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FROM 

SUMMARY 

Oriented rectangular cores of 20.3 × 30.5 cm and 45.7 cm high have been collected 
in a number of submarine canyons off southern California (U.S.A.) and off the 
southern tip of Baja California (Mexico) for a detailed study of their sedimentary 
structures. 

By applying several methods, mainly X-ray radiography, to vertical slices of 
the sediment samples, an abundance of information was obtained. 

The clayey shelf sediments in southern California reveal few primary sediment- 
ary structures, which are only slumped and reworked by burrowing organisms. 
Sediments from the axis of the submarine canyons are mainly coarse and contain 
parallel lamination, current-ripple lamination, and sometimes small-scale graded 
bedding; slump phenomena and locally some reworking by animals are less 
important structures. A short distance outside the canyon axis the samples are much 
finer in grain size; they show fewer primary structures and more secondary ones. 
Sometimes the whole sample is completely disturbed by burrowing organisms, as is 
the case in a sample collected from a canyon terrace. 

One sample was collected from a gully on the apron of the La Jolla Fan Valley. 
This is similar to the facies model of ancient turbidites with regard to the type and 
succession of the sedimentary structures present. A box core from a small basin 
in the middle of the Gulf of California was found to be entirely reworked by 
organisms. 

INTRODUCTION 

Three short cruises (LC-IV, -V and -VI) were made with the Research Vessel "Spencer 
F. Baird" in the area off San Diego (California, U.S.A.) during November and 
December 1962. Special attention was given to the topography and sediments of the 
La Jolla and the Coronado Canyon. In January 1963, the submarine canyons around 
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the southern tip of Baja California (Mexico) were examined, using the same vessel 
(cruise S J)3 

Since the cross section of normal piston and gravity cores is somewhat small 
for the study of sedimentary structures, there was the possibility of building a box 
sampler as developed by REINECK (1958, 1963a). Some alterations were made for 
deep-water work (BOUMA and SHEPARD, 1964; BOUMA and MARSHALL, 1964). Vertical 
"undisturbed" samples can be collected by means of this device, containing a sample 
box which is 20.3 ~. 30.5 cm in ground plan and 45.7 cm high. Samples have been 
obtained at places where piston and gravity cores failed. Practically all of the attempts 
were successful and the box cores ranged between 15 and 45 cm in height, with an 
average of over 40 cm (BOUMA and MARSHALL, 1964, table I). A self-locking compass 
was added to the sampler for obtaining the orientation of possible "current marking 
structures" of the samples (BouMA, 1964a). 

One of the vertical sides of each box could be removed, and a vertical slice 
sediment of about 5 em thick was sliced off (for details see BOUMA and MARSHALL, 
1964). Such a slice was thinned down to 9-18 mm, and then an X-ray radiograph 
was made (HAMBL1N, 1962; CALVERT and VEEVERS, 1962; BOUMA, 1963) (for details 
see BOUMA, 1964e). In order to obtain a maximum of detail the Kodak Industrial AA 
type of film was employed. The contrast between several parts of the exposed film 
can be so high that it may be almost impossible to make decent prints of them. After 
drying out carefully in the refrigerator for some clays the sediment slices showed 
some details, and black and white photographs were made. 

It will be superfluous to describe all the aspects of the investigated submarine 
canyons in detail; the reader may be referred to the excellent contributions and to 
the references given in them (SHEPARD and EMERY, 1941; BUVVINGTON, 1951, 1964; 
SHEPARD, 1951, 1961, 1963a, b, 1964; EMERY, 1960; SHEPARD and EINSELE, 1962; 
EMERY and HOLSEMANN, 1963; DmL, 1964a, b). Our contribution will be restricted 
to the observations made on the sedimentary structures and to those grain-size 
analyses that are of direct importance to these structures. 

The canyons incised into the continental shelf off San Diego (Fig. 1) are mainly 
cut in Eocene shales, sandstones and conglomerates. The incisions around the 
southern tip of Baja California (Fig.2) expose sides in Miocene and Pliocene forma- 
tions, as well as in crystalline rocks (Vigia Canyon: granite and laminated shales; 
San Lucas Canyon: granite; Santa Maria Canyon: granite, gneiss, sediments; Salado 
Canyon: crystalline rock; Arena Canyon: crystalline rock?; Pescadero Canyon: 
granite, See SHEPARD, 1964). 

1 These sea trips were can ied out under the direction of F. P. Shepard. His work was largely supported 
by the Office of Naval Research under Contract No. 2216 (01). During this period the present author 
was studying at the Scripps Institution of  Oceanography with a post-doctoral fellowship provided by 
the Ford Foundation. 
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CHARACTERISTICS OF SUBMARINE CANYON SEDIMENTS 299 

DESCRIPTION OF THE SAMPLES COLLECTED 

All rectangular cores collected during the four mentioned cruises will be described 
in groups with their respective environmental position. In spite of the low number 
of samples and the small portion of all submarine canyons that could be investigated, 
some general lines in the divisions seem to be justified. Too few box samples have 
been obtained within a canyon for us to be able to give possible changes in the 
filling from the head to the fan (Fig. 1, 2). 

To avoid unnecessary duplication of figures the reader will be referred to most 
of the photographs given by BOUMA (1964e). Also, no extensive interpretation of 
sedimentary properties, visible in the prints of the radiographs, will be given since 
we have tried to do this in the mentioned paper. 

Canyon ax& 

Samples collected in the axis of a canyon are characterized by a high amount of 
sandy and/or gravelly material when compared to samples outside the axis. Part 
of the variations in the series of box cores obtained from the axes are different between 
the canyons, due to various types of sources; presumably they also differ slightly 
with regard to their position to the actual axis. This variation lies beyond our possi- 
bility of observation. Compared to the samples received from the sides outside the 
actual part one gets the impression that the real axial part is normally very small, 
in the order of 10-50 m. 

A total of twelve samples were recovered from what is called the canyon axis. 
These came from the La Jolla Fan Valley: LC IV-5 at 310 fathoms (Fig.3, 4), LC 
VI-3 at 362 fathoms (BOUMA, 1964e, fig.16, 17), LC VI-6 at 368 fathoms, LC VI-7 
at 400 fathoms (Fig.5, 6), LC VI-8 at 416 fathoms; in the Santa Maria Canyon $J-55 
at 35 fathoms (Fig.7), SJ-17 at 368 fathoms (Fig.8 and BOUMA, 1964e, fig.4, 5), 
SJ-23 at 655 fathoms; in the San Jos6 Canyon SJ-53 at 132 fathoms and SJ-52 at 
390 fathoms (Fig.9); in the Arena Canyon SJ-50 at 565 fathoms; and in the Vigia 
Canyon SJ-59 at 962 fathoms (for positions see Fig. 1, 2). 

All these samples, except SJ-55 off the head of San Jose Canyon, are thin to 
medium bedded. Within a bed other sedimentary structures can often be detected. 
The sandy parts are only occasionally reworked by burrowing organisms and even 
the occurrence of slumping is not common. If clayey-sand beds are present some 
burrows can be observed in the radiograph. 

Sample LC IV-5 from a depth of 310 fathoms collected in the La Jolla Fan 
Valley presents five beds of clayey-sand and sand alternating with different thick- 
nesses (Fig.3). The thick sand bed contains irregular lamination and a large down- 
bowing structure (point 1); the lower sand bed vaguely contains some inclined 
lamination (point 2). Comparing the photograph with the radiograph (Fig.4) one 
observes the bending of the laminae at the sides of the down-bowing property. Con- 
cerning this character, the radiograph gives the idea of a large vertical burrow. This 
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Fig.3. Photograph of a vertical slice of sample LC VI-5, collected in the axial part of tile La .Iolla 
Channel at a depth of 310 fathoms. The down-bowing structure (1) is a large-sized vertical burrow. 

was confirmed by analysing a second slice from this sample, cut at 30 mm from the 

first one. 
The radiograph at point 2 clearly reveals the ripple lamination. Fig.4 shows 

the irregularity of the parallel lamination with a number of  wedging-outs on the 
side toward which the ripple dips. This implies that this irregular laminated part  is 
a combination of parallel lamination and poorly developed current ripple lamination. 

The clayey-sand beds are built up by many thin sand laminae in a more clayey 
mass. The lamination is irregular, due to minor sliding under the influence of the 
somewhat older large burrow. 

No other data could be obtained f rom this slice, except the presence of a plant 
fragment (point 3) in Fig.4. The black dots (point 4) and the crack (point 5) are 
artificial. 

Marine Geol., 3 (1965) 291-320 



CHARACTERISTICS OF SUBMARINE CANYON SEDIMENTS 301 

Fig.4. Print of a radiograph made of the slice given in Fig.3. The black dots (4) and the white crack 
(5) are artificial. Note the wedging-out of laminae and the fore-set bedding (2). Slice thickness: 10 mm; 
Kodak Industrial film AA, 40 kV, 5 mA, 1 min. 

Sample LC VI-3 collected at a depth of 362 fathoms is presented in fig.16 and 
17 of  BOUMA (1964e) and its characters are described. The sample is built up by 
alternating beds of sand, clayey-sand and sandy-clay. The thickest sand bed contains 
parallel lamination in its lower part and ripple lamination in its upper part. The upper 
bedding plane is rippled. The fore-sets dip to 240 ° . The rippled part can be split up 
into five horizons, of which the upper one contains complete current ripples. The 
transition from the parallel lamination to the ripple lamination is erosional and 
not gradual. 

The other sandy beds vary in thickness between 30 and 7 mm. When they are 
somewhat silty they contain a high amount of crushed plant fragments and mica. 
These layers show a folded lamination which is somewhat comparable to convolute 
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Fig.5. Photograph of a vertical slice of sample LC V1-7, collected in the axis uf the La Jolla Channel 
at a depth of 400 fathoms. This sample is comparable with the organic mat known from canyon heads. 
It consists of alternating layers of sand and clayey sand with an abundance of plant fragments. 

laminatiom The clayey parts contain vertical burrowing. Examining these parts a 
decrease of  silt content upward can be observed. 

Samples LC VI-6 and LC VI-8 at depths of  368 and 416 fathoms, respectively, 
are completely sandy with grain sizes ranging from fine to medium sand. The content 
of  mica flakes is rather high. Radiographs do not reveal much more than can be seen 
f rom lacquer peels made from the slices. Both samples contain some lamination to 
thin bedding (similar to sample SJ-52: Fig.9), vaguely inclined bedding dipping Ill 
dowrtcurrent direction, shell fragments and clay pebbles, erosional lines and slumping. 
The slices reveal a slight tendency to graded bedding in their lower parts. 

/V[arh~e Geol., 3 (1965) 291 320 



CHARACTERISTICS OF SUBMARINE CANYON SEDIMENTS 303 

Fig.6. Print of a radiograph made of the slice given in Fig.5. The black parts are sandy, grey parts 
clayey sandy and the white spots (7) are images of plant fragments. Slice thickness: 20 mm; Kodak 
Industrial film AA, 40 kV, 5 mA, 150 sec. 

Sample LC VI-7 (depth 400 fathoms) is a type of  sediment which is often found 
in an uncompacted state in the heads of the canyon during SCUBA dives (see also 
DILL, 1964b). The sample consists of an alternation of more and less clayey sand 
(point 6) with a high content of organic material (organic mat). In the normal pictures 
(Fig.5) the contacts are irregular and no other structures can be noticed. The radio- 
graph (Fig.6) reveals that the distribution of organic remains from kelp and sea 
grass (light coloured spots: point 7) is very irregular. Some layering can be seen; in 
the upper sand layer some parallel lamination and fore-set bedding, dipping down- 
current, is visible. The irregular dark coloured patches of  sand (point 8) may be due 
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Fig.7. Print of the upper part of the radiograph made of a vertical slice of sample SJ-55, collected in 
the axis of the head of Santa Maria Canyon at a depth of 35 fathoms. The only contents of the 
slightly clayey sand deposit are '~.ood rests I lO) and shell fragments ( / 1). Slice thickness: 12 ram: 
Kodak Industrial film AA, 40 kV, 5 mA, 4 rain. 

to the filling of hollows between the organic material. The clayey parts (light gray) 
are somewhat mottled. Part of the irregularities can be interpreted as burrows 
(point 9). 

Sample SJ-55, collected in the head of the Santa Maria Canyon at a depth of 
35 fathoms is the only sample in this series which does not show any bedding. Fig.7 
presents only the upper part of this sample due to its uniformity. The whole sediment 
is a very slightly clayey sand with an abundance of wood fragments (point 10) and 
shell fragments (point 1 l). 

In Fig.8 the print of a radiograph of sample SJ-17 (368 fathoms) is given. In 
the photograph (BOuMA, 1964e, fig.4) one only observes a gravelly, coarse sandy, 
basal part. The fragments from unweathered granite range from 1 to 27 mm in size. 
The radiograph does not reveal bedding or any other sedimentary structure in this 
part. 

The overlying material consists of a clayey sand. Grain size analyses indicate 
slight variations in size distribution but no decrease of size upward (Fig. 10). 

The rectangular diagram is used here to present the size-frequency distribution, 
since relative relationships between samples within one core can be analysed more easily 
than can be obtained from cumulative curves (see DOEGLAS, 1955, 1960, 1962). A 
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Fig.8. Print of a radiograph made of a vertical slice of sample S J-17, collected in the axis of the Santa 
Maria Canyon at a depth of 368 fathoms. The lower part consists of unweathered granitic material. 
The upper part is a clayey sand in which the sedimentary structures are partly masked by slump action. 
The numbers at the side indicate sampling intervals for size analyses (see Fig.10). Slice thickness: 
12-18 mm; Kodak Industrial film AA, 40 kV, 5 mA, 3 min (see also BOUMA, 1964e, fig. 4, 5). 
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Fig.9. Print of a radiograph made of a vertical slice of sample SJ-52, collected in the axis of the San 
Jos6 Canyon at a depth of 390 fathoms. The sandy material is thin-bedded and laminated and con- 
tains clay pebbles (12). Slice thickness: 20 ram; Kodak Industrial film AA, 40 kV, 5 mA, 210 sec. 

number of properties can be observed of which irregular lamination and burrows 
are predominant (see BOUMA, 1964e, fig.5). All have been disturbed by slumping. 

Sample SJ-23 (depth 655 fathoms) consists of four layers, each about 6-7 cm 
thick. All are of gravelly sand and show an indistinct graded bedding. Apart from 
these two structures no other properties could be observed. 

Both samples from the San Jos6 Canyon contain only thin bedding to coarse 
parallel lamination; SJ-53 from a depth of 132 fathoms consists of coarse gravel 
and sand (up to 6 cm diameter), and SJ-52 comes from 390 fathoms depth. The 
radiograph of the latter sample shows a number of oval spots (point 12, Fig.9). 
These are the images of clay pebbles in the rather homogeneous sand. 

Sample S J-50, collected at a depth of 565 fathoms in the Arena Canyon, is about 
26 cm long. Photograph and radiograph are completely similar to those of sample 
SJ-17 (Fig.8; BOUMA, 1964e, rigA, 5). Box core SJ-59 from the Vigia Canyon (962 
fathoms) is medium bedded, this being the only difference between SJ-52 (Fig.9). 

Canyon fan 

Only one sample was obtained from a canyon fan, being core LC VI-20, collected 
in a small gully in the La Jolla Canyon Fan at a depth of 562 fathoms. During pulling- 
up manoeuvres and slicing operations the upper part of this sample was partly 
destroyed and is, therefore, not given in Fig. 11 (see also BOUMA, 1964e, fig. 14, 15). 

The sedimentary structural picture of this core is completely similar to the 
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Fig.10. Rectangular diagrams presenting the grain-size distribution of samples collected from some 
radiographed slices. Sample points are indicated in Fig.8, 12, 13 and 17. 

The grading within LC VI-20 is not  regular since corresponding points do not lie on straight 
lines. Number  IV contains too much of the fraction 32-50/t,  and No. V too much 8-16/t.  

There is no regular succession in the five samples of Sdr-18, but it can be observed that the con- 
necting lines are smoothly curved which indicates that the samples all contain the same relative percent- 
ages of the corresponding fractions. Only the smallest fractions of sample II are a little too high, 
which is also true for the fractions 105-150 and 150-210 g of sample V. 

The fractions between 50-210 g of sample S J-17 have practically constant percentages. This is 
the same for the fraction 8-16 g. The other fractions, smaller than the reference size, are not  constant. 

In the series I I - I I I - I  of sample $J-46 one observes a sorting-out of the coarsest fractions. This 
is not the case with the finest fractions as the percentages of the fractions 8-16 and 16-32/z of samples 
I and III are too high. 
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Fig. l l .  Print of a radiograph inade of a vertical slice of sample LC VI-20, collected in a small gully 
in the La Jolla Canyon apron at a depth of 562 fathoms. This sample represents a Recent turbidite of 
which the lower three intervals of the turbidite facies model are present. The upper two intervals are 
missing by operational mistakes. The three white spots (13) are clay pebbles. The numbers along the 
side indicate places where samples have been taken for size analyses (see Fig.10). Slice thickness: 20 
mm; Kodak Industrial film AA, 40 kV, 5 mA, 150 sec. (see also BOtJMA, 1964e, fig. 14, 15). 

facies model of ancient turbidites (BoUMA, 1962, 1964c, d) consisting of five intervals, 
each characterized by one sedimentary structure. These structures are, from bottom 
to top: graded or massif bedding, thin bedding or parallel lamination, current ripple 
lamination with or without convolute lamination, indistinct parallel lamination and 
pelitic interval without structures visible. A pelagic deposit may be present on top. 
The lacquer peel (BOUMA, 1964e, fig. 14) made from a slice does not show the graded 
bedding, but only the thin bedding to parallel lamination with three clay pebbles, 
and rather distinct fore-set bedding (see also VAN STRAATEN, 1964). The radiograph 
(Fig. 11) clearly reveals the contacts between the intervals and makes the sedimentary 
structures easy to distinguish. It demonstrates that the lower clay pebble (point 13) 
lies just in the graded interval. It can be observed that the clay pebbles are transported 
as pebbles, since surrounding laminae are bent or wedged out against the pebbles. 
The contact between the lamination and fore-set bedding is depositional and not 
erosional (cf. the remarks on sample LC VI-3 and BOUMA, 1964e, fig. 17). The whole 
sample is well graded (Fig.10), but lamination and fore-set bedding predominate 
over the grading. 

Marlin" Geol., 3 (1965) 291 320 
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Sides of the axial part of the canyon 

All samples obtained in the central parts of the canyon, but outside the canyon 
axis, are much more clayey than the preceding ones. They still contain sand beds, 
but in total the sand layers are less than half of the sample. Slumping phenomena 
are more common. In the radiograph the clayey parts reveal more burrowing action, 
while the sandy parts mostly contain only parallel lamination. 

A total of eight samples were recovered from the deeper canyon parts outside 
the actual axis. These come from the La Jolla Canyon: LC VI-15 at a depth of 276 
fathoms; from the Coronado Canyon: LC V-12 at a depth of 670 fathoms (BOUMA, 
1964e, fig.10, 11), LC V-8 at a depth of 860 fathoms; from the Santa Maria Canyon 
SJ-18 at a depth of 183 fathoms (Fig.12; BOUMA, 1964e, fig.18, 19), SJ-16 at a depth 
of 215 fathoms, SJ-23 at a depth of 733 fathoms (Fig.13, 14); from the San Jos6 
Canyon at a depth of 1,377 fathoms; and from the Pescadero Canyon at a depth of 
1,035 fathoms. 

Sample LC VI-15 (depth 276 fathoms) from the La Jolla Canyon seems to be 
collected from the side of the axial canyon part, since it is a rather sandy core. The 
only structures visible are indistinct thin bedding with some lamination comparable 
to SJ-52 (Fig.9) and with some levels similar to the "convolute laminated" ones of 
LC VI;3 (BouMA, 1964e, fig.16, 17). The top part can be compared with the upper 
bed of LC IV-5 (Fig.3, 4). 

Both samples from the Coronado Canyon are clayey. LC V-12 (BOUMA, 1964e, 
fig.10, 11) is a slightly sandy clay, while LC V-8 (depth 860 fathoms) is a little sandier 
and contains one sand bed of 6 cm thickness with fore-set bedding at its base and 
indistinct parellel lamination on top of it. Both samples primarily show burrowing 
action at their radiographs. LC V-8 only reveals tube-shaped burrows; the other 
sample can be compared with SJ-22 (Fig.13, 14). 

The samples SJ-16 (215 fathoms) and SJ-18 (183 fathoms) collected from the 
Santa Maria Canyon are partly similar. Both samples are bedded and show an 
increase in layer dip upward. SJ-16 is very thin-bedded to laminated. No distinct 
structures are visible, probably due to slight slump movements. S J-18 (Fig. 12; BOUMA, 
1964e, fig. 18, 19) also presents some irregular indistinct beds, but besides this a distinct 
clay layer (point 14), with erosion on top and a clear filling-up of the erosion depres- 
sions, can be observed. The offset (point 15) is no fault, as one may think upon 
examining the photograph (BOUMA, 1964e, fig.18), but is also an erosional feature. 
The fault (point 16) at the top is not artificial. In sample SJ-16 two similar funnel- 
shaped burrows are visible, as can be seen in Fig. 12 at point 17. The result of five grain- 
size analyses are given in Fig. 10. 

Sample SJ-22 (732 fathoms) is completely reworked. The photograph (Fig. 13) 
does not show any structures, only some concentrations of sand grains. The radio- 
graph (Fig.14), however, detects the presence of a large number of all types of bur- 
rows, as have also been found in samples LC V-12, LC VI-16 and SJ-45 (BOUMA 
1964e, fig. 11, 21, 7 respectively). The large ones (point 18) may have been made 
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Fig. 12. Print of a radiograph made of a vertical slice of sample S J-18, collected near the axial part ol 
the Santa Maria Canyon at a depth of 183 fathoms. The dark parts are sandy, the grey coloured parts 
clayey sand, whilst the light coloured part underneath the erosional contact is a clay (14). In the 
upper right-hand corner a fault is visible (16). The numbers along the side indicate places where 
samples have been taken for size analyses (see Fig.10). Slice thickness: 12 mm: Kodak Industrial film 
AA, 40 kV, 5 mA, 2 min. (see also BouMa, 1964e, fig.18, 19). 



CHARACTERISTICS OF SUBMARINE CANYON SEDIMENTS 311 

Fig. 13. Photograph of a vertical slice of sample SJ-22, collected near the axial part of the Santa Maria 
Canyon at a depth of 733 fathoms. No sedimentary structures are visible. 

by an Echinocardium sp. (of. REINECK, 1963b), while the oval sections (point 19) can 
be explained as cross sections through this type of burrow. Reineck only found 
them in sand. Another type are the small burrows which can be found as nests or 
as chain-like configurations (point 20; compare with LC V-12 in BOUMA, 1964e, riga 1). 
The rest of  the sample is somewhat mottled and part  of  the mottlings can be inter- 
preted as burrows. Some slump action of the upper 7 cm seems likely. Sample S~-27 
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Fig.14. Print of a radiograph made of the slice given in Fig.13. The whole sample is completely 
reworked by several types of burrows (18, 19, 20). Slice thickness: 12 mm; Kodak Industrial film AA, 
40 kV, 5 mA, 2 rain. 

from a depth of 1,377 fathoms of  the San Jos6 Canyon can be compared with SJ-22. 
It is completely reworked by burrows, but slump action masked their clearness. 
Part of  the points may be pellets. 

Sample SJ-46 was collected in the Pescadero Canyon at a depth of 1,035 fathoms. 
It  is a slightly sandy micaceous grey-green clay with two irregular sand beds in it 
(Fig.15, 16; BOUMA and MARSHALL, 1964, fig.9). The upper third part  is influenced 
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Fig.15. Photograph of a vertical slice of sample SJ-46, collected near the axial part of the Pescadero 
Canyon at a depth of 1,035 fathoms. The green-greyish micaceous sandy clay contains two irregular 
sand beds. No sedimentary structures are visible. 

Marine Geol., 3 (1965) 291-320 



314 A.H. BOUMA 

Fig.16. Print of a radiograph made of the slice given in Fig.15. The two sand beds contain irregular 
lamination (14), the upper one also contains two internal load casts or slump balls (21). Some burrows 
are visible (25). The numbers along the side indicate places of samples for size analyses (see Fig.10). 
Slice thickness: 12 ram; Kodak Industrial film AA, 40 kV, 5 mA, 135 sec. 
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by slumping and no other sedimentary structures are Visible. This part is underlain 
by an irregular sand bed in which two slump balls (point 21), indistinct lamination 
and a lenticular form (point 22), and a clay pebble can be observed. Around the slump 
balls the lower bedding plane is irregular, due to load casting in the underlying clay. 
Underneath the lamination the clay contains some small-sized burrows. The lower 
half of this sample can be divided into four zones. These are from bottom to top: a 
sandy-clayey part without determinable features, a sand bed with irregular parallel 
thin bedding and lamination (point 24), a sandy clay with burrows (point 25), and 
a thin sand bed on top (point 26). A slight destruction by slumping masks the clear- 
ness of the properties present. The results of three grain size analyses are given in 
Fig. 10. 

Canyon terrace 

Parts of the La Jolla Channel reveal the presence of a terrace before one reaches the 
canyon axis by running profiles over this incision (see also BtrVEINGTON, 1964). One 
sample, LC VI-16, was collected from the terrace at 310 fathoms (for figures see 
BOUMA, 1964e, fig.20, 21). The photograph presents a dark green coloured clay with 
little mica and silt, and with some sand grains. No sedimentary structures can be 
observed. The radiograph reveals a completely mottled structure in which a number 
of images can be detected as burrows. There is an irregular distribution of dark 
coloured spots, being sand patches, while the rest of the sample is clayey (comparable 
with the top part of Fig. 17). 

Canyon edges or shelf 

Two samples were obtained from the shelf near the canyon. One (LC VI-1) came 
from a depth of 316 fathoms from the northern side of the canyon (for photograph 
and radiograph see BOUMA, 1964e, fig.8, 9), the other one (LC VI-5) from the south 
rim at a depth of 313 fathoms (Fig. 17). The locations are given in Fig. I. 

The photographs of both samples are completely similar. The material is a 
dark gray coloured clayey sediment without any structures visible. The radiographs 
show, next to the slightly mottled clayey mass, the presence of a number of darker 
coloured surfaces. Fig.17 presents the radiograph made from LC VI-5. The darker 
coloured surfaces (point 27) are silt lumps. Some burrowing activity through them 
can be observed (point 28). It seems likely that originally there were at least two silt 
bands, but that they were partly destroyed and removed by burrowing and slumping. 
Part of the mottling may be due to pellets. 

Offshore basin 

A photograph and a radiograph of a core collected offshore are given by BOUMA 
(1964e, fig.6, 7). During topography recording we found north of a seamount a 
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Fig. 17. Print of a radiograph of a vertical slice from sample LC V 1-5, collected at the south of the La 
Jolla Channel at a depth of 313 fathoms. The dark coloured surfaces in the middle are silt lumps (27). 
Slice thickness: 12 ram; Kodak Industrial film AA, 40 kV, 5 mA, 90 sec. 

smal l  f ia t - f loored  bas in  wi th  a smal l  gul ly  with levees. F r o m  this gul ly  a g rav i ty  co re  

was  col lec ted ,  cons i s t ing  o f  sand wi th  s o m e  pel i te  in te rca la t ions .  A p a r t  f r o m  lami-  

na t ion ,  no  s t ruc tures  were  obse rved  and  no  r a d i o g r a p h s  were  made .  T h e  box  core,  

co l l ec ted  a l i t t le  ou t s ide  the  n o r t h e r n  levee, p resen t s  a c layey s ed imen t  wi th  one  sand 
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bed in its lower part. The normal picture does not present any structures; the 
radiograph reveals slumping, several types of burrows, and inclusions in the sand 
bed (wood rests). 

CONCLU~ONS 

Not enough cores have yet been collected to be able to draw decisive conclusions. 
Also the number of submarine canyons investigated is too small. It seems necessary 
to make combined samplings with piston, gravity and box corers at rather short 
distances along the axis of well-surveyed canyons and regularly dense sampling 
lines at right angles to the axis. Accurate positioning is essential. 

Careful and detailed surveys must be made to investigate the topographical 
features such as the course of the axis, position of terraces and small offsets (BUFFING- 
TON, 1964). 

Besides normal pictures and radiographs, peels with normal or high relief and 
impregnation techniques should be applied (BOUMA, 1964b, in preparation) for further 
analyses, while the rest of the box samples can be used for other types of investigations 
such as grain size, mineralogy, carbonate, fossil content, percentage of organic 
material, radiocarbon dating, etc. As soon as a box sample is aboard, it would appear 
useful to make shear-strength measurements straight away, as was done by R. F. 
Dill on some of the described samples (DinE, 1964b; DILL and MOORE, 1965). This 
can later be followed by analyses on the liquid limit, plastic limit, plasticity index, 
specific gravity, void ratio, natural moisture content, and unit-weight analyses as 
was done by MORGAN et al. (1963). 

In spite of differences concerning the formation of the canyons and the petrolo- 
gical compositions of the rocks in which a submarine canyon erodes its valley, these 
submarine incisions have many corresponding features (SHEPARO, 1963a, b, 1964; 
DILL, 1964a, b). 

The box cores collected from the axial part are sandy and sometimes contain 
gravel, whilst the content of finer sizes is rather small. Mica and plant fiagments 
may be abundant and clay pebbles common. Indistinct graded bedding, parallel 
lamination and current-ripple lamination are the primary sedimentary structures 
observed; burrowing and slumping are not common. In general it can be said that 
secondary structures are scarce in this group. 

The sample from the apron is comparable with ancient turbidites. Sediments from 
the canyon axis may contain structures known from turbidites but they are not even 
similar to part of the turbidite facies model. Core LC VI,3 presents parallel lamination 
with current ripple lamination on top, as is the same with the intervals b and c of 
the facies model. In a turbidite the contact between these intervals is transitional, 
as far as is known to the author, and not erosional as can be observed in sample LC 
VI-3 (compare fig.15 and 17 in BOUMA, 1964e). Turbidity currents must be initiated 
higher up in the canyon if turbidites are to be found on the apron (see also GORSLINE 
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and EMERY, 1959; STANLEY and BOUMA, 1964, fig. 17). From the observations made 
by DILL (1964b) it may be said that this does not occur in the canyon heads where 
slopes are the steepest. Even earthquakes do not seem to have a considerable influence 
on the mass movements in the heads (DILL, 1964b). 

The samples collected outside the axial part contain a high amount of burrows 
in the clayey parts. Most of the cores are bedded. From this the idea can be obtained 
that occasionally sand also moves outside the axial part. It cannot be concluded 
whether this material is transported by a slump, a turbidity current or another 
transport agent. 

It seems likely that the transport was not purely a mass movement, since too 
little erosion has been observed and the layers are rather thin. The presence of lami- 
nation and fore-sets in the sands also indicates transport by traction. 

The sample in the middle of the Gulf  of California indicates that at least one 
sand movement has passed the gully whilst part of the sand flowed over the levees. 
The rest of the sample can be compared with the one from the canyon terrace and 
the shelf cores. This clay sedimentation is slow and the conditions are favourable 
for intensive burrowing action. The occasional sand grains can be brought in by 
wind and by drifting plant fragments. 

The slumps, which normally occur in the finer grained samples, indicate insta- 
bility of the sedimentation areas. Topographical differences are normal at places 
where these cores have been collected. The small grain size, the presence of mica 
and the abundance of burrows may be sufficient for slump action. Mass movements 
may also occur. Examining sample SJ-17 (Fig.8) one gets the impression that the 
two sediment units are not deposited upon each other. Whether there has been erosion 
of  the gravelly part or movement of the upper part by mass movement, cannot be 
concluded. 

The examples given clearly indicate the need of  further detailed research before 
definite answers can be given on the transport agents in submarine canyons. 
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