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ABSTRACT 

QUATERNARY DEEP-SEA LEBENSSPUREN AND THEIR RELATIONSHIP TO 

DEPO SITIONAL ENVIRONMENTS IN THE CARIBBEAN SEA, THE GULF 

OF MEXICO, AND THE EASTERN AND CENTRAL NORTH PACIFIC OCEAN 

by Kenneth James McMillen 

Traces of marine benthos provide evidence of biological activity 

in the deep sea, even where few animals exist. 

Traces are not restricted to major ocean basins but some restric¬ 

tion to water depth does occur. The greatest distinction exists between 

different types of sediment. Burrows are of two types: 1) permanent 

burrows, and 2) temporary burrows. Permanent burrows tend to occur 

where sedimentation rates are low, as in pelagic sediments. Temporary 

burrows occur where sedimentation rates are rapid, as in turbidites. 

In the Cayman Trough, the relationship between burrowers and sedi¬ 

mentation has been studied in detail. The trough is a deep, linear 

basin isolated by ridges and islands from surrounding oceanic basins, 

with pelagic carbonate sedimentation occurring at the present time. 

Since the Late Pleistocene, sedimentation has consisted of 1) distal 

turbidites, succeeded by 2) sediments deposited by currents generated 

by a turnover of bottom water accompanying the post-Pleistocene rise 

in sea level, and followed by 3) pelagic sedimentation. The traces re¬ 

spond to this succession of sediments. Temporary burrows occur in tur¬ 

bidites and bottom-current sediments, and only permanent burrows occur 

in pelagic sediments. 

Permanent burrows are mainly used for protection by filter-feeding 



organisms, whereas temporary burrows that are actively filled by the 

organism are produced by sediment-ingesting organisms. These feeding 

patterns are the result of the way food is distributed in the sediment. 

Temporary burrows that are actively filled occur where food is buried 

in the sediment, as it is in turbidity-current sediments, bottom-current 

sediments, and hemipelagic sediments. Permanent burrows occur where 

food supply is less so it accumulates near the surface, or is inter¬ 

cepted before it reaches the sea floor, which is the case in pelagic 

sediments • 
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INTRODUCTION 

The present study is an investigation of animal traces (lebens- 

spuren, literally "life traces") in Quaternary deep-sea environments 

and provides a basis for the comparison of modern deep-sea sediments 

with geological investigations of similar ancient environments. The 

paléontologie record left by deep-sea benthos for evolutionary studies 

and for censusing the deep-sea fauna has also been determined. 

Trace fossils 

Trace fossils are "sedimentary structures resulting from the acti¬ 

vity of an animal moving on or in the sediment at the time of its accum¬ 

ulation..." (Simpson, 1957). They are almost the only paléontologie 

record left by soft-bodied organisms; and in the deep sea at depths be¬ 

low the lysocline (see Sediments of the Deep Sea) where solution of 

hard parts occurs, they are the only record left by the benthic fauna 

(Ekdale, 1974). Assemblages of trace fossils have been used by geolo¬ 

gists to 1) estimate the water depth at the time of deposition of sedi¬ 

mentary rocks (Seilacher, 1964; Chamberlain, 1971), 2) for environmental 

interpretations (Howard, 1966), and 3) for stratigraphic correlation 

(Seilacher, 1964). These interpretations have been made with a know- . 

ledge of modern shallow-water lebensspuren (Schafer, 1972; Frey and 

Howard, 1969; Howard, 1969), but not of deep-water lebensspuren due to 

the difficulty of studying traces in large volumes of soft sediments. 

These problems have been largely overcome in this study (see Equipment 

and Methods, and Appendix B) . 

Nature of the deep-sea environment 

The sea floor at abyssal depths covers more than one-half of the 
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earth's surface (Bruun, 1957), making it the largest single environment 

on earth. This environment is characterized by low temperatures (less 

than 4°C), high pressures (about 600 atm.), and lack of light (Bruun, 

1957), conditions that would not seem favorable for life. Yet, organ¬ 

isms have been recovered from all depths of the sea, even in trenches 

at depths greated than 10,000 m (Bruun, 1957). 

Sediments of the deep sea 

The substrate for benthic life in the deep sea is largely soft sed¬ 

iment and manganese nodules. Terrigenous sediments are not common today, 

and they are confined mostly to areas near the continents. The rest 

of the deep sea floor is covered by pelagic oozes. Calcareous oozes 

cover 128 million sq. km , siliceous oozes cover 102 million sq. km. 

(Bruun, 1957). 

Carbonate sediments accumulate on the sea floor to a depth where 

they dissolve. The zone where dissolution increases rapidly is called 

the lysocline (Berger, 1968); the zone where dissolution is complete 

is called the carbonate compensation depth. The dissolution is mainly 

related to the undersaturation of sea water with respect to carbonate, 

and the bottom water of the major ocean basins is strongly undersaturated 

in carbonate (Revelle and Fairbridge, 1957). Where bottom water is in 

contact with the sea floor, dissolution of carbonate takes place. Red 

clays accumulate below the compensation depth. 

Carbonate in the deep sea comes from three main pelagic sources: 

1) the tests of planktonic foraminifera, 2) the shells of pteropods, 

and 3) the skeletal plates of planktonic algae (coccolithophores). 

Foraminifera and pteropods produce sand-size skeletons, but the physical 

breakdown of these grains produces carbonate mud. Pelagic carbonate 
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sediment is usually sandy due to the presence of these shells, whereas 

red clay lacks this sandy component. Therefore, a textural difference 

exists between carbonate mud and red clay due to dissolution alone. 

This difference in texture could be important to infaunal benthos of 

the deep sea, especially if the organisms ingest sediment for food. 

Food in the deep sea 

Food, and the way it occurs in the deep sea is important in deter¬ 

mining the structure of abyssal communities (Menzies, 1973). There are 

two basic types and occurrences of food in the deep sea: 1) organic de¬ 

tritus, largely plant material, that is carried to the abyss in down- 

slope processes, such as turbidity currents, and 2) organic detritus, 

both plant and animal material from pelagic sources, that settles to 

the sea bed as "organic rain" (Bruun, 1957). This organic detritus 

serves directly as food, or it is broken down by bacteria, which also 

serve as food (ZoBell, 1954). 

These two sources of food are distributed differently in the sedi¬ 

ment. Detritus is trapped within the sediment in turbidites and sedi¬ 

ments deposited by bottom currents, and organisms must injest it to re¬ 

trieve the detritus. Pelagic detritus accumulates on the sea floor at 

the sediment-water interface, so organisms retrieve it before it reaches 

the sea floor (c.g. filter feeders), or skim it off the sediment surface. 

If sedimentation or organic production is rapid enough, organic matter 

from pelagic sources is trapped within the sediment. This simplistic 

analysis of feeding patterns in the deep sea is supported by Sokolova 

(1959, 1966) who found oligotrophic regions far out at sea to be domina¬ 

ted by organisms feeding on organic matter floating near the sea floor, 

and eutrophic regions near continents or under current systems to be 



4 

dominated by organisms feeding on organic matter in the sediment. 

I will show later on (Conclusions) that the distribution of burrow 

assemblages in the deep sea can be related to these feeding patterns, 

which are directly related to the mechanisms of deposition of deep-sea 

sediment, and the distribution of food. 

Benthic fauna of the deep-sea 

The true nature of the deep-sea fauna has only been recently known. 

Early studies were based on dredge haul or grab samples, which were 

washed through coarse screens, as coarse as 2 mm, to remove mud from the 

sample (McIntyre, 1969), As a result, only larger organisms were de¬ 

scribed from the deep sea. Recent workers, using finer screens, have 

discovered that most of the deep-sea fauna consists of organisms smaller 

than 1,0 mm, and that the diversity of the deep sea is higher than pre¬ 

viously suspected (Sanders, et al., 1965). 

The deep-sea benthos is divided into three categories, based on 

poorly-defined size classes. The macrobenthos consists of organisms 

larger than 0.5 to 1.0 mm, the meiobenthos consists of organisms larger 

than 0.5 to 1.0 mm and larger than 0.04 to 0.1 mm, and the microbenthos 

consists of organisms smaller than 0.04 to 0.1 mm. The variation in 

these size boundaries is the result of different investigators using 

different mesh sizes in screens to separate the fauna (McIntyre, 1969). 

Most of the meiobenthos is found in the upper few centimeters of 

sediment (McIntyre, 1969) where many burrow to search for food (Hess1er and 

Jumars, 1974). Due to their small size and intense burrowing, meibenthos 

leave no record of their activities. The burrows that I observe in deep- 

sea sediments are all larger than meiobenthos, and the depth of burrow¬ 

ing was deeper than that of meiobenthos. Open burrows were observed at 
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depths up to 50 cm in cores from the central North Pacific. The record 

of the deep-sea fauna is left by deep-burrowing macrofauna, which leave 

the last traces in the sediment, resulting in a biased record of the deep- 

sea fauna. 

Purpose and scope 

Three purposes of this study are 1) to describe deep-sea lebens- 

spuren, 2) to relate them to specific animals, and 3) to relate them 

to factors controlling their distribution. Six deep-sea areas have 

been sampled for this study; they are the Cayman Trough, the Yucatan 

Basin, the Gulf of Mexico, the San Diego Trough, the San Clemente Basin, 

and the central North Pacific. Depth of sampling in the sediment does 

not exceed 1 m. Both infaunal and epifaunal traces have been studied. 

Based on morphology, I have classified the surface traces into an 

informal scheme, and the infaunal traces either into existing ichnogen- 

era, or into an informal scheme. I have made analysis of the function 

of each type of burrow, based on its morphology; and have noted the oc¬ 

currence of each burrow type in the cores. 

Quantitative sediment samples have been seived to recover live 

macrofauna to try to relate them to burrows seen in the sediment. Live 

animals have been picked from core tops to relate them to surface traces. 

Sedimentary analyses (see Equipment and Methods) have been accom¬ 

plished on the Cayman Trough cores. Sediments from other localities 

have been described visually and compared with the Cayman Trough cores. 

The interpretation of sedimentary processes in the Cayman Trough is 

based on these sedimentary analyses. The distribution of infaunal traces 

correlates well with sedimentary units in the Cayman Trough, and this 

distribution can be explained by considering the feeding habits of the 
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infauna, as interpreted from the traces. 

Previous investigations 

Most trace fossils have been described from land-based sections 

of sedimentary rocks, mainly due to the ease of accessibility of rocks 

as opposed to deep-sea sediments. Trace fossils are also easy to see 

in sedimentary rocks, and their geometry can be determined more easily 

than in soft sediments (Seilacher, 1964). The concept of depth zoneation 

of trace fossil "facies" is due to Seilacher (1964). 

Very few studies have included descriptions of modern deep-sea 

lebensspuren. Many authors have referred to bioturbate textures and 

"burrow mottling" in sediments and made brief references to the geomet¬ 

ries and distribution of burrows (Ericson et al., 1961; Calvert, 1964; 

Bouma , 1972). The role played by benthos in homogenizing and mixing 

the sediment has been evaluated by Berger and Heath (1968). More de¬ 

tailed descriptions of deep-sea burrow morphologies have been made in 

La Jolla Fan (Piper and Marshall, 1969), in Cascadia Channel and Fan 

(Griggs, et al., 1969), and in the North Pacific (Donahue, 1967). These 

authors have largely used informal schemes for classifying these traces. 

Surface traces in the deep-sea have been studied from bottom photographs 

by Ewing and Davis (1967) and by Heezen and Hollister (1971). Ewing and 

Davis (1967) proposed an informal scheme of classification of surface 

traces based on burrow morphologies. 

The geologic record of deep-sea traces has been most extensively 

studied in cores recovered by the Deep Sea Drilling Project, hereafter 

termed DSDP. Warme, et al. (1973) recognized Chondrites, Planolites, 

Zoophycos, and Teichichnus from Leg 15 in the Caribbena. In world-wide 

studies, Ekdale (1973, 1974) recognized Chondrites » Cylindrichnus, 
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Neonereites, Planolites, Teichichnus, Thalassinoides » and Zoophycos; 

and Chamberlain (1974) recognized Zoophycos , Chondrites, Teichichnus, 

and Helminthoides• 
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SAMPLES 

The samples used in this study were taken in five cruises from 

July, 1972 to September, 1973 with Texas A and M University, Scripps 

Institution of Oceanography, and Lockheed Aircraft Corporation. Most 

samples were box cores except for one piston core from the Cayman Trough 

and short piston cores from the San Clemente Basin. 

The samples, with their locations, water depth, type of sampling 

device, and cruise vessel are listed in table 1, and the locations are 

plotted in figures 1, 2, and 3. To facilitate identification, cores 

from the Cayman Trough and Yucatan Basin are numbered in 100fs, cores 

from the Gulf of Mexico in 200’s, cores from the California Borderland 

in 300’s, and cores from the North Pacific in 400’s. 



Figure 1. Location of sample sites in the Gulf of Mexico and 

northwest Caribbean Sea with major physiographic regions shown. 

Samples 100 - 107 are on a traverse across the Cayman Through 

and a detailed map of this area with these sample sites is shown 

in Figure 4. 

Source, Pequegnat, et al., 1972 
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Figure 2. Location of samples in the California Borderland; 

samples 300f 301, and 304 are from the San Diego Trough; 

samples 302, and 303 are from the shelf between the mainland and 

the San Diego Trough; and samples 305 - 308 are along a traverse 

on the floor of the San Clemente Basin to the base of the scarp 

of Forty-Mile Bank. 

Source, Moore, D. G., 1969. 
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Figure 3. Location of samples from the central North Pacific 

north of Hawaii. 
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Table 1. Core data. 

Legend: 

Numbering scheme for core code numbers 

1001s - Caribbean 

200's - Gulf of Mexico 

3001s - California Borderland 

400fs - Central North Pacific 

Ships : 

A = R/V Alaminos 

W « R/V Thomas Washington 

DQ = Deep Quest, submersible 

Sampling devices: 

Box « Box corer 

P- core = Piston corer 



CORE 
CODE 
NO. 

100 
101 
102 
103 
104 
105 
106 
107 
108 

200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

300 
301 
302 
303 
304 
305 
306 
307 
308 

400 
401 
402 
403 
404 
405 
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LATITUDE 
NORTH 

LONGITUDE 
WEST 

DEPTH DESCRIPTION OF 
AREA 

18°18.5' 84°08.8' 4041 N. side Cayman Trough 
18°02.6' 84°02.6' 5080 Cayman Trough 
18°00.9' 84°00.3' 5050 ii it 

17°50.7' 83°55.6' 5280 M II 

17°50.0' 83°56.5' 5280 II tr 

17 °4 6.6 ' 83°57.51 5280 iv II 

17°41.71 83°54.9' 5290 S. side Cayman Trough 
17°29.3 ' 83°41.2 ' 1849 S. side Cayman Trough 
19°54.9 ' 85°00.7' 4420 Yucatân Basin 

25°13 .8' 88°18.91 3356 Edge Miss, fan 
23°10.0' 87°02.0' 415 Campeche Shelf 
27°35.9 ' 93°08.5' 40 Texas Shelf 
28°40.9 ' 89°53.9' 245 W. of Miss. Delta 
29°08.5' 87°11.9' 920 De Soto Canyon 
29°24.5' 87°38.4' 137 Miss.-Ala, Shelf 
27°43 .3' 86°33.2' 2905 Miss, fan 
27°47.9' 86°25.9' 3000 II it 

26°46.6* 86°44.1' 2979 it ii 

26°03.31 86°59.0' 3141 Edge Miss, fan 
24°40.0' 90°14.8' 3502 Sigsbee Abyssal Plain 

32°36.6' 117°29.5' 1168 San Diego Trough 
32°28.2' 117°29.4 1 1188 H H II 

32°36.3' 117°21.91 192 Loma Sea Valley 
32°51.5' 117°30.6' 732 San Diego Trough 
32°54.2' 117°39.2' 947 tv II it 

32°381 118 09' 2046 San Clemente Basin 
11 ft 1955 H H H 

II M 1864 II it it 

If ft 1773 H it H 

28°28.8' 155°33.9' 5881 N. Pacific Gyre 
28°26.6' 155°24.6' 5498 ft It It 

28°28.6' 155°30.0' 5683 IV If II 

28°29.0* 155°30.1' 5607 Il II II 

28°27.5' ISS^S^
1 5599 II II VI 

28°29.5' 155°29.3' 5657 VI II II 
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CORE 
CODE 
NO. 

CRUISE CORE 
NO. 

VESSEL DATE SAMPLING 
DEVICE 

SAMPLE 
LENGTH 

(cm) 

100 72-A-15 B-6 A 24/9/72 Box 60 
101 It B-7 11 II it 66 
102 II B-8 II 25/9/72 it 65 
103 II P-9 II II P-core 500 
104 II B-9 II II Box 58 
105 II B-10 " II ti 69 
106 II B-12 II 26/9/72 H 68 
107 II B-13 II II H 63 
108 73-A-14 B-2 II 26/8/73 ti 50 

200 72-A-15 B-4 A 22/9/72 Box 50 
201 It B-5 it It ti 25 
202 73-A-6 B-14 it ?/4/73 II 60 
203 II B-23 H If ti * 
204 II B-39 ii II II 68 
205 II B-40 H II it 40 
206 II B-50 II 11/4/73 H 69 
207 II B-51 H 12/4/73 H 73 
208 II B-5 2 H 13/4/73 H 50 
209 II B-53 ii II II 59 
210 II B-5 7 ii 16/4/73 H 71 

300 Tasaday S H-130 W 22/5/73 Box * 
301 II H-134 ti 23/5/73 it * 
302 II H-139 it II II 32 
303 II H-145 ti 24/5/73 it * 
304 ft H-149 II 25/5/73 ti 47 
305 162 1 DQ 18/5/72 P-core 110 
306 II 2 II II H 110 
307 If 3 11 II it 100 
308 II 4 If II H 100 

400 Tasaday II H-154 w 9/7/73 Box * 
401 it H-164 II 13/7/73 H * 
402 H H-166 " 14/7/73 it • * 
403 n H-167 It II it * 

404 it H-169 » 15/7/73 ti 34 
405 it H-170 " II ti 27 

* - unknown 
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EQUIPMENT AND METHODS 

Sampling Apparatus and Samples 

Sampling Apparatus 

Most of the samples for this study were taken with box corers 

(Reineck, 1963), but one long piston core (Kullenberg, 1947), and three 

short piston cores (operated by the submersible Deep Quest) were also 

taken* 

Necessity of undisturbed samples of large lateral extent 

Undisturbed sediment samples are essential for the study of sedimen¬ 

tary structures in soft sediment because the distortion of existing 

structures, or the formation of new ones, by the sampler may result in 

misinterpretation of observations (Bouma, 1969)* Grab samplers often 

take a sample with the center portion undisturbed but in deep water they 

may not hit the bottom in the proper position (Bouma, 1969). Gravity 

corers preserve the stratification of the sediment, but the cores are 

shortened by friction along the sides of the core barrel when it pene¬ 

trates the bottom. Piston corers do not compress the sediment as much, 

and are good for studying sedimentary structures, but the top of the core 

is often lost when retrieving the corer and extracting the core. Box 

corers take sediment samples having a minimum of distortion, and the top 

of the core is usually preserved (see Nature of the Samples). Gravity 

and piston corers have the disadvantage of taking cores that are usu¬ 

ally 2 to 3 in. in diameter, so that larger sedimentary structures cannot 

be traced laterally. Corers that recover a sample of greater lateral 

extent are useful for four reasons: 1) rare burrows are more likely to 

be sampled 2) large-diameter burrows can be sampled intact more often, 
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3) the morphology of horizontal burrows can be studied better because 

there is more material to work with, and 4) sedimentary structures can 

be traced horizontally and the core is more like an outcrop of rock. 

The box corer is capable of taking wider samples than piston or gravity 

corers. 

The box corers 

The box corer is described fully in Appendix B. Two sizes of corers 

were used to collect the samples* One size, operated by Texas A and M 

2 
University, has a box 30 cm by 90 cm deep; the other size, operated by 

Scripps Institution of Oceanography and Rice University, has a box 50 

2 
cm by 50 cm deep. 

The piston corers 

One piston core was taken in the Cayman Trough with a modified Ewing 

Piston Corer operated by Texas A and M University (see Bouma, 1969, 

for a description of this corer). Three piston cores were taken in the 

San Clemente Basin with short piston corers operated from a rack on the 

bow of the submersible Deep Quest. On the submersible, the corers were 

forced into the sediment and extracted hydraulically, but the principal 

of the piston action in reducing sediment shortening was the same as in 

standard piston corers (Kullenberg, 1947). 

Nature of the Samples 

The samples collected by the box corer were large, up to 1/8 m^, 

and heavy, up to 500 pounds. Retrieving and handling such large sam¬ 

ples was hazardous at sea. Good penetration of the bottom was obtained 

with the box corer in soft sediment. One sample, number 207 from the 

Gulf of Mexico, overflowed the box when it penetrated the sediment, 
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resulting in the destruction of the core surface and some stratigraphy. 

Generally, a skillful winch operator could avoid excessive penetration, 

and the corer itself can be adjusted to limit the depth of penetration 

(see Appendix B). Most samples we recovered were brim full. In sand, 

penetration of the box corer was inhibited, and the samples were much 

shorter, as in core 201 (25 cm long), and core 205 (40 cm long). Table 

1 gives lengths for all cores that were measured. For cores from the 

Cayman Trough and the Gulf of Mexico, these lengths are less than the 

original lengths of the cores, due to shrinkage. The sediment was so 

difficult to process, for reasons outlined below, that these cores were 

allowed to partially dry and become firmer before they were measured 

and cut. Core lengths from the California Borderland and the North Pa¬ 

cific are true core lengths because an improved technique for core cut¬ 

ting, described in Appendix B, allowed us to process them immediately. 

Nature of cores 

The sediments collected in most cores were very fluid. Much of 

core 108 from the Yucatan Basin actually flowed out of the core box 

where it contacted the bottom plate (see Appendix B for a description 

of terms). Carbonate sediment from the Campeche Shelf, terrigenous 

sand from the West Florida Shelf, and sandy mud from the San Diego Trough 

were firm and easier to process. 

Deformation of the upper part of the cores could occur very easily. 

Banging the corer against the ship when bringing it inboard may have 

caused some of the cracking and slumping that was observed on some of 

the cores. When the cores were first recovered, the sediment-water 

interface was intact, and many surface features were visible. To pro¬ 

cess the cores, it was necessary to remove the water covering the sedi- 
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ment, generally by siphoning. Ship motion resulted in erosive waves 

being set up when the water was nearly drained and this sloshing action 

removed many surface structures. For this reason, only larger or more 

résistent surface features remained. 

Procedures 

Shipboard procedures 

The following procedures, performed on board the ships, are pre¬ 

sented in chronological order. 

Procedures for collecting live benthic epifauna 

One of the original objectives of this study was to determine which 

species of organisms was responsible for producing a particular trace. 

For this reason, live epifaunal organisms were collected from the core 

tops. The epifauna was picked from the sediment with tweezers and pre¬ 

served in formaldehyde. Very few epifaunal organisms were recovered. 

Most of them came from the San Diego Trough where I recovered large ben- 

thonic foraminifera, ophiuroids, and a gastropod, and from the West 

Florida Shelf (core 205) where I recovered two Crustacea. From the 

deep-sea I recovered only a bivalve in core 200 from the Mississippi 

fan. The epifauna could not be related to surface traces on the core 

surface, possibly because these traces were destroyed before the surface 

could be studied (see Nature of the Samples). As a result, this fauna 

is not considered further in this work. 

Procedures for studying surface traces 

As stated in Nature of the Samples, many surface traces were de¬ 

stroyed. A record of the remaining traces was made, for reasons ex- 



18 

plained in the Introduction, and a summary of the different types is 

presented in Surface Traces. The core surfaces were photographed, and 

the outlines of the traces were sketched on a grid. A record of all 

core tops was made except if the top was destroyed in sampling (core 

208), if the core had been sliced before I had an opportunity to examine 

the surface (cores 202 and 203), and if the surface fauna and manganese 

nodules had been removed immediately for a biological study being con¬ 

ducted at Scripps (cores 400 to 405). There were few traces present 

on each core so the results are summarized in Surface Traces and no core¬ 

top photographs or drawings are presented. 

Procedures for collecting live benthic infauna 

Live benthic infauna was collected, both by qualitative sampling 

and by searching through the sediment, to try to relate burrows to liv¬ 

ing animals. Two qualitative samples were taken in each core; one from 

the surface to a depth of 2 cm, and the other from a depth of 2 cm to 

a depth of 10 cm. An area 10 cm^ was measured off on the core top where 

3 3 
the samples were taken so they consisted of 200 cm and 800 cm respec¬ 

tively. The depths were chosen because most of the infauna lives in the 

upper 1 to 2 cm of sediment, whereas larger burrowers might be found 

deeper in the sediment. The two samples were washed through two screens 

of 250 |i and 500 p mesh size, and the residues remaining on the screens 

were preserved in formaldehyde. No live animals were recovered in the 

sediment by this technique, probably because most of the infauna consists 

of micro and meiofauna which passed through the screens (McIntyre, 1969). 

The sediments were also probed for live infauna in the hope of observing 

them within their burrows. Some sediments, particularly those from the 

San Diego Trough, were coherent enough so that they could be "broken” 
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apart, and open burrows could be observed. In the San Diego Trough, 

Polychaeta and Pogonophora were found in open burrows. They are de¬ 

scribed in the section Open Burrows. 

Procedures for slicing box cores 

The methods and equipment used for processing the box cores are 

described in Appendix B. To summarize here, the box cores were sliced 

vertically with a steel blade that was given a negative charge to at¬ 

tract water to it to prevent the sediment from sticking to the blade, 

and to reduce friction between blade and sediment. The core slices were 

packed in plastic trays and sealed for shipping and storage. 

Laboratory procedures 

As stated in the Introduction, this work is primarily a study of 

deep-sea lebensspuren. Therefore, the main intent of the analyses de¬ 

scribed below was to describe burrow morphology and occurrences, and to 

attempt to explain their distribution. Visual observations, radiography, 

and burrow reconstruction by plastic replicas and serial sections were 

useful in describing burrow morphology. Their distribution was determined 

by core logging. In the Cayman Trough cores, a sequence of borrow as¬ 

semblages coincided with changes in sediments. Therefore, a detailed 

study of the sediments was made to see if this distribution could be 

correlated with changes in sedimentation. 

Core description 

Visual ; For visual observation, the core slices were shaved to a smooth 

surface using an electro-osmotic hand-held kitchen knife, similar to 

the one illustrated by Bouma (1969, p. 376, fig. 6.55). The result was 

a clean cut in which sedimentary structures and lebensspuren could be 
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easily seen and photographed. The cutting was generally easy and smooth, 

except in drier cores, cores with stiff clay, or where rock fragments 

were present. One interesting aspect of this cutting process is that the 

tests of planktonic foraminifera were caught and dragged through the clay, 

leaving short scratches. The scratches give a rough idea of the abundance 

of foram tests or other sand-sized clasts in the sediment. 

Photography was done indoors with a Graflex camera and four flash 

units on the R/V Alaminos, or with a tripod-mounted camera and floodlamps 

at Rice University. Due to the reflective nature of the cut core sur¬ 

faces, it was difficult to get the camera and lights positioned such 

that sedimentary structures were not obscured by reflections. This was 

not always possible and some photographs (especially Figures 10 and 

26 B) have reflection streaks on them. 

Radiography: Radiography was accomplished on board the R/V Alaminos 

with an industrial X-ray unit (Picker "Hotshot”). Bouma (1969) gives 

a description of the system used, in addition to the procedure used 

for developing the film. Settings for the X-ray exposures varied with 

the type of sediment being analyzed and with sample thickness. An ex¬ 

tensive list of settings for various earth materials is given by Frazer 

and James (1969), and was used as a guide for initial settings and ex¬ 

posure times. Most exposures were made at 4.5 milliamps, 70 kilovolts, 

and for 3.5 to 4.5 minutes. Radiography was done at Rice University with 

a self-contained research unit (Radifluor 360, Phillips Electronic In¬ 

struments) . It was used at settings of 3 to 5 milliamps, 70 to 90 kilo¬ 

volts, and about 4 minutes exposure time. 

Core logging: The cores were logged using unpublished core log forms 

by Bouma, with symbols for sedimentary structures and fossils from Bouma 
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and Nota (1961), In addition, identifying symbols for the different 

types of burrows were used to log their occurrences and ranges in each 

core. All cores were logged except core 205 from the West Florida Shelf, 

which consisted only of sand and had no burrows, and three of the six 

cores from the Central North Pacific because they were all taken from 

sites very close to each other and no significant difference between the 

cores was noted. 

Sediment analyses : Detailed sedimentary analyses, consisting of size- 

frequency, grain composition, and paleotemperature analyses, were per¬ 

formed on core 105 from the Cayman Trough. This core was selected be¬ 

cause it contained a sequence of burrow assemblages that seemed to co¬ 

incide with changes in the types of sediments (see core logs, Appendix 

C). Samples for size-frequency analyses were taken from core 104 for 

comparison with core 105 because it contained more pelagic sediment. 

Additional samples for size-frequency analyses were taken from selected 

units in core 106 that correlated with sand beds in core 105. By sam¬ 

pling these three cores, changes in sedimentation from south to north 

across the Cayman Trough could be documented. The results of these an¬ 

alyses are presented in Appendix A. 

Selection of samples: The volume of all sediment samples was nearly 1 

o 
cm. They were taken from cores 104 and 105 at uniform intervals 10 cm 

apart from the tops of these cores to the base. In addition, samples 

were taken above, below, and within individual sand beds to adequately 

sample the sections. The samples were taken by pushing a small glass 

3 
cylinder into the sediment up to a mark that represented 1 cm . The 

cylinder was scooped out of the sediment and the mud was planed off 

flush with the end of the cylinder. To reduce contamination, the cut 
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core surface was scraped first and the samples were taken away from the 

edge of the box core where boundary effects might contaminate the sample. 

Methods of size-frequency analyses: The grain size of the sediments was 

determined by settling tube for the sand fraction and hydrophotometer 

for the silt fraction. The total clay fraction was determined, but no 

analyses below a size of 8^ were run (see Krumbein and Pettijohn, 1938, 

p. 84 for a description of ^ scale sediment sizes). A size interval of 

was used because this was the smallest interval that could be used 

with time enough between readings of the settling tube and hydrophotometer 

so the readings could be recorded. To separate sand from mud, the sedi¬ 

ment samples were seived through a 63ja mesh screen with distilled water 

into a pan to catch the mud fraction. The two fractions were kept in 

water prior to analyses because the tests of planktonic foraminifera 

tended to float when they were dry. 

The grain size distribution of the sand fraction was determined 

using a 2.5 cm diameter settling tube (Emery, 1937) 1.5 m high fitted 

with a graduated stopcock. The cumulative volumes were recorded at times 

established for the settling rate of quartz spheres in distilled water. 

To test the accuracy of the tube, a test run with seived quartz 

sand of 1.5 to 2.0^ was made. The size interval chosen was merely a 

convenience, because this size of sand grains settles slowly enough so 

the error can be determined. The volume of sand in the tube at the 

2é time amounted to less than 3 per cent of the sample. This error 

was considered adequate for distinguishing major sediment types. 

Grain-size distribution of the silt fraction was determined by the 

hydrophotometer. This instrument, and the procedures for operating it, 

are described by Jordan, et al. (1971). This instrument is designed to 
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analyze up to six samples in staggered sequence in one hour. The hydro¬ 

photometer measures the grain size of sediments by recording the amount 

of light transmitted through the sediment suspended in water in a small 

flask. As the sediment settles, the amount of light transmitted by the 

turbid water increases. This increase can be related to the grain sizes 

of the sediment that have settled in a period of time. 

Methods for determining sand-fraction composition: The fraction of san- 

size material retained on the 63u screen was inspected for grain compo¬ 

sition in core 105 using a technique developed by Shepherd and Moore 

(1954). This technique makes use of the abundance of certain constitu¬ 

ents of the sand fraction to interpret the depositional mechanism re¬ 

sponsible for depositing a particular sediment. For example, turbi- 

dites would be expected to have a greater percentage of clastic compo¬ 

nents and shallow-water benthonic foraminifera than pelagic sediments. 

The results of these analyses are presented in Appendix A. 

The sand fractions of the sediment samples were dry-seived through 

a set of 63p, 90y, 125jx, 180ji, 250p, 355ji, and 500ju mesh-size screens. 

Screens of these mesh sizes sort the sand into intervals between 

4*5 and 8^ (the 7.5*5 to 8.0(4 fraction is in a pan below the 63u screen). 

This seiving facilitates counting grain constituents because they are 

nearly the same size on each seive, and some types of constituents, such 

as species of planktonic foraminifera, separate from each other on the 

different screens. The seived fractions were inspected with a binocular 

microscope and grain constituents were recorded on a hand counter. All 

planktonic foraminifera species large enough to be distinguished 

(greater than 180p) were counted so a paleotemperature curve could be 

constructed (see below). The total number of other planktonic groups 
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such as pteropods and radiolaris, rock fragments, and components of ben- 

thonic organisms such as benthonic foraminifera and sponge spicules 

were also counted. 

Method for establishing a paleotemperature curve: A paleotemperature 

curve was constructed from data on the abundances of planktonic fora¬ 

minifera in core 105, using a technique devised by Casey (1971). This 

curve was used to date and interpret the deposition of the sedimentary 

sequence observed in core 105. Species of planktonic foraminifera were 

selected as either warm or cold, based on work by Kennet and Huddlestun 

(1972). The ratio of cold to warm species in the core-top sediments 

can be related to the sea-surface temperature using data from Sverdrup, 

et al. (1972), chart II) for winter temperatures. For this study, I 

selected two cores as reference points, number 204 from the Gulf of 

Mexico where the average winter sea-surface temperature is 21°C, and 

number 105 from the Cayman Trough where the average winter sea-surface 

temperature is 26°C. The ratios of cold to warm species were computed 

for samples from these two cores. Ratios computed for samples within 

core 105 could be related to these standards to record cool and warm 

intervals. The results of this analysis are presented in Appendix A. 
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SETTING OF SAMPLE LOCALITIES 

The following section presents a summary of the physiography, sedi¬ 

ments, and core descriptions for each of the six areas that were sampled. 

This is done to provide a framework to try to understand and explain 

the distribution of biogenic sedimentary structures observed in the 

cores. The six areas studied were 1) the Cayman Trough, 2) the Yucatan 

Basin, 3) the Gulf of Mexico, 4) the San Diego Trough, 5) the San Cle¬ 

mente Basin, and 6) the Central North Pacific. 

More emphasis is given in this section to the Cayman Trough setting 

because it was used to investigate the possible relationship between 

sedimentation and burrowing patterns by deep-sea infaunal benthos. Ex¬ 

amination of core slices from the seven box core slices collected in a 

traverse across the Cayman Trough revealed a succession of sediments 

and a coincident succession of burrow assemblages in cores 103 to 106. 

Cayman Trough 

Physiography 

The Cayman Trough is a steep-sided, deep (5000-7000 m), elongate, 

linear trough extending from Hispaniola west-southwestward to the re¬ 

entrant between Belize and Honduras. The boundaries of the trough are 

formed by the Nicaraguan Rise on the south, and the Cayman Ridge and 

Cuba on the north. In my study area, the trough is about 87 km wide. 

The Cayman Ridge ends as a topographic feature west of longitude 85°W, 

but continues under the sediment cover to Guatamala (Uchupi, 1973). 

The floor of the Western Cayman Trough merges with the small abyssal 

plain of the Yucatân Basin (Fig. 4). 

The portion of the trough west of Jamaica can be divided into two 
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topographie regions by a line at Longitude 83O30' W. East of this line, 

the topography is rough, with numerous basins, and ridges and seamounts 

rising 1.5 to 2.0 km above the trough floor (Fig. 4). Profiles by Eric- 

son, et al. (1972) and Eggler, et al. (1973), as well as the axial pro¬ 

file shown in fig 5 B, reveal that the topography is more complex than 

shown on the published bathymetric chart (U. S. Naval Oceanographic 

Office chart number BC 09040M, 1972) . Figure 4 shows several deep basins 

to the east of the area of my sampling traverse, which may influence 

the physical oceanography of the trough floor (see Physical Oceanography 

in Analysis of Cayman Trough Sediments, Appendix A). To the west of 

longitude 83°30f W, the floor of the trough is flatter (Fig. 4), and 

slopes up to Guatamala. 

The bottom topography within the immediate study area is simple; 

the floor of the trough is nearly level. The depth of the floor in¬ 

creases from north to south in a series of small steps (Fig. 5A) from 

4800 m on the north side to 5450 m on the south side. A simple bathy¬ 

metric chart has been constructed of the area of my traverse, based on 

12 Khz profiles (Fig. 6). A small basin exists near the south wall of 

the trough, but no samples were taken in it. East of this basin, my 

profiles, and the oceanographic chart mentioned above suggest that there 

is a projecting ridge extending northward from the south wall. This 

ridge and basin could divert bottom currents flowing down the trough 

floor (see Physical Oceanography, Appendix A). 

Sediments 

Sources of sediment - The western part of the Cayman Trough receives 

sediments from three major sources: 1) from a western source supplying 



Figure 4. Western portion of the Cayman Trough with the 

locations of cores 100 to 107 shown. Major basins and 

banks are shown with patterns. The traverses of Figure 5 

are also shown: the dotted line is the ship's track for 

the traverse in Figure 5A (cruise 72-A-15), and the dastied 

line is the ship's track for the traverse in Figure 5B 

(cruise 73-A-14). 

Source, hydrographic chart BC 0904OM 
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Figure 5. Profiles showing the bottom topography in the western 

Cayman Trough, See Figure 4 for the locations of the profiles 

All profiles were made with a 12 KHz sound source. 

A. Profile made roughly normal to the trough axis in the 

area of the sampling traverse. Locations of cores are 

plotted. The trough deepens to the south in a series of 

terrace-like steps. 

B. Profile made along the trough axis from the location 

of core 105 towards Grand Cayman Island. The complex 

topography of the sea floor, with many basins and sea¬ 

mounts is evident. 
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Figure 6. The traverse across the western Cayman Trough, with 

the locations of all cores, and 12 KHz profiles shown. The sea¬ 

floor topography is based only on the 12 KHz profiles. The 

main contour interval is 500m, with supplementary contours 

100m apart. Hydrographic charts of the area, such as BC 09040M 

as well as this survey, indicate a projecting ridge, not 

shown, from the south wall about SS^O* W. 

Legend: 

12 KHz Profiles: 

Cruise 72-A-15 

Cruise 73-A-14 

Contours 

500m contours 

100m contours 
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terrigenous sediment, 2) from ridges that border the trough to the north 

and south, and 3) from pelagic material that drifts through the water 

column. 

Material from the terrigenous source at the western end of the 

trough forms a wedge-shaped deposit that thins toward the east (Ericson, 

et al., 1972) as far as longitude 84°W. My study area is barely influ¬ 

ences by this sedimentation. 

Local sources on the sides of the trough probably are not important 

at the present time, due to the small area of the ridges subaerially 

exposed. However, during the Pleistocene when sea level was lower, large 

areas of the Cayman Ridge and Nicarauguan Rise (Fig. 4) would have been 

exposed. As a result, a greater detrital component would be expected 

from these areas during the Pleistocene and early Holocene. A complex 

sequence of rock types outcrops on the ridges bordering the trough, al¬ 

though all subsea evidence is from dredge hauls. On the north wall of 

the Cayman Trough, Heezen, et al. (1973) found a Cretaceous-Eocene calc- 

alkaline suite of igneous rocks at the base of the section, passing 

upwards into clastic sediments varying from graywackes to red beds, and 

capped by neritic and pelagic sediments of Middle to Late Tertiary age. 

Quaternary reefs are exposed on islands and banks (Matley, 1926, United 

States Geological Survey, 1967). Any of these rock types could appear 

as detritus in the box cores. The only large rock fragments I recovered 

were pebble-size carbonates in a pelagic mud matrix in core 107 (see 

Cayman Trough Core Description). At the present time, most of the sedi¬ 

ment in my samples is from pelagic sources. Much of this material con¬ 

sists of the calcareous and siliceous tests and shells of microplankton. 

The sand fraction is composed mostly of the tests of planktonic 
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foraminifera. Their abundance in the sediments ranges from 40% in sand 

beds and pelagic oozes to a trace in clay beds below the surface (Fig. 

14). Pteropods are rare in the sediment deposited on the sea floor to¬ 

day, but they are common on the slope as in core 107, and in sand beds 

below the surface. Plankton tows that I have taken in this area show 

that they are abundant in the water column, so the sediments of the trough 

floor probably are deposited near the aragonite compensation depth for 

this area. The tests of siliceous microplankton are abundant at the 

sediment-water interface, but decrease rapidly in abundance with depth 

down the cores due to solution, so that at a depth of 10 cm only a few 

fragments remain. 

The silt and clay fraction of the pelagic sediments consists almost 

entirely of needles and plates of calcium carbonate with little terri¬ 

genous material. Most of this sediment is carbonate mud deposited at 

abyssal depths. 

The pelagic sediments in my cores are interesting in that they 

consist of carbonate sediments that are deposited at a very great depth. 

The depth of the lysocline (see Deep Sea Sediments) varies among ocean 

basins, for the western North Atlantic it is about 4500 m (Li, et al., 

1969), yet sediments in the western Cayman Trough consist of well-pre¬ 

served carbonate deposited at a depth of 5300 m. The difference in 

sediments deposited in these two areas may be due to a difference in 

bottom water in these two areas (see Physical Oceanography, Appendix 

A). Bottom water in the Cayman Trough comes from an intermediate depth 

in the Atlantic over the sill at Windward Passage, and is more nearly 

saturated with respect to calcium carbonate than bottom water of the 

North Atlantic. Thus, carbonate-rich sediments are preserved on the 
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floor of the Cayman Trough. 

Sedimentary processes - Sedimentary processes in the western Cayman 

Trough, and the evidence used to infer these processes, are covered 

in detail in Appendix I. Based on an analysis of the cores, there 

have been three processes active on the floor of the Cayman Trough since 

Late Pleistocene time. They are 1) "distal” turbidites (Walker, 1967) 

in Late Pleistocene time, found at the base of the cores, 2) non-turbid 

bottom-current deposits laid down over the turbidites during the post- 

Pleistocene sea-level rise, and 3) pelagic sediments that are dominant 

at the present time. 

The turbidites are present in the lower half of cores 105 and 106 

from the south side of the Cayman Trough floor. They are the distal 

end of turbidites (see Deep-Sea Sands, Appendix A).that could have been 

derived either from the west end of the Cayman Trough and moved down the 

trough axis, or they could have originated on the Nicaraguan and Swan 

Island rises to the south. 

The sediments deposited by bottom currents resulted from thermo¬ 

haline bottom currents moving down the axis of the Cayman Trough. The 

term thermohaline (Sverdrup, et al., 1942), refers to vertical convec¬ 

tion in the ocean resulting from temperature and salinity differences 

among individual water masses. In the Cayman Trough, bottom currents 

probably were generated by replacement of bottom water in the trough by 

North Atlantic Deep TCater cascading over the submerged sill at Windward 

Passage. This replacement of bottom water is the result of deeper, cold¬ 

er, and therefore denser water being brought up to the seaward side of 

the sill during the post-Pleistocene sea level rise. 

Pelagic sediments began accumulating as the bottom currents slowed. 
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The amount of large planktonic foram tests increased until a pelagic 

cap was produced. Slight bottom-current activity may still occur be¬ 

cause discoasters, which are parts of nannophytoplankton that have been 

extinct since the early Pleistocene, are found on some core top sediments. 

This sequence can be interpreted as the result of the post-Pleisto- 

cene rise in sea level. Not only would sources for turbidity-current 

sediments be shut off by the drowning of shelves on the sides of the 

trough, but, as explained above, bottom currents could be generated 

by changes in water masses at the sill at Windward passage. 

Core descriptions 

The seven box cores and one piston core recovered from the Cayman 

Trough were composed of foraminiferal ooze, with some terrigenous material 

in the form of rock fragments and clay. Some zones in the cores contain 

almost pure pelagic sediment, others have higher concentrations of terri¬ 

genous material. 

Based on visual examination of the cores, five types of sediment 

can be recognized. They are: 1) tan* foraminiferal, sandy muds, 2) 

light tan, foraminiferal sands, 3) gray to brown, foraminiferal and ter¬ 

rigenous sands, 4) light tan, carbonate muds, and 5) tan, foraminiferal, 

sandy muds with rock pebbles. 

Cores 100, 101, and 102 contain essentially no physical sedimen¬ 

tary structures, other than a faint lightening of the sediment color 

at a depth of about 20 to 30 cm. They are entirely composed of tan, 

foraminiferal sandy mud, with the number of planktonic foraminifera 

appearing to decrease slightly down the core. 

Core 103, the only piston core taken in the Cayman Trough, is com¬ 

posed of mud and sand in the upper one-half, and foraminiferal and 
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terrigenous mud and sand in the lower one-half. The core consists of 

a complex sequence of sand and mud beds. Based on comparisons with 

cores 105 and 106, there are four types of sand beds: 1) turbidite sands 

having a large terrigenous component, 2) graded sands (turbidites?) 

with a large amount of carbonate rock fragments and foram tests, and 

3) bottom-current sands. There are two types of turbidite sands, which 

implies that there are two source areas for this sand. 

Core 104 is also mainly tan, foraminiferal, sandy mud, but it con¬ 

tains a fine sand bed at a depth of 32 cm in the core. Above this bed, 

the sediment darkens upward, and the number of planktonic foraminifera 

increases. Below this bed faint laminae are present that are due to 

staining during diagenesis, as they do not show up on radiographs. 

The sediment color below the sand bed generally is darker than above it, 

but no physical sedimentary structures are evident. 

Core 105 contains two sand beds of light tan, foraminiferal, fine¬ 

grained sand at a depth of 9 to 27 cm, an upper one 4 cm thick, and a 

lower one 1.5 to 2 cm thick (Fig. 7A). The upper sand bed has convolute 

laminae, with the axes of the convolutions inclined in the same direc¬ 

tion. Small-scale erosion surfaces are also present, as well as small- 

scale scourings on.the base of the bed that resemble flute casts in 

longitudinal section. The upper and lower contacts of both beds are 

sharp (Fig. 7B), and the upper contacts are gently undulating. Between 

the two beds is a layer of light tan carbonate mud with thin, parallel 

laminae of silt-size planktonic foraminifera (Fig. 7B) . The lower sand 

bed contains trough and foreset cross-bedding. There appear to be two 

episodes of sedimentation, with trough cross-bedding in the lower epi¬ 

sode, and some local erosion between them. The upper part of this unit 



Figure 7. Sediments of core 105, Cayman Trough. 

A. Vertical cut made through core 105 showing the sand 

beds composed almost entirely of the tests of plank¬ 

tonic foraminifera. Note the intervening clay layer, 

the sharp upper and lower contacts of the beds, the 

convolutions in the upper sand bed, and the paucity 

of burrows in the vicinity of the sands. 

B. Radiograph contact print of the same area as Figure 

1. The sedimentary structures show up better. Con¬ 

volute laminae are present in the upper bed, horizon¬ 

tal laminae are present in the middle clay bed, and 

trough and placer bedding are present in the lower 

bed. 
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has some faint indications of convolutions, in the same general direc¬ 

tion as in the upper sand bed. Placer-like lenses of denser material 

are present in the trough-cross-bedded section, and may be formed by 

heavy minerals. 

Above these sand beds is a zone of laminae of silt-size forarain- 

ifera in a clay matrix. The color of this sediment is lighter than 

the cap of well-oxidized ooze above it. The laminae become farther a- 

part up the core, the number of planktonic foraminifera increases (Fig. 

7A), and burrowing activity increases. 

Below the two sands, the character of the sediment changes. It 

is darker in color, and thin sand beds are numerous (Fig. 7A). Plank¬ 

tonic foraminifera are abundant. Sedimentary structures are much harder 

to see, as burrowing activities have all but obliterated them, and 

spread out the sand beds up and down the core. The sand beds are thin¬ 

ner than the couplet above them, and are darker in color. Clay-rich 

units between these sands have an abundance of planktonic foraminifera. 

Core 106 is similar in many ways to core 105. It has an oxidized 

cap, with lighter sediment below. The number of larger planktonic fora¬ 

minifera also decreases into this lighter zone. At the same horizon 

as the foraminiferal sand couplet of core 105 is a discontinuous, gray 

to brown, foraminiferal and terrigenous sand bed of coarser grain size. 

Below this sand, the core resembles core 105, except that the individual 

sand beds are thicker and more distinct. Sedimentary structures in the 

sand beds are still difficult to discern, due to burrowing activities, 

but some laminations and cross-bedding appear. One significant differ¬ 

ence is the presence of clay-rich units that are relatively free of 

planktonic foraminifera. Within each of these clay units, planktonic 



Figure 8. Serial sections made through a small, sand-filled 

channel in core 106 from the south side of the floor of the 

Cayman Trough. Silt beds cap high areas around the channel 

and some of the sands as well. 
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foraminifera may be scarce throughout, or they may increase in abundance 

upward to the next sand bed. 

Perhaps the most striking feature of core 106 is an unusual erosion 

surface that occurs with the uppermost sand bed (Fig. 9). Core 106 was 

sliced serially, and a small-scale channel, about 6 cm deep, was found. 

This channel is reconstructed is Fig. 8* Medium-grained sand occurs 

at the base, and appears to be a lag deposit. This deposit is discon¬ 

tinuous, and the channel itself has an irregular course. Small-scale 

structures in the sand include cross-bedding and slight grading. Finer 

sand and silt lenses occur on the tops of high areas alongside the chan¬ 

nel, and a few centimeters above the erosion surface. These lenses are 

lighter in color than the channel sand bed. 

Core 107 is composed entirely of tan foraminiferal sandy mud with 

rock fragments several centimeters across that are loosely dispersed 

throughout the core, surrounded entirely by matrix (Fig. 10). Radio¬ 

graphs reveal that there are crude concentrations of these fragments 

in layers that are nearly horizontal. The fragments are angular, of all 

sizes up to several centimeters ^ and are unoriented in the sample. 

These rocks are almost all carbonates, but a few terrigenous samples 

were recovered as well. Many were encrusted with manganese and, signi¬ 

ficantly, this crust often was on the sides or bottoms of the rocks, 

rather than on the top. Another interesting feature is an apparently 

steep dip to the sediment surface. When this core was recovered, the 

surface sloped at roughly 30 degrees. Although some of this slope could 

have been caused by the box corer penetrating the sediment at an angle, 

this seems unlikely as the gimballed tripod (See Appendix B) is designed 

to keep the core box nearly vertical during penetration. If the corer 



Figure 9, Vertical slice of core 106 from the Cayman Trough 

showing an erosion surface and small channel cut into under¬ 

lying sediments. The channel is filled with foraminiferal 

and terrigenous sand. 

Figure 10. Vertical slice of core 107 from the Cayman Trough. 

The sediment is foraminiferal ooze with large rock fragments 

irregularly dispersed throughout the core. Most rocks are 

carbonates, the rest are siltstones. The sediment was pro¬ 

bably deposited by a debris flow. 



39 

F ig. 9 

Fig. 10 



40 

does go in at an angle, it rights itself and a wedge-shaped gap is left 

on one side of the core. No such gap was observed on this core. There¬ 

fore, this core was probably recovered from a fairly steep surface on 

the sea floor. 

Yucatàn Basin 

Physiography 

The Yucatàn Basin is a small, triangular abyssal plain lying north 

of the Cayman Ridge, between the Yucatàn Peninsula of Mexico and Cuba. 

The basin measures 830 km along the Cayman Ridge, and 370 km from the 

Cayman Ridge to the Yucatdn Strait, which forms the apex of the triang¬ 

ular outline of the basin. The floor of the basin is level, with depths 

between 4000 and 5000 m (Banks and Richards, 1969). The one box core 

(108) was recovered from the west side of the abyssal plain (Fig. 1). 

Sediments 

The sediments of the western part of the Yucatàn Basin are of two 

types: terrigenous sediment and pelagic foraminiferal ooze. The terri¬ 

genous source apparently is at the southwestern end of the basin, on 

the Honduras-Guatamala-Belize shelf (Banks and Richards, 1969). 

Core description 

The box core (core 108) contains terrigenous sediment capped by 

foraminiferal mud. The terrigenous sediment is structureless, gray, 

silty clay that was very fluid when the core was fresh (see Nature of 

the Samples). The core is capped by foraminiferal mud. A zone of tran¬ 

sition between these two major zones consists of color laminations that 

are alternately tan and brown. These laminations can be seen on radio- 
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graphs extending into the gray, silty clay. 

Gulf of Mexico 

Physiography 

The major physiographic provinces of the Gulf of Mexico are shown 

on Figure 1. The Gulf is rimmed by continental shelves covered by two 

major sediment types: the Florida and Campeche carbonate shelves, and 

the Texas-Louisiana and Mexican terrigenous shelves. The deeper Gulf 

of Mexico is dominated by the Mississippi fan, which originates at the 

Mississippi delta and slopes southward to the straits of Florida and 

Yucatdn, and to the Campeche Scarp. To the west is the Sigsbee Abyssal 

Plain at a depth of 3600 m, with the Sigsbee Knolls as the only major 

relief upon it. The wide continental slopes and rises around the north, 

west, and south sides of the abyssal plain, plus the Sigsbee, Florida, 

and Campeche Scarps complete the physiography (Pequegnat, et al., 1972). 

The box cores were taken in the following locations: 205 from the 

West Florida Shelf, 202 and 203 from the Texas-Louisiana Shelf, 201 from 

the Campeche Shelf, 200, 204, 206-209 from the Mississippi fan, and 

210 from the Sigsbee Abyssal Plain (Fig. 1). 

Sediments 

The sediments of the Gulf of Mexico are described by Bouma, 1972. 

They are mostly terrigenous, with active infilling of the Gulf basin 

occurring from the north and west by turbidity currents, and hemipelagic 

sedimentation. In the Quaternary, most of this sediment has come down 

the Mississippi fan in channels. The Sigsbee Abyssal Plain has received 

sediment from the Mississippi River, Texas rivers, the Rio Grande, and 

Mexican rivers (Bouma, 1972). Carbonate has come from two sources: 
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minor amounts have come from the Campeche Shelf as carbonate turbidites 

(Davies, 1968), and most has come from pelagic biogenic sources. Car¬ 

bonate and terrigenous sands have accumulated on the shelves by nearshore 

processes. Deposition by bottom currents is indicated in core 210 from 

the Sigsbee Abyssal Plain, where sand beds of planktonic foraminifera 

closely resemble similar beds in the Cayman Trough that I have inter¬ 

preted as bottom-current sediments (see Appendix A). 

Core descriptions 

A summary description of the types of sediments and sedimentary 

structures, along with inferred mechanisms of deposition for these sed¬ 

iments is given below. In the section Distribution of Burrows, I will 

relate the different burrow assemblages to these mechanisms of deposi¬ 

tion. Logs of cores 207 and 210 are given in Appendix C. 

Based on visual observation, eight types of sediment can be recog¬ 

nized. They are 1) green, terrigenous sand, 2) light-green, carbonate, 

muddy sand, 3) light-gray, foraminferal and terrigenous, sandy mud, 

4) tan, foraminiferal, sandy mud, 5) gray to brown, terrigenous mud, 

6) light-tan, foraminiferal sand, 7) green to brown, terrigenous mud, 

and 8) gray, foraminiferal, muddy sand. 

Core 205 from the West Florida Shelf is all green, terrigenous 

sand with no sedimentary structures and only a few open burrows. A 

fauna of callianassid shrimp, one crab, and polychaetes was collected 

from this core, but could not be related to any open burrows. 

Cores 202 and 203 from the Texas-Louisiana shelves are both composed 

of light-gray, foraminiferal and terrigenous sandy mud, deposited by 

hemipelagic sedimentation, but core 202 has more planktonic foraminifera 

tests, probably because it was further from the Mississippi delta. 



Both cores have abundant burrows, but no physical sedimentary structures. 

Core 201 from the Campeche Shelf is composed entirely of light- 

green, carbonate, muddy sand. A set of cross beds 2 cm high is the 

only physical sedimentary structure to be seen on cut core slices and 

radiographs. Open burrows are abundant. The sediment is a hash of 

pellets, oolites, and shell debris with a muddy matrix. 

Cores 200, 204, 206-209 from the Mississippi fan are all composed 

of gray, terrigenous mud interbedded with gray, foraminiferal, muddy 

sand; capped by tan, foraminiferal, sandy mud. Between these two basic 

units is a zone, or several zones of green to brown, terrigenous mud 

(see Core Log of core 207 in Appendix C). The gray to brown, terrigen¬ 

ous mud in the lower part of the cores is often color-laminated, with 

the gray, foraminiferal, muddy sand occurring only as thin laminae (Fig. 

11). These beds represent hemipelagic sedimentation from: the Mississippi 

delta. The green to brown, terrigenous mud is often darker than any 

other sediment in the core, and laminated. It represents a zone of 

ferrous ions that have migrated from the gray mud below, and became 

oxidized during the succeeding interval of pelagic sedimentation (McGeary, 

and Damuth, 1972). It marks a decrease in the sedimentation rate on the 

fan. The tan, foraminiferal, sandy mud represents a pelagic cap that 

formed during the post-Pleistocene rise in sea level, when terrigenous 

sedimentation ceased to most of the fan. 

Core 210 from the Sigsbee Abyssal Plain has the most complex stra¬ 

tigraphy of any core from the Gulf of Mexico. The lower one-half of the 

core is composed of gray to brown, terrigenous mud with gray, foramini¬ 

feral, muddy sand which represents distal turbidites and hemipelagic 

sediments from the Mississippi delta. These beds are succeeded by light 



Figure 11. Hemipelagic sediment from the Mississippi fan of 

the Gulf of Mexico (core 207). The color laminations are 

typical for these sediments from the fan. The high color 

contrast between burrow fill and matrix seen here is unusual 

for deep-sea sediments. The vertical white lines are reflec¬ 

tions from scratches on the cut surface caused by planktonic 

foraminifera tests caught in the knife blade during core cut¬ 

ting. 
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tan, foraminiferal, muddy sand which is a bottom-current sediment. 

The foram sand is succeeded by tan, foraminiferal, sandy mud which is 

the post-Pleistocene pelagic sediment. The sequence in core 210 is very 

similar to the sequence in cores 104 and 105 from the Cayman Trough, 

and the interpretation of sedimentary processes in these cores (see 

Appendix A) is applied to core 210. 

San Diego Trough 

Physiography 

The San Diego Trough is an inner basin in the Southern California 

Borderland (Fig. 2), an area of elongate basins and ridges with long 

axes trending northwest-southeast, produced by en echelon strike-slip 

faulting (Moore, 1970). The trough is 21 km wide, 85 km long, and lies 

24 km west of the city of San Diego, separated by a shelf and Coronado 

Bank. Thirty-mile bank forms the western boundary of the San Diego 

Trough; this bank and forty-mile bank separates the San Diego Trough 

from-the San Clemente Basin to the west. The floor of the trough, with 

a depth of 1200 m, is nearly level, except for cones of sediment taper¬ 

ing away from submarine canyons (Moore, 1970), and channels on the floor 

of the trough (Shepherd and Einsele, 1962). The trough floor slopes gent¬ 

ly to the southwest where it connects with the San Clemente Basin at a 

depth of about 1350 m. 

All samples from the San Diego Trough are box cores. Cores 300, 

301, and 304 were taken from the floor of the trough, core 303 was taken 

in Loma Sea Valley, and core 302 was taken on the side of the trough 

between La Jolla Canyon and Loma Sea Valley. 
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Sediments 

The San Diego Trough is now filled with sediment to its sill depth 

and the San Clemente Basin to the west now receives sediment through the 

San Diego Trough by means of a system of axial channels (Hand and Emergy, 

1964). 

The sediments of the San Diego Trough are sands and silts, and silty 

clays. Most sediment comes from the mainland by turbidity currents 

(Gorsline and Emery, 1959). Silty clays interbedded with turbidite 

sands may result from hemipelagic sedimentation (Gorsline and Emery, 

1959, Hand and Emery, 1964), or from resuspension of shelf sediments 

by storm waves, and deposition by turbid clouds through submarine chan¬ 

nels (Moore, 1970). 

Core descriptions 

All five cores are composed of green, sandy mud. The sediment is 

micaceous, and contains scattered shells of brachiopods. Seiving the 

sediment reveals an abundance of small, ellipsoidal fecal pellets on 

the 63 screen. Radiography shows thin silt laminae; these are the 

only physical sedimentary structures visible. These fine laminations, 

and the lack of sand beds, suggest that these sediments were deposited 

by hemipelagic sedimentation. Burrowing is abundant, and has obscured 

many of the laminae. Open burrows are common, and several benthonic 

organisms were collected from these cores (see Shipboard Procedures). 

San Clemente Basin 

Physiography 

The San Clemente Basin lies southwest of the San Diego Trough and 

is separated from it by Thirty Mile and Forty Mile Banks. The San Cle- 
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mente Basin is irregular in outline and has two subbasins, a northern 

one and a southern one (Moore, 1970) • The northern subbasin, where my 

samples were taken, trends northwest-southeast. It is 45 km long and 

20 km wide. The floor of the basin, at a depth of 2200 m, is nearly 

level (Moore, 1970). 

My samples, consisting of three short piston cores taken from the 

submersible Deep Quest, were from the floor of the basin taken along 

a traverse normal to the strike of the west face of Forty Mile Bank (Fig. 

2). 

Sediments 

As stated above, the San Clemente Basin receives most of its sedi¬ 

ment as turbidites through the San Diego Trough. Other sources of sedi¬ 

ment are San Clemente Island to the north, and Forty Mile Bank. Forty 

Mile Bank has outcrops of basement rocks and phosphorite (Moore, 1970, 

and personal observation aboard the submersible Deep Quest). These out¬ 

crops could contribute clastic material to the basin sediments by slump¬ 

ing or rockfalls. 

Core descriptions 

The cores from the traverse in the San Clemente Basin are all green, 

sandy mud with mica; they are similar to the cores from the San Diego 

Trough. The San Clemente Basin cores have more color contrast between 

some beds than do the San Diego Trough cores, so burrows show up well. 

No physical sedimentary structures were seen. 

Central North Pacific 

Physiography 
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Samples from the central North Pacific were recovered north of 

Hawaii beneath the center of the North Pacific "Gyre" (Fig. 3), an area 

of low primary productivity (Lisitzin, 1972, Fig. 141). In my sampling 

area, the sea floor was at a depth of 5700 m and covered by low abyssal 

hills. The six box cores all came from the same area because this site 

(CLIMAX II) was the location of a study of deep-sea benthos (Hessler and 

Jumars, 1974). 

Sediments 

Sediments in this part of the North Pacific consist of pelagic red 

clay, and authigenic ferromanganese nodules (Shepherd, 1973). The clay 

has a low organic carbon content (0.25% organic carbon being reported 

by Lisitzin, 1972, Fig. 154). Because this sediment is deposited below 

the lysocline (3700 m in the North Pacific, Revëlle, 1944), all carbo¬ 

nate has been dissolved. 

Core descriptions 

All box cores recovered from the sampling area were composed of red 

clay with manganese nodules of pebble size to manganese slabs 10 or more 

cm across. The manganese nodules and slabs were only at the water- 

sediment interface and none were found within the sediment. No physical 

sedimentary structures were seen, either visually, or on radiographs. 

The sediments are intensely burrowed, both by larger burrows of recog¬ 

nizable form, and smaller burrows, only a few millimeters in diameter, 

of unrecognizable form. If any physical sedimentary structures were 

present, they would have been wiped out by the burrowing because every 

bit of the cores appeared to have been burrowed. 



Summary of sediments 

The information on sediments and mechanisms of sedimentation in 

the preceding sections in each of the areas I studied is summarized 

briefly below. 

There are four main mechanisms of sedimentation that I have deduced 

for the six areas of sampling. They are 1) turbidite sedimentation in 

the Cayman Trough, and Sigsbee Abyssal Plain of the Gulf of Mexico, 

2) hemipelagic sedimentation in the Gulf of Mexico, Yucatân Basin, San 

Diego Trough, and San Clemente Basin, 3) bottom-current sedimentation 

in the Cayman Trough and Sigsbee Abyssal Plain of the Gulf of Mexico, 

and 4) pelagic sedimentation in the Cayman Trough, Yucatân Basin, Gulf 

of Mexico, and central North Pacific. 

Seven types of sediment have been recognized. They are tabulated 

in Table 2, along with inferred depositional mechanisms. 



Table 2. List of all types of sediment observed in all cores. 

The classification includes color and texture; with modifiers 

such as the presence of planktonic foraminifera or terrigenous 

fragments, used where needed to distinguish different types of 

sediment. The inferred depositional mechanism for each type 

of sediment is included. 
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Sediment Type Depositional mechanism 

1. Brown, foraminifera1, terrigenous, 
muddy sand; associated with 
gray mud. 

Turbidity-current 
sediment 

2. Gray mud 

3. Green mud Hemipelagic sediment 

4. Green to brown clay (transitional 
to pelagic sediments). 

5. Tan, foraminiferal sand Bottom-current 
sediment 

6. Tan clay 

7. Tan, pebbly, formainiferal mud Debris flow 

8. Tan, foraminiferal mud Pelagic sediment 

9. Red clay 
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LEBENSSPUREN 

Traces of animal activities, or lebensspuren, were found with 

all cores; in some cases, as with the Cayman Trough cores, they were 

abundant and diverse. I have recognized 14 types of surface traces, 

14 types of burrows, and 3 different assemblages of burrows. The 

same assemblage of burrows occurs in the same type of sediment; and 

in sediments that are different (e.g. turbidites and pelagic sediments) 

there are different assemblages of burrows. In the section Distri¬ 

bution of Burrows, I will try to demonstrate that this distribution 

can be explained by considering the morphology of the burrows as it 

reflects the behavior of the organisms. Distinct assemblages of sur¬ 

face traces were not discernable, probably because so few were present 

on each core top. 

Trace fossils have been classified in a number of ways. Seilacher 

(1953) proposed a toponomic scheme whereby traces are classified on the 

basis of their mode of occurrence in rocks. An ethological scheme 

(Seilacher, 1953) was based on the inferred function of the traces. 

Taxonomic classification of trace fossils dates back to the time when 

they were regarded as fucoids, or fossil algae (Hantzschel, 1962). 

Taxonomic classification is a binomial scheme of generic and specific 

names, with the same basic rules for forming names as in biological 

taxonomy. However, the concepts of naming trace fossils are very 

uncertain (Sarjeant and Kennedy, 1973) because they are not true bio¬ 

logical species but sedimentary structures, and they are more variable 

than true biological species. 

Two types of traces were seen in the box cores: 1) surface traces 

and 2) burrows. Although many surface traces, such as burrow openings, 
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should connect into burrow systems below the sediment surface, they 

could not be traced in the cores and the structures could not be re¬ 

lated. Therefore, they are described separately. Surface traces 

have been classified in an informal scheme based on morphology and 

functional interpretation. 

Filled burrows have been classified in this work into existing 

ichnogenera whenever possible, but subdivisions of ichnogenera are 

on an informal basis, designated by letters. Given the variable nature 

of trace fossil morphology, it seems appropriate to retain this infor¬ 

mal system until more deep-sea cores have been studied from a variety 

of areas, and the divisions of the ichnogenera firmly established. 

Open burrows have been classified on an informal basis, based 

on their size, and general orientation. 

Traces are not unique to a specific animal. Depending on its 

behavior (crawling, feeding, etc.) an individual organism can produce 

a variety of traces (Hantzschel, 1962), or, conversely, the same trace 

can be produced by a variety of organisms (Seilacher, 1967). Conse¬ 

quently, the diversity of traces described below should not be regarded 

as reflecting the diversity of the benthic fauna where the sample was 

collected. 

Surface traces 

Preservation 

Surface traces were sometimes preserved in great detail because 

the box corer preserves an intact sediment-water interface. Evidence 

of animal activity was present on almost all cores. Most of these 

surface features were small, less than 5 cm in maximum dimension, and 
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were mainly burrow openings; yet bottom photographs (Ewing and Davis, 

1967, Heezen and Hollister, 1971) show an abundance of larger traces 

on the sea floor, some in areas where I collected box cores, as in the 

Gulf of Mexico. Possibly the surface area of the box sampler was 

too small to recover these larger traces in recognizable form, or they 

were destroyed when the cores were recovered and brought on deck of the 

ship (see Nature of the Samples). The diversity of surface traces 

was also low, even in places where animals were recovered, as in the 

San Diego Trough. Yet, I have participated on submersible dives into 

the San Clemente Basin and observed a wide variety of traces there. 

Some of the record of surface traces probably is lost during box core 

recovery. 

Classification 

I have classified the surface traces found in the box cores into 

four categories: 1) burrow openings, 2) mounds and ridges, 3) fecal 

pellets and fecal strings, and 4) trails. The four divisions include 

all surface traces I observed, no matter how rare they were. 

Another classification scheme has been attempted by Ewing and 

Davis (1967). They worked with larger features recorded on bottom 

photographs, and they set up a purely morphological scheme with six 

subdivisions: 1) ridges and sets of ridges, 2) lumps and sets of lumps, 

3) grooves and sets of grooves, 4) depressions and sets of depressions, 

5) sets of depressions and one or more grooves, and 6) sculptured 

strips. I did not see all of these categories, only 1), 2), and 4). 

Ewing and Davis did not record constructed burrow openings, probably 

because these are too small to be seen with a bottom camera. 
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Distribution 

Table 3 lists the types of surface traces observed on each core 

top. Many of these have a very simple form and could be produced by 

many organisms in several environments (e.g. Simple Openings). Some 

distinctive surface traces are restricted to specific areas. Branching 

tubes were only seen in the San Diego Trough, and the Hole Arrange¬ 

ments and Mound Arrangements were only seen in the Caribbean. There 

does not seem to be any significant distinction among assemblages 

found at different depths. 

Burrow openings 

Two types of burrow openings were observed, those with a tube 

above the sediment-water interface, and those without a tube. In 

this investigation, a tube is considered to be a hollow, cylindrical 

construction that is external to the animal. The tests of large 

benthonic foraminifera are not considered. 

The burrow openings shown in Figure 12 are examples of all the 

different types found on core tops. I attempted to relate some of 

them to burrows in the sediment by cutting through them, but all were 

filled with clay. 

External tubes 

Simple tubes * Fig. 12A 

These tubes are less than 5 mm high and 1 to 2 mm in diameter. 

They stand upright on the sea floor. Simple tubes are composed of 

mud with a few sponge spicules, and they are very soft and easily 

destroyed. These tubes were found on cores 100, 107 from the Cayman 

Trough; 200, 204, 206 from the Gulf of Mexico; and 303 from the San 



Table 3. Distribution of surface traces on cores where they 

were preserved. No distinction is evident in terms of water 

depth or geography, either in the distribution of surface traces 

or in the diversity of traces on core tops. 
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Diego Trough. 

Small, agglutinated tubes - Fig. 12B 

These tubes are 1 to 2 mm in diameter and up to 5 cm long. They 

are attached to the sea floor and have one end free. They lie flat 

when the cores are dry, but may have stood upright under water. These 

tubes are leathery and covered with the tests of a variety of planktonic 

foraminifera. Small, agglutinated tubes were found on cores 102, 104, 

106, 107 from the Cayman Trough; 200, 204-207, 209 from the Gulf of 

Mexico; and 300, 303, and 304 from the San Diego Trough. 

Large, agglutinated tube - Fig. 12C 

One large, agglutinated, upright tube was found that is 0.5 cm in 

diameter and 10 cm long. This tube could be traced 4 cm below the sedi¬ 

ment surface, but not into a burrow system. The portion of the tube 

projecting above the sediment surface is covered with discoid planktonic 

foraminifera of the species Globorotalia menardii, and G. tumida, which 

are arranged like bricks with the axis of coiling parallel to the long 

axis of the tube, and sponge spicules. The portion of the tube within 

the sediment is smooth and leathery, and composed of mud. The only ex¬ 

ample of this tube was found in core 106 from the Cayman Trough. 

Large, branching tubes - Fig. 12D 

These tubes are 10 cm long, and extend 5 cm below the sediment 

surface. They vary in diameter from 3 mm above the sediment to 6 mm 

in a bulb-like portion within the sediment. The part of the tube above 

the sediment surface branches alternately on opposite sides of the main 

tube, with branches spaced 3 to 5 ram apart. These branches are trun¬ 

cated, except the last one; it and the main stem flare, then taper to a 



Figure 12. Burrow openings. Bar equals 1 cm. 

A - D, External tubes 

A. Simple cylinder 

B. Small, agglutinated tube 

C. Large, agglutinated tube 

D. Large, branching tube 

E - H, Simple entrances 

E. Large opening 

F. Sma11, simple opening 

G. Arrangement of holes 

H. Rimmed opening 
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point. The tube is leathery and soft, dark green in color, with a brown 

lining in the center of the tube. These tubes were only found on core 

304 from the San Diego Trough, but they were abundant on its top surface. 

Simple entrances 

Large openings - Fig. 12E 

These openings are 0.5 to 1.0 cm in diameter, and usually have 

grooves radiating outward from the entrance. The opening itself is cir¬ 

cular and may extend several centimeters below the sediment surface. 

Attempts to trace these openings into burrow systems were unsuccessful, 

as they were filled with sediment below several centimeters. Large 

openings were found on cores 107 from the Cayman Trough; 201 from the 

Gulf of Mexico; and 300 and 302 from the San Diego Trough. Only one 

or two large openings were found on each core. 

Arrangements of holes - Fig. 12G 

These are simple openings that are 1 to 2 mm in diameter, arranged 

in a rhombohedral pattern. The individual holes are 3 to 5 mm apart. 

No connection to any burrow system within the sediment could be estab¬ 

lished. This pattern of openings was observed only on core 107 from the 

Cayman Trough, where there were two sets. 

Conical burrow openings - Fig. 14D 

These burrow openings are 1 to 2 mm in diameter with a broad, raised 

rim around the opening, extending up to 5 mm above the sediment surface, 

and forming a cone of sediment that extends up to 1 cm away from the 

opening. Conical burrow openings were found only on core 204 from the 

Gulf of Mexico where two examples were present. 
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Discussion 

Many of the burrow openings, particularly the external tubes, are 

distinctive and could be useful for environmental analysis if they were 

preserved in sedimentary rocks. The simple entrances are not as dis¬ 

tinctive except for the arrangement of holes. The rhombohedral pattern 

of this system of openings suggests a possible relationship to the trace 

fossil Paleodictyon. This trace consists of horizontal tubes in the 

sediment arranged in a hexagonal pattern like chicken wire (Hântzschel, 

1962), Presumably, such a system would need entrances from the surface 

for respiration, and these entrances could be arranged rhombohedrally 

to correspond to the hexagonal pattern of the burrow system below. No 

burrow system was observed associated with the arrangement of holes, 

however. 

Mounds and ridges 

I separated mounds and ridges on the same criteria used by Ewing 

and Davis (1967) to distinguish what they called "lumps and ridges," 

namely the length-to-width ratio of the feature. Mounds have a length- 

to-width ratio less than eight to one, whereas ridges have a length- 

to-width ratio greater than eight to one. 

Simple mounds 

The diameter of simple mounds is about 1 cm, the height is 3 to 

5 mm. They are rounded forms with no other distinguishing features 

about them. The simple mounds were found only on cores 200 and 204 

from the Gulf of Mexico. 

Simple ridges 

Simple ridges are about 5 cm in short dimension, and over 4 cm 
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in long dimension. They are 3 mm high and have a rounded form like 

simple mounds. Simple ridges were found on cores 100 from the Cayman 

Trough, and 201 from the Gulf of Mexico. 

Arrangements of mounds 

Arrangements of small mounds were seen on two Caribbean cores. 

The mounds are 3 mm in diameter, 1 mm high, and have a cylindrical form 

with a flat top. The arrangement is a rhombohedrâl pattern, with the 

individual mounds 1 to 2 mm apart. The arrangements of mounds were 

seen on core 107, where one set of arrangements of mounds occurred, 

and on core 108 where two sets occurred. 

Discussion 

Mounds and ridges have a simple basic form, and could represent 

fecal pellets and strings that have been partially buried or eroded. 

The arrangements of mounds are in the same pattern as the hole 

arrangements, and occur with arrangements of holes on core 107; this 

suggests that they may be formed by the same animal. Possibly, the 

arrangement of mounds represents fecal material, or sediment excavated 

to form a burrow system. The arrangements of'mounds is the most dis¬ 

tinctive surface trace I observed on all the cores. It would be an 

easily-recognized feature on bedding planes of sedimentary rocks, yet 

I have found no examples of this form in the trace fossil literature 

(e.g. H&ntzschel, 1962). This trace could be given a new name, except 

that it may be related to the trace fossil Paleodictyon (see Burrow 

Entrances, Discussion). I have chosen not to name this form until more 

material can be studied to see if the arrangements of mounds can be 

related to any burrow system. 
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Fecal pellets and fecal strings 

Recognizable fecal pellets were a very minor feature of the core 

tops I examined, and there were only two types present. Therefore, 

I have included a description of these pellets for completeness of 

the catalogue of surface traces only, and I do not intend this section 

to be a treatment of deep-sea fecal pellets. 

Small, oval, fecal pellets 

Ellipsoidal fecal pellets 2 to 3 mm in longest dimension were ob¬ 

served on the surface of core 201 from the Gulf of Mexico in a shallow 

depression. Many fecal pellets like these were observed on the surface 

of core 201 from the Gulf of Mexico in a shallow depression. Many fecal 

pellets like these were observed from shallow-water cores from the Gulf 

of Mexico (see Fecal Pellet-Packed Burrows). 

Large fecal strings 

Two types of large, cylindrical fecal strings, 0.75 to 1.0 cm in 

diameter, have been observed on core tops. These two types differ only 

in length; short pellet-like ones are 1.0 to 2.0 cm long, and long 

strings are 3 to 6 cm long. Short pellet-like strings were found on 

cores 102 and 105; longer strings were found on core 302. 

Trails 

One trail has been observed in this study. It is 0.75 cm wide, 

6 cm long and sinuous, with a wavelength between 0.5 and 1.0 cm. This 

trail was observed on core 302 from the San Diego Trough. The fact 

that only one trail was observed is unusual when considering the num¬ 

erous trails seen on bottom photographs (Ewing and Davis, 1967), and 

in Deep Quest dives I made into the San Clemente Basin. Many trails 
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may have been destroyed during retrieval of the samples (see Nature of 

the Samples). 

Burrows 

The most common sedimentary structures seen in my deep-sea cores 

are burrows. In areas of slow sedimentation, or high productivity, the 

cores are completely riddled by burrowing animals. 

The diversity of burrows is not great; I described only 14 types 

from all the cores, and the greatest diversity from one core is eight 

(core 210, Gulf of Mexico). Often, only one type of burrow was present 

in a bed. This low diversity contrasts with the high diversity of abys¬ 

sal benthic life obtained in dredge hauls. Sanders, 1969, recovered 

about 75 species of polychaetes and bivalves alone from the North Atlan¬ 

tic. Of course, not all these species are infaunal macrobenthos, and 

the dredge hauls cover a greater area than the box corer. However, slow 

rates of sedimentation should allow enough time for many of these spe¬ 

cies to leave burrows in the sediment in a smaller area, and many bur¬ 

rows are present even though very few live animals were recovered (see 

Methods for Recovering Live Benthic Infauna). Probably, the reason 

that so few different types of burrows are seen is that only the deep¬ 

est burrows are preserved and few organisms are deep burrowers, and that 

several species are capable of producing similar traces (Seilacher, 1967), 

if they have similar feeding strategy. 

Filled burrows 

Preservation 

Filled burrows are common in modern deep-sea sediments, but are 

often difficult to recognize due to the low color contrast between the 
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fill of the burrows and the matrix around them. Radiography is use¬ 

ful in detecting burrows, particularly in pelagic sediments. The color 

contrast between burrows and matrix increases with time so that burrows 

preserved in the geologic record are much more distinct (Seilacher, 

1964) . This is demonstrated in cores recovered by the Deep Sea Dril¬ 

ling Project, where burrows gradually become easier to see in older 

sediments (Ekdale, 1974). 

Burrows can be filled either actively by the organism, or passive¬ 

ly by physical sedimentation later on. Whether a burrow has been filled 

actively or passively is important in evaluating the mode of life of 

its occupant. Actively-filled burrows suggest that the occupant was 

a deposit-feeding organism who packed used sediment into the burrow 

soon after the burrow was formed. Passively -filled burrows suggest 

that the burrow was used for protection, or at least as a residence 

for the organism that did not obtain food from within the sediment (see 

Food in the Deep Sea). While it is true that the last-formed burrow 

of a sediment-processing organism will be passively filled after the 

animal dies, most burrows of the same morphology should be actively 

filled. An example is the marginal tube of Zoophycos (see Zoophycos). 

The following criteria have been used to evaluate the mode of life 

of the occupant of a burrow: 1) color of the fill, 2) texture of the 

fill, 3) geometry of the burrow, 4) presence of fecal pellets, and 

5) presence of zones leached of iron around the burrow. 

Color of the fill: If the color of the burrow fill coincides consis¬ 

tently with the color of the sediment deposited above the burrowed 

horizon in the core, this strongly suggests passive infilling. If the 

color of the fill is different from any other color present in the 
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core it can be due to one of two things: 1) a darker fill can be 

caused by reducing conditions caused by the decay of a carcass within 

a burrow, or 2) a lighter fill can be caused by an organism extracting 

organic matter from the sediment and lightening the color. 

Texture of the fill: If the texture of the fill correlates with the 

texture of the sediment above the burrow horizon, this suggests pas¬ 

sive infilling. Textural differences occur mainly where terrigenous 

sediments are overlain by foraminiferal mud. Textural similarity be¬ 

tween fill and matrix is inconclusive. 

Geometry: The geometry of a burrow system can give clues as to its 

function. Organisms that mine the sediment for food produce burrows 

that efficiently cover a volume of sediment (e.g. Zoophycos), or that 

consist of an elaborate gallery system that may branch, but never touch 

another gallery (e.g. Chondrites). Dwelling burrows are simple in 

geometry, often consisting of a simple, U-shaped tube (Seilacher, 1964). 

Fecal pellets: The presence of abundant fecal pellets within a burrow 

is a good indication that the organism ingested sediment for food. 

Leached zones: Some burrows have a zone of matrix around them that 

is lighter in color than the rest of the matrix. This zone may be 

indistinct (Planolites A), or distinct (Planolites E). This zone is 

interpreted as being due to the leaching of iron from the sediment due 

to slightly acidic conditions that exist in the burrow. These acidic 

conditions are caused by 1) respiration of the organism or 2) decay 

of the carcass after death (see Planolites E Discussion). On radio¬ 

graphs, burrows in carbonate ooze with light-colored zones in the matrix 
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also have denser zones as well. The acidic conditions around the bur¬ 

row may dissolve some carbonate and result in a concentration of clay 

with firmer packing in this zone. 

Any one of the above criteria alone are not conclusive in evalu¬ 

ating the function of a burrow. Taken together, however, they can be 

used as good evidence for active or passive infilling, and whether the 

organism was a sediment-ingestor, or fed on material in the water col¬ 

umn or sediment-water interface. 

Classification 

A taxonomic scheme of classification was used as much as possible 

for the eleven types of burrows recognized. Three ichnogenera were 

recognized: 1) Planolites, with five forms, 2) Chondrites with one 

form, and Zoophycos with one form. The remaining four types of filled 

burrows were classified informally as 1) sand mottles, 2) white mottles, 

3) vertical burrows, and 4) fecal pellet-packed burrows (each of these 

types is described fully in this section on Filled Burrows). This 

informal scheme was used instead of ichnospecies names because 1) there 

is difficulty in studying burrows in three dimensions in soft sediment, 

even in box cores, and 2) trace fossils are so variable that it seems 

advisable to wait until more material has been studied from more geo¬ 

graphical regions and environments to see if these divisions are viable. 

There are differences between the number of burrows I recognize and 

those recognized in DSDP cores. Three ichnogenera, identified in DSDP 

cores a,re not found in this study: 1) Thallasinoides (Ekdale, 1974), 

Teichichnus (Warme, 1973, Ekdale, 1974, Chamberlain, 1974), and 

Helminthoides (Chamberlain, 1974). More types of Zoophycos (four) 
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were found by Ekdale, and they were more common than in my cores* 

On the other hand, I recognize five types of Planolites as opposed to 

one from DSDP cores (Warme,1973, Ekdale, 1974), probably because I can 

better determine three dimensional geometry of these burrows* 

Distribution 

In this study of modern lebensspuren, samples have been collected 

1) from depths ranging from neritic to abyssal, 2) from six geographic 

localities, and 3) from four types of sedimentary environments* In the 

following section, I will relate the distribution of burrows to these 

factors. 

Geographic 

Table 4 lists the geographic distribution of burrows in my cores* 

No clear distinction can be made between the Gulf of Mexico and Carib¬ 

bean. Both these areas had the highest diversity of all areas sampled. 

This diversity may be due to the presence of more depositional environ¬ 

ments, and also due to the fact that different types of sediments make 

the traces easier to see in the cores. The San Diego Trough and North 

Pacific have similar diversity of traces, and each represents one sepa¬ 

rate environment. 

Of the filled burrows, the most widespread geographically are Plano¬ 

lites and Chondrites » which are found in all areas except the central 

North Pacific; and Planolites D, which is found in all areas except the 

Yucatan Basin. The burrows with the most restricted distribution are 

Zoophycos and fecal-pellet-packed burrows, found only in the Gulf of 

Mexico. 



Table 4. Occurrence of burrows in each of the cores studied. 
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Bathymetric 

Table 5 lists the different types of burrows and the water depth 

intervals in which they occur. The intervals are based on Hedgepeth's 

depth classification of oceanic environments (Hedgepeth, 1957). There 

is some distribution of burrows with respect to depth. Planolites B, 

Planolites E, the white mottles, and the sand mottles are restricted 

to bathyal and abyssal depths, and vertical clay-filled tubes are re¬ 

stricted to sublittoral to bathyal depths. Many burrows show no depth 

distribution at all. For example, Chondrites is found at all depth in¬ 

tervals. This depth distribution could be apparent. In the next sec¬ 

tion, I show a correlation between sediment types and burrow assemp 

blages. Pelagic sediments occur only in my cores that came from bathyal 

and abyssal depths, so burrows associated with that assemblage, such 

as Planolites A and Planolites E would also only occur at bathyal and 

abyssal depths. 

Sedimentologic 

A strong correlation exists between assemblages of burrows and the 

types of sediment these assemblages occur in. Table 6 relates these 

assemblages to the type of sediment they are found in. A distinction 

can be made between pelagic sediments and the rest of the sediments. 

Pelagic sediments are the only sediments in which Planolites E, the 

the sand mottles, and the white mottles occur. Planolites A is most 

common in pelagic sediments. The remaining types of sediment have 

Planolites C, Chondrites. and vertical burrows unique to them, and 

Planolites B, and Planolites D are most abundant in them. 

Vertical sequences in cores 105 and 106 from the Cayman Trough 

(Fig. 13), follow the pattern of correlation between burrows and 



Table 5* Depth distribution of burrows observed in this study. 

The depth classification is from Hedgepeth {1957). The numbers 

under the depth intervals are the total number of cores taken 

in each interval. The number of cores in which each type of 

burrow was observed are given for each depth interval. Shallow- 

water environments (Neritic and Upper Bathyal) are under-repre¬ 

sented. Nevertheless, some restriction with resprct to water 

depth is evident for some traces. For example, Planolites E 

and white mottles occur only in Lower Bathyal and Abyssal depths. 
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Neritic Bathyal Abyssal 

Upper Lower Upper Lower 

0-100m 100-200m 200-1000m 1000-4000m >4000m 

Number of 
cores 

1 1 4 13 13 

Planolites A 1 3 8 6 

Planolites B 5 3 

Planolites C 1 4 1 

Planolites D 1 1 3 7 2 

Planolites E 1 2 9 

Chondrites 1 1 9 4 

Zoophycos 1 

Vertical tubes 1 1 2 

Sand mottles 1 2 3 

White mottles 1 2 

Fecal packed 1 



Table 6. Distribution of burrows with respect to their 

occurrence in different types of sediment. Estimates of the 

abundances of each type of burrow are given. 

Pelagic sediments are dominated by Planolites A, Plano- 

lites D, Planolites E, white mottles, and sand mottles. 

Hemipelagic sediments are dominated by Planolites B, Plan* 

olites C, Planolites D, and Chondrites. Turbidites are 

dominated by Planolites B, Planolites D, and Chondrites. 

Bottom-current sediments are dominated by Planolites B, 

Planolites D, and Chondrites. All burrows found in pelagic 

sediments are passively filled; most of those found in 

hemipelagic, turbidite, and bottom-current sediments are 

actively filled by the animal. 
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Figure 13. Burrow assemblages for cores 105 and 106 from the 

Western Cayman Trough. The burrow assemblages correlate with 

the depositional mechanisms for each type of sediment. 
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sediments. Chondrites is most abundant in bottom-current sediments, 

and Planolites A is most abundant in pelagic sediments. 

Ichnogenus Planolites Nicholson 1873 

The ichnogenus Planolites is a generalized type of burrow commonly 

encountered in the geologic record. HÜntzschel (1962) described these 

burrows as n... about 1 cm wide, penetrating sediment in irregular 

course and direction; sand and silt of filling brought in by animals...11. 

Frey (1970) altered this definition by extending the size range from 

0.5 to 1.2 cm in diameter. These burrows have an orientation ranging 

from horizontal to steeply-inclined. They are straight to gently curved, 

simple cylindrical shafts that may branch. I have extended the range 

of diameter for Planolites burrows down to 2 mm and up to 3 cm, because 

burrows with the same geometry as Planolites have this size range. 

I have recognized five types of Planolites, which have been given 

the informal letter designations A through E. The criteria for dif¬ 

ferentiating these burrows are 1) size, 2) orientation, whether hori¬ 

zontal or steeply inclined, and 3) fill of the burrow, whether foramini- 

feral sand or mud. Each type of Planolites is distinguished from the 

others by two or more of these criteria. Planolites is a useful term 

for describing simple, tubular traces seen in sediments, since most 

workers in deep-sea sediments only see burrows in two dimensions on 

core faces. 

Planolites has been recognized from deep-sea sediment cores (Donahue, 

1971, Ekdale, 1973, Warme et al., 1973, Ekdale, 1974), but the ichno¬ 

genus has not been subdivided in these studies. One of my types of 

Planolites » Planolites E, has been classified as "halo burrows11 by 

Donahue (1971), and as a new ichnogenus, Cylindrichnus by Ekdale (1974). 
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This burrow has a zone of altered sediment around it that is markedly 

lighter in color than the burrow fill and matrix. As explained in 

Planolites E discussion, this altered zone is not produced directly 

by the animal, but is an indirect result of respiration by the animal. 

Without the altered zone, the burrow is a simple, horizontal to gently- 

inclined burrow. I see no justification in erecting a new ichnogenus 

name for this form, and have classified it with Planolites because its 

morphology is consistent with descriptions for that ichnogenus (see 

above). 

Planolites À - Fig. 14 

Description: On vertical core cuts, Planolites A burrows have a cir¬ 

cular to elliptical outline (Fig. 14A). They are horizontal burrows, 

from 2 to 5 mm in diameter. The fill consists of mud that is lighter 

or darker in color than the matrix surrounding the burrows \ and gener¬ 

ally conforms to the color of the sediment 6 to 10 cm above the burrows, 

indicating passive filling by normal sedimentation after the burrows 

were formed. Depth of burrowing is between 4 and 10 cm. Open burrows 

of the same size and orientation as Planolites A were found, also indi¬ 

cating that these burrows were maintained as open systems (Fig. 14C). 

The walls of these open burrows were either smooth or marked by annular 

rings consisting of small furrows impressed into the burrow wall (Fig. 

14C) . 

Radiographs of filled Planolites A burrows have the same density 

to X-rays as the matrix, indicating that the fill and matrix are simi¬ 

lar material. On the contact prints of radiographs in Fig. 14D the 

burrows have dark outlines, indicating that they are surrounded by 



Figure 14. Planolites A. 

A. Three-dimensional reconstruction of Planolites A 

made from serial sections of core 105. The annular 

rings around the burrow represent the cuts of the 

serial sections. 

B. Appearance of Planolites A on vertical slice from 

core 106. The darker pelagic cap above is carried 

down into lighter sediment below in burrow fills. 
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Figure 14. Planolites A. 

C. Open burrow of geometry similar to Planolites A, recon¬ 

structed from serial sections from core 107. 

D. Open burrow of geometry similar to Planolites A showing 

annular impressions on the interior of the burrow. Such 

rings may be produced by repeated impressions by poly- 

chaete parapodia. 

E. Radiograph of open burrows with the same geometry as 

Planolites A. The slightly denser region around the 

burrow can be seen, as well as the small-diameter burrows 

extending to the surface. The depth of burrowing is 5 

cm. This example is from core 106. 
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a zone of denser material. The radiographs also reveal accessory tubes 

of smaller diameter leading to the surface (Fig. 14E). 

Three-dimensional reconstructions of Planolites A confirm their 

horizontal nature, and also that their diameter is fairly uniform. 

They may be straight or curved. 

Occurrence: Planolitesi A were found in all Cayman Trough cores except 

100 and 107; Gulf of Mexico cores 200, 204, 206, 207, and 209; and 

San Diego Trough cores 300 to 303. They were most common in pelagic 

sediments and were rare or absent in turbidites and sediments deposited 

by bottom-currents. 

Discussion: Most of the evidence points to this type of burrow system 

remaining open during the time the animal occupied it. No fecal pel¬ 

lets have been observed in these burrows, and all were filled with ma¬ 

terial similar to the type of sediment above the unit containing the 

burrows. Also, many examples of open burrows of this morphology were 

noted. The annular impressions on the interior of the burrow imply 

that the organism may have passed through the burrow many times, with 

appendages producing and accenting these impressions. Therefore, this 

type of burrow would appear to be a dwelling burrow that was kept open 

for respiration and possibly for food gathering. The surface openings, 

much smaller in diameter than the main body of the burrow system (Fig. 

25G), would indicate that the organism rarely or never left the burrow 

system. Also, it periodically shifted its connection to the surface 

and established a new system of surface openings. 

Two possibilities for the function of this system seem possible. 

One, as an exit system for a sediment-consuming organism, and second 
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as the dwelling burrow of a suspension-feeder. The first possibility 

seems less likely of the two, as there is little evidence for a sys¬ 

tematic behavior of "mining" the sediment for food, as is present in 

the ichnogenera Zoophycos and Chondrites. Fig. 14G indicates that the 

burrows have two openings to the surface. This would seem likely if 

the organism feeds on suspended matter in the water and needs both an 

incurrent and excurrent tube. No large mounds have been noted on the 

surfaces of any cores collected, although this is not a requirement 

for a mud-feeding organism if it disposes of sediment in the substrate, 

as does Chondrites (see below). Finally, these burrows are most common 

in pelagic sediments. They are not common in rapidly-deposited sedi¬ 

ments such as turbidites or bottom-current sediments, although they 

do become common when bottom-currents wane as in the upper part of 

Core 106 from the Cayman Trough, implying that the organism forming 

Planolites A thrives best where sedimentation is slow and suspended 

organic matter settles through the water column, and possibly where 

weak bottom-currents are active. 

Planolites A burrows are possibly produced by polychaete annellids. 

The annular rings on the burrow walls could be produced by repeated 

impressions of polychaete parapodia. Also, living polychaetes were 

recovered from burrows in the San Diego Trough which, although nearly 

vertical, are similar in size and shape to Planolites A. 

Planolites B - Fig. 15 

Description: On vertical core cuts, Planolites B is seen as steeply- 

inclined, linear burrows 2 to 5 mm in diameter. The burrow fill is 

foraminiferal mud or clay that is lighter or darker than the surrounding 



Figure 15* Planolites B. 

A* Three-dimensional reconstruction of Planolites B made 

from serial sections of core 210 from the Gulf of 

Mexico. Annular rings represent individual cuts 

through the burrow. 

B. Appearance of planolites B on a vertical core slice 

of core 208 from the Gulf of Mexico. Burrows appear 

with fill both lighter and darker than the matrix. 

Lower sketch outlines the burrows of the photograph 

above. Note the sand bed (stippled) disturbed by 

burrowing. 

C. Radiograph of open burrows resembling Planolites B 

from core 200 from the Gulf of Mexico. 



78 

Icm B 

D
IE

T
Z

O
K

H
 



79 

matrix, but usually it is lighter and different from the color of any 

other sediment in the core. Depth of burrowing is 15 to 20 cm. Ex¬ 

amples of open tunnels similar in size and orientation to Planolites 

B were observed. 

Radiographs show a slight difference in density between the fill 

of Planolites B and the matrix, with the fill being less dense (lighter 

on the contact prints of the radiographs). The diameter of the burrows 

is uniform with each system. 

Three-dimensional reconstructions of Planolites B shows that they 

are steeply-inclined, with blind-ended branches extending toward the 

surface. 

Occurrence: Planolites B is found in cores 101, 102, 106, and 107 from 

the Cayman Trough; and in cores 200, 207, 209, and 210 from the Gulf 

of Mexico. 

Discussion: Some of these burrows probably did not remain open for long 

after the animal passed through the sediment. They lack the denser 

rims that result from being maintained as open burrows, and do not have 

sharp outlines on radiographs. Also, few examples of open burrows of 

this morphology were noted, other than in the San Diego Trough. The 

sediment filling these burrows resembles the matrix surrounding them 

but the color is often lighter, and not of a color found elsewhere in 

the core. This suggests that the animal may ingest sediment, derive 

food from the sediment, and excrete it soon after the burrow is formed. 

Therefore, these burrows are likely formed by infaunal detritus feeders. 
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Planolites Ç - Fig. 16, 17 

Description: On vertical core cuts, Planolites C burrows show up 

as burrows of circular cross section filled with foraminiferal sand. 

These burrows are horizontal, with a diameter of 1 to 2 cm. The sandy 

fillings are discontinuous, and differ in grain-size distribution from 

the pelagic sediments above them. The burrow fillings are better sorted, 

and contain a lesser amount of clay matrix. In Fig. 17, the size-fre¬ 

quency distribution of a sample from a burrow fill is compared with 

a sample from< foraminiferal mud 7 cm above in core 208. The higher 

2.0 to 2.5*5 modal peak of the sandy fill of the burrow distinguishes 

it from the foraminiferal mud. The color of the fill is tan, and is 

lighter than the matrix surrounding the burrow. The depth of burrowing 

is up to 25 cm. 

Radiographs confirm the horizontal nature of the burrows, as well 

as the discontinuous nature of the fill. The sandy filling is clearly 

visible. 

Three-dimensional views of Planolites C show that the burrow dia¬ 

meter varies irregularly within each system. The burrows may be slight¬ 

ly inclined as well as horizontal. 

Occurrence: Planolites C was found in Cayman Trough core 105; and Gulf 

of Mexico cores 202, and 206 to 209. They were most common in terri¬ 

genous clays below the pelagic foraminiferal mud capping the core. 

Discussion: The burrow fill suggests that the organisms forming Plano¬ 

lites C burrows are reworking a considerable volume of sediment, and 

repacking larger planktonic forams into their burrows, rather than 

ejecting them from their burrow system. This reworking could be part 



Figure 16. Planolites C'. 

Appearance of Planolites C on a vertical slice of core 

207 from the Gulf of Mexico. The pelagic sediment that 

fills this burrow caps the core 15 cm above the field of 

view. 
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Figure 17. Planolites C. 

Comparison of grain-size distribution between planolites 

C burrow filling of planktonic foraminiferal sand and the 

overlying pelagic sediment from core 207. 
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of a feeding pattern, or part of the process of constructing new burrows. 

Planolites D - Fig. 18 

Description: Recognition of Planolites D in core sections is usually 

difficult due to the low color contrast between the burrow fill and the 

surrounding matrix. It is a horizontal burrow, with an irregular out¬ 

line that is roughly circular to elliptical. The fill material is clay 

to foraminiferal mud that is either lighter or darker than the matrix; 

and this color, as well as texture, corresponds to the sediment above 

the burrow. This suggests passive infilling of the burrow system by 

physical sedimentation. Depth of burrowing is between 10 and 20 cm. 

On radiographs, Planolites D is difficult to distinguish due to low 

density contrast between burrow fill and matrix. 

Three-dimensional reconstructions of Planolites D reveal that the 

burrow diameter can change rapidly within each system (Fig. 18A). 

Vertical extensions of smaller diameter may also occur (Fig. 18C). 

Occurrence: Planolites D was found in cores 106 from the Cayman Trough; 

200, 202, 204, 207, 209, and 210 from the Gulf of Mexico; 300 to 304 

from the San Diego Trough; ,305-307 from the San Clemente Basin; and 

404 from the central North Pacific. These burrows were most common 

in turbidites from the Gulf of Mexico and California Borderland, 

Discussion: The subdued aspect of these burrows, their lack of altered 

zones, and their relatively shallow depth of burrowing suggest that 

these burrows were open for only a short time. The lack of a visible 

rim indicates that respiration by the organism does not affect the sur¬ 

rounding sediments (see Planolites E» p. 89). The temporary nature of 



Figure 18. Planolites D. 

A. Three-dimensional reconstruction of Planolites D from 

serial sections of core 104 from the Cayman Trough, 

Annular rings represent core cuts used for the recon¬ 

struction. 

B. Appearance of Planolites D on a vertical slice from 

core 209* The mud filling the burrows has a higher 

content of planktonic foraminifera than the surround* 

ing matrix, suggesting passive infilling by physical 

sedimentation. The burrows in the upper half of the 

photograph have been reburrowed later. 
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Figure 18. 

C. Reconstruction of Planolites D system from serial 

sections from core 104 from the Cayman Trough. This 

burrow system has vertical extensions of smaller 

diameter that are connected to tne main system by 

horizontal burrows of smaller diameter. 
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these burrows suggests that they were produced by sediment-ingestors, 

or were filled quickly by physical sedimentation. Figure 29C shows 

a three-dimensional reconstruction of a Planolites D system, with 

smaller horizontal and vertical tubes joining it. These smaller tubes 

might be for respiration. 

Planolites E - Fig. 19 

Description: In vertical core cuts, Planolites E burrows are seen as 

rings that are lighter-colored than the matrix. They are 1.5 to 2.0 

cm in diameter, and the ring varies in thickness from 1 to 5 ram. The 

rings are light tan to cream colored. The burrow fill within the ring 

is usually the same color as the matrix around the burrow, or it may 

be darker. The rings are often reburrowed later by smaller burrowers 

(Fig. 19A) . One open burrow of this geometry, with a light-colored 

ring, was found in core 100 from the Cayman Trough (Fig. 19D). This 

open burrow has scratch marks on the wall, suggesting a crustacean 

occupant. 

Radiographs of Planolites E show that the zone of altered material 

around the burrow is less dense than the fill and matrix. 

Three-dimensional views of the burrows show that they are horizon¬ 

tal to slightly-inclined cylinders of uniform diameter. The thickness 

of the light-colored rim is uniform throughout the length of the burrow. 

Occurrence: Planolites E was found in cores 100, 101, and 104 from the 

Cayman Trough; 200, 204, and 210 from the Gulf of Mexico; and 400 to 

405 from the central North Pacific. They occurred only in pelagic sedi¬ 

ments, either foraminiferal mud, or red clay. 



Figure 19. Planolites E. 

A. Appearance of Planolites E on a vertical slice from 

core 405 from the central North Pacific. 

B. Slices through core 405 showing the three-dimensional 

nature of Planolites E. The upper surface is a 

vertical slice, the middle surface is an inclined slice, 

and the lower surface is a horizontal slice. The 

burrow is straight, with uniform diameter. 

C. Closeup photograph of an open burrow similar to Plan¬ 

olites E from core 100 from the Cayman Trough. The 

light-colored zone has formed wmle the burrow is still 

open, so the alteration of this zone occurrs before 

the burrow is filled. 
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Discussion: The altered zone around these burrows deserves further 

comment, because an explanation of its cause can be used to interpret 

the ethology of the burrow, as well as aid in its classification. 

Four explanations for the formation of this ring seem possible: 1) it 

is a construction made by the organism during life, 2) it is a chemical 

alteration of the sediment occurring during the life of the organism, 

3) it is a chemical alteration occurring after the death of the or¬ 

ganism, but before the filling of the burrow, and 4) it is a post-bur¬ 

row-filling chemical reaction occurring along a former burrow wall. 

The last example seems unlikely, since open burrows with the altered 

zones have been observed. 

Three specific observations have been made on these rims which aid 

in their interpretation. First, those that occur in foraminiferal ooze 

show no differences in the abundance of foraminidera of the sediment 

in the rim as opposed to the matrix. If an organism were actively re¬ 

packing sediment along a wall, some difference in sorting might be ex¬ 

pected. Second, a crude "geopetal" structure is noted in many examples, 

indicating that some filling of the burrow occurred while the rim was 

forming, and the cause of the rim also affected the infilling sediment. 

Third, while cutting and processing cores from the red clay region of 

the North Pacific, a lighter rim was observed around the positive elec¬ 

trode of the slicing knife, in this case an iron nail, that resembles 

these haloes. Three explanations for this feature are proposed: 1) 

t' 
the electrode atrracts water to itself, and this increased water content 

of the sediment alters its color, 2) iron is added to the sediment, or 

3) the chemical environment of the sediment is altered. The first 

possiblity is discounted because the negative electrode also attracts 
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water to itself, yet no rim is observed around it. The second possi¬ 

bility turns out to be a fact, as the nail slowly corrodes as it is 

used for an electrode. The third possibility seems to have merit be¬ 

cause a copper electrode also produces a rim. An anode in an aqueous 

solution produces weakly acidic conditions around itself due to the 

following reactions (Sienko and Plane, 1966, p. 3017): 

Anode reaction: 

2H2° °2(g) + 4H+ + 4e" Acid 

Cathode reaction: 

2H20 + 2e“ H2(g> + 20H" Base 

The solubility of the material coloring this sediment, is depen¬ 

dent on the pH of the sediment. In acidic conditions, more leaching of 

Fe^^ occurs. This could easily lighten the sediment color. This phe¬ 

nomena has been cited as the cause of mottled coloring in tropical 

soils and red beds (Van Houston, 1968). In support of this idea, ap¬ 

plication of acid to red clay produces a color change identical to 

the color of the altered zone of Planolites E after a period of time. 

Similar zones have been observed on Planolites A, and on the mar¬ 

ginal tube of Zoophycos burrows (see Zoophycos). Their presence is 

believed to be diagnostic for burrows maintained as open burrows for 

a considerable period of time for respiration by the organism. 

Applying these ideas to the light-rimmed burrows, it seems reason¬ 

able that respiration of the organism that formed the burrows will 

create slightly acidic conditions in the burrow, owing to the build¬ 

up of C02. These acid conditions would prevail as long as the organism 

lived in the burrow; upon death, decay of the carcass,pellets, mucous 

linings and so on, would increase these acid conditions due to a build- 
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up of ^S, along with a lack of circulation. The geopetals suggest 

that the first infilling sediments were altered by the acidic conditions 

of the burrow. 

The evidence suggests that these burrows were maintained as an open 

system during the life of the organism. Slightly acidic conditions 

resulting from its respiration, and perhaps bacterial growth, altered 

the burrow wall, changing some iron in the sediment from ^^O^’n^O 

to Fe (0H)2. This process continued after the death of the organism, 

until normal pH returned to the system, then normal red clay filled 

the rest of the system. 

Ichnogenus Chondrites Sternberg 1833 - Fig. 20 

Chondrites is a distinctive trace fossil commonly seen in sedimen¬ 

tary rocks. Several authors have described Chondrites in detail. 

Best known is Simpson’s description (1957, p. 484), and his reconstruc¬ 

tion is shown in Figure 20A. Several distinguishing features are: 

1) the system has several orders of branching, 2) the first branches 

commence at the ends of the main stems and later ones are placed pro¬ 

gressively closer to the center of the system, 3) several main shafts 

extend to the surface, 4) the average branching angle is 30°, 5) the 

system exhibits phobotaxis, or the avoidance of areas previously- 

burrowed by Chondrites only, 6) most higher-order branches are in a 

horizontal plane, and 7) the diameter of the burrows is constant. 

Not all examples of Chondrites show all these characteristics. Tauber 

(1949) recreated the form with one main shaft and several higher-order 

branches from it. Not all Chondrites-like burrows show phobotaxis 

(Simpson, 1957), and not all higher-order branches are in a horizontal 

plane (Osgood, 1970, Fig. 10). 



Figure 20. Chondrites » 

A. Three-dimensional reconstruction of Chondrites, from 

Simpson (1956, p. 484), 

B. Vertical slice from core 206 from the Gulf of Mexico 

with Chondrites (above), and sketch (below) tracing 

the extent of the burrow system. 
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Figure 20. Chondrites. 

C. Chondrites from core 207 from the Mississippi fan of 

the Gulf of Mexico showing individual systems of down¬ 

ward-directed, branching burrows. 

D. Dense concentration of Chondrites in transitional beds 

between Mississippi fan clays ana silts below, and 

pelagic sediments above, from core 207 from the Gulf 

of Mexico. The sediment in this vertical core slice 

is green silty mud. 
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Chondrites is one of the most common lebensspuren observed in my 

cores. Only one form of this trace has been recognized, although the 

diameter of the shafts does vary. 

Description: Chondrites is seen on cut core sections as a cluster of 

small, 1 mm diameter burrows that radiate downward from a central stem. 

(Fig. 21A) . Chondrites from the California Borderland are larger, about 

3 mm in diameter. One example, from core 206 (Fig. 20B), shows the 

characteristic branching pattern. The individual burrows in the system 

are long, at least 6 cm. Most Chondrites are lighter in color than the 

matrix, but some, especially those from the Cayman Trough, are darker. 

The color of the burrow fill is seen nowhere else in the core. No open 

burrows in this branching pattern were observed, but there are many 

small, straight, open burrows associated with Chondrites in some box 

cores (Fig. 20C). Possibly, some of these open burrows might be open 

Chondrites burrows. No animals were seen in these open burrows. 

Chondrites is difficult to see on radiographs, partly because of the 

small burrow diameter, and partly because of the low density contrast 

between the burrows and matrix. 

Three-dimensional reconstructions were not attempted on Chondrites 

because of the small diameter of the burrows, and the fact that several 

burrows were seen on each cut section, making them difficult to trace. 

Occurrence: Chondrites was found in most of the cores I studied: 104- 

106 from the Cayman Trough; 200,^202, 204, 207, 209, and 210 from the 

Gulf of Mexico; 300 and 301 from the San Diego Trough, and 305 to 307 

from the San Clemente Basin. Chondrites was not observed in pelagic 

sediments, it was common in turbidites, and it was most abundant in 
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transitional beds between turbidites and pelagic sediments, or in clay 

beds above sands deposited by bottom-currents. 

Discussion: Observations made on this burrow system can aid in an 

ethological interpretation. The color of the infilling sediment of the 

system, different from sediment in the rest of the core, plus the fact 

that no system entirely open was observed in the cores, suggests that 

filling was done by the animal and not by subsequent sedimentation, 

as suggested by Simpson, (1957, p. 480) and Osgood (1970, p. 338). 

The complex burrow system might be a necessity if the organism that 

formed the Chondrites system needed an opening to the surface for res¬ 

piration purposes. The nature of the branching burrows suggests that 

they were formed by probings into the sediment, while maintaining an 

open connection to the surface for respiration, and that the animal fed 

on organic matter in the sediment thus lightening the sediment color. 

Zoophycos Massalongo 1855 - Fig. 21 

Many forms of the ichnogenus Zoophycos have been described (Pli£a, 

1970; Simpson, 1970). All forms have a "spreite", or web, produced 

by successive burrowing of the sediment near a previous burrow (Fig. 

21A) so as to maintain contact with that previous burrow. The spreite 

is oriented in a horizontal or gently-inclined plane, or spiral, that 

is directed downward. Vertically-cut sections of spiral burrows show 

successive levels of the same spiral (Fig. 21A). Many forms of Zoophy¬ 

cos have a tube around the perimeter of the system, called the marginal 

tube, that encloses the spreite and continues to the sediment surface 

(Simpson, 1970). Commonly, repacking of the sediment by the animal 

produces a chevron pattern of fecal material that is seen when the bur- 



Figure 21. Zoophycos. 

A* Idealized view of Zoophycos. Three-dimensional view 

on the left, witn a cross section on the right. The 

right-hand view shows the marginal tube, and chevrons 

of reworked sediments (modified from HMntzschel, 1962, 

p. w219). 

B. View of Zoophycos in vertical core slice from core 210 

from the Sigsbee Abyssal Plain of the Gulf of Mexico. 

Notice that it cuts Planolites D burrows, indicating 

that Zoophycos-forming animal lives deeper in the 

sediment• 

C. Closeup view of Zoophycos showing fecal pellets packed 

in concentric arcs. Burrowing was from right to left. 

Right view is a sketch of burrow outlines. Stippling 

indicates Planolites D, white circles are portions of 

Chondrites systems, and black ovals are fecal pellets 

of Zoophycos system. 
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Figure 21. Zoophycos. 

D. Three-dimensional reconstruction of Zoophycos, made 

from serial sections from core 210 from the Gulf of 

Mexico. The marginal tube is indicated, and the 

spreite is suggested by the concentric lines between 

the tube. Heavy solid lines are the locations of 

core cuts made for the reconstruction. 

E. Horizontal slice made through the Zoophycos system 

shown above. The arrangement of fecal pellets forming 

the spreite, and portions of the marginal tube can be 

seen. 
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row: system is cut vertically. The chevrons have their apices directed 

away from the marginal tube (Fig. 21A) . 

Zoophycos is common in the geologic record in rocks from Ordovician 

age (Seilacher, 1964) to Tertiary age (Hantzschel, 1962). This trace 

fossil has been used by Seilacher (1967) as an indicator of deep-water 

depositional environments, but examples have been recovered from sedi¬ 

mentary rocks deposited in shallow water (Warme and Olson, 1971), es¬ 

pecially in the Paleozoic. Zoophycos has been reported in the deep 

sea from piston cores (Seilacher, 1967; Donahue, 1971), and in DSDP 

cores (Warme, et al., 1973; Ekdale, 1973, 1974; Chamberlain, 1974). 

Description: One specimen of Zoophycos was found in the Sigsbee Abyssal 

Plain of the Gulf of Mexico. It consists of a gently-inclined spreite 

15 cm across, filled with fecal pellets arranged in concentric chevrons 

(Fig. 21B). The thickness of the spreite is 2 mm. The individual fe¬ 

cal pellets are 0.5 mm in long dimension. A plane-view cut shows the 

spreite and marginal tube very well (Fig. 21E). The pellets are ar¬ 

ranged in rows with the individual rows separated from each other by 

light-colored matrix. The color of the pellets is darker than the ma¬ 

trix. The color of the marginal tube is similar to the color of the 

pelagic foraminiferal mud above the burrow, and this tube has a zone 

of lighter-colored sediment around it. This burrow system is 20 cm 

below the pelagic cap, indicating the depth of burrowing of the ani¬ 

mal . 

The burrow system is difficult to see on radiographs due to the 

small size of the spreite, and the pellets that fill it. 

The three-dimensional reconstruction in Fig. 21D shows the extent 

of the spreite, and the marginal tube. 



Figure 22. Zoophycos * 

Idealized reconstruction of the manner of feeding of 

Zoophycos » Two types of sediment are present in the spreite, 

dark-colored fecal pellets arranged in rows, and lighter- 

colored sediment between. The lighter-colored sediment repre¬ 

sents sediment that has been processed by the animal for food 

and plastered on the inner wall of the tunnel. The animal 

then presses fecal pellets against the inner wall and builds 

up a pair of laminae of processed sediment and fecal pellets. 

This reconstruction is similar to Simpson's (1970) with the 

addition of fecal pellets. 
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Occurrence: Zoophycos was found only in core 210 from the Sigsbee 

Abyssal Plain of the Gulf of Mexico in sandy mud interpreted to be the 

upper part of a bottom-current sediment. 

Discussion: Zoophycos is probably produced by an infaunal, sediment- 

injesting organism. The pellets indicate the route of feeding. The 

organism deposited the pellets in a series of successively larger loops 

concentric with the marginal tube. The pellets occur in rows, with 

intervening areas that are free of pellets. Probably, the organism 

used some selectivity in sorting food from the sediment before injest- 

ing it. The sediment was taken from the outer wall of the tube and pro 

cessed for food (Fig. 22). This processed sediment was pressed against 

the inner wall, then pellets were packed against it afterward. The 

organism fed in only one portion of the marginal tube at one time, and 

as feeding progressed, a lobe of the spreite grew laterally. This 

elaborate manner of continually pressing reworked sediment against the 

inner wall of the marginal tube would seem to be a necessity if the 

tube had to be kept open for respiration. The marginal tube surrounds 

the spreite system and returns to the surface. It was probably main¬ 

tained as an open burrow by che animal, since it is filled by sediments 

deposited later. This tube, with a lighter zone around it, is shown 

in Fig. 21E. The evidence above suggests that the marginal tube was 

used for respiration,. 

Sand mottles 

Description: Sand mottles are seen visually on cut core surfaces as 

irregular patches of foraminiferal sand within a mud matrix. The size 
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of these mottles varies from 3 mm to 1 cm, and they are not continuous. 

These patches can be seen easily on radiographs, and their dis¬ 

continuous nature is confirmed. 

Three-dimensional reconstructions were made by cutting into the 

core face. No continuity to other burrow systems was found. 

Occurrence: Sand mottles were seen in cores 100, 102, 104, and 106 

from the Cayman Trough; and 200, 204, and 210 from the Gulf of Mexico. 

They occurred only in pelagic foraminiferal mud. 

Discussion: Although it is difficult to demonstrate that these mottles 

are of biological origin, the concentration of sand grains in a more 

random fabric suggests biological reworking. Possibly, the sand mot¬ 

tles represent reworked Planolites C burrows. 

White mottles 

Description: White mottles are light-tan patches of irregular outline 

that are lighter than the matrix around them, that vary in size from 

5 mm to 1 cm. 

White mottles were never identified on radiographs; this might 

be due to a low density contrast between the mottles and the matrix, 

or due to their small size. 

Cutting into the core face confirmed the discontinuous nature of 

these mottles, and that they do not connect with any other burrow sys¬ 

tem. 

Occurrence: White mottles were seen in cores 101 from the Cayman 

Trough, 210 from the Gulf of Mexico; and 405 from the central North 

Pacific. These mottles were found only in pelagic sediment. 
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Discussion: Like the sand mottles, the white mottles are of uncertain 

origin. In some cases they may be the result of reducing conditions 

in the sediment, as around a rotting carcass, which could alter the 

color of the sediment by reducing the iron so it could be leached out. 

The light mottles could also be due to reburrowing of Planolites E 

burrows. All examples of white mottles occurred in cores that also 

contained Planolites E. 

Vertical burrows 

Even though vertical burrows are the same size and shape as Plano¬ 

lites , they are distinguished from Planolites on the basis of orienta¬ 

tion as an aid in examining core slices. On vertical core cuts, which 

are the most common way of viewing cores, there is a marked difference 

between Planolites, which appears as a circle or ellipse in cross sec¬ 

tion, and vertical burrows, which appear as a straight shaft. 

Description: Vertical burrows are up to 15 cm long and 0.5 to 1.0 cm 

in diameter. There are two types, those filled with sand, and those 

filled with clay. The color of the burrow fill is lighter than the 

matrix. The sand-filled burrows are slightly larger in diameter, about 

1 cm, whereas the clay-filled burrows are about 0.5 cm in diameter. 

The burrow diameter remains constant for each burrow. 

Radiographs confirm the straight, vertical orientation of these 

burrows. The fill material is less dense to X-rays than the matrix. 

No new information of burrow geometry is added by three-dimensional 

reconstructions. These burrows have not been traced into any horizontal 

burrow systems. 

Occurrence: Vertical burrows were found in cores 204, 208, and 210 
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from the Gulf of Mexico, and core 302 from the San Diego Trough. These 

burrows were most common in terrigenous clays. The sand-filled burrows 

were found only in cores with a cap of foraminiferal ooze, whereas the 

clay-filled burrows were found both in cores with and without a pelagic 

cap. 

Discussion: The type of burrow fill present in the vertical burrows 

suggests that they were filled by passive infilling. A burrow fill of 

pelagic sediment is always associated with a pelagic cap on the core. 

These burrows may have been access burrows to deeper systems for res¬ 

piration by the organism. Short vertical tubes have been observed with 

Planolites D (see above). 

Fecal-packed burrows 

Description: Fecal-packed burrows are horizontal and vertical burrows, 

with the horizontal sections more extensive. The diameter of the bur¬ 

row is 2 to 3 mm, and is uniform throughout the length of the burrow. 

These burrows are packed with medium-sized, oval fecal pellets 1.5 to 

2 mm long, packed with their long axes normal to, or at a high angle 

with, the burrow wall. No difference in color is observed between the 

pellets and the matrix around the burrows. 

Radiographs reveal the pellets in sharp detail, and confirm the 

horizontal and vertical orientation of the burrows. 

Three-dimensional reconstructions were unnecessary for these bur¬ 

rows, as their geometry was obvious from core sections and radiographs. 

Occurrence: Fecal-packed burrows were only present in core 204 from 

the Gulf of Mexico that was composed entirely of terrigenous clay. 
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Discussion: The extensive gallery system of the fecal-packed burrows, 

plus the presence of fecal pellets, suggests that the organism that 

formed these burrows was a sediment-ingestor. 

Open burrows 

Most cores contained some open burrows, but they were most abun¬ 

dant in terrigenous sediments from the Gulf of Mexico and the San Diego 

Trough. Three main types of open burrows have been recognized on the 

basis of size and orientation: they are large horizontal tubes, inter¬ 

mediate-size horizontal tubes, and small vertical tubes. 

Large horizontal tubes 

Description: 

This type of open tube is shown in Figure 19E from core 101; it is 

evidently an open example of Planolites E. Other examples may represent 

Planolites D. An epoxy cast of the one in core 101 shows evidence of 

scratch marks on the burrow walls, suggesting that crustaceans might 

form these burrows. 

Occurrence: 

Large horizontal tubes were found in cores 100 and 101 from the 

Cayman Trough, and in core 301 from the San Diego Trough. 

Intermediate-size horizontal tubes 

Description: 

These are the most common type of burrow present, as they are found 

in all areas sampled. They are simple, horizontal or nearly horizontal, 

straight burrows about 2 to 3 mm in diameter, and of uniform diameter. 
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They sometimes have short vertical extensions. Some have annular rings 

impressed on the inner wall (see Fig. 14F). These could be produced 

by the parapodia of polychaetes as the animal repeatedly traverses the 

burrow. Polychaetes were recovered in these burrows. 

Occurrence : 

Intermediate-size horizontal tubes were found in cores 200, 201, 

204, and 207 from the Gulf of Mexico, and cores 300, 301, 302, 303, and 

304 from the San Diego Trough. 

Small vertical tubes 

Description: 

Small vertical tubes, less than 1 mm in diameter, were common in 

some cores from* the San Diego Trough and Mississippi fan. These tubes 

are of uniform diameter, oriented vertical or nearly so. They were 

visible only on vertical core surfaces that had been broken open, and 

were not seen on cut core surfaces. Radiographs of some Cayman Trough 

cores revealed thin vertical tubes that were not seen otherwise. In the 

San Diego Trough, living Pogonophora were found in this type of burrow. 

Occurrence: 

Small, vertical burrows were recovered from cores 101, 105, and 

107 from the Cayman Trough, and all cores from the Gulf of Mexico, the 

San Diego Trough, the San Clemente Basin, and the central North Pacific. 

CONCLUSIONS 

Interpretation of burrow distribution 

As discussed in the section on burrow distribution, a strong cor- 
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relation exists between the types of sediments present in the cores and 

the burrow assemblages found in those sediments. 

All burrow types present in pelagic sediments are passively filled, 

none are actively filled. Burrows in terrigenous sediments, or in sedi¬ 

ments deposited by currents, are both actively and passively filled. 

Actively-filled burrows are most common in bottom-current sediments, 

or in sediments transitional between hemipelagic sediments and pelagic 

sediments (brown to green mud, Table 6). 

This correlation suggests that the distribution patterns of 

burrows in the deep sea is controlled by depositional mechanisms. 

By considering the ethology or behavioral function of these burrows, 

a logical relationship emerges. In areas of pelagic sedimentation, 

where sedimentation is slow, and there is very little food in the sedi¬ 

ment, there are only permanent burrows, possibly produced by filter- 

feeders for protection. In areas of bottom-current sediments, hemi¬ 

pelagic sediments, and turbidites where food is trapped in the sediment, 

there are more temporary burrows, produced by detritus feeders who in¬ 

jest sediment for food. Filter-feeders may still be present because 

there is suspended material in the water column. This interpretation 

is consistent with Sokolova1s (1959, 1966) analysis of food utilization 

in the deep sea (see Food in the Deep Sea). Bottom-current sediments 

contain the greatest percentage of systematic feeders, which suggests 

that efficient mining techniques are necessary to exploit food resources 

in these sediments. The rate of sedimentation may have been too high 

for filter feeders to survive. 

Cores from the Caribbean and Gulf of Mexico show that drastic 

changes in sedimentation can occur quickly, and that these changes 
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were induced by post-Pleistocene déglaciation. In the Gulf of Mexico, 

the post-glacial rise of sea level flooded estuaries so that incoming 

sediments were trapped before reaching the sea, shutting off turbidite 

sedimentation. In the Cayman Trough, the post-glacial rise in sea 

level also shut off turbidite sedimentation, but here the introduction 

of denser water at Windward Passage resulted in the formation of bottom- 

currents that reworked bottom sediments from the Cayman Trough to the 

Gulf of Mexico. 

The changes in sedimentation coincide with changes in burrowing 

patterns by benthonic organisms which may represent a change in the 

species composition of the deep-sea infauna in the area of change in 

sedimentation. 

Since the mechanisms of sedimentation can alter so rapidly, 

changes in species composition are probably due to migration rather 

than evolution. Seas and basins marginal to continents, and areas 

of the main ocean basin where rapid terrigenous and bottom-current 

sedimentation can occur, must be subjected to widespread turnovers of 

benthic infauna with the elimination of many existing organisms, and 

the colonization by new forms when these changes in the environment 

occur. 

The deep sea, rather than? being an environment constant with time, 

is subjected to rapid changes in sedimentation rates, and deep currents. 

Periods of climatic change, such as the Pleistocene with repeated gla¬ 

ciations, may be times of rapid evolution in the deep-sea fauna, and 

this fauna may have evolved to its present state within the deep sea, 

rather than being a relict from shallow-water environments; or repeated 

invasions from shelf or bathyal areas of low temperature may have oc- 
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curred (Bruun, 1957, p. 669). 

The hypothesis of rapid evolution is untestible from the fossil 

record, because the deep-sea fauna leaves a record only in its traces 

(Ekdale, 1974). These traces are produced by the behavior of the 

organisms, which can be the same for different species, and even for 

different phyla (Seilacher, 1967). The trace-fossil record for the 

deep sea, preserved in DSDP cores shows that the same types of traces 

have been produced since the Upper Cretaceous (Ekdale, 1974), but this 

fact neither proves nor disproves the hypothesis of rapid versus slow 

evolution of the deep-sea fauna. 
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APPENDIX A 

Sediment analyses of Cayman Trough cores, and interpretation 
* 

of the mechanisms of deposition of sediments in the western 

Cayman Trough from Late Pleistocene to present. 
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Sediment analyses 

The sedimentary deposits produced by deep-sea depositional mecha¬ 

nisms have been differentiated on the basis of grain size and compo¬ 

sition, as well as by sedimentary structures (Bouma and Hollister, 

1973). Therefore, sedimentary analysis was performed on selected sam¬ 

ples to aid in identifying deep-sea depositional processes active in 

the Cayman Trough. 

Size-frequency data 

The results from size-frequency analyses of cores 104 and 105 (see 

Methods of Size Frequency Analyses) are presented in Figures 23 and 24. 

Sorting is represented by the standard deviation (cr) of the distribu¬ 

tions. Folk (1968, p.46) gives the following values for sorting greater 

than 1.0^: 

1.0*4 - 2.0*5 poorly sorted 

2.0^ - 3.0*5 very poorly sorted 

>4.0^ extremely poorly sorted. 

Mean grain sizes vary considerably in core 105. In the upper one- 

half, the mean grain size of pelagic sediments is about 6-8*4; the mean 

grain size of sands is 5*4. In the lower one-half, the mean grain size 

is more uniform, 5-6^, and increases from greater than 6*5 to 5^. The 

mean grain sizes in core 104 are more uniform than in core 105, ranging 

between 5*4 and 7*4. Both cores are poorly to very poorly sorted. Core 

105 has the best sorting in the upper 35 cm, where it is less than 2*4. 

Below this point, it increases to almost 4*4. Sorting in core 104 is 

generally poorer, ranging between 2 and 4*4 throughout the core. 

Examples of size-frequency curves are given if Figure 25. Pelagic 

sediments are polymodal in their distribution, whereas the sands are 



Figure 23. Summary chart of sediment analyses tor core 105. 

Sample 1 is pelagic sediment, samples 3 to 6 are in light- 

colored sand and clay, and samples 7 to 12 are in dark- 

colered sands and clays. 
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Figure 24. Grain-size distribution for core 104. Samples 

4, 5, and 6 are in light-colored sands and clays, the rest 

are in pelagic sediment. 
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Figure 25. Size-frequency distributions for the four types 

of sediment compared in the analyses of cores 103, 105, and 

106. The polymodal distributions of pelagic and turbidity 

current sediments (A and C) can be compared with unimodal 

or bimodal distributions of bottom-current sediments (B and 

D). 

A. Tan, foraminiferal, sandy mud (pelagic) from core 105, 

sample 1. 

B. Tan, foraminiferal sand (bottom current) from core 

105, sample 4. 

C- Brown, foraminiferal, terrigenous, muddy sand (turbid¬ 

ity current) from core 105, sample 9. 

D. Tan ciay (bottom current) from core 105, sample 5. 
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bimodal to trimodal. Light-colored foraminiferal sands have peaks at 

4.75 and 3.25^; dark-colored sands have a primary peak at 2.25^, and 

secondary peaks in the silt range. Clay beds have a primary peak in 

the clay range, and secondary peaks in the silt range. 

Grain-composition data 

The study of grain composition has been limited to rock fragments, 

planktonic foraminifera, benthonic foraminifera, pteropods, and sponge 

spicules of sand size. Rock fragments, mainly carbonate particles, 

are abundant (up to 80%) in the upper and lower parts of core 105. 

Planktonic foraminifera are always abundant. They form most of the 

sand fraction of the light-colored sands in the middle part of core 105. 

Benthonic foraminifera and pteropods are minor constituents. Sponge 

spicules can make up to 207» of the sand fraction in dark-colored sands. 

Mechanisms of deposition 

Deep-sea sands - The method of deposition of coarse.terrigenous sedi¬ 

ment in the deep sea has been a matter of much debate, especially since 

the publication of Kuenen and Migliorini (1950) in which they postulated 

that turbidity currents were capable of leaving distinctive deposits 

of graded sand beds on the sea floor. As a result, most authors have 

regarded the majority of coarse terrigenous deposits in the deep sea 

as the product of turbidity currents. In recent years, however, work¬ 

ers have found discrepencies in the turbidite theory. Ericson et al. 

(1961, p. 214-218) and Hubert (1964, p. 761-765), studying deep-sea 

sands in the North Atlantic, have found clay contents lower, and sorting 

better, than expected for turbidites. They attribute this condition 

in part to a similar pattern in Pleistocene shelf sands on the eastern 
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North American shelf. In addition, a lack of grading, laminar struc¬ 

tures, and sharp upper and lower contacts are present. These facts 

led Hubert (1964, p. 782-784) to propose that much, if not most, of 

the sand deposits of the abyssal North Atlantic were deposited by ther¬ 

mohaline bottom currents (see Sedimentary Processes). 

More recently, sedimentary deposits from the continental slope 

and rise off the east coast of North American have been studied by 

Hollister and Heezen (1972). They proposed the term 11contouriteM, for 

sediments deposited by boundary currents where they impinge on the 

continental slope and rise and rework sediments at a horizontal level. 

Bouma and Hollister (1973, p. 95) have summarized some of the 

essential differences between turbidites and contourites. Some of the 

diagnostic criteria for separating these two types of deposits are: 

(1) the contacts between beds; turbidites have sharp basal and poorly- 

defined upper contacts whereas contourites have sharp upper and lower 

contacts, (2) the presence of heavy-mineral placers in contourites, 

and (3) the amount of matrix present, generally less than 5% in con¬ 

tourites . 

Mechanisms of sedimentation in the Cayman Trough - Based on the an¬ 

alyses of the Cayman Trough cores, I propose that four depositional 

mechanisms have been active in sedimentation. They are: (1) pelagic 

sedimentation, mostly biogenic, that deposited the tan foraminiferal 

muds, (2) non-turbid traction sedimentation by thermohaline bottom- 

currents flowing down the axis of the trough from the sill at Windward 

Passage that deposited the light-colored sands and clays, (3) turbidite 

sedimentation, possibly modified by thermohaline currents that deposited 

the dark-colored sands and clays, and (4) debris flows down the sides 
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of the trough. 

The core tops are all pelagic. No evidence of bottom-current 

activity, such as sorting or the presence of older fossils, such as 

discoasters, were noted. Within the cores, some foraminiferal muds 

appear to be partly pelagic, but often do contain discoasters. Pel¬ 

agic sediments are well-oxidized, as shown by their deep tan color. 

Their size-frequency distributions can vary, but are generally polymo- 

dal, with a clay fraction between 20% and 50%. 

The bottom-current deposits are of two.types, the tan silty clays 

(carbonate mud), and the light-colored fine sand to coarse silt. They 

are among the best sorted of any sediments encountered and, other than 

the clay "peak" present in their distributions, are unimodal or bimodal 

They are composed almost entirely of the debris of pelagic organisms 

and sponges, with most of the material being the sand and silt-size 

tests of planktonic foraminifera. These beds have sharp upper and 

lower contacts and locally some placer bedding is observed. A lack of 

larger planktonic foram tests suggests that deposition was rapid, but 

waned gradually as the pelagic cap is approached. In core 105, no 

grading of the sand beds can be seen, and no lag deposit is present. 

In core 106, an erosion surface, with a small channel, is present con¬ 

taining a lag deposit of coarser foram tests and rock fragments. North 

ward across the trough, this same interval contains progressively finer 

material until only a lightening of the sediment color is noted in 

core 101. Core 101 is from the shallowest water depth of all cores 

recovered from the floor of the trough. The floor deepens to the south 

so that core 106 is at the greatest depth. The evidence suggests that 

a bottom-current eroded sediment in the southern part of the trough 
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and deposited finer material to the north. The non-turbid traction 

sediments are found immediately below the pelagic capping unit and a- 

bove sediments interpreted as turbidites in cores 104, 105, and 106. 

The turbidite sands and silts are compared to the bottom-current 

sands and silts in Table 7. The most significant differences are 1) 

sorting; turbidites are more poorly-sorted, 2) coarse-fraction percen¬ 

tages; turbidites have more sand and less silt, 3) sedimentary struc¬ 

tures; turbidites have sharp lower and diffuse upper contacts and no 

placer bedding, and 4) grain composition^ turbidites have fewer plank¬ 

tonic foraminifera, more rock fragments than bottom-current sediments, 

and shallow-water benthonic foraminifera whereas bottom-current sedi¬ 

ments have deep-water foraminifera only. 

The sediments of core 107 (Fig. 10), from the south wall of the 

Cayman Trough, are interpreted as being deposited by a debris flow. 

These sediments have an abundance of rock fragments of diverse size 

and no dominant orientation, set in a pelagic matrix. These criteria 

fit closely with those postulated by Middleton and Hampton (1973, p. 

20-26) for subaqueous debris flows. 

Sedimentary history - Based on the sediment analysis of the Cayman Trough 

cores, it is possible to reconstruct the sedimentary history of the por¬ 

tion of the trough between Swan Island and Rosario Bank from Late Pleis¬ 

tocene to the present time. Sediment at the base of the box cores was 

deposited mainly by turbidites moving down the walls of the trough. 

Many of these turbidites probably originated on the Nicaragua Rise, 

when broad shelf areas were exposed during lower stands of sea level 

(Fig. 4). Following these, density-driven bottom-currents, caused by 

changes in temperature and salinity and termed thermohaline, moved 



Table 7. Comparison of turbidite and bottom-current sands 

and silts from cores 105 and 106 from the Cayman Trough. 
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down the trough axis from the sill at Windward Passage. These currents, 

strongest in the southern part of the trough, eroded sediments and 

spread them out as fine sand to coarse silt beds. The waning current 

deposited silt and clay over eroded and sand-depositional areas. Fin¬ 

ally, pelagic sedimentation prevailed and foraminiferal ooze was de¬ 

posited (Fig. 26). 

Paleotemperature - The timing of sedimentary events in this region, 

which may provide a clue as to their origin, is best accomplished by 

a paleotemperature analysis that is possible for sediments as young 

as these (Quaternary). Using the data on the abundances of planktonic 

foraminiferal species, a paleotemperature curve was constructed for 

core 105 using a technique devised by Casey (1971). To do this, tem¬ 

perature end points were established, using the tops of core 105 and 

core 204 from the Gulf of Mexico. For these two areas, Sverdrup et 

al. (1942, chart II) gives winter temperatures of 26°C and 21°C respec¬ 

tively. Based on observations of the ranges of living planktonic fora- 

minifera, and on abundance differences between these two samples, spe¬ 

cies were selected as "warm" or “cool11 (Table 8). Then the ratio of 

the number of cool to warm species was computed. This ratio approximates 

the paleotemperature, if calibrated to the end points. 

This curve is plotted in Fig. 27. Temperatures to 37 cm down core 

105 are uniformly warm. A break in the curve occurs at the horizon of 

the planktonic foraminifera beds, because too few foraminifera larger 

than 63/1 were present to obtain a good determination. However, the 

values for paleotemperature are similar above and below this break. 

Below 37cm, the temperature drops off rapidly and maintains a cooler 

value to the base of* the core. Therefore, most of the lower sand beds 



Figure 26. Cross section through the Cayman Trough in the area 

of the traverse with the sediment types of the box cores indicated. 

The vertical scale is greatly exaggerated. 
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Table 8. Assemblages of planktonic foraminifera used in the 

paleotemperature curve for core 105. Designation of foram¬ 

inifera species as "cool11 or "warm" is based on Rennett 

and Huddlestun (1972). 



127 

Cool 

Pulleniatina obliquiloculata 
Globigerina bulloides 
G. falconensis 
G. pachyderma 
Globorotalia truncatulinoides (Left coiling) 
Globigerinita bradyi 

Warm 

Globorotalia menardii 
G. tumida 
G. truncatulinoides (Right coiling) 
Sphaeroidinella dehiscens 
Candeina nitida 
Globigerinoides sacculifera 
Globoquadrina dutertrei 



Figure 27. Paleotemperature curve for core 105, with the 

core section indicating the sediment types. Note that the 

bottom-current sediments occur after the warming period at 

the close of the Pleistocene. Presumably, this warming 

event coincides with a rj.se in sea level* 
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were deposited during a period of cooler temperatures, probably the 

Late Pleistocene, whereas the planktonic foraminiferal sand and silt 

beds were formed after a warming period. 

Physical Oceanography - The key to understanding the origin of the 

thermohaline bottom-currents lies in an understanding of the physical 

oceanography of the Northwest Caribbean. Thermohaline bottom-currents 

are caused in this region by displacement of water masses into greater 

depths than they are normally found. Figure 28 is a cross section 

through the Cayman Trough, Yucatin Basin, and Gulf of Mexico Basin from 

Wllst (1964, plate XLIX, p. 126-127), illustrating the positions of dif¬ 

ferent water masses. Movement of bottom water is illustrated. The sill 

at Windward Passage, the deepest sill around this basin, determines 

which water mass will fill the Cayman Trough below sill depth. At the 

present time, the upper part of the North Atlantic Deep Water coincides 

with the sill, so all water within the Cayman Trough at a greater depth 

than this should have nearly the same density as North Atlantic Deep 

Water, unless there is a relict water mass of greater density now at the 

bottom of the trough. If any oceanographic changes occur such that the 

density of water at the sill increases, this denser water will sink into 

the Cayman Trough and displace all water of less density below sill 

depth, resulting in bottom currents (Parr, 1937, p. 76). The same 

holds true for the other silled basins to the northwest. The numerous 

subbasins (Fig. 4) mean that each of these must be filled before the 

water can move on, resulting in a delay time from the point when dense 

water first spills over Windward Passage and it becomes an effective 

depositional agent in the western part. 



Figure 28. Bathymetric section along the axis of the Cayman 

Trough, through the Yucatân Basin, and into the Gulf of 

Mexico showing the general movement of bottom water through 

the basins from Windward Passage. The formation of these 

bottom currents results from density changes in the water 

mass at Winuward Passage, and a replacement of the bottom 

water of these basins. A major change of this type should 

have taken place at the close of the Pleistocene when sea 

level rose and brought deeper denser water up to sill 

depth. From WÜst (1964, p. 126-127). 
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APPENDIX B 

Description of the box corer slicing knife, and the procedure 

for slicing box cores. 
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Boxcorer 

Samples were collected with a box corer of the type originally 

designed by Reineck (1963) and used by other workers (see Bouma, 1969 

for a description and modifications). This instrument, diagrammed in 

Figure 29 consists of four main parts: (A) sampling box, with a remove¬ 

able side for access to the sample, (Ba) closing arm and (Bb) spade, 

(C) stabilizing tripod, and (D) weighted column to push the corer into 

the sediment. When it penetrates the sediment, slack on the main winch 

cable (G) releases the safety triggering system (E), thus releasing 

a cable eyelet (F) and enabling the spade arm cable (I) to pass through 

the top of the column as the box corer is retrieved. The shortening 

of the spade arm cable actuates the spade arm and rotates the spade 

under the box, sealing it, and thus retaining the sample. The stabi¬ 

lizing tripod is mounted with gimbals so it can orient itself against 

the bottom, even at an angle of several degrees. This arrangement 

enables the box corer to penetrate into the sediment in roughly an up¬ 

right position. Motion of the tripod is indicated by the arrow (Fig. 

20). As the sample box penetrates the seabed, the tripod will move 

up the column on the box corer until it contacts the stop (H), limiting 

the maximum depth of sampling. 

Core Processing 

One of the problems encountered in studying the samples recovered 

by the corer was how to handle the large volume of sediment once the 

core was brought on deck. Most cutting techniques utilize a taut wire, 

followed with a plate to separate the slice from the rest of the core 

(Bouma, Marshall, 1964). The technique works well in small samples 

or in sandy sediments, but is difficult or impossible in sticky clay. 



Figure 29. Box corer used in this study to collect large- 

volume, undisturbed samples of the sea floor. Tne type shown 

is like the ones operated by Scripps and Rice University with 

a sampling box 50 cm wide and 50 cm high. The Texas A and M 

corer has a box 30 cm wide and 90 cm high, but is otherwise 

similar. 

Components of the box corer are: 

A - Sampling box 

Ba- Closing are 

Bb- Spade 

C - Stabilizing tripod 

D - Weighted column 

E - Triggering system and safety-pin housing 

F - Cable eyelet 

G - Main winch cable 

H - Tripod stops 

I - Spade arm cable 
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As soon as the wire passes through the sediment, the cut will seal 

again. To solve this problem, a slicer was designed to cut even, uni¬ 

form slices from the cores. The slicer operates as a broad knife and 

utilizes the principle of electro-osmosis as an aid in penetrating the 

clay. Electro-osmosis, described by Chmelik (1967), is based on the 

fact that water is attracted to an electrode in fine-grained sediments, 

especially if it has a negative charge. The water acts to lubricate 

the blade and prevents it from sticking to the sediment. 

Slicing knife 

The slicing knife is diagrammed in Fig. 30A. It consists of a 

stainless steel U-shaped knife that cuts and separates a slice from 

the core. The knife is supported by two arms of Polyvinyl Chloride 

(PVC) across the top; and depth of cutting is controlled by two insu¬ 

lated rods that ride on the sides of the box. The slicer is powered 

by a D. C. power source with rheostat delivering 5 amps and up to 140 

volts. 

Core slicing procedure 

To prepare for slicing, the core box is rotated until the remove¬ 

able side is uppermost. Handling 500 pounds of mud on the heaving 

deck of a ship can be a challenge, so we use a hand winch (obtainable 

from mail-order supply stores such as Sears) to help turn the core 

(Fig. 31A) . Watery sediments need support on the core top to prevent 

the mud from flowing when the core is tipped. Sheets of masonite, held 

in place with boards and nCfl clamps keep the sediment in place (Fig. 

31A). A strip of wood, to rest the slicer on prior to cutting, is 

clamped to the core box to extend laterally from the removeable side. 



Figure 30. Core-slicing knife. 

A. Stainless steel knife for slicing box cores. The PVC 

banales across tne top also support the blade and 1 

keep the sides apart. The handles on the lower part 

are used to guide the slicer through the core and are 

covereu with sections of rubber hose for electrical 

insulation. 

B. The slicer in place on a box core. The negative elec¬ 

trode is clamped to the slicer and the positive elec¬ 

trode is placed in the sediment. The negative charge 

on the knife blade attracts water to the blade and 

lubricates it. 
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Figure 31. Core-processing procedure. 

A. Tray built of PVC usea to pack and store the sed¬ 

iment slices. 

B. Diagram showing the method of using a hand winch to 

tip the core box with core. The core top shows the 

masonite sheets clamped in place to prevent the 

watery core top from flowing, and the guide strip 

for the slicer. 
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To prepare the slicer, it is first cleaned of any sediment, next 

dried, and finally greased with Vaseline. The grease makes it easier 

to remove the core slice from the slicer. The electrodes are then 

hooked up; the negative one is clamped to the slicer, and the positive 

one is embedded in the sediment. A nail or a carbon block make good 

positive electrodes. 

To slice the core, the current is turned on and the slicer is 

pulled through the sediment (Fig. 30B). For better control, the hand 

winch is hooked up to one for the PVC handles. This winch provides 

a strong pull that can be controlled better than manually pulling the 

slicer through the core. After cutting, the entire blade is removed 

with the slice of sediment; leaving the power on facilitates removing 

the slicer from the sediment. 

As I can personally verify, this slicing procedure is potentially 

hazardous, due to the large current and voltage used with the slicer. 

The ship*s deck, core box, and slicer should be kept dry, and insulated 

gloves should be worn by the operator. A power source with a circuit 

breaker is a good safety measure. 

To remove the slice from the slicer, a PVC tray is placed upside 

down and pushed onto the slice so it is enclosed in. the tray. Then, 

by inverting the slicer and tray with sediment, the tray with the slice 

can be removed from the slicer by tapping the slicer. 

For the-two sizes of box cores, it is necessary to construct two 

sizes of slicer and trays for slices. The wider cores taken by the 

50 cm*^ box are harder to slice and the steel plate tends to bend under 

the weight of the slice. 

The trays for the slices are constructed from PVC 0.25 inches 
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thick. Some trays are made one inch high, but most were two inches high. 

Those for the Texas A & M box corer are 10 1/8 inches by 17 inches; those 

for the Scripps corer are 14 inches by 17 inches. They are constructed 

as illustrated in figure 31B. The tray sides are designed to overlap 

the ends so the sides can be removed by cutting them free from the 

ends with a power saw and breaking them from the tray bottom. With 

the sides removed the slice can be sampled easily. 
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APPENDIX C 

Selected core logs from cores collected in the Cayman Trough 

(102 104, 105, and 106), and the Gulf of Mexico (207 and 

210). 
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Changes in sedimentation can be compared across the Cayman 

Trough from core 102 on the north side to core 10b on the south 

side. Core 102 is composed entirely of pelagic sediment. Core 

104 contains a silt bed deposited by Dottom currents in a se¬ 

quence of pelagic sediment. Cores 105 and 106 contain sand, 

silt, and clay beds deposited by bottom currents, plus turbi- 

dites deposited below these beds. 

Core 207 from the Mississippi fan contains a sequence com¬ 

posed of hemipelagic sediments, with transitional beds of green 

mud between. 

Core 210 from tne Sigsbee Abyssal Plain contains a sequence 

composed of turbidites overlain by bottom-current sands and 

clay, ana capped by pelagic sediment (compare with cores 105 

and 106). 

Diversity of the burrow assemblages increases from pelagic 

seaiments to bottom-current and turbidity-current sediments. 
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LEGEND 

SEDIMENTARY STRUCTURES 

□ Thick parallel lamination, 
straight, 5mm 

m Thin parallel bedding, 
straight, 10-2Omm 

j—» Thin parallel lamination, 
straight, 5mm 

Thin parallel lamination, 
undulating 

> Foreset bedding 

Scour, gravel on bottom, 
filled obliquely 

Scour, filled parallel to 
bottom 

Current ripples 

Convolute current ripples 

-LT Load cast 

<=> Lenticular shape 

FOSSILS 

© Planktonic foraminifera 

Benthonic foraminifera 

Pteropods 

LITHOLOGY 

; Sandy mud 

Sand 

* Mud 

: Clay 

FT H Silt 

CONTACTS 

Very distinct con¬ 
tact, horizontal 

Rather distinct 
contact, hor. 

Very indistinct 
contact 

Barely visible 
contact 

Very indistinct 
contact, undulat. 

LEBENSSPUREN 

<4 Planolites A 

J Planolites B 
<3& Planolites C 

& Planolites D 

© Planolites E 

* Chondrites 
Zoophycos 
Sand mottles 

o> White mottles 

8 Vertical tubes 
Horiz onta1, open burr y Vertical open burrows 
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Vessel B/v Alaminos 
Cruise 72-A-15 Core No. 103  Date Oct. 1972 

CO 

D
e
p
t
h
 
(c

m)
 

C
o
r
e
 
p
i
e
c
e
 

C
o
l
o
r
 

L
i
t
h
o
l
o
g
y
 

S
e
d
. 

s
t
r
u
c
t
u
r
e
 

F
o
s
s
i
l
s
 

L
e
b
e
n
s
s
p
u
r
e
n
 

R
e
m
a
r
k
s
 

ih 10YR5/4 

“ r 
G & n 5 

10 
Zone of darker 
burrows 

I 

20 I 1 

5YR6/4 m Sediment becomes 
lighter gradually 

30 

5YR7/2 
"N7  

r 1 
 s 

to silt bed 

Banding is stain- 

/. O 1 

5YR7/2 _ c □ 
i 

<3 

i 

5 
1 

ing, extends into 
clay 

40 l 

1 
Laminae of darker 
gray color 

en 

10YR6/4 Light-colored 
burrows are prom- 

->U 
inent 

60 

10YR6/2 Some burrows are 
dark gray 

70 “ 



144 

Vessel R/V Alaminos 

Cruise 72-A-15 core No. 105  Date Oct. 1972 
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Vessel R/V Alaminos 

Cruise 72-A-15 Core No. 106  Date Oct. 1972 
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