
8. SITE 91

The Shipboard Scientific Party1

SITE DATA
Occupied: March 12-15, 1970.
Position: 23°46.40'N;

93°20.77'W.

Water Depth: 3763 meters.

Total Depth: 900 meters.

Holes Drilled: One.

Cores Taken: Twenty-five.

BACKGROUND AND OBJECTIVES

The Sigsbee Basin of the Gulf of Mexico lies between
the Sigsbee Scarp to the north (about 200 miles off the
Texas-Louisiana coast) and the Campeche Scarp to the
south (about 150 miles off the Yucatan Peninsula), and
between the West Florida Escarpment to the east (about
120 miles west of the Florida coast) and the foot of the
Mexican continental slope to the west (about 180 miles
east of the Mexican coast). The Sigsbee Basin includes the
Mississippi Cone to the east and the Sigsbee Abyssal Plain
to the west and south. The Sigsbee Abyssal Plain is inter-
rupted only by the Sigsbee Knolls, the first three of which
were discovered by Ewing in 1954 (Ewing et al. 1958).

The study of thirty-three cores in 1953 led Ewing et al.
(1955) from a consideration of the nature of the sediments
cored, the topography of the Mississippi Cone, and the flat
floor of the Sigsbee Deep, to the conclusion that the distri-
bution of sediments in the Gulf of Mexico was profoundly
influenced by turbidity currents. These authors also con-
cluded, from seismic refraction measurements, that the
crust was oceanic in character.

In 1954, a detailed topographic study, supplemented by
124 piston cores taken in the gulf (Ewing et al. 1958), led
to the conclusion that silty sediments supplied in quantity
by the Pleistocene Mississippi River and distributed by a
turbidity current process covered the floor of the gulf.

Site 91 was located in the abyssal plain just beyond the
foot of the continental rise to the Texas gulf coast. This
site was chosen principally because the profiler records
showed it to be in about the same geological position in
the Sigsbee Abyssal Plain as Sites 3 and 87,but on the
opposite side of the Sigsbee Knolls. Deep penetration at
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Sites 3 and 87 had been frustrated by slumping, and it
was felt that this location might be more stable and that
deeper penetration could be achieved.

Vema cruise 26 records had shown southerly dipping
horizons, thinning to the south, which were overlapped by
horizons from the south and east (Figures 1 and 2). Three
other discontinuities evident in the profiler section could
be penetrated by drilling to a depth of about 500 meters.
It was thought that dating these three discontinuities
could aid in interpreting the later sedimentary cycles
within the gulf basin.

The Glomar Challenger profiler records of Leg 10
showed continuity of horizons from Site 90 to this side,
and another objective was to confirm that these horizons
were contemporaneous at the two sites. If so, great confi-
dence could be placed in tracing these horizons through-
out at least the western and southern basins, if not
throughout the whole basin.

The Glomar Challenger cut 25 cores at Site 91 on
March 12-15. The bottom core was recovered from a
depth of 900 meters below the sea floor and consisted of
Middle Miocene silty sand. A core inventory is given as
Table 1.

NATURE OF SEDIMENTS

General Description

Site 91 was drilled near the center of the Sigsbee Abys-
sal Plain. The sediments, typified by the presence of olive
gray, faintly laminated to massive clay or silty clay and
texturally graded sands and silts, are categorized as tur-
bidites and laminites. The sandy, coarse silts and very fine
to fine sands are characteristically thin, although several
examples of beds in excess of one meter thick are known.
Sand probably comprises less than 10 per cent of the
section.

A core of Upper Pliocene sediments is quite similar to
overlying Pleistocene turbidites-laminites, although the
fine-grained interbeds are characteristically more pelagic,
containing thin beds of nannofossil-rich clay and clayey
ooze. This can be compared with Site 87, where nanno-
fossil ooze dominates the equivalent section.

The Miocene section penetrated at Site 91 is comparable
in terms of facies with that drilled at Site 90, although the
Upper Miocene interval appears considerably thinner at
Site 91. Laminites and hemilaminites dominate to the
base of the hole. The lowermost core (25) contains the
coarsest debris in the entire sequence drilled, ranging up
to gravelly, very coarse sand. This appears to correspond
with the profiler record where persistent reflections are
characteristic to considerably greater depth, as at Site 90.
These basal sands are mineralogically immature and quite
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Figure 1. Vema cruise 26 seismic records which show southerly dipping horizons thinning to the south.

similar to those at the base of Site 90, suggesting a com-
mon source.

From a comparison of Sites 90 and 91, modified by
inspection of the profiler record between those two sites,
it can be demonstrated that the thick Pleistocene section
of Site 91 probably received most of the terrigenous elas-
tics from the Mississippi fan and other northern portions
of the deep-water gulf. The presence of turbidites in Plio-
cene sediments at Site 91 and their general absence at Site
90 also suggests a northern or northeastern source.

Core 1 consists of olive gray, horizontally laminated,
sometimes cross-laminated, texturally graded silt to

sandy, coarse silt interbedded with massive to faint-
ly laminated, rarely burrowed clay or silty clay.
These sediments represent a mixed turbidite-laminite
facies.

Core 2 is somewhat similar to Core 1 and consists of
brownish gray, massive mud with zones of gray red clay,
speckled with fecal microburrow fill intercalated with
massive, olive gray, sandy mud with silt-filled microbur-
rows throughout, and subsidiary olive gray, horizontal to
cross-laminated, texturally graded, coarse silt to sandy
silt. Variations in color of sediments in this core may
indicate mixed sources of elastics (i.e., a north source
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versus a Mississippi source). Facies designation is again
laminite-turbidite.

Core 3 is quite similar to Core 1, containing lesser
amounts of sand. Core 3 is described as olive gray, rarely
burrowed to massive clay to mud, with silt-filled mi-
croburrows and common texturally graded, thin quart-
zose silt laminae and silty, coarse silt beds/bands. This
core can be summarized as a laminite.

Cores 4 and 5 are again designated laminites, varying
from olive green gray to brownish gray, massive to faintly
laminated, rarely burrowed clay and silty clay with silt-
filled microburrows and scattered fecal stain, interbedded
with thin, texturally graded, sandy coarse silt laminae and
horizontally to cross-laminated, sandy coarse silt to silt.
Well laminated, unfossiliferous brownish gray clay occurs
as the base of Core 5. Core 6 differs from the above only
in a higher proportion of finely laminated, brownish gray
to olive gray, unburrowed, unfossiliferous clay.

Core 7 contains several meters of disturbed (probably
"cave" or mechanically disturbed) olive gray to gray,
sandy, coarse silt to silty, very fine sand with some car-
bonaceous debris, overlying olive gray, relatively undis-
turbed, faintly laminated, rarely to moderately burrowed,
sandy silt, silt, and clay, with silt/sand-filled microbur-
rows and common thin, texturally graded, coarse silts and
silty, very fine sands as in upper cores. This latter interval
represents laminite sedimentation. The upper disturbed
sand section indicates the presence of graded sand beds
either immediately at the cored interval or at some dis-
tance above the coring interval (the latter is probably more
likely).

Cores 8 and 9 also contain an upper zone of disturbed
sand, as above, underlain by interbedded, olive gray to
greenish gray to light olive gray, nannofossil-bearing
clay/silt and clayey nannofossil ooze with intercalated
thin quartzose silt/sand laminae/bands and gray, sandy,
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Core

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Total

%Cut

% Recovered

No.
Sections

6

5

6

6

6

6

5

2

6

4

4

3

3

2

3

3

6

6

3

6

6

2

-

-

4
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Date

3/12

3/12

3/12

3/12

3/12

3/12

3/12

3/13

3/13

3/13

3/13

3/13

3/13

3/13

3/14

3/14

3/14

3/14

3/14

3/14

3/14

3/14

3/14

3/14

3/15

Time

0600

0800

1000

1200

1430

1830

2230

0200

0500

1030

1630

1830

2030

2215

0000

0145

0325

0500

0630

0830

1015

1530

1715

1930

0100

TABLE 1
Core Inventory -

Coreda

Interval
(m)

3823-3832

3886-3895

3922-3931

3940-3949

3949-3958

40644073

41704176

4253-4258

4293-4301

4415-4421

4533-4542.2

4542.2-4551.4

4551.4-4560.6

4560.6-4569.8

4569.8-4579.0

4579.0-4588.2

4588.2-4597.4

4597.44606.6

4606.6-4615.8

4615.8-4625.0

4625-4629

4629-4635

4635.0-4644.2

4644.24653.4

4653.44662.6

Cored
(m)

9.0

9.0

9.0

9.0

9.0

9.0

6.0

5.0

8.0

6.0

9.2

9.2

9.2

9.2

9.2

9.2

9.2

9.2

9.2

9.2

4.0

6.0

9.2

9.2

9.2

208.6

23.2%

Site 91

Recovered
(m)

8.4

6.3

9.0

9.0

9.0

7.5

7.0

3.0

8.3

6.4

5.7

3.5

4.2

3.5

4.7

4.0

9.2

9.2

3.8

9.2

9.2

2.8

0.1

0.0

5.7

148.7

71.3%

Subbottom
Penetration

(m)

Top

60.0

123.0

159.0

177.0

186.0

301.0

407.0

490.0

530.0

652.0

770.0

779.2

788.4

797.6

806.8

816.0

825.2

834.4

843.6

852.8

862.0

866.0

872.0

881.2

890.4

Bottom

69.0

132.0

168.0

186.0

195.0

310.0

413.0

495.0

538.0

658.0

779.2

788.4

797.6

806.8

816.0

825.2

834.4

843.6

852.8

862.0

866.0

872.0

881.2

890.4

899.6

900.0

Lithology

Sand&
silty clay

Silty clay

Silty clay
& sand

Silty clay

Silty clay

Silty clay

Silty sand
& clay

Silty sand

Silty sand &
nanno ooze

Silty sand

Sand&
silty clay

Sand&
silty clay

Silty clay

Silty sand
& clay

Silty clay

Silty clay

-

Silty clay
& sand

-

Silty sand

-

Mudstone

-

-

Silty sand

Age

Late
Pleistocene

Late
Pleistocene

Late
Pleistocene

Late
Pleistocene

Late
Pleistocene
Middle
Pleistocene

Middle
Pleistocene

Early
Pleistocene

Late
Pliocene

Middle
Miocene
Middle
Miocene
Middle
Miocene

Middle
Miocene

Middle
Miocene

Middle
Miocene

Middle
Miocene

-

Middle
Miocene

-

Middle
Miocene

-

Middle
Miocene

-

-

Middle
Miocene

Drill pipe measurement from derrick floor.
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coarse silt to silty, very fine sand, texturally graded. Thus
Cores 8 and 9 represent intercalated turbidites and
hemilaminites. Core 10 represents an increase in silt
laminae/bands, whereas the fine-grained interbeds remain
nannofossil-bearing. Core 10, thus, qualifies as a laminite
interval.

Cores 11 through 25, continuously cored, represent a
general increase in sand percentage downwards, culminat-
ing in a relatively high sand percentage at the base of the
hole. Sediments throughout the continuously cored inter-
val range from vaguely to moderately laminated, moder-
ately burrowed, color laminated as greenish gray to olive
gray to brownish gray, unfossiliferous to slightly nan-
nofossil-bearing mud and clay (hemilaminite), with occa-
sional thin, graded silt laminae (laminite). Well laminated,
olive brown mudstone with thin graded beds of very
poorly sorted, clayey to silty, very fine sand, horizontally
bedded and carbonaceous debris-rich, appear to become
more common in the lower part of the interval (Core 16).

The presence of considerable amounts of disturbed
("cave"?) gray sand in the lower cores indicates an in-
creasing sand percentage toward the bottom of the hole.
Grain size also increases. This is interpreted to indicate
the presence of thicker and coarser grained turbidites with
depth. Core 25, perhaps, represents the thickest and coars-
est sand units yet recovered from the deep-water Gulf of
Mexico. Although most of the core appears disturbed, the
basal section consists of texturally graded, very fine to
gravelly, very coarse sand, poorly sorted with mudclasts
up to 15 mm in size. Rock fragments and quartz grains up
to 5 mm also occur. Carbonaceous debris is common.
These sands are mineralogically immature and quite simi-
lar to those reported at the base of Site 90, although appar-
ently coarser grained.

Petrographic study of the very coarse sand revealed an
assemblage of plagioclase feldspar, quartz, biotite, green
and brown hornblende, and carbonate rock fragments.
Volcanic rock fragments, chert, chlorite grains, zircon,
rutile, and tourmaline comprise the remainder of the as-
semblage. Only traces of potassium feldspar appear to be
present. Volcanic rock fragments are common, ranging
from Fe-rich glass to fine-grained, feldspathic microlitic
fragments. Sedimentary rock fragments consist of (a) car-
bonate rock fragments, including "Cretaceous-appearing"
limestone and dolomite, and (b) dark, cemented sandstone
fragments. Contemporaneously derived clam and gastro-
pod shell debris (of Miocene age?) as well as coral frag-
ments complete the sedimentary rock fragment
assemblage/Abraded chlorite grains suggest a subsidiary
low-grade metamorphic terrain. As discussed previously,
this assemblage appears to support a Rio Grande embay-
ment source as the most likely clastic provenance.

The Pleistocene sands and coarse silts, by way of con-
trast, are considerably less plagioclase-rich, have a higher
proportion of potassium feldspar to plagioclase feldspar,
a higher relative percentage of dolomite rhombs (consid-
ered detrital), and a less complex heavy mineral suite.
Although it might be argued that the finer grained nature
of the Pleistocene sands is responsible for the more mature
mineralogical assemblage, as compared to the Miocene
sands, it seems apparent that various lines of evidence

point to basically different sources for the two intervals.
These points are presented in the following section.

Sedimentological Interpretation

The thick sequence of Pleistocene turbidites and lami-
nites present at Site 91 presents an opportunity to charac-
terize the abyssal plain in terms of sediment source.
Although data are somewhat meager, it is thought that
sediment color may be a primary indication of distinctive
source Terrains, the olive gray clayey silts and associated
sands representative of a Mississippi Fan/north central Gulf
source. The reddish brown to brownish gray clays/silts and
dark gray to gray sands appear to represent the northern
Gulf (Louisiana-East Texas) and northwestern Gulf (Rio
Grande embayment) region, based on presently available
data.

Several discontinuities within the Plio-Pleistocene sec-
tion at Site 91 (Worzel, this volume) appear to offer
support for interpretation of multiple sources and were
initially suggestive of such a relationship. The material
above approximately 180 meters appears to have been
largely derived via the Mississippi Fan, although subsidi-
ary amounts of northern/northwestern Gulf reddish muds
are present. Sediment below 180 meters to approximately
300 meters may reflect a more important northern/north-
western source, although core coverage is less than op-
timum for such an interpretation. Based on the profiler
record, the interval from 320 meters to 400 meters may be
predominantly clay/silt of indeterminate source. No cores
were obtained from this interval.

The larger proportion of remaining Upper Pleistocene
sediment, from 400 to approximately 460 meters, is evi-
dently of Mississippi Fan derivation, as based on analysis
of Core 7. Below this level, most of the graded sands
appear to represent a northwestern Gulf source, being
characterized by dark gray to gray sands with an imma-
ture mineralogical and rock fragment assemblage. This
continues to the bottom of the hole (Middle Miocene).

The thick sequence of Miocene laminite and hemilami-
nite* occurring at Site 90, which thins eastward to Site
91, suggests a general proximal-distal facies configuration
as one moves basinward. The general absence of graded
sand turbidites in Pliocene and Lower Pleistocene sedi-
ments at Site 90 and the presence of thick, coarse-grained,
northwestern Gulf Miocene turbidites at Site 91 suggest
that Site 90 lies somewhat south of the main axis of
sediment transport operative during Miocene time.

The gradual shift in prime sediment source upwards
through the section penetrated at Site 91 suggests either
shifting depocenters on the northern Gulf clastic-
dominated shelf or that the abyssal plain has had a varied
bathymetric configuration during upper Cenozoic sedi-
mentation. Both factors may operate concurrently. The
profiler records seem to indicate that at times during Pleis-
tocene sedimentation a bathymetric low may have existed
to the north (and to the east?) of the present Sigsbee Deep.
Progradation and aggradation of the northern continental
rise as well as the Mississippi Fan appears to have fluc-
t\iated considerably during the Pleistocene, possibly a re-
flection of shifting depocenters. The area beneath the
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Mississippi Fan may thus have been a rather isolated ba-
thymetric deep at some earlier time, either in Pliocene or
Early Pleistocene time. This would have largely prevented
delivery of Mississippi-type sediments to the site of Site
91, or at least have diverted a large percentage of the
coarser elastics.

The sequence of Miocene turbidites, evidently quite
thick as judged from the profiler record, indicates a pro-
longed period of turbidite sedimentation. As discussed for
Site 90, this appears to argue for eustatic changes of sea
level during Middle Miocene time.

Physical Measurements

Penetrometer measurements indicate normal to
slightly less than normal consolidation with depth. Com-
paring Site 91 with Site 90 shows that the Pleistocene
section of Site 91 is slightly less consolidated than that of
Site 90, suggesting that the higher rate of accumula-
tion of Pleistocene sediment at Site 91 is responsible for
the slower rate of consolidation. On the other hand, bulk
density measurements are comparable between the two
sites (within the limits of error), suggesting that the rela-
tionship is complex. The average bulk density of Core 1
is high, evidently a reflection of the high percentage of
sand.

Disturbance of core through the remainder of the hole
tends to cast considerable doubt on GRAPE measure-
ments and bulk density comparisons, especially below ap-
proximately 450 meters. Undercutting of the more
consolidated or semi-consolidated sediments below this
depth suggests that bulk densities are only grossly indica-
tive of increasing density with depth.

Natural gamma measurements at Site 91 appear to
correlate reasonably well with terrigenous clay content.
Cores 8, 9, and 10 are especially notable in that the higher
percentage of pelagic components (carbonate) is probably
responsible for the low gamma count. The immature sand-
stones at the base of the hole are again surprisingly high,
as at Site 90, suggesting that the immature mineralogy of
the sandstones is responsible. Cores 11 and 13 contain thin
zeolite-enriched zones, which give a locally high gamma
count similar to that observed at Site 90.

The presence of methane-rich natural gas was again
detected, persisting to a greater depth than at previous
sites. This persistence to greater depth may reflect the high
rate of Pleistocene sedimentation and a resultant lower
level of consolidation.

BIOSTRATIGRAPHY

The biostratigraphy of Site 91 is summarized in Fig-
ure 3. The interpretation is based on examinations of the
foraminifera and calcareous nannofossils. The samples
also were examined for radiolarians, but no significant
occurrences were noted.

The biostratigraphies of the sections penetrated are
very similar for Sites 90 and 91, although the times of
maximum sedimentation differ greatly at the two sites.
Thickness of the total sediments deposited since approxi-
mately the end of Early Miocene is greater by 200 meters
at Site 91. The difference in the thicknesses of the Quater-
nary sections at the two sites is greater than the difference

in overall thicknesses ( + 350 meters thicker at Hole 91).
The Middle and Late Miocene sediments are actually
thinner at Site 90 than at Site 91. Approximate thick-
ness relationships are illustrated in Figure 4. One interpre-
tation of the relationships is that the major source of
clastic sediments shifted from west to east during deposi-
tion of the section (probably from Rio Grande dominance
to Mississippi dominance). This interpretation is strength-
ened by an upward change in mineral suites in both the
highly diluted, predominantly clastic sections.

Sample 1(10-91-1, CC):
Globorotalia truncatulinoides, Globigerina inflata, Glo-
bigerinoides ruber (pink), Coccolithus pelagicus, s.s.,
and Cyclococcolithus leptoporus leptoporus.

Age: Late Pleistocene, probably late Wisconsinan (gla-
cial); Globorotalia truncatulinoides Zone; Pulleniatina
finalis Subzone.
Environment: Bathyal.
Remarks: A few reworked Cretaceous nannofossils were
noted, including species of Arkhangelskiella, Watznau-
eria, and Micula.

Sample 2 (10-91-2, between segments 2 and 3):
Globorotalia truncatulinoides, G. menardii (rare),
Globigerina inflata, Globigerinoides ruber (pink), Ge-
phyrocapsa oceanica, G. kamptneri, Coccolithus pelagi-
cus?,.?,., Oolithotus antillarum, and Pseudoemilianiasp.

Age: Late Pleistocene, probable early Wisconsinan (gla-
cial): Globorotalia truncatulinoides Zone; Pulleniatina
finalis Subzone.
Environment: Bathyal.

Sample 3 (10-91-3, CC):
Globorotalia truncatulinoides, Globigerina inflata, Glo-
bigerinoides ruber (pink), Coccolithus pelagicus s.s.,
Pseudoemilaniasp. cf. P. lacunosa, Reticulofenestrasp.,
and Coccolithus pelagicus, s.l.

Age: Late Pleistocene, probable late Illinoian (glacial):
Globorotalia truncatulinoides Zone; Pulleniatina finalis
Zubzone.
Environment: Bathyal.

Sample 4 (10-91-4, CC):
Globigerina inflata, Globigerinoides ruber (pink), Has-
tigerina aequilateralis, Coccolithus pelagicus s.s.,
Helicopontosphaera sellii, Pseudoemiliania sp., Rhab-
dosphaera sty lifer, and Ceratolithus cristatus.

Age: Late Pleistocene, probable late Illinoian (glacial):
Globorotalia truncatulinoides Zone; Pulleniatina finalis
Subzone.
Environment: Bathyal.
Remarks: Reworked calcareous nannofossils include the
Miocene-Pliocene forms, Cyclococcolithus neogammation
and Reticulofenestra pseudoumbilica.

Sample 5 (10-91-5, CC):
Globorotalia truncatulinoides, G. tumida, Globigerin-
oides ruber (pink), Globigerina inflata, Coccolithus
pelagicus s;s., Cyclococcolithus leptoporus leptoporus,
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Figure 4. Approximate thickness relationships of sediments in Holes 90 and 91.
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Pseudoemiliania sp., Reticulofenestra sp., and Discoli-
thina millipuncta.

Age: Late ? Pleistocene, Illinoian (glacial): Globorotalia
truncatulinoides Zone; ?Pulleniatina finalis Subzone.
Environment: Bathyal.
Remarks: Reworked Miocene calcareous nannofossils in-
clude Catinaster coalitus, Discoaster exilis, D. challengeri,
D. bollii, D. quinqueramus, and Cyclococcolithus neogam-
mation.

Sample 6 (10-91-6, CC):
Globorotalia truncatulinoides, G. scitula, Globigerina
inflata, Globigerinoides ruber (pink), G. triloba, Coc-
colithus pelagicus s.s., and Pseudoemiliania sp.

Age: Middle Pleistocene, probable early Illinoian (glacial):
Globorotalia truncatulinoides Zone; ? Globoquadrina
dutertrei Subzone.
Environment: Bathyal.
Remarks: Reworked Cretaceous calcareous nannofossils
are common.

Sample 7 (10-91-7, CC):
Globorotalia truncatulinoides, G. scitula, Globigerina
inflata, Globigerinoides ruber, G. quadrilobata, G. sac-
culifera, Coccolithus pataecus, Helicopontosphaera sel-
lii, Pseudoemiliania lacunosa, Discolithina anisotrema,
and Gephyrocapsa sp. cf. G. caribbeanica.

Age: Middle Pleistocene, early Illinoian; Globorotalia
truncatulinoides Zone; ? Globoquadrina dutertrei Subzone.
Environment: Bathyal.

Sample 8 (10-91-8, CC):
Globorotalia truncatulinoides, G. miocenica, Spha-
eroidinella dehiscens, (abundant), Globigerina inflata,
Globigerinoides ruber (white), Discoaster brouweri,
Reticulofenestra pseudoumbilica, Pseudoemiliania
lacunosa, Scyphosphaera pulsherrima, and Cyclococ-
colithus leptoporus macintyrei.

Age: Early Pleistocene, Nebraskan: Globorotalia truncatu-
linoides Zone; Globorotalia tosaensis Subzone.
Environment: Bathyal.

Sample 9(10-91-9, CC):
Globoquadrina altispira, G. venezuelana, Globorotalia
multicamerata, G. miocenica, Globigerinoides obliqua,
Discoaster brouweri, D. surculus, D. pentaradiatus, D.
asymmetricus, Reticulofenestra pseudoumbilica, and
Ceratolithus rugosus.

Age: Late Pliocene: Pulleniatina obliquiloculata Zone.
Environment: Bathyal.

Sample 10 (10-91-10, CC):
Globigerina nepenthes, Globorotalia sp. cf. G. acostaen-
sis, Discoaster brouweri, D. surculus, D. variabilis, D.
exilis, D. quinqueramus, Reticulofenestra pseudoum-
bilica, and cf. Catinaster sp.

Age: Late Middle Miocene (N. 15): Globorotalia menardii
Zone.
Environment: Bathyal.

Sample 11 (10-91-11, CC):
Globigerina sp. cf. G. nepenthes, Globorotalia sp. cf. G.
menardii var., Cyclococcolithus leptoporus macintyrei,
Pseudoemiliania sp., and Coccolithus minutulus.

Age: Middle Miocene (?N. 14/15).(
Environment: Probable bathyal.
Remarks: Both fauna and flora rare; age based partly on
superposition.

Sample 12 (10-91-12, CC):
Age: ?Middle Miocene.
Remarks: No planktonics (fauna or flora) were recovered
from this sample. Sample appears to be highly diluted with
terrigenous elastics.

Sample 13 (10-91-13, CC):
Globorotalia fohsi robusta.

Age: Middle Miocene (N. 12/early N. 13)
Environment: Bathyal.
Remarks: No calcareous nannofossils were noted. Ben-
thonic foraminifera include species of Gyroidina, Ellip-
sonodosaria, and Laticarinina.

Sample 14 (10-91-14, CC):
Globorotalia fohsi fohsi, G. mayeri, Globoquadrina altis-
pira, Discoaster brouweri, D. exilis, D. sp. aff. D. bollii,
Helicopontosphaera sellii, and Reticulofenestra pseu•
doumbilica.

Age: Middle Miocene (N. 10/11)
Environment: Bathyal.

Sample 15 (10-91-15, CC):
Sample 16 (10-91-16, CC):
Sample 17 (10-91-17, CC):
Sample 18 (10-91-18, CC):
Sample 19 (10-91-19, CC):
Sample 20 (10-91-20, CC):
Sample 21 (10-91-21,CC):
Sample 22 (10-91-22, CC):
Sample 23 (10-91-23, CC):
Sample 24 (10-91-24, CC):
Sample 25 (10-91-25, CC):
Ages: Early Middle Miocene (N. 10, no older than N. 9)
Environment: Bathyal.
Remarks: Sample 25 still contains Orbulina universa, and
Globorotalia fohsi fohsiwas recovered from most samples.
Discoaster sç. cf. D. exilis also was found in most samples.

DISCUSSION AND INTERPRETATION

Twenty-five cores, ranging from Middle Miocene to
Holocene in age, were cored in an 899.6-meter interval.
The Pleistocene section was approximately 510-meters
thick and represents the thickest complete Pleistocene se-
quence drilled in the deep sea up to this time (Figure 5).

The Pliocene is 120-meters thick, the upper Miocene,
130 meters, and the Middle Miocene at least 100-meters
thick. The sediments recovered are mostly turbidities con-
sisting of olive gray, faintly laminated to massive silts and
clays and texturally graded sands and silts. The Pleisto-
cene and Pliocene sediments are quite similar except for
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an increase in the percentage of pelagics in the Pliocene
material.

The Miocene section consists of laminites and
hemilaminites. The lowermost section contains the coars-
est debris in the entire drilled sequence (Figure 6, Core
25). The size of the material ranges from fine sand to
pebbly, very coarse sand and consists of mineralogically
immature sand quite similar to that found at the base of
Site 90, suggesting a common source.

A considerable amount of gray sand was encountered
at the lower depths. The occurrence of thicker and coarser
grained turbidites with depth in Site 91 is indicated by
increasing sand percentage and grain size. Examination of
the very coarse sand turbidite(s) reveals a dominantly plu-
tonic assemblage of quartz, K-feldspar, hornblende, bio-
tite, and tourmaline. In addition, Cretaceous limestone
and dolomite, dark cemented sandstone fragments, shell
debris, and coral fragments are found in the material.

The sediments in the first five cores, late Illinoian in
age, are entirely terrigenous quartzose or clay mineral-
rich silts and clays. Detrital carbonate is a common to
abundant constituent.

A marked increase in calcareous nannofossils occurs in
the cores of the sections of Illinoian through Early Pleisto-
cene ages. Otherwise, the sediments representing this se-
quence are similar to the late Illinoian section. In the
Pliocene sediment recovered, calcareous nannofossils are
common to dominant and, in two sections, sufficiently rich
in number to classify the sediment as nanno ooze. Terrige-
nous elastics containing rock fragments, feldspar, am-
phibole, and zircon-rich heavy mineral assemblages occur
in the abundant to dominant range and zeolites make their
first appearance and are classed as rare to abundant.

Sixteen cores recovered from depths between 652 to
900 meters were determined to be Miocene in age. Exami-
nation of this material indicates the following: (a) Terrige-
nous detritus are the most abundant constituents; (b)
quartz, rock fragments, detrital carbonate, and clay min-
erals are the primary detrital constituents; (c) the sedi-
ments are compositionally and texturally immature; (d)
zeolites occur in a small number of sections; (e) volcanic
glass is present in minor amounts; and (f) heavy mineral-
bearing (amphibole and zircon-rich) lithic sands are com-
mon constituents in the cores.

Rates of deposition for various times since the Middle
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follows:
Pleistocene

Present to 40,000 BJ\
40,000 BP. to 60,000 BP.
60,000 BP. to 600,000 BP.

Average rate for:
Late Pleistocene
Early Pleistocene
Entire Pleistocene

Pliocene

Miocene

150 cm/103y
320 cm/103y

55 cm/103y

50 cm/103y
10 cm/103y
20 cm/103y

4 cm/103y

3.7 cm/103y
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The average rate of deposition from the Holocene to the
Middle Miocene (14 my period) is 6.4 cm/103Vo

It is interesting to compare the rates of deposition as
determined for Site 90 with those for Site 91. Late Pleisto-
cene deposition in Site 91 is four times that of Site 90,
Early Pleistocene is three times that of Site 90, and Plio-
cene deposition is similar for both holes. The rates for the
Miocene of Site 90 are about the same as those for Site 91.

The average rate of deposition for the sections cored
from Sites 90 and 91 are identical. Thus, the sedimentation
during Miocene times at Site 90 was comparable to
the effects of Pleistocene sedimentation in the central por-
tions of the basin. This comparison is extremely hard to
explain when one considers the relatively isolated position
with respect to known sediment transportation routes of
the area in the vicinity of Site 90.

Examination of the seismic profile from Site 90 to Site
91 shows that the Pleistocene thickens to the east
(Figure 4, chapter 7) and the Miocene thins to the east.
North-south seismic profiles through Site 91 to the Sigs-
bee Scarp (Figures 1 and 2) show that the Pleistocene
thickens to the north, while the Miocene remains almost
constant but dips to the north. The seismic profiles show
that at Site 91 the major source of sediments during the
Pleistocene was from the north and east, mainly the Tex-
as-Louisiana shelf and slope and the Mississippi River. It
is difficult to believe that appreciable amounts of material
could be transported from the north across the complex
structure of the Texas-Louisiana continental slope, but the
evidence does indicate it. Four discontinuities in the N-S
sections occur within the Pleistocene. These discontinui-
ties are believed to indicate a shifting source of sediments
to the north and east during various stages of the Pleisto-
cene. The majority of Miocene sediments are interpreted
as having their source to the west, mainly the Rio Grande
embayment.

The sequence of Miocene turbidites at Site 90 indi-
cates a prolonged period of turbidite sedimentation. It is
suggested that a eustatic change of sea level during the
Middle Miocene is the best explanation for the observa-
tions derived from studies of Sites 90 and 91.

The physical measurements of the cored sections indi-
cate that: (a) the sediments are normally consolidated to
underconsolidated, a result of the high rates of deposition

at Site 90; (2) bulk density measurements are comparable
between Sites 90 and 91; and (c) natural gamma measure-
ments appear to correlate reasonably well with the terrige-
nous clay content.

Gas chromatography analysis is presented in Table 2.
The volume of gas present did not appear to be as great
as in the preceding gassy holes; however, the gas did per-
sist to a greater depth (838 meters) than at any previous
site. It has been suggested that this presence of gas at
greater depths reflects the high rate of Pleistocene sedi-
mentation and is attributable to biogenic activity.

TABLE 2
Gas Analysis, Site 91

Core No.

3-Top
3-Top
4-Top
4-Top
5-Middle
5-Middle

6-Top
6-Top
7-Bottom
7-Bottom
8-Middle
8-Middle

10-Toρ
10-Top
11-Middle
11-Middle
18-Middle
18-Middle

Depth
(m)

159

180

190

301

412

492

652

774

838

Methane
(%)a

58
67
53
50
68
72

67
65
61
55
60
55

62
60
62
63
63
60
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Figure 6. Coarse-grained sediment in Core 25, Hole 91. Note that Sections 1, 2, and 3; and most of Section 4 are one
turbidite layer with evident grading.
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SITE 91

SITE 91

AGE DEPTH LITHOLOGY

— 100

— 2 0 0

-300

*

-400

I—500

LITHOLOGIC DESCRIPTION

1.0
I

1 : Interbedded o l i ve -g ray SAND
and SILTY CLAY.

2: I n te rca la ted brownish-gray
SILTY CLAY and o l i ve -g ray
SAND SILTY CLAY.

3: Interbedded o l i ve -g ray
SILTY CLAY to SANDY SILTY
CLAY and SILTY SAND.

4 : Ol ive-green-gray to
brownish-gray SILTY CLAY
wi th many s i l t y zones.

5: As above but s t r i c t l y
brownish-gray.

6: Brownish-gray to o l i ve -g ray
SILTY CLAY grading downwards
to o l ive-brown SANDY SILTY
CLAY.

7: Ol ive-gray to gray SILTY
SAND over l y ing brownish-
gray SANDY SILTY CLAY.

Dark gray SILTY SAND w i th
MUDCLASTS.

0

POROSITY
%
50 100 4.0

PENETROMETER

cm

2 . 0 0.0

DENSITY
g/cc

2.0

2 NATURAL GAMMA
10 counts /75 sec

3.0
I

13.0 25.0
I

37.0 49 .0
I
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SITE 91

SITE 91(cont . ) .
1 I TI I 1 POROSITY PENETROMETER

<j % cm
gg 0 50 100 4.0 2.0 0.0

AGE DEPTH g LITHOLOGY LITHOLOGIC DESCRIPTION
(m) " g DENSITY 2NATURAL GAMMA

^ cc g/cc 10 counts/75 sec

S 1 0 2.0 3.0 13.0 25.0 37.0 49.0

. ^ ^ — 500 ' 1 1 ' ' ' '
UJ CQ

s? m z -

33 - U• • • • • • • . • • . -^ •••• • 9 : G r a y S I L T Y S ^ N D w i t h M U D ' _, . _ _
9 MilTJl~Jl~—"7'" CLASTS overlies interbedded ^ t , _àt —^^ t t^

—p• _ CLAYEY NANNO OOZE and SILTY *" " * " '
CLAY which in turn over l ies
SILTY SAND with CLAYEY
NANNO OOZE c las ts .

LU i—
UJ _j<NJ _

1 if -
— 600

et
LU -

ii :
~ ~ S 10 b•~•a^•~•l~•lJEr 1 0 : Dark gray SILTY SAND with — s w - ^ ^ • * * " - ^ E

^ - f i ~ clasts of CLAYEY NANNO OOZE " * — ' *
5 overl ies interbedded CLAYEY

NANNO OOZE and SILT.

7 0 Q 11: Olive-gray SAND with MUD-
CLASTS overlies greenish-
gray to brownish-gray SILTY
CLAY/CLAY.

12: Dark gray SILTY SAND over-
l ies greenish-gray to
brownish-gray SILTY CLAY/
CLAY with common s i l t
laminae.

ú? 13: Greenish-gray to ol ive-gray
^ SILTY CLAY/CLAY.

w * 14: Dark gray SILTY SAND with
jδ MUDCLASTS overlies greenish-

ö g ^ • - T T y L v^ ^ ? ? ? 1 gray SILTY CLAY. __ - . » - -
g s^L D _ ~ 15 and 16: Greenish-gray to ••β" " * ^ ^ *

Jü i2 H" brownish-gray SILTY CLAY/ — — — -
£ _ — • • CLAY. Overlies olive brown •™«_—

13H MUDSTONE i n core 16. * * - — w ~ ~ ^ ^ β = —
" —800 i .W--^•^••- 18 and 20: SILTY SAND with dis- _ ^
^ U persed clasts of MUD. .
2 - 15H 2 2 : °ark gray SAND overlies MUD- J 3 * -9T ^^•
3 LJ.•.. SXONE and CLAYSTONE. u

1 6 — . . .._.. 2 5 _ ^ ^ g r ^ s i L T y S A N D ^ p o o r 1 y - j . -β" ^ * • *

T T π sorted, with MUDCLASTS. ~ ^ y ' m• =^»-

1 1 1 — g o o I ~ UJ 1 * *=
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Site 91 Hole Core 1 Cored Interval: 60-69 m

Core

Catcher

LITHOLOGY LITHOLOGIC DESCRIPTION

Brecciated-mechanically disturbed.

Interbedded SAND and SILTY CLAY
Former is ol ive-gray, horizontal ly
laminated, sometimes cross-laminated,
graded textura l ly s i l t y very f ine sand to
sandy s i l t . Latter is massive to fa in t l y
laminated. Turbidite laminite.

-Horizontally laminated clayey to s i l t y V.F.
sand.

_ S i l t y V.F. to F. sand (massive?-disturbed).

-Horizontally laminated(?), clayey V.F. sand.

"S i l t y V.F. to V.F. sand, massive?

'Massive s i l t y clay.

"Massive V.F. sand with coarse s i l t laminae,
possibly cross laminated.

"Clayey V.F. sand with coarse s i l t laminae,
possibly cross laminated.

"Massive s i l t y clay.

~N3 laminae-fecal?

Inter l ami nated s i l t y clay and s i l t y V.F.
-, sand/sandy coarse s i l t .
^—Horizontally interlaiminated s i l t y V.F.

sand/sandy coarse s i l t .

— Massive, sandy s i l t y clay with scattered
small patches of s i l t / sand .
-V.F. sand grading up into sandy, V. coarse

s i l t to clayey s i l t .
— Ligni te.

— N3 Laminae.

GRAIN SIZE
WEIGHT %

0.0

6.7

0.6

0.1

29.0 71.0

75 .417 .9

22.2

11.2

77.2

88.7

Site 91 Hole Core 2 Cored Interval:123-132 m

1.0—

Core

Catcher

LITHOLOGY

VOID

LITHOLOGIC DESCRIPTION

Slightly gas expanded.

SILTY CLAY
Brownish-gray (5YR4/1); massive, strongly
disturbed with zones of gray-red (10YR4/2)
si l ty clay.

SANDY SILTY CLAY
Olive gray (5Y4/1); massive with speckles
of coarse s i l t / V . F . sand scattered through-
out - probably microburrows.

Horizontally to crosslaminated sandy to
clayey s i l t with rare s i l t y V.F. sand
laminae.
Dominantly horizontal ly laminated s i l t y V.
sand grading up into muddy V.F. sand and
subsidiary sandy coarse s i l t .

SILTY CLAY
5YR4/1 ; massive, N3 faecal microburrow-f i l l .
Lamini te- turbidi te.

GRAIN SIZE
WEIGHT %

0.0

0.5

36.7 63.2

15.883.7
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Site 91 Hole Core 3 Cored I n t e r v a l : 1 59-168 m

g |! GRAIN SIZE
P ^ WEIGHT %

z <:
o <Λ Σ: .

< S £ £ LITHOLOGY α 5 LITHOLOGIC DESCRIPTION S £ d

Gas expanded.

-, I _ " ~ ~Λ?V 0 I D

1 o - ~ ~_ _~' /jfsiLTY CLAY to SANDY SILTY CLAY
- f f i - • . - . ~ - . . - ' // Olive-gray (5Y4/1), with random patches of
" - - _ - - ••_• I coarse silt/V.F. sand - probably micro-
- . . - . . - . , _ " - . . . ' burrow f i l l ? Occasional thin quartzose
Z-©':_-:_'.-'.'. ~ s i l t laminae, highly deformed. 0.2 21.5 78.3

~ - ~ ^ . ~ - . ~ ~ - " V O I D

^! —._" ._. ._"
o _ " r -••÷=• ~ • — : ~

| I VOID ^

« •§ 3 _ %y. NOT OPENED - Assumed to be as above and
go ^ //A below.

'ë _ /yy.

\ I I #
^ ^ UNOPENED ///

I l £ l
a ;§ - TOO ^
^ 5 4 ; DISTURBED ^
1 = I
i —= á

-̂v< Laminite.

- 1 ^ " ^ . - " = ^ | - 4.8 58.836.4

- S?"—'•^=~ • ü ' ^ s a b o v e Interbedded wi th :

- I±Λ÷M±ML I SILTY SAND
~ _"'_~_~_~_" I Lamination largely disrupted. Occasional
_ µ,-^—.^..-; lamination and burrow-fill of faecal (N3)
- f• • . • t ^ V i r r • l 1 ^ - ^ ' stain.

Core 7_-_~._~^~
Catcher ~—7.ll~-Z-7..

Site 91 Hole Core 4 Cored Interval: 177-186 m

g ^ GRAIN SIZE
^ ^ WEIGHT %

° - s - ^ _ _ —
•"-1 o : CC: O 1 1

LU I— u_i O n ; Q I — > -
L u s r c j h - I_I_ i ^ i <c
£ S K s LITHOLOGY ë " LITHOLOGIC DESCRIPTION S D5 d

- . Gas expanded.

0 5 — " ' - " - " - 7 = = I SILTY CLAY
- ― ^ - • j - • \ Olive-green-gray (5Y4/1-5GY4/1); massive,

1 ~ 1!_''~'..'—". — ". Λ\ r a r e l y burrowed(?). Many s i l t y zones
--7.-~. \\ probably originally laminae/bands of s i l t .

l O-•jr^~•jr.lT.l" \\ Scattered fecal (N3) stain.

~ rlrlrlr.!::!: ^V0ID

:_"~~l"_r_ - 1.1 41.8 57.1

2 : f--7.-:-7--'
CD _ it

x i — • ΛË•I

á I i]-!-'!"-7-"" ~ 2.8 33.5 63.7
α ..•^'.-T÷ •-r^•.-n'..1.'.^

1 | 3 : v : . ^ ;

ö « -^ ' l~l .~l~Z - 0.3 50.6 49.0

g | = E-; ri:-_-I:

j-iJ α - _ 1 ~ _ ~ ^ •

3 | - .l~.l^i ".-."1:: Laminite.

_α _

| 2~•-~-~-~•-~ ~ 0.0 36.8 63.2

1 :üii
~ .~_~^~_r_" As above. Brownish-gray, massive. Ideally
I - _ _—_- and exturally graded sand bed near base.
- "_'..!_."! 11 •-i:- (-Transitional color change to 5YR4/1 .

I . - ^ " l l " - " ^ - 0.315.784.0

6 : ^rf.:7.-7.1

- '•$••;£}/:£ :?•i•:!'y.• I n t e r l aminated sandy coarse s i l t and s i l t y
~ i;tfi•:'•:>'&?'•&:•y, c l a y . Cross lamina ted . H o r i z o n t a l l y
- '/io-/sS^~•-~-' laminated, s i l t y , V.F. sand, sandy coarse

— ' r i j ö ? - ™ . . . s• j i t ancj ciayey s i l t .

Core U"_"_"._."_:
Catcher _T_'~_.._'.._'
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Site 91 Hole Core 5 Cored Interval:186-195 m

§ è G R A I N S I Z E

P 3 WEIGHT %
•― Q: Q: O I i

uj i— UJ On: Q i — >-

< S ë LITHOLOGY o 5 LITHOLOGIC DESCRIPTION S S 3

lHlf
° 5~ ; : : : . : : : . : ^ SILTY CLAY

1 - ~'l~.-~.'-~:^'/y/' Brownish-gray (5YR4/1); massive to faintly
- yY, laminated. Si l t - f i l led burrows. Thin

1 o— '-••~~•-~-~l. vyy quartzose s i l t laminae strongly disrupted
///, by dr i l l ing. Irregular laminae and stained

Z~r÷~•-~-~~•yy, zones of fecal/FeS (N3-4).
Z~•~ "•'— — •'-4% - 0.4 32.6 67.0

! UH
^ -\-?:".Z~-.-/%>- 0 . 0 2 7 . 5 7 2 . 4
< ._._.._.__.. ^

α ~ >J^ Laminite.

ö ^ I _ - -_~_--^/- ° ° 45.7 54.3
o <» — . _ />%
1^ ~á - • ^ / ^ l i v S S / Z < — S a n d y c o a r s e s i l t / s i l t y V . F . s a n d .
!H § ~;.._'"_'.._.._T j Horizontal lamination?

I =::._-_-^-.:-. I

^ _ ÷i^rf V.̂ r':: I Silty V.F. sand grading up into sandy coarse



Site 91 Hole Core 7 Cored Interval: 407-413 m Site 91 Hole Core 8 Cored Interval:490-495 m

1.0-

Core

Catcher

LITHOLOGY

VOID

VOID

Itββ

LITHOLOGIC DESCRIPTION

Slightly gas bearing.

Disturbed mechanically and by gas bubbles.

"Cave"?

SILTY SAND
Olive gray to gray (5Y4/1). Sand is very
fine to moderately sorted (quartzose) fine.
Some carbonaceous debris and rare small
mud clasts.

Base of graded unit?

Base of graded unit?

Zone of mixed mud-clasts and sand matr ix.
Either jetted/cave.

SILTY CLAY
5Y3/1 and 5YR4/1 ; f a i n t l y laminated.
Microburrows(?) with s a n d - f i l l .

-VOID

Interlaminated coarse s i l t and s i l t y clay.

SANDY SILTY CLAY
Brownish-gray (5YR4/1); moderately
burrowed with s i l t / s a n d b u r r o w - f i l l (5Y8/1).
Faint s i l t laminations. Pyr i te concretions.

VOID

T u rb i di te (?) -1 ami n i t e .

GRAIN SIZE
WEIGHT %

26.4 66.6

28.2

54.941.2

1.4

0.5

65.5

25.1

6.9

6.3

3.9

38.4 60.2

74.4

LITHOLOGIC DESCRIPTION

Brecciated-mechanically disturbed.

SILTY SAND with MUDCLASTS
Former is dark-gray N4-6); l a t t e r i s
5G7/1-6/1 and nanno-bearing.

-VOID

Mottled with N5 s t a i n .
N6, brecciated as above.

Nanno-bearing s i l t y c lay; quartz s i l t
laminae. 5Y8/1 with 5Y6/1 and N5.
Pyrite burrow f i l l .
Graded s i l t y V.F. sand to coarse s i l t .

Turbidite-hemi-1aminite.

GRAIN SIZE

WEIGHT %

47.934.217.9

54.7 29.415.9



Site 91 Hole Core 9 Cored Interval:530-538 m

§ | GRAIN SIZE

P ^ WEIGHT %

0 t/> ΣZ

•― C£ CH o I I

< S to £ LITHOLOGY S 5 LITHOLOGIC DESCRIPTION 5 £ d

- pλ&•×•×ih::'} yy Not opened - too disturbed. Lithology
Q 5_ '^ivp-idis^y yy^ assumed to be as below.

1 ~ JVUNOPENED;Λ y/.

- '••.'•.•-:•!•••••/:' .•V•*V̂  Λ .': y// B r e c c i a t e d - m e c h a n i c a l l y d i s t u r b e d .

—-mmm§
zW$mMw SILTY SAND with MUDCLASTS" 5 3 ' ° 3 6 " 7 1 0 ' 4

_ yyy Former is gray (N4); very f i n e ; poorly
- '•fy;:•'•:•:'•y:\;:y':•:\oy. s o r t e d . L a t t e r is common and nanno-

2 I:V V : • : :. :• :';'•:•:•&: yy. bear ing.

~- ̂  w
- \^:.:'•'•::::;•i\\y}•: yy/ Turbi di te-hemi -1 ami ni te .

I ^•y//- 74.8 20.3 4.8

~ ''àr÷f•~-•dX''- y// As a b o v e Mudclasts more abundant. Possibly
•J -j I :•£p:̂ .V .';:«jv; . /// " j e t t ed " interbeds.

I E l •M
1 ": ~è ; I

5 .o• I ^ / V X Interbedded CLAYEY NANNO OOZE and SILTY CLAY
- • >•~- y/y Former is strongly burrowed. Latter is

" o - -••.-••-.'.T.( ̂ . | - nanno-bearing. Thin beds of quartzose 57.9 23.4 18.7
^ § - - = π ÷ f ^ S i ? A sand/bands of quartzose s i l t .
<E « ~ _ - i - ^ _ ^ _ : ^―VOID

~ ~ * ^ ^ i ^ s a b o v e Former is greenish-gray (5G7/1);
_ "-jr T ~ir T ~ \ laminated, πwderately to sparsely burrowed
I "~t•JL-t•Jj: _ \ a n d s l i g h t l y forami ni f e r a l . 1 9 14 2 83 9

~ " ΛV••^•••".^ '
V 0 I D

- K i i • W l ^
 S I L T Y S A N D w i t n

 CLAYEY NANNO OOZE clasts.

Z')^^MΦ:M'0• ~ Former is gray, poorly sorted. Clasts are 54.5 29.4 16.1

6 : 3 - J ^

- -r• ~-i- ~

- •^r--±:J_~r: Clayey NANNO ooze and silty clay as above.
--'—..—. T7 5G7/1 with minor 6/1, 5GY6/1, and N3.

Catcher --L-η -y -.

Site 91 Hole Core 10 Cored Interval:652-658 m

§ ^ GRAIN SIZE

P « WEIGHT %
z •a:
o i/i E: .
—i Qi CZ o

 Q
 I I ^

S S S § LITHOLOGY ë 5 LITHOLOGIC DESCRIPTION S ^ d

I VOID

°•5~ —^-'// Brecciated-mechanically disturbed.

i =imgip

- •-'. vyy
~ : r - \ V×/~ 18.351.6 30.1

^ ~ ' ." . ' y/, SILTY SAND with clasts of CLAYEY NANNO

5 ~- •~àt' ' , T/y 0OZE

g ~ yy Former is dark gray (N4),very fine and
5 u3 ~ ^'0^i\iΦ\ V// poorly sorted. Latter is 5G6/1 .

Wsá
.-: yy

- .. '. cb yy - 21 .2 62 .4 16.4
= ' M VOID

- '– , - • ' / in terbedded CLAYEY NANNO OOZE and SILT
_ ^r^•ptL^Jl' J Former is greenish-gray (5G5/1-5B5/1);

T ..̂ , /> moderately burrowed. Latter is graded,
Z. —~—t- ~^LT / sometimes cross laminated, quartzose and
_ a^n_^^nr^ coarse with some thin graded s i l t laminae as
~ j^_iL"^ i• discrete units.

L^Sfeg:
£_ —_l_"=ri. Laminite-turbidite?

£ Catcher lr_J_-è~J_ri~

H
W



Site 91 Hole Core 11 Cored Interval: 770-779.2 m

Core

Catcher

LITHOLOGY

•'•: U N O P E N E D •
I

LITHOLOGIC DESCRIPTION

S l i g h t l y gas expanded.
Section 1 unopened - too disturbed.
Assumed too be as below.

Brecciated-mechanically disturbed.

SAND with MUDCLASTS
Former-is ol ive-gray (5Y4/1), very f ine
to f ine and quartzose. Latter is (5G5/1).

VOID

SILTY CLAY/CLAY
Greenish-gray to brownish-gray (5G5/1 and
5YR4/1 dominant); vaguely to moderately
laminated; unfossi l i ferous to s l i g h t l y
nanno-bearing. Occasional th in s i l t
lamination. Note zeolite-ash u n i t .

Appears highly montmoril l o n i t i c.

Hemi-laminite.

GRAIN SIZE

WEIGHT %

77.617.4

2.7

0.0 16.4

4.9

20.9 76.5

83.6
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Core 12

LITHOLOGY

UNOPENED

•

V̂ yK::';:'-'-:.̂ -

:

- " - - - - - " - :

mm

M
A
T
I
O
N

o

Q

I

Cored Interval : 779.2-788.4 m

. 
S
A
M
P
L
E

o

LITHOLOGIC DESCRIPTION

S l i g h t l y gas expanded.

Unopened-too disturbed; assumed to be as
below.

Homogenized-disturbed.

SILTY SAND
Dark gray (N4) with brownish hue; moderate
to poorly sorted, s i l t y very f ine sand.

/fSILTY CLAY/CLAY
1 Greenish-gray to brownish-gray (5G5/1 and

JJ 5YR4/1 dominant); vaguely to moderately

burrowed; unfossi l i ferous with common th in
s i l t laminae.

GRAIN SIZE
WEIGHT %
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Site 91 Hole Core 13 Cored Interval: 788.4-797.6 m Site 91 Hole Core 14 Cored Interval: 797.6-806.8 m

0

Core
Catcher

LITHOLOGY

VOID

LITHOLOGIC DESCRIPTION

SILTY CLAY/CLAY
Greenish-gray to olive-gray; vague to
faint ly (color) laminated, micro-mottled;
moderately burrowed; unfossiliferous with
rare s i l t laminae.

CLAY
Olive-gray; sl ight ly s i l t y . Appears
sl ight ly coarser than greenish-gray clay.

Hemi-lamini te.

GRAIN SIZE
WEIGHT %

1.4

30.2 66.2

18.380.3
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0.5 —

1.0-

Core
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LITHOLOGY

UNOPENED

r

MA
TI

ON

o

ë

I
1

i
1

. 
SA

MP
LE

LITHOLOGIC DESCRIPTION

Not opened-too disturbed. Assumed to be as
be 1ow.

Brecciated-mechanically disturbed "cave"?

SILTY SAND with MUDCLASTS
Former is dark gray (N4), poorly sorted and
very f i ne . Latter is greenish-gray.

SILTY CLAY/CLAY
Greenish-gray (5G5/1 with subsidiary
5Y4/1 , N4, and 5G4/1); vaguely laminated;
moderately burrowed; unfoss i l i fe rous.
Hemi-laminite?

GRAIN SIZE
WEIGHT %

Q >—
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LITH0L0GY

- : • - _ - - _ - .

~ - ~ - ~ - ~ - ~ •

— — . . — . _ —

- ; _ - ; _ - _ - _ - ; .

^7T_rTZ..^TT.r7

MA
T I

ON

o

o

Cored Interval: 806.8-816.0 m

.
 S

AM
PL

E

LITH0L0GIC DESCRIPTION

SILTY CLAY/CLAY
Greenish-gray to brownish-gray (color
laminated); vaguely to fa in t l y laminated;
moderately to strongly burrowed. Occasional
rare s i l t - f i l l e d burrows. Few quartz s i l t
laminae. N3-N5 fecal stain throughout.

As above. More dominantly 5G6/1. Increase
in abundance by qtz s i l t laminae.

As above. Fewer s i l t laminae.

Henri -1 ami ni te-1 amini te .

GRAIN SIZE
WEIGHT %

Q

SA
N

1.0

42.4

3b. b

9.9

63. b

47.7

Site91 Hole Core 16 Cored Interval:816-825.2 m

1.0-

Core
atcher

LITHOLOGY

VOID

LITHOLOGIC DESCRIPTION

SILTY CLAY/CLAY
Greenish-gray to brownish-gray color
laminated (5G5/1 with 5YR6/1, 5G7/1, 5Y7/1,
stained with N3-N5); vaguely to faintly
laminated; moderately to strongly burrowed.
Rare s i l t f i l led burrows.

Laminite.

-VOID
[J5Y4/1-3/1 Clayey s i l t with s i l ty clay

laminae/burrow f i l l .
h-Poorly sorted sandy silt/sandy s i l ty clay.

f— Pyritic s i l ty mudstone.

MUDSTONE
Olive-brown (5Y3/1 w i th subs id ia ry 5G5/1
5GY5/1 co lo r l am ina t i ons ) ; we l l laminated;
w i th subs id ia ry c lays tone.

Clayey s i l t - cross laminated at top .

GRAIN SIZE
WEIGHT %

0.9

9.1

27 .0 72.11

55.435.5
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Site 91 Hole Core 17 Cored Interval: 825.2-834.4 m

g §j GRAIN SIZE
PS WEIGHT %

—< CH CCL o 1 1
L u i — L U On: α h- >

< S SΛ 5 LITHOLOGY α 5 LITHOLOGIC DESCRIPTION I £ d

vv> Sections not opened; too disturbed.

°•
5
" %1 : I

l n— V// Apparently, the major lithology is

I s E l l
i I

I
Core V/y

Catcher O%

__ ___^^_ ov,

Site 91 Hole Corelβ Cored Interval : 834.4-843.6 m

g §| GRAIN SIZE

P < WEIGHT %

o c/> s; . .
•―' CSL CXL O

% 1 S £ LITHOLOGY ë 5 LITHOLOGIC DESCRIPTION 1 L̂  d

1 = I
1.0- ^

- z^/ Upper five sections not opened - too-H I

- ^ y y ^° description ava i lab le .

3 I UNOPENED %//

^ I
/yz i-Brecciated-disturbed.

: |
/ / / p5Y5/l dark olive-brown; carbonaceous debris-

I SLURRY /// rich; very poorly sorted s i l t / s i l t y clayey
•yV/ V.F. sand grading up into clayey s i l t .

- η x ^ ^ ^ ^ ^ j / Z I Cross laminations at top? Horizontal
I ĵviV•:'-;'//.?;-.-'.-1.-:, ///; laminations

D —• • '-•'

Z ±::W\:ZI? :±P• - Carbonaceous, poorly sorted s i l t y medium
" ^ 5 . f T - ~l sand grading up to sandy s i l t . 0.2 81.9 17.9

I •\^;/;':/;0.p^. '-Sandy mudstone .

C o r e A, ' __ 5Y5/1 s i l t y sand to sandy s i l t . Dispersed
Catcher ^0•:^lp;; mudclasts throughout.

H
W
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Site 91 Hole Core 19 Cored Interval: 843.6-852.8 m

g | GRAIN SIZE

P ^ WEIGHT %

o c/> Σ: .
• - • Q i C£ O

U J H - L ü O HI O l — >-

1 I ^ ë LITHOLOGY S 5 LITHOLOGIC DESCRIPTION 3 £ d

I VOID Core greatly disturbed and not opened.

0.5-

1.0— /// Major lithology apparently is silty
- V// clay and silty sand.

. 1 !
2 ° - S %
£ S - 5 ^

° S = I %I !
Core

Catcher

Site91 Hole Core 20 Cored Interval : 852.8-862.0 m

g %_ GRAIN SIZE

P S WEIGHT %

° - i ,
—• cc CÜ o T 1

U J l — LU O l C C ^ l > -

« S S ë LITHOLOGY S 5 LITHOLOGIC DESCRIPTION 1 ^ 5

-::£^&0UY// N0TE: Core 19 not cut " t 0 ° disturbed

1 ~ ••'••-U[10PENED : i ^ / Section 1 not cut - too disturbed.^iiiii
- ' v ^ / Z D i s t u r b e d t h r o u g h o u t - " c a v e " ?

- ; ^ • ; ; ; ; . ;• : ;• :^; ^ - 8 4 . 9 1 0 . 6 4 . 5

-9WM&úvy S I L T Y SAND w i t h scattered clasts of SILTY
-'• • -:Λ^Z CLAY and SILTY CLAYEY SAND

η - ' *-• • y// Sand is dark gray (N4); poorly sorted; fine
^ - ' ' ' Oy. to fine/medium. Mud is 5Y4/1 .

m
• • • • é3 Siilii

2 ° =IiliS#
= S _ .'-i» . Yλ Sections 3,4 and 5 not opened-too disturbed
LH 5r - •— y/y assumed to be as above and below.
2 ~ : : • U N O P E N E D : : ^1 « I f

lii
—;rrr-;il

- •C_r' •' ///•— A s a b o v e F l ' n e t 0 m e d i u m g r a d e w i t h some 74 9 1 4 . 5 1 0 . 6
- " / V Z coarse components.

is I
_i_i .1-

C o r e v• •^-•••^VlviS•;^:

Catcher . .

H
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Site 91 Hole Core 21 Cored Interva l : 862-866 m

g §j GRAIN SIZE
P « WEIGHT %

0 c/i Σ: . _ _ _

^ p £ 2 ° i I 5 I 5
S S £ S LITHOLOGY o 5 LITHOLOGIC DESCRIPTION S £ dr

1 _ ^ 6 Core not opened; too disturbed.

• • = I
_ /Z> Apparently, s i l ty clay, sand, and

/// mudstone.-~i i
2 i I I

α - >yy

1 I

Core ^

Catcher ^ Z

Site 91 Hole Core 22 Cored Interval:862.0-866.0 m

g |j GRAIN SIZE
P ^ WEIGHT %

O 00 ^

~ ce a. o I I

S i £ !ü LITHOLOGY α 5 LITHOLOGIC DESCRIPTION S ^ d

~ :VΛ^%'. ••; ;. ::.:.::.: — NOTE: Core Zl n o t c u t - t o o d i s t u r b e d 84 3 8 0 7 6

~ iv\V;.:.:;:.V:V:.:•:V .• .• M e c h a n i c a l l y d i s t u r b e d "cave"?

0 . 5 —

^ - 'U£f :$M? $h SAND
~ •.V•• .• VΛV••^V/•V: Dark g r a y ( N 4 ) ; q u a r t z o s e , t e r r i g e n o u s .

ö I ."_."_."_."-." ' MUDSTONE and CLAYSTONE
2 ° Z"-'-~'-~T ' Vaguely color laminated (5G6/1 -7/1,5GY6/1 , - , _, „ , , 7
Σ 5. - -^-_-_--- ' 5Y6/1 ,N3); moderately to strongly burrowed/ .tit.i
Iti § ~ _.""_"_."_"_ | microburrowed.

2 ~ ~ü ̂ • r j r i j ." ' Laminite-turbidite(?)
2 l ü , ^ ' 5Y4/1 with minor laminae of 5B5/1 and

-^•y•Zè•i•ëii••i | 5GY8/1 ( c l a y ) .

- 'i~ Z~ü- r • r i

Core :_~^~^.~•_.~-

Catcher "_~_"̂ ~_"'

Site 91 Hole Core 23 Cored Interval: 872-881.2 m

g ^ GRAIN SIZE
P < WEIGHT %

o IΛ S
L u i — LÜ O : π o i— >-

S 8 tn ë LITHOLOGY α 5 LITHOLOGIC DESCRIPTION S ^ d

-•LU ° Core Core Catcher only. Turbidite sands and

2 o 5 catcher
 s i l t s

•
Σ
 •Σ.

CΛ

H

m



Site 91 Hole Core 25 Cored Interval: 890.4-899.6 m

LITHOLOGY LITHOLOGIC DESCRIPTION

GRAIN SIZE
WEIGHT %

VOID

0.5 —

1.0-

> r

-®÷ė.

Core

Catcher

NOTE: Cores 23 and 24 not opened - too
disturbed.

Possibly entire barrel mechanically
disturbed.

SILTY SAND
Dark gray (N3-4); quartzose, terrigenous;
fine to medium. Poorly sorted.

As above. Fine to medium to medium/coarse.
Rare mudstone clasts.

Clasts of V.F. sand.

Medium to coarse/very coarse at base. Very
poorly sorted.

Section 4 appears less disturbed. Grading
suggests good sample coarse sand to pebbly
very coarse sand with mudclasts up to 15 rm
and rock grains to 5 urn.

Silty, V.F. to fine sand grading down to:
Medium sand to pebbly coarse sand. Quartz
grains to 4 mm. Mudclasts to 10 mm.
Noticable shell debris in coarser units.

95.6

96.1

2.2

2.1

2.2

1 .7

97.7 0.7 1.6



SITE 91

WET-BULK DENSITY, gm/cc
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SITE 91
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SITE 91

WET-BULK DENSITY, gm/cc
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| i i i i 1 i i • ' M ' > ' M ' ' • I

POROSITY, Grain
Density

I 2 S

1 -

2 -

CM

-25

-50

3 -

4 -

5 -

-75

6-

7 -

8 -

9- 1

- 1 0 0

-125

1—150

91-3-1 91-3-2 91-3-6

146



WET-BULK DENSITY, gm/cc
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SITE 91
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