdiameter filter paper and dried under heat l~ps. 

The samples were stored in 20 ml glass vials for transport. 

Core samples 191-1179B-1H to191-1179C-3H were dried in an oven at 50 °C and 

the weight was recorded prior to processing. 
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3.3. Slide Mounting Frocedure 

Strewn slides were made for the core catcher samples-using the greater than 63-

Jlm fraction with a pipette. The samples were mounted on 50 x 22mm coverslips using 

Norland Optical Adhesive applied to glass- slides- and cured under ultraviolet light. 

Sample 191-1179D-9R-l, 58-62 ·Cm was mounted in Canada Balsam using the strewn 

pipette method. The use of a p-ipette to make strewn sl-ideS- biaseS- the diversity of 

radiolarians, therefore relative group and species abundance may not be an accurate 

reflection of the diversity. for thi-S-reason the samples-are only examined for age 

estimates. 

The method of RoelofS- and Pisias- ( 1986-) is- employed to ensure a r~dom 

distribution of radiolaria. This allows for accurate species and group diversities to be 

calculated. Th~s-was-used to- mount core sampleS-l91-ll79B--1H to-l91-ll79C-3-H, The 

washed and dried sample is placed in a beaker containing distilled water and the height of 

water and diameter of the beaker iS-m~. TM. sample is- agitated with-a sediment 

stirrer until completely dispersed throughout the water. A stand with two gelatin-covered 

SO x 22mm ceversl-if}s affixed to- it iS- immerS€d in the beaker immediately fullowing 

agitation. The height of the water was measured with the stand immersed. 15-20 

minutes-was allo-wed for aU the sample particles. to settle and the wat-er was. siphone<;l off 
I 

to just above stand level. The additional water was allowed to evaporate overnight, until 

it was- below stand level. This- method may have been-em~d S€veral- times, adju~ting 

the stand height to obtain optimum particle coverage. The coverslips were removed from 

the stand and allo-wed to air dry before mounting with-Norland Optical Adhes~ and 

curing in ultra-violet light. The particles were washed off the stand· and back into their 
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beaker (Roelofs and Pisias, 1986). The sample in the beaker was then sieved using a 63-

J..Lm mesh to concentrate the particles and return them to vials. A complete list of 

apparatus and set up can be found in Figure 3. 1. 

3.4 Radiolarian Examination 

Overall radiolarian abundance was determined based on strewn slide evaluation at 

1 OOX, using the following convention: 

A (abundant) = > 100 specimens per slide traverse; 

C (common)= 50-100 specimens per slide traverse; 

F (few)= 10-50 specimens per slide traverse; 

R (rare)=< 10 specimens per slide traverse; 

T (trace) = < 1 specimens per slide traverse; and 

B (barren)= no radiolarians in the sample. 

The abundance of total individual species was recorded relative to the fraction of 

the total assemblage as follows: 

A (abundant) = > 1 Oo/0- of the total assemblage; 

C (common)= 5-10% ofthe total assemblage; 

F (few)= <5%ofthe total assemblage; 

R (rare)= a few or more specimens per slide; 

T (trace)= present in slide; and 

B (barren) = absent. 

Preservation was recorded as fol-lqws: 

E (excellent) = nearly pristine, complete skeleton, lacking any indications of 

dissol-ution, recrystallization, or breakage; 

G (good) = majority of specimens complete, with minor dissolution, 

recrystallization, and/or breakage; 
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M (moderate) = minor but common dissolution, witlt- a s.mall amount of 

recrystallization or breakage of specimen; and 

P (poru}= strong dis-solution, n~crysta-Uization, or breakage, many specimens 

unidentifiable. 

3.5 Biostratigraphic Framework 

28 

The conventionS- for the Cenozoic biostratigr(LJ}hic zonation used- in this. thesis can 

be found in Nigrini and Sanfilippo (1992, 2001). These results were derived from 

tropical and equatorial site in the PacifiC Ocean. In suggesting 'absolute' ages_ for 

radiolarian datum levels and zonal boundaries, Nigrini and Sanfilippo (1992, 2001) was 

used. These schemes. were-based on results. of DSDP Leg 85 S-ites. in the equatorial 

Pacific. 
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Chapter Four- Results 

4.1 General Statement 

The core-catcher samples 191-1179B-2H to 191-1179C-21H were examined and 

radiolarian datums were produced. During the examination of samples 191-11 79B-1 H to 

191-1179C-3H, severe breakage of radiolaria was. observed; there were no identifiable 

radiolarians in these samples and they were therefore not used. 

4.2 ODP Site 1179 Core Catcher Samples 

Common-to-abundant radiolarians are present in most sediments, with the 

exception of Samples 1179B-4H-CC, ll79C-5H-CC, ll79C-9H-CC, and 1179C-12H­

CC (Table 2.2). Samples 1179C-22H-CC (~248 mbst) to 1179C-25H-CC (~273 mbst) 

were barren of radiolarians. Radiolarians-reappear in samplesll79C-26R-CC (~283 

mbst) and 1179C-27R-CC (~293 mbst) and continue down through the chert layers. The 

range of each species. can be found in Figure 4.1. The ovet=all group abundance, 

preservation and species occurrence for each sample can be observed in Table 4.1. The 

species. that were identifted by the author are common- marker species. fru: the mid-latttude 

Pacific. The slides were examined until species adequate for an age assignment were 

observed. 

Amphiropaluntypsilon (Plate 1, Figure1) waS-observed in Sample l91-1179C-7H­

CC (105.85 mbst) and 8H-CC (115.74 mbst); this species was few in occurrence. 

Bot1yostrobus aquilonaris (Plate 1, Figure 2} was.-observed in Samples-19l-1179B-1H­

CC (7.48 mbst) through 1179-C-2H-CC (58.77 mbst); this species was common in 

occurrence in Samples.l91-1179B-1H-CC (7.5-8-mbst) through4H-CC and was-few in 
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191 1179 B 3 I-t cc 27.09 S universus S universus c G c c c c F F 
191 1179 B 4 I-t cc 36.02 S universus S universus F G c c c c F F 
191 1179 B 5 11 ~c 46.p E. matu)mmai Ematuyamai c 0 F E_ c c c F F c 
191 1179 B 6 1-i cc 55.2 E. matuyamai E matllyat'nai c G F c c, c c t F 
191 1179 c 2 1-i cc 58.77 Ematuyamai Ematuyamai F G F c F 

19i 1179 c 3 H cc 67.81 L.. heterbpdros L. heteroporos c G c c F F c 

191 1179 c 4 H cc 77.86 L. hflterbpdros L hetetoporos c d F c F c 

191 1179 c 5 I-t cc 87.03 L. heteroporos L heteropt;wos F G F c c F c 

191 1179 c 6 H cc 96.83 L. hdterbpdroS. L. heteroporos A G c F F c 

191 1179 c 7 H cc 105.85 L. hflterbpdros L heteroporos c G F c F F c 
191 1179 c 8 H cc 115.74 S larigii ~ la'ngii c G F F F c 
191 1179 c 10 H cc 134.57 S langii .: lai'zgil c G c c 
191 1179 c 11 I-l cc 143.84 S langii .: la'ngil A G c c c c 
191 1179 c 12 H cc 153.87 S langii • langii F M c c 
191 1179 c 13 H CC 162.89 S peregrina D penultlma c G c c c c 
191 1179 c 14 H cc 172.87 S peregrina D penultima c M c c c c 
191 1179 c 15 I-t cc 181.94 S peregrina D penultima c M c c c c 
191 1179 c 16 I-t cc 191.79 S peregrina D penultitna c M c c 
191 1179 c 17 I-t cc 201.08 S peregrina D penultitna c M c c 
191 1179 c 18 H cc 210.71 S peregrina D penultitna c M c c 

1J 1J 

191 1179 c 20 H cc 229.72 dntepenulttma antepenultima A G c c c c 
D D 

191 1179 c 21 I-t cc 238.80 dntepenulttma antepenultima A G c c c c 

Table 4.1 -Summary of radiolarians examined in core-catcher samples from ODP Site 1119 (after Kanzawa, Sager, et al., submitted) 
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1 2 

4 

Figure 1 Amphirhopalum ypsilon (Hackel, 1887) 191-1179B-6H-CC, slide 2 
Figure 2 Botryostrobus aquilonaris (Nigrini, 1977) 191-1179-2H-CC, slide 2 
Figure 3 Cycladophora davidsoni davidsoni (Ehrenburg, 1871) 191-1179B-6H-CC, slide 1 
Figure 4 Diartus petterssoni (Sanfilippo & Riedel, 1980) 191-1179C-20H-CC, slide 1 

32 

Figure 5 Didymocyrtis antepenultima (Sanfilippo & Riel del, 1980) 191-1179C-20H-CC, slide 1 
Figure 6 Didymocyrtis penultima (Sanfilippo & Rieldel, 1980) 191-1179C-13H -CC, slide 2 

3 

Figure 7 Didymocyrtis tetrathalamus tetrathalamus (Sanfilippo & Riedel, 1980) 191-1179C-5H..;CC, slide 
Figure 8 Eucyrtidium calvertense (Martin, 1904) under 300X, l91-1179C-2H-CC, slide 2 
Figure 9 Eucyrtidium matyamai (Hays, 1970) 191-1179C-2H-CC, slide 1 
Figure 10 Eucyrtis micropora 191-l179C-9R-l W (58-62 em), slide 2 
Figure 11 Lamprocyrtis heteroporos (Kling, 1973) 191-1179C-4H-CC, slide 1 
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Figure 1 Lamprocyrtis nigriniae (Caulet, 1971) 191-1179B-2H-CC, slide 1 
Figure 2 Lamprocyrtis neoheteroporos (Kling, 1973) 191-1179B-6H-CC, slide 2 
Figure 3 Saturnalis circularis 191-1179B-3H-CC, slide 2 
Figure 4 Sethocapsa cetia 191-1179C-9R-l W (58-62 em), slide 2 
Figure 5 Sphaeropyle langii (Kling, 1973) 191-1179C-1 OHCC, slide 2 
Figure 6 Sphaeropyle robusta (Kling, 1973) 191-1179C-14H-CC, slide 1 
Figure 7 Stichocorys delmontensis 191-11 79C-1 7H -Cc, slide 1 
Figure 8 Stichocorys peregrina (Sanfilippo and Riedel, 1970) 191-11 79C-12H-CC, slide 1 
Figure 9 Stylacontarium acquilonium (Kling, 1973) 191-1179B-5H-CC, slide 1 
Figure 10 Stylatractus universus (Hays, 1970) 191-1179B-4H-CC, slide 2 
Figure 11 Theocorythium vetulum (Nigrini, 1971) 191-1l79B-5H-CC, slide 1 
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occurrence from Sample 1179B-5H-CC (46.12 mbsf) through 1179C-2H-CC (58.77 

mb-sf). Cycladophora davisoni davisoni (Plate 1, Figure 1) was common in occurrence in 

sample 191-1179B-4H-CC (32.02 mbsf). Diatrus petersoni (Plate 1, Figure 4) and 

Didymocyrtis-antepenultima (Plate 1, Figure S}were common in occurrence and were 

only observed in Sample 191-1179C-20H-CC (229.72 mbsf) to 191-1179-21H-CC (238.8 

mbst}. Didymocyrtis penultima (Plate 1, Figure 6-) was common in occurreoce and was 

observed in Sample 191-1179C-13H-CC (162.89 mbsf). Didymocyrtis tetrathalamus 

tetrathalamus (Plate 1, Figure 7} was low in occurrence and was-found in Samples 191-

1179B-5H-CC ( 46.12 mbsf), 1179C-3H-CC (67.81 mbsf) and 4H-CC (77.86 mbsf). 

Eucyrtidium calvertense (Plate 1, Figure 8) was observed in all samples ex_cept 

191-1179B-6H-CC (58.77 mbsf), 1179C-4H-CC (77.86 mbsf) and 6H-CC (96.83 mbsf) 

through 8-H-CC (115.74-mb-st}. Eucyrtidium matuyamai (Plate 1, Figure 9}was-oommon 

in occurrence is Samples 191-1179B-6H-CC (55.2 mbsf) and 1179C-2H-CC (58.77 

mbst}. LantpTocyrtis heterop<JTous (Plate 1, Figure 11} is common- in Samples. 191-

1179C-4H-CC (77.86 mbsf) to 7H-CC (105.85 mbsf). Lamprocyrtis nigriniae (Plate 2, 

Figure 1}iscommon inoccurrencein-Samples-l91-l17-9C-2H-CC (16.69 mbsf}-to 6H­

CC (58. 77 mbsf). Lamprocyrtis neoheteroporous (Plate 2, Figure 2) was common in 

occurrence and only observed in Sample 191-1179B--6H-CC. 

Saturnalis circularis (Plate 2, Figure 3) was common in Sample 191-1179B-2H­

CC (16-.69 mbst} through 6H-CC (55.2 mbsf). Sphaeropyle robusta was-only observyd in 

Sample 191-1179B-6H-CC (55.2 mbsf). Stichocorys delmontensis (Plate 2, Figure 7) is 

common in Samples 191-117-9C-l1H-CC (162.8-9 mbsf}-t0-20H-CC (229.7-9 ~bsf). 

Stichocorys peregrina (Plate 2, Figure 8) is common in occurrence in Samples 191-



Leg Site Hole Core Type Sect Interval Volume Dry weight Leg Site Hole Core Type Sect Interval Volume Dry weight 

191 1179 a 1 HCB t 2~ . 43 10 f-.; ~ .. 11 191 117-9 . ~· , ~ . HCa 7. 1 32 · ~4 10 5.67 
191 1179 a 1 HCB 1 7D 93 1( 1~ .. 5 1~1 1179. ~ ,6 , HCI3 1 · ~2 34 10 ~-6~ 
191 1179 e 1 HCB 2 '81) $2 1( 4.31 . . 12 : 74 10 • 5.7~ 
191 1179 ~ . 1 HCB 3 .80 $2 1( 5.a4 191 1179 ~ 6 HCB 2 10 72 . 10 ~ .7S 
191 1179 ~ 1 HCB 4 30 ~2 10 5.69 191 1179 B 6 HCB 3 ,, 12' 74 10 . ~ .88 
191 1179 1 HCB 5 8Q t2 10 2.78. 191 11.79 B .9 HCB 5 . 72 74 10 6.9 
191 1179 e 2 HCB 1 7$ 8 10 3.72. 191 1179 8 e : HCB 6 : 72 . 74 10 
191 1179 $ 2 HCB 2 80 82 10 5.87 H 1 1179 ~ 6 · HCB 7 42 44 10 ~ .61 
191 1179 8 2 HCB 3 80 S2 10 5.61 H 1 1179 C 2 HCB 1 72 74 10 3.5 
191 1179 B 2 HCB 4 80 82 10 8.79 H 1 1179 C 2 HCB 2 72 74 10 4.94 
191 1179 B 2 HCB 5 80 ~2 10 4.48 191 1179 C 2 HCB 3 72 74 10 5.29 
191 1179 ) 2 f;CB 6 8Q S2 10 4.76. 191 1179 C 2 HCB 4 72 74 10 ~ .41 
191 1179 ) 3 HCB 1 80 h2 10 8.32 191 1179 C 2 HCB 5 '72 74 10 ~.51 

191 1179 ) 3 HCB ~ 80 h2 1C 4.98 191 1179. C 2 . HCB 6 . 12 . 74 10 L71 
191 1179 ~ 3 HCB 3 80 b2 1C 4.46 191 1179 C 2 HCB 7 · . 30 32 10 €.23 
191 1179 ) 3 HCB 4 80 b2 1C 7.01 191 1179 C 3 HCB · 1 74, 76 10 ~ .19 
191 1179 a 3 HCB 5 80 82 1C 6.78 191 1179 C 3 HCB 2 ~ 4 10 ~ .41 
191 1179 ~ 3 HCB 6 80 $2 10 7.09 191 1179 ~ 3 HCB 2 14 76 10 4.7~ 
191 1179 a 4 HCB 1 80 $2 10 3.06 1 ~1 1179 C 3 HCB 2 102 104 10 3.45 
191 1179 8 4 HCB 2 80 82 10 4.36 191 1179 C 3 HC~ 2 146 148 10 5.37 
191 1179 4 HCB 3 34 36 1C 5.4 1Q1 1179 C 3 HCB 3 58 60 10 4.56 
191 1179 4 HCB 4 34 36 1C 4.:26 191 1179 C 3 HCB 4 74 76 10 5.51 
191 1179 ~ HCB 4· 122 124 1( 6.~3 191 1179 C 3 HCB 5 74 76 10 5.36 
191 1179 e ~ HCB p 34 36 10 4.23 191 1179 C 3 HCB 5 114 116 10 5.95 
191 1179 ~ ~ HCB p 122 124 10 3.78 191 1179 C 3 HCB 6 50 52 10 8.12 
191 1179 8 4 HCB 6 34 36 10 4.09 191 1179 C 3 HCB 7 a s 10 5.74 
191 1179 B 4 HCB a 135 137 10 5.02 191 1179 C 4 HCB 1 106 108 10 5.42 
191 1179 B 4 HCB 7 6 8 10 6.06 191 1179 C 4 HCB 1 146 148 10 6.68 
191 1179 B 5 HCB 1 80 S2 10 5 .• 61 191 1179 C 4 HCB 2 74 76 10 4.78 
191 1179 8 $ HCB 1 44 46 10 6.14 191 1179 C 4 HCB 4 a s 10 4.09 
191 1179 B 5 HCB 2 30 32 10 4.66 191 1179 C 5 HCB 2 72 74 10 3.41 
191 1179 a 5 HCB 2 144 146 10 5.05 191 1179 C 6 HCB 4 a 10 10 4.6 
191 1179 8 5 HCB 3 80 S2 10 5.55 191 1179 C 6 HCB 4 16 18 10 4.55 
191 1179 B 5 HCB 4 3Q 32 1() 4.7 191 1179 C 6 HCB 4 72 74 10 5.29 
191 1179 8 5 HCB 5 80 $2 10 7.5 191 1179 C 6 HCB 4 74 76 10 4.41 
191 1179 B 5 HCB 6 80 82 10 6.38 191 1179 C 6 HCB 4 84 sa 10 4.42 

Table 4.2 ·Summary of core samples prdcessed, 



Leg Sit~ Hole Core Type Sect Interval Volume Dry weight 

191 11.79 c 6 HCB v :r f- 3- ~ 5-· .10 516' 
191 1179 c .a r.tGB ~ .7$ 18 .1 c 7.24' 
191 1179 c a tiCB :80 S2 10 5.~6' 
1~1 1179 c a HCB 144 146 1( 5.13 
1~1 1179 c 1 HG.B 74 t6 . H 3.$7 . 
191 ,1179 ~ g HCB 1 7~ 16 1( .4.09 
191 1179 c 9 HCB 2 2. 4 1( 5.61' 
191 11,79 c Q HCB 12 104 106 1C 3.41. 
191 1179 c 9 HCB 2 144 146 1C 4.17 
191 1179 c ~ HCB 3 10 12 10 5.28 
191 1179 c g HCB 3 74 76 10 4.31 
191 1179 c 1b HCB 12 74. ~6 1C .4.11 ' 
191 1179 c 1P HCB 4 74 t6 1C 4.31. 
H1 1179 c 11 HCB 4 74 16 1C 3.98 
H1 1179 c 1~ HQB -~ 74 t6 1C 4.14 
H1 1179 c 1$ HCB 1 74 76 '10 5.,~3 
191 1179 c 14 HGB 3 64 $6 10 4.61 
191 1179 c 1(3 HCB 1 64 66 10 4.56 
191 1179 c 17 HCB 4 64 66 10 5.87 
191 1179 c 18 HCB e 64 ee 10 7 .. 9 
191 1179 c 1~ HCB 1 64 ~6 1Q 5.51 
191 1179 c 2p HCB 5 74 76 1Q 5.99 
191 1179 c 21 HCB 1 20 22 10 ,10.6~ 
191 1179 c 21 HCB 1 74 {6 10 4.56 
191 1179 c 212 HCB 6 74 16 10 8.4 
191 1179 c 23 HCB 1 2 4 10 8.7 

Table 4.2 • Summary of core samples processed. 
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1179C-10H-CC (134.57 mbsf) to 15H-CC (181.94 mbsf}. Stylacontarium acquilonium 

(Plate 2, Figure 9) is common in occurrence in Samples 191-1179B-3H-CC (27.09 mbsf) 

to-6H-CC (58-.77 mbsf) and few appear in Samples-191-1179C-6H (96.&3 mbs-f)- to 8H­

CC (115.74 mbsf). Few Stylatractus universus (Plate 2, Figure 10) were observed in 

Samp-les-191-1179B-4H-CC (36.02 mbst) t0- SH-CC (46.12 mbsf), 1179C-3-H-CC (q7.81 

mbsf) and 1179C-5H-CC (87.03 mbsf) through 7H-CC (105.85 mbsf). Theocorythidum 

vetulum (Plate 2, Figure 11} iS- common in Samples-191-1179B--4H-CC (36. 02lllbsQ and 

1179C-3H-CC (67.81 mbsf) through 11H-CC (115.74 mbsf). 

4.3 ODP Site 1119 In-C~e San, pies 

Samples- 191-1179-B--lH to- C-3-H contained radiolaria with severely broken. ~ests. 

No recognizable species were observed and the abundance of radiolaria was greatly 

reduced. A detailed outline of the samp~ taken and their dry weights-can-be- fout?d in 

Table 4.2. No calculations were preformed to estimate the number of radiolaria present 

in the samples. because of the severe breakage-of the s~ens. 

Sample 191-1179D-9R-l, 58-62 em (~358 mbsf) was taken from Lithological 

Unit IV, thiS- sample contained-common mod.et:ately recrystallized radiolaria. . Two 

species were identified from this sample Eucyrtis micropora (Plate 1, Figure 1 0) and 

Sethocapsa celia (Plate2, Figure4}. 
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Chapter Five - Pacific Zonal Definitions for the Middle Latitudes 

This chapter contains the Pacific zonal definitions for the middle latitudes as cited 

in Nigrini and Sanfilippo (1992, 2001). It provides the framework for the radiolarian 

zonation of ODP Site 1179 found in chapter six. 

PLEISTOCENE 

Botryostrobus Aquilonaris Zone Baily 1856, emmend. Nigrini 1967 

Eucyrtidium tumidulum Zone Hays 1970 

Artostrobium miralestensis Zone Kling 1973 

Artostrobium tumidulum Foreman 197 5 

The late Quaternary B. aquilonaris (Bailey, 1856) zone is defined by the 

occurrence of the species it is named for subsequent to the extinction of Stylatractus 

universus. It is the uppermost Quaternary Zone in middle latitudes and is equivalent to 

the Omega Zone in Antarctic sediments (Hays, 1965). Events included in this zone are: 

Tm Stylacontarium acquilonium 

The base of the B. aquilonaris Zone is defined by the disappearance of Stylatractus 

universus and is coincident with the upper limit of the Stylatractus universus Zone. 

Stylatractus Universus Zone Hays 1970 

Axoprunum angelinum Kling 1973 and Foreman 1975 

The middle Quaternary S. universus is defined by the last occurrence of S. 

universus at the top of the zone and is coincident with the lower limit of the B. 
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aquilonaf'is Zone. The S. univeJ"sus Zone roughly corresponds to the Psi Zone in 

Antarctic sediments (Hays, 1965). Events included in the zone are: 

- T m Lampoc.yrtis neoheteroporos 

- Tm Theocorythium vetulum may be coincident with the base of this zone. 
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The base of the s._ universus Zone is defined by the-disappearance of Eucyrtidiunl 

matuyamai and is coincident with the upper limit of the Eucyrtidium matuyamai Zone. 

Eucyrtidium-MatuyamaiZooeHayS-1910, emend. Foreman 1975 

The top of the zone is defined by the disappearance of E. matuyamai and is 

coincident with the lo-wer limit of the Stylauactus- universus Zone. The wne couesponds 

approximately to the Chi Zone in Antarctic sediments (Hays, 1965). Events included in 

the zone-are: 

- Tm Lamprocyrtis heteroporos 

- Bm-Lamprocyrtis mwiniae 

- Bm L. neoheteroporos 

- Tm Sphae,.opyle l"obusta 

The base of the-Er matuyamai Zone is def1ned by the evolutionary: transition-from 

Eucyrtidium calvertense to E. matuyamai. The base of the zone approximates the base of 

the Pleistocene in the ~rth Pacific. 

PLIOCENE 

Lamprocyrlis-HeteroporOS-ZoneHays, 1970, emend Foreman, 1975 

The top of the late Pliocene L. heterporos Zone is defined by the evolutionary 

transition of E~calvertense to E. matuyamai and is coincident with the lower limit of the 
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E. matuyamai Zone. The- uppet: limit of this zone is-similar to the upper boundary of the 

Phi Zone in Antarctic sediments (Hays, 1965). Kling (1973), in North Pacific sediments, 

used the occun:ence of E. matuyamai as- the-upper limit o£ this.- zone. The-base-oft~ zone 

is defined by the disappearance of Stichocorys peregrina and is coincident with the upper 

limit of the Sphaeropyle langii Zone. 

Sphaeropyle Langii Zone Foreman 197 5 

The top- of the middle Pliocene-8.. Langii Zone-is defmed b-y the disappeax:ance of 

S. peregrina and is coincident with the lower limit of the L. heteroporos Zone. Events 

included inthe-ztm(( are: 

- Bm S. acquilonium 

- Tm-Stichocorysde~nsis 

- BmL. heteroporos 

~ Tm Theocorys redondoensis 

The base of the zone is-defined- by the occurrence of S. langii and is-coincident 

with the upper limit of the S. peregrina Zone. The range of this zone approximates that 

of the-Spongaster pentas Zone-in- the-equatorial Pacific. S1 1bseq1 1 ent 1 1np1 Jblishe<L~dies 

(Nigrini, C. and Sanfilippo, A., 2001) suggest that S. langii and S. robusta are not 

stratigraphical-ly useful species- and that the radiolat:ian zonation in this-part of the time 

scale will need to be-revi-sed. 



Chapter 5 - Pacifi.c Zonal Definitions for_ t.he.MiddleJ atimdes 

LATE MIOCENE 

StichocorysPeTegrina Zone RiedeL and Sanfilippo, 1970, emend. Foreman, 1975 

The top of the late Miocene S. peregrina Zone is defined by the occurrence of S. 

langii and is coincident with the lower limit of the s._ langii Zone. Foreman ( 197 5) 

emended the top of this zone for the North Pacific where the tropical Spongaster pentas 

Zone cannot be recognized. Thebaseofthi&-zone-isdefined by the-occun:encaof S. 

peregrina and is coincident with the upper limit of the Didymocyrtis penultima Zone. 
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Subsequent unpub-lished studies- (Nigrini, C. and Sanf11ippo, A., 20-0-1} suggest ~at S. 

langii and S.robusta are not stratigraphically useful species and that the radiolarian 

zonation in this-part of the- time-scale will need tO-- be-revised. This zone is equi~t to 

the low-latitude zone of the same name, but the faunal assemblage in the middle latitudes 

is-often different and important marker species-are-frequently missing. 

Didymocyrtis Penultima Zone Riedel and Sanfilippo, 1970 

The top of the middle late-Miocene-D~ penultima Zone-is- defined hy the 

occurrence of S. peregrina and is coincident with the lower limit of the S. peregrina 

Zooe. The base-of the-zone- is defmed hy the occun:ence-of ~ penultima and is 

coincident with the upper limit of the Didymocyrtis antepenultima Zone. This zone is 

equivalent to the low-latitude zone of the same-name, but the-faunal- assemblagei~ the 

middle latitudes is often different and important marker specieS-are frequently missing. 
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Didymocyrlis antepenultima-ZoneRiedel and Sanfilippo-, 1970 

The top of the early late Miocene Didymocyrtis antepenultima zone is defined by 

the occun:ence of D. penultima and iS- coincident with- the-lo-wer limit of the Dr penultinza 

Zone. The base of the zone is defined by the occurrence of D. antepenultima and is 

coincident with the upper limit oftheDwtuspetters.wni Zone. This zone is equivalent 

to the low-latitude zone of the same name, but the faunal assemblage in the middle 

latitudes iS- often different and important market: species- ru:efrequently missing. 
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Chapter Six- Discussion 

6.1 General Statement 

This chapter discusses the abundance-and preservation of radiolaria assemblages 

observed from sediments at ODP Site 1179 in Lithological Units I, II and IV and assigns 

them to- mid-latitude radiolaria zGHe~ It discusses the relative rate of sedimentation and 

compares it to the rate of sedimentation based on the magnetostratigraphy of the site. It 

also. includes. a detailed comparison of ODP Site- 1179 with. other sites. drilled-on_ the 

abyssal sea floor in the Northwest Pacific Basin and suggests the relative position of the 

Kuroshio/O.yashio. convergence boundary. since the onset of biosiliceous. sed.i.mentati.?n in 

the middle to late Miocene. 

6.2 Radiolarian Biostratigraph.y of ODP Site.U79 

The radiolarians present in sediments from core-catcher samples ofLithological 

Units I and II fmm holes dt:i.Ued at Site 117.9 range i.n age from late Miocene to 

Quaternary (Figure 4.1); this corresponds to Unit A in Northwest Pacific stratigraphy 

(Figure 2.3). Common-to-abundant radiolarians.are-p.resentin most sediments, wit._h the 

exception of Samples 1179B-4H-CC, 1179C-5H-CC, 1179C-9H-CC, and 1179C-12H­

CC (Table 1179-E-1 }. The small concentration of radiolarians in Sarnp.les.l179C-5l{-CC, 

1179C-9H-CC, and 1179C-12H-CC (Table 1179-E-1) possibly resulted from an increase 

in diatom and silicoflagellate production. The. concentration of radiolaria in Sample 

1179B-4H-CC was decreased by the presence of volcanic ash. Samples 1179C-22H-CC 

(-24-S. mbsf} to 1179C-25H-CC (- 27.3. mbs.t).were barren of radiolaria., but fish teeth. were 

present in these samples, Radiolaria reappear in Sarnp.les1179C-26R-CC (- 283 mbsf) 
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and 1179C-27R-CC (-293 mbsf) and continue down through the chert layers. Sample 

1179D-9R-l, 58-62 em (-358 mbst) contained radiolarians from the early Cretaceous. 
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The radiolarian preservation is. good in lithological Unit I (0 to -220 mbs£} and is 

moderate in lithological Unit II (-220 to -246 mbst) . Many ofthe radiolarians in these 

samples. have broken tes.ts. but sho.w little evidence of s.ilica dissolution or 

recrystallization. Below Units I and II the radiolarian preservation is poor. In Samples 

1179C-26R-CC (-2&3 mb.st} to ll79C-27R-CC (-293 mbsf)., identification of s~cies 

was hindered due to a high degree of silica recrystallization. Sample 1179D-9R-l, 58-62 

em, had a moderately high degree-of silica recrystalli£ation. Certain species-~ less 

affected by the recrystallization, allowing identification. 

b.-2rl Biostratigraph-y o£ Leg 191,. Site.ll 7-9,. ~le D 

Sample 191-1179D-9R-l, 58-62 em (-358 mbst) contained radiolarians from the 

early Cretaceous. This- is- evident from the occm:rence of Euc~tis miaopo-,:q and 

Sethoscapsa cetia, indicating that this sample ranges in age from Valanginian to 

Barremian. 

0.2. Biostratigraphy of Leg_ 191,.-Site-1179,.-HoJe C 

The early late Miocene D. antepenultima Zone (Riedel and Sanfilippo, 1970) 

begins.. in sample 191-ll79C-21-H-CC (238.. 8mbst} (Figure 4. 1 }; this..:rone is-ma.r~d by 

the presence of D. antepenultima and Diartus hughesi. These species are also found in 

Sample 191-ll79C-20H-CC (229.72mbsf}(Figure.A 1). Radiolarians present in ~pies 

191-1179C-19H-CC (21 0. 71 mbs.f) to l91-1179C-13H-CC (162.95 mbsf) (Figure 4.1) 
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indicate that the section is of middle to late Miocene age, based on the presence of S. 

delmontensis, S. peregrina and S. robusta. This unzoned section of the core must have 

the D. penultima Zone (Riedel and Sanfilippo, 1970) at its lower boundary with the D. 

antepenultima Zone between cores 191-1179C- 20H -CC and 1179C-19H -CC. The 

unzoned section of the core also must have the S. peregrina Zone (Riedel and Sanfilippo, 

1970, 1978) at its upper boundary with the S. langii Zone (Foreman, 1975). This 

boundary is marked by the first occurrence of S. delmontensis and abundant S. peregrina, 

this occurs between Samples 191-1179C-12H-CC (153.97 mbsf) and 191-1179C-13H­

CC (Figure 4.1). 

The faunal assemblage suggests that the sediments remain in the S. langii Zone 

through to Sample 191-1179C-H-CC (115.81 mbsf) (Figure 4.1). The boundary between 

the middle Pliocene S. langii Zone and the L. heteroporos Zone (Hays, 1970; Foreman 

1975) is marked by the first occurrence of S.acquilonium in Sample 191-1179C-7H-CC 

( 115.81 mbsf) (Figure 4.1). The L. heteroporos Zone continues through to Sample 191-

1179C-3H-CC (105.92 mbsf) (Figure 4.1). The faunal assemblage in Sample 191-1179C-

2H-CC (28.77 mbsf) (Figure 4.1) suggests that the boundary between the early Pliocene 

L. heteroporos Zone and the E. matuyamai Zone (Hays, 1970; Foreman 1975) occurs 

between cores 191-1179C-3H and 1179C-2H (Figure 4.1). Sediments in Sample 191-

1179C-2H-CC (58.28 mbsf) (Figure 4.1) have been assigned to the early Quaternary E. 

matuyamai Zone on the basis of the presence of Eucyrtidium matuyamai. 
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6-.2.~ BiosUati-g-rap-by ot: Site 1119,-IIole B 

Sediments in Samples 191-1179B-6H-CC (55.25 mbst) and 191-1179B-5H-CC 

(46-.16 mbst} (Figw:e 4.1 )-have been assigned to the-eady Quaternary R matuyamai ~one 

on the basis of the presence of E. matuyamai. The first occurrence of S. universus in 

sample 1179B--4H-CC {36-.06-mbst} confu:ms-that we-are-in-theSY univeJ:"~Zone-(Hays, 

1970) (Figure 4.1). The end of the middle Quaternary S. universus Zone is marked by the 

last ~ence-of S. acquilonium in Sample 1179a-3H-CC (27.14 mbsf). 'I~. late 

Quaternary B. aquilonaris Zone (Hays, 1970) is found in Samples 1179B-2H-CC (16.74 

mbst}and 1179B--1H-CC(7.53- mbst}basedon the-absence-ofS~acquilonium (Eigure 

4.1). 

6-.3- Sedimentation-Rate based ot: Radiolaria Zones and Magnetostratigmpby at 

ODP Site 1179 

The B. aqui/mu;uis, S. U/IDle~sus, and E. matuyamai Zones-encompass-all-of the 

Quaternary in the mid-latitude Pacific Ocean. Cores 191-1179B-1H-CC through 191-

1119C-2H-CC contain- these zone& This- suggestS-that 6-7 m of sediment was-deposited at 

this site during the Quaternary, a sedimentation rate of roughly 3 7 m/Ma. The L. 

heteF~OS- and S. langii Zone- encompasses-most of the- Pliocene {from- 1. &-- 4-.5--Ma ), 

cores 191-1179C-3H-CC through 191-1179C-12H-CC contain these zones. This 

suggestS-that over 90- m of sediment was-deposited dw:ing the- Pliocene (from 1. 8--- 4. 5 

Ma ), a sedimentation rate of roughly 34 m/Ma. The S. peregrina Zone encompasses the 

earliest part of the Pliocene (from-4.5- 5.2 Ma}, this-zone was-not identified at ODI? Site 

1179 as it belonged to an unzoned section of the core. The-unzoned section of the core 
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and the D. antepenultima Zone contain the earliest part of the Pliocene (from 4.5- 5.2 

Ma) and aU of the late Miocene. Cores-191-1-1-79C-1JH-CC through 191-1179C-21-H-CC 

contain these zones. This suggests that over 80 m of sediment was deposited during the 

late Miocene and the earliest part of the Pliocene, a sedimentation rate of rough~¥ 13 m 

/Ma. Cores 191-1179B-1H through 191-1179C-21H-CC correspond to the topmost layer 

in Northwest Pacific Basin Stratigraphy, this-unit haS- an avemge sedimentation-mte of 

roughly 22 m/Ma. 

The magnetostratigraph-Y--at ODP Site 1-179 indicates-that 65.42 m-o£seditpent 

were deposited during the Quaternary, a rate of36.3 m/Ma. There were 92.4 m of 

sediments-deposited ft=om 4-.5- Mato-thePlioceneLQuatemacy-~ this-give a 

sedimentation rate of34.2 m/Ma. There were 88.35 m of sediments deposited from the 

lateMioceneto-4.5- Ma, this-give a sedimentation rate of 13-.6-m/Ma. Thet:ewet=e245 m 

of sediments were deposited since the late Miocene, suggesting an average sedimentation 

rate of 22.2 mJ Ma. These rates-are neat:!¥ the sameas-thea¥et=age-sedimefl4ltion 

obtained through radiolarian biostratigraphy; this can be verified in Figure 6.1. 

6.-4 Comparison of Site-1179- with--DSDE andODP Sites- in- the Northwest E~ific 

The radiolarian biostratigraphy done in the Northwest Pacific Basin of the abyssal 

seafloor by the DS-PD (Leg 6- (Heezen, Pimm et aL,. 1-971}, Leg_ 20 (Heezen, MacGregor 

et al., 1973), Leg 32 (Larson, Moberly et al., 1975), Leg 86 (Heath, Burckle et al., 1979)) 

and ODP (Leg 145-, and Leg_ 185 (Plank, Ludden-, Escutia, 2000}} sho-w.s-a sitpilar 

zonation to ODP Site 1179. Figure 6.2 contains a map showing the location of the 

DSDP JODP sites-in the Northwest Pacific Ocean, the precise location o£ these sites- can 
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Figure 6.1 - Sedimentation rate diagram based on radiolaria and paleomagnetc data. 
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submitted). 
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be found.in Table6~L Other DS:DP andODP Sites-from.the:Northw.estPacific wer.y not 

used because they are located above the CCD. 

Unit ~ a Miocene to Pleistocene olive green to gray siliceous. clay and ooze with 

numerous ash layers (Figure 6.3 and 6.4), has been observed to be greater than 200m in 

thickness. resulting from a high productivity in the con-vergent waters of the Kw:osh~ and 

Oyashio currents (Kanazawa, Sager et al., submitted). This unit is the main focus of the 

comparison between ODP Site 1179 and other site& in the Northwest PaciflC-:aasin. 

6.4.1 DSDP and ODP sites of interest 

Sites. to the south of ODP Site 1179 include DSDP Sites. 51 (Leg 6. (Heezen, 

Pimm et al., 1971)), 194, 195, 196, 198 (Leg 20 (Heezen, MacGregor et al., 1973)), 307 

(Leg 32 (Larson, Moberly et aL, 1975)-)-, 576~ and 57& (Leg&6 (Heath~ But:ekleeta/., 

1979)). A summary of the number of cores, intervals, recovery, lithology and radiolarian 

zonation can be found in Table 6.2. At DSDP Site 51 (Heeren, Pimm et aL,. 1911) the 

cores of specific interest to this thesis are 6-51.0-1H (114.0 -123.1 mbsf) and 6-51.1-1H 

(22.9- 32.0 mbsf). Core6-51.0-1H belo.ngs.to-the.g_paeg~inaZoneandcore-6-51.1-1H 

belongs to the E. matuyamai Zone (Fischer et al, 1971). DSDP Site 51(Heezen, Pimm et 

aL, 1971 )- is. not suitable for a detailed comparison with-ODP Site 1179 because cores 

were not continuously recovered. This site was abandoned before the barren zone was 

reached making it impossible to estimate a sedimentation rate. 

At DSDP Sites 194, 195, 196 and 198 (Heezen, MacGregor et al., 1973) the cores 

of specifiC interest to this thesis are 20-194-lH (37. 5- 4 7. 0. mbsf) and 20.-194-2H ( ~ 4 2. 0 

- 151.5 mbsf), 20-195A-1H (63.0 -72.5 mbst}and20-195A-2H (120.0-129.5 mbst), 32-
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Leg Hole# Latitude Longitude Water Depth 

6 51 33°285N 153°24.3-E 5981.0 
20 194 3-3°28.5N .. 148°48.6E 5744.0 
20 1g-5 Jil46.48N 14Ef5B-.7E 5958.0 
20 196 lcf07~QN- 14sll57.70E 6f84.0· 

20 198 25°29.5N 154o-35.0E 5848.0 
~2 ~03- 40°48.50N 154°27.07E 5609_0 

32 304 39-020.21N 155-04 .. 1:9E 5640.Q 
32- 307 za035.26N 16tW.28E 5696.0 
86 576 zttz1·.3m 16~10.52E 6219~3 

86 578 33°S5~56N 151o-37.74E 6010.0 
86 579 38-03.7 .68-N- 1-53-o50.1-4E 5736.6 
86 580- 41°37.47-N 153°5-8.58E 5375.0 
86 581 43~55.62N 159'f47. 76E 5467.(} 

145 88l d6.14N- rs'f29:52E 5531. t 
185 1149 31cr-2.0.55N 143°2LOE 5818.0 

Table 6.1- Su-mmafy 0-f location and water deptt+ at DSDP 
and ODP Sites in the Northwest Pacific Basin. 

51 
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Leg Site Core# Interval Recovery Recovery Lithogical Description Zones 
· (tjlb#} ,I 

-· ;(W) I .f~OJ) .1· ,·- -
I 

: : 
1 ,. tl I ,; tl ,, I I ;I l i I ,I ,I .I i i ! i : 

6 51.0 i 114.0 ... 113~1 9.1 too Dark brown zeblitio clay w/ Stichocor;/s peregrilia 
yellowish-brdwti diatom 6oze to 

mottles and ash layers DidmqcYflis peiiultima. 
: ~ 123.1-)~2.0 ' : 0..3 . I ,13.! JJ2lrr¢n.• : ·~-.w--u-

51.1 i 2~.9 ... 31.0 9.1 too Radiolarian ..__ bitttom rich Eucyrtis tndiuyafnai 
Clay w/ ash lay~rs to 

i . Lainprocyrtis heteropords 
~ I i ~20.1 ~;146.8 I :1.8 .I .3d l Barr¢n -~-,.;, ____ 

2o 1~4 1 37.~ -.41.0 8.5 89 
i 

Pale greefi nidiohtrit:ln clay Botryosirobus aq1Ji lonaris 
~ l4~.d--'- 1$1.5 . 6.5 ,68 Pale gn~ert ntdipl~rit:trt clay Sticho.corys peregrilia . 
3 227.5 -237.0 ot 1 ,Chert . 
4 237.0--'- 246.5 oc 1 Chert early Cret~ceous 
5 246.5 -·248.:0 : : cc ; 1' :Chert : 

i95A 1 63.0 --'-72.5 8.5 Mottled silty tadiolatian clay Lamprocyrtis heteroporos 
\VI ash layer~ 

2 12.0- 129.5 .5,.0 Btown clay Stichocorys pereg!iha 
3 i90.0--'- 196.0 : 0.5: Chert/Limestone 

195B 1 357.5-367.0 oc Chert/Chalk 
2 367.0-371.0 . cc :Chert Valangiriian to Hauterivian 

3 389.0-.392.0 1.0· . Chert/Chalk/Limestone 

Table 6.2 ~ Suminary ofDSPP arld ODP Sites f~ the Northwest Pacific Basin (Leg 6 (Heezert, Pim1h ¢t a/., i971)~ Leg io (Heezen, MacGregor et al., 1913), Leg 
32 (Larson, Moberly eta/., i975), Leg 86 (Heath, Butck1e eta/., 1979)) and ODP (Leg 145, and Leg 185 (Plank, Ludden, Escutia, iOOO)). 



Leg Site Core#. Interval Recovery .Recovery Lithogical Description Zones 
; I I I I I lmb!£f),l l ,i l(t!]),J ',l cl ,l .~/(fJ I I l l I I .l .I .1 I 

' 
I l .I I ,I I 

I 
,i.. 

20 196 1 31..5- ~1.0 1 1.0 PaJagoni~ic sihy red .¢lay . . Botrybsirobt~;s aquilooaris 
2 104.0.- 110.0 6.0 Zeoliti~ r¢d chly i 1ate Cretaceous 
3 197.0- 20'3.0 1.0· • Litnest0ne/Chert/Si1tstone VaHtngihian to Hauterivittn 
4 300.5- 31.0.,0 :0.,5 ' I Limestone/Chert 

198 ' 1 90,5 ~ ,100.0 8.0 
2. 1 00.5,- 109.$ 2.5 Brown zeo1itic dlay 

.j 109.5 -119.0 6.0 ' Cretacebus 
4 119.0 -J25.0 6.0 ' 

: I I 
I : 5, 125.0- .134.~ : 'cc i I .I Btown .zeol~tid day/qhert : .I 

32 3d3 l 0,0 ~ 12.0 05 :5 Dtatortt _._ Rildlo1arian obze w/ . Botrybstrohus aquilonaris . 
·2 61.0-72.0 9.0 100 radio1atian-\jearitig pe)a!tic . Stichocorys peregrina 

II 
.3. 111.0-126.0 8.0 89 day . . l21;te Miocehe 

4 174.0-:183.0 8.3: 92 : Dfdynfodyri;is antepenultifna 

·' : :5 : Z12.0:- 220.0 . tr I :<i Zeblltic pelagic clay/Chert late Albian 

J03A 1 220;0 ;- 229.25 tt <1 
3 229;25 ~ 238.5 0.2 :2 . Albian 
4 238.5:-247.5 .0.4' 4 Aptian to Barremian 
5 241.75 -"- 257.0 1.5 16 Chert 

6 251.0-266.75 0.4 4 Barremian to Hauterivian 
7 26625 -'- 275.5 ' ·0.5. 5 Clayey minno ooze/Chert 
8 275.5-284.15 ·0.4 4 

Table 6.2 ._;_ Siurtlnary ofpSPb. arld ODP Sites in the No~twest Pacific Basin (Leg 6 (Heezert, ~nun eta/., i971), ~g io (H~ezen, MacGrego~ et al., 1913); Leg 
32 (Larson, Moberly eta/., i975), Leg 86 (Heath, Burclde et al., 1919)) at'ld ODP (Leg 145~ and Leg 185 (Plank, Ludden, Escuda, 2000)). 



Leg Site Core# Interval . Recovery Recovery Lithogical Description Zones 

l _j . i l j i I ,l(rrib~f), ,(w): i i (%) l J_ ,i cl ,j_ ,j ,j ,[ ,l ! I .I l ; .1 ; 

32 3d4 1 10~.5- 115.0 5.5 5S Rhdtol~ri.an d1atbrrt ooze . Srichoco1ys peregl.Ai11a 
1 216.0.-215.5 2.8 29 Didymocyrtis antepenultima 
3 . 235.0.-244.0 9 100 late Albian 
4 244.0-253.0 tr <1 Albian to Aptian 
5 . 253.0-262.$ 0.4 4 

.6 ' 262.0- ~1.1 .5 tr <1 Peltgic ~lay/Chert 
1 ~71,.5- 281.6 0.4. 4 Aptian to Barremian 

8 ' 281 .. 0-290.0 0.4 4 
9 190.0- t299.5 .0.5 5 
10 . 199.5-308.5 0.4. 4. 
1 i 308.5.- 31.8.0 0.3 . 3 Batrem1ari to Hatitefivian 

1~ 318.0-317.6 0.3 . 3 Narind obze/ Chert 
: 13 • 327.0-331.0 . tr <1: 
: 14 . 331.0.-334.5 : 1.;4 : :43 : : ; I : 

307 1 0.0-9.0 7.~: 83 Zeolitic ~elagic ~lay : Pliestocene 
.2 .37.5- 41.0. -0.4 4 lat¢ Albian 
3 56.5- 6.5.5 0.4 4 Chert/Porcellenite/Zeolitio Albian 
4 84.5-85.5 0.2 :2· pelagic clay Aptian to Barremian 
5 103.0-112.5 0.•1 1. 
6 121.5 -130.5 0.3. .3 Barremian to Valangihian . . 

7 158.0 167.0. .1.7 19 Chert/N artno 
8 1.95.0-204.0 . 1.2 :13 Chalk/Calcareous Porcellenite 

Table 6.2- SiurHnary ofDSPO arid bpP Sites in the Northwest Pacific Basin (Leg 6 (Heezen; Pinun eta/., i911), L~g 2o (Heezen, MacGregor eta!., 1973), Leg 
32 (Larson, Moberly et at., i975), Leg 86 (Heath, Burckle et al., 1979)) and bOP (Leg 145, and Leg 185 (Plank, Ludden, Estutia, ioOO)). 



Leg Site Core# . Interval Recovery Recovery Lithogical Description Zones 
! : I I I .(mbsf) l ; 

I :(IV) I r . . rloJ j ~ I 
,. 

·' 
i 

1 I ,1 .1 ,L ,I ,J I j .l .i .i ; ,j 

32 307 9 ~34.5- 241.5 1.3 14 ; i 
Valanginian 

. 16 27d.o- '217.5 0.8 9. ChertiN anho 
1 i 28$.5 - 297.$ .0.7 .8 Cl1alk!talcarebus ti-otcelleniie Valartginian to Bertiasiah 

.12 191.5 -30:7.0 :0.6: 6: I : : I 

86 576 1 0.0-2.7 2.71 ioo Botryostrobus aqui lonatis 
to 

: Srylattactus ttniveiAsus 
2 .2.7 j_ 12 .2 9.78. }03 Eucyrtidiiun malUJ!'afl'lai 
3 12.2-21.7 6.64 7d Pelagic Hr6wh. clay triiddle to late 

Miocene 
4 21.7-31.2 10.05 i06 eatly t6 
5 31.2-40.7 9.81 103 Barren of middle 

' I 

radiolaria Oligocetj.e 
6 40.7-50.2 9.78 io3 (ages based 

Calcareous ooze/Pelagic oti Eocene 
1 50.2-59.7 9.68· 102 brown chiy Ichthyoliths) . Paleocene 

:8 :59.1- 6~.2: 9.68: 102 Cretac¢ous. 

578 1 0.0-4.8 4.77· 99 Botryostrobus aqui lonaris 
2 4:8- 14.3 8.25 87 
3 14.3-23.8 9.70 102 Stylatractus t1niverstts 
4 23.8-33.3 9.01 95 
5 33.3-42.8 9.63. 101 Olive grey ~iliceous Clay 

6 42.8-52.3 10.00 ios Eucyrtidiurh matuyamai 
.1 52.3-61.8 9.68 102 

8 61.8 -71.3 9.76 i03 LamproeJ!fis heteropbrds 
9 . 71.3- 80.8 9.75. 103 Yellow brown to brown clay . Sphaeropyle lan_gii 

Table 6.2-'- Swnmary ofDS?D a~d ODP Sites in the Northwest Pac~fic Basin (Leg 6 (Heezen, Pinun et al., l971), Leg 20 (Heezen,: MacGregor eta!., 1973), Leg 
32 (Larson, Moberly et al., 1975), Leg 86 (Heath, Burck:le et al., 1979)) and ODP (Leg 145~ and Leg 185 (Plank, Ludden, Escutia, 2000)). 



Leg Site Core# Interval Recovery Recovery Lithogical Description . Zones 
l .i .I j . j {~~.l .i· .1 1CW) I i · i ,,o/oJ I l .i . I . l t l l 1 l .l i 1 t r 1 1 1 I I 1 I I 

86 518 10 . 8d.8- po.3 8.93 94 Sphderopyle lcllzgii 

'll .9d.3.- 99 .. 8 
' 

~.44 99 
12 9918 J_ 1o9.3 9.06 95 Ye11ow lhdwn to brdwn dlay Stichocorys peregh1ia 
1.l 1 09. J- 118. $ . 9.48. ,}06 
14 118.8- 128.3 i0.18 107 
15 128.3 - 137.8 9.76 103 
16 137.8- 147.3 8.36 88 
17 141.3.-155.3 7.$6 96 Brdwrt p~htgit dlay Barreh 
1$ 156.8- 163J 

i 
6.20 .95, 

19 166.3 - 111.1 4. 7 91 
l i 

; 20 17$.8 -116.8 . b.~ 1 81. I :Brown .Pe.~ag;ic clay/ ¢hert i 

579 . 1 0.0-8.4 8.44. Jo(> !Jotrybsirobus a qui lo11aris 
2 l . SA- .l7.9, 8.46, ,89 : ' 

579A 1 )4.0;- 23.5' 9.3 98 Stylatracus un{verstis 
2 23.5-33.0 9.7 102 
3 33.0-42.5 i 8.$8 ,93 
4 42.5-52.0 5. 6 56 Eucyrtldiuni niatuyamai 
5 52.0-61.5 9.03 95 
6 61.5-71.0 7.94 .84 

Siliceous clay 1 71.d- 80.5 8.27 87 Lcuitprocyrtis heteroporous 
8 80.5-90.0 9.66 102 
9. 90.0-99.5 7.68 81 
10 99:5 ~ 109.0 7.59. 80 Sphaeropyle langii 

! 11 1 09. d - 118. 5 7.~0 77 
12 118.5 -128.0 8.34. 88 
13 128.0- 137.5 6.95, 73 Stichocorys peregrifla 
14 137.5 -147.0 7.50 79 

Table 6.2...:. S~nitnary bfbSPD and ODP Sites in the Noith~est Pacific Basin (Leg 6 (Heezen; Pinuh e~ al., i971), L¢g 20 (Heez~n,! MacGregor et al., 1973), Leg 
32 (Larson, Moberly et al., 1975), Leg 86 (Heath, Burckle et ai., l979)) and ODP (Leg 145, and Leg 185 (Plunk, Ludden, Escutia, 2000)). 



Leg Site Core# Interval Recovery Recovery Lithogical Description Zones 

i l I l l l .Jfl1:h~.l ! .! l~) d .I ,(~J .! l I 1 l l I i l I i I I j l l l I l ! 

86. $7~A 1$ 141.d- J4;9.,$ t2J7' 95 i . Sili~e<>us clay . Srithocmys pereW,·itta 
580 1 d.O- ~ .. l . ~. 2 tot 

2. '3j3 ~ 12.8 8. 9 88 Botrybstrobus aqui lb11arJs 
3 12.8 -.22.3 8.~2 91 

·4 21.3-31.8 8.88 93 SiliCe()us clay 

5 31.8-41.3 9.14 96 Stylatracus universus 
6 41.3-50.8 8.80 93 
7. 5d.8- ~0.3 7.,{4 81, 

·8 .6Q.3 - 69 .. 8 9.11, 9S CcUcareous silic~ous clay Etkj)rtiditJm matuyamai 
.9 69.8---" 79.3 7.11 7() 

10 7~.3- 88.8 8.~ ~5 91 
11 88.8-98.3 7._ 0 .71 
12 98.3 -107.8 9.~9· 98 Silice6us clay 

J 

13 107.8- 117.3 9.08. 96 Laniprocyrtis heteroporous 

14 i 11.3 - 126.8 ' 9.14 ,96, Clayey d1atoni ooze 
15 1.26.8- .136.3 8.45 89 
16 136.3 -145.$ ' 8.97 94 Siliceous clay Sphaetopyle langii 

·17 1'45.8- ·155.3 7.72· .81 : 

581 ' 1 0.0- 1.0 b.93 :93 · Stylatractus universtJs 
2 181.5 -'191.0 6.83 67 Sphaetopyle larJgii 
3 19l.d- 200.5 8.52 90 Stichocorys peregrina 
4 200.5-210.0 9.45 99 Biogenic siliceous clay 

5 210.0-219.5 ;5.32 56 Didymocyrtis penultima 
·6 219.5-229.0 9.44· 99 Didymocyrtis antepenultima. 
1 229.0-238.5 8.98· 95, Diartus pettersoni. 
g 238.5-248.0 7.59 80 Dorcadosphyris alata 
9 248.d- 257.5 5.48 58 Pelgic brown o~ay 

Table 6.2...:. SWrtinary ofDSPD atid ODP Sit~s in the Northwest Pacifiq Basin (Leg 6 (Heezert~ Pimrtt e.t al., i971),' Leg 2o (Heez~n, MacGregor et al., 1913), Leg 
32 (Larson, Moberly et al., 1975), Leg 86 (Heath, Burckle et al., 1979)) attd ODP (Leg 145, and Leg 185 (Plank, Ludden, Escutia, iOOO)). 



Leg Site Core# Interval Recovery Recovery . Lithogical Description Zones 

j I .I ,I l lflt1J I l I (%). .I I ,i I l I 

86 581 10 251..5- 267.) 8.52 9d Pbhigic llrdwh clay Batreh 
1 261.0- 216. ) 0.40 4 
1i . 276.5.-. :286.0 0. 5 4 
1 286.0.-295.5 b. 6 2 
14 295.5-305.0 b.27 3 
15 305.0-314.5 0.55 6 Chert Cretaceous 

1~ 314.5-324.0 0.18 ,2 
17 ; 324.0-333.5 1.07 11 
1$ 33~.5- 343.0 bJ5 .4 
19 3A3.0,- 352.$ 3.$5' : 38 Basalt. l I 

145 88iC 1 d.O.- 3.$ ~.92. 1o3 Clayey diatom ooze Boytrostrobus aquilonaris 
2 3J8: 13.3 9 . .63. 11 
3 1~.3- 22.8' 8.$1 92 
4 22.8-32.3 9.84 to3 Stylatractus universus 
5 32.3-41.8 ~.$0 92 
6 41.8-51.3 9.$4: to] 
7 51.3-60.8 ~.29 98 
8 60.8 -70.3 10.,05 106 Eitcyrtidiimi niatuyamai 
9. 70.3 -79.8. 8.$7. 90 
10 79.8-89.3 9.59 ·11 

. 1 i 89.3-98.8 9.26 98 
'12 98.8- 108.3 9.91 104 
13 108 .. 3- 117)~ 9.32 98 
1~ 117.8-127.3 10.-00 05 Laniprocyrtis heteroporous 
15 127.3 -136.$ 9.75 102 
16 ; 13(5.8- 146.3 9.96 105 
17 146.3 -155.8 9.48 99 

Table 6.2 ~Summary ofDS~D a1~d bDP Sites i~ t~e Northwest Pac~fit Basi~ (Leg 6 (Heezen, Pinun et al., l971), ~g 2o (Heezen, MacGregor eta/;, 1973), Leg 
32 (Larson~ Moberly eta/., 1975)~ Leg 86 (Heath, Burclde et al., 1979)) and ODP (Leg 145, and Leg 185 (Plank, Ludden, Escutia, 2000)). 



Leg Site Core.# Interval _ Recov:ery . Recovery .Lithogical Description Zones 
I l l i I l l® I 1 l ,,o/uJ .l 1 ,j l ' i ; ; ' 

145 881 1$ 155.81-162.3 ; 3.9 6d 
'19 16 ~ .5 - 111. 9 '* ~1 
20 171.9-181.( ct j :<1 
21 181.1,-191.2 9.5 1oo Ltunpi~ocyrtis hete1~opdrous 

22 191.2-200.6 · ct <1 
23 200.6-209.7 9.32 102 
24 209.1.-219.0 cc <1 

.2$ ~19.0- ~28.7 ; 5.~8 54 
26 228.1 - 23,8.3 cc <1 
27 23S.3 - 248.0 8.65 89 
28 . 24S.O- ~57.~ cc <1 ; 

Di~tom ooze 
Sphaeropyle langii 

29 257.6-267.,2 4.Q8 42 
30 261.2 - 216.9 9.44 97 
31 276.9-286.5 cc <1 
32 286.5-296.2 3.$5 39 
35 296.2-305.8 cc <1 Stichocorys per'egri11a 
34 30$.8-315.4 cc <1 
35 315.4-325.1 7.46 77 
36 325.1 - 334.8 9.65 99 
31 334.8-344.5 cc <1 
38 344.5-354.1 . cc <1 Didymocyrtis penultin1a 
39 354.1 -363.8 cc <1 

Table 6.2- Summary ofDSPD arid ODP Sites in the Noithtvest Pacific Basin (Leg 6 (Heezen, Pinuh et ai .. i971), Leg io {Heezen, MacGrego~ et al., 1973)j Leg 
32 (Larson, Moberly et al., i975), Leg 86 (Heath, Burckle et al., i979)) at\d ODP (Leg 145, and Leg 1S5 (Plank, Ludden, Escutia, iOOO)). 
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196-1H (37.5- 47.0 mbsf), and no cores from Site 198. Cores 20-194-1H and 20-196-

1H belong to the B. aquilonaris Zone, core 20-195A-1H belongs to the L. heteroporos 

Zone and 20-194-2H belongs to the S. peregrina Zone (Heezen et al, 1971). DSDP Sites 

194, 195, 196, and 198 (Heezen, MacGregor et al., 1973) were not suitable for 

comparison with ODP Site 11 79 because only discrete intervals of sediment from Unit A 

were recovered, the lower boundary of Unit A was not recovered at these site making it 

impossible to estimate a sedimentation rate. 

At DSDP Site 307 (Larson, Moberly et al., 1975), core 32-307-1H (0.0 -9.0 

mbsf) is the only core of interest. The zonation of core 3 2-3 07-1 H-was not determined 

but the faunal assemblage suggests that it is of Pleistocene age. DSDP Site 307 is not 

suitable for comparison because only a single core wa~recovered from Unit A. 

At DSDP Sites 576 and 578 (Heath, Burckle et al., 1979) the cores of interest are 

86-576-1H (0.0- 2.7 mbsf} to 86-576-3H (12.2- 21.7 mbst} and 86-578-lH (0.0-- 4.8 

mbsf) through 13H (109.3- 118.8 mbsf). The top of core 86-576-1H and all of cores 

86-578-1H to 86-578-2H belong to the B. aquilonarisZone. The- bottom of core 86-576-

1H and cores 578-3H to 578-4H belong to the S. universus Zone. Cores 86-576-2H, 86-

578-5H through 86-578-7H belong to the£. matuyamai Zone. Cores &6-578--8H, 86-

578-9H through 86-578-11H and 86-578-12H to 86-578-13H belong to the L. 

heteroporous, S. langii, and S. peregrina Zone, respectively. Cot=e 86-576-3H is of 

middle to late Miocene in age, this datum is based on the Icthyolith assemblage and 

corresponds to the D. antepenultimatoD. penultima Zones-. DSDP Site 576 is not 

comparable to ODP Site 1179 because the Unit A sediment package is very thin ( ~ 10 

m). This site was drilled on-the western flank of S-hatsky Rise at a depth of roughly 



Chapter 6 - Discussion 

6200m, the increased depth may have-an effect on the sedimentation rate-as does its 

proximity to Shatsky Rise. DSDP Site 578 is comparable to ODP Site 1179 because of 

itS- contillUO-us record and it reacheS- the barren ~radiillarian zones-were detemJ,ined 

throughout Unit A allowing us to compare the rate of sedimentation in various zones in 

the core. 
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ODP Site-1149- (Leg_ 185-{Plank~ Ludden~-Escutia~ 2000)}-is-located to- the- south 

of ODP Site 1179. This site is comparable even though analysis of the radiolarian 

assemblages-and zonation was-not preformedbeca11Se the-magnetostratigraphy show,s the 

important boundaries in Unit A and where the boundary with the barren zone occurs 

allowing_ for a sedimentation rate-estimate. 

Sites-to-the-westofODP Sitell79 include-DSDP Sites-3QlandJ.fi4(Lt(~ 32 

(Larson, Moberly eta/., 1975)) and Sites 579 and 580 (Leg 86 (Heath, Burckle eta/., 

1979)-}. ASJ1mmary ofthe-nJJmber of cores,_ intervals,_ reco-ver-y,_ lithology arulradiol"rian 

zonation can be found in Table 6.2. At DSDP Sites 303 and 304 (Larson, Moberly eta/., 

1975) the-cores-of interesLare-32=3Dl-lH {O.Q- l2.D-mbsf1-_J2=3Ql-2R(62n- 72.0 

mbsf), 32-303-3H (117.0- 126.0 mbsf), 32-303-4H (174.0 -183.0 mbsf), 32-304-1H 

(105.5- 115.0 mbsf)_and 32-3.fi4-2R(216.H-- 225_5-mhsf}. Core-32=3.fil-lli~s to 

the B. aquilonaris Zone. Cores 32-303-2H and 32-304-1H belong to the S. peregrina 

Zone. Core-12,3ffi-3H belongs tO- the-late-Miocene andhacl110- discernible_radiol~rian 

zonation. Core 32-303-4H belongs to the D. antepenultima Zone. DSDP Sites 303 and 

304 are-not comparable-tO-ODP Site-1179 because coreS-were-notcontinuqusly 

recovered. These sites did not recover the boundary with the barren zone making it 

impossible-tn estimate-a sedimentation rate. 
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At DSDP Sites i79 ancli&O (~BurckleeL~ 1979) the-cores of interest 

include 86-579-1H (0.0- 8.4 mbsf) to 86-579-2H (8.4- 17.9 mbsf), 86-579A-1H (14.0-

23-.5 mbst) through_86-i79A-15R(l47_Q- 149.5 mbst) aru:L&6-i&0-1H(Q_Q- 33-mbsf) 

through 86-580-17H (145.8- 155.33 mbsf). Cores 86-579-1H to 86-579-2H and 86-580-

lH-to &6,.5&C1-1H belong_ to. the.R aquilonaris.Zon.e_ Cores..&6.-i79A-lH to &.&S79A-2H 

and 86-580-4H to 86-580-6H belong to the S. universus Zone. Cores 86-579A-3H to 86-

579A-5H aruL&6-i&.Q-7Hto.&6.-5&0-lQH.belong..to..the.£ matuyamaiZone_ ~ 86-

579A-6H to 86-579A-8H and 86-580-11H to 86-580-15H contain the L. heteroporos 

Zone. Cores.&6.-5..79A-9H to. &6~5..79A-12H ancL.&6-5.&fi-l6lLto. &6-i&O~l7H.contain the 

S. langii Zone. Cores 86-579A-13H to 86-579A-14H belong to the S. peregrina Zone. 

DSDP Sites-57.9 andi&Q (~Burckle et~ 1979)-.are..comparab]eto.ODP Site.1179 

because cores were continuously recovered and radiolarian zones were determine 

throughout Unit A. These.si~did.notreco.v:er the.boundacy.with the barrenzone.b~ it is 

possible to estimate a sedimentation rate because of continuous recovery. 

Sites. to. the-north of ODP-Site.ll79 inch1de Sites i&.L 'Leg_&6. (~~e et 

al., 1979)) and 881 (Leg 145 ). A summary ofthe number of cores, intervals, recovery, 

litholog.y: and.radiolarian.zonation.can.belbund.in. Tahle.6.2.. At.DSDP Site 58l(lleath, 

Burckle eta/., 1979) the cores of interest are 86-581-1H (0.0- 1.0 mbsf) and 86-581-2H 

(181.5- 191.0 mbsf)_throngb &6~5&-6H~9.i ~ 229..Qmbst)_ Core.&6.~5&1""'1Hbelongs 

to the B. aquilonaris Zone. Core 86-581-2H contains the S. langii Zone. Cores 86-581-

3-H to &6-5.8.1-4H belong. to. the.S_ paegriua.Zone. Core.&6.""'i&.l-5H. belongs to.tJ;le D. 

penultima Zone. Core 86-581-6H belongs to the D. antepenultima Zone. ODP Site 581 is 

comparahle to ODP Site.l 179 even. though the upper parto£UniLA not continuou s]y 
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recovered_ Radiolarian_ zonation was-established_fbr-theJo:wer parto£UniLA and th\s site 

did.recover. the boundary with the barren zone making possible to estimate a 
se~rate. 

At DSDP Site-8&1 the-coreS-o£interest are-L45--8&1C-1H ~QQ- 3.8-) through 145-

881C-39H (345.1- 363.8 mbsf). Cores 145-881C-IH to 145-881-C-3H belong to the B. 

aquiloJJ£Uis Zone. Cores-l45--8RL-4H through L45--&&L-71Lbelong to the-S-~rsus 

Zone. Cores 145-881 C-8H through 145-881 C-13H belong to the E. matuyamai Zone. 

COI=es-145-&&1C-l4H to-145--8&1C-25!Lcontain-theLheteroporos Zone. Cor~ 145-

881C-26H through 145-881C-30H contain the S. langii Zone. Cores 145-881C-31H to 

14-5-S&-lC-3Sli belong tO-the-S~ paegrina Zone Core-14&-&81C-16H-through 145--~ 1 C-

39H belong to the D. penultima Zone. ODP Site 881 is comparable to ODP Site 1179 

because cores-were-continuously recovered and radiolarian zones were detenpine 

throughout Unit A. This site did recover the boundary with the barren zone but it is 

pGssible-to-estimate-a sedimentation rate. 

6.4.2 Sedimentation rates of comparable DSDP and ODP Sites in the Northwest 

~citic 

The-sedimentation rates were estimated for suitab]e sites (5.18, 579, 580, 581,.881, 

and 1149) in the Northwest Pacific Basin. Figure 6. 5 shows the radiolarian 

biostratigraphy of the-comparable sites and the sedimentation r.atesJbr..the-Qua.teqlary, 

Pliocene and late Miocene sediments are given in Table 6.3. 

In estimating the._ sedimentation rates the_fOJ.Io_wing ages were_ used for, each 

epoch, these ages are based on the time-scale from_ Berggren et aL ( 1980) and correspond 
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to those ofNigrini and Sanfilippo (1992, 2001). The Quaternary ranges from present to 

1. 8 Ma. The Pliocene contains the L. heteroporos, S. langii and part of the S. pergrina 

Zones_ The late Miocene/Pliocene boundary is not clearly distinguishable from the 

radiolarian zonation, therefore, the sedimentation rates for the Pliocene are determined 

strictly from the L heteroporos and_s._ langii Zones. ranging from 1. 8 - 4. 5 Ma. The late 

Miocene contains the part of the S. pergrina Zone and all of the D. penultima and D. 

antepenultim.a Zones The lateMincene/Pliocene boundary is not clearly distinguishable 

from the radiolarian zonation, therefore, the sedimentation rates for the late Miocene are 

detennined_from the s._ pexgr~ D~ penultim.a and D. antepenultima Zones. ranging from 

4.5- 11.0 Ma. The same convention was used in calculating the sedimentation rates at 

ODP Site 1179 (see section 6.3). 

The sedimentation rates. during_ the late Miocene range_ from 21_1 ~t the 

most northern site to 3. 4 m/Ma at the most southern site. The sedimentation rates during 

the Pliocene range from 5&.4 mLMaat the most northern site. to 14_Q m!Maa.Lthe-most 

southern site. The sedimentation rates during the Quaternary range from 65.4 m/Ma at the 

most northern site to 27.7 m/Ma at the most southern site. See Table 6.3 for the 

sedimentation rate at DSDP Sites 578, 579, 580, and 581, and ODP Sites 881, and 1149. 

6.4.3 Late Miocene to Recent Paleoceanographic Changes of the Northwest Pacific 

Ocean 

The Northwest Pacific Ocean contains three distinct water masses (Figure 6.2): (i) 

the subarctic, (ii) the subtropic and (iii) a transition region containing the mixed waters 

of the subarctic and subtropic water masses (Koizumi, 1985). The modern transition 
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zone lies between 40 and 42~ latitude (Koizumi, 1985). The water in this region is 

derived off the coast of Japan, where the warm Kuroshio current, which originates in the 

central water mass, converges with the Oyashio current, which originates in the Bering 

Sea and Sea of Okhotsk (Figure 6.2) (Koizumi, 1985). The mixed surface water in the 

transition zone moves east with the West Wind Drift (Koizumi, 1985). New data from 

ODP Sites in the Northwest Pacific indicate that this transition zone has had north/south 

fluctuations through out the Quaternary. The position of the Kuroshio/Oyashio transition 

zone during the late Quaternary as indicated by radiolarian data is not consistent with 

Koizumi (1985); it ranges from 39 to 41 ~- This a slight drift in the apparent latitude of 

the Kuroshio/Oyashio convergence boundary from paleoceanographic indicators to sea 

surface currents to sedimentation 

The subarctic region has a higher concentration of nutrient salts than the subtropic 

region. This is due to upwelling of the nutrient-rich deep water occurring in the center of 

the gyres in the subarctic region, therefore, the primary productivity in the subarctic 

region is higher than that of the subtropic region (Koizumi, 1985). The key controlling 

factor on sediment accumulation on the abyssal sea floor is plankton primary productivity 

not the transport of detrial sediment, this is evident from the composition of the 

sediments in Unit A of the Northwest Pacific Stratigraphy (Corresponding to Lithologic 

Units I and II of ODP Site 1179). Unit A is classified as biogenic siliceous ooze, 

indicating that the siliceous component (diatoms, radiolarians, and silicoflagellates) is 

greater than 50 %. 

The initiation of Miocene biosiliceous sedimentation in the Northwest Pacific 

Ocean is recorded at DSDP Sites 578 and 581 and ODP Site 1179. This event marks the 
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time when each specific site exited the low productivity central gyre region and moved 

into the high productivity transition zone between the Kuroshio and Oyashio currents 

(Morely, 1985). 
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At DSDP Site 581 the onset of biosiliceous sedimentation is marked by the 

transition from barren pelagic clay to radiolarian bearing clay and occurs at 248.0 mbsf 

(Table 6.2). The radiolarian assemblage indicates we are in the middle- late Miocene 

Dorcadospyris alata Zone. At ODP Site 1179 this event is marked by the transition from 

barren pelagic clay to radiolarian bearing clay and occurs at 238.8 mbsf. The radiolarian 

assemblage indicates we are in the late Miocene D. antepenultima Zone. At DSDP Site 

5 78 this event is marked by the transition from barren pelagic clay to radiolarian bearing 

clay and occurs at 118.8 mbsf(Table 6.2). The radiolarian assemblage indicates we are 

in the late Miocene - early Pliocene S. peregrina Zone. This shows that the initiation of 

Miocene biosiliceous sedimentation is transitional in the Northwest Pacific Ocean, 

indicating that the region of convergence between the Kuroshio and Oyashio currents 

began to move south during the middle Miocene. 

Sedimentation rates in the Northwest Pacific Ocean give a good estimate of 

primary productivity rates and to the relative movement of the Kuroshio/Oyashio 

convergence zone after the middle Miocene. At ODP Site 881 the sedimentation rate for 

the late Miocene is 23.4 m/Ma (Table 6.3), this rate is significantly higher than the rates 

of the other DSDP and ODP sites in the North West Pacific suggesting that the 

Kuroshio/Oyashio convergence zone was located to the north of this site during the late 

Miocene (Figure 6.6). The sedimentation rate at DSDP Site 581 and ODP Site& 1179 and 

1149 were 11.1m/Ma, 13 m/Ma and 3.4m/Ma, respectively. This suggests that the 
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Epoch 1149 578 579 580 581 881 

Quaternary 27.7 34.3 34.1 49.3 65.4 
m/Ma m/Ma m/Ma m/Ma 42.4m m/Ma 

/Ma 

Pliocene 14.0 11.7 19.5 19.5 58.4 
m/Ma m/Ma m/Ma m/Ma m/Ma 

late 3.4 m/Ma ------- ------- ------- 11.1 24.3 
Miocene m/Ma m/Ma 

Table 6.3 - Sedimentation rates in the Northwest Pacific Basin during the late Miocene, 
Pliocene and Quaternary. 
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Figure 6.6- Map showing relative location ofDSDP/ODP sites drilled on the 
abyssal seafloor in the Northwest Pacific Basin and the relative location of the 
Kuroshio and Oyashio Current convergence during the late Miocene. 
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convergence boundary was north of Site 1179 (Figure 6.6). The extremely low 

sedimentation rate of ODP Site 1149 is caused by its proximity to the subtropic gyre 

region during the late Miocene. 
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During the Pliocene the KuroshioiOyashio convergence boundary continued to 

move southward. Evidence for the southward movement of the transition zone can be 

found at DSDP Site 581. The sedimentation rate at this site increases dramatically from 

11.1 m/Ma for the late Miocene to 42.4 m/Ma for the Pliocene through Quaternary. This 

sedimentation rate suggests that the transition zone has moved past DSDP Site 581 but is 

not very far away from it (Figure 6. 7). This is evident because the sedimentation rate for 

the Pliocene through Quaternary at ODP Site 881 is 62.2 m/Ma, if the transition zone had 

moved well past DSDP Site 581 you would expect the sedimentation rate to be similar to 

ODP Site 881. The convergence boundary during the Pliocene was centered around ODP 

Site 1179 (Figure 6. 7) suggested by a sedimentation rate higher than the sites to the west 

and south. ODP Site 1179 has a sedimentation rate of 34 m/Ma through the Pliocene 

where as DSDP Sites 579 and 580 have a sedimentation rate of 19.5 m/Ma and DSDP 

Site 5 78 has a sedimentation rate of 11.7 m/Ma. 

The Kuroshio/Oyashio convergence boundary has undergone fluctuations since 

the Pliocene, even though the changes in the average rate of sedimentation through the 

Quaternary is similar at DSDP Sites 578 and 579 and ODP Site 1179. The rate of 

sedimentation at DSDP Sites 578 and 579 is roughly 34 m/Ma and at ODP Site 1179 is 

roughly 36 m/Ma. The rate of sedimentation at DSDP Site 580 is 49.3 m/Ma, an 

indication that the convergence zone boundary is just south of this site during the 

Quaternary. 
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Figure6.7- Map showing the relative location ofDSDP/ODP sites drilled on the 
abyssal seafloor in the Northwest Pacific Basin and the relative location of the 
Kuroshio and Oyashio Current convergence during the Pliocene. 
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Fluctuations in the position of the transition zone are evident upon close 

examination of the radiolarian zones at DSDP Sites 578, 579, and 580 and ODP Site 

1179. During the early Quaternary E~ matuyami Zone (1.0- 1.& Ma} the rate of 

sedimentation is similar at DSDP Sites 578, 579, and 580 (Figure 6.5); there are roughly 

29 m of sediment in this zone, suggesting a sedimentation rate of about 16 mlMa. At 

ODP Site 1179 the rate of sedimentation is lower, there are roughly 13 m of sediment 

deposited in the£ matuyamai Zone suggesting a sedimentation rate of about 16.25 

m/Ma. This indicates that the transition zone moved to the north of ODP Site 1179 but 

was centerecl around DSDP Site 57&, 5 79 arulS&O (Figure_ 6. 8)~ The middle- Quaternary 

S. universus Zone (0.46- 1.0 Ma) at DSDP Sites 578, 579 and ODP site 1179 had 

roughly 1 & m of sediment was depositeclin this zone suggesting a sedimentation r~e of 

roughly 3 3 m/Ma. This intermediate rate of sedimentation indicated that this area 

remained in the transition zone_ the middle Quaternacy (Figure-6.9). DSDP Site-5RQ has 

roughly 30m of the S. universus Zone, this is double the amount of sediment present at 

sites to the- south ancL west indicating_asedimentation rate of about 57 mLMa.__, The 

convergence zone boundary during the middle Quaternary is located to the south of 

DSDP Site 5&0 ~Figure-6.9}. The early Quaternary R ~is Zone(~nt -

0.46Ma) remains of constant thickness, roughly 10m, at DSDP Sites 578 and 579 

suggesting a rate of 21 mLMa. This is an indication that they remain closer- tu the ~ntral 

gyre (Figure 6.1 0). DSDP Site 580 and ODP Site 1179 has roughly 25 m of sediment 

depositeciin theR aquilonaris Zone, suggestingasedimentation rate of about-54 m(Ma. 

This indicates that these sites are located in the subarctic region and the transition zone is 

located to- the south (Figure-QlO). 
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Figure 6.8- Map showing the relative location ofDSDP/ODP sites drilled on the 
abyssal seafloor in the Northwest Pacific Basin and the relative location of the 
mode1n Kuroshio and Oyashio Currents during the early Quaternary. 
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Chapter Seven- Conclusions 

Five radiolarian zones and o-ne unzoned section were observed fro-m core-catcher 

samples at ODP Site 1179. The data indicate that the soft sediments recovered from Unit 

A range from late Miocene to Recent. The radiolaria biostratigraphy of ODP Site ~ 179 

yielded reliable results even though only core-catcher samples were studied for analysis, 

as- seen by the comparison of the radiolarian based sedimentation rates- ancl those ~d on 

the magnetostratigraphy of the site. 

Many ofthesites-(194, 195, 196, 19&, 3-03-, 3-04, 3-07, 5&1} drilled in the 

Northwest Pacific Basin did not yield continuous sections, only small portions of the core 

were-recovered and the- rest of the- core-was washed. Correlatitm-between the- rad-~rian 

zones is not because the thickness of the zones is uncertain. The more recently drilled 

sites-(57&, 579, 580, 5&1, &81, and 1149}arecontinuous.anclhaveoomparahler~rian 

zonations allowing for estimates of sedimentation rates from the late Micoene to 

Quaternary. The sedimentation rateS- cluring theJateMiocenerange from 23-.1 mLMa at 

the most northern site to 3. 4 m/Ma at the most southern site. The sedimentation rates 

during thePliocenerangefrom 5&.4 mLMaat the most northern site-to 14.0 mLMa'\t the 

most southern site. The sedimentation rates during the Quaternary range from 65.4 m/Ma 

at the-most northern- si-te-to- 27.7 miMa- at the-mos-t soot~ site. 

The initiation of Miocene biosiliceous sedimentation in the Northwest Pacific Ocean 

as- reeorded- at DSDP Sites- 578- and- 5-& 1 and OOP Site- 1179- indicates-that is- eveR\ was 

diachronous. The onset ofbiolsiliceous sedimentation began in the middle Miocene at 

DSDP Site 581 and-moveclsouthward-during_thelateMiocene Since thiS-timethe 
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KuroshiofOyashio transition zone has been migrating north and_&OUth and_ the current 

path does not move straight to the east, instead its path is curved .. 

The position ofthe-KuroshiofOyashio. transition zone-during the late QuaternarY as 

indicated by radiolarian data occurs between 39 to 41 ~' this is not consistent with 

Koizumi(l9&5~ Thisaslightdriflinthe-apparentlatitnde ofthe-KuroshiofQyashio 

convergence boundary from paleoceanographic indicators to sea surface currents to 

sedimentation 
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Systematic Taxonomy 

The information for this section iS- a combination of citations from several 
sources. The bulk-ofthe systematic classification of radiolarians comes from Nigrini & 
Sanfilippo ( 1992, 2001 )-and Takahashi ( 1991). 

Kingdom PROTISTA Haeckel, 1866 
Phylum SARCONDINA Hertwig and Lesser, 1874 

Class ACTINOPODIA Calkins, 1909 
Subclass RADIOLARIA Muller,_ 1858 

Order POL YCYS TINA Ehrenburg, 187 5 
Suborder SPUMELLARIA Ehrenburg, 1875 
Family COLLOSPHAERIDAE Muller, 1858 

Definition: Lattice-shelled colonial spumellarian& (Riedel, 1971 }. Lower Miocene to 
Recent. (Casey, 1993) 

Genus Acrosphaera Haeckel, 1881 

Acrosphaea spinosa Haeckellongispina Takahashi 
Acrosphaera spinosa Haeckel, 1&&1; Popofsky, 1917, P-· 253, f_i-?.16; 

Strelkov and Reshetnyak, 1971, p. 340, pl. 6, figs. 39, 41. 
Polysolenia flammabunda Haeckel, 1&8-1; Nigrini, 1967-, p-. 15, pl. 1, fig. 

2; Nigrini and Moore, 1979, p. S 13, pl. 2, fig. 2. 
Acrosphaera flumma.bunda Haeckel, 188.1; Johnson and Nigrini, 19&0, p. 

116, pl. 1, fig. 1 
Acrosphaea spinosa longispina Takahashi, 1991, p.. 53-, pl. 1, ftg~ 1, 4. 

Genus Collosphaera Muller, 1855 

Collosphaera huxleyi (Huxleyi) 
Thalassicola punctata Huxleyi, 1851, p. 434, pl. 14, fig. 6. 
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CoJlosphaera huxleyi MUller, 1-8-5-5-, p. 238-; MUller, 1-8-58-, p.. 55, pl. 8-" figs. 
6-9; Popofsky, 1917, p. 241, pl. 13, figs 1-9; Strelkov and 
ReS-hetny~ 1971, p. 112,.- pL 4,- figs_ 21,- 21~ Boltovskoy and 
Riedel, 1980, p. 103-, pl. 1, fig. 5. 
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Family ACTINOMMIDEA Haeckel, 1862; emend.. Sanfillipo and Riedel, 1980 

Definition: Solitary spumellarians, spherical to ellipsoidal tests or modifications there of, 
but oot discoidal or equatoriall y constricted ellipsoids-. Paleozoic?, Triassic to-~cent. 
(Casey, 1993) 

Genus Stylacontarium Popofsky, 1912 

Stylacontarium aquilonium !(ling 
DruppauactuS-acquiloniusHayS-, 1970, P-· 214, pl. 1, figs_. 4-5-; ~ ~975, 

p. 717, pl.1, figs. 17-18. 
Stylacontarium acquilonium Klin~ 1971, P-· 614, pl. 1, figs. 1-4; ~ing, 

1973, p. 777, pl. I. figs. 6-7. 

Genus Stylatractus Haeckel1887 

Stykmactus universus Hays 
Stylatractus sp. Hays, 1965, p. 167, pl. 1. fig. 6. 
StylatFactusuniversusHa-ys, 19-70, p-. 215-, pl. 1, ftgS. 1-2. 

Subfamily ARTISCINAE Haeckel 1881, emend. Riedel1967b 

Definition: Elliptical cortical lattice shelled with equatodal constt:iction-andcaps. 
0 ligocene to Recent (Casey, 1993) 

Genus Diartus Sanfilippo and Riedel 1980 

Diartushughesi (Campbell and Clark} 
Ommatocampe hughesi Campbell and Clark, 1944, p.23, pl.3, fig.12; 

Riedel and Sanfilippo, 1970, p.521 
Diartus hughesi Sanfilippo and Riedel, 1980, p.1010 

Diatus pettassoni (Riedel and Fuq.nell) 
Cannartus{?) petterssoni conditional mam1 script name-proposed ia:Rjedel 

and Funnell, 1964, p.310; Riedel and Sanfilippo, 1970, p.520,' 
pl.l4, fig.3 

Diartus.-pett~ssoni Sanfilippo-and Riedel, 1980, P-· 1010 
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Genus Didymocyrtis Haeckel 1860 

Didymocyrtis antepenultirna (Riedel and Funnell) 
Panarium antepenultimum conditional manuscript name proposed by 

Riedel and Funnell, 1964, p.311 
On2matartus antepenultin2us Riedel and Sanfilippo, 1970, p.521, pl.14, 

fig.4 
Didymocyrtisantepenultima Sanfilippo andRiedel, 1980, p.1010 

Didymocyrtis penultima (Riedel and Funnell) 
Panarium penultimum Riedel, 1957, p.76, pl.l, flg..l; Riedel andFunnell, 

1964, p.311 
Ommata,:t-us-penultimuS- sensu st:t:icto, Riedel and Sanfilippo, 1910, p.521 
Didymocyrtis penultima Sanfilippo and Riedel, 1980, p.1010 

Didymocyrtis teftathalamus Haeckle teftathalamus Nigrini 
Panartus tetrathalamus Haeckel, 1887, p.378, pl.40, fig.3; Nigrini, 1967, 

p.3-0, pl.2, figs.4a-4d (with S-ynonymy) 
Panartus tetrathalamus tetrathalamus Nigrini, 1970, p.168, pl.1, fig.12 
Didymocyrtis tetrathalamus teftathalamus Sanfilippo and Riedel,- 1980, 

p.1010 

Family SPONGODISCISAE Haeckel 1862, emend.- Riedell967b 

Definition: Group of spongy and discoidal nature. Devonian to Recent (Casey, 1993). 

Genus Amphiropalum Haeckel 1887, emend. Nigrini 1967 

Amphirolpalum ypsikm ~ckel 
AmphirolpalumypsilonHaeckel,.l&&7,. p .. 522;_Nigr~ 1961, p.3~pl. 3, 

3a-d. ' 
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Family PYLONIIDDAE Haeckel1881 

Definition: Ellipsoid test of girdles with holes. Eocene to Recent (Casey, 1993). 

Genus Sphaeropyle Dreyer 1889 

Sphaeropyle langii. Dreyer 
Sphaeropyle /angii Dreyer, 188-9, p.l-3, pl.4; ftg.54; Kling, 1973; p,634, 

pl.1, figs.5-10, pl.13, figs.6-8 (with synonymy); Foreman, 1975, 
p.618, pl.9, figs.30-31 (with synonymy) 

Sphaeropyle robusta Kling 
Sphaeropyle robusta-Kling, 1973-, p-.6-34; pl.l, figs.,11-12, pl6-, tigs.9-13, 

pl.13, figs.l-5 

Order NASSELARIA Ehrenberg 1875 
Suborder CYRTIDA Haeckel1862, emend. Petrushevskaya 1971 

Family THEOPERIDAE Haeckel1881, emend. Riedel1967b 

Genus Cycladophoria Ehrenberg 1838 

Cyladophora davisoni Ehrenberg davisoni Petrushevskaya 
Cyladophora(?) davisoni Ehrenberg, 1871, p. 297. 
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Theocalyptra davisoni Riedel, 1958, p. 239, pl. 4, figs, 2,3; 
Nigrini and Moore, 1979, p. N59, pl. 24, figs. 2a, 2b 

Cyladophora davisoni davisoni Petrushevskaya, 1967, 
p. 122, pl. 69, figs. I-VIII; Ling, 1973, p. 780, p1.2, fig. 2. 

Genus Eucyrtidium Ehrenberg 1847b, emend. Nigrini 1967 

Eucyrtidium calvertense Martin 
Eucyrtidium calvertense Martin, 1904, p.450, pl.130, fig.5; Hays,- 1965, 

p.181, pl.ill, fig.6 

Eucyrtidium matuyamai ·Hays 
Eucyrtidium matuyamai Hays, 1970, p.213, pl.1, figs.7-9 

Genus Stichocorys Haeckel1881 

Stichocorys delemontensis {Cambell and Clark) 
Eucyrtidium delmontense Campbell and Clark, 1944, p.56, 

pl. 7, figs.19-20 
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Stichocorys delmontensis Sanfilippo and Riedel, 1970, p. 451, pl.1, fig. 9 
(with synonymy) 

Stichocorys pergrina Sanf1lipp0- and Riedel 
Eucyrtidium elongatunz peregrinum Riedel, 1953, p.812, pl.85, fig.2; 

Riedel, 1957, p.94 
Stichocorysperegrina Sanfilippo and Riedel, 1910, p.45l, pl.1, fiF.10; 

Westberg and Riedel, 1978, p.22, pl.3, figs.6-9 

Family Pterocorythidae-Haeckel 18&1, emend. Riedel196-1h, emend.- Moore_ 1972 

Genus Lamprocyrtis Kling 1973 

Lamprocyrtis heter-OpOTOS- (Hays) 
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Lamprocyclas heteroporos Hays,1970, p.214, pl.1, fig.3 
Lamprocyrtis-hetet:oporos-Kling,._ 1913-, p.619, pl.S, fig& 19-21, pl.15, fig.6 

Lamprocyrtis neoheteroporos Kling 
Lamprocyrtis neohete,-opOI'osKling, 19J3-, p.6-3-9, pl.S, flgs.l7-l-8, pl.15, 

figs.4-5 

Lamprocy+tiS-nigriniae Caulet 
Conarachnium ? SJL Nigrini,_ 19~ p. 56,_ pll,- fig5a~pru:tim.) 
?Conarachnium? sp. Nigrini, 1968, p.56, pl.l, fig.Sb (partim.) 
Lampracyrti.s. ni.grinine ~1974~pU,Jigs_b'l.pL4~figs.l-4 

Family ARTOSTROBIIDAE Riedel1967a, emend. Foreman 1973 

Defmition: Tubelikecephalis with-mall¥ postcephalic chamhet:s. Cretaceous tO- Recent. 

Genus Botryostobus Haeckel1887, emend. Nigrini 1977 

Botryostobus aquiloncuis (Bailey) 
Eucyrtidium aquilonaris Bailey, 1856, p.4, p1.1, fig.9 
Artomobium mil"alestensis Riedel &-Sanfilippo, 1911, p. 15-99, pl.1 H, 

figs.9-13 (partim.); Kling, 1973, p.639, p1.5, figs.31-34 (partim.) 
Botryostrobusaquil.oncuiS-Nigrini, 1917, p.2-46, pl.1, ftg.J_ \with 

synonymy) 
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Appendix One -Visual Core Barrel SheetS- of ODP Site 1179 (after Kaw~aza, 
Sager et al, submitted) , 

Sedimentologic _description 
The description of sedimenta.ry unitS-recoverecLdw:ing_Leg_ 191 includeclestinlates 

of sediment composition based on smear slides, thin sections, carbonate measurements, 
and XRD, documentation- of sedimentary and-defocmational structures-, drill in~ 
disturbance, presence and type of fossils, bioturbation intensity, induration, diagenetic 
altet:ation, and-color. These-data were-recordeclmanually for each core-sectiop on 
standard visual core description (VCD) paper forms that are archived by ODP. 

Barrel-Sheet- J;>ata 
Information on the-VCDs- was-summarized and enteredinto-Apple.-CORR ~v~sion 
0. 7.5g) software, which generated a one-page graphical log of each core ("barrel sheet"). 
A wide-variety of features; such-as-sediment l-ithology, bed thickness, primary 
sedimentary structures, bioturbation parameters, soft -sediment deformation, and 
structural and diagenetic featw:es-are indicated b-y patterns and S¥mbols in the-graphic 
logs. A key to the full set of patterns and symbols used on the barrel sheets is shown in 
Figure F3-. The symbols-are-schematic, but the-y are placed-as-close-as-possible-to, their 
proper stratigraphic position, or arrows indicate the interval for which the symbol applies. 
For exact positions of sedimentary features, copies of the detailed section-by-section 
VCD forms can be obtained from ODP. The columns on the barrel sheets are as follows: 

Lit~logy 

Sediment lithologieS-are-representecihy patternS-in the- ''Lithology" 
column. This column may consist of up to three vertical strips, depending on the 
number of the majoi: end.-member constituents-~see"Sediment Classiflcatiop,"), 
thus reflecting intermixing of different components. Sediments with only one 
majoi: component grouP- ~i.e., alL othet: component groups-are <l<lo/0- each) are 
represented by one strip. Because of the limitations of the AppleCORE software, 
thin intervals-of interbedded lithologies--Cannot beadequately displayed ~t the 
scale used for the barrel sheets, but they are described in the "Description" 
columns- of the barreL sheets-whereapprop{iate. 

Bioturbation, Structures, Accessories, Ichnofossils, and Fossils 
S-ymbols- in these columns- are explained m-EigureFJ. The bulk ~f the 

clayey sediments recovered during Leg 191 was relatively homogeneous: 
Stratification, biotw:bation, or other sedimentary structures were-usually 
discernible only where textural or compositional differences were present (e.g., 
close to ash-layet=S-}. In the homogeneous-background sediment, how~, ~ was 
difficult to distinguish the destruction of primary structures due to bioturbation 
from the-actual absence of primat:y structures. Given-the-light gray and reqdish 
colors of the clayey sediments, the absence of lamination, and the very low 
organic- matter contents-it is- reasonable- tO- assume that the remaining sediment has 
been pervasively bioturbated as well because benthic burrowing activity was not 
limited hy oxygen deficienc¥. TO-convey the-maximum- amount of information 
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without confusing interpretation with observation, we used the ''Bioturbation" 
column to display only visible biotw:bation or sediment mottling_ The 
bioturbation column of the barrel sheets shows four levels of intensity: 

HomogeneouS-= trace fossils- are-either absent or in¥isible-becm 1 s~ they 
are in a completely biogenic fabric, 

Low =-rare, discret€ \mrr.Qws, 
Moderate = burrows are generally isolated but locally overlap, and 
Intense = abundant, overlapping-burrO-~. Se¥eral generations of bio-

turbation structures cut across each other resulting in almost total 
disruption-of sedimentat:y structures. 

92 

Stratification thickness was characterized by a combination of the terms: 
vety thick bedded-(> 1 m-thick), thick bedded (10-lOOcm thick), 
medium bedded (10-30 em thick), thin bedded (3-10 em thick), 
very thin bedded{ I--3- em thick}, thickly laminated (3--lQ mm 
thick), thinly laminated (1-3 mm thick), and very thinly laminated 
(<-1 mm-tbick). 

Drilling Disturbance 
Natural structures- (ph-ysical ru:. biological} can-be difflCUlt to dist~ish 

from disturbance created by the coring process. Deformation and disturbance of 
sediment that resulted from the-coring-process. are-illustrated in. the-"Drilling 
disturbance" column with the symbols shown in Figure F3. Blank regions indicate 
the absence of dt:illing disturbance. The-degree of drilling_distw:bance-~ soft 
sediments was described using the following categories: 

Slightly disturbed = bedding contacts slightly .bent, 
Moderately disturbed = bedding contacts bowed, 
Highly disturbed = bedding hardly discernible, sometimes sho-wing_-{! ow 

structures, and · 
Soupy= water-satw:atedintenlals-that.hav:eJost.all originaL~ture. 

Fragmentation in indurated sediments and rock was described using the 
following categories: 

Slightly fragmented= core pieceS-in-place-with.little-drilling-slwzy or 
brecciation, 

Moderately fragmented= core-pieces in place-or partly disp1ace4 but 
original orientation preserved or recognizable (drilling slurry may 
sm:round fragments), 

Highly ft=agmented= core-pieces-are-from-the-intet¥aLcored~ are 
probably in correct stratigraphic sequence (although they may not 
represent the- entit:e section)-, but the original orientation is 
completely lost, and 
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Drilling breccia= eo-t=e pieces-have-lost their otiginal ocientat~ and 
stratigraphic position and may have been mixed with drilling 
slurry. 

Samples and Close-Up Photographs 

93 

The str-atigt=aphic position-of samples taken foi: shipboanianalysis-a~d the 
location of close-up photographs is indicated in the "Samples" column of the 
banel sheet accm:ding to-the tbl~wing codes: 

Color 

CAR = carbonate content, 
PAL = biostratigr-aphy, 
PHO = close-up photograph, 
SS-= smear slide, 
THS = thin section, 
WR = whole-t=oond sample, 
XRD =X-ray diffraction analysis, and 
XRF = X-ray fluorescence analysis. 

Sediment colm: was- determined visually by eo-mpa~=ison with- standard 
color and is reported in the ''Description" column of the barrel sheets. In addition 
to det~mining-color visually, allcores were-scanned-at2- to.-4-cmintervals-~sing 
a Minolta CM-2002 spectrophotometer mounted on the AMST. The 
spectrophotometer measw:eS-t=eflectance in. thirty-one 10-nm-wide bands-of the 
visible spectrum (400-700 nm) on the archive half of each core section. 
Spectt=ophotometer t=eadings-were-taken aftet= cleaning the swface_of ~core 
section and covering it with the clear plastic film (Glad brand Cling Wrap, a 
bmnd of polyeth-ylene food wraP-}. Caliht=ation of the cclot= scanner did not ~lude 
a correction for the plastic film because we found that the effect is very minor 
even with very bright colored ~ The-measw:ements-were-~aken 
automatically and recorded by the AMST at evenly spaced intervals along each 
section. There.was-no way to progt=amtheAMS-T software-to-a¥0id-taking 
measurements in intervals with a depressed core surface or in disturbed areas of 
cot=e containing drilling slurry or biscuits. The-dataarepart of the-lanus-database 
and can be obtained from ODP. ' 

De~.-ipJion 

A summary of the sedimentologic data is given in. the ''Desct=~ion" 
column of the barrel sheet. It consists of four parts: (1) a heading in capital letters 
that lists- only the dominant sediment lithologies obset:vecLin the-core;-(2) a 
general description of the sediments in the core, including color, composition, 
sedimentary structures, bed thicknesses, drilling disturbance,. as-welL as any qther 
general features in the core; and (3) descriptions and locations of thin, 
interbedcled,- or mioot= lithologies. 

SmeaF Slides-and Thin Seetimls-
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Sediment& were analyzed petrographically using_ smear slides- and thin 
sections. Tables summarizing these data include information about the sample 
location, whether the sample representS-a dominant (D) or a minor (M) lithology 
in the core, and the percentages of sand, silt, and clay size fractions, along with all 
identified components. We emphasize here that smear-slide and thin--section 
analyses provide only estimates of the relative abundances of the constituents. 
The comparison charts were used tO- t=efine abundance estimates-in-thin- sections. 
However, these charts cannot be used for smear slides because they are designed 
tO- simulate a field of view that is completely and evenLy oov:ered with-pru:4cles. 
Quantification of data from smear slides is further aggravated by the difficulty in 
identifying fine-gt=ained particleS-usin-g-only a microscope and b-y the tendenc;y to 
underestimate sand-sized grains because they cannot be incorporated evenly Into 
the smear. Biogenic opal and-itsdiagenetic-modifications-ru::eparticulady difficult 
to determine from smear slides. Previous experience has shown that the largest 
varia-tions-in smeat=-slidedetennination-correlate with the change from one 
observer to another, or with shift changes. The accuracy problem is indicated in 
the ''Explanatory Notei' chapters of severaL recent- ODP volumes-in which 
sedimentologic numerical data in general, and those of smear-slide determination 
i-n- particular, are consistently de-emphasized and t=eplaced b-y semiquant~tive 
categories. A limitation to semiquantitative categories, such as the ones proposed 
during previous legs-woukLhaveseemedall themoreappropriate-during_~ 185. 
Current ODP policies, however, re-quire the input of numerical data; therefore, 
the reader i& warned that the tabulated smear-slide resultS-lat=gelY- t=eflect the-need 
to comply with these regulations rather than actual accuracy. Smear-slide and 
thin-section data were reviewed-for internaL consistency and-correct 
sedimentologic nomenclature, and the qualitative composition was confirmed by 
XRD. Accuracy of the carbonate content estimated from smear- slides-ami thin 
sections was confirmed by chemical analyses. 

X-Ra-y Diff~action-A~Iysis 
Selected samples were taken for qualitativ-e-mineral anal~ by_~ 

using a Philips diffractometer with Cu 0 0 radiation at 40 k V and 3 5 rnA with a 
focusing graphite monoclu:omator ancL the following_ slit ~ings: 

Focus = fine, 
Irradiated-length-= 12-mm, 
Divergence slit = automatic, 
Receiving-slit = U.2,mm, 
Step size= 0.02° 2 Theta, 
Count time per step-= 1 s, 
Scanning rate= 2° 2 Theta/min, 
Ratemeter time coostant = Q .2 s, 
Spinner= off, 
Monochromator= on~ and 
Sean = continuous. 
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Bulk samples were freeze-dried~ ground with an agate mortar and pestle, 
and packed in sample holders, which-, together with the shiP-'s move ... ment~ 
probably imparted some orientation to the mineral powder. These samples were 
scanned fro-nt 2° to 7-0° 2 Theta. MacDiff SO-ftwat=e ~ v. 4. 0-.4 PPC, ey Rainer 
Petschick) was used to display diffractograms and to identifythe minerals. Most 
diffractogratM were con::ected to-match- the main- peakS-of quactz, cal~te, or 
clinoptilolite at 3.343, 3.035, and 8.95 ~respectively. Identifications are based 
on- multiple peak matches-with-the mineraL data base prO-vided with- MacDiff. 
Each site chapter includes selected diffractograms to illustrate which peaks were 
associated with various- minerals. Relative abundances- repo-Ite<Lin this-vol~e are 
useful for general characterization of the sediments, but they are not quantitative 
cooeent-Fatien- data. 

Sediment Classification 
We-evaluated- the-methods and the-clas-sifteation-used for sediment 

description and found that there is a need for a less ambiguous and more flexible 
classificatiO-n than-the-proposecLODP standard- classification. Our classificatipn is 
neither comprehensive nor entirely descriptive, but it is simple to use for the 
puqmse of Leg 1-91. Notably, it avoidS-the impression-of a level of accuracy that 
is not achievable under the conditions of most ODP cruises. Also, we tried to use 
common aml relatively simple-names, which-led US-tO-abandon-a-numbe( of 
ambiguous or meaningless terms like ''Radiolarite" and ''Mixed sediment" (see 
"Sediment Nomenclature")~ We used-three end-membet=S-(i. e., calcareous, 
siliceous,and silicate) (Fig. F4). 

Sediment N61lleftela._ture 
Sediment names-oonsist of a pnncipal- name relating tO-the-~nant 

composition of the sediment (e.g., claystone, marl, or chert) and one or two 
modif1ers that precede-the-principal name(e.g., ash--bearing-siliceouS-~lay). 
Besides composition, principal names vary according to the grain size and the 
imiYration ffi the seditnent. 
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DESCRIPTION 

-SS --SILICEOUS OOZE 
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Olive gray {5GY 4/1) clay- and 
radiolarian-bearing diatom ooze. 
Moderately mottled by bioturbation. Thin 
parallel to flaser laminae that consists of 
dark-green ashy to zeolitic clays 
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DESCRIPTION 

~SILICEOUS OOZE 

Olive gray (SGY 4/1) clay-bearing to 
clay-rich, radiolarian-bearing to 
radiolarian-rich diatom ooze. Massive 

\ 

mottled interval alternating with laminated 
layers of dark greenish gray (SGY 4/1) 
ashy zeolitic clay . 

Section 2 (58-60 em}: Light olive gray (SY 
6/1 ) vitric ash . 

--Mn nodule. -ss 
'-ss ~Section 5: Dark green (SGY 4/1) zeoJitic 

claystone; altered ash. 
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DESCRIPTION 

--CLAY-RICH SILICEOUS OOZE 

Light olive gray (5Y 7/3) clay-rich to 
clay-bearing, radiolarian-bearing diatom 
ooze. Sponge spicules, silicoflagellates 
and zeolites are minor components. A few 
dark greenish gray (SG 4/1) clayey layers 
of altered ash. Olive gray to greenish gray 
massive mottled intervals .. 
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DESCRIPTION 

--._CLAY-RICH SILICEOUS OOZE 

Greenish gray (SGY 4/1) clay-rich siliceous 
ooze locally interbedded with pale gray 
and mottled with various gray shades. 
Sedion 1-5 contains clay-rich 
diatom-radiolarian ooze. Section 6-7 
contains volcanic glass bearing siliceous 
ooze-rich zeolitic clays. This coring interval 
is possibly largely bioturbated, although it 
is hard to trace/define due its indistinct 
appearance. 

--A 1 0-cm thick ash bed. 
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DESCRIPTION 

SILICEOUS CLAY 

Sections 1-4, 6, and 8, contain 
diatom-rich zeolitic clays. Sections 5-6, 
contain clay-rich siliceous ooze. These 
two lithologies are interbedded with 
greenish-gray and medium gray beds or 
laminae. Rarely to moderately 
bioturbated with laterally oriented 
subrounded and tubular burrows. 

A 5-cm bed of vitric ash. 



1179B-6H 45.6-55.1 mbsf 

Cf) 
w 
a: 
0 a:i Cf) w 
Cf) a: _, 
w :::> a. 
0 t- ~ 
0 en <{ 
<( 0 en DESCRIPTION 

- J,JJJ -ss CLAY-RICH DIATOM OOZE 
- -ss 

-ss Greenish gray (5GY 6/1 ). clay-rich diatom 
- ooze to diatom-rich clays. Proportion of 

J'''' clays and radiolaria varies locally. 
- J'''' Interbedded thin bedded and planar - J.IJ.IJ laminae are dusky green (5G3/2) firm -
- zeolitic claystones. Moderate to heavily 

J.l.l.l' bioturbated in some places. -
~ 

,,,,, 
-ss 

v 

- -IW 
' ...... ' =tss 
,,,, .. lXRD - - ss J.IJJJ 

ss 
- XR 

ss 
XRD 
ss 
ss ..... 

2 -ss 



..................... 
1\:'A~'A· 

~ :.t,:..t.:.t.r.:· 
--,.;-.:,;-.-

-.A. A.A. A -·-----· 

ai 
a: 
:::> 
1-
0 
05 STRUCTURE 

.......... 

en w a: 
0 en en 
w 
(.) 
(.) 
~ 

1179C-1 H 0-5.8 mbsf 

0 
0 

cri 
a: 
:::> 
1-
(/} 

0 

w 
..J 
a. 
-~ 
<t: 
CIJ 

~ -ss 
2 

22 
~ -ss 
2 --wH 
:~ -ss 20 

DESCRIPTION 

~DIATOM-RICH CLAY 

Medium brown (5YR 4/4), light brown (5YR 
6/4) to olive gray (5Y 411) diatom-rich clay. 
Core components are about 50%-65% clay, 
20%-35% diatoms, 5%-1 0% radiolarians, and 
traces of quartz, feldspar, light glass, and 
siliceous-sponge spicules. Laminated 
interbedded intervals of clayey siliceous 
ooze and zeolitic claystone. 

--Bioturbation in lower Section 3 (105-145 
em) and upper Section 4 (0-54 em) include 
possible Zoophycos, Planolites, and 
Chondrites. 

--A 4.5-cm diameter piece of firm sediment in 
core catcher may be a concretion. 
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!'l-.4-.4-.4-.<! - Phycosiphon(?). ~A_,A A if • t~~~~ 1-' ---Section 6 (84-85 em): Lateral-escape 
AAA4 ~ 

~;..}~!~.4-= burrow. 
.~A -~AAA..._ -ss ---Section 7 (0-46 em): Common bioturbation 
~~~~~.0-
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~marks lateraly-fonned, lchnocoenosis. 

Section 7 contains one possible 
Chondrites. 



0 
:C 
CL • 
<(:Z: 
CI:I­
(!}::i 

•A. A.A..;A;.·,' 

~~A~~-":. 
AA.oi!IA 

.64 .oi!IAAA 

I~ 
~ STRUCTURE 

-.. -... -.. -... -­
.... AAA-

~A~~:e ......... 

I lUI 

,,,,, 

,,,,, 

,,,,, 
UUJ 

1179C-3H 58.3-67.8 mbsf 

C/) 
w a: 
0 
C/) 
en w 
(.) 
(.) 
<( 

cri 
a: 
::::> 
1-
C/) 

a 

--....ss 

-SS 

-ss 

-WH 

-SS 

-ss 
--ss 
-PAL 

DESCRIPTION 

"'-CLAY- AND RADIOLARIAN-BEARING 
DIATOM OOZE 

Greenish gray (5GY 611) clay- and 
radiolarian-bearing diatom ooze. About 
20% to 25% clay, 15% to 20 % radiolarians, 
and 45% to 55% diatoms, with lesser 
volcanic glass, quartz, siliceous sponge 
spicules, and silicoflagellates. Disturbed 
section at top of core contains a piece of 

\ 

zeolitic (phillipsite) siltstone. Interbedded 
are layers of ash-rich siliceous oozes. 

Section 3 (70-1 00 em): Ash-rich interval. 

--Section 6 (1 06-149 em): Bioturbated 
inteNal has Phycosiphon, Granularia, and 
Helminthopsis. 
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DESCRIPTION 

1-....._CLAY-BEARING SILICEOUS OOZE 

Pale olive (1 OY 6/2) to greenish gray (SGY 
6/1) clay-bearing siliceous ooze. About 
20% clay, 30% radiolarians, and 40% 
diatoms, with Jesser volcanic glass. 

-SS --Section 5 (18-27 em): Bed of vitric ash. 

--Section 7 (Q-80 em): Heavily mottled and 
bioturbated with possible Planolites, 

-PAL Granularia, and Phycosiphon(?). 
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DIATOM-RICH CLAY 

Light olive gray (SY 6/1) diatom-rich clay. 
Abundant diatoms and radiolarians and 
volcanic glass, with lesser zeolite and 
sponge spicules. Interbedded are green 

_ ss (firm, zeolitic, ashy) or dark gray (N4) (more 
diatomaceous and ashy) beds or laminae • 

c.,. C.. -WH < < --Section 4: Contains a S-cm ash-rich bed. 

-ss 

~ -ss 

~~-PAL 
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DESCRIPTION 

CLAY- AND RADIOLARIAN-BEARING 
DIATOM-RICH SILICEOUS OOZE 

Pale olive (10Y 6/2) to greenish gray 
(5GY 6/1) clay- and radiolarian bearing 
siliceous ooze. Compenents are: clay 
15% to 25%, radiolarians 15% to 25%, 
diatoms about 45%, with lesser quartz, 
glass, and sponge spicules. Mottled 
massive intervals interbedded with gray 

l 
ashy clay-poor laminated ooze intervals, 
and dark green ashy, zeolitic, clay-rich 
laminae and thin beds. 

l 
Section 3: Extensive bioturbation, both 
vertically and laterally oriented, of 
subrounded, pipe, and tabular shapes; 
Planolites and Helminthopsis. 

Section 4: Extensive laterally oriented 
lensoidal bioturbation, perhaps of 
Planolites, Helminthopsis, and 
Granularia. 

Section 4 (113-118): Ash bed . 

- PAL --Section 8 (28-31 em): Ash bed. 
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DESCRIPTION 

CLAY- AND 
RADIOLARIAN-BEARING DIATOM 
OOZE 

Greenish gray (SGY 6/1) to pale olive 
( 1 OY 6/2) clay-and radiolarian bearing 
diatom ooze. Clay about 20% to 
25%, radiolarians about 15%, and 
diatoms about 55% to 60%, with 
lesser zeolite, feldspar, and quartz. 
Mottled massive intervals 
interbedded with gray ashy clay-poor 
laminated ooze intervals, and dark 
green ashy, zeolitic, clay-rich laminae 
and thin beds. 

--Section 5: Planolites, Helmiathopsis, 
Granularia, and Phycosiphon seen 

- ss through lower part of core. 

-PAL 
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DESCRIPTION 

CLAY-BEARING TO CLAY-RICH 
RADIOLARIAN-BEARING DIATOM 
OOZE 

Greenish gray (SGY 6/1) to pale olive 
(1 OY 6/2) clay-bearing to clay-rich 
radiolarian-bearing siliceous ooze to 
diatom ooze. Clay about 10% to 35%, 
radiolarians about 15%, diatoms about 
40% to 70%, with lesser quartz, glass, 
and sponge spicules. Mottled intervals 
interbedded with gray ashy clay-poor 
laminated ooze intervals and dark green 
ashy, zeolitic, clay-rich laminae and thin 
beds. 

--Section 5: Increase in diatom content. 

--Section 7: Heavy bioturbation of 
horizontal and relatively large (1 to 5 em) 
burrows. 
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DESCRIPTION 

CLAY- AND RADIOLARIAN-BEARING 
DIATOM OOZE 

Pale olive (10Y 6/2) clay-bearing, 
radiolarian-rich diatom ooze. Clay 25% to 
30o/o, radiolarians 15% to 30%, diatoms 
about 40 to 50%, with lesser zeolite, 
glass, and sponge spicules. Mottled 
intervals interbedded with gray ashy 
clay-poor laminated ooze intervals and 
dark green ashy, zeolitic, clay-rich laminae 
and thin beds. 

--Section 5: Planolites, Phycosiphon, and 
Granularia(?). 

--Section 6: Burrowing largely lateral, 
subrounded, lensoidal, and tubular, 
maybe related to Planolites, 
Helminthopsis, and Zoophycos. 
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DESCRIPTION 

CLAY- AND 
RADIOLARIAN-BEARING DIATOM 
OOZE 

Grayish green (5GY 6/1) clay- and 
radiolarian-bearing diatom ooze. Clay 
about 25%, radiolarians about 1 0% to 
15%, diatoms about 60% to 65%, 
with lesser feldspar, glass, and 
zeolite. Mottled intervals 
intercedded with gray ashy clay-poor 
laminated (planar and flaser) ooze 
intervals, and dark green ashy, 
zeolitic, clay-rich laminae and thin 
beds. Clay is more zeolitic lower in 

XRD Section 3: Contains a 9-cm bed of 
vitric ash. 

\:ss ~core. 

-r SS 1 Section 4: Contains a 1-cm piece of 
'- XRD zeolitic ash pebble. 

-PAL 

Section 5: Bioturbation marks are 
lateral, subrounded, and tabular; 
Planolites, Granularia, Zoophycus 
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Sections 1 to 3 are extensively 
deformed/soupy. Proportion of clay 
decreases whereas proportion of 
radiolarian oozes increases down the 
core. Core lithology is characterized by 
olive gray {SY 4/1) massive 
radiolarian-bearing clay-rich sediments 
which are locally banded by purplish gray 
clay-bearing diatomd ooze. The 
undeformed sections show moderate 
degree of bioturbation. 

Section 1: Has two (4 em) burrow fillings 
(or clasts?, nodules?) 
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DESCRIPTION 

-..._CLAY- AND RADIOLARIAN-BEARING 
DIATOM OOZE 

Olive gray (SY 4/1) clay- and 
radiolarian-bearing diatom ooze. Massive 
mottled intervals interbedded with 
purplish gray beds in which proportion of 
radiolarians increases and that of clay 
decreases. The cores are moderately to 
highly bioturbated largely with laterally 
oriented marks. There are a few flaser 
laminae, planer lamanae, and indurated 
yellowish-brown concretions. 

--Section 6: Indurated concretion(?) or 
burrow-filling(?). 
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DESCRIPTION 

RADIOLARIAN-BEARING, CLAY-RICH 
DIATOM OOZE 

Pale olive (1 OY 6/2) radiolarian-bearing, 
clay-rich diatomaceous ooze. 
Interbedded are greenish-gray zeolitic 
clay and purplish-gray clay-bearing 
siliceous oozes. Sedimentary features 
include flaser and planar laminae, and 
bioturbation. Bioturbation is rare to 
moderate in Sections 2 and 3, and 
moderate to common in Sections 5 and 6. 
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DESCRIPTION 

CLAY·RICH SILICEOUS OOZE 

Sections 1 to 3 consist of pale olive gray 
(1 OY 6/2) massive clay-rich siliceous 
ooze, which becomes clay- and 
radiolarian·bearing diatomaceous ooze in 
Sections 4 to 8. Sedimentary features 
observed largely in the lower sections 
include flaser laminae and bioturbation. 

--Section 4: Contains a 3·cm bed of vitric 
ash. 
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DESCRIPTION 

""""-CLAY-BEARING, RADIOLARIAN-RICH 
DIATOM OOZE 

Sections 1 to 5: Pale olive (10Y 6/2) 
clay-bearing and radiolarian-rich diatom 
ooze. 

Sections 5 to 8: Zeolitic clay-rich 
radiolarian-bearing diatom ooze . 

--A 6-cm thick light-gray vitric ash layer. 
Section 6 also contains 3 dark-gray chert 
nodules, and bioturbation. 
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DESCRIPTION 

CLAY-RICH, RADIOLARIAN-BEARING 
SILICEOUS OOZE 

Pale olive (1 OY 6/2) clay-rich 
radiolarian-bearing ooze. Massive 
intervals are interbedded with dusky 
green (5G3/2) ashy beds and siliceous 
zeolitic mud. Sedimentary features 
include planar/flaser laminae and 
bioturbation . 

_ ss --Section 4: Contains a 1-cm vitric ash bed. 

~ 
~ -PAL 
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DESCRIPTION 

-......_ZEOLITIC CLAY-RICH, 
RADIOLARIAN-BEARING DIATOM 
OOZE 

Pale olive (10Y 6/2) zeolitic clay-rich, 
radiolarian-bearing ooze. Zeolitic clay is 
about 30% to 40%, radiolarians about 
15%, and diatoms about 45% to 55% . 
Stiff; approaching the induration of 
claystone or diatomite. Most of core is 
massive; less burrowed than higher 
sections (but a lithified filled burrow); a 
few laminated gray or thin dark-green 
laminae, and an ash bed. 

~XRD 
SS --Section 5: Contains a 8-cm long, 

~~ THS Y-branched burrow filling, now zeolitic 
SS porcellanite(?). 
ss 

- SS --Section 6: Contains a 4-cm bed of vitric 
ash. 

-PAL 
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DESCRIPTION 

ZEOLITIC CLAY -RICH, 
RADIOLARIAN-BEARING DIATOM-RICH 
SILICEOUS OOZE 

Greenish gray (SGY 5/1) clay-rich, 
radiolarian-bearing diatom ooze. Zeolite 
counted with clay; zeolitic clay is about 
40 %, radiolarians about 20%, and 
diatoms about 40 %. Stiff; approaching 
claystone or diatomite. Most of the core 
is massive; a few burrowed, or parallel- or 
flaser-laminated, intervals. A piece of filled 
burrow at top of core; perhaps from 
section above. 
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DESCRIPTION 

ZEOLITIC CLAY-RICH, 
RADIOLARIAN-BEARING DIATOM-RICH 
SILICEOUS OOZE 

Pale olive (1 OY 6/2) clay-rich, 
radiolarian-bearing diatom ooze. Zeolite 
counted with clay; zeolitic clay is about 
30% to 40%, radiolarians about 25%, and 
diatoms about 30% to 45%. Volcanic 
glass to 5%. Stiff; approaching a 
claystone or diatomite. Most of core is 
massive; a few burrowed, or parallel- or 
flaser-laminated intervals. 

--Section 5: Contains three pieces of solid 
burrow fillings. Surfaces are patterned, 
as if the animal selected particles (2 x 4 
mm prism-like forms) to line burrow (c.f, 
Ophiomorphia). 
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DESCRIPTION 

-..._ZEOLJTIC CLAY-RICH, 
DIATOM-BEARING RADIOLARIAN-RICH 
SILICEOUS OOZE TO RADIOLARIAN 
OOZE 

Zeolite counted with clay; zeolitic clay is 
about 25% to 35%, radiolarians increase 
downhole from about 40 %to 60%, and 
diatoms are about 1 0% to 20%. Stiff; 
approaching claystone or diatomite. Most 
of core is massive; rare burrowed, or 
parallel- or flaser-laminated, intervals. 

Section 2: Gradiational color change from 
pale olive (1 OY 6/2) to yellowish brown 
5GY 6/4) result of a gradual relative 
increase of radiolarians compared to 
diatoms. 

"""~~D --Chert concretion in section 6 (highest 
,_ chert in section). 
~XRD 
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DESCRIPTION 

-......._CLAY-RICH RADIOLARIAN OOZE 

Light brown (5YR 5/6), massive zeolitic 
clay-rich radiolarian ooze, which becomes 
clay- and diatom-bearing radiolarian ooze 
downcore in Sections 5 to 7. A few 
mottles representing bioturbation are 
present in places. Sediments are 
moderately compact. 
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DESCRIPTION 

CLAYEY RADIOLARIAN OOZE, AND 
CLAY 

Sections 1 to 5: Light brown {SYR 5/6). 
massive clayey radiolarian ooze. 
A distinct vitric ash layer is present in 
Section 3. 

- SS --A 3-cm bed of vitric ash. 

\:XRD 
\... SS --note about crowded sampling column. 
,_ \_ SS Interval 22-3-100 through 22-6-100 are 
'\ '- XRD sampled for XRD and ss each 50 em. 

I~~D 
ss 
XRD 

SS --Section 5: Records the transition (from 
XRD 125 em downwards) to pelagic clay 
SS (about 95% clay). The pelagic clay 
XRD contains red colored mottles which 
XRD represent very subtle bioturbation marks. 
SS These clays also contain zeolites in 
ss places. 
ss 
XRD 
ss 
XRD 
ss 
XRD 
ss 
ss 
PAL 
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BROWN PELAGIC CLAY and DARK 

~~~D \ZEOLITIC CLAY 

-~ SS Yellowish brown (10YR 4/2) pelagic clay. 
'-SS Section 1 is highly deformed/soupy. Core 

is mottled and burrowed. 

ZEOLI TIC CLAY 
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XRD 
XRD 
ss 
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ss 
XAD 

Sections 2 to 8: Brown to medium dark 
grey (5YA 4/1) massive, sticky zeolitic 
clays (Sections 2 to 8) which contain 
moderate bioturbation in form of variously 
shaded mottles. The marks are largely 
subrounded in shape. 
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------
~ ~ -....._FERRUGINOUS AND ZEOLITIC CLAY 

---------------- Dusky yellow brown (1 OYR 2/2) clay; --------
~ ~ss 268 ---------------- ferruginous and zeolitic. Stiff, massive, -------- XRD ---------------- and with rare mottles. ----------------·-·-------------------------------------------------------------

270 ------------------------------------------------:.-:::::: . -. :::::::: ------------------:::;:t1' 
272. ----------:-:-:-:-:-:-:-:· ----------------

~ ---------------- """'"" -------- -PAL 
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DESCRIPTION 

---._FERRUGINOUS AND ZEOLITIC CLAY 

Grayish brown (5YR 3/2) clay; ferruginous 
and zeolitic. Stiff, massive, and with rare 
mottles. 
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1179C-27X 283.3-292.9 mbsf 
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(f) DESCRIPTION 

1-PAL I ""'-CHERT 

Angular fragments of chert; vitreous to waxy 
and hard (no porcelanite). Brown tints and 
shades (10YR 8/2, 4/2, and 2/1) Maximum 
size 5 em; most 1 em. 
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Disturbed 

!------

SYR 3/2 

------
Mainly 

SYR 7/6 
------

Dfsturbed 
------

Void ------
Mainly 

SYR 3/2 

Mainly 
SYR 2/1 

and 
SYR 7/6 

------
Mainly 

SYR 6/6 

i------

5Y8/2 
10Y 8/2 

and 
SGY 7/1 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

7 

20 

27 

31 

33 

55 

64 

80 

191-1179D-1R-1 
This section is cuttings recovered from the drilled/washed 
interval. 
Please note that although the section was described, there 
maybe no true stratigraphic order or structure to this section. 

CLAY (slightly to moderately zeolitic) 

Sharp color contrasts may represent recovery rather than initial 
positions. 

0-7 Disturbed. 

7-20 Grayish brown ( 5YR 3/2) zeolitic clay similar to 
lithology near base of Hole 1179C. 

20-27 Reddish yellow (5YR 7/6) and adjacent tints zeolitic 
clay. Two pieces of porcellanite are present in this 
interval. 

27-31 Disturbed. 

31-33 Void 

33-55 Layered (pseudo-layers(?) from drilling?) clay. 
Mainly grayish brown (5YR 3/2), some brownish 
black (5YR 2/1) 0.5 em layers. Two distinct and 
3 or 4 indistinct reddish yellow (5YR 7/6) layers. 

55-64 Reddish yellow (5YR 6/6) zeolitic clay with grayer 
and orange layers. 

64-80 Zeolite-bearing clays with approximately 0.5 em thick 
gray and pale green layers. Colors include pale 
yellow (SY 8/2), pale greenish yellow (1 OY 8/2), 
light greenish gray (SGY 7/1) and similar tints. 
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5GY7/1 

SGY 7/1 

SYR 5/6 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-11790-1 R-CC 

CLAYS (0-4.5 em) 
Very light olive gray (5GY 7/1), soft, apparently massive clays. 

CHERT (4.5-18 em) 
Very light olive gray and medium brown (5GY 7/1 and 5YR 5/6}, 
very hard, compact with sub-conchoidal fractures. 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-2R-CC 

CHERT 
Several pieces of waxy to vitrious, hard chert. 
Three largest pieces are approximately 3 x 3 x 5 em in size. 
Others are smaller pieces. 

Colors are dusky yellowish brown (10YR 2/2), with faint lighter 
laminae. (lithology is in deeper cores of 3R and especially in 4R. 

Example: 

Dusky 
yellowish 

brown 
(10YR 2/2) 

Broken face 

Some other colors are reddish yellow (SYR 6/6), dark yellowish 
orange (10YR 6/6), moderate reddish brown (10YR 4/6), and 
pink (SYR 8/3). 

Pink 
(SYR 8/3) 

Moderate 
reddish 
brown 

(10YR4/6) 
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2.5YR 4/1 

2.5YR 2.5/1 

150-L----~~~------~ 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-3R-CC 

CHERT 

Highly fragmented, deep dark brown color, hard and 
compact with sub-conchoidal fractures. 

Thin bands are present in some pieces. 

A smear slide was made from brownish gray, soft sediment 
attached to the first piece at about the top (sketch below). 
It is composed of clays with chert fragments. 

Enlarged view of the piece at 0-2.5 em 

Dark reddish gray 
(2.5YR 4/1) 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-4R-1 

CHERT 

18 pieces of 2-cm minimum dimension and 9 smaller pieces. 

Some show layers (or former horizontal burrows?) 

Most pieces are dusky yellowish brown (10YR 2/2} or 
brownish black (10YR 2/1) except Piece A (11-17 em}, which is 
lighter brown (5YR 5/6). 

Piece at 57-64 em show mottle(?) and brecciation as below. 

Dusky 
yellowish 

brown 
(10YR 212) 

Pale 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-11790-SR-1 

CHERT 

One large (see sketch), five >3 em, and five small pieces. 
Color is mostly dusky yellowish brown (10YR 212). 

Detailed features of the large piece at 27-36 em is shown below. 

Bleb 
Moderate 
reddish 
orange 

{10R 6/6) 

Pale brown 
{-10YR 7/2) 
could be true 
color,or possibly 
"bruised" from 
cutting. Edges 
are irregular. 
This is also 
brecciation, 
covered by bruise. 

Vein is 
pale blue 
{SPB 8/2 

to SPB 811) 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

1 91-11790-SR-CC 

CHERT 

Main dusky yellow brown (1 OYR 2/2). Some moderate 
yellowish brown (1 OYR 5/4} in angular contact, some 
1-cm thick eliptical areas of moderate reddish orange 
(10R 6/6). 

Largest piece at 0-1 0 em is shown below. 

Mainly 
dusky 

yellOWISh 
brown 

(10YR 2/2) 

Reddish 
brown 

(10R 5/4) 

Reddish 
brown 

{10R 5/4) 

Piece at 1 0-16 em is shown below. 

Moderate 
reddish 
orange 

(10R 6/6) 

Pale blue 
(SPB 8/1) 

Reddish 
brown 

(10R 5/4) 
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7.5YR 5/4 
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7]i'(R}i~ 

5YR 5/6 
----
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5G 4/1 

----
5BG 7/1 
----
2.5Y 4/4 
----

N/6 ----
Nn 

t:SYR-4/6 

=we:= 
Nn 

----
N/5 

----
5G711 

2.5Y 4/4 
L5::f. §!Q.. 
.§Ci711_ 

58511 
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10YR 5/6 

]G::7l1= 
10YR 5/4 ----
2.5Y 4/4 
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10YR 4/6 
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10YR 4/4 
----

----

----
2.5YR 2.5/2 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

dark reddish 
gray 

brown 

brown 

brown 

yellowish red 

light olive brown 

olive brown 

light gray 

gray 

fight greenish gray 
olive brown 
strong brown 
fight greenish gray 

bluish gray 

yellowish brown 

fight greenish gray 

yellowish brown 

olive brown 

dark yellowish 
brown 

dark yellowish 
brown 

dark red 

dusky red 

very dusky red 

191-1179D-6R-1 

CHERT 

Highly fragmented/brecciated, very hard and compact. 
Remarkable range of colors as shown. The color 
variations can be a range of chemical environments. 

Some pieces have bands/vein of mineralization and/or 
diagenetic alteration, which are unique in color, luster, 
and pattern. 

Some pieces contain mottles representing bioturbation. 
Both laterally and vertically oriented mottles range from 
mm to 4 em in size and are subrounded, elongated, 
or tubular. The ichnogenera include Planolites, Zoophycos, 
and teichichnus. 

Enlarged view of the piece at 66-70 em 

Mottles in the piece at 95-99 em 

t?2ZL} Yell9wish red (SYR 5/6) 
motlles represent 
bioturbation 

• Brown (7.5YR 5/4) mottles 
represent bioturbation 

150~----~--~~------~--------~ 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

a: 
0 
.J 
0 
(.) 

2.SYR 411 Dark reddish 
gray 

foYR 3i6 - Dark yellowish 
-----brown 

2.5YR 3/3 Dusky red 

2.5YR 3/2 Dusky red 

Very dark 
gray 

7.5YR 6/3 Light brown 

SYR 3/1 Very dark 
gray 

191-1179D-7R-1 

CHERT 

Highly fragmented or brecciated, hard and compact, 
with sub-conchoidal fractures. 

Color variations may reflect various chemical environments. 
A few mineralized bands or veins are present, which vary in 
color from the host chert and the sediments. 

Two pieces of light brownish gray (7.5YR 4/3) porcellanite with 
dark gray bands/laminae) are present at around 78-86 em. 

Mottles that represent ichnofossils are present between 21 
and 45 em. Most mottles are subrounded and mm to 1 em 
in size. The ichnogenera include Planolites, Granularia, and 
Phycosiphon(?). 

Enlarged view of the piece at 78-81 em 

Brown 
(2.5YR 3/1) 

Light brown 
(7.5YR 6/3) 

150~----~~~------~--------~ 
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SYR 3/1 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-11790-?R-CC 

CHERT 

Five dark gray (SYR 3/1 ), highly fragmented/brecciated, very 
hard and compact pieces with conchoidal fractures. 
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SYR 3/1 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-8R-CC 

CHERT 

Eleven highly fragmented/brecciated, very hard, and compact 
pieces with unique sub-conchoidal fractures. Most pieces are 
very dark gray (5YR 3/1) except left side of the piece at around 
8-12 em. This piece includes a few mottles which represent 
ichnofossils (see sketch below). 

The bottom part of the two large pieces show very thin white 
(2.5Y 8/0) bands. 

Enlarged view of the piece at 8-12 em 

Greenish 
gray 

{SG 6/1) 

Olive brown 
(2.5YR 4/4) 

Very dark 
gray 

(SYR 3/1) 

• Mottles represent 
ichnofossils 

Olive brown 
{2.5YR 4/4) 
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See text 
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VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-9R-1 

CHERT 

Several 5- to 6-cm diameter pieces and several smaller pieces. 
Color is mainly dusky yellowish brown (1 OYR 2/2) except the 
top piece (0-4 em) which is brownish green and green similar to Core 
6R at about 110 em. This piece is dull greenish white 
masses in waxy yellowish brown color, both of which are cut by 
2 mm blue green veinlet and irregular areas as shown below. 

Scale: x1 

Greenish 
white 

(5G9/1) 

Greenish 
white 

(5G9/1) 

......_ Dusky 
blue green 

........-(5BG3/2) 

Piece at 50-56 em is moderate to dark yellowish brown (10YR 4/3) 
with white vein lets. 

Piece at 56-61 em has quartz(?)-lined vugs in breccia 

Scale: x2 

Pieces between 61 and 78 em have moderate reddish orange 
(10R 6/6) veinlets, blebs, and layers(?). 
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Mainly 
reddish 
brown 

(10YR 212) 

Some 
reddish 
orange 

(10R 5/7) 

VISUAL CORE DESCRIPTION 
SEDIMENTS/SEDIMENTARY ROCKS 

191-1179D-10R-1 

CHERT 

Nine pieces of mainly reddish brown (10YR2/2) and yellowish 
brown (10R 5{7) shards. The reddish orange bands and ovals 
are especially prominent in a piece at 1 0-17 em as shown below. 

Reddish 
orange 

(10R 5/7) 

Pale reddish 
brown (1 OR 5/4) 

Orusy 
quartz-lined 

vug 

No evidence of baking at base of chert._ 


