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ABSTRACT 

 

 Calcareous nannofossils and stable isotopes were analyzed to determine the 

timing and causes of extensive Miocene debris flows and Oligocene slumps recovered by 

Ocean Drilling Program (ODP), cruise Leg 207 to Demerara Rise along French Guiana 

and Suriname. Five modes of emplacement are considered for the Oligocene and 

Miocene failures. These hypotheses include canyon incision and infilling, clathrate 

dissociation, sediment loading, current activity, and seismic triggering. 

Calcareous nannofossil ages of the Miocene debris flows at Hole 1261A down to 

351 mbsf indicate that the debris flow(s) were emplaced within the time period of 

Subzone NN11b (7.2 – 5.5 Ma). Hence, nannofossil biostratigraphy provides a time 

interval of 1.7 m.y.  

Compared to previous drilling along the New Jersey Transect these results 

indicate the mass wasted deposits here are fundamentally different, i.e., not the result of 

canyon incision and infilling. Instead, this study suggests that the emplacement of the 

Miocene debris flows resulted from high mass accumulation rates combined with a 

seismic trigger. Paleocurrent reorganization and/or sea-level changes best account for the 

Oligocene slumps.  
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INTRODUCTION 

 

The objectives of this study are to date post-Eocene sediments using calcareous 

nannofossils and stable isotopes in an attempt to determine the causes and timing of 

emplacement of slumps and debris flows recovered in drill cores during Ocean Drilling 

Program cruise Leg 207 to Demerara Rise (Western Equatorial Atlantic; Figures 1, 2). In 

particular this study focuses on Miocene debris flows and Oligocene slumps to test 

several hypotheses important to understanding how passive continental margins are 

eroded. The hypotheses considered here for submarine mass wasting include canyon 

cutting and infilling, clathrate dissociation, current erosion, mass loading, and seismic 

triggering.  

The results of this study are compared to canyon cut-and-fill debris flows along 

the New Jersey Transect and along slumps of the Ceara Rise located approximately 700 

km southeast of Demerara Rise. The goal is to constrain the timing of the Miocene debris 

flows and Oligocene slumps to indicate the most likely trigger(s) for the failed sediments 

by correlating times of emplacement with other regional or global events. The use of the 

term “failed sediments” here and throughout this study includes debris flows, slumps, 

gravity flows, turbidity flows, and mass-transport deposits (MTDs). 

The results of this study places the Miocene debris flows of Hole 1261A within 

calcareous nannofossil Subzone NN11b (7.2 – 5.5 Ma), a time interval of 1.7 m.y. We 

conclude that some Oligocene sections are in place below Reflector A, but are 

discontinuous due to several disconformities. Hole 1259A recovered a lower Miocene 

section completely within Oligocene material and Hole 1257A obtained a minor 

intraformational slump in a lower Oligocene section. Dating of Oligocene slumping with 

comparable precision to the Miocene failures proved more difficult due to such 

complications.  
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This thesis is organized to first describe the cruise objectives, geologic setting, 

and site descriptions of the sampling area in the “Introduction.” The “Previous Work” is 

given in the “Introduction” section and expanded in detail in Appendix A. Procedures for 

sample preparation and analyses are outlined in “Methods.” Data from nannofossil 

biostratigraphy and stable-isotope analyses are given in the “Results” section. 

Interpretations of the data, including conclusions of previous workers are addressed in the 

“Discussion” and “Conclusions” followed by Tables, Figures, and captions. These are in 

turn followed by all appendices, references, and a biographical sketch.  

 

Demerara Rise 

 

Leg 207 objectives. The primary goal of Ocean Drilling Program (ODP) Leg 207 was to 

recover near-surface Paleogene and Cretaceous sediments to better understand the 

paleoclimate and paleoceanographic history of the tropical South Atlantic. Five sites 

shown in Figure 1 were drilled on a depth transect from 3200 to 1900 meters below sea 

level (mbsl), recovering sediments from early Albian to Quaternary in age (Erbacher, 

Mosher, Malone et al. 2004). In addition to these targeted sediments, Leg 207 also 

recovered spectacular Miocene debris flows and Oligocene slumps.  

Demerara Rise. Demerara Rise, running some 380 km east-west along the Suriname and 

French Guyana coasts, extends seaward ~220 km from the self break to the northeast 

escarpment (Figure 2). The rise is underlain by continental crust of Precambrian and early 

Mesozoic in age that rifted from Africa south of present-day Dakar, Senegal (Erbacher, 

Mosher, Malone et al. 2004). Industry wells on Demerara Rise penetrated to Barremian 

(130 – 125 Ma) basaltic volcanics, which indicate initial rifting at that time. An 

extensional tectonic setting existed as South America and Africa separated, which is 

evident from en echelon faulting along the northwestern edge of Demerara Rise. Rifting 

during that time also created a gently dipping ramp seen at present-day water depths of 

1500 to 4000 m (Gouyet et al. 1994; Benkhelil et al. 1995). The oldest marine sediments 
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on Demerara Rise are Neocomanian (145.5 to 125 Ma); hence the rise was submerged by 

that time (Erbacher, Mosher, Malone et al., 2004). 

Shallow middle Cretaceous to Recent sediments of Demerara Rise lie above 

regionally faulted and folded Lower Cretaceous synrift sediments. This contact is 

identified as seismic Horizon C, shown in Figure 3 (Erbacher, Mosher, Malone et al. 

2004. Frontispiece). Hemipelagic to pelagic sediments above Horizon C accumulated 

after opening of the South Atlantic Ocean Basin. Horizon B’ is the top of a Cretaceous 

black-shale sequence; Horizon B is the K/T boundary, and Horizon A is a regional 

erosional disconformity present near the seafloor at several drill sites above which most 

Neogene material has been transported or removed (Erbacher, Mosher, Malone et al. 

2004). 

Neogene Sections. Site 1261 (Figure 4; 9º 2.917’N, 54º 19.038’W, 1899 mbsl) shown 

along Leg 207 seismic line GeoB213 is the only Leg 207 site that recovered extensive 

Neogene sediments (Erbacher, Mosher, Malone et al. 2004). The Neogene section 

contains 220 m of Plio-Pleistocene sediments spot-cored every 50 m. Below this lies 130 

m of continuously cored Miocene debris flows and seismic Reflector A, followed by the 

middle Eocene. Initial shipboard micropaleontological results indicated that the clasts of 

Lithologic Unit IC are middle and late Miocene in age. Several samples contained mixed 

assemblages, suggesting that sediments may have been cycled and transported multiple 

times (Norris, personal commun., 2002).   

 Five strong reflectors demarked as Horizons O, A, B, B’, and C are visible on 

seismic line GeoB213, which passes within 5 km of the site (Figure 5). The Miocene 

debris flows are within Seismic Unit I and immediately above Reflector A (Figure 4). 

The Plio-Miocene section of Seismic Unit I truncates against a normal fault (Figure 4). 

Shipboard paleomagnetic data indicate tilted blocks that can be seen as inclined strata in 

Figure 6 (Shipboard Scientific Party. 2004. Site 1261).  

Substantial Mio-Pliocene sediments are absent at the other drill sites due to the 

Miocene erosional event denoted by Reflector A, which removed most of the Neogene 
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record from the sampling area in one or multiple events. Thus, the ability to study 

extensive Neogene sediments on Demerara Rise exists only at Site 1261. 

Oligocene Sections. In addition to the Neogene of Site 1261, this study also focuses on 

Oligocene sediment failures. The stratigraphy of post-Eocene sections with inferred 

hiatuses is shown in figure 7. Hole 1260A and 1259A recovered two upper Eocene - 

lower Oligocene disconformities. Hole 1257B recovered a short Eocene/Oligocene (E/O) 

boundary. However, the recovery of the E/O boundary was disappointing. Drilling 

complications failed to penetrate compacted sediments at 41 mbsf in Hole 1257A just 

before reaching the boundary. This resulted in recovery of a disturbed lower quality E/O 

transition (Erbacher, Mosher, Malone et al. 2004).  

Site 1257 (Figure 8; 9º 27.230’N, 54º 20.518’W, 2951 mbsl), ~400 km north of 

Suriname, lies on a terrace above a steep northern slope of 10º that is bounded by a 

transform fault associated with initial rifting from Africa in the Late Jurassic to the Early 

Cretaceous (Shipboard Scientific Party, 2004). Reflector A is present near the seafloor at 

this site as shown on seismic line GeoB220 (Figure 1, 8).  Neogene material recovered at 

this site included 2 m of Miocene nannofossil clay above a sharp erosional contact 

against a subjacent Oligocene chalk. 

Site 1258 (Figure 9; 9º 26.00’N, 54º 43.999W, 3192 mbsl) on a western slope of 

2º, is the deepest site along the Leg 207 transect (Shipboard Scientific Party, 2004). This 

site penetrated 9 m of post-Eocene sediments with two hiatuses from the middle Miocene 

to the upper Oligocene and the upper Oligocene to the middle Eocene.  

Site 1259 (Figure 10; 9º 17.999’N, 54º 11.998’W, 2354 mbsl) on a 1º north facing 

slope penetrated 125 m of post-Eocene material (Shipboard Scientific Party, 2004). An 

uppermost veneer of Holocene foraminiferal ooze overlies 30 m of presumably slumped 

Oligocene and a lower Miocene section (30-90 mbsf) overlies additional Oligocene (90-

125 mbsf) followed by an E/O disconformity at 125 mbsf.  

Site 1260 (Figure 11; 9º 15.948’N, 54º 32.633’W at 2549 mbsl) penetrated a thin 

veneer of carbonate-poor Pleistocene sediment above 30 m of apparently slumped 
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Oligocene chalk (Shipboard Scientific Party, 2004). The upper Miocene – Oligocene 

disconformity at 3 mbsf occurs near Reflector A shown on seismic line GeoB215 (Figure 

1, 11). An E/O disconformity was also recovered here between Lithologic Units IIA and 

IIB at 27 mbsf. 

   

Previous Work 

 

Geologic processes that affecting continental margins were poorly understood 

prior to Deep Sea Drilling Projects (DSDP) along the New Jersey Transect. Interest in 

continental margins was initially aimed at determining sequence boundaries and 

Cenozoic sea level history such as the conceptual sea level curves by Vail (1977) and 

Haq et al. (1987) (Figure 12). A synopsis of key studies pertinent to this thesis is given 

below. A more expanded account of previous work on passive margins and sediment 

failures is provided in Appendix A. 

Demerara Rise. Previous work on Demerara Rise prior to ODP Leg 207 is minimal and 

includes only petroleum industry data and is not considered here.  

New Jersey Transect. Previous drilling of debris flows by DSDP includes DSDP Legs 

93 and 95 on the passive mid-Atlantic margin of the United States along the New Jersey 

Transect, which contain Miocene debris flows. Lang et al. (1987) determined that these 

debris flows at Site 603, 435 km east of Cape Hatterras, were the result of canyon cutting 

and infilling in response to a late Miocene glacio-eustatic sea level low stand (10.5 Ma) 

associated with the formation of an icesheet on West Antarctica (Figure 12).  

Drilling along the New Jersey Transect expanded with ODP Leg 150 to refine 

Cenozoic sea level history (Mountain, G.S., Miller, K.G., Blum, P., et al. 1994). Leg 150 

drilled several sites with failed deposits, including large canyon and fill complexes. Leg 

150 post-cruise research determined that the debris flows were the result of falling sea 

level, followed by canyon cutting and infilling. In some cases canyon cutting was 

initiated by river channels extending out on the continental shelf to the continental slope 
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(McHugh et al. 1996; Mountain et al. 1996; Mountain et al. 1994). The most recent ODP 

leg to the New Jersey Transect, Leg 174, further constrained sea level sequence 

boundaries and confirmed late Miocene canyon cutting events (Miller, Sugarman, 

Browning et al. 1998). The geometry of these canyon and fill complexes contrasts with 

the nature of the sediment failures on Demerara Rise. 

Ceara Rise. Miocene slumps were cored by ODP Leg 154 to the Ceara Rise, located 

southeast of Demerara Rise, farther off and completely detached from the South 

American margin (Figure 2). Erosion of this rise contrast with the New Jersey Margin as 

canyon incision is likely not occurring. Ceara Rise slumps are probably more analogous 

to Demerara Rise. Dobson et al. (1997) showed that mass accumulation rates (MARs) of 

terrigenous materials at Sites 924 and 925 increased by an order of magnitude since 8 

Ma, which is likely due to increased sediment delivery via the Amazon River due to 

continuous uplift of the Andes Mountains (Hoorn et al., 1995). 

Amazon Fan. ODP Leg 155 to the Amazon Fan recovered several mass transport 

deposits (MTDs) that included extensive slumps and debris flows (Figure 2). Piper et al. 

(1997) and Maslin et al. (1997) identified several deposits of late Pleistocene age 

attributed to methane-hydrate release. These deposits correlated with Pleistocene glacio-

eustatic sea level lowering. These Quaternary MTDs on the Amazon Fan are younger 

than the New Jersey Margin, Ceara Rise, and Demerara Rise failures.  

Storrega Slide. The Storrega Slide, a massive failure of the continental slope adjacent to 

the eastern Norwegian margin, is one of the largest submarine failures in the late 

Quaternary (Jansen et al. 1987; Evans et al. 1996; Bouriak et al. 2000; Bryn et al. 2003). 

This is estimated to contain a volume of 3500 km
3
 of sediment. Its displacement is 

suggested to have generated tsunami deposits on the northwest coast of Scotland. 

Possible triggers for this slide event include methane hydrate dissociation and/or seismic 

events causing failure of an entire section of the Norwegian slope (Dawson et al. 1988).  
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METHODS 

 

Calcareous Nannofossils 

 

The Martini (1971) calcareous nannofossil zonation scheme, as modified by 

Martini and Müller (1986), was used to delineate biostratigraphic zones for the Neogene 

and Paleogene (Figure 13). The Berggren et al. (1995) timescale was used to correlate the 

age of calcareous nannofossil zones. Cenozoic nannofossil taxonomy follows that in 

Perch-Nielson (1985) and Bown (1998). Taxa considered in this study are listed in 

Appendix B.  

 Calcareous nannofossils were analyzed at stratigraphic resolutions that varied 

depending on the section examined. Nannofossils on smear slides prepared by standard 

techniques were examined under crossed-polarized light, plain-transmitted, and phase-

contrast light at various magnifications. Cover slips were mounted using Norland-61 

Optical Adhesive and cured under ultraviolet light. The abbreviations used in nannofossil 

distribution tables to describe nannofossil preservation and relative abundances are 

outlined in Table 8.  

Bulk-Carbonate Stable-Isotope Analyses 

 

 Samples for oxygen- and carbon-isotope study were prepared by grinding bulk 

sediment to a homogenous powder and baking at ~85 ºC for 24 hours. The stable C and O 

isotopic ratios were analyzed using a Gas Bench II Auto-Carbonate device interfaced to a 

Finnigan Mat Delta Plus XP mass spectrometer. All isotope results were calibrated 

against international and internal laboratory standards, and expressed in standard delta 

notation relative to Peedee belemnite (PDB). Analytical precision for isotope analyses 

was better than +/- 0.1 ‰. δ13
C δ18

O interpretations assume no diagenesis.  
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 These records are compared to the global average record based on benthic 

foraminifera calcite test (Zachos 2001). This correlation with good biostratigraphic 

control on a series of bulk-carbonate samples allows identification of major isotopic 

transitions, assuming that bulk carbonate approximates biogenic calcite and has not 

undergone diagenesis. 

 

Method of Multiple Working Hypotheses 

 

 This study uses the method of multiple working hypotheses outlined in 

Chamberlain (1897) for the discussion of possible mechanisms or triggers for 

emplacement of the Miocene debris flows and Oligocene slumps. The data from this 

study are compared to data from previous studies and attempts to falsify each of the 

hypotheses. This methodology suggests which mechanism is more or less likely given the 

data available to this study. 
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RESULTS 

 

Hole 1261A 

 

 Twenty continuous cores extending 369 mbsf recovered Eocene or younger 

sediments in Hole 1261A and penetrated two lithologic units, one of which contained 

three lithologic subunits (Figure 5). The post-Eocene lithologic units are as follows:  

Lithologic Unit IA, 0-5 mbsf of Quaternary nannofossil ooze assigned to 

nannofossil Zones NN19 (2 - 0.4 Ma) and NN21 (0.1Ma - Recent). 

Lithologic Unit IB, 5-310 mbsf of lower Pliocene to upper Miocene nannofossil 

clay assigned to Zones NN12 (5.5 - 5 Ma), NN13 (5 – 4.3 Ma) and N16 (3.7 – 2.5 Ma).  

Lithologic Unit IC, 310-360 mbsf of upper Miocene matrix-supported 

conglomerate extending down to Reflector A contains a matrix of nannofossil clay and 

lightly colored, poorly cemented carbonates clasts. White clasts of Zones NN4 and NN5 

(18.3 – 13.6 Ma) contain small percentages of quartz sand.  

Lithologic Unit IA. The first two cores obtained 3.9 mbsf of Lithologic Unit 1A are late 

Quaternary in age (Table 1). The first core, assigned to Zone NN21, contains varying 

abundances of Calcidiscus leptoporus, Ceratolithus cristatus, Coccolithus pelagicus, 

Emiliania huxleyi, Helicosphaera carteri, and Scapholithus fossilis. The core catcher of 

Core 2 contains a similar assemblage, but with Psuedoemiliania lacunosa, last 

occurrence (LO) 0.4 Ma, which was used to delineate the Zone NN19.   

Lithologic Unit IB. A possible disconformity between 4.6-14.6 mbsf separates 

Pleistocene of Unit IA from the Plio-Miocene of Unit IB (Table 1). Below Unit IA Cores 

3R and 4R of Zone NN16 were spot-cored every 50 m. 

An unconformity is inferred between Cores 4R and 5R at 140 mbsf and the 

corresponding sample contains the index taxa Discoaster brouweri, Discoaster 

pentaradiatus, Amaurolithus delicatus, Discoaster surculus, and Reticulofenestra 
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pseudoumbilicus. Cores 6R and 7R contain similar assemblages, but also contain 

Ceratolithus atlanticus of Zone NN12.  

The Pliocene-Miocene boundary lies between Samples 207-1261A-7R-1, 25-26 

cm (237 mbsf) and 7R-2, 25-26 cm (239 mbsf). Samples from Lithologic Unit IB are 

assigned to the upper Miocene Subzone NN11b such as Sample 207-1261A-7R-2, 25-26 

cm from the top of the Miocene sequence. This section spans Samples 207-1261A-7R, 

25-26 cm to 14R-5, 14-15 cm in Table 1 and contains species similar to those of the 

lower Pliocene plus the Miocene taxa Amaurolithus amplificus, Amaurolithus primus, 

Amaurolithus tricorniculatus, Discoaster quinqueramus, Triquetrorhabdulus rugosus, 

and Triquetrorhabdulus striatus.  

Lithologic Unit IC. The debris flows extend from 310 to 369 mbsf and include Cores 

1261A-14R, -15R and -19R, which are described in detail in a separate distribution chart 

(Table 2). As illustrated in Figures 14 and 15, these cores contain the most spectacular 

examples of the debris flows. 

Sample 207-1261A-14R-CC (Table 1) assigned to Subzone NN10a (9.3 – 8.9 Ma) 

contains Discoaster calcaris, Discoaster neohamatus, Minylitha convallis, Sphenolithus 

moriformis, Discoaster challengeri, Discoaster prepentaradiatus, and 

Triquetrorhabdulus fansworthii in addition to species already listed. 

The light-colored layer, a possible turbidite in Section 1261A-15R-6 at 323 mbsf 

in Figure 16 assigned Zone NN9 (10.5 – 9.4 Ma) contains abundant Discoaster hamatus, 

Reticulofenestra haqi, Reticulofenestra minuta, common Calcidiscus macintyrei, C. 

pelagicus, D. neohamatus, Discoaster variabilis, R. pseudoumbilicus, Sphenolithus abies, 

few Catinaster calyculus, Calcidiscus floridanus, Discoaster bollii, Discoaster calcaris, 

D. challengeri, D. prepentaradiatus, H. carteri, and rare T. rugosus. 

Samples of Zone NN5 contain Coccolithus miopelagicus, C. pelagicus, 

Discoaster exilis, Discoaster petaliformis, Sphenolithus heteromorphus and S. 

moriformis, C. leptoporus, Calcidiscus premacintyrei, C. floridanus, Discoaster 

deflandrei, R. pseudoumbilicus, and Coronocyclus nitecens. In addition to the above, 
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other samples within Core 16R at 324 mbsf contain varying abundances of Discoaster 

musicus, Helicosphaera intermedia, and Helicosphaera mediterranea (Table 1).  

Samples of Core 17R at 333 mbsf were assigned to Zones NN5, NN7, NN9, and 

NN11a (Table 1). Core 17R consists of tilted strata and contains assemblages of Zones 

NN5, NN7, NN9, and NN11a, which span most of the Miocene. Sample 207-1261A-

17R-1, 130-131 cm at 334.6 mbsf contains the index taxa Catinaster coalitus, D. bollii, 

Discoaster hamatus, M. convallis of Zone NN9.  

Cores 18R through 20R, 343-362 mbsf yield Zones NN4, NN9, NN11a and 

NN11b and extend to the bottom of the failed-sediment sequence (Table 1). Core 20R 

includes Zone NN4 represented by Sample 207-1261A-20R-4, 128-130 cm that contains 

an assemblage similar to Zone NN5, but with the addition of Helicospheara ampliaperta 

which, in conjunction with S. heteromorphus, delineates the Zone NN4. This sample also 

contains rare to few species from the upper Miocene Zone NN11, which was expected as 

debris flow deposits may experience mixing. 

Matrix material from Sample 1261A-18R-6, 63-64 cm at 351 mbsf contains an 

assemblage characterized by Subzone NN11b (7.2 – 5.5 Ma). The above assemblage 

includes important index taxa Amaurolithus delicates and Amaurolithus primus. The 

presence of these taxa in conjunction with D. quinqueramus delineates Subzone NN11b. 

It is also important to note that A. amplificus was recorded in sample 1261A-19R-2, 3-4, 

cm [t] at 354 mbsf. 

Section 19R-1 at 353 mbsf contains lower Miocene white clasts from Zone NN4 

as shown in Figure 17 and Table 2. In Figure 18 white clasts at Sample 207-1261A-19R-

2, 22-24 cm with an assemblage characterized by NN4 also contains intermixed younger 

taxa such as C. leptoporus, C. macintyrei, D. challengerii, D. quinqueramus, D. 

variabilis, and S. abies (Table 2). As noted in Core 20R, mixing of marker species is also 

a problem here. Cores 14R, 15R and 19R with significant mixing are described in detail 

in Table 2.  
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Below the above samples, Core Section 1261A-20R-5 contains a sharp contact at 

369 mbsf, which separates the upper Miocene from middle Eocene chalk as shown in 

Figure 19. This disconformable contact separates Lithologic Unit I from Unit II. 

Lithologic Unit II. Sample 207-1261A-20R-5, 121-122 cm (Table 1) from the chalk 

immediately below the disconformity in Figure 19 yielded the Eocene index taxa 

Discoaster barbadiensis, Chiasmolithus grandis, Coccolithus formosus, Reticulofenestra 

bisectus, and Reticulofenestra umbilicus (Table 1). 

 

Hole 1260A 

 

Hole 1260A penetrated two lithologic units and recovered five cores of post-

Eocene material above an upper Eocene-lower Oligocene disconformity (Figure 9). Post-

Eocene sediments of this drill site include:  

Lithologic Unit I, 0-1 mbsf of Pleistocene nannofossil clay above the A reflector 

Lithologic Unit IIA, 1-27 mbsf of Oligocene foraminifer nannofossil chalk.  

Lithologic Unit I: Samples from Lithologic Unit I are Quaternary in age and contain 

nannofossils characteristic of Zone NN21 (Table 3). Two Samples contain common E. 

huxleyi and common P. lacunosa that we consider reworked. The Leg 207 Initial Reports 

also noted Zone NN21, including E. huxleyi, but did not record P. lacunosa (Shipboard 

Scientific Party, 2004. Site 1260). 

Lithologic Unit IIA. Figure 20 illustrates the disturbed upper Miocene – Oligocene 

boundary between Samples 1260A-2R-2, 75-76 cm (3 mbsf) and 2R-2, 100-101 cm (3.3 

mbsf). The Oligocene section from Cores 2R to 5R is likely complicated by slumping. 

Sample 207-1260A-2R-CC at 6.65 mbsf of middle Oligocene Zone NP23 contains the 

index taxa Sphenolithus distentus, Reticulofenestra umbilicus, Discoaster tanii, 

Isthmolithus recurvus, and Sphenolithus predistentus. Samples 207-1260A-3R-2, 25-26 

cm through 6R, 24-25 cm contain an assemblage that belongs to Zone NP21. 



 13

As shown in Figure 21, the core catcher of Core 5R captured a possible upper 

Eocene-lower Oligocene disconformity between 26.8 to 34 mbsf. Sample 207-1260A-

5R-CC, 10 cm above the disconformity belongs to lower Oligocene Zone NP22 and 

contains Clausicoccolithus fenestratus, Discoaster deflandrei, Helicosphaera bramletti, 

Helicosphaera compacta, S. predistentus, D. tanii, and R. bisectus (Table 3). Sample 

207-1260A-5R-CC, 15 cm below the disconformity, is assigned to the upper Eocene 

Zones NP18-20 with similar species to the Oligocene, but with the addition of the Eocene 

taxa Discoaster barbadiensis, Discoaster saipanensis, Helicosphaera reticulata, 

Chiasmolithus expansus, and Discoaster tanii nodifer (Table 3). 

Lithologic Unit IIB. Samples within Core 6R below a disconformity were assigned to 

the middle Eocene Zone NP 15. These samples contain characteristic middle Eocene 

species, such as secondary marker species Sphenolithus spiniger. 

 

Hole 1259A 

 

 Hole 1259A recovered post-Eocene sediments to a depth of 125 mbsf (Figure 8) 

and two lithologic units of lower Miocene and Oligocene as follows: 

Lithologic Unit I, 0-42 mbsf of Miocene – Oligocene foraminiferal ooze.  

Lithologic Unit IIA, 43-125 mbsf of Miocene – upper Eocene Foraminifer 

nannofossil chalk with disconformities. 

Lithologic Unit I. The lower-most Oligocene Zone NP 21 (32.8-33.7 Ma) is overlain by 

Zone NP23 (31.4 – 29.6 Ma) in the same core (Table 4). A possible slump separates 

Oligocene from lower Miocene between 25.7 and 28.3 mbsf (Table 4). The lower 

Miocene of Zone NN3 extends down to the bottom of Lithologic Unit I at 42 mbsf and 

contains index taxa H. ampliaperta and Sphenolithus belemnos.   

Lithologic Unit IIA. Samples 207-1259A-6R-2, 25-26 to 10R-6, 2-3 cm assigned to the 

lower Miocene Zone NN2 contain an assemblage similar to Zone NN3, but also with rare 



 14

Hayster perplexa and T. challengeri, few/rare Sphenolithus disbelemnos, and few/rare 

and apparently reworked C. fenestratus and H. recta (Table 4). 

 Core 10R Section 6 captured a disconformity between 89.8 and 90 mbsf, shown 

in Figure 22 between Samples 207-1259A-10R-6, 2-3 cm (Zone NN2) and 6R-6, 25-26 

cm (Zone NP23). Zone NP23 continues down to 120 mbsf and contains an assemblage 

characterized by Zone NP23, but with the addition of Coccolithus eopelagicus. Sample 

207-1259A-14R-1, 25-26 cm was the only representative of Zone NP 22.  

 Samples 207-1259A-14R-2, 122 cm to 14R-4, 20-21 assigned to the lower 

Oligocene Zone NP21 contain an assemblage similar to the zone above, but with 

common C. formosus, H. reticulata, and S. predistentus. Other notable taxa within this 

zone include Braarudosphaera bigelowii.  

 Although not clearly visible in Figure 23, the data recorded in Table 4 show that 

Core Section 1261A-14R-4 captured an E/O disconformity at 125.2 mbsf. The sample 

below the disconformity contains a few Cribrocentrum reticulatum, which went extinct 

0.5 m.y. prior to the E/O boundary. This indicates that the actual boundary is not present 

at this site.  

Taxa within Sample 207-1259A-14R-4, 28 cm below the E/O disconformity 

include Chiasmolithus titus, Cruciplacolithus Cymbiformis, Chiasmolithus solitus, and a 

common occurrence of the cool-water indicator I. recurvus. This sample lies above an 

upper Eocene – middle Eocene disconformity (Table 4). 

Lithologic Unit IIB. An upper Eocene – middle Eocene disconformity separates 

Lithologic Unit IIA from Lithologic Unit IIB. Sample 207-1259A-14R-CC at 126.8 mbsf 

was assigned to middle Eocene Zone NP15.  

 

Hole 1258A 

 

     Hole 1258A recovered post-Eocene sediments of Lithologic Unit I within 

Cores 1R and 2R (Figure 7). The lithologic units are as follows:  
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Lithologic Unit I, 0-8 mbsf of middle Miocene – upper Oligocene foraminifer and 

nannofossil ooze.  

Lithologic Unit II, 8-238 mbsf of middle – lower Eocene and Paleocene 

foraminifer nannofossil chalk below an upper Oligocene – middle Eocene disconformity. 

Lithologic Unit I. Samples 207-1258A-1R-1, 103-104 cm to 1R-4, 25-26 cm within 

middle Miocene Zone NN9 contain the zonal marker C. coalitus (Table 5). A 

disconformity apparently lies between Cores 1R and 2R. An Oligocene – middle Eocene 

disconformity between 8.5 and 8.95 mbsf is illustrated in Figure 24.  

Lithologic Unit IIA. Sample 2R-3, 25-26 cm to 2R-CC recovered middle Eocene 

sediments of NP 16. Sample 207-1258A-2R-3, 25-26 cm contains an assemblage 

characterized by Zone NP16, which is delineated by the presence of Sphenolithus 

furcatolithodies and C. expansus in the absence of Discoaster sublodoensis.  

 

Hole 1257A 

 

Nearly 43 m of post-Eocene sediment in Hole 1257A contains an upper Miocene 

– Oligocene disconformity and a possibly complete Eocene – Oligocene (E/O) boundary. 

An attempt was made to capture the E/O boundary with an advanced hydraulic piston 

corer (APC). Compact sediment at 40.6 mbsf stalled this effort and the hole was 

completed with the extended core barrel (XCB). This produced fragmented “core 

biscuits” through the potentially complete E/O boundary (Shipboard Scientific Party, 

2004. Site 1257). Lithologic units recovered are as follows: 

Lithologic Unit I, 0-2 mbsf of upper Miocene nannofossil clay. 

Lithologic Unit IIA, 2-43 mbsf of Eocene –Oligocene foraminifer ooze. 

Lithologic Unit I. Nannofossil-clay Samples 207-1257A-1H-1, 26 cm and 1H-2, 4.5 cm 

were assigned to Zone NN11b based on well-preserved, characteristic upper Miocene 

assemblages (Table 6). The sharp contact clearly visible in Figure 25 represents a 
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disconformity between the upper Miocene and basal Oligocene sections that separates 

Lithologic Unit I from Unit IIA.   

Lithologic Unit IIA. Zone NP23 extending from 2.25 to 12.44 mbsf contains index taxa 

such as Chiasmolithus altus, D. tanii orinatus, and H. recta. Zones NP23 to NP 20 follow 

in sequence, apparently without interruption by disconformities. The co-occurrence of the 

D. barbadiensis, D. saipanensis, and C. reticulatum in the uppermost Eocene sample, 

207-1257A-6X-2, 85 cm at 42.95 mbsf could possibly indicate a disconformity between 

this and the superjacent Oligocene sample 20 cm above. However, due to its fragmented 

nature and our low-resolution sampling, we cannot determine if this is E/O boundary 

conformable or not.  

 

Hole 1257B 

 

Stable-Isotope Analysis. Hole 1257B recovered only one lithologic unit of post-Eocene 

sediment above the Eocene/Oligocene (E/O) boundary. This was the only Leg 207 hole 

that recovered a demonstrably complete E/O transition by biostratigraphy (Table 7) by 

stable isotopes (Figure 26). We place the E/O boundary between a depth of 42.93 and 

42.95 mbsf based on biostratigraphic data and between 42.9 and 42.95 mbsf based on 

bulk-carbonate stable-isotope data (Table 7, Figure 23).   

The stable-isotope data show a positive 
18

O shift of 0.9 ‰ and a 
13

C shift of 1 ‰ 

between 42.9 mbsf and 42.95 mbsf (Figure 26). Note that we used bulk carbonate from 

this study and made no attempt to determine if diagenesis had occurred subsequent to the 

deposition of these carbonates. Nannofossils show good preservation throughout this 

interval. However, preservation of specific foraminiferal species is considered more 

reliable in identifying key isotope shifts. The positive bulk-carbonate isotope shift here 

correlates well to the global average (Figure 24). Assuming no diagenesis, the data we 

obtained probably represents the earliest Oligocene isotopic transition due to the Oi1 

glaciation event, sea level low stand, and associated current reorganization. 
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The Oi1 glaciation following the E/O boundary represents the first permanent 

East Antarctic Ice Sheet. This rapid formation of an ice sheet over East Antarctica 

resulted in a rapid shift to more positive δ18
O values in marine carbonates as the lighter 

δ16
O isotopes are preferentially evaporated out of the oceans and sequestered in the ice 

sheet. The Oi1 isotope shift is mostly the result of an ice volume effect although a 

decrease in bottom water temperatures is also results in positive δ18
O values. The Oi1 

shift at 33.7 Ma is a two fold effect including temperature and ice volume. This agrees 

with the long term climate trend of Cenozoic cooling, furthermore, the E/O boundary 

itself is considered a major inflection point in the transition from a “Greenhouse” to an 

“Icehouse” climate. 

Biostratigraphy. Core Section 1257B-1R-1 captured the E/O boundary within a stiff 

clay and biosiliceous ooze. The subjacent section 1257B-1R-2 (44 mbsf) shows evidence 

of a slump. Nannofossil assemblages through this interval are characterized by those 

found in the uppermost Eocene and lowermost Oligocene. It is important to also note the 

rare occurrence of I. recurvus below the E/O boundary (Table 7). This cool-water species 

may indicate upwelling or cool-water influx near the E/O at Demerara Rise. 
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DISCUSSION 

 

Miocene debris flows 

 

Calcareous nannofossil biostratigraphy shows that the Miocene slumps/flows at 

Site 1261 are capped by sediments of Subzone NN11b and those matrices are also 

incorporated into the flows down to Core Section 1261A-18R-6 at 351 mbsf (Tables 1, 

2). Hence, the Miocene failures were emplaced during Subzone NN11b (7.2-5.5 Ma) 

during the Messinian stage (7 - 5.3 Ma) and salinity crises. Rapid drops in sea level 

during Mediterranean flooding events may have sent high amplitude waves across the 

Atlantic triggering mass wasting though this has never been documented (Froelich 

personal commun., 2005). 

Evidence for large-scale movement by shipboard paleomagnetic data indicate that 

tilted blocks superjacent to the debris flows of Hole 1261A (Shipboard Scientific Party, 

2004, Site 1261). Core sections within Cores 7R, 8R, and 9R show tilted bedding planes 

as shown in Figure 6. Leg 207 seismic surveys show a normal fault adjacent Site 1261 

(Figures 4, 5). The tilted layering could be attributed to drag along the fault. The fault 

cuts all the way to the surface. Hence, the fault was emplaced well after deposition of the 

Plio-Miocene section and would not be related to emplacement of the debris flows.  

Several multiple working hypotheses can be considered for the Miocene debris 

flows of Lithologic Unit IC (Core Sections 14-5 to 20-5; Figure 4, 5; Tables 1, 2). These 

hypotheses discussed include current erosion, clathrate release, canyon incision and 

infilling, mass loading and seismic triggering.  

Current erosion. One explanation for the sediment failures in question includes 

intermediate and deep-water erosion by currents during the Miocene. The displaced 

Neogene sediments are currently found in water depths between 1900 – 3500 mbsl. It is 

possible that this rise was shallower during the Miocene if the rise has subsided.  
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Major oceanic current reorganization could account for erosion of passive 

margins at continental-slope depths. Nisancioglu et al. (2003) showed that the Central 

American Seaway (CAS) shoaled to less than 1000 mbsl by the middle Miocene, thereby 

preventing North Atlantic Deep Water (NADW) from moving into the Pacific. This 

current reorganization represents a shift closer to a modern deep-water circulation 

pattern.  

The Miocene “carbonate crash” has implicated changes in deep water formation 

and also suggest a shift to a modern thermohaline circulation. There are five carbonate 

dissolution events recorded throughout the Caribbean between 10 and 12 Ma that are 

linked to this current reorganization associated with the shoaling of the CAS (Roth 2000). 

Part of this reorganization includes pulling of Antarctic Intermediate Water (AAIW) up 

along the Northwest coast of Brazil in the Caribbean and into the Pacific. This cooler 

water moving into the Caribbean may have caused the dissolution of Caribbean 

carbonates (Roth 2000). Paleocirculation models from 15-8 Ma show that surface current 

circulation moved northwest along the northeast margin of South America (Figure 28). 

There is no indication that a deep Western Boundary Current was present along South 

America or Demerara Rise at that time as intense NADW formation would preclude such 

a situation and an open CAS would also prevent a modern circulation pattern (Roth 2000; 

Nisancioglu 2003).   

Further work would be needed to support our erosion by currents hypothesis as a 

trigger for the Miocene failures at Site 1261. Hence, current erosion was most likely not 

the only trigger or cause, although the results of this study cannot falsify this mechanism 

as a possibility.  

Clathrate release. Another mechanism for generating submarine slides and mass 

wasting is methane hydrate dissociation. This situation is hypothesized to involve a 

destabilization of a methane hydrate reservoir which causes lose of cohesion and a failure 

along a listric surface. A massive dissociation of gas hydrates is thought to cause massive 
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slope failures as it is possible that a large section could become detached and move down 

slope as a coherent unit i.e. slump or MTD (Figure 29).  

 The formation of methane hydrates requires a source rock of sufficient organic 

material. This organic source rock at Demerara Rise would be the black shales formed 

during Cretaceous Oceanic Anoxic Events OAE. Several OAE and black shale intervals 

were recovered by ODP Leg 207 (Erbacher, Mosher, Malone et al. 2004). Once present 

the hydrates would also need to be dissociated during the time of the debris flow event. 

This is a very difficult scenario to prove given the techniques used in this study and given 

the resolution for dating of slumps and debris flow events.  

According to Kennett et al. (2003) the zone of potential hydrate instability during 

the Quaternary lies between water depths of 600 - 800 mbsl. Water temperature and 

hydrostatic pressure changes at these depths could potentially shift gas hydrates outside 

of stable pressure and temperature regime, thereby triggering dissociation. This zone of 

potential instability was most likely different during the Miocene as intermediate-water 

temperatures during that time were likely warmer. Sea level lowering and warming of 

intermediate waters have been proposed to explain massive Quaternary submarine 

landslides and mass transport deposits, such as those on the Amazon Fan (Piper et al. 

1997; Maslin et al. 1998). Kennett et al. (2003) have implicated 1) dissociation of 

methane hydrates with increased sediment failure along continental margins, and 2) a 

cyclic release and recharge of the hydrate reservoir in response to climate and sea level 

change. Their hypothesis, known as the “Clathrate Gun Hypothesis” remains 

controversial. It is only considered here as it relates to submarine mass wasting. 

Maslin et al. (2003) tested the “Clathrate Gun Hypothesis” by correlating failed 

sediments with sea level change and climate events in the late Quaternary and found the 

agreement with the timing of known submarine mass wasting events during the last 

glacial – interglacial transition, but not for glacial periods that instead correlate with 

Heinrich events, sea level lows, and methane lows in ice cores. Thus, the final conclusion 
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seems that the data for submarine mass wasting and the timing of abrupt climate shifts do 

not completely agree with the “Clathrate Gun Hypothesis”. 

The Storrega Slide has been attributed to hydrate dissociation or seismic 

triggering (Dawson et al. 1988). The timing, size, and extent of this recent mass wasting 

event is more tightly constrained and better documented than this study. However, it has 

not been possible to determine if gas-hydrate dissociation occurred before or after the 

mass wasting event. If hydrates did not trigger the Storrega Slide, then some other 

trigger, such as a seismic event due to isostatic rebound of the Norwegian margin, is 

possible, at least for the most recent slide event dated at 7-8 Ka. (Dawson et al. 1988).  

The present study has been unable to provide a sufficiently narrow time-slice 

required to tie any specific carbon-isotope event that might reflect methane release. The 

failed deposits of Site 1261 could have been emplaced at any time or at multiple times 

within upper Miocene Zone NN11b (7.3 – 5.5 Ma). Therefore, there is too much 

uncertainty to present hydrate release as a primary mechanism for the failed Miocene 

deposits of Site 1261. It is possible that global cooling during the duration of the Miocene 

stabilized the hydrate reservoir. 

Canyon cutting and infilling. Canyon cutting is another mechanism for sediment failure 

along continental slopes. This could be supported by the co-occurrence of submarine 

mass wasting events and sea level low stands. Sea level curves and low stands have been 

determined using seismic and sequence stratigraphy combined with drilling (Vail, 1977; 

Haq et al., 1987). DSDP/ODP recovered information regarding sea level history during 

several drilling legs along the New Jersey Margin. Those can be compared to the results 

of Leg 207 Demerara Rise, as both areas harbor failed Miocene sediments.  

Sea level low stands during Subzone NN11b include the beginning and end of the 

Haq et al. (1987) third-order cycle 3.3, 6.6 and 5.6 Ma (Figure 12). The latter of these 

drops represents a lowering in mean sea level of approximately 75 m to a level 50 m 

lower than modern mean sea level.  
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As discussed in the “Previous Work” section, the New Jersey Transects have that 

margin destruction during the Neogene is dominated by canyon cutting and subsequent 

infilling (McHugh et al., 1996, Lang et al. 1987, Mountain et al.; 1996 Mountain et al., 

1994). The mechanism for emplacement of the Miocene debris flows at Site 1261, 

however, may well have been different as the geometry of the failed surface visible in 

Figure 3 does not resemble the submarine canyons and paleo-channels observed along the 

New Jersey margin.  

Erbacher et al. (2004) concluded that Demerara Rise represents a submerged 

remnant of a margin that began rifting during the mid Cretaceous (Albian), whereas the 

New Jersey margin rifted during the mid Jurassic, permitting more time for the 

development of a more extensive passive-margin shelf-slope sedimentary complex at 

New Jersey. Demerara Rise lies farther offshore than New Jersey, extending to the 

northwest in present-day water depths below 1500 mbsl. Modern channels and even 

buried canyons are not common in such depth and distance offshore. This assumption 

requires that there has been no large pro-grading delta in the vicinity of Demerara Rise at 

any time during the Miocene.   

Submarine channels may have been more likely if the Amazon’s mouth drained 

across the Guyana shield towards Demerara Rise instead its current location. The Guyana 

shield to the north of the Amazon River prevents such a major river from flowing 

towards Demerara Rise today. Hoorn et al. (1995) have suggested that drainage of the 

northwestern Amazon Basin was directed along the paleo-Orinoco river system to the 

Caribbean and that the connection between the drainage of the South American interior 

and the Atlantic Ocean was established in middle Miocene. The modern drainage pattern 

of the Brazilian Basin to the Atlantic was achieved in the late Miocene (Hoorn et al. 

1995). The initiation of high mass accumulation rates on Ceara Rise during the late 

Miocene suggests that the Amazon River flowed into the Atlantic by at least that time 

(Dobson et al. 1997). Drainage from the South American interior today flows south of the 

Guyana shield and north of the Brazilian shield, following the modern Amazon drainage 
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(Figure 2). The Orinoco River to the north in Venezuela is far removed from Demerara 

Rise and not likely to have influenced sediment delivery to Demerara Rise (Figure 2).  

The apparent absence of a major river nearby during time of emplacement of the 

Site 1261 debris flows, combined with the lack of evidence for submarine canyons, does 

not support a canyon cutting and infilling mechanism. In addition, seismic profiles of 

failed surfaces do not resemble classic cut and fill geometry as seen along the New Jersey 

margin (Figure 3). Therefore, this mechanism is considered the least likely of the five 

multiple working hypotheses. Additional higher resolution seismic data would be needed 

to show the presence of canyons in the vicinity of Demerara Rise.  

Mass loading by rapid sedimentation. Ceara Rise provides a valuable comparison to 

Demerara Rise. Both lie farther offshore than the rest of the northeastern passive margin 

of South America. Ceara is detached and surrounded by average water depths of about 

4500 m (Shipboard Scientific Party, 1995).  

Dobson (1997) analyzed the timing of changes in mass accumulation rates on 

Ceara Rise. The rapid increase in MAR on Ceara Rise coincides with the age of the failed 

Miocene section at Site 1261. Dobson et al (1997) showed that terrigenous MAR derived 

from Amazon River discharge increased by an order of magnitude by 8 Ma. The Miocene 

debris flows at Site 1261 occurred between 7.2 – 5.5 Ma. The emplacement the Miocene 

debris flows on Demerara Rise is coincident with the uplift of the Andes Mountains, 

increased discharge of the Amazon River, and development of a modern Amazon 

drainage pattern (Hoorn et al., 1995; Dobson et al., 1997). This led to rapid loading of 

sediments on Ceara and Demerara Rises during the late Miocene. Paleocirculation 

models by Roth (2001) and Nisancioglu et al. (2003) support our hypothesis that 

terrigenous sediments moved in a northwesterly direction away from Amazon River 

mouth towards Demerara Rise and deposited there. However, sediment failures are not 

present in the Plio-Pleistocene on both Rises, despite continued post-Miocene high 

sedimentation rates and mass loading. Therefore, something in addition to high MAR 

seems to be needed to account for the displaced upper Miocene section. 
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Tectonic and seismic activity. Mass loading of sediment in combination with a tectonic 

or seismic trigger may provide an explanation for sediment failure at Site 1261. High 

sedimentation rates generate unstable slopes and seismic activity can provide the trigger 

needed to cause a submarine mass wasting event. Terrigenous sediments from the 

Amazon River, similar to those on Ceara Rise, are transported today northwest to 

Demerara Rise by the South Atlantic coastal current (Rine and Ginsburg, 1985). This 

mechanism could explain high sedimentation rates for sediment younger than 8.4 Ma on 

both Rises (Shipboard Scientific Party, 2004; Shipboard Scientific Party, 1995). Late 

Miocene sedimentation rates on Ceara Rise (18 m/my) were not as high as on Demerara 

Rise (65 m/my). Dobson et al, (1997) have shown that sedimentation was influenced by 

terrigenous sediments via Amazon River discharge. MAR and LSR were calculated for 

all Leg 207 sites and show very high late Miocene sedimentation rates (Figure 30). 

Rapid sedimentation can cause unstable conditions, even on shallow dipping 

slopes, particularly if combined with a seismic trigger. Interestingly, Miocene slumps 

documented on Ceara Rise have been attributed to seismic activity emanating from the 

active subduction zone along the Antillean Arc where the Caribbean and Atlantic Plates 

meet north of Demerara Rise (Shipboard Scientific Party, 1995). 

Hence, Ceara Rise provides an analogue for the time-equivalent, but far more 

extensive and complex products of mass wasting at Site 1261 on Demerara Rise. The fine 

clay sediments at both sites are lithologically similar as they are linked to the same 

sediment source (Dobson et al. 1997; Rine and Ginsburg, 1985; Erbacher, Mosher, 

Malone et al. 2004). Mass wasting due to sea level fluctuations may have been at work as 

a late Messinian sea level low-stand at 5.5 Ma (Figure 12) which is the same time interval 

for emplacement of the Site 1261 debris flows. These effects appear to have been masked 

by the mechanism of sediment overloading and seismic triggering. We conclude that 

seismic-triggering of mass loaded sediments are the most likely cause of the Miocene 

debris flows on Demerara Rise. 
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Oligocene 

 

The timing and cause of the Oligocene slumps on Demerara Rise cannot be 

determined with the same precision as those in the upper Miocene section. 

Reconstructing the depositional and post-depositional histories of the Oligocene 

sequences is challenging because the strata are commonly truncated and often displaced 

(Figure 7). Sedimentation rates from Figure 7 indicate several hiatuses or erosional 

events which removed much of the record between the inferred slumping events. 

Sediment source or sedimentation rates for the Oligocene are not taken into account. Site 

1259, however, is reasonably coherent over a 35-m lower Oligocene sequence and a 51-

m lower Miocene section and above is the A Reflector (Figures 1, 3; Table 4) and above 

that is a massive 26-m Oligocene slump (Figure 10). This particular site may provide an 

eventual sedimentation curve but the other sites provide less promising sections.  

A 40-m lower-middle Oligocene section at Site 1257 lies beneath seismic 

Reflector A (Figures 1 and 3) Nannofossil stratigraphy indicate slumps were present in 

Core 1257A-4H (Table 4). A minor intraformational slump is also present above the E/O 

boundary in the topmost core section of Hole 1257B.  

The 25-m lower-middle Oligocene at Site 1260 above seismic Reflector A is 

highly disturbed with juxtaposed strata (Figure 11; Table 3). Farther down slope at Site 

1258, only 1.5-m uppermost Oligocene section is present, sandwiched between middle 

Miocene and middle Eocene strata, but here also the Oligocene is disturbed (Table 5). 

The relationship of this sliver cannot be readily determined, although it may have been 

displaced from up slope. No Oligocene was present at Site 1261.   

We conclude that the Oligocene sections below seismic Horizon A, although 

subject to hiatuses, were otherwise deposited in conformity with the underlying Eocene 

and overlying lower Miocene strata. How these hiatuses might relate to sea level requires 

more and better core and seismic records to determine. Intraformational slumps within 

these Oligocene sequences, such as at Site 1257, were apparently due to instabilities 
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resulting from local conditions (Shipboard Scientific Party, 2004). Oligocene above 

Horizon A were most likely subjected to, or are the products of, the same mass wasting 

event(s) that produced the Miocene debris flows at Site 1261.    

 Several upper Eocene - lower Oligocene disconformities were present in cores 

from Demerara Rise (Tables 3, 4, 6; Figures 7, 21, 23). Samples below these contained C. 

reticulatum with the exception of Hole 1257B, indicating this site captured the only 

demonstrably complete E/O transition (Table 7). Nannofossil data place the boundary 

between 42.93 – 42.95 mbsf (Table 7) and isotope data place the boundary between 42.90 

– 42.95 mbsf (Figure 26). We mark the E/O boundary just prior to the isotope shift where 

Zachos et al. (2001) place it (Figure 26). The Eocene/Oligocene boundary is currently 

placed at the extinction of foraminifer genus Hantkenina (the P18/P16 zonal boundary), 

which is calibrated at 33.7 Ma based on the seafloor magnetic anomaly-based time scale 

(Cande and Kent, 1995). The E/O boundary will likely be refined by an astronomically 

tuned timescale or redefined as the base of the global carbon event (Laskar et al., 2005). 

Eocene/Oligocene Boundary Upwelling. Current reorganization near the equator during 

the Eocene/Oligocene transition is supported by the presence of the cool-water indicator 

Isthmolithus recurvus at Demerara Rise. This taxon has been previously documented in 

rare abundances in the low-latitudes, such as the equatorial Pacific (Shipboard Scientific 

Party, 2002. Site 1218, p. 13) and the Ceara Rise (Shipboard Scientific Party, 1995. Site 

929). Most samples from this study contained rare occurrences of this cool-water 

indicator. However, Samples 207-1260A-3R-2, 25-26 cm (lowermost Oligocene Zone 

NP 21; Table 3) and 207-1259A-14R-4, 28 cm (uppermost Eocene Zone NP 20; Table 4) 

contained common I. recurvus, which indicate upwelling or cool-water at Demerara Rise 

near the E/O boundary. We consider changes in currents, sea level fluctuations, and the 

initiation of an ice sheet on Antarctica at the E/O boundary as suggested by Zachos et al. 

(2001) linked to the appreciable number of disconformities in the Oligocene sections of 

Demerara Rise. 
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Age of Seismic Horizon A  

 

Horizon A is a prominent regional seismic reflector at all sites. Its age for 

purposes of the Leg 207 Initial Reports was given as early Miocene (Erbacher, Mosher, 

Malone et al. 2004). Indeed, it does cut down to in situ lower Miocene sediments at Site 

1259 (Zone NN3), which provides a maximum age for the reflector of less than 19.6 Ma. 

At Site 1261, a disturbed section above Reflector A is capped by in-place sediments of 

late Miocene age (Zone NN11b), which places a minimum age on the reflector of 5.5 Ma. 

As discussed above, those disturbed sediments entrained material of Zone NN11b, which 

dates the youngest displaced material above the reflector between 7.2 and 5.5 Ma.   

 It is possible that Horizon A is strictly the product of a single, large-scale mass- 

wasting event that stripped large quantities of sediment from the face of Demerara Rise 

during Zone NN11b times. The abrupt truncation of conformable strata upslope from Site 

1259, here interpreted as a “detachment scar” (arrow, Figure 3), suggests that the event 

was large scale, cutting deeply into the slope deposits of the Rise. In addition to the upper 

Miocene debris flows of Zone NN11b, units as old as early Oligocene (Zone NP 21) are 

seen in slumps overlying the Miocene at Site 1259. These may also have been involved in 

this mass-wasting event.   

 Farther down slope from Site 1259, a large mound of material above Horizon A 

(downslope from “A” in Figure 3) exhibits poorly resolved reflectors. This material may 

originated from up slope during a single, late Miocene mass wasting event.   

 On the other hand, it is entirely possible that more than one mass-wasting event 

may have displaced sediments from Demerara Rise to expose the surface now seen 

regionally as Horizon A. One cannot rule this out from the few existing drill holes and 

seismic lines. We surmise that the simplest solution favors a single, large-scale regional 

event in which overloaded sediments were jarred into motion on a gentle slope by a 

seismic event. Such an event may have originated in the Antillean Arc subduction zone, 

as suggested for the slumps at Ceara Rise.  
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CONCLUSIONS 

 

 This study suggests that the Miocene debris flows at Site 1261 on Demerara Rise 

resulted from mass loading of sediment and a seismic trigger. Standard stratigraphic 

techniques using calcareous nannofossils determined that the debris flows occurred 

during upper Miocene nannofossil Subzone NN11b (7.2 – 5.5 Ma) based on the presence 

of Amaurolithus delicatus and A. primus. The matrix material was emplaced after the 

First Occurrence of the above taxa at 7.2 Ma. Matrix material of the same age is found 

down to Core Section 1261A-18R-6 at 351 mbsf, which is well below the top of the 

debris flow at Core Section 1261A-14R-5 at 310 mbsf. Presence of undisturbed NN11b 

sediments immediately above the debris flows and the presences of Amaurolithus, 

brackets the time of emplacement from 7.2 to 5.5 Ma for the debris flows. 

 The cause and timing of the Oligocene slumps are more complicated. The 

stratigraphic section within the Oligocene at most sites is discontinuous. Some Oligocene 

sites show a reversed stratigraphy, due to slumping and/or erosion followed by current re-

deposition. The Oligocene sites are located on a sloping rise ranging in depth from 1899 

mbsl to over 3500 mbsl, over which sediments may have moved down slope, possibly as 

large displaced blocks.  

 The Eocene/Oligocene boundary within the first core of Hole 1257B was initially 

based on biostratigraphy and then confirmed by the characteristic negative 
13

C and 

positive 
18

O isotopic shift in a series of bulk carbonate. The cool-water taxon I. recurvus 

was observed prior to the E/O boundary at Sites 1259 and 1257, which may indicate 

upwelling or cool-water influx at this low latitude site during that time. Hence, current 

reorganization or upwelling at Demerara Rise, generally coincident with the E/O 

boundary and expansion of the East Antarctic Ice Sheet, may have contributed to the 

disconformable nature of the lower Oligocene and upper Eocene sections of this study. 
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 Additional drilling on the slope and shelf along the South American margin and 

more seismic data are needed to better correlate the debris flows and slumps of Demerara 

Rise to landward sections. The much studied New Jersey Transect has been a valuable 

source of information on sea level sequence boundaries and represents the best 

documented case study to show how passive margins respond to Cenozoic sea level 

fluctuations. Similar possibilities exist for Demerara Rise and the northeast South 

American margin, although the tectonic processes involved add a further complication 

relative to the New Jersey margin. 
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Table 1. Distribution chart Hole 1261A 

 
Calcareous nannofossil distribution chart for Hole 1261A, Plio-Pleistocene to Eocene. V 

= very abundant, A = abundant, C = common, F = few, R = rare; lower case indicates 

reworking. 
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Table 2. Detailed distribution table Hole 1261A 

 

 
 

Calcareous nannofossil distribution chart for Hole 1261A, the Miocene in detail, includes 

Cores 14R, 15R, and 19R. V = very abundant, A = abundant, C = common, F = few, R = 

rare; lower case indicates reworking. The lowercase letters in the sample interval 

indicate: c = clasts, m = matrix, and t = turbidite. 
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Table 3. Distribution table Hole 1260A 

 

 
 

Calcareous nannofossil distribution chart for Hole 1260A, Miocene to Eocene.  

V = very abundant, A = abundant, C = common, F = few, R = rare; lower case indicates 

reworking. 
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Table 4. Distribution chart Hole 1259A 

 

 
 

Calcareous nannofossil distribution chart for Hole 1259A, Miocene to Eocene. V = very 

abundant, A = abundant, C = common, F = few, R = rare; lower case indicates reworking. 
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Table 5. Distribution chart Hole 1258A 

 

 
 

Calcareous nannofossil distribution chart for Hole 1258A, Miocene to Eocene. V = very 

abundant, A = abundant, C = common, F = few, R = rare; lower case indicates reworking. 
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Table 6. Distribution chart Hole 1257A 

 

 
 

Calcareous nannofossil distribution chart for Hole 1257A, Miocene to Eocene. V = very 

abundant, A = abundant, C = common, F = few, R = rare; lower case indicates reworking. 
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Table 7. Distribution chart Hole 1257B 

 

 
  

Calcareous nannofossil distribution chart for Hole 1257B, Oligocene to Eocene. V = very 

abundant, A = abundant, C = common, F = few, R = rare; lower case indicates reworking. 
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Table 8. Scheme used in distribution charts 

 

 
 

Scheme used to record preservation of the general calcareous nannofossil assemblage 

within a sample and abbreviations used to denote abundances of specific taxa in all 

distribution charts. 
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Figure 1. Map, bathymetry of study area, and Leg 207 seismic lines including GeoB213 

(Site 1261), GeoB215 (Site 1260), GeoB219 (Site 1259), GeoB221 (Site 1258), GeoB220 

(Site 1257): mbsl = meters below sea level; bathymetric contours 2000 to 4000 are in 

mbsl (after Shipboard Scientific Party, 2004. Leg 207 Summary, figure F31).  
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Figure 2. Regional map of study area includes the Antillean Arc (subduction zone) 

northwest of Demerara Rise (dark blue denotes the trench), Amazon Fan southeast of the 

study area, Ceara Rise seaward of the Amazon Fan, and the Atlantic Mid Ocean Ridge 

(MOR) to the northeast. The Orinoco River Delta lies west of the study area. The Guyana 

shield, inland of French Guyana and Suriname coastlines, represents a mountainous 

Precambrian shield (from a National Geodetic Data Center [NGDC] satellite image). 
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Figure 3. Seismic lines GeoB219 and GeoB220 from the Leg 207 Meteor site-survey 

Cruise M49-4 showing targeted Leg 207 shallow stratigraphy and with horizons A, B, B’, 

and C marked. Arrow denotes detachment scar associated with Reflector A (from 

Erbacher, Mosher, Malone et al. 2004, Figure A of frontispiece). The vertical scale is 

two-way traveltime in seconds. This line is oriented from southeast (Site 1259) to 

northwest (Site 1257), into the page is northeast. 
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Figure 4. Seismic line GeoB213 shows seismic reflector horizons O, A, B, B’, and C and 

seismic stratigraphic units 1 to 4. Seismic line is in a southeast to northwest orientation, 

thus, into the page is in a northeast direction. This figure also shows a normal fault; fault 

plane denoted by a yellow line and arrows indicate relative movement of the footwall and 

hanging wall (from Shipboard Scientific Party, 2004. Site Survey and Underway 

Geophysics: Demerara Rise, Leg 207, figure F1). 
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Figure 5. Litho-seismic stratigraphy, Site 1261 showing seismic reflector horizons  

O, A, B, B’ and C. Shading indicates slumped section. Drawn along seismic line 

GeoB213 on Figure 1; same fault shown in Figure 4. Figure also shows all recovered 

lithostratigraphic units with their thickness by depth scale (right) (from Shipboard 

Scientific Party, 2001. Site 1261. figure F30). 
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Figure 6. Tilted strata in Cores 1261A-7R, -8R, and -9R. Paleomagnetic measurements 

(Shipboard Scientific Party, 2005. Site 1261) indicate tilting within Lithologic Unit IB of 

Hole 1261A above the debris flows.  
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Figure 7. Top figure: All post-Eocene sections are shown as columns correlated by age 

(from Shipboard Scientific Party, 2004. Leg 207 Summary, figure F8). Bottom figure: All 

Oligocene and uppermost Eocene sections correlated to magnetic chrons, age, 

foraminiferal and calcareous nannofossil zonations (from Shipboard Scientific Party, 

2004. Leg 207 Summary, figure F11). Note: Unit I = Miocene to Recent; Unit II = 

uppermost Eocene to Oligocene. 
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Figure 8. Litho-seismic stratigraphy, Site 1260 showing seismic reflectors A, B, B’, and 

C plus lithostratigraphic units with thickness by depth scale (right) drawn along seismic 

line GeoB220 on Figure 1 (from Shipboard Scientific Party, 2004. Site 1257, figure F26). 
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Figure 9. Litho-seismic stratigraphy, Site 1259 showing seismic reflectors A, B, B’ and 

C plus lithostratigraphic units with thickness by depth scale (right) drawn along seismic 

line GeoB219 on Figure 1 (from Shipboard Scientific Party, 2004. Site 1259, figure F28).  
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Figure 10. Litho-seismic stratigraphy, Site 1258 showing seismic reflectors A, B, B’ and 

C plus lithostratigraphic units with thickness by depth scale (right) drawn along seismic 

line GeoB221 on Figure 1 (from Shipboard Scientific Party, 2004. Site 1258, figure F27). 
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Figure 11. Litho-seismic stratigraphy, Site 1257 showing seismic reflectors A, B, B’ and 

C plus lithostratigraphic units with thickness by depth scale (right) drawn along seismic 

line GeoB220 on Figure 1 (from Shipboard Scientific Party, 2004. Site 1257, figure F29). 
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Figure 12. Conceptual sea-level curve, Miocene to Recent, from Haq et al. (1987) 

includes columns from left to right. Time in m.y., magnetic anomalies, polarity, polarity 

epochs, polarity chronozones, Chronostratigraphy series, epochs and stages, extent of 

stage stratotype shown as dark line, 2
nd

 order sequence stratigraphy including supercycle 

sets and supercylces, 3
rd

 order cycles such as 3.1, 3.2 ect., curve showing basinward vs. 

landward coastal on-lap and off-lap, sequence boundary age, down-lap surface age, 

system tracts, eustatic sea level curves (short and long term). Note drop of ~ 75 m at 10.5 

Ma with coastal off-lap and late Messinian drop ~ 50 m at 5.5 Ma. 
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Figure 13. Right-hand figure: Calcareous nannofossil zonation scheme (from Martini and 

Müller, 1986). Note: * indicates First Occurrence (FO) and  indicates Last Occurrence 

(LO) of index taxa used to define the biostratigraphic zones. NP = Nannoplankton 

Paleogene and NN = Nannoplankton Neogene. Left-hand figure: correlates age, magnetic 

chrons and stages with Neogene zones to the right (from Berggren et al, 1995).  
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Figure 14. Miocene debris flows of Hole 1261A. Age assignments by calcareous 

nannofossil zones are given where samples were taken from these cores; zones from 

Martini and Müller (1986). Scale in centimeters on right-hand side of the cores.  
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Figure 15. Miocene debris flows of Hole 1261A. Age assignments by calcareous 

nannofossil zones are given where samples were taken from these cores; zones from 

Martini and Müller (1986). Scale in centimeters on right-hand side of the cores. 
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Figure 16. Miocene debris flows, Hole 1261A, Section 15R-6; top of section at 321 

mbsf, Note: for Figures 15 to 24 arrows point to the interval from which a sample was 

taken. Photo micrographs of calcareous nannofossils in that sample are blocked together 

by number with the zone designation for the assemblage in bold to the left of the block. 

The bar scale on each micrograph is measured in microns, with the length given. 

Micrographs with black backgrounds were taken in cross-polarized light, whereas those 

with light backgrounds were taken in phase-contrast and plain-transmitted light. After the 

sample designations, the letters [m], [c], or [t] in square brackets denote “matrix”, “clast” 

and “turbidite” respectively both here and in the corresponding calcareous nannofossil 

distribution table (Table 2):  

1a-b. Discoaster berggrenii. 1c. Minylitha convallis. 1d. Calcidiscus macintyrei. (1a-

d = Sample 207-1261A-15R-6, 5-7 cm [m]) 2a. Triquetrorhabdulus rugosus. 2b. 

Discoaster pentaradiatus. 2c. Discoaster braarudii. (2a-c = 1261A-15R-6, 17-23 cm 

[m]) 3a. Catinaster calyculus. 3b. Discoaster hamatus. 3c. Reticulofenestra 

pseudoumbilicus. 3d. Discoaster moorei. (3a-d = 1261A-15R-6, 17-23 cm [t]) 4a-4b. 

Discoaster neohamatus. 4c. Discoaster berggrenii. 4d. Discoaster quinqueramus. 

(4a-d = 1261A-15R-6, 17-23 cm [m]) 5a. Discoaster variabilis. 5b. Discoaster 

quinqueramus. 5c. Amaurolithus amplificus. 5d. Discoaster quinqueramus. (5a-c = 

1261A-15R-6, 40-42 cm [m]) 6a. Discoaster moorei. 6b. Calcidiscus macintyrei. 6c. 

Reticulofenestra pseudoumbilicus. (6a-c = 1261A-15R-6, 41-43 cm [c]) 7a. 

Discoaster quinqueramus. 7b. Discoaster neohamatus. 7c. Catinaster coalitus. (7a-7c 

= 1261A-15R-6, 49-51 cm [c]). 
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Figure 17. Miocene debris flows, Hole 1261A, Section 19R-1; top of the section at 352.5 

mbsf (see caption for Figure 16 for explanation of arrows, numbers, zone designations, 

scale bars and types of micrographs): 

1a-b. Discoaster neohamatus. 1c. Minylitha convallis. (1a-c = Sample 207-1261A-

19R-1, 50-51 cm [c]) 2a. Discoaster pentaradiatus. 2b. Discoaster berggrennii. 2c. 

Triquetrorhabdulus fansworthii. (2a-c = 1261A-19R-1, 59-62 cm [m]) 3a. 

Coronocyclus nitecens. 3b. Sphenolithus heteromorphus. 3c. Helicosphaera 

ampliaperta. 3d. Cyclicargolithus floridanus. 3e-f. Helicosphaera perch-nielseniae. 

(3a-f = 1261A-19R-1, 59-62 cm [c]) 4a. Coccolithus pelagicus. 4b. Sphenolithus 

heteromorphus. 4c. Calcidiscus premacintyrei. (4a-c = 1261A-19R-1, 72-75 cm [c]) 

5a-b. Discoaster quinqueramus. 5c. Discoaster surculus. (5a-c = 1261A-19R-1, 72-

75 cm [m]). 
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Figure 18. Miocene debris flows Hole 1261A, Section 19R-2 at 354 mbsf contains the 

following (see caption for Figure 16 for explanation of arrows, numbers, zone 

designations, scale bars and types of micrographs): 

1a. Helicosphaera ampliaperta. 1b. Sphenolithus heteromorphus. 1c. Thoracosphaera 

spp. (1a-c = Sample 207-1261A-19R-2, 3-4 cm [c]) 2a. Discoaster surculus. 2b. 

Discoaster sanmiguelensis. 2c. Discoaster hamatus. 2d. Minylitha convallis. 2e. 

Discoaster quinqueramus. 2f. Discoaster sanmiguelensis. 2g. Minylitha convallis. 2h. 

Calcidiscus floridanus. 2i. Amaurolithus amplificus. 2j. Discoaster pentaradiatus. 2k. 

Sphenolithus heteromorphus. 2l. Reticulofenestra pseudoumbilicus. (2a-l = 1261A-

19R-2, 3-4 cm [m]) 3a. Discoaster pentaradiatus. 3b-c. Minylitha convallis. 3d. 

Discoaster berggrenii. (3a-d = 1261A-19R-2, 10-15 cm [m]) 4a. Helicospheara 

ampliaperta. 4b. Coronocyclus nitecens. 4c. Sphenolithus heteromorphus. (4a-c = 

1261A-19R-2, 20-30 cm [c]) 5a. Calcidiscus premacintyrei. 5b. Discoaster variabilis. 

5c. Calcidiscus floridanus. 5d. Discoaster cf bollii. (5a-d = 1261A-19R-2, 50-55 cm 

[c]) 6a. Cyclicargolithus floridanus (left). Sphenolithus heteromorphus (right). 6b. 

Calcidiscus premacintyrei. 6c. Discoaster pentaradiatus. 6d. Discoaster 

quinqueramus. (6a-d = 1261A-19R-2, 50-55 cm [m]) 7a. Discoaster 

prepentaradiatus. 7b. Minylitha convallis (side view). 7c. Minylitha convallis (top 

view). 7d. Calcidiscus macintyrei. (7a-d = 1261A-19R-2, 50-55 cm [c]) 8a. 

Sphenolithus heteromorphus. 8b. Helicosphaera ampliaperta. 8c. Calcidiscus 

floridanus. 8d. Coronocyclus nitecens. (8a-d = 1261A-19R-2, 80-85 cm [c]). 
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Figure 19. Hole 1261A, Section 20R-5, an upper Miocene – Oligocene disconformity at 

369.3 mbsf, possibly seismic horizon A (see caption for Figure 16 for explanation of 

arrows, numbers, zone designations, scale bars and types of micrographs):  

1a. Discoaster quinqueramus. 1b. Calcidiscus macintyrei. 1c. Discoaster brouweri. 

(1a-c = Sample 207-1261A-20R-5, 116-117 cm) 2a. Coccolithus eopelagicus. 2b. 

Chiasmolithus expansus. 2c. Sphenolithus obtusus. 2d. Coccolithus formosus. 2e. 

Helicosphaera spp. 2f. Campylosphaera dela. (2a-f = 1261A-20R-5, 121-122 cm). 
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Figure 20. Hole 1260A, Section 2R-2, an upper Miocene – Oligocene disconformity at 3 

mbsf, possibly seismic horizon A (see caption for Figure 16 for explanation of arrows, 

numbers, zone designations, scale bars and types of micrographs): 

1a. 7-rayed Discoaster neohamatus (top right). 1b-c. Calcidiscus macintyrei. 1d. 

Discoaster pentaradiatus. 1e. Triqutrorhabdulus rugosus. 1f. Discoaster moorei. (1a-

f = Sample 207-1260A-2R-2, 75-76 cm) 2a. Discoaster deflandrei. 2b. Sphenolithus 

ciperoenesis. 2c. Calcidiscus floridanus (left). 2d. Clausicoccolithus fenestratus. (2a-

d = 1260A-2R-2, 101-102 cm). 
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Figure 21. Hole 1260A, Section 5R-CC, an upper Eocene – lower Oligocene 

disconformity at 26.8 mbsf (see caption for Figure 16 for explanation of arrows, numbers, 

zone designations, scale bars and types of micrographs):  

1a. Sphenolithus distentus. 1b. Cyclicargolithus floridanus (above), Clausicoccolithus 

fenestratus (below). 1c. Helicosphaera compacta. 1d. Reticulofenestra bisectus. (1a-d 

= Sample 207-1260A-5R-CC, 12 cm) 2a. Reticulofenestra umbilica. 2b. Discoaster 

siapanensis (center), Cribrocentrum reticulatum (right). 2c. Helicosphaera reticulata. 

2d. Coccolithus formosus. 2e. Coccolithus eopelagicus. 2f. Discoaster barbadiensis. 

(2a-f = 1260A-5R-CC, 15 cm). 
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Figure 22. Hole 1259A, Section 10R-6, a lower Miocene – Oligocene disconformity at 

89.8-90 mbsf (see caption for Figure 16 for explanation of arrows, numbers, zone 

designations, scale bars and types of micrographs): 

1a. Coronocyclus nitecens. 1b. Triqutrorhabdulus carinatus. 1c. Discoaster 

deflandrei. 1d. Sphenolithus disbelemnos. (1a-d = Sample 207-1259A-10R-6, 2-3 cm) 

2a. Helicosphaera cf recta. 2b. Sphenolithus predistentus. 2c. Clausicoccolithus 

fenestratus. 2d. Sphenolithus distentus. (2a-d = 1259A-10R-6, 25-26 cm). 
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Figure 23. Hole 1259A, Section 14R-4, a lower Oligocene – upper Eocene disconformity 

at 125.2 mbsf (see caption for Figure 16 for explanation of arrows, numbers, zone 

designations, scale bars and types of micrographs): 

1a. Helicosphaera reticulata. 1b. Coccolithus formosus. 1c. Clausicoccolithus 

fenestratus. 1d. Sphenolithus distentus. (1a-d = Sample 207-1260A-14R-4, 5-7 cm) 

2a. Discoaster barbadiensis. 2b. Discoaster siapanensis. 2c. Isthmolithus recurvus. 

2d. Discoaster spp. (2a-d = 1259A-14R-4, 24.5 cm). 
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Figure 24. Hole 1258A, Section 2R-3, a middle Eocene – Oligocene disconformity at 

8.55 mbsf (see caption for Figure 16 for explanation of arrows, numbers, zone 

designations, scale bars and types of micrographs): 

1a. Discoaster deflandrei. 1b. Clausicoccolithus fenestratus. 1c. Sphenolithus 

ciperoenesis. 1d. Helicosphaera recta. (1a-d = Sample 207-1258A-2R-3, 35 cm) 2a. 

Discoaster siapanensis. 2b. Chiasmolithus grandis. 2c. Discoaster barbadiensis. 2d. 

Reticulofenestra umbilicus. (2a-d = 1258A-2R-3, 45-46 cm).  
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Figure 25. Hole 1257A, Section 1R-2, an upper Miocene – Oligocene disconformity at 

2.05 mbsf (see caption for Figure 16 for explanation of arrows, numbers, zone 

designations, scale bars and types of micrographs): 

1a. Discoaster surculus. 1b. Discoaster quinqueramus. 1c. Discoaster quinqueramus 

(left), Discoaster pentaradiatus (right). (1a-c = Sample 207-1257A-1H-2, 5-6 cm) 2a. 

Discoaster deflandrei. 2b. Discoaster tanii. 2c. Zygrhablithus bijugatus. 2d. 

Sphenolithus predistentus. 2e. Clausicoccolithus fenestratus. 2f. Reticulofenestra 

bisectus. (2a-f = 1257A-1H-2, 23 cm)  
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Figure 26. Bulk carbonate stable-isotope stratigraphy across the Eocene/Oligocene 

boundary, the boundary is marked by a solid blue line. Note positive excursion 

immediately above 42.95 mbsf that correlates with the global signal (Zachos et al., 2001). 

Note: scales on the right from top to bottom are O
18 

Pee Dee Belemnite (PDB), C
13

 PDB. 

The horizontal scale is depth (mbsf). 
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Figure 27. Global average of carbon and oxygen isotopic values of benthic foraminifers 

indicates important global climate, tectonic and biotic events (from Zachos et al., 2001.). 

The top horizontal scale is δ18
O and δ13

C. The vertical scale is age in millions of years 

and the bottom horizontal scale is inferred temperature change relative to the isotopic 

signal for an ice-free globe. Solid dark line next to the oxygen curve indicates a full-scale 

permanent ice sheet, and dashed line indicates partial or ephemeral ice sheet. Note the 

start of a solid dark line at the Eocene/Oligocene boundary (33.7 Ma) and the initiation of 

the Oi-1 glaciation.   
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Figure 28. Inferred Caribbean paleocirculation patterns during the Miocene, the 

associated “carbonate crash” and formation of an oceanic conveyor belt (from Roth 2000; 

after Pindell, 1994). Figure A, paleocirculation 15-12.5 Ma indicates exchange of water 

between the Pacific and Atlantic Ocean prevented the formation of a surface Caribbean 

western boundary current by a separation between the Northern and Southern Caribbean 

by carbonate banks and barriers. Figure B, paleocirculation 12.5-8 Ma shows a 

connection formed between the Northern and Southern Caribbean and a restricted 

connection between the Atlantic and Pacific. This leads to a modern thermohaline 

circulation by circulation into the North Atlantic via Loop current and Gulf Stream. This 

allows the completion the conveyor belt and formation of NADW in the North Atlantic 

leading to a deep western boundary current (Roth 2000; Nisancioglu 2003).   
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Figure 29. Dissociated gas moves up through sediment pore spaces causes lose of 

cohesion between sediment grains and a fluidized layer above the hydrate (from hienrich 

1998). Large sections may detach become entrained and move downslope along a weak 

listric surface. This can cause large slumps or MTDs in association with clathrate release.  
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Figure 30. Average linear sedimentation rates (LSRs) and mass accumulation rates 

(MARs) from age-depth models for each of the Leg 207 sites. The Paleocene/Eocene 

(P/E) and Cretaceous/Tertiary (K/T) boundaries are shown in red. LSRs are given in 

cm/k.y. and MARs are given in g/cm
2
/k.y. (from Shipboard Scientific Party, 2004. Leg 

207 Summary, figure F15). 
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APPENDIX A 

 

Interest in continental margins includes efforts by DSDP/ODP and the Exxon-

Vail group at Exxon Production Research (EPR). They greatly expanded on the 

understanding of sequence stratigraphy and Cenozoic sea-level history. Their efforts 

yielded the Vail/Exxon conceptual sequence stratigraphic model that shows accelerated 

relative sea-level fall causes exposure and intensified erosion on the self and slope 

forming Type 1 sequence boundaries (Vail et al., 1977; Haq et al., 1987; Posamentier and 

Vail, 1988; Vail, 1987; Van Wagoner et al., 1990; Mountain et al., 1996). During these 

erosional episodes of sea-level lowering, submarine canyons are incised and transport 

sediment down the continental slope to the continental rise (Mountain et al., 1996).  

New Jersey Transect. The first drilling along the mid-Atlantic passive continental 

margin of the United States was carried out on Deep Sea Drilling Project (DSDP) Leg 11. 

Several sites were drilled on the continental rise and slope although recovery was in 

general poor on early DSDP Legs. DSDP Legs 93 and 95 was the first Leg of an eventual 

transect from the coastal plain to the continental rise that eventually would be part of the 

New Jersey transect.  DSDP Leg 93 Post-cruise research dated major canyon cutting 

events using nannofossil biostratigraphy. Lang et al. (1987) found that an upper Miocene 

disconformity marks the boundary that separates the glauconitic clay stones above from 

lower Tortonian conglomeratic debris flows and turbidities below. The debris flows 

began near the beginning of the late Miocene ~10.5 Ma. Lang et al. (1987) concluded that 

the debris flows represent a major canyon-cutting event that correlates with late Miocene 

glaciations and a sea-level low-stand associated with the formation of the West Antarctic 

Ice Sheet. They suggest that the debris flows were emplaced during the Miocene glacio-

eustatic low stand corresponding to Vail Cycle TM3.1 (lower Tortonian) (Lang et al. 

1987). 

 The New Jersey Margin has been recognized as important source of information 
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on sea-level history: onshore sections provide transgressive-regressive sequences (Owens 

and Gohn, 1985; Olsson et al., 1987; Miller et al., 1990; Sugarman et al., 1993). Industry 

efforts proved unproductive in respect to hydrocarbons and exploration ceased in 1983.  

 ODP Leg 150 continued the New Jersey transect along the continental slope and 

self and three onshore sites were also drilled in addition to the five Leg 150 sites to obtain 

end-points for a margin-wide study from the coastal plain to continental rise (Mountain et 

al., 1994; Shipboard Scientific Party, 1994).  

 Leg 150 provided additional information on the erosional and sedimentary history 

of the New Jersey margin and the relationship between mass-wasting and sea-level 

changes. Mass flows at Sites 902, 903, and 904 show coastal plain self erosion and 

transport during glacio-eustatic lowering (McHugh et al., 1996). Site 906 was drilled at 

1526.9 mbsl on the floor of the Berkeley submarine canyon and penetrated 602.4 m of 

Holocene to upper middle Eocene sediments. The sediments from this site document a 

canyon-cutting event denoted by debris flows with clasts of various ages and turbidities. 

The canyon-cutting event occurred rapidly (~1.1 m.y.) during a third-order sea-level 

cycle (13.5-12.4 Ma). These deposits rest on a Type 1 sequence boundary forming the 

canyon floor. Site 905 on the continental rise (3619.6 mbsl) recovered 30 m of debris 

flows accumulated during the middle Miocene. Benthic foraminifer assemblages 

indicated that they were derived from the upper continental slope. The age of the matrix 

within the debris flow ~13.5 Ma is correlative with the failed sediments of Site 906. The 

clasts of similar age to the matrix indicate that the upper Miocene sediments from the 

upper continental rise were derived from inter-canyon regions (McHugh et al., 1996). 

The upper Oligocene and middle Miocene sediments beneath the incised Berkley Canyon 

deposits were largely undisturbed, hence continental margin destruction was less active 

during the late Oligocene and early Miocene (Mountain et al., 1996).  

Sea-level lowering, canyon incision and infilling during the late Miocene low-

stands was determined the most likely cause of recovered Leg 207 failed sediments 

(Mountain et al., 1996). The surface of the failed slope correlates to reflector m3 
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(Ew9009 Line 1005) along the shelf to a major late Miocene Type 1 sequence boundary 

at ~13.5 Ma (Mountain et al., 1994). The top of the canyon was correlated to reflector m2 

and has an estimated age of 12.4 Ma. Thus the episode of canyon cutting and filling 

occurred between reflector m2 and m3 giving a 1.1 m.y. time slice: the timeframe of a 

single third-order sea-level cycle (Mountain et al., 1994; McHugh et al., 1996).  

 Mountain et al. (1996) carried out a study on a buried Neogene canyon at Leg 150 

Site 906. This canyon cut down to the lowermost Oligocene and was subsequently filled 

with middle-upper Miocene silica-clastics. Miller et al. (1987) argued that a cut and fill 

sequence at Site 612, unnamed canyon was restricted to the late Miocene. Further drilling 

and dating of Sites 902-904 confirmed that the unnamed canyon at Site 612 was cut 

during the late Miocene. There were no major canyons found on the New Jersey margin 

prior to the early Miocene (Mountain et al., 1996). 

Leg 150 Post-cruise research included a detailed nannofossil biostatigraphy by 

Gartner (1996) of upper Miocene and Pliocene material at Site 905. Nannofossil 

assemblages indicate reworking and re-deposition of material down the continental slope 

onto the upper continental rise (Gartner and Shyu., 1996). Sediments of Site 905 were 

part of the Chesapeake Drift sediments deposited by North Atlantic deep water contour 

currents. They were most likely derived via submarine canyons (Mountain, Miller and 

Blum, et al. 1994; Gartner, S., Shyu, J.P., 1996). 

Ceara Rise. ODP Leg 154 to Ceara Rise offshore the Amazon Fan drilled five Sites. The 

Ceara Rise 700 km southeast of Demerara Rise Site 1261 provides an adjacent record of 

sedimentation derived from the Amazon River (Curry, Shackleton, Rivhter et al., 1995).  

Post-cruise research by Mikkelsen et al. (1997) on productivity and 

paleoceanography during the early Oligocene along the Ceara Rise using siliceous 

microfossils found a high abundance of biogenic silica during the early Oligocene and 

early Miocene at Hole 929A. The percentage of diatoms ranges from 3 to 25% during the 

Oligocene and radiolarians from 2 to 15% (smear-slide data in Curry, Shackleton, 

Richter, et al., 1995). Peaks in siliceous microfossils may reflect polar cooling and 
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intensified ocean circulations (Baldaud and Barron, 1990). The increase of biogenic silica 

at Leg 154 sites during the early Oligocene coincides with a global increase in benthic 

foraminifer oxygen-isotope values attributed to high-latitude cooling and growth of the 

East Antarctic Ice Sheet (Miller et al., 1987; Zachos et al., 2001). Diester-Haas et al. 

(1996) have shown that abrupt early Oligocene increase in biosiliceous productivity in 

the Southern Oceans coincides with the benthic foraminifer oxygen shift.  

Low-latitude enhanced biosiliceous sedimentation at Site 929 during the early 

Oligocene may represent upwelling or cooling; related to the isotope event (Mikkelsen et 

al., 1997). Hartel et al. (1995) hypothesized enhanced productivity during the early 

Oligocene was caused by an intensification of thermohaline circulation. Hole 925A, 

Cores 54R and 55R contained rare occurrences of Isthmolithus recurvus, a species that is 

rarely reported in the low-latitudes (Shipboard scientific party 1996, Site 925).  

Dobson et al. (1997) showed that mass accumulation rates of terrigenous 

materials at Sites 154-925 and -924 increased by an order of magnitude over the last 8 

m.y., which is likely due to increased sediment delivery through the Amazon River from 

continuous uplift of the Andes Mountains assuming no change in the course of the 

Amazon River during the Miocene (Hoorn et al., 1995).  

Amazon Fan. The Amazon fan in a water depth less than 1000 mbsf directly offshore the 

Amazon River mouth provides a recent record of failed pro-deltaic deposits including 

slumps and debris flows. Piper et al. (1997) in a Leg 155 sequence identified at least 4 

major mass-transport deposits of late Pleistocene age, some of which contained large 

highly deformed blocks. Leg 155 Post-cruise studies and studies of other large fan 

complexes have shown that pro-deltaic systems are susceptible to failure including 

slumping with debris flows during low sea-level stands. These failures including slumps 

and sub-marine debris flows are attributable perhaps to gas hydrate dissociation (Piper et 

al. 1997; Maslin et al. 1998).  

Storrega Slide Norway. The Storegga slide(s), a large Quaternary slide occurred on the 

continental slope off the western Norwegian margin and extended out to the abyssal 
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plain. The slides originating on the continental shelf at an approximate depth of 1000 

mbsf extended laterally 800 km and descended 3500 m of water depth (Jansen et al. 

1987). One slide event was dated to 30 -35 Ka and two other slide events near the same 

time were dated to 7-8 Ka.  

The more recent of the two slide events is thought to have caused tsunami 

deposits in Eastern Scotland dated to 7-8 Ka (Dawson et al. 1988). The apparent tsunami 

deposits consist of grey, micaceous, silty fine sand lying within beds of grey silty clay or 

clayey silt (Dawson et al. 1988). Dawson (1988) found the sand layer contained a high 

proportion of tychopelagic diatoms, a form found only living on ocean floor sediments 

and also noted scoured deposits beneath the sand layer which is consistent with tsunami 

deposits and lead to the hypothesis that a tsunami occurred here triggered by the most 

recent Storrega Slide event(s) 7-8 Ka.  
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APPENDIX B 

 

Species considered 

 

Amaurolithus amplificus (Bukry and Percival, 1971) Gartner and Bukry (1975) 

Amaurolithus delicatus Gartner and Bukry (1975) 

Amaurolithus primus (Bukry and Percival, 1971) Gartner and Bukry (1975) 

Amaurolithus tricorniculatus (Gartner, 1967) Gartner and Bukry (1975) 

Braarudosphaera bigelowii (Gran and Braarud, 1935) Deflandre (1947) 

Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich and Tappan (1978) 

Calcidiscus macintyrei (Bukry and Bramlette, 1969) Loeblich and Tappan (1978) 

Calcidiscus premacintyrei Theodoridis (1984) 

Camphyloshaera dela (Bramlette and Sullivan, 1961) Hay and Mohler (1976) 

Catinaster calyculus Bramlette and Martini (1963) 

Catinaster coalitus Bramlette and Martini (1963) 

Chiasmolithus expansus (Bramlette and Sullivan, 1961) Gartner (1970) 

Chiasmolitus grandis (Bramlette and Riedel, 1954) Radomski (1968) 

Chiasmolithus oamaruensis (Deflandre, 1954) Hay, Mohler, and Wade (1966) 

Chiasmolithus solitus (Bramlette and Sullivan, 1961) Locker (1968) 

Chiasmolithus titus Gartner (1970) 

Clausicoccus fenestratus (Deflandre and Fert, 1954) Prins (1979) 

Coccolithus eopelagicus (Bramlette and Riedel, 1954) Bramlette and Sullivan (1961) 

Coccolithus formosus (Kamptner, 1963) Wise (1973) 

Coccolithus miopelagicus Bukry (1971) 

Coccolithus pelagicus (Wallich, 1877) Schiller (1930) 

Coronocyclus nitecens (Kamptner, 1963) Bramlette and Wilcoxon (1967) 

Cribrocentrum reticulatum (Gartner and Smith, 1967) Perch-Neilson (1971) 

Cruciplacolithus cruciformis (Hay and Towe, 1962) Roth (1970) 

Cruciplacolithus tarquinus Roth and Hay in Hay et al. (1967) 

Cyclicargolithus abisectus (Müller, 1970) Wise (1973) 

Cyclicargolithus floridanus (Roth and Hay in Hay et al., 1967) Bukry (1971) 

Discoaster asymmetricus Gartner (1969) 
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Discoaster braarudii Bukry (1971) 

Discoaster barbadiensis Tan (1927) emend. Bramlette and Riedel (1954) 

Discoaster bergenii Knüttel et al., 1989 

Discoaster berggrenii Bukry (1971) 

Discoaster bollii Bramlette and Martini (1963) 

Discoaster brouweri Tan (1927) emend. Bramlette and Riedel (1954) 

Discoaster druggii Bramlette and Wilcoxon (1967) 

Discoaster calcaris Gartner (1967) 

Discoaster challengeri Bramlette and Riedel (1954) 

Discoaster deflandrei Bramlette and Riedel (1954) 

Discoaster exilis Martini and Bramlette (1963) 

Discoaster hamatus Martini and Bramlette (1963) 

Discoaster kugleri Martini and Bramlette (1963) 

Discoaster moorei Bukry (1971b) 

Discoaster musicus Stradner (1959b) 

Discoaster neohamatus Bukry and Bramlette (1969) 

Discoaster neorectus Bukry (1971) 

Discoaster petaliformis Moshkovitz and Ehrlich (1980) 

Discoaster pentaradiatus Tan (1927) 

Discoaster prepentaradiatus Bukry and Percival (1971) 

Discoaster quinqueramus Gartner (1969) 

Discoaster septemradiatus (Klump, 1953) Martini (1958) 

Discoaster saipanensis Bramlette and Riedel (1954) 

Discoaster sanmiguelensis Bukry (1981) 

Discoaster signus Bukry (1971b) 

Discoaster surculus Martini and Bramlette (1963) 

Discoaster tanii Bramlette and Riedel (1954) 

Discoaster tanii nodifer (Briolette and Riedel) Bukry (1971) 

Discoaster tamalis Kamptner (1967) 

Discoaster variabilis Bramlette and Martini (1963) 

Emiliania huxleyi (Lohmann, 1902) Hay and Mohler in Hay et al. (1967) 

Gephrocapsa oceanica Kamptner (1943) 

Hayster perplexus (Bramlette and Riedel, 1954) Bukry (1973) 
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Helicosphaera ampliaperta Bramlette and Wilcoxon (1967) 

Helicosphaera bramlettei Müller (1970) 

Helicosphaera carteri (Wallich, 1877) Kamptner (1954) 

Helicosphaera compacta Bramlette and Wilcoxon (1967) 

Helicosphaera euphratis Haq (1966) 

Helicosphaera granulata (Bukry and Percival, 1971) Jafar and Martini (1975) 

Helicosphaera intermedia Martini (1965) 

Helicosphaera mediterranea Müller (1981) 

Helicosphaera perch-nielseniae (Haq, 1971) Jafar and Martini, 1975 

Helicosphaera recta (Haq, 1966) Jafar and Martini, 1975 

Helicosphaera reticulata Bramlette and Wilcoxon (1967) 

Isthmolithus recurvus Deflandre in Deflandre and Fert (1954) 

Minylitha convallis Bukry (1973) 

Nannotetrina fulgens (Stradner, 1960) Achuthan and Stradner (1969) 

Orthorhabdus serratus Bramlette and Wilcoxon (1967) 

Pontosphaera indooceanica Čepek (1973) 

Pseudoemiliania lacunosa (Kamptner, 1963) Gartner (1969) 

Reticulofenestra bisectus (Hay, Mohler, and Wade, 1966) Bukry and Percival (1971) 

Reticulofenestra hillae Bukry and Percival (1971) 

Reticulofenestra haqii Backman (1978) 

Reticulofenestra minuta Roth (1970) 

Reticulofenestra pseudoumbilicus (Gartner, 1967) Gartner (1969) 

Reticulofenestra rotaria Theodoridis (1984) 

Reticulofenestra umbilicus (Levin, 1965) Martini and Ritzkowski (1968) 

Rhabdospheara claviger Murray and Blackman (1898) 

Rhabdospheara inflata Bramlette and Sullivan (1961) 

Scapholithus fossilis Deflandre in Deflandre and Fert (1954) 

Sphenolithus abies Deflandre in Deflandre and Fert (1954) 

Sphenolithus belemnos Bramlette and Wilcoxon (1967) 

Sphenolithus ciperoenesis Bramlette and Wilcoxon (1967) 

Sphenolithus disbelemnos Fornaciari and Rio (1996) 

Sphenolithus distentus (Martini, 1965) Bramlette and Wilcoxon (1967) 

Sphenolithus furcatolithoides Locker (1967) 
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Sphenolithus heteromorphus Deflandre (1953) 

Sphenolithus moriformis (Brönnimann and Stradner, 1960) Bramlette and Wilcoxon (1967) 

Sphenolithus predistentus Bramlette and Wilcoxon (1967) 

Sphenolithus pseudoradians Bramlette and Wilcoxon (1967) 

Sphenolithus radians Deflandre in Grassē (1952) 

Sphenolithus spiniger Bukry (1971) 

Sphenolithus umbrellus Knüttel (1989) 

Triquetrorhabdulus carinatus Martini (1965) 

Triquetrorhabdulus challengeri Perch-Nielsen (1977) 

Triquetrorhabdulus fansworthii (Gartner, 1967) Perch-Nielsen, (1984a) 

Triquetrorhabdulus striatus Müller (1974) 

Triquetrorhabdulus rugosus Bramlette and Wilcoxon (1967) 

Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre (1959)
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