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REPORT SUMMARY

This report presents and summarizes the preliminary interpretation of
sedimentologic data collected on Horizon Guyot, Mid-Pacific Mountains, during
two cruises aboard the U.S. Geological Survey research vessel S.P. LEE (Hein
and others, 1985a; Schwab and Bailey, 1985). The main objective of these
cruises was to study the distribution and composition of ferromanganese-oxide
precipitates that encrust the hard substrate of sea floor edifices, such as
seamounts and linear volcanic ridges. The concentrations of certain trace
metals, such as cobalt, nickel, and platinum, in these Mn crusts are higher
than those of abyssal ferromanganese nodules and hydrothermal crusts from
spreading centers (Toth, 1968; Craig and others, 1982; Halbach and Manheim,
1984; Hein and others, 1985a, 1986) and thus, appear to be a potential target
for commercial exploitation.

Mass wasting and bedload sediment transport appear to influence the
thickness of crusts on seamount flanks. Crusts typically are thin and
textural evidence of destruction and regrowth of crusts occurs where
geophysical and sediment textural evidence suggesting mass movement or bottom-
current activity is particularly strong (Hein and others, 1985b). Therefore,
the sedimentary environment of these sea floor edifices appears to be a
fundamental parameter controlling the distribution and possibly the chemistry
of ferromanganese crusts.

Horizon Guyot has been studied more extensively than any other location
in the Mid-Pacific Mountains (Heezen, Fischer and others, 1971; Lonsdale and
others, 1972; Winterer, Ewing and others, 1973; and references therein). The
major emphasis of this report is on new data and interpretations that have
become available as a result of the multidisciplinary study of ferromanganese
crusts in the central Pacific Ocean.

This report consists of the three chapters listed below:

Chapter I. Geologic setting and sedimentologic environment of Horizon
Guyot by William C. Schwab and Paula J. Quinterno.

Chapter II. Geotechnical analysis and physical properties of sediment
from Horizon Guyot by Robert E. Kayen, Homa J. Lee, and
William C. Schwab.

Chapter II1I. Current meter and temperature measurements on Horizon Guyot
and implications for sediment transport by
David A. Cacchione, William C. Schwab, George Tate, and
Marlene Noble.

Analysis of high-resolution seismic-reflection profiles, textural and
micropaleontologic analysis of sediment gravity cores (Chapter I), and
interpretation of current-meter data collected over a 9 month period
(Chapter III) show that erosion and redistribution of sediment are important
processes affecting the sediment cap of Horizon Guyot. Although these
processes may periodically affect the entire summit of Horizon Guyot, they are
apparently concentrated around its perimeter. The currents recorded above
Horizon Guyot are dominated by internal M, (semi-diurnal lunar) tidal flow.
These currents are itensified relative to other tidal currents measured in the
north central Pacific, and are thought to be the result of topographic
intensification of the internal tide that propagates across the guyot's
summit. Estimates of the mobility of the Horizon Guyot bottom sediment



indicate that the internal tidal currents can cause bedload transport of the
near-surface foraminiferal sand during the periods of maximum flow (March-May,
flow speed of 43 cm/s). Slope stability analysis (Chapter II) suggests that
if the measured overconsolidation of the sediment collected on Horizon Guyot
is produced by the current reworking of the surficial sediment and 1if
localized undercutting by bottom currents steepens the sea floor declivity,
the sediment capping the summit of Horizon Guyot may be unstable during
infrequent earthquake loading. This scenario is proposed as a possible cause
of the observed sediment slumping on the northwest perimeter of Horizon
Guyot's sediment cap.



I. GEOLOGIC SETTING AND SEDIMENTOLOGIC
ENVIRONMENT OF HORIZON GUYOT
by
William C. Schwab and Paula J. Quinterno

Introduction

Horizon Guyot is a 300-km-long, 75-km-wide volcanic ridge with a gently-
sloping summit that is diagnostic of guyots (Hess, 1946). It is located in
the Mid-Pacific Mountains south of Necker Ridge (Fig. 1-1). Seismic-
reflection data have delineated a pelagic sedimentary deposit up to 160-m-
thick capping an irregular volcanic basement, thus enhancing the flatness of
the summit area (Karig and others, 1970). Seamounts draped by varied
thicknesses of unconsolidated sediment have been described in many other areas
of the world ocean (for example: Karig and others, 1970; Uchupi and others,
1970; Roberts and others, 1974; Taylor and others, 1975; Heirtzler and others,
1977; Jackson, Koisum and others, 1978; Hein and others, 1985b), however, the
physical oceanographic and other envirommental processes that affect this
sediment are poorly understood (Lonsdale and others, 1972; Roberts and others,
1974; Johnson and Lonsdale, 1976).

Drilling of Horizon Guyot's sediment cap (Deep Sea Drilling Project,
DSDP, Site 44; Fig. 1-2) ended with the drillstring twisted off in Eocene
chert at a subsurface depth of 75 m (Heezen, Fischer, and others, 1971). The
exposure of this same chert bed on the north perimeter of the pelagic sediment
cap, bedforms revealed by bottom photos, and near-bottom current meter data
indicate the importance of submarine erosion in fashioning the morphology of
Horizon Guyot's sediment cap (Lonsdale and others, 1972). It has been
suggested that sediment removal and redistribution is performed by accelerated
tidal currents (Lonsdale and others, 1972).

This chapter is a synthesis of previous work completed on Horizon Guyot
and presents further evidence of erosion obtained from recently collected
high-resolution seismic-reflection data and sediment gravity cores. In
addition, evidence for the occurence of mass movement on the sediment cap will
be presented.

Sampling Methods

Horizon Guyot was surveyed and sampled on USGS cruises L5-83-HW (Hein and
others, 1985a) and L9-84-CP (Schwab and Bailey, 1985) utilizing the R/V S.P.
LEE. Shipboard navigation was conducted using an integrated LORAN-C-SAT.
NAV.-GPS-Dead Reckgning system. The geophysical data, which includes 12 kHz,
3.5 kHz, and 80 in” airgun seismic-reflection profiles, bottom camera surveys,
hydro-casts, and CTD-0, probe profiles, are synthesized in Hein and others
(1985a, 1985b) and Scﬁwab and Bailey (1985). Bottom sampling techniques
include dredging and gravity coring. Dredging results are presented in Hein
and others (1985a). Gravity core samples were taken with corers weighing
between 2 and 10 kN. These cores were contained within a plastic liner. Once
onboard ship, the core 1liners were sectioned into 1 m lengths. The core
sections were capped and sealed with cheesecloth and microcrystalline wax and -
preserved under refrigeration for shore laboratory testing. At some sites
replicate cores were obtained; one was split, described and subsampled, while
the other was used for triaxial compression and consolidation testing.



*uead(Q OTJToed TBIIUSD 9Y3l UT 304AnH UOZTIOH JO UOTIFSOd °*T-T 2andtg

NoGl [ I I Q @ S co
_ 3 1 | | 1 — 0 o
oz<._m_
SYILINOTIN A_VS | | o_ @ﬂopwzxoﬁ o
STUN JYDILAVN 00€ o 10AN9 T \\
v 9o NOZI40H N
Z— Y
NoO2 |- [ I'VMVH —
T2 400"
SNIVLNNOW
J1Iovd-al
° oz<m_w_ YOH| STIVOHS 31v9ld4 HON3YS
NoG2 | © —
o Sl
oo O < o NV TSI NVSAV
e
R c
| | ° | | &
Mo OGl MoGGl Mo09l MoG9l MoOLlI MoGLI



*(ZL6T) SI2Y3lo pue 2TepsuoT]

19338 Kijowlyjyeqg csoupioeIl dYys pue ‘sS93TS TTTIp ‘suorieooy a7dwes :johny uozraoy *Z- 2andtg

1 LA B B — T T 1 T 1
S34IS T1NH¥A d'0'SA ¢

dd-¥8-61
3SINYD S9SN SIHOD ALIAVHY 4

— MH-€8-G7

3SINYD S9SN ‘S3H0D ALIAVHD o

(2.61) ss8yio puo
3IVASNOT £q P8ide)0d SIHOD ALIAVHO e

ONINOVYHL dIHS

N, 0006

N,0€.61



Geologic Setting

DSDP Site 171 (Fig. 1-2) reached volcanic basement in a saddle between
the two summit platforms of Horizon Guyot, recovering sediment as old as the
Cenomanian~Turonian boundary (Winterer, Ewing and others, 1973). The recovery
of island or undepleted thoeliites at Site 171 suggests that Horizon Guyot
formed close to a mid-ocean spreading ridge (Clague, 1981). Albian
foraminifers, associated with basalt clasts in a hyaloclastite dredged near
the summit of Horizon Guyot, are the oldest indication of submarine exposure
of basalt, while 1lower Eocene foraminifers associated with hyaloclastite
matrix and overlying stratum of middle to lower Eocene nannofossil-foram ooze
set the minimum age for cessation of volcanic activity (Lonsdale and others,
1972). The recovery of shallow water limestone, subaerial basalt, and plant
remains in the upper Cretaceous sequence of DSDP Site 171 indicates that
Horizon Guyot was subaerially exposed from at 1least early Cenomanian
(approximately 100 m.y. BP) to late Turonian-early Coniacian time
(approximately 90 m.y. BP) (Winterer, Ewing and others, 1973). Submergence
was well underway by Conacian time and it continued through the remainder of
the Cretaceous and Tertiary. The similarity in age and geochemistry between
basalts from the Mid-Pacific Mountains and the Line Island seamount chain
suggests that volcanism in both areas is related and occurred over a span of
40-50 m.y. (Clague, 1981).

The late Cretaceous submergence of Horizon Guyot caused any superficial
deposits and volcanic landforms to be buried by pyroclastics and pelagic
sediment (Lonsdale and others, 1972). Sedimentation rates interpreted from
DSDP results are approximately 3 m/m.y. for the middle Cretaceous, 22 m/m.y.
for the late Creatceous, and 4 m/m.y. for the early Tertiary (Winterer, Ewing,
and others, 1973). Data from DSDP Site 171 on Horizon Guyot and from
Sites 165 (sediment apron about 300 km northwest of Kingman Reef, Line Islands
Ridge), 168 (west edge of the Central Pacific Basin about 300 km east of Mejit
Island, Marshall Islands), and 170 (northwest part of the Central Pacific
Basin) indicate very slow or even negative rates of accumulation in post-
middle Miocene time (Winterer, Ewing and others, 1973). Cores obtained at
these DSDP sites either enter directly into old sediment at the sea floor or
within a few meters of the sea floor. A slowing sediment accumulation rate is
expected for Horizon Guyot and these other DSDP sites due to their northward
movement on the Pacific plate away from the equatorial =zone of high
productivity. However, results from DSDP Sites 165, 168, and 171 suggest that
there has been an increase in erosion and sediment transport by bottom
currents sometime in the past 10 m.y., as compared to earlier times (Winterer,
Ewing and others, 1973). These effects were felt in deep water along the
lower slope of the Marshall Island Arch, near deep passes in the Line Island
Seamount Chain, and in shallow water on Horizon Guyot. It has been suggested
that this increase in erosion is a consequence of late Cenozoic glaciation and
the formation of large quantities of cold bottom water in the circum-Antarctic
region (Winterer, 1973).

Horizon Guyot presently 1s capped by an acoustically transparent blanket
of Tertiary nannofossil-foram ooze with intercalated chert layers (Heezen,
Fischer, and others, 1971). The thickness of this sediment cap ranges from
160 m on top of the summit platform to a thin veneer around the perimeter of
the summit (Lonsdale and others, 1972). Analysis of bottom photographic
surveys indicate that sediment from the cap spills over to the guyot's flanks,



covering approximately 50 percent of the upper flanks, and seismic-reflection
profiles indicate these sediments ultimately form talus deposits at the base
of the north and south flanks (Hein and others, 1985a, 1985b).

Flat, hard-rock terraces are exposed at the summit perimeter, especially
on the north flank (Lonsdale and others, 1972; Fig. 1-3). Similar terraces
have been reported on other seamounts (Hess, 1946; Budinger, 1967; McManus and
Morrison, 1968; Pratt, 1963; Hein and others, 1985b; Manheim, 1986). Lonsdale
and others (1972) suggest that the terraces found on Horizon Guyot are primary
constructional features related to submarine volcanic activity; i.e., the
advance of successive foreset beds of pyroclastics or overlapping flows of
mobile volcanic debris suddenly "frozen" or dammed behind obstructing volcanic
ridges.

Results from a detailed Deep-Tow survey conducted in a 300 kn? area on
the summit platform of Horizon Guyot (Figs. 1-3 and 1-4) suggest that
continued erosion is winnowing away the fine-grained nannofossil component of
the sediment around the perimeter of the summit platform in water depth from
1570 to 2000 m (Lonsdale and others, 1972). Ripples and sand waves observed
on the remaining foram-sand-rich sedimentary 1lag deposit indicate a net
bedload tramsport of sediment upslope, thus exposing the underlying hard rock
terraces (Lonsdale and others, 1972). This erosional beveling of the
perimeter of the summit platform creates a sea floor with a 1.6° to 4°
declivity. The almost flat-lying intercalated chert layers are truncated by
this sea floor slope and outcrop. One such chert outcrop dredged in the Deep-
Tow survey area is believed to be correlative to the Eocene chert obtained at
subsurface depths of 63 and 76 m at DSDP Site 44 (Lonsdale and others, 1972;
Fig. 1-4; Outcrop A).

Current measurements collected 12 m above the sea floor (for a maximum
duration of 115 hrs) 1in the Deep-Tow survey area recorded a strong flow
dominated by a tidal component with velocities of 1 to 17 cm/sec (Lonsale and
others, 1972). It was suggested by those authors that impingement of this
tidal current onto Horizon Guyot could create instantaneous velocities
adequate to entrain the surficial sediment, and create the erosional features
observed around the perimeter of the summit platform. More recent data and
the related physical oceanographic processes affecting Horizon Guyot will be
discussed in Chapter III.

Previous micropaleontological studies of Horizon Guyot also indicate the
affect of erosion and sediment redistribution. Hamilton (1953) reported that
two cores collected from the southwest perimeter of Horizon Guyot's pelagic
sediment cap contained an Eocene planktonic foraminiferal fauna mixed with
modern tropical Pacific foraminifers. Lonsdale and others (1972) described
three gravity cores from the deep-tow survey area (Fig. 1-4). Core 29G
consists of a Pliocene foram-rich ooze overlain by Quaternary sediment that
contains minor amounts of reworked Eocene foraminifers. Cores 31G and 32G,
located below a Middle Eocene chert outcrop, contain mostly lower Eocene
foraminifers. The occurrence of pre-Quaternary sediment close to the surface
of Horizon Guyot's sediment cap has been interpreted to result from active
erosion (Lonsdale and others, 1972).

DSDP Site 44 (Fig. 1-2) was not cored in the upper 40 m, so there 1is no
biostratigraphic information for that interval. However, below a subsurface
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depth of 40 m, the youngest material dated was early Oligocene and this
sediment was underlain by upper Eocene and middle Eocene nannofossil ooze
(Bukry, 1971; Hay, 1971, Blow, 1971, Krasheninnikov, 1971). Sediment cores
collected at DSDP Site 171 (Fig. 1-2) are composed of a mixture of Quaternary,
Miocene, Oligocene, and Eocene foraminifers in the upper 14 m while mid
Miocene sediment is present at approximately a 27 m subsurface-depth (Douglas,
1973; Roth, 1973; Bukry, 1973). The probable reason that mid-Miocene sediment
was not encountered at DSDP Site 171 until 27 m was drilled is that this Site
is located on a saddle between two topographic highs and might be expected to
contain a thicker accumulation of sediment derived from nearby slopes.

Discussion
Interpretation of Geophysical Data

High-resolution seismic-reflection data, recently collected by the USGS
(Schwab and Bailey, 1985), show that erosional processes acting on the
sediment cap of Horizon Guyot are more extensive than originally reported by
Lonsdale and others (1972). A chert outcrop (Outcrop B on Fig. 1-4) in the
deep-tow survey area can be recognized and followed upslope for 10 km under
the pelagic sediment on USGS profile 21 (Fig. 1-5) where it again appears to
crop out at a water depth of 1513 m due to erosion of overlying sediment.
Interpretation of profile 21 also suggests that erosion of the sediment cap
extends wupslope to a water depth of at least 1472 m where, through
extrapolation, the same chert layer appears to be exposed. Thus, erosion of
the summit platform of Horizon Guyot appears to be more extensive than the
1570 to 2000 m isobath-limit recognized by Lonsdale and others (1972). A
review of available bottom photographs further supports this interpretation.

Reexamination of the bottom photographs collected by Lonsdale and others
(1972) (Fig. 1-3) show that the portion of the summit platform shallower than
approximately 1600 m water depth is not "unrippled sea floor"” as reported. 1In
all of the bottom photographs, ripples can be identified. However, in water
depth less than approximately 1600 m, the ripples are severely degraded by
biological activity. Therefore, seismic-reflection profile 21 and bottom
photographs indicate that sediment transport and erosion may affect a large
portion of the summit platform intermittently but is apparently concentrated
around its perimeter.

The erosional scenario presented above does not appear to be limited to
Horizon Guyot. Approximately 40 years ago, Hess (1946) noted that the summits
of most guyots are very flat except for a beveled, gently sloping shelf around
the edge. For example, a seismic-reflection profile run over an unnamed guyot
in the north Marshall Islands (Schwab and others, 1986) shows three distinct
erosional platforms at the perimeter of the guyot's sediment cap (A, B, and C
on Fig. 1-6). Limited bottom photographs show that platform C is covered by
long-crested symmetrical ripples indicating active sediment bed load transport
(Fig. 1-7). Most of the subhorizontal internal reflectors within the sediment
cap on this seismic-reflection profile do not continue beneath the erosional
platforms. It is suggested that the erosional process that formed, or is
forming, these platforms was active throughout the deposition of the pelagic
sediment cap; thus, causing the variation in seismic-reflection signature
between the sediment beneath the "undisturbed” sediment cap and the possibly
winnowed or eroded sediment below the erosional platforms.

10
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A group of large linear hummocks near the southern margin of Horizon
Guyot's pelagic cap were interpreted from seismic-reflection profiles by
Lonsdale and others (1972) to be erosional features also. USGS seismic-
reflection profile 20 (Fig. 1-8) shows that similar hummocks on the north
perimeter of the pelagic cap are caused by sediment slumping. This mass
movement has occurred on an average sea floor declivity of 1.6° and extends
from an exhumed hard-rock terrace at a water depth of 1845 m to a water depth
of 1458 m. The slumping appears to have affected the sediment to a maximum
subbottom depth of approximately 40 m. It is possible that the erosional
beveling of the perimeter of the summit platform steepens the sea floor beyond
the pelagic sediment's stable slope angle and thus indirectly triggers the
observed mass movement. Slope stability analysis of Horizon Guyot sediment is
presented in Chapter II.

Analysis Of Sediment Gravity Cores

Textural and micropaleontologic analysis of sediment gravity cores
recently collected on Horizon Guyot support the geophysical indication of more
extensive sediment transport than was originally suggested by Lonsdale and
others (1972). Sediment collected at DSDP Site 44 (Pimm, 1971) is
predominantly nannofossil ooze with a sand content (predominantly consisting
of foraminifera tests) less than 127%, averaging 3.5%, and shows no evidence of
winnowing. Sediment analyses show that the 26-cm-long sediment gravity core
29G, collected in the Deep-Tow area (Fig. 1-2), is composed of a 10-cm-thick
layer of sediment with a foram-sand content of 937 composed of mixed Eocene
and Quaternary foraminifers that unconformably overlies a sediment layer with
a foram-sand content of 567 composed of Eocene foraminfers and a large
Pliocene nannofossil component (Lonsdale and others, 1972). It was suggested
by Lonsdale and others (1972) that the relatively high sand content of core
29G, as compared to cores collected at DSDP Site 44, is produced by current
winnowing; 1.e., the Pliocene nannofossil component 1is removed leaving the
foram-sand as a lag deposit.

Following this reasoning, textural analysis of sediment gravity cores
collected on Horizon Guyot by the USGS (see Chapter II; Table 2-1 and
Appendix 2-1) also indicate winnowing. Above a subsurface depth of 215 cm,
the sand content of core GC2 is greater than 357 whereas below 215 cm the sand
content drops to less than 10%Z. Thus, textural analysis of core GC2 indicates
that the sedimentary deposit from the sea floor down to a subbottom depth of
approximately 240 cm is a winnowed sequence. Similarly, gravity core GC5
indicates that winnowing has affected the sediment down to a maximum
subsurface depth of 55 cm, core GC6 down to a minimum subsurface depth of
270 cm and core GC9 down to a minimum subsurface depth of 278 cm.

Nine subsamples from six gravity cores collected on Horizon Guyot by the
USGS were qualitatively analyzed for planktonic foraminfers to determine the
ages of the sediment and to detect reworking. Eighteen subsamples from the
same six gravity cores were qualitatively analyzed for nannofossil
biostratigraphy. Foraminifer taxonomy and biostratigraphy follow the work of
Postuma (1971), Stainforth and others (1975), and Kennett and Srinivasan
(1983) and biostratigraphic zonation 1s based on Bukry (1973) and Okada and
Bukry (1980). Table 1-1 shows the occurrence of planktonic foraminifers in
the samples and Table 1-2 shows the nannofossils. Table 1-3 is a comparison
of foraminifer and nannofossil ages. For most samples, the planktonic

14
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TABLE 1-1. DISTRIBUTION OF PLANKTONIC FORAMINIFERS

Core # GC2 GC2 GC2 GC3 GC5 GCé6 GC8 GO GO
SPECIES Depth(cm) 70 215 250 196 180 250 280 20 215
Beella digitata x
B. praedigitata x
Candeina nitida x
Cassigerinella chipolensis X
Catapsydrax dissimilis x
C. stainforthi x
Dentoglobigerina altispira altispira x x X X
D. altispira conica
D. aliispira globosa X x x x x
Globigerina binaeiensis x
G. aff. G. brazieri x
G. aff. G. ciperoensis x
G. aff. G. collactea x
G. sellii x
G. aff. G. senni
G. tripartita x x x
G. off. G. woodi
Globigerinella aequilateralis x x
G. aff. G. aegquilateralis x
G. pseudobesa x
G. aff. G. pseudobesa x
Globigerinita gltinata x X x
G. uvula X
Globigerinoides aff. G. altiapertua x
aff. G.bollii x X
conglobatus x x x
aff. G. conglobatus x
extremus x x x x
Sfistulosis X x
immaturus X x
obliguus x x x
aff. G. parawoodi x x
quadrilobatus x x X x
ruber x X X X
aff. G. ruber x x x
. sacculifer X X x x
G. ¢f. G. sicanus x x
G. subquadratus ‘
G. triloba x
G. spp.
Globoquadrina baroemoenensis
G. dehiscens x
G. ¢f. G. praedehiscens
G. venezuelana X X X X X x x
Globorotalia aragonensis x
G. aff. G. birnageae x
G. crassiformis x
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TABLE 1-1. eontinued.

Core # GC2 GC2 GC2 GC3 GCS GC6 GC8 GO9  GO9
SPECIES Depth(cm) 70 215 250 196 180 250 280 20 215
G. fohsi fohsi X
G. fohsi lobata x
G. fohsi praefohsi x
G. inflata x X x x
G. cf. G. kugleri x
G. ¢f. G. nudticamerata x
G. obesa x
G. opima x
G. pentacamerata x
G. of. G. peripheroacuta x
G. peripheroronda x
G. ¢f. G. primitiva x x
G. scitula x x x x
G. subbotinae
G. tosaensis x X
G. truncatulinoides x x
G. tumida ¢f. G 1. flexuosa x
G. plesiotumida x x
G. ¢f. G. plesiotumida x
G. tumida tumida x x x x x x
G. ungulata
G. spp. x x x
Globorotaloides hexagona x X
G. variabilis
Heterohelix sp.? x
Neogloboquadrina acostaensis x
N. dutertrei x
N. ¢f. N. humerosa x
Orbulina bilobata
O. suturalis
O. universa x
0. spp. x x X
Praeorbulina sp. x
Pulleniatina cf. P. obliquiloculata b ¢
P. praecwrsor x X
P. cf. P. praecursor x x
P. primalis x
P. ¢f. primalis X X X
Sphaeroidinella dehiscens x x X x
Sphaeroidinellopsis paenedehiscens x x x
S. seminulina x
S. off. S. seminulina x
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TABLE 1-2. DISTRIBUTION OF CALCAREOUS NANNOPLANKTON

Core # GC2 GC2 GC2 GC2 GC3 GC5 GC5 GCS GGCs
SPECIES Depth(cm) 70 125 215 250 196 13 38 72 150
Amaurolithus delicatus x
Calcidiscus macintyrei
Ceratolithus cristatus and var.
C. rugosus
C. spp.
Chiasmolithus grandis
Coccolithus crassus?
C. eopelagicus
C. pelagicus (group) x x x x x x X
Coronocyclus sp.
Cyclicargolithus abisectus x
C. floridanus X
Cyclococcolithina aff. C. formosa x
C. leptopora x x x x x
Cyclolithella pactilis x
Dictyococcites bisectus x x x x
Discoaster asymmetricus X x x x x x x x
D. barbadiensis
berggreni x x x
braarudii X
brouweri X x x x x X X x
deflandrei X
cf. dilatus x X
druggi x
cf. D. exilis
Jormosus x
intercalaris X x x
neohamatus x
nodifer x X
obtusus x x
pentaradiatus x x x x x X x x
quinqueramus x x
stellulus x
surculus x x x X X x
tamalis x x x
tani X
triradiatus x x
variabilis x x x x x x

Mo |
»
»
»
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»”
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TABLE 1-2. DISTRIBUTION OF CALCAREOUS
NANNOPLANK TON(continued)

Core # GC2 GC2 GC2 GC2 GC3 GC5 GC5 GCs  GGs
SPECIES Depth(cm) 70 125 215 250 196 13 38 72 150
Discolithina spp. x
Emiliania annula x x x
E. ovata x X X
Gephyrocapsa spp.
Hayaster perplexus x
Helicosphaera ? intermedia

H. kamptneri
H. sellii x

H. spp. x x x X
Orthostylus cf. tribrachiatus x X X
Pontosphaera aff. P. scutellum x

Rhabdosphaera spp. x X X

Scyphosphaera sp. x X

Sphenolithus distentus
S. heteromorphus

S. moriformis

S. predistentus

S. pseudoradians

S. radians
Thoracosphaera sp. x

Triquetrorhabdulus carinatus x x

”

oM MM
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TABLE 1-2. DISTRIBUTION OF CALCAREOUS NANNOPLANKTON(continued)

Core # GC5 GC6 GCs GC6 GC6 GC8 GCY GO GO GO9
SPECIES Depth(cm) 180 60 138 218 250 220 20 37 108 215
Amaurolithus delicatus X
Calcidiscus macintyrei x x x X
Ceratolithus cristatus and var.
C. rugosus x x x X X
C. spp. x X
Chiasmolithus grandis x
Coccolithus crassus?
C. eopelagicus
C. pelagicus (group) x x X
Coronocyclus sp.

X X

»
Mo M
»
»

Cyclicargolithus abisectus X x
C. floridanus

Cyclococcolithina aff. C. formosa

C. leptopora x x x x x
Cyclolithella pactilis

Dictyococcites bisectus X X X X
Discoaster asymmetricus X x
barbadiensis x

. berggreni x X
braarudsi x

brouweri x x x x x x x X x
deflandrei x

cf. dilatus x x
druggi x x x
cf. D. exilis x x X x
formosus

intercalaris x X x X
neohamatus

nodifer

obtusus x x X X
pentaradiatus x x x x x x x X
quinqueramus x X x

stellulus

swrculus x x X x x x X x
tamalis x x x x x x
tani x

triradiatus x X x

. variabilis x x x x

MMM

»
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»
]
Ll
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TABLE 1-2. DISTRIBUTION OF CALCAREOUS
NANNOPLANKTON(continued)

Core # GCS GCs6 GCé6 GCos
SPECIES Depth(cm) 180 60 138 218

GC6 GCs8

250

220

GO GO

20

37

GO GO
108 215

Discolithina spp. x X

X

X

Emiliania annula
E. ovata

X
X

X

Gephyrocapsa spp.

Hayaster perplexus x

LA R K

Helicosphaera ? intermedia X
H. kamptneri

H. sellii x

H. spp. x x x

Orihostylus cf. tribrachiatus x

Pontosphaera aff. P. scutellum

Rhabdosphaera spp. x X

Scyphosphaera sp. x

Sphenolithus distentus x
S. heteromorphus

S. moriformis

S. predistentus

S. pseudoradians

S. radians

Thoracosphaera sp. x

Triquetrorhabdulus carinatus
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TABLE 1-3. PLANKTONIC FORAMINIFER AND CALCAREOUS NANNOFOSSIL AGES

PLANKTONIC FORAMINIFERS

CALCAREOUS NANNOFOSSILS

Core number Age Core number Age

GC2-70cm Late Pliocene(N21) GC2-70cm Late Pliocene(CN12cd)

—_ — GC2-125cm Early-Mid Pliocene(CN11b-12a)
GC2-215cm Early Pliocene(N19) GC2-215cm Early-Mid Pliocene(CN11b-12a)
GC2-250cm Late Oligocene GC2-250cm Late Oligocene(CP18)
GC3-196cm Early Pliocene(N19) GC3-196 Pliocene

— —_ GCS-13cm Pliocene

— — GC5-38cm Pliocene

— —_— GCs5-72cm Late Oligocene-Middle Miocene
—_ —_— GC5-150cm Late Mioc.(dominant) with E. Plioc;
GC5-180cm Late Plioc.-E. Pleist GCS-180cm Quaternary with reworked Olig.
—_— —_— GC6-60cm Late Pliocene(CN124)

— —_— GC6-138cm Pliocene

—- —_— GC6-218cm Pliocene

GC6-250cm Mid Miocene GC6-250cm Pliocene

—— —_ GC8-220cm Early Miocene(CN1c)
GC8-280cm Early Miocene(N5-6) — ——

GC9-20cm Late Pliocene(N21) GC9-20cm Pliocene

—_— —_— GC9-37cm Pliocene

— —_— GC9-108cm Pliocene

G(C9-215¢cm Early-Mid Miocene GC9-215¢cm Mid Miocene(CN4)
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foraminifera and nannofossil ages are 1in agreement; however, some age
determinations are questionable due to mixing of fossils of different ages.

Micropaleontologic analysis of the USGS sediment gravity cores suggests
that the fine-grain sediment encountered in the deeper section of core GC2 and
middle section of core GC5 is late Oligocene in age. Sandy sediment collected
above these fine-grain sediments and in cores GC3, GC5, GC6, GC8, and GCIY
(Fig. 1-2) ranges in age from early Miocene to late Pliocene or early
Pleistocene. Six of the samples contain reworked Eocene foraminfers estimated
to range from less than 1% to approximately 12% of the planktonic fauna.
Miocene and Pliocene reworking was detected in four samples along with minor
amounts of downworking due to bioturbation or from coring contamination.
Calcareous nannofossils are abundant, diverse, and well-preserved in the
Horizon Guyot samples. As with the planktonic foraminifers, there is some
reworking and downworking, but it 1s minor in most samples. A more detailed
description of the micropaleontological analysis of the USGS gravity cores is
presented in Appendix 1-1.

The USGS gravity cores penetrated sediment as o0ld as Oligocene at a
subsurface depth of only 250 cm. Active erosion on the pelagic sediment cap
of Horizon Guyot, where these cores were collected, would tend to 1limit
sediment accumulation in this area. Therefore, it is not surprising to find
pre-Quaternary sediment at 2.5 m below the sea floor. The common occurrence
of reworked Eocene planktonic foraminifers and the possible unconformable
contact between Oligocene and Pliocene sediment in cores GC2 and GC5 suggests
that erosion and redistribution of sediment on the pelagic cap of Horizon
Guyot has been a common occurrence during the Tertiary.

Several samples contain fossils of mixed ages; some are younger and some
are older than our assigned ages. We have based our age determinations on the
majority assemblages present. We attribute the presence of minor occurrences
of older fossils to reworking, and the presence of younger fossils to
downworking resulting from bioturbation and mixing within cores during
sampling. There is a remote possibility that the minor assemblages should be
used for age determinations; however, these fossils make up a very small
percentage of the total assemblage, so reworking of this magnitude would be
difficult to explain. Table 1-3 gives further evidence that our age
determinations are valid. If mixing of fossils were widespread enough to
cause erroneous determinations, it is doubtful that there would be the
consistent progression in all cores (except for GCS5) of older material
downcore for both foraminifers and nannofossils. Instead, we might expect to
see an almost homogenous distribution of ages throughout the cores.

The anomalously young age (Quaternary) of sediment from the lowest sample
from core GC5 (subsurface depth = 180 cm, see Appendix 1-1) suggests that this
core was taken in slumped material or that the core barrel entered the
sediment twice. If core GC5 represents a slump deposit, mass movement may be
more extensive on Horizon Guyot's pelagic sediment cap than just the slumps
described on seismic-reflection profile 20 (Fig. 1-8).

Conclusions

Analysis of high-resolution seismic-reflection profiles, textural and
micropaleontologic analysis of sediment gravity cores, and the previous
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investigation of Lonsdale and others (1972) show that erosion and
redistribution of sediment are important processes affecting the sediment cap
of Horizon Guyot. Although these processes may periodically affect the entire
sediment cap, they are apparently concentrated around its perimeter. The
erosional beveling of the perimeter of the pelagic cap creates a sea floor
with a 1.5° to 49 average declivity. This erosional beveling appears to have
oversteepened the sea floor and caused slumping of the pelagic sediment in at
least one area on the northern perimeter. This combination of current
activity and sediment mass movement may be an important mechanism for removal
of sediment from the summit of Horizon Guyot, down the guyot flanks, to the
abyssal floor.
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APPENDIX 1-1: PALEONTOLOGIC ANALYSIS
Core GC2
Subsurface Depth = 70 cm

A late Pliocene age (N21) is assigned to this subsample based on the
presence of: Globigerinoides fistulosis and Globorotalia tosaensis (late
Pliocene N21 to early Pleistocene N22); Globerinoides extremus (late Miocene
N16 to late Pliocene N21); Globorotalia inflata (late Pliocene to Holocene);
Pulleniatina praecursor (Pliocene N19-N21); Ceratolithus rugosus (restricts
age to the Pliocene); Emiliania annula and E. ovata (middle Pliocene CN116 to
late Pleistocene CNl4a); and Discoaster triradiatus (known to be abundant in
the late Pliocene). Longer ranging species that are abundant include:
Sphaeroidinella dehiscens (early Pliocene to Holocene); Globorotalia tumida
tumida (late Miocene to Holocene); Globigerinoides conglobatus (late Miocene
to Holocene); and discoasters known to be extinct at the end of the
Pliocene. Reworked Eocene foraminifers (mostly Morozovella subbotinae) make
up approximately 2% of the planktonic assemblage, reworked late Miocene to
early Pliocene foraminifers make up about 47, and reworked Miocene discoasters
are present.

Subsurface Depth = 125 cm

Foraminifers were not analyzed in this sample. Nannofossil species
present indicate an early to middle Pliocene age. The common occurrence of
Discoaster tamalis allows assignment to Zones CNlla-CNl2a.

Subsurface Depth = 215 cm

An early Pliocene age (N19) is assigned to this subsample based on the
presence of: Globoquadrina venezuelana (middle Oligocene to early Pliocene);
Dentoglobigerina altispira globosa (late Oligocene P22 to early Pliocene N19);
Globigerinella pseudobesa (middle Miocene N13 to early Pliocene N19);
Neogloboquadrina acostaensis (late Miocene N16 to early Pliocene N20);
Globorotalia plesiotumida (late Miocene N17A to early Pliocene N19); and
Pulleniatina cf. P. praecursor (Pliocene N19-N21). The nannofossil assemblage
suggests a early to middle Pliocene age (CN1llb-12a) based on the presence of
Discoaster tamalis. Approximately 127 of the fauna 1s composed of reworked
Eocene species including Morozovella subbotinae and Truncorotaloides aff. T.
collactea. Minor Miocene reworking is also evident.

Subsurface depth of 250 cm

A late Oligocene age is assigned to this subsample due to the presence
of: Cassigerinella chipolensis (early Oligocene to Miocene); Globigerina
tripartita (late Oligocene to early Miocene); Globigerina aff. G. ciperoensis
(1ate Oligocene to early Miocene); Globigerina sellii (0ligocene);
Globorotalia opima (late Oligocene); and nannofossils typical of the late
Oligocene  Sphenolithus distentus zonme (CP18) including Coccolithus
eopelagicus, Cyclicargolithus abisectus, C. floridanus, Dictyococcites
bisectus, Discoaster deflandrei, D. nodifer, D. tani, Sphenolithus distentus,
S. predistentus, and Triquetrorhabdulus aff. T. carinatus. Approximately 5%
‘of the assemblage is reworked Eocene planktonic foraminifers including:
Morozovella aragonensis; Acarinina. pentacamerata; A. cf. A. primitiva; and
Morozovella. subbotinae. Minor Eocene reworking 1is also evident imn the

\
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nannofossil component. Late Miocene to Recent downworked foraminifers make up
less than 1% of the fauna and minor Miocene and Pliocene nannofossil
downworking is evident.

Core GC3
Subsurface Depth = 196 to 199 cm

An early Pliocene (N19) age 1is assigned to this subsample based on the
presence of: Globoquadrina venezuelana (middle Oligocene to early Pliocene);
Neogloboquadrina altispira globosa (late Oligocene P22 to early Pliocene N19);
Globorotalia plesiotumida (late Miocene N17A to early Pliocene N19);
Pulleniatina cf. P. primalis (late Miocene N17B to N20); Sphaeroidinella
dehiscens and Globorotalia crassiformis (early Pliocene N19 to Holocene);
Discoaster asymmetricus, D. brouweri, and D. surculus (late Miocene to late
Pliocene); and Discoaster tamalis (few) and Ceratolithus rugosus (Pliocene).
Approximately 5% of the fauna 1is composed of reworked Paleocene (?) to Eocene
Acarinina aff. A. primitiva and Morozovella subbotinae.

Core GC5
Subsurface Depth = 13 cm

Foraminifers were not analyzed in this subsample. Delicate discoasters
typical of late Miocene to late Pliocene are abundant. These species and the
presence of Ceratolithus rugosus (Pliocene) indicate a Pliocene age.

Subsurface Depth = 38 cm

This subsample contains a flora similar to that described at a subsurface
depth of 13 cm, but there are fewer delicate discoasters and more robust
discoasters present; this subsample 1s probably also of Pliocene age.
Foraminifers were not analyzed.

Subsurface Depth = 72 cm

Unlike the above two subsamples, delicate discoasters are absent. The
nannofossil assemblage 1is composed of more massive (probably overgrown)
discoasters. Ceratoliths are absent. A late Oligocene to middle Miocene age
is tentatively assigned to this subsample. Again, foraminifers were not
analyzed.

Subsurface Depth = 150 cm

The assemblage of this subsample is a mixture of massive and delicate
discoasters. Other nannofossils present range from Eocene to Pliocene, with
pre-Upper Miocene species seeming to dominate. Foraminifers were not
analyzed.

Subsurface Depth = 180 cm

The age of this deepest sample from core GC5 is anomalous. It appears to
be younger than those samples situated above it. The foraminifers are a
mixture of late Pliocene and early Pleistocene species 1including:
Globigerinoides triloba (early Miocene N4B to Pleistocene  N22);
Globigerinoides obliquus (early Miocene N5 to Pleistocene N22); Beella

\

26



praedigitata and Globigerinoides extremus (late Miocene N16 to late Pliocene
N21); Globigerinoides fistulosis (late Pliocene N21 to early Pleistocene N22);
Pulleniatina cf. P. praecursor (Pliocene N21); and Beella digitata and
Globorotalia truncatulinoides (Pleistocene N22 to Holocene). Only a trace of
Eocene reworking 1is observed. There are few discoasters, and those present
are of mixed ages. The presence of ceratoliths without discoasters (except
for a few reworked ones) supports a Quaternary age. However, other species
indicate an Oligocene age.

Core GC6
Subsurface Depth = 60 cm

A late Pliocene age (CN12d) is assigned to this sample base on the
presence of: Ceratolithus cristatus; C. rugosus; Helicosphaera sellii;
Discoaster brouweri; D. triradiatus; and Calcidiscus macintyrei. Foraminifers
were not analyzed.

Subsurface Depths = 138 cm and 218 cm

The co-occurrence of Ceratolithus rugosus and discoasters typical of the
late Miocene to late Pliocene indicate a Pliocene age for these samples. The
presence of Discoaster tamalis in these samples brackets the age between CN12a
and CN11b.

Subsurface Depth = 250 cm

A middle Miocene age is assigned to this sample based on the presence of
the following foraminiferal species: Globigerinoides subquadratus (early
Miocene N4B to middle Miocene N15); Globigerinoides cf. G. sicanus (early
Miocene N8 to middle Miocene N9); Globorotalia scitula (middle Miocene N9 to
recent); Globorotalia cf. G. peripheroacuta (middle Miocene N10 to N11); and
Globorotalia fohsi fohsi and G. fohsi lobata (middle Miocene N12). There is a
discrepancy between the foraminifer and nannofossil ages. Nannofossils
suggest the same age (Pliocene) as the foraminifers at subsurface depths of
138 and 218 cm; however, there are older nannofossils present at 250 cm.
There 1s less than 1% late Miocene to recent downworking, 2 to 4% early
Miocene reworking and a trace of Eocene reworking in the foraminiferal
component.

Core GC8
Subsurface Depth = 220 to 223 cm

The presence of the following species indicates an early Miocene (CNlc)
age: Cyclicargolithus abisectus; C. floridanus; Discoaster deflandrei; D.
druggii; Hayaster perplexus; Sphenolithus dissimilis; and TTiquetrorhabdulus
carinatus.

Subsurface Depth = 280 cm

The following species support an early Miocene (N5 to N6) age:
Catapsydrax dissimilis (late Eocene P13 to early Miocene N6); Globigerina
tripartita (late Oligocene to early Miocene); Globigerina binaiensis (late
Oligocene P22 to early Miocene N5); Catapsydrax stainforthi (early Miocene
N4B-N7); Globigerinoides subquadratus (early Miocene N4B to middle Miocene
N15); and Globigerinoides triloba (early Miocene N4B to Pleistocene N22). A
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minor amount of late Miocene to recent reworking 1is present. Nannofossils
were not analyzed.

Core GC9
Subsurface Depth = 20 cm

A late Pliocene age (N21) is indicated for this sample by the following
species: Globigerinoides extremus (late Miocene N16 to late Pliocene N21);
Globorotalia cf. G. multicamerata (late Miocene N17B to late Pliocene N21);
Globorotalia inflata (late Pliocene to Holocene); Pulleniatina praecursor
(Pliocene N19 to N21); Globorotalia ungulata (late Pliocene N21 to Holocene);
Globigerinoides fistulosis and G. tosaensis (late Pliocene N21 to early
Pleistocene N22); delicate late Miocene to late Pliocene discoasters; and
Ceratolithus cristatus and C. rugosus (Pliocene). A few specimens of
Sphenolithus heteromorphus suggest minor reworking of lower or middle Miocene
sediment. Also, 1 to 3% of the fauna is composed of reworked Miocene and
early Pliocene foraminifers.

Subsurface Depth = 37 and 108 cm

The nannofossil assemblage for these samples indicates the same age as
reported for subsurface depth = 20 cm. Foraminifers were not analyzed.

Subsurface Depth = 215 cm

An early to middle Miocene age 1is assigned to this sample based on the
presence of the following species: Globoquadrina cf. G. praedehiscens (late
Oligocene P22 to early Miocene N6); Globoquadrina dehiscens (early to late
Miocene); Globigerinoides triloba (early Miocene N4B to Pleistocene N22);
Dentoglobigerina altispira altispira (early Miocene N4B to late Pliocene N21);
Globigerinoides immaturus (early Miocene N5 to Holocene); Globigerinoides

subquadratus (early Miocene N4B to middle Miocene N15); Globorotalia

peripheroronda (early Miocene N4B to middle Miocene N10); and Globigerinoides

sicanus (early Miocene N8 to middle Miocene N9). There is less than 57
Pliocene downworking. The nannofossil assemblage contains approximately 95%
middle Miocene (CN4) nannofossils, 4% Pliocene discoasters and less than 1%
early Miocene discoasters (Bukry, personal communication). Abundant
Sphenolithus heteromorphus with Cyclicargolithus floridanus and Calcidiscus
macintyrei indicate a middle Miocene (CN4) age for the sample. The sparse
occurrence of Discoaster asymmetricus, D. pentaradiatus, and D. tamalis
indicate mid-Pliocene mixing.
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II. GEOTECHNICAL ANALYSIS AND PHYSICAL PROPERTIES
OF SEDIMENT FROM HORIZON GUYOT

by
Robert E. Kayen, Homa J. Lee, and William C. Schwab

Introduction

A suite of geotechnical and index property tests was performed on
sediment samples from sediment gravity cores collected on the summit of
Horizon Guyot in order to classify the sediment, evaluate slope stability, and
analyze the consolidation state. The core locations are shown in Chapter I,
Figure 1-2. 1Included in this suite were seven static triaxial compression,
four cyclic triaxial compression, and nine consolidation tests. In addition,
water content, grain density, bulk density, grain size, and vane shear tests
were run. Analyses of these test results through a normalized parameter
framework produce an estimate of the in-place undrained shear strength under
both static and cyclic loading conditions.

Purpose And Framework Of The Analysis

The critical geotechnical parameter derived in the geotechnical testing
program is the undrained shear strength, that is, the strength that 1is
mobilized in a short period of time with no pore water drainage. Submarine
slope failure typically follows a mobilization of the undrained shear strength
during short term wave, static, or earthquake 1loading (Sangrey, 1977).
Because sampling, transportation, and laboratory preparation of the core
sections alter engineering behavior, much of the geotechnical testing was
directed towards eliminating the effects of disturbance. The test framework
used was the normalized strength parameter (NSP) approach (Ladd and Foott,
1974). The principal assumption of the NSP approach is that sediment behavior
primarily depends on three factors: (1) the general sediment properties
(grain size, mineralogy, etc.), (2) the stress state (overburden pressure),
and (3) the overconsolidation ratio (greatest effective stress that the
sediment has experienced divided by the present effective overburden
stress). The overconsolidation ratio (OCR) and the maximum past stress of the
sampled material were estimated using the Casagrande (1936) procedure and the
results of one-dimensional consolidation tests conducted under a constant rate
of strain loading (Wissa and others, 1971). Relations between stress state,
OCR, and wundrained shear strength were established through triaxial
compression testing. The following sections present the index properties and
triaxial test results. Finally, these results are applied to an analysis of
the general slope stability of the sediment cap of Horizon Guyot.

Index Property Measurements
Calcium Carbonate Content

Samples taken from the sediment cap of Horizon Guyot consist almost
entirely of 10 YR 7/4 and 10 YR 8/2 (Goddard, 1970) biogenous calcium
carbonate. Discoasters, other nannoplankton, and foraminifers comprise the
majority of the sediment in the cores sampled (see Chapter I). Calcium
carbonate contents (Table 2-1) range from 88.4% to 95.6%, as determined from a
Coulometrics carbonate determinator connected to an acid digestor and an
induction furnace, and classify the Horizon Guyot sediment as calcareous ocoze
(Sverdrup and others, 1942, p. 972).

N
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Discoasters, an abundant calcareous nannofossil with fragile radiating
spicules (rays), were used to determine the relative amount of grain crushing
that had taken place during the consolidation and triaxial tests. The ratios
of unbroken discoaster tests to broken ones, before and after all testing were
recorded from smear slides. Approximately equal ratios 1indicate that no
noticeable grain crushing had occured. This qualitative technique was also
applied to foraminifera tests, with similar conclusions.

Water Content

Water content, w, was determined at many locations within the cores
(Table 2-1) using drying and weighing technique (AS™ 1983 standard D2216-
80). A correction was made to the weights to account for dried salt assuming
a salinity of 35 parts per thousand. Water contents were calculated:

w = [1.035 W,]/[Wg—(0.035 Wy)] 1)

where W, is the weight of water and Wy is the weight of dried sediment and
salt. Note that water content values are related to dry sediment weight and

therefore can be greater than 100%.

The water content of Horizon Guyot sediment varied between 52.0 and 112.9
percent (Table 2-1). There was no consistent correlation between water
content and depth in the cores (Table 2-1 and APPENDIX 1).

Bulk Density and Grain Specific Gravity

Bulk density, p was determined from the known weights and volumes of both
consolidation and triaxial test samples. These measured bulk densities ranged
between 1.46 g/cc and 2.07 g/cc (Table 2-1). Grain densities, G_, determined
with a Beckman air comparison pycnometer vary between 2.67 and 2.%0, averaging
2.73. Winters and Lee (1982) report similar grain specific gravities between
2.56 and 2.90 with an average of 2.73 for calcareous ooze sampled on the
southwest slope off Oahu, Hawaii. Pure calcite has a grain specific gravity
of 2.72.

Grain Size Distribution

Grain size analysis were determined from a wet sieve and coulter counter
analysis following the procedures of Carver (1971). Using the Udden-Wentworth
size classification (Blatt and others, 1972, p. 46) most of the Horizon Guyot
sediment 1s either a sandy clayey silt or a silty clayey sand (Appendix 2-
2). Grain size data are presented in Table 2-1, Appendix 2-1 and Appendix 2-
2.

Consolidation Properties
Maximum Past Stress and Primary Compression Index

Knowledge of the maximum past stress, Oym', that has been imparted on the
sediment is required in order to perform triaxial compression testing within
the framework of the NSP approach. Nine consolidation tests were performed
within a triaxial cell using a constant rate of strain loading technique
outlined by Wissa and others (1971). In preparation for this procedure a thin
wafer of sediment was confined within a cylindrical ring and placed at the
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base of a triaxial cell. After the triaxial cell was filled with deaired
water and an elevated saturation pressure was applied, the sediment was then
uniaxially loaded at a constant rate of compressive strain. Pore water
pressure, axial deformation, and axial load were continually monitored and
automatically logged at predetermined intervals during this procedure.

From the consolidation test data, the void ratio (volume of the void
space/volume of the solids) was plotted versus the log of the vertical
effective stress, e.g., Fig. 2-1. 1In fine-grained sediment, the right side of
the curve typically defines a straight line, called the “"virgin curve", whose

slope .is the compression index. The compression index, C.» 1indicates the
amount of void ratio change for a tenfold increase in vertical stress beyond

Ovm

The maximum past stress can be derived by extrapolating the virgin curve
to higher void ratios and employing the Casagrande (1936) graphical
construction (Lambe, 1951). Exceedingly high maximum past stresses were found
in every core sample from Horizon Guyot. By dividing oyp' by the in-place

overburden stress, o ' the OCR is derived. An OCR of 1.0 is indicative of
normally consolidateg sediment whereas an OCR greater than 1.0 indicates that

the sediment is overconsolidated. Overconsolidation of sediment is caused by,
among other reasons, overburden erosion, cementation, and reworking by
currents. Overconsolidation ratios obtained from consolidation tests
conducted on Horizon Guyot sediment range from 32 to 57 (Table 2-2).
Consolidation test plots are presented in Appendix 2-3.

Strength Properties
Estimation Of The In-Place Undrained Shear Strength

Vane shear testing (AST™, 1982 standard D 2573-72) was performed on split
stratigraphic core sections. A small four-bladed vane, 1.27 cm high by
1.27 cm diameter, was inserted perpendicular to the split core surface so that
the top of the vane was at least 1 cm beneath the surface. The vane was
rotated through a motorized torque cell at a rate of 90°/min. Peak torque was
measured and used to calculate the undrained shear strength. Vane shear
strength data are presented in Table 2-1 and Appendix 2-1.

The in-place static and cyclic undrained shear strengths, S, and S,
respectively, determined through triaxial testing were estimated usfng the NSP
approach. During the consolidation phase of the triaxial tests, isotropic
consolidaton stresses were elevated to levels approximately four times the
maximum past stress. This high confining stress partly removes the
complications of sample disturbance and thereby allows a more accurate
analysis of field conditions (Ladd and Foott, 1974). If certain sediment
parameters can be assumed constant within and below a sediment core, a useful
methodology presented by Lee and others (1981) can be used to estimate §,4 and
Syr at any depth. Two premises must hold in order to use this approach: (1)
the sediment type and index characteristics must remain roughly constant with
increasing subbottom depth, and (2) the OCR at any depth must be
predictable. Analysis of the consolidation test data, visual inspection of
the cores, and nearby DSDP drilling results (see Chapter 1) indicate that,
although variable, the two premises likely hold for the Horizon Guyot sediment
cap. Visual inspection of the Horizon Guyot cores show unbroken, homogeneous
calcareous ooze throughout their length. Two Deep Sea Drilling Project (DSDP)
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TABLE 2-2

Consolidation Test Results

TEST NO. CRUISE CORE DEPTH w o 'vm ] 'vo o 'e OCR Cc
(cm) (%)  (kPa) (kPa)  (kPa)

CEl44 L5-83-HW  GC2 303 84.3 630 15.0 615 42 0.88
CE145 L5-83-HW  GC3 103 82.5 250 S.4 245 46 0.73
CE179 19-84~CP  GC4 123 87.1 330 6.6 323 S0 0.80
CE177 19-84-CP  GC7 95  93.8 230 4.0 226 57 0.81
CE178 L9-84-CP  GC7 170 93.3 300 8.0 292 37 0.93
CE181 19-84=CP  GC7 261 70.0 420 14.5 405 28  0.42
CE175 L9-84-CP  GC8 120 76.8 190 6.0 184 32 0.60
CE180 19-84-CP  GC8 156  78.2 420 8.0 412 51 0.73
CE176 19-84-CP  GC8 200 78.7 610 11.0 600 55 0.43
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sites on Horizon Guyot also recovered homogeneous calcareous ooze (see
Chapter I). On Leg 6 (Fisher, Heezen, and others, 1971) 24 m of uniform
yellowish white nannofossil-foram oooze was recovered. On Leg 17 (Winterer,
Ewing, and others, 1973), 148 m of similar calcareous ooze was recovered.
Therefore, the measured, normalized triaxial shear strength parameters and
index properties are probably representative of deep sediment. Because
maximum past stresses derived from nine consolidation tests increase with
subbottom depth (Fig. 2-2), estimations of o__' can be made by extrapolation
of the data.

vm

The undrained shear strength under earthquake loading may be estimated at
a particular depth by the following equation (modified from Lee and others,
1981),

Sur = 9yo' Ac Ar Spe [(0yo" + "e')]m (2)

where S . is the in-place undrained shear strength under cyclic loading at a
particufar subbottom depth, z, o_,' is the effective vertical stress at z, og'
is the excess effective consolidation stress at z and is equal to oyp' = 0y »
Spe 1s the normally consolidated normalized static shear strength of the
sediment (following the NSP approach, this factor is a constant for the same
sediment and is equal to the measured S,  for a normally consolidated sediment
divided by ovo'), m is a normalized strength behavior parameter that 1is
constant for similar sed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>