
4. GUAYMAS BASIN: SITES 477, 478, AND 4811

Shipboard Scientific Party2

BACKGROUND AND OBJECTIVES

Introduction

The Guaymas Basin sites constitute the second area
of investigation by Leg 64 in the Gulf of California.
Sites 477, 478, and 481, included within this cluster, rep-
resent the combined interest of the Ocean Crust, Passive
Continental Margin, and Ocean Paleoenvironment Ad-
visory Panels. Drilling was proposed for Guaymas Ba-
sin because the high rate of influx of sediment makes it
possible here to drill both into very young ocean crust
and into "zero-age" crust of the spreading axis itself.
The Guaymas Basin offers an opportunity to examine
the kind of ocean crust which is formed when volcanic
rocks of the spreading axis are not extruded on the sea
floor, but are instead intruded into young, soft sedi-
ments with high water content. This type of oceanic
crust may be important in the early stages of opening of
new oceans and formation of new rift-origin continental
margins.

Structure, Tectonics, and Geophysics

A plate-tectonic model and the geological history
have already been presented for the Gulf as a whole.
Guaymas Basin (Figs. 1 and 2) includes two short seg-
ments of spreading axis, separated by a short transform
fault, and flanked by long transform faults which ex-
tend to the northwest to San Pedro Mártir or Sal Si
Puedes Basins and to the southeast to Carmen Basin.
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Figure 1. Tectonic features of the Gulf of California. Location of
Guaymas Basin Sites.

These long transform faults presumably separate the
ocean crust accreted during the present phase of open-
ing of the Gulf from either continental crust or proto-
Gulf oceanic crust.

Sharman (1976) examined details of spreading axes
and transform faults in several deep basins of the Gulf,
including Guaymas Basin. He proposed a scenario of
evolution of spreading axes and transforms modeled
after a laboratory analog of freezing paraffin. He pos-
tulated that the evolution consists of an initial resolu-
tion of arbitrary rift boundaries to a set of orthogonal
spreading axes and transform faults. The segments of
spreading axes and transform faults become fewer with
time, and larger through coalescence.

Magnetics in these basins of the Gulf cannot be re-
solved into identifiable oceanic anomalies. Larson et al.
(1972) followed a suggestion of Vogt et al. (1970) in sug-
gesting that normal thermal remnant magnetism would
not be acquired as readily in basaltic rocks intruded into
sediment, in contrast to those extruded on the sea floor.
Sharman (1976) suggested in addition that plate-edge
jumps would further inhibit formation of correlatable
oceanic magnetic anomalies.
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Figure 2. Bathymetry of the Guaymas Basin (modified from Sharman, 1976, by F. J. Emmel and H. E. Sheline).
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Seismic-refraction work by Phillips (1964) (Fig. 3)
shows that the Guaymas Basin lies north of apparently
normal oceanic crust in the axis of the Gulf. At this
latitude in mid-Gulf, the structure starts to show a
marked deviation from "normal oceanic" section: Lay-
er 1 (sediment), Layer 2 (4.2-4.5 km/s basement of ba-
salts, possibly with some sediments), Layer 3 (6.5-6.9
km/s, "ocean crust"), and mantle. Here in contrast, a
more-gradational increase in velocity occurs, and the
lower layer, with a velocity of 6.5 to 6.7 km/s, is more
deeply buried beneath "sediments" and is thicker than
the oceanic counterpart. Thickening also increases mark-
edly to the north. The extreme deviation is in the north-
ern end of the Gulf, where possible Layer 3 lies at a depth
of 10 km, and mantle lies at 20 to 25 km. Moore (1973)
explained the mid-Gulf deviation from normal oceanic
and the northern Gulf lower layer thickening by the con-
cept of clastic compensation, by which crustal growth
and resulting structure are controlled by the balance be-
tween rate of separation, with intrusion of magma, and
the flow of sediments into the gaps. He pointed out that
very great supplies of clastic sediments in the northern
Gulf preclude the formation of oceanic-type crust as a
result of plate separation, and lead instead to the forma-
tion of intermediate crust, typical neither of oceanic nor
continental realms. Another possible reason for the ap-
parently anomalous velocity structure in the northern
Gulf may, however, be that those refraction lines (Phil-
lips, 1964) were run before bathymetry, structure, and
tectonics of the Gulf had been delineated. These lines
cross many major structural boundaries.

Seismicity, both in regional and detailed local stud-
ies, confirms the general pattern of the rectilinear spread-
ing axis-transform system. Sykes (1968) confirmed the
transform-fault concept in the Gulf and suggested that
the troughs such as the two rift valleys in the Guaymas
Basin were loci of sea-floor spreading, a concept previ-
ously anticipated for this area by Rusnak et al. (1964).
Moore (1973) showed the Northern Guaymas Basin
trough to be an active tensional feature with normal
growth faults cutting the partial sedimentary fill, and
Brune and his colleagues (Figs. 4 and 5) have demon-
strated the seismically active nature of the spreading
axes and transforms in the Guaymas Basin.

Heat flow is generally high in the entire Gulf and is
locally very high in the Guaymas Basin Rifts. Special at-
tention has been given to the Guaymas Basin in heat-
flow studies, partly because the spreading axes are so
clearly defined. General distribution of heat-flow values
is shown in Figures 6 and 7. In addition, during the
March 1978 site survey (Moore et al., 1978), a large
number of additional heat-flow measurements were
made. The following discussion is adapted from Becker
(1978, in Moore et al., 1978).

A total of 54 new heat-flow measurements were made
in the Guaymas Basin (Figs. 8-10) at two proposed drill-
ing sites, GCA-12 (Site 477) and GCA-30 (Site 481).
Fifty-four new and ten previously reported (Lawver et
al., 1975) conductive-heat-flow measurements showed
isolated peak values of > 30 HFU in each of the two ax-
ial grabens of the Guaymas Basin. The spatial pattern of
measurements indicates quite different styles of crustal
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Figure 4. Epicenters in the Guaymas Basin from earthquake swarms
of 1972 (from Reichle and Reid, 1977).

heat transport in these apparent spreading centers: large-
ly conductive transfers in the southern trough (Site 477)
and dominantly convective transport at the southwest-
ern end of the northern trough (Site 481). In addition,
about 40 previous measurements (Lawver and Williams,
1979) at the northern end of the northern trough at a
third planning site (GCA-13) define a mostly conductive
system, of far less power than that in the southern
trough.

In the southern trough—the site of a large anomaly
modeled by conduction from a near-surface, linear, in-
trusive source by Lawver et al. (1975)—32 new stations
were taken in profiles across the rift (Fig. 8). These pro-
files generally display peak values centered over the rift,
with nearly monotonically decreasing values to the side
(Fig. 10, profiles d, e, and f) Site 477 is near the small
region of highest heat flow in the Southern Rift (Figs. 8
and 10). The smooth spatial pattern is consistent with an
intrusive source, but the added two-dimensional control
suggests that this source might better be modeled as a
point source (i.e., a vertical magma pipe, rather than a
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Figure 5. Epicenters in the Guaymas Basin from earthquake swarms
of 1974 (from Reichle et al., 1976).

linear dike). There are a few exceptions (isolated high
values) to the trend of decreasing heat flow away from
the center of the southern rift. These may suggest rela-
tively small-scale hydrothermal venting, particularly at
the normal-faulted borders of the rift.

Twenty-two heat-flow measurements were taken in
three profiles across the southern end of the northern
trough (Fig. 9), around a hydrothermal site directly ob-
served from a submersible (Lonsdale, 1978). Site 481
was located in this trough. These display both a closely
spaced variability and association with tectonic struc-
tures (Fig. 10), which strongly suggest that hydrother-
mal convection is the major mechanism for heat trans-
port from the crust at this site. Very high heat flow was
recorded at the western boundary fault (Line b, Figs. 9
and 10), implying that this fault system is a major hy-
drothermal discharge site. Low heat flow in the center
of the rift, away from boundary faults, suggests either
deep-seated lateral advection of heat toward the bound-
ary fault, or hydrothermal recharge through the rift
floor.

Lawver et al. (1975, p. 23) had suggested previously
that the southern rift of the Guaymas Basin might be
underlain "by a 1-km wide basaltic intrusion which is
roughly 100 m deep and less than 18,000 yr. old." We
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Figure 6. Heat flow values in the Guaymas Basin (from Lawver and Williams, 1979).
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Figure 7. Heat flow values in the Guaymas Basin, plotted against dis-
tance from the spreading axes (from Lawver and Williams, 1979).

will comment later on the outcome of this prediction in
the light of Leg 64 drilling results.

Sediments, Stratigraphy, and Basement

The Guaymas Basin is characterized as having a
higher rate of sediment accumulation than the mouth of
the Gulf, but considerably less than the extreme rates in
the north, where the Colorado River delta apparently
has filled the structural Gulf to sea level. Study of a pis-
ton core from the Guaymas Basin (van Andel, 1964)
gave a rate of 2.7 m/103 yr (2700 m/m.y.). These high
rates—as well as seismic-reflection, magnetic, and other
data—suggested to us that newly formed oceanic base-
ment in the Guaymas Basin and farther north may never
come directly into contact with sea water. Instead it is
formed under a thick sediment pile intercalated with ba-
saltic intrusions. Lawver et al. (1975) used a rate of 2
m/103 yr to conclude that the intrusion they postulated
had always been buried under sediment. They also con-
cluded that intrusion events in this basin are episodic,
rather than continuous. This type of oceanic crust may
be important in many young ocean basins formed by
rifting of continental crust, and it therefore may be the
oldest oceanic basement to be found under the thick
sediment wedges of older continental margins (Vogt,
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Figure 8. Location of heat-flow transects across the southern trough of Guaymas Basin (from Williams et
al., 1979). (Values in HFU.)

Lorentzen, and Dennis, 1970; Vogt et al., 1970; Larson
et al., 1972; Moore, 1973).

Sites were proposed both in the actively spreading
rifts in "zero-age" sea floor and on the flank of one of
the rifts in the otherwise flat-bottom basins. Seismic-
reflection records in the Guaymas Basin (see later fig-
ures in this chapter) show an acoustic basement under
the relatively thin, flat-lying turbidites. One of these
rift-flank sites was drilled (478, GCA-25) to penetrate
acoustic basement and to determine the nature of the
crust and basement rock formed in such an environ-
ment. We anticipated that the section would consist of
young, wet, rapidly deposited, diatom-rich turbidites in-
truded by basaltic composition sills. The sills and their
feeder dikes would increase in proportion and in grain
size with depth, although we could not predict the depth
at which this transition would occur. The acoustic base-
ment, therefore, could be either hydrothermally altered

intrusives or hydrothermally altered sediments—or a
mixture of the two. The question could be resolved only
by drilling.

The Guaymas Basin holes are also important because
they were planned in the only basin in the Gulf where
direct evidence for hydrothermal activity has been found.
Helium is leaking from the mantle into the bottom wa-
ters (H. Craig, pers. comm.; Lupton, 1979), and hydro-
thermal precipitates have been found on fault ledges
(Lonsdale, 1978). The basin is being faulted actively,
and it appeared likely that one or more faults, possible
pathways for hydrothermal fluxes, would be sampled in
the sediments by the drilling.

Because heat flow is high within the Guaymas Basin
rifts, very young, shallowly buried sediments have been
heated relatively rapidly to higher temperatures. For
geochemists working on the time-temperature effects
on organic-maturation indicators, this combination is
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Figure 9. Location of heat-flow transects across the northern trough of the Guaymas Basin (from Williams et al., 1979). (Values
inHFU.)

an ideal and rare "end member" representing heating to
relatively high temperatures in short times. Detailed
analysis of the diagenetic products of biological marker
compounds could indicate whether high heat flow in
young sediments can considerably influence the rates of
competing chemical reactions and thus change the dia-
genetic pathway of such molecules. The results of these
investigations will be compared to the extremely "mild"
diagenesis conditions found at other deep-sea sites. A
single gravity core, collected in 1972 by the Scripps In-
stitution of Oceanography, contained biogenic hydro-
carbons in detectable, but small amounts up to C8
(Simoneit, Mazurek, et al., 1979). Subsequent attempts
to duplicate this core or to detect such hydrocarbons in
other cores had failed. One of our objectives was to
evaluate this significant find.

Detailed sampling of interstitial waters using conven-
tional shipboard squeezing techniques and the in situ

water sampler (with heat-flow attachment) was planned.
The aim of these studies in the Guaymas Basin sites was
to test the occurrence of reaction zones in the sediments
and the influence of underlying oceanic rocks on inter-
stitial-water composition.

The inorganic geochemical program in the Guaymas
Basin sites was directed specifically to:

1) Study of possibly hydrothermal events in the
rift zones from the point of view of interstitial-water
changes and interactions with the sediments. A special
sampler was on board to collect any hydrothermal fluids
encountered.

2) Placement of major emphasis on the study of sil-
ica diagenesis in high-heat-flow sediments, in which re-
crystallization of silica may occur at much younger ages
than normally occurs in marine sediments.

3) Study of interstitial waters and sediment min-
eralogy in the layered diatomites of the oxygen-mini-

217



GUAYMAS BASIN SITES

Figure 10. Heat-flow profiles and bathymetric profiles across the Guaymas Basin (from Moore et
al., 1978) on transects a-f of Figures 8 and 9.

mum layer on the basin flanks, to better understand
diagenetic processes that have affected similar sedi-
ments now exposed on land.

In general, the inorganic-geochemistry program aimed
at a more complete understanding of chemical processes
in the sediments and underlying basalts, including work
by a group of shore-based investigators.

Three sites were selected for drilling in the Guaymas
Basin. Site 477 was located in the high-heat-flow area of
the Southern Rift, on "zero-age" crust. Site 481 was in
the low-heat-flow, hydrothermal area of the northern
rift, also on "zero-age" crust. Site 478 was on the flank
of the southern rift, in crust with predicted age of
400,000 years.

PRINCIPAL RESULTS

Sites 477 and 481 were drilled in the southern and
northern rifts of the Guaymas Basin, respectively. Both

penetrated late Quaternary, very soft diatomaceous sed-
iments with high water contents, each intruded by sev-
eral dolerite bodies (presumably sills). Heat flow was
high (20 HFU) at Site 477, and the sediments adjacent to
the sills showed thermal metamorphism. At each site,
the sediments above and below the sills have higher bulk
densities and reduced water contents, demonstrating ex-
pulsion of pore water during intrusion of the sills.

Site 478 was drilled in crust approximately 400,000
years old according to a plate-tectonic model. The sec-
tion is likewise diatomaceous sediments, including tur-
bidites, intruded by dolerite sills. The only biostrati-
graphic time horizon encountered was approximately
260,000 years. We do not believe that any of the sites
was drilled deep enough to have reached the bottom of
the oldest sediments in the respective localities.

The lithologic and seismic sections are shown in Fig-
ure 11.
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HOLE 477

Date occupied: 18 December 1978

Date departed: 20 December 1978

Time on hole: 2 days

Position: 27°01.85'N; lll°24.02'W

Water depth (sea level; corrected m, echo sounding): 2003

Water depth (rig floor; corrected m, echo sounding): 2013

Bottom felt (m, drill pipe): 2020

Penetration (m): 191.0

Number of cores: 23

Total length of cored section (m): 191.0

Total core recovered (m): 52.46

Core recovery (%): 27.5

Oldest sediment cored:
Depth sub-bottom (m): 191.0
Nature: Clay stone
Age: Holocene/late Quaternary

Basement: Not reached

Principal results: This site in the southern rift of the Guaymas Basin
was drilled and continuously cored to a depth of 191 meters. A
dolerite sill was encountered and cored between 58 and 105.5
meters. Sediments above the sill are rapidly deposited, moderate-
olive-brown, hemipelagic diatom oozes and mud turibidites, some
with sands. Below the sill, these types of sediments have been per-
vasively hydrothermally altered to gray claystones and sandstones,
with newly formed dolomite, pyrite, dolerite, and quartz. Re-
covery was 27% in the sediments, and 20% in the dolerite. Fea-
tures of the sediment and intercalated dolerite are summarized un-
der Hole 477A. Hole 477 was logged through the drill pipe with
gamma-ray, neutron, and temperature tools.

HOLE 477A

Date occupied: 20 December 1978

Date departed: 22 December 1978

Time on hole: 2 days, 5 hours, 35 minutes

Position: 27°01.80'N; 111°23.93'W

Water depth (sea level; corrected m, echo sounding): 2003

Water depth (rig floor; corrected m, echo sounding): 2013

Bottom felt (m, drill pipe): 2020
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Penetration (m): 207

Number of cores: 12

Total length of cored section (m): 120.5

Total core recovered (m): 16.03

Core recovery (%): 13.3

Oldest sediment cored:
Depth sub-bottom (m): 267.5
Nature: Altered clayey sand turbidites
Age: Holocene/late Quaternary

Basement: Not reached

Principal results: This continuation of Site 477 in the southern rift
of Guaymas Basin was washed to 32.5 meters, where a dolerite sill
was encountered. This sill was cored to its termination at 62.5
meters. Washing was then resumed to reach a depth of 181.5
meters, 9.5 meters above total depth in Hole 477. Continuous cor-
ing was then resumed to 267 meters, where drilling was discon-
tinued for safety reasons. Recovery in the indurated sediments al-
ternating with softer sediments below 181.5 meters was only 6%.
The age of the entire drilled section, both sediments and dolerite
intrusions, is Quaternary to Recent (50,000 years or less, if ac-
cepted spreading rates are used). Two lithologic units are recog-
nized for combined Holes 477 and 477A. Unit 1 is diatomaceous
turbidites above the sill. A dolerite sill was encountered at 48 to
105.5 meters in Hole 477 and 32.5 to 62.5 meters in Hole 477A.
The lithologies of the sills of these two holes cannot be correlated
directly. Unit 2 comprises hydrothermally altered and indurated
diatomaceous turbidites ranging from clay and claystone to sandy
siltstone and silty sandstone. A full suite of logs was successfully
run at Hole 477A. Heat flow was extremely high (14-20 HFU).

SITE 477

Site 477 Background and Objectives

This site (planning site GCA-12), located in the center
of the southern rift in the Guaymas Basin, was the first
site to be drilled in this transect. It was the exploratory
hole to determine the nature of the sediment and rock
column in the basin. Specific objectives included:
A. Sediments.

1. Sedimentary facies and organic constituents.
2. Diagenesis and the effects of high heat flow on

both inorganic and organic material.
3. Hydrothermal effects and/or deposits.

B. Basement.
1. Composition and comparison with MORB, espe-

cially at proposed site GCA-1 (Site 482, Leg 65).
2. Mode of emplacement of intrusions and lateral

continuity.
3. Depth below sea floor.
4. Maximum depth of sediments in relation to in-

trusive bodies.
5. Effects of hydrothermal activity.

C. Chronology. Confirmation or denial of the tectonic
model. The rift at this site is 3 km wide and should
not contain sediments older than 50,000 years.

Site 477 Operations

On departing the mouth of the Gulf of California, we
set course by the most direct route to the southern rift of
the Guaymas Basin and Site 477. In general, our route
took us along the southwestern flanks of the basins as
we progressed northward. At 0455Z on 18 December we
changed course to 312°T to make our crossing perpen-
dicular to the strike of the southern rift (Fig. 12). We

crossed the rift trough, went beyond the northern wall,
and then made a 180° turn to starboard to return to the
site selected for the beacon drop. We were surprised to
find that, in the short distance required to make the turn
to starboard and return on a reciprocal course, the na-
ture of the terrain in the trough had changed completely
from a smooth-floored trough with layered, ponded
sediments to a hummocky surface of very disturbed ap-
pearance (see section on correlation of drilling and seis-
mic results). We found that there are abrupt lateral
changes in the trough floor over short distances. After
reaching the south flank of the trough again, we cor-
rected course to attempt to recross the flat bottom of the
trough. At 0739Z on 18 December, we located a suitable
site and dropped the beacon. On returning to the drop
site by radar fixes, we acquired only a faint signal, not
good enough for positioning. At 0920Z we began to re-
survey the trough site with the 3.5-kHz system only, and
at 1011Z we dropped a second beacon with a 12-ft tether
to allow the beacon to float above the very soft surface
mud layer we believed to be present. The ship was posi-
tioned over this beacon in automatic at 1130Z, and we
commenced running in the hole. A mechanical bit re-
lease was used to avoid the problems experienced with
the hydraulic unit at earlier-drilled sites. The hole was
spudded in at 2003 meters water depth at 1530Z, and
our first core was on deck at 1637Z. The mud line was
recorded at 2020 meters from the derrick floor; there-
after, we continuously cored to a total depth of 191 me-
ters, including an altered dolerite sill from 58 to 105.5
meters. The lower few cores contained a dark-gray, oil-
like hydrocarbon in the sediment, and methane/ethane
ratios increased. Very high temperatures were encoun-
tered below the sill to this depth. A reading from the cut
core on deck was 40°C. At 193OZ we decided to delay
coring ahead until readings from the Hewlett-Packard
GC could be taken. Because the Hewlett-Packard GC
needed repairing, we decided to utilize waiting time to
run the Neutron Gamma Ray Log and Temperature Log
through the pipe. The Gearhart-Owen logging engineer
taped a maximum reading thermometer to their lower
tools. The tape melted and it fell to the plug placed in
the bit to prevent logging tools from passing through the
flap valve. The steel case of the thermometer wedged
alongside the plug, preventing our latching onto it for
recovery. Fishing efforts were unsuccessful, and at
1130Z on 19 December we had to pull the drill string,
abandon the hole, and offset 165 meters to the north-
west to begin Hole 477A. The thermometer was recov-
ered and gave a reading of 87.78°C. A third beacon
with 25-ft tether was dropped at 1238Z because the
13.5-kHZ beacon was fading fast. We spudded in Hole
477A at 1200Z and began washing. The drill encoun-
tered and cored a hard dolerite sill from 32.5 to 62.5 me-
ters. Thereafter, we washed to 181.0 meters and then
cored sediments to a total depth of 267 meters before
the hole was terminated at 1515Z on 21 December for
safety reasons. Our concerns were increased gas content
in porous sands, increased incidence of fluorescence,
and dark-gray to black, oil-like substance increasing
(see organic geochemistry section, this volume, Pt. 2).
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Figure 12. Track chart of Glomar Challenger survey, Site 477.

Recovery at Site 477 was 27% in sediments and 20% in
igneous rocks in the first hole; 29% in the dolerite sill of
Hole 477A; and only 6% in the sediments of Hole 477A
cored from 181.5 to 267.0 meters. Hole 477A then was
logged after dropping the bit, filling the hole with 150
barrels of 11-lb mud, and pulling the pipe to 2151 me-
ters. The first logging run was for temperature, density,
gamma ray, and calipers; the second run was for sonic,
variable density, gamma ray, and calipers; the third run
was for guard, neutron, and gamma ray; the fourth run
was for induction and gamma ray; the fifth run was for
temperature. Logging was completed at 1245Z on 22
December. We commenced plugging the hole with 168
sacks of 14-lb cement at 1345Z from 2151 to 2025 me-
ters. We were out of the hole at 1705Z and underway on
270° at 1750Z on 22 December to a rendezvous in the lee
of Isla Santa Inés, Bahia Concepción, with a Mexican
Navy vessel carrying our piston corer and replacement
scientists for the second half of our leg. After complet-
ing personnel and equipment transfer and other busi-
ness at anchorage, we were underway on 085° at 0317Z
on 23 December for Site 477, again to test the piston cor-
er and attempt to core an undisturbed shallow section
there. At 0610Z we changed course to 020° to survey up
the axis of the trough (Fig. 12). We then crossed the
beacon at Site 477 on NNE and SSW headings while
seismic profiling and conducting sonobuoy surveying in
the vicinity of the Site. We ended the survey at the site at
0845Z and began to position in automatic over the bea-

con left from Hole 477A. By 1514Z we had made up the
bottom-hole assembly for the piston corer and had set
pipe for a piston-coring attempt at Hole 477B. From
173OZ to 233OZ, operations were concerned with testing
the piston core. After loss of inner core barrel on first
lowering and inability to seat and seal properly on sec-
ond run, the third run successfully recovered a 3.6-
meter section of relatively undisturbed core (together
with a piece of steel from lost barrel of first run). We
then pulled out of the hole and at 0428Z on 24 Decem-
ber began the short run to Site 478.

Table 1 summarizes Site 477 coring.

Site 477 Sediment Lithology
We recognize two distinct sedimentary units based pri-

marily on mineralogical composition and induration
(Fig. 13). They are separated by thick dolerite intru-
sions. The age of the entire sedimentary column is late
Pleistocene, although sediments below the sills are bar-
ren. The site is characterized by exceptionally high accu-
mulation rates and high heat flow which has caused ex-
tensive alteration to sediments below the sills (Table 2).

Unit 1: Muddy Diatom Oozes and Mud Turbidites
(477-1 through 477-7, 0.0-58.0 m) and

477A (0-32.5 m)
Cores 477-1 and 477-2 are dominated by moderate-

olive-brown to grayish-olive diatomaceous oozes and
silty sands. These sediments have high water content
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Table 1. Coring summary, Site 477.

Core
No.

Date
(Dec.
1978) Time

Depth from
Drill Floor

(m)
Top Bottom

Depth below
Sea Floor

(m)
Top Bottom

Length
Cored
(m)

Length
Recovered

(m)
Recovery

(%)

477-1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

477 A-1
2
3

(wash)
4
5
6
7
8
9
10
11
12

477B-P1

18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19

20
20
20
20
20
21
21
21
21
21
21
21
21

23

0937
1017
1055
1133
1243
1320
1544
1645
1830
2015
2139
2310
0329
0427
0515
0612
0708
0758
0844
0935
1023
1115
1203

1344
1700
2045
2230
2320
0013
0105
0209
0305
0409
0515
0705
0815

1620

2020.0-2021.0
2021.0-2030.5
2030.5-2040.0
2040.0-2049.5
2049.5-2059.0
2059.0-2068.5
2068.5-2078.0
2078.0-2080.0
2080.0-2087.5
2087.5-2097.0
2097.0-2106.5
2106.5-2116.0
2116.0-2121.5
2121.5-2125.5
2125.5-2135.0
2135.0-2144.5
2144.5-2154.0
2154.0-2163.5
2162.5-2173.0
2173.0-2182.5
2182.5-2192.0
2192.0-2201.5
2201.5-2211.0

2052.5-2062.0
2062.0-2075.0
2075.0-2087.5
2087.5-2201.5
2201.5-2211.0
2211.0-2220.5
2220.5-2230.0
2230.0-2239.5
2239.5-2249.0
2249.0-2258.5
2258.5-2268.0
2268.0-2277.5
2277.5-2287.5

2020.0-2024.6

HOLE 477

0.0-1.0
1.0-10.5

10.5-20.0
20.0-29.5
29.5-39.0
39.0-48.5
48.5-58.0
58.0-60.0
60.0-67.5
67.5-77.0
77.0-86.5
86.5-96.0
96.0-101.5

101.5-105.5
101.5-115.0
115.0-124.5
124.5-134.0
134.0-143.5
143.5-153.0
153.0-162.5
162.5-172.0
172.0-181.5
181.5-191.0

32.5-42.0
42.0-55.0
55.0-67.5
67.5-181.5

181.5-191.0
191.0-200.5
200.5-210.0
210.0-219.5
219.5-229.0
229.0-238.5
238.5-248.0
248.0-257.5
257.5-267.0

0.0-4.6

1.0
9.5
9.5
9.5
9.5
9.5
9.5
2.0
7.5
9.5
9.5
9.5
5.5
4.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

9.5
13.0
12.5

114.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

4.6

1.00
5.15
1.89
1.64
2.99
0.00
2.40
0.03
0.40
0.81
1.80
6.44
2.74
0.08
1.50
9.11
4.03
0.00
3.76
2.60
0.53
2.39
1.15

1.28
4.43
4.90
0.18
0.00
1.20
0.13
0.86
0.18
1.00
1.30
0.60
0.15

3.46

HOLE 477A

100
54
20
17
31
0

25
1
5

81
19
68
50
2

16
75
42
0

40
27
6

25
12

13
47
39

0
13

1
9
2

11
14
6
2

75

§100-

200-
A = Anhydrite
P = Pyrite
E = Epidote

^§1 = Hydrothermal sediment
D = Diatom data, m.y.
N = Nanno data, m.y.
* = Number of turbidite

beds per core
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Figure 13. General lithology, lithologic units, core recovery (shown in
black), and bulk-density logs from Site 477.

(>60%) and generally low percentages of terrigenous
material (< 15%), which consists mostly of quartz and
plagioclase grains, rare pyrite framboids, and clay min-
erals. Consequently, the sediments exhibit a gelatinous

consistency and appear quite uniform in texture. Drill
disturbance is pervasive, and sedimentary structures
generally are not observed. Diatom frustules are com-
monly well preserved and form -60% of the sediment.
Calcareous nannofossils, sponge spicules, silicoflagel-
lates, and terrigenous plant debris constitute the remain-
ing 25% of the bulk sediment. Slight compaction of sed-
iments occurs with depth; hydrogen sulfide and dark-
gray streaks are present in minor amounts.

Cores 477-3 through 477-7 contain a series of muddy
turbidites 40 to 70 cm thick with medium-gray to dark-
medium-gray sandy silt at the base of each, 2 to 3 cm
thick (Fig. 13). Each mud turbidite grades upward to
lighter grayish-olive colors and finer-grained diatoma-
ceous clay-silt. Diatoms increase in abundance from
<5% in basal sand layers to >60% in the top of each
turbidite. The clay fraction (-20-25%) and pyrite
(-5%) remain uniform. Nannofossils constitute up to
10%. Where drilling disturbance is moderate, contacts
are sharp, distinguished by color and texture. H2S odor
increases down-hole to the top of the dolerite sills. Ex-
solution of gases causes surface pimples or partings.

Section 1 of Core 477-7 contains diatomaceous ooze
along with glassy basaltic pebbles and cobbles, and
chips and pebbles of hard dolomitic siltstone above a
thick, dark-gray to light-gray, well-sorted basal sand
layer. These exotic components are well rounded, sug-
gesting redeposition. Evidence suggests that most of the
unconsolidated sediment at this site comprises turbidites
or mass flows.

A chill margin forms the contact between Unit 1 and
the dolerite sills. In Hole 477A, bits of vermillion clay-
stone are entrapped and baked along with a vesicular
margin. (See igneous section for description of the altered
dolerite sill.)

Unit 2: Hydrothermally Altered and Indurated
Mud Turbidites (105.0-267.0 m)

Unit 2 is poorly recovered, but characterized by hard,
brownish-gray to medium-dark-gray clay and claystone
and medium-gray to light-gray sandy siltstone and silty
sandstone. The sediments are hard, but friable, and brec-
ciate easily.

Logging results suggest the presence of interbedded
sandy and shaley sediments. Unit 2 is barren of micro-
fossils, with the exception of Core 477-19, where some
rare, recrystallized, shallow-water, Quaternary benthic
foraminifers occur in the core catcher.

Recovery is very poor, but where whole chunks occur
some faint bedding or other sedimentary structures are
preserved. Two small pieces of laminated and cross-
bedded sands occur in Cores 477A-7,CC (Fig. 14) and
477A-11-1, 2-9 cm (Fig. 15). These exhibit grading,
parallel laminations, convoluted beds, carbonized wood
chips, and extensive iron sulfide patches in the slightly
bioturbated upper portions. These turbidite sedimentary
structures suggest that sedimentary processes in the
Guaymas Basin were similar before and after sill em-
placements.

Unit 2 sediments have undergone extensive high-tem-
perature propylitic alteration. The replacement mineral-
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Table 2. Summary of major lithologies, Holes 477 and 477A.

Lithologic
Unit Cores

Sub-bottom
Depth

(m)
Thickness

(m) Lithology Paleoenvironment Age

Approximate
Accumulation

Rate
(m.y.)

477-1 through
477-7

477-8 through
477-14 and
477A-1 through
477A-3

477-15 through
477-23 and
477A-4 through
477A-12

477:
AHA:

477:
477A:

477:
477A:

0.0-58.0
0.0-32.5

58.0-105.5
32.5-62.5

105.5-191.0
62.5-267.0

58.0
32.5

47.5
30.0

85.5
104.5

Moderate olive-brown
(5Y 4/4) to grayish-
olive (10Y 4/2),
diatomaceous ooze;
medium-gray (N5) to
dark-medium-gray
(N4) sandy silts and
silty clays as turbidites
Coarse-grained, altered
dolerite with ~ 20%
plagioclase phenocrysts
(see igneous petrology
section for details)
Brownish-gray (5YR
4/1-5/1) to medium-
dark-gray (N4) clay
and claystone and
medium-gray (N5) to
light-gray (N7), sandy
siltstone to silty sand-
stone with current
laminations and grad-
ing; epidote-chlorite-
quartz-albite-pyrite-
pyrrhyotite-dolomite-
anhydrite mineralogy

Rapid deposition of
basin-plain turbidites,
either diatomaceous
or sandy-silty muds

Intrusion (sill).

Hydrothermally
altered basin-plain
turbidites and
diatomaceous muds

Late
Pleistocene
(< 0.20 m.y.)

>IOOO

Very rapid

477A-7rCC (orientation uncertain)
2× natural size

Offset

Dark layer

Dark layer

-Somewhat
darker

v Sandy cross-bedded

Figure 14. Line drawing from 477A-7.CC. Indurated, hard mudstone
layer: (1) dark gray mudstone (no carbonate); (2) dirty, poorly-
sorted, gray, fine sand, some cross-bedding; (3) light-gray, paral-
lel-laminated, fine-grained siltstone, well sorted (no carbonate);
(4) like 3, but lamination indistinct; (5) dirty, very fine-grained
sand.

ogy is variable and exhibits a progressive pattern down-
hole indicative of increasing temperature (Table 3).

Dolomite occurs just below the sills as scattered eu-
hedral (16-40 µm) rhombs in Core 477-15, and as
rhombs in hard, silicic dolostones in Section 477A-14-1.
Below these depths (100 m and 70 m, respectively), scat-
tered relict carbonate may have been calcite, dolomite,
or siderite rhombs. Dolomite ranges from 5 to 30% in
upper sediments to 75% in indurated dolostones.

Pyrite is ubiquitous in these holes, but varies in habit,
commonly occurring as framboids (2-10 µm) above the
sills in unaltered sediments, and as scattered cubes or
thin veins in claystone just below the sills. Lower in the
section, pyrite is absent, reappearing in Core 477-22 as 8
to 10% of the bulk sediment. At this depth, the pyrite is
present as large (2-4 mm), bulging cubes with corroded
corners and curved, striated crystal faces. Toward the
bottom of Hole 477A, pyrite disappears as H2S concen-
tration increases, and in Cores 477A-6 to 12 pyrrhotite
is the common iron sulfide phase in sandstones.

In Cores 477-15 and 411-16, anhydrite occurs in clay-
stones as equidimensional (1-2 mm), round, fuzzy, white
clusters dotting the freshly cut core surfaces. As much
as 40% anhydrite is observed in some sections of Cores
477-15 through 477-21. Zeolites and possibly K-feldspar
are also present.

Below -191.0 meters, the assemblage includes zois-
ite and epidote, microcrystalline quartz, abundant chlo-
rite, and some albite. Eight gray, hard, but porous and
friable sandstones from the base of Hole 477 A (Cores
477A-5-477A-12) have radial clusters, or fan-shaped ag-
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B
477A-11-1,2-9cm

Bioturbation

Pyrite

Pyrite

Pyrite

Light

1 cm

Back
side

Pyrite

Figure 15. Photograph (A) and line drawing (B) of 477A-11-1, 2-9 cm, indurated piece of turbidite with sedimentary structures: (1) massive, medium
sand, gray, with some pyrite; (2) laminated, dark-gray, fine sand; (3) cross-laminated, somewhat convoluted, fine sand, alternating light and
gray laminae; (4) more-or-less parallel-laminated, gray, fine sand; (5) gray, fine sand, with many small platy mud lumps and dark windows, very
small-scale cross-bedding.

Table 3. Hydrothermal mineral zones in Unit 2, Holes 477 and 477A.

Zone

1

2

3

4

5

6

Assemblage

Major: dolomite
Minor: anhydrite, pyrite (zeolites?)
Major: clay minerals
Minor: dolomite, (zeolites?), anhydrite
Rare: pyrite
Major: hydrocarbon (zeolites?)
Minor: dolomite
Rare: anhydrite, pyrite
Major: pyrite (large, cuboctahedral)
Minor: hydrocarbons
Trace: dolomite
Major: authigenic quartz, (feldspar?), chlorite
Minor: epidote minerals, pyrite, pyrrhotite
Major: epidote-zoisite, chlorite
Minor: authigenic quartz + albite, authigenic
quartz + sphene
Rare: (increased H2S), pyrrhotite

Sub-bottom
Depth

(m)

105.0-115.0

115.0-143.5

143.5-172.0

172.0-191.0

191.0-248.0

248.0-267.0

gregates of elongate prisms of epidote. In thin-section,
the prisms are clear, pale yellow-green, 0.04 to 0.20 me-
ters long, and terminated, with parallel extinction, high
birefringence, and an index of refraction of 1.71 to 1.72.
A few prisms contain black (sulfide?) inclusions. Epi-
dote constitutes up to 30% of the rock in Cores 477A-5
through 477A-12. Epidotes increase toward the bottom
of the hole, and epidote at the very bottom shows signs
of corrosion. Relict minerals are abundant, with only a
rim of alteration minerals.

Quartz is ubiquitous, and much of it is detrital; how-
ever, thin-sections show significant amounts of clear,

large flakes which have euhedral terminations along
one margin, which suggests that quartz is being newly
formed, partly growing into pore spaces. Albite and/or
K-feldspar are observed as very small (10-15 µm), mono-
clinic-looking, clear chips with low birefringence, no
cleavage, and an index of refraction of 1.55. Many of
the detrital feldspars are altered; commonly, euhedral
epidote prisms have grown out of plagioclase crystals.

Site 477 Organic Geochemistry
No gas pockets formed in any core liner upon arrival

on deck, but the sections were probably too short, be-
cause of poor recovery of sediments.

C,-C5 Hydrocarbon Analyses
Methane and ethane (also CO2) were monitored on

the Carle GC as drilling proceeded and C2-C5 hydrocar-
bons were measured intermittently on the Hewlett-
Packard GC. H2S was detectable by odor from about 15
to 50 meters and it is of a biogenic origin. H2S was ob-
served again near the upper surface of the sill, and it in-
creased with depth below the sill to about 270 meters;
this H2S is thermogenic.

All gas samples were derived from pressure build-up
under the core caps about 15 to 30 minutes after closure.
The normalized concentrations of methane (CH4) and
ethane (C2H6), are plotted versus depth in Figure 16A
and B. The CH4 shows a decrease toward the dolerite sill
from 30 to 50 meters, and an increase (about 10-90%)
with depth below the sill. Essentially, no C2H6 is present
in the shallow sediment, and below the sill it first in-
creases with depth to about 0.5%, followed by a de-
crease to an approximately constant level of 0.15%.
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Figure 16. Concentrations of methane (A), ethane (B), and carbon
dioxide (C) versus depth at Site 477 (data normalized after correc-
tion for air).

This decrease in C2H6 content below about 145 meters
may reflect a steep increase in the thermal gradient (cf.
C/N data).

Carbon dioxide (CO2) is present as a major compo-
nent of the gas and the normalized data are plotted in
Figure 16C. This is the first site of this leg where the
CO2 exhibits a depth gradient. The values increase to-
ward the sill from 30 to 50 meters and then decrease be-
low with depth from about 90 to 10%.

The ratios of ethane to methane (Q/Cj) are plotted
in Figure 17A. The values are low above the sill, and a
rapid increase (Cores 16 and 17) is observed below the
sill to a maximum value of 1 × 10 ~2 in Core 19, followed
by a sharp decrease with depth. No sediment was recov-
erable for Core 18; it was suspected to consist of sands.
Selected samples were also analyzed for C2-C5 hydro-
carbon contents. The concentrations of ethane and pro-
pane (assuming 100% CH4 by volume) are plotted in
Figure 17B. The concentrations of both hydrocarbons
are scattered, but indicate an increase below the sill, fol-
lowed by a decrease after Core 18 at about 140 meters.
The maximum amounts of C2-C4 hydrocarbons on an
air-free basis are: C2 = 0.50%, C3 = 0.04%, and C4 =
0.003%. The ratio of n-butane to /so-butane increases
to 1.6 in Core 17 just above the inferred sand layer, in-
dicating a contribution from hydrocarbons of a more
petroliferous composition; however, the absence of ther-
mogenic hydrocarbons (low temperature) such as neo-
pentane and 2,2-dimethylbutane, with greater excess of
normal hydrocarbons, should be noted.

Black Slick
In Hole 477, Cores 19 to 23, and Hole 477A, Cores 5

to 10, the sediment was very disturbed and gassy, with a
black slick permeating voids, cracks, and spaces along
the core liner (Fig. 18). This slick had hydrophobic prop-
erties and was less dense than water; it formed an emul-
sion and had no odor or fluorescence. It had visual
characteristics of an odorless condensate and was there-
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Figure 17. Ratios and concentrations of hydrocarbon gases versus
depth for Site 477. A. Ethane to methane. B. Ethane and propane
concentrations.

fore sampled extensively and analyzed. A toluene-etha-
nol extract showed no fluorescence, and there was no in
situ fluorescence. The black paniculate matter could be
burned in a flame, leaving a gray ash, indicating that it
may be asphaltic or amorphous residual carbon on fine
minerals. A sample (~20 ml) of slick with water was
removed by syringe from the split core about 1 hr after
recovery and sealed with 5-ml head space. The gas in the
head space above the sample was analyzed by GC and
was found to consist predominantly of methane, eth-
ane, and propane (Fig. 19). No hydrocarbons >C 3 were
detectable, and the CH4 had suffered loss by some dif-
fusion, resulting in the C2/Q ratio of 7 × 10 ~2 (Sample
20-1). This black slick appears to be a fine particulate
mixture of clay-sized minerals and amorphous carbon,
with adsorbed or included Cx-C3 hydrocarbons produced
from organic matter in the sediments under high ther-
mal stress.

The black material of the slick is less dense than wa-
ter and thus was separated by floatation. The two frac-
tions then were analyzed for total C and N content. The
carbon content of the black material (d < 1.0) from Sec-
tion 477-23-1 is 14%, with a C/N of 86. This organic
matter has been heated to high temperatures.

Fluorescence
Fluorescence data were measured on (1) dried sedi-

ment samples, and on tetrachloroethylene extract solu-
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65r—

Figure 18. Photograph of "black slick," the pyrolyzed carbonaceous
residue in the split core (477-19-2, 65-75 cm).

tions of (2) dried sediment samples and (3) pyrolized
samples (red heat). None of the dried sediment samples
exhibited any fluorescence; however, the deeper cores in
Hole 477 A exhibited strong yellow fluorescence in small
spots, predominantly along the core liner. The extracts
of the dried sediments exhibited a yellow to yellow-
white fluorescence near the upper boundary of the sill
and in Section 477A-5-1. The fluorescence in the sill vi-
cinity is due to the thermal stress of that intrusion on the
organic matter, which resulted in limited in situ pyroly-
sis. The fluorescence in Section 477A-5-1 and predomi-
nantly along the liner in the deeper cores is due either to
pipe dope or to bearing lubricant from the drill bit (the
retrieved bit from Hole 477 had two leaking bearings).
A cluster of synthetic bristles with grease (strong yellow
fluorescence) was found in the top of Section 477A-5-1.
It is suspected that the high hole temperature melts some
of the pipe joint grease (dope) as the drill string de-
scends, and thus introduces small grease droplets into
the core barrel. Some of this material may also have
come from bits of grease dropping off the sand line or
from the drill bit. All these contaminants and respective
fluorescent spots in the cores were sampled for future
examination on shore.
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Figure 19. Gas chromatographic trace for adsorbed gas from "black
slick" in Section 477-22-1 (Hewlett-Packard GC data).

The pyrolyzed samples exhibited a yellow-white fluo-
rescence in the shallow samples above the sill, and
fainter yellow fluorescence near the upper boundary of
the sill and in Section 477A-5-1. This indicates that the
upper sediment is thermally unaltered and contains im-
mature organic matter which can yield petroliferous ma-
terial under pyrolytic conditions. In the proximity of the
sill, some of the organic matter has been expelled by
that thermal event. Section 477A-5-1 probably is con-
taminated by pipe grease. Below the sill, all the organic
carbon is dead; it has been pyrolyzed in situ. The sedi-
ment does not change its gray color under pyrolysis (a
darkening is observed for the upper sediments below the
sill).

Organic Carbon and Nitrogen

The samples were prepared as described before, and
the results from the CHN analyzer are summarized in
Appendix II, this volume, Pt. 2. Total-carbon and or-
ganic-carbon contents and the organic-nitrogen content
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are plotted in Figure 20. The organic-carbon content
ranges from about 0 to 3%, with two maxima down the
hole. The highest values are observed in the unaltered
upper section of diatomaceous ooze and silty clay above
the sill. A distinct decrease of carbon content is observed
toward the top of the sill, with a further decrease below
it to about 150 meters sub-bottom; then both organic
and total carbon increase to maxima of 1 and 1.5%, re-
spectively, followed by a steady decrease. The organic-
nitrogen content ranges from about 0 to 0.35% and par-
allels that of the organic carbon above the sill, showing
a steady decrease without a second maximum below the
sill. These data, coupled with the sediment lithology and
fluorescence analyses, indicate that the dolerite intruded
a sediment sequence which was already baked from be-
low (>250 m). The second maximum of carbon content
(150-200 m) represents residual carbon from a baked
organic-rich section. These inferences are further sup-
ported by the C/N ratios (Fig. 20). In the shallow sedi-
ments above the sill, the ratios range from 11 to 15,
which is typical of immature Recent sediments (Ryther,
1956), followed by a sharp increase toward the sill, indi-
cating thermal alteration during intrusion. Below the
sill, the C/N values decrease slightly to about 150 meters
sub-bottom, which may indicate that these sediments
were relatively cool and were mainly altered by sill em-
placement. However, below 150 meters there is a steep
increase of the C/N ratio to essentially infinity, con-
firming the effect of the high thermal gradient on the
conversion of the organic matter to dead carbon and ex-
pulsion of all the organic nitrogen.

The course of events at Site 477 from an organic geo-
chemical point of view consists of the following: The
sedimentary column was subjected to a high thermal
gradient, as indicated by fluorescence analyses, the C

and N contents and C/N ratio, and the absence of
petrogenic gas and liquid products. The latter were
probably removed by the hydrothermal circulation. The
high proportion of CO2 in the gas below the sill, as well
as the increase of H2S, may also indicate that the Q-C4
hydrocarbons could represent cracking products from
biogenic organic matter or from petrogenic gas and liq-
uid products. A thermal origin was the interpretation
given for similar gas distributions at Site 368 (Doose et
al., 1978); however, the absence of any petroliferous
odor is puzzling and does not support that conclusion
for Site 477. It appears that the gas below the sill is both
indigenous and thermally derived from primary bio-
genic organic matter and was concentrated by the recent
thermal event, whereas above the sill most of that gas
has diffused out of the sediment. After the emplacement
of the upper sill, sedimentation of further biogenic ooze
was continued, and these upper sediments are unaltered.

The organic matter of this sediment sequence poses
only a limited safety and pollution hazard. The C2/Cj
ratio approached 100 × 10~4, but in view of the low
pressure of total gas and its limited occurrence with a
high C2/Cj ratio (probably in sand of Core 18 and top
of Core 19), the seepage was considered safe and biode-
gradable. The black slick found from Core 19 down was
a "condensate" of Q-C4 hydrocarbons (same distribu-
tion as in free gas) adsorbed on fine clays and amorph-
ous carbon; thus, that material was not considered a
hazard. The increase with depth of oily material (high
fluorescence) caused some concern, but that material
was derived from melting of pipe-joint grease which got
into the liners. In retrospect, the results from the fluo-
rescence and C and N analyses, coupled with the pres-
ence of bristles and grease in Section 477A-5-1 and the
leakage of grease from the Hole 477 drill bit, indicate
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Figure 20. Total-carbon and organic-carbon content (A), organic-nitrogen content (B), and
atomic ratio of carbon to nitrogen (C).
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that we were observing only ship contamination at
depth caused by the elevated hole temperature, and it
would have been safe to drill on.

Site 477 Inorganic Geochemistry

Interstitial-Water Chemistry

Interstitial-water concentration-depth profiles (Fig.
21) at this high-heat-flow site show complex patterns.
Alkalinity and ammonia show maxima above the doler-
itic sill, which can be explained by biochemical oxida-
tion of organic matter in these rapidly deposited sedi-
ments. Toward the doleritic sill, however, concentra-
tions rapidly decrease as a result of alteration reactions
in the basalts.

Below the sill, the influence of the hydrothermal sys-
tem at greater depths is clearly reflected by the dis-
appearance of dissolved magnesium and by the rapid in-
creases in calcium, chloride, and ammonia. The increase
in ammonia must be the result of thermal decomposi-

tion of organic carbon. The rise in chloride is probably
the result of hydration of the sediments and/or basalts
during hydrothermal alteration. The shape of the dis-
solved-chloride profile implies an upward advection of
water.

Site 477 Biostratigraphy

Nannofossils

At Site 477, only the Unit 1 diatom muds and tur-
bidites contained calcareous nannofossil assemblages.
These have common, well-preserved coccoliths of late
Pleistocene age, as indicated by the presence of Emili-
ania huxleyi. No datum planes were crossed.

Diatoms

Open marine tropical to subtropical planktonic dia-
toms are abundant and well preserved, to rare and poor-
ly preserved, in the hemipelagic sediment sequence of
Hole 477, Cores 1 through 7. Samples below are barren
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of opal phytoplankton remains. No diatom or silico-
flagellate datum was identified, suggesting that the sedi-
ment above Core 7 is not older than 260,000 years.

Radiolarians

The dominant radiolarians in the sediments of Holes
477 and 477A are Duppatractus sp. cf. D. pyriformis,
Duppatractus irregularis, Ommatodiscus sp. (Benson,
1966), Anomalacantha dentata, and Thecosphaera sp.
In the Gulf of California, this specific suite of radio-
larians is characteristic of a water mass largely influ-
enced by coastal upwelling.

The 267 meters of drilled sediment do not show evi-
dence of being older than latest Pleistocene age. This
argues for a very high sedimentation rate, which pre-
cludes establishment of a radiolarian zonation.

Foraminifers

As in the radiolarian thanatocoenoses, the plank-
tonic-foraminifer thanatocoenoses at Holes 477 and
477A appears to have been deposited from a water mass
influenced by coastal upwelling. Both above and below
the "sill" (see Fig. 11), species characteristic of temper-
ate water masses (Be, 1977) are dominant. These are Glo-
bigerina bulloides, right-coiling Globoquadrina pachy-
derma, and Globigerinoides ruber. In 477-22,CC a slight
increase in the relative abundance of G. ruber is ob-
served.

Because of the high sedimentation rate, it was not
possible to establish a planktonic-foraminifer zonation.

Samples above Core 7 of Hole 477 yield foraminifers
which are moderately well preserved. Samples below
Core 7, however, are almost barren, and foraminifers
are rare in Cores 20 and 22 of Hole 477 and Core 5 of
Hole 477A, in which they are very poorly preserved and
affected by strong alteration. The planktonic fauna in
Core 7 of Hole 477 indicates cooler conditions than do
the faunas in cores above. Benthic foraminifers are dom-
inated by Cassidulina spp., Uvigerina spp., Bolivina
seminuda, and Buliminella tenuata.

Site 477 Sediment-Accumulation Rates

The diatom oozes recovered above the dolerite sill
from Hole 477 (the sediments above the sill were washed
at Hole 477A, and the contact between the upper sedi-
ments and the sill was not recovered) belong to nanno-
fossil zone NN21, which corresponds in time to less than
200,000 Ma. No age determinations are possible for the
hydrothermally altered sands and muds beneath the sill.
Except for some benthic foraminifers, all the siliceous
and calcareous microfossils and nannofossils have been
obliterated. From the well-preserved chitinous fossils,
no age information has yet been obtained; thus, it is dif-
ficult to estimate sedimentation rates at this site. Cer-
tainly they are high when compared to other oceanic
deposits proximal to a mid-ocean-ridge segment. In the
diatom oozes, calcareous and siliceous fossils are beau-
tifully preserved; chitinous microfossils are abundant
and well preserved; chlorophyll and filamentous algae
are also exceptionally abundant and well preserved.
Such a good preservation implies that the organisms

have been buried quickly and thus protected against oxi-
dation. Additionally, the sediments in the hydrother-
mally altered zone seem to comprise a sequence of dom-
inantly thick turbidites ranging from a few decimeters to
some meters in thickness, with terrigenous detritus. This
supports the conclusion that continuous, rapid sedimen-
tation is and has been occurring at this site. If we as-
sume that only pelagic diatom oozes have been depos-
ited during the last 200,000 years, the rate at which they
accumulated is greater than 300 m/m.y. This is the min-
imum rate at which the datable Pleistocene sediments
have accumulated at this site. The rate is probably
higher, and if we refer to the estimates of van Andel
(1964) and Calvert (1966) for the Recent sediments in
the Guaymas Basin, we would reach values of 1000 to
2500 m/m.y. Such an estimate would suggest that the
entire section represents less than 100,000 years.

Site 477 Igneous Petrology

Hole 477

Small pebbles of basalt (Igneous Unit 1) with glassy
rinds and baked clay selvages were recovered embedded
in silty clay in Core 477-7 (Table 4). The basalt contains
phenocrysts of plagioclase (10%) and subhedral to eu-
hedral olivine (5%), frequently inter grown to form glo-
merocrysts up to 3 mm in diameter, in a fine-grained
groundmass of pyroxene, olivine, pilotaxitically aligned
feldspar microlites, and disseminated opaques. The ori-
gin of these pebbles is uncertain, but the absence of any
localized thermal alteration of the adjacent silty clay
suggests that they are not in situ, but rather have been
derived from a nearby flow, perhaps as a slump deposit.

The dolerite unit is petrographically variable, with
textures ranging from aphyric to feldspar-phyric vari-
eties. Consequently, the unit has been subdivided into
three sub-units on the basis of the presence or absence
of feldspar phenocrysts. Other textural variations (e.g.,
grain size) tend to be gradational and are not easily
delineated.

Subunit 2a comprises the uppermost 0.2 meters of the
dolerite unit, recovered from 477-8,CC through 477-9-
1, 14 cm. It is friable, water-permeated dark-gray (N3/
N4), coarse-grained dolerite containing abundant (up to
15%) plagioclase (An60_70) phenocrysts, and is mineral-
ogically and texturally indistinguishable from the upper
portion of Subunit 2c.

Igneous Subunits 2a and 2c are separated by Subunit
2b, an aphyric dolerite, of which only 0.5 meters were
recovered from 477-9-1, 15 cm through 477-10-1, 15 cm.
As with Subunit 2a, the rock is very friable and per-
meated by water. In thin-section, anhedral clusters of
pale-brown augite (29%) sub-ophitically enclose plagio-
clase (50%). There are minor amounts of olivine (3%)
and titanomagnetite (5%). Alteration is restricted to the
development of zeolites (natrolite?) and soft, green clays
in interstitial cavities; individual mineral grains appear
quite fresh.

Subunit 2c forms the major part of Igneous Unit 2,
representing about 11.6 meters of recovery through the
interval 477-10-1, 16 cm to 477-14, CC. Subunit 2c is
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Table 4. Igneous lithologic units, Site 477.

Topa Basea Thicknessa Recovery15 Type of
Unit (m sub-bottom) (m sub-bottom) (m) (m) Cooling Unit

Phenocryst
Assemblage Vertical Extent

Hole 477

1 Core 477-7

2 58.0

Hole 477A

1 34.0

(sedimentary intercalation)

2 45.5

100.0

41.0

60.0

— Dispersed Basalt PI, Ol 477-7-1, 50 cm to
pebbles 477-7-2, 2 cm

42.0 12.3 Massive dolerite PI (and aphyric) 477-8.CC to
477-14.CC

7.0

14.5 10.2

Massive dolerite PI, Ol

Massive dolerite PI

477A-l-l ,0cm to
477A-1-2, 40 cm

477A-2-1, 0 cm to
477A-3-5, 18 cm

a Determined from downhole log.
b Determined from core log and corrected for spacers.

texturally and mineralogically variable, ranging from
strongly feldspar-phyric (up to 30% plagioclase pheno-
crysts) to more sparsely phyric dolerite (~ 10% plagio-
clase phenocrysts), and having coarse-grained basaltic
to coarse-grained doleritic (almost gabbroic) textures.
Plagioclase phenocrysts range in size from 1 to 5 mm,
and the groundmass olivine and pale-brown augite from
0.5 to 4 mm, olivine being subordinate to augite in both
size and abundance. There is, however, an apparent
slight increase in olivine content in the lower part of
Subunit 2c. The interstices between the individual min-
eral grains are filled with soft, pale-green clay minerals
as in Subunits 2a and 2b, and again the individual
mineral grains are unaltered. Up to 15% of the rock
may be made up of these alteration minerals.

The basaltic textures developed towards the base of
Subunit 2c, and the gabbroic textures in the center of
the body, suggest that the textural variations have re-
sulted from differential cooling rates, the center cooling
more slowly than the margins. Although neither the up-
per nor the lower contact of Igneous Unit 2 was recov-
ered, it is evident from the thermal alteration in the
overlying sediments that Unit 2 is at least in part in-
trusive, and is possibly a sill. Petrographically, Subunits
2a and 2c appear to have been derived from a single,
plagioclase-rich magma type.

Hole 477A

The recovered rocks have been divided into two
igneous units on the basis of downhole gamma-ray and
neutron logs, macroscopic descriptions, and petro-
graphic and modal analyses (Table 4). The presence of
chilled margins at the top of Cores 477A-1 and 477A-2
and the distinct textural change from doleritic to gab-
broic between the base of Core 477A-2 and the top of
Core 477A-3 are the principal petrographic criteria used
to delineate the two igneous units.

Several glassy chill zones and one baked sediment sel-
vage were recovered in the upper part (Sections 477A-
1-1, 477A-2-1) of what appears to be an intrusive body
(Unit 1; see Table 4). The base of a second body (Unit 2)
occurs in Core 477A-H-1 (H designation indicates a
wash-core) and is located at approximately 60 meters
sub-bottom.

Unit 1 consists of the sparsely phyric to plagioclase-
phyric basalt of Section 477A-1-1, and the plagioclase-
phyric dolerite present in Section 477A-1-2. Section
477A-1-1 has two chill zones. The first occurs in Piece 1
(Fig. 22) and consists of very fresh basaltic glass with
some small, ropy surface-flow structures and stringers
of baked, light-pink, silicified sediment and cavities
containing small (~ 1 mm) euhedral natrolite(?) crys-
tals. The second chill zone occurred in Piece 4. Both
zones exhibit fresh, glassy surfaces; little or no palagon-
itization of the glass has taken place. The chill zones
consist of quenched groundmass of clinopyroxene and
plagioclase microlites (80%), olivine and plagioclase
phenocrysts (5% each), and disseminated opaque phas-
es. Minor clay and carbonate minerals are present as
fillings in radial fractures and veinlets and as olivine re-

Figure 22. Section 477A-1-1, Piece 1. Upper chill margin from doleritic
sill.
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placements. Small, unfilled, spherical vesicles are pres-
ent near the chill zone, but do not extend into the main
body of the rock for more than a few centimeters. The
basalt in Section 477A-1-1 becomes progressively more
plagioclase-phyric until the base of Section 477A-1-1
and through Section 477A-1-2, where the rock is a medi-
um-grained, intergranular, plagioclase-phyric dolerite
(or coarse basalt). The doleritic section of Unit 1 consists
of plagioclase phenocrysts (20%), plagioclase ground-
mass crystals (40%), clinopyroxene (30%), olivine phe-
nocrysts (5%), and minor opaque phases and clay min-
erals. All of the rocks are very fresh and show only
small effects of sea-water or hydrothermal alteration.

A sedimentary intercalation between Units 1 and 2 is
indicated by the bulk-density downhole log. In addition,
a glassy chill zone present in Piece 3 and the aphanitic
texture of the first three pieces of basalt in Section
477A-2-1 have been used to define the break between
Units 1 and 2. The basalts have large (up to 10 mm) pla-
gioclase phenocrysts that make up 15% of the rock vol-
ume. Below 15 cm, Section 477A-2-1 becomes doleritic,
although the plagioclase phenocryst phase is still pres-
ent. A vesicular zone occurs within the dolerite of Unit 2
between 477A-2-2, 20 cm, and 477A-2-3, 66 cm. It con-
sists of vesicular (6% mode), inequigranular to sub-
ophitic, coarse-grained basalt or dolerite. The vesicular-
ity is very pronounced, and there is little or no filling by
clay minerals of the round, 0.75- to 5-mm diameter,
randomly dispersed vesicles. Occasional clusters of na-
trolite crystals are nested within some of the vesicles
(Fig. 23). The porphyritic nature of the rock continues
unaffected by the vesicular zone and the unaltered pla-
gioclase (~An50) phenocrysts make up -15% of the
rock.

Figure 23. Close-up photograph of natrolite crystal clusters in a vesicle
in dolerite at 477A-2-2, 20 cm.

Unit 2 seems to continue into Core 477A-3, where it
becomes texturally and mineralogically variable. In
Core 477A-3, Unit 2 consists of a medium-dark-gray,
subophitic to inequigranular gabbro with large (1-4
mm), tablate plagioclase (~An50) laths, often strongly
normally zoned, and smaller clinopyroxene and olivine
phenocrysts, set in a matrix of plagioclase microlites,
abundant euhedral to subhedral opaque phases (with
occasional cruciform [magnetite] and trellis-type [il-
menite] habit), and minor clay minerals deposited along
intergrain boundaries. A short (~40-cm long) interval
of small (~ 1-mm diameter) vesicles occurs at 477A-3-1,
65-105 cm. The rock is slightly finer grained in this
interval. Unit 2 becomes increasingly olivine-rich in Sec-
tion 477A-3-3, although an abrupt transition occurs
near the bottom of Section 477A-3-3, where the rock be-
comes a plagioclase (-An^) phyric dolerite, similar in
many respects to the upper part of Unit 2. Unit 2 con-
tinues to the end of Section 477A-3-5, 20 cm, and is
present again in wash core H-l, which recovered a small
(~ 10-cm long) drilled piece of plagioclase-phyric doler-
ite and a silicified dolomite (5-cm-long piece) intercala-
tion above the basal dolerite.

Correlation Between the Igneous Lithologies
of Holes 477 and 477A

Because of the close proximity (-165 m) of Holes
477 and 477A, it is important to compare and contrast
the igneous lithologies which occur within these holes.
In particular, it would be useful to assess the extent of
lateral continuity of individual sills by showing that
identical lithologies occur in both holes (Fig. 24).

The salient points of any comparison between the
lithologies and petrographies of the igneous rocks of the
two holes are:

1) The top of the igneous units in Hole 477 is at 58.0
meters sub-bottom, whereas the top of the igneous units
in Hole 477A is at 34 meters sub-bottom.

2) A total of 42 meters of igneous rock was drilled in
Hole 477, whereas only 21.5 meters was drilled in Hole
477A; however, because of the probability of consider-
able lateral variations in thickness, this may not be a sig-
nificant factor; what is important is that the igneous
rocks in Hole 477A show a greater textural range.

3) The igneous body in Hole 477 appears, on miner-
alogical and textural grounds, to be one major sill (Sub-
units 2a and 2c), with a minor sill (Subunit 2b) intruding
the upper part of the main sill. The lithology at Hole
477A, however, comprises at least three distinct units,
two of which are characterized by glassy chill zones on
their upper surfaces. No glassy chill zones are observed
in Hole 477 rocks. Nor are there any vesicular zones in
Hole 477, unlike that in the upper zone in Unit 2 of Hole
477A.

4) Although there are considerable textural differ-
ences between the two igneous lithologies, their minera-
logies do not differ significantly. Indeed, it would ap-
pear that the mineralogical variations within, say, Sub-
unit 2a of Hole 477, which are probably due to gravita-
tional crystal settling, are greater than the observed dif-
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Figure 24. Correlation of igneous rocks in Holes 477 and 477A.

ferences between comparable units in Holes 477 and
477A.

5) The dolerite sills of Hole 477 show considerable
alteration, with the development of clay minerals in the
crystal interstices, but the sills of Hole 477A show much
less evidence of alteration.

It is therefore apparent from a cursory examination
of the lithologic data in Table 4 that the two lithologies
of Holes 477 and 477A cannot be correlated directly.
The number of units, their textures, and the degree of
alteration, vary considerably; however, the lithologies
are not dissimilar on mineralogical grounds, and pos-
sibly they were derived from the same magma chamber;
they differ slightly in timing and mode of emplacement
only.

Site 477 Physical Properties

Core 477-1, and parts of 477-2, 477-5, 477-7, as well
as 477-19 through 477-23, were so badly disturbed by
drilling or by expanded gas (Sections 477-5-1 and 477-
23-1) that samples could be taken only for water content
and as small chunks for the determination of bulk den-
sity and porosity. Core barrels 477-6 and 477-18 were
empty. Data from the dolerite sill (Cores 477-8 through
477-14) are not included in Figure 25, which shows data
obtained from these samples. Unfortunately, the sedi-
ment contacts of the dolerite could not be sampled. Al-
though the original depth of the sediments recovered in
Core 477-7 is not known, the plotted data for this core
may characterize a layer close to the top of the dolerite
sill. On Cores 477-16 and 477-17, the hand-operated
soil-test shear-strength apparatus was used, because the
sediments were too hard for the Wykeham-Farrance
machine. From Hole 477A, only a few small undis-
turbed chunk samples could be taken (Cores 477A-8
through 477A-12). The data are also presented in Figure
25, together with those of Hole 477. In Figure 25, only
the data for the sedimentary units are plotted.

In Unit 1, above the dolerite sill, the physical-prop-
erty data and their depth gradients correspond approxi-
mately to those measured at the previous sites at this
depth interval. Near the sediment surface, water content
is about 65%, porosity 80 °/o, and wet-bulk density 1.3
g/cm3. The somewhat deviating results from Core 477-2
cannot be explained. According to the visual core de-
scription, the sediments of this core are diatomaceous
ooze in which very high water contents and low bulk
densities are to be expected. The trend lines of Figure 25
for the uppermost meters of Unit 1 are confirmed by the
results on the piston core taken later near this site (Hole
477B, Fig. 26).

Because of poor core recovery, the change of physical
properties near the contact with the underlying dolerite
is not clear. The data for 477-7,CC seem to indicate a
marked change, but this sample has been taken from a
silty layer and is therefore not characteristic of the
clayey sequence represented by the trend lines in Figure
25. As at Sites 478 and 481, it is however assumed that
the physical properties of the sediments above the doler-
ite are also affected considerably by heat.

Below the dolerite sill of Hole 477 (Unit 3), the sedi-
ments are much more compacted than those of Unit 1 of
the same hole or those of the other holes in the corres-
ponding depth range (100-165 m). In the summary of
physical properties (Einsele, this volume, Pt. 2), it is
demonstrated that the load of the 45-meter-thick doler-
ite sill can replace a sedimentary column of about 140
meters. This effect is, however, not quite sufficient to
produce the high degree of compaction (water content
35%, porosity 55%, bulk density 1.7 g/cm3, vane shear
strength > 1.5 × 105 Pa = -1500 g/cm2) observed at
shallow depth (110 m sub-bottom) below the basaltic
sill; therefore, we assume that, in addition to the load-
ing effect of the sill, water content and porosity are also
reduced by high temperature and its influence on dia-
genesis, including the formation of authigenic minerals
described above. The unusually strong gradient of all
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physical properties below 110 meters indicates a heat
source deeper than the depth explored by drilling.

Hole 477A revealed a higher, somewhat thinner (30
m) sill than Hole 477. Nevertheless, the density log of
Hole 477A, starting at about 100 meters depth, shows
about the same bulk densities and porosities as found
in Hole 477. Below 150 meters, the gradients become
smaller. For that reason, the mass physical properties
determined on core samples from 220 to 260 meters
depth are about the same as those of Hole 477 at shal-
lower depth (~ 150 m). Possibly this is caused by dif-
ferences in heat flow during and after sill intrusion.

The data on average grain densities indicate that in
both holes, 477 and 477A, opaline silica, if it was pres-
ent in higher quantities, has been transformed to chal-

cedony or quartz below the basaltic sill, and also to
some extent above the sill of Hole 477. Here, from Core
477-7 downhole, average grain density always is equal to
or higher than 2.64 g/cm3.

At Hole 477B, a piston corer recovered 3.46 meters in
sediment near the sea bottom, although it is not known
exactly how deep the piston corer penetrated below the
mudline. From geochemical evidence, it may be as-
sumed that the top of the sediment recovered was about
0.5 meters below the sea floor. The upper and lower-
most parts of the core were rather disturbed and could
not be tested adequately (see Fig. 26). The physical-
property data for the middle part of the core are surpris-
ingly consistent and show that the diatomaceous ooze is
rather homogeneous and probably little disturbed by cor-
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Figure 26. Mass physical properties, shrinkage, and content of opaline silica of sediments from a piston
core (Hole 477B). Penetration below mudline uncertain. Upper part of core strongly disturbed. (Solid
symbols are cylindrical samples. Open symbols are chunk samples.)

ing. Water content, porosity, bulk density, and shrink-
age have only very small depth gradients. In contrast to
these results, shear strength distinctly increases.

The physical-property data of this piston core con-
firm and supplement the data gained from Core 477-2.
The extrapolation to the sediment surface in Figure 25 is
purely tentative, but takes into account the extreme
values found for very soft diatomaceous ooze at Sites
478 through 481.

Some data on sound velocity and acoustic impedance
of soft-rock samples from Holes 477 and 477A are
plotted in Figure 25. Data for hard-rock samples are
listed in Table 5.

Site 477 Heat Flow and Thermal Conductivity
Thermal conductivities (AT) measured in Hole 477 are

listed in Table 6. The drilled section can be divided into

three major sub-units: the upper diatom ooze (K = 2.1
mcal/cm s °C), the altered dolerite sill (K= 3.9), and
the clay stones beneath the sill (K= 3.2).

Only one temperature measurement was made with
the Uyeda downhole temperature probe, at 48.5 meters.
The temperature did not equilibrate completely during
the run, but extrapolation suggests an equilibrium tem-
perature of 50°C. Using a measured bottom-water tem-
perature of 3.3°C and thermal conductivity of 2.1 meal/
cm s °C, heat flow at this site is 20 HFU. A second
temperature measurement made with a maximum-re-
cording thermometer at 173 meters sub-bottom depth
recorded a temperature of 87.8°C 16 hours after drilling
stopped. The hole was too hot to use the thermistor on
the Uyeda probe. A three-layer model of thermal con-
ductivity (see Beck, 1963) and this temperature yields a
heat flow of 14 HFU. The lower heat flow calculated

Table 5. Some physical properties of hard-rock samples from Holes 477 and 477A.

Section

477-9-1
477-10-1
477-13-2
477-13-2
477A-1-1
477A-2-3

477A-2^»

477A-3-3
477A-11-1

Interval (cm)

Piece 49
Piece 5
10
70-72
143
Piece 5

85

59
15

Rock Description Orientation

Dolerite, fine-grained
Dolerite, coarse-grained
Gabbro =
Plagioclase-phyric dolerite
Dolerite
Vesicular, coarse-grained
basalt or dolerite

Dolerite (Piece 10)

Gabbro ?
Sandstone =

vs
(km/s)

3.36
3.31
4.88
_

4.98
5.42
5.94

4.60
4.72
4.89a

1.79

Bulk
Density
(g/cm3)

_

2.89
2.84
—

2.76
5.53

2.81

2.83
1.97

Acoustic
Impedance

× Iθ5(g/cm2s)

—

—
14.14

15.54

_

13.09

13.84
3.53

a Poor signal.
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Table 6. Thermal conductivities, Hole 477.

Core

2
3
4
7
9
12
16
17
19
20

Section

4
2
1
1
1
2
3
1
3
2

Interval (cm)

16-18
92-94
9-11

17-19
#4 (dolerite sill)

72-76
14-16
29-31
19-21
68-70

K
(mcal/cm s °C)

2.45
2.04
2.03
2.16
3.90
3.88
2.91
2.86
3.56
3.19

from this measurement may indicate that the hole had
not yet approached equilibrium conditions, despite the
long period after drilling stopped before taking the tem-
perature. Alternatively, it may indicate that the em-
placement of the sill has modified the geothermal gra-
dient slightly.

The two temperature measurements taken at Hole 477
(50° at 49 m and 87 °C at 168 m sub-bottom) confirm
that the high heat flow in the southern Guaymas Basin is
primarily conductive and at shallow depths is not an ar-
tifact of water convecting through the sediments. The
data also show that the high geothermal gradient ex-
tends well below the sill encountered at 55.5 meters.
Although the emplacement of the sill probably has modi-
fied the geothermal regime at Hole 477, the data suggest
that the high conductive heat flow primarily is from the
basement.

Site 477 Correlation of Drilling Results
with Seismic Data

Many seismic-reflection lines have been run over or
near the location of Site 477. Sharman (1976) reported
on a network of single-channel analog records. The SIO
IPOD Site Survey cruise (Guaymas expedition) ran two
multichannel records over the site, one perpendicular to
the rift and the other down its axis, and final selection
of the site was based on the location of this crossing. We
ran several crossings of the rift with Glomar Challenger
before dropping the first and second beacons. On our
return from a personnel transfer between drilling Holes
477 and 477A, we ran single-channel lines northeast-
ward and southwestward in the axis of the rift, and we
attempted a sonobuoy run in order to obtain wide-angle
reflection and velocity.

The sonobuoy failed to produce any refractors, prob-
ably because the sills which would ordinarily refract
are of very limited continuity. The sonobuoy record
furthermore does not contain any usable wide-angle re-
flection, because "acoustic basement" surfaced during
parts of the run. As a result, our information on veloc-
ity comes from the downhole sonic log, from the multi-
channel moveout velocity analyses, and from a limited
number of laboratory measurements. From these vari-
ous sources, we were able to compile a detailed velocity
structure which applies principally to Hole 477A. Even

with this information, however, we are unable to cor-
relate in a meaningful way with any of the single-
channel analog records. We conclude that the principal
reason for the apparent lack of correlation is the ex-
treme variability of geology over short distances within
the rift. Some correlation is suggested, however, with
the processed multichannel record crossing the rift and
with the 3.5-kHz records.

Holes 477 and 477A are only about 165 meters apart,
but the sections they penetrated were very different.
Study of petrology of the sills leads to the conclusion
that the sills encountered at about 58 to 105 meters and
32.5 to 62.5 meters represent different intrusive events.
The several lines run across the rift with the 3.5-kHz sys-
tem are especially revealing because of the extreme vari-
ability from line to line, separated only by a total of
about 3 km (see Fig. 12; Fig. 27). The 3.5-kHz line run
along the axis before we attempted the sonobuoy run
(Fig. 28) furthermore suggests that the southwestern end
of this rift does not contain shallow intrusive bodies
(sills?), and that northeast of Site 477 some of the
magmas may have extruded above the sea floor to form
the mounds and hills. Relative locations of all these lines
are only approximate, hence the difficulty in cor-
relating. Finally, Figure 29 shows a section of 3.5-kHz
recording with Glomar Challenger stationary over the
beacon at Hole 477A. Even with a presumably sta-
tionary position, there appears to be sufficient ship
movement and sub-bottom variability to show changes
with time in the record. We can correlate drilling results
with lithology in this hole and the location of the sill is
indicated. The prominent dark reflector about 15 meters
below the very soft sea floor is apparently the change
from diatomaceous ooze (Holocene?) to the uppermost
turbidites of sands and sandy silts (pre-Holocene, late
Pleistocene deposits of lower sea level or early transgres-
sion, Core 477-3).

The section of processed multichannel seismic-reflec-
tion record we had on Glomar Challenger during the leg
could not be correlated with drilling results. After com-
pletion of the leg, however, we had this line reprocessed,
running NW-SE across the rift, crossing Sites 477 and
478. Some correlations can be suggested between this re-
processed record and drilling results (Fig. 30).

The sea floor is very faint in this record, as it is in
3.5-kHz records cited previously. Prominent sub-bot-
tom reflectors appear to be rather discontinuous. Loca-
tion of Holes 477 and 477A cannot be determined pre-
cisely in this line, because of positioning uncertainties,
but reflectors of about 40 to 80 meters sub-bottom
could correlate with the sills encountered at about 32
and 58 meters in Holes 477A and 477, respectively. A
strong, rather continuous reflector at about 200 meters
sub-bottom is not explained so easily. It appears to cor-
relate, however, with a sandstone section at 190 meters,
with a higher-velocity section in the sonic velocity log of
195 to 214 meters, and with a kick in the bulk-density
log at about 200 meters. Continuity of this reflector sug-
gests that this may be a sand turbidite, flat-ponded in
the rift during a low sea-level stand of late Pleistocene
age.
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NW

Figure 27. Composite of 3.5-kHz records across the southern rift of Guaymas Basin near Site
477.
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Figure 28. Guaymas Basin 3.5-kHz record longitudinally along the axis of southern rift, across Site 477.
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Figure 29. Correlation of drilling lithology with 3.5-kHz records, Hole 477A.

Site 477 Summary and Conclusions

Drilling at this site in the southern active rift of Guay-
mas Basin was not without technical difficulties and
safety concerns for possible pollution problems, the lat-
ter eventually causing abandonment of the site. Never-
theless, it was a scientific success, and most of our ob-
jectives were met. Several previously untested hypoth-

eses were verified. For example, the emplacement of an
igneous intrusion within very rapidly deposited sediments
of late Quaternary age (NN21) was confirmed by drilling.
This also substantiated the concept that, in newly formed
basins flanked by large continental sediment supplies,
upwelling of magma in response to rifting results in mix-
ing of sediments and igneous intrusive bodies, rather
than extrusion of pillow basalts onto the sea floor. High
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Figure 30. Section of processed multichannel seismic-reflection record across southern rift, Guaymas
Basin and Site 477, from Guaymas Expedition, Scripps Institution of Oceanography Site Survey.

heat flows measured at the sea floor and a hypothesis of
conductive flow to account for the anomalies also were
given added credence by our two downhole temperature
measurements. These showed that the heat flow in the
trough is primarily conductive, and not an artifact of
water convecting through sediments at shallow depths.
The measurements also show that the high gradients ex-
tend well below the intrusive body penetrated by the
drill. The very fundamental assumption required of the
sea-floor-spreading hypothesis, that sediments in the
rift must be of an age related to the rift dimension and
spreading rate (-50,000 years old in this case) was sup-
ported by the lack of sediments older than NN21.

The site is, as expected, characterized by exception-
ally high heat flow, which is responsible for the very
young and unusual alteration mineralogy and geochemi-
cal properties not previously observed in deep-sea cores.
The mineralogical and chemical effects of mixing young
sediments of high water content with intrusive basalts or
dolerites was studied in a preliminary way aboard ship
and will be given thorough post-cruise examination. The
effects of this mixture on the organic constituents was
particularly intense, and is related to the chronology of
sill intrusion. Before emplacement of the sill, the lower
sediments were subject to high thermal gradients, as in-
dicated by fluorescence, C and N contents, and absence
of petrogenic gas, which was probably removed by hy-
drothermal circulation. Later emplacement of the doler-
ite sill imposed a second thermal stress on the sediments
above. This resulted in higher concentrations of bio-
genic hydrocarbon gas (Q-C4) below the sill only. The
high proportion of CO2 in the gas below the sill and an
increase in H2S may also indicate that the Q-C4 hydro-
carbons could be cracking products of petrogenic gas
and liquids, but this is not supported by the puzzling ab-
sence of petroliferous odor. It appears that the gas be-
low the sill is both endogenous and thermally derived
from primary biogenic organic matter. The black "slick"
which was found in and below Core 477-19 appears to
be a "condensate" of Q-C4 hydrocarbons having the
same distribution as in the gas and adsorbed in fine clays.

Two main sediment units were recognized. The young-
est is the section of unaltered diatomaceous turbidites.
A dolerite sill lies below these sediments, and the second
unit comprises altered and indurated diatomaceous tur-
bidites. A high-temperature hydrothermal assemblage
of minerals beneath the sill is the first of its kind found
in deep-sea drilling. This discovery is unique in its
shallow (60-260 m), intense alteration of extremely
young terrigenous turbidites, mixed with a pelagic rain
of reactive opaline frustules, in temperatures of over
135°C at 260 meters. Sediments above the sill remain
pristine, suggesting that the sill has formed a closed or
restrictive system. Tentative shipboard determinations
record a mineral assemblage which includes dolomite,
anhydrite, at least two zeolites, varieties of epidote, py-
rite masses, quartz, anatase, traces of siderite, possible
albite or K-feldspars, and clays. The envisaged hydro-
thermal system has minimal circulation of sea water,
low water/rock ratios, and sea-water-basalt/sediment
interactions significantly different from hydrothermal
systems postulated for mid-ocean ridges.

Pore-water chemistry also is affected strongly by the
intrusion into the young sediments. A sharp decrease in
alkalinity and magnesium occurs as the intrusion is ap-
proached. Below the sill, the hydrothermal alteration of
the sediments is reflected by depletion in magnesium
and gains in calcium in the fluid phase. A large increase
in dissolved chloride is interpreted best by water re-
moval, either within the sediment column or at depth.
The latter case involves upward advection of water from
deeper, hydrothermally altered strata. Upward advec-
tion of hydrogen sulfide could account for the high con-
centrations of sulfide minerals near the base of the in-
trusion (Core 477-22).

Diagenetic affects of the encountered high tempera-
tures are expressed in the physical properties of the sedi-
ments as well. Rough calculations of effective bulk den-
sities of sediments and dolerite suggest that the loading
effect of the dolerite is insufficient to replace the 200-
meter sediment column which would be necessary to ac-
count for densities and porosities at this site compared
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to those not influenced by intrusives or abnormal heat
flow. Interstitial-water loss from high heat flow at depth
and basal effects of the sills probably account for the
divergence from normal or expectable bulk densities.

An expectable result of a combination of high sedi-
mentation rate in a confined rift trough, subject to ac-
tive intrusion of magmas and tensional faulting, is struc-
tural chaos. This expectation was confirmed by attempts
at correlation of drilling results with seismic data. Ex-
tensive study of the many seismic-reflection records
taken over or in the vicinity of this site, together with
velocity data from downhole logging, revealed no mean-
ingful correlations between the two. It is concluded that
the reason for this lack of correlation is the extreme
variability of the geology over very short distances with-
in the rift trough.

SITE 478

Site 478 Background and Objectives

General background and objectives of the Guaymas
Basin sites were explained previously. Site 478 (GCA-
25) was the first and only site to be drilled on the flank
of one of the spreading rifts in the floor of the basin. It
is approximately 12 km northwest of the axis of the
southern rift. Assuming a spreading half-rate of 3 cm/
yr, this site should be approximately 400,000 years old,
unless spreading-axis jumps have complicated forma-
tion of new crust in this area. Specific objectives of this
site included the following:
A. Sediments.

1. Sedimentary fades and organic constituents.
2. Diagenesis and the effects of early very high heat

flow and subsequent moderately high heat flow.
3. Hydrothermal effects and/or deposits.
4. Evidence for climatic, sea-level, subsidence, or

other environmental changes.
B. Basement and other igneous rocks.

1. Intrusions into the sediment column.
2. Depth of "basement" as compared to acoustic

basement in multichannel and other seismic rec-
ords.

3. Composition of basement and comparison with
MORB, especially Site 482, Leg 65 (GCA-1).

4. Mode of emplacement of basement.
5. Effects of hydrothermal activity.

C. Chronology. Confirmation or denial of tectonic
model and predicted age.

Site 478 Operations

To complement Site 477 drilling in the active south
rift of Guaymas Basin, we planned to drill a site on the
flank of the rift to compare geology and processes and
test the spreading hypothesis for Guaymas Basin. The
selected site, Site 478, lies 12 km northwest of the south
rift. Previous site-survey multifold seismic {T. Washing-
ton , Guaymas 2, 6 Mar 78) suggested that low-velocity
seismic basement at that site is contiguous to that of the
presently active rift. A simple pre-drilling seismic line to
connect the two sites using Glomar Challenger seismic
equipment was begun at 0440Z on 24 December, as we

were under way from Site 477 toward Site 478 on course
302° (see Fig. 12). At 0600Z the beacon was dropped in
1889 meters water depth, and after continuing about 3
km on course we retrieved the seismic gear at 0630Z and
returned to the beacon. The 3.5-kHz record shows our
site to be on the outer edge of a natural levee flanking
the south side of an east-trending turbidity-current
channel. The channel appears to be inactive now and
partially filled. Bathymetry in the area suggests that the
channel connects to a canyon originating on the eastern
margin of the Concepción Peninsula. At 0700Z we be-
gan lowering hydrophones for positioning over the bea-
con, and at 0745Z we began running-in the hole. ,

The drill was spudded in at 1400Z, and the muçlline
was recorded at 1913 meters, corresponding to the PDR
depth of 1899 meters. Our first core was on deck at
1435Z. Thereafter, we cored continuously to 342.5 me-
ters at 0753Z on 26 December before encountering mas-
sive, altered basalt. Overall recovery was very good,
with 72% of the sediments retained despite the poor re-
covery in some hard, dolomitic sandstones. Two other
dolerite sills were penetrated (220-232 m and 253-257
m) within this sediment section. We attribute this good
recovery rate in both sediments and igneous rocks to the
use of a bit with a smaller-than-normal throat required
for use of the pressure core barrel. The heat probe was
deployed at 70, 136, and 159 meters, with one success
and two failures. The pressure core barrel was lowered
at 159 meters and again at 322 meters. Both of these at-
tempts were unsuccessful; the first returned with gas,
but no core, and the second returned with a sandstone
core, but was not closed to pressure.

Drilling at this site was reluctantly terminated for
time considerations based on overall priorities of our re-
maining objectives. We believed additional sediments
might lie below the sill, but the unknown thickness of
the sill, slow drilling rates, and low probability of re-
covering thin intercalations of soft sediment argued
against continued operations at this site at the expense
of our last three planned sites.

On termination of drilling, we conditioned the hole
for logging, dropped the bit, and pulled up the pipe to
log. Logging began at 0700Z on 28 December and con-
tinued until 0100Z on 29 December.

The first logging run was for density, gamma ray,
caliper, and temperature; the second run was for sonic,
gamma ray, and caliper. On this run, the sonic tool
stuck in a bridge of hard material on its return trip, and
the connecting head parted in our attempt to free it. It
was then necessary to rig-down the logging gear, rúh the
drill pipe down to above the lost tool, and attempt to
fish it out. The fishing met with no success, and logging
gear was then re-rigged and logging resumed to a level
above the bridged section, from 2250 meters to the mud-
line. Run number three was for guard, neutron, and
gamma ray. Run number four was for induction and
gamma ray. We then cemented a plug in the hole from
2113 to 2050 meters, pulled out of the hole, and pre-
pared for departure. At 0700Z on 29 December, we de-
parted Site 478 enroute to Site 479.

A coring summary is given in Table 7.
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Table 7. Coring summary, Site 478.

Core

No.

478-1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Date

(Dec.

1978)

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27

Time

0735

0815

0855

0938

1043

1102

1156

1303

1500

1543

1621

1703

1753

1835

1927

2025

2217

2312

0005

0223

0315

0420

0518

0620

0734

0925

1023

1145

1325

1420

1515

1605

1656

1752

1902

1950

2055

2212

2304

0053

0409

0650

0927

1209

1433

1742

2115

2340

0300

0540

0820

1129

1425

1753

Depth from

Drill Floor

(m)
Top Bottom

1913.0-1916.5

1916.5-1926.0

1926.0-1935.5

1935.5-1945.0

1945.0-1954.5

1954.5-1964.0

1964.0-1973.5

1973.5-1983.0

1983.0-1992.5

1992.5-2002.0

2002.0-2011.5

2011.5-2021.0

2021.0-2030.5

2030.5-2040.0

2040.0-2049.5

2049.5-2059.0

2059.0-2068.5

2068.5-2072.5
2072.5-2078.0

2078.0-2087.5

2087.5-2097.0

2097.0-2106.5

2106.5-2116.0

2116.0-2125.5

2125.5-2135.0

2135.0-2144.5

2144.5-2154.0

2154.0-2163.5

2163.5-2169.5

2169.5-2173.0

2173.0-2182.5

2182.5-2192.0

2192.0-2201.5

2201.5-2211.0

2211.0-2220.5

2220.5-2230.0

223O.O-2235.5

2235.5-2239.5

2239.5-2249.0

2249.0-2258.5

2258.5-2268.0

2268.0-2277.5

2277.5-2287.0

2287.0-2296.0

2296.0-2305.0

2305.0-2314.0

2314.0-2323.0

2323.0-2325.0

2325.0-2332.0

2332.0-2341.0

2341.0-2350.0

235O.O-2359.O

2359.0-2368.0

2368.0-2372.0

Depth below

Sea Floor

(m)
Top Bottom

0.0-3.5

3.5-13.0

13.0-22.5

22.5-32.0

32.0-41.5

41.5-51.0

51.0-60.5

60.5-70.0

70.0-79.5

79.5-89.0

.89.0-98.5

98.5-108.0

108.0-117.5

117.5-127.0

127.0-136.5

136.5-146.0

146.0-155.5

155.5-159.5

159.5-165.0

165.0-174.5

174.5-184.0

184.0-193.5

193.5-203.0

203.0-212.5

212.5-222.0

222.0-231.5

231.5-241.0

241.0-250.5

250.5-256.5

256.5-260.0

260.0-269.5

269.5-279.0

278.0-288.5

288.5-298.0

298.0-307.5

307.5-317.0

317.0-322.5

322.5-326.5

326.5-336.0

336.0-345.5

345.5-355.0

355.0-364.5

364.5-374.0

374.0-383.0

383.0-392.0

392.0-401.0

401.0-410.0

410.0-412.0

412.0-419.0

419.0-428.0

428.0-437.0

437.0-446.0

446.0-455.0

455.0-464.0

Length

Cored

(m)

3.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
4.0
5.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
6.0
3.5
9.5
9.5
9.5
9.5
9.5
9.5
5.5
4.0
9.5
9.5
9.5
9.5
9.5
9.0
9.0
9.0
9.0
2.0
7.0
9.0
9.0
9.0
9.0
9.0

Length

Recovered

(m)

2.10

8.30

6.88

8.91

9.56

8.97

9.54

6.14

6.93
3.67

8.38

5.88

6.36

8.18

6.62

6.43

9.93

0.18

9.73
7.71

9.42

4.62

0.00

0.03

0.10

1.20

0.83

9.58

3.05

3.20

8.63
6.17

7.83

7.53

6.91

4.89

0.00

0.21

4.44

4.32

9.70

5.04

5.60

8.01

8.35

7.18

0.00

1.36

3.91

8.72

8.77

9.00

5.50
5.77

Recovery

(%)

60
87
72
94
101
94.5

100
65
73
39
88
62
67
86
70
68
104
5

177
81
99
49
0
1
1
13
9

101
51
91
91
65
82
79
73
50
0
2
47
45
102
53
59
89
93
80
0
68
56
97
97
100
61
64

Site 478 Sediment Lithology

Although the entire sediment column penetrated at
Site 478 (Table 8; Fig. 31) is probably less than 300,000
years old, we have selected three sedimentary units within
a sequence dominated by olive-drab, muddy, diatoma-
ceous oozes. These are differentiated by the type and
frequency of redeposited beds in Unit 1; the occurrence
of dolerite sills and contact zones with dolomite in Unit
2; and diatomaceous mudstones, some with varve-like
laminations, in Unit 3 between the second sill and the
basal dolerite intrusion.

Subunit 1A: Diatomaceous Muds and Silty Turbidites
(478-1 through 478-14,CC, 0-127 m;)

The upper part of Unit 1 is characterized by a mixture
of moderate-olive-brown (5Y 4/4), muddy, diatomace-
ous oozes, interlayered with redeposited beds grading
from pale-olive-gray (10Y 4/2) diatom muds to gray (N4-
7), silty sands. Some scattered, thin, pale-olive diatom
oozes occur, mainly on top of graded silts. Cores are

moderately to intensely disturbed, which obliterated any
burrow mottling, laminations, or bedding other than
some faint banding. Calvert (1966), however, has dem-
onstrated that surface cores from the deep Guaymas Ba-
sin are pervasively burrowed.

In Core 478-1 the consistency of the diatom oozes is
gelatinous, but firms rapidly. The first cores are rich in
H2S, which diminishes below Core 478-7. The diatom
oozes to muds contain abundant diatoms (20-60%), with
common quartz, feldspar, and clays. Minor components
include some radiolarians and foraminifers (2%). Nan-
nofossils remain persistently 5 to 10% of a sample, in-
creasing slightly in Cores 478-11 to 478-13. Pyrite is ubiq-
uitous (2-5%); it is typically concentrated within diatom
frustules.

Sandy turbidites are initially rare, but then dominate
from Cores 478-2 through 478-12. Repetitive graded
beds of gray sand to clayey silt turbidites, some 200 to
400 cm thick, occur. Several lines of evidence suggest
that these are redeposited from a single, possibly del-
taic, source. Basal zones have limited size ranges, from
silt to fine sand, independent of thickness of turbidites.
The clasts are subangular. Feldspars and rounded vol-
canic rock fragments are as common as quartz, and
there is little clay. The beds grade from well-washed fine
sand to thick, homogeneous sections of grayish-olive,
clayey silt. The top part of a bed contains little clay, but
blends into the host lithology. The main body is mas-
sive, structureless. Extremely thick beds occur from 478-
2-3, 76 cm to 478-2-5, 40 cm (265 cm thick), 478-3-1, 0
cm to 478-3-3, 50 cm (350 cm), 478-7-5, 6 cm (210 cm),
and 478-11 (490 cm).

Interspersed throughout Subunit 1A, thin (1-3 cm),
pale-olive (10Y 6/2) pulses of pure diatom ooze typical-
ly occur at the tops of another kind of turbidite, which
grades downward to darker, less-diatom-rich sediments
—an olive-brownish sandy silt. In contrast to the host
lithology of muddy diatom ooze, these pale layers con-
tain more of the less-resistant, fragile, small diatoms
and almost none of the larger, round, robust types. In
some places, thin laminae of coarse sands occur at the
base of these beds (e.g., Fig. 32; 478-2-2, 120 cm). They
contain mostly angular rock fragments, some quartz,
and mixed shallow-water carbonate hash. A lack of clay
in source regions and hydraulic equivalent behavior of
the fragile diatom frustules would tend to concentrate
them at the top of turbidites.

Subunit IB: Diatomaceous Silty Mud (478-15-1
through 478-23-3, 120 cm; 127.0-188.2 m)

Subunit IB is separated to distinguish a zone with
possibly higher rates of accumulation. The contact with
Subunit IB is gradational from Core 478-14, as the in-
terlay ered beds of moderate-olive-brown, muddy diatom
oozes dwindle and vanish. Abundances of both gray sand
and moderate-olive-brown layers decrease. Although
cores are disturbed, the sediments clearly change to
more-uniform, massive, grayish-olive (10Y 4/2), diato-
maceous, silty mud. Any bedding, mottles, or bioturba-
tion are rare and very faint, although a few sand wisps
persist. H2S is absent. In general, the composition
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Table 8. Sediment lithology, Site 478.

Lithologic
Unit

1

1A

IB

2

3

3A

3B

Cores

478-1 to
478-22-3
478-1 to
478-14.CC

478-15-1
to 478-22-3,
120 cm
478-22.CC
to 478-30.CC

478-31-1 to
478-40-3,
10 cm
478-31 to
478-34.CC

478-35-1 to
478-40-3,
10 cm

Sub-bottom
Depth

(m)

0-188.20

0-127.0

127.0-188.2

188.2-260.0

260.0-342.5a

.260.0-288.0

288.0-342.5a

Thickness
(m)

188.20

127.0

61.2

71.8

82.5

28.0

54.5

Lithology

Muddy diatomaceous ooze to diatom mud
with episodic graded, gray sands
Moderate-olive-brown, muddy, diatoma-
ceous ooze with frequent gray, sandy
interlayers
Grayish olive diatomaceous silty mud

Dolomitic siltstones, two dolerite sills
with contact aureoles, diatomaceous
mudstone
Olive-brown, diatomaceous, silty
claystones

Diatom mudstone with some sandy
interlayers

Laminated diatom mudstone with
dolomite and siltstone

Paleoenvironment

Basinal turbidites

Mass flows and
mud turbidites

Hemipelagic with
basinal turbidites

Redeposited
muds interlayered
with hemipelagic
host
Small basinal high
with low-oxygen
environment; con-
tact zone to
lowermost dolerite
intrusion

Age

NN21

NN21

(?)

NN20

NN20

NN20

NN20
(Core 36,
0.26 m.y.)
(<0.45 m.y.)
late Pleistocene

Average
Accumulation

Rate

Rapid

Rapid

Very rapid
(slumping?)

Slow to rapid

Slow to rapid

Moderate

Moderate seasonal
(overall 1200 m/m.y.)

a Basement depth 342.5 meters, based on driller's records.

shifts toward fewer diatoms (< 20%), nannofossils (3%),
and clay (30%). Plant remains increase (7%). Pyrite is
present partly as cubes. Most of the carbonate is unspec-
ified and very fine-grained. Most sections do not react
with HC1.

More-differentiated basin sediments occur at the base
of the subunit, marked by two well-defined, thick, gray
(N5) sand turbidites (Fig. 33; Cores 478-19-6, 120 cm
and 478-20-5, 300 cm) before interlayered moderate
olive-brown diatom oozes and muds reappear. Carbon-
ate nannofossils and diatoms increase in abundance.

Unit 2: Diatomaceous Muds Intruded by Dolerite Sills
(478-22,CC through 478-30,CC; 188.2-260.0 m)

Recovery in this unit was very poor, because of hard
and soft interlayers. Induration of some beds is related
to the effect of the two sill complexes within this unit.
The upper sill (12-13 m thick) contains two separate ig-
neous units and evidence from logging of a sediment in-
tercalation which was not recovered. The lower sill is
about 4 meters thick, based on logging, and also has a
thin contact zone (see igneous petrology section).

Above the upper sill, the only sediments recovered
from 188 to 222 meters sub-bottom were lithified light-
olive-gray to tan siltstones with a dolomitic cement.
Drilling and logging records indicate, however, that soft-
er sediments were intercalated between hard layers en-
countered at 190 meters (1.5 m thick), two thin ones at
201 to 202 meters and 204 to 205 meters, and the last
just above the sill, at about 219 to 220 meters. Presum-
ably, these softer sediments were similar to those diato-
maceous muds to oozes recovered above and below.
Smear-slide evidence from the dolomitic siltstones in-
cludes abundant diatom relics and quartz and feldspar
grains. These indurated rocks preserve many of the sedi-
mentary structures not otherwise visible in the softer

sediments, such as oblong burrows or parallel lamina-
tions and cross-beds in coarse-grained sands.

Between the sills, sediments are partially indurated,
but friable, diatomaceous claystones. They have been
much brecciated by drilling, but seem to be without
sandy interlayers according to logs. Smear slides show
abundant diatoms (up to 50%), along with some nanno-
fossils (5-7%), pyrite (1-3%), and the ubiquitous quartz-
feldspar terrigenous overprint, with 20 to 40% clay.

A more or less symmetrical contact aureole is present
around the second sill; 60 cm were recovered above the
sill and 90 cm below. Bulk density increases in the last
meter toward the contact from both directions. Sedi-
ments grade from dark-yellow-brown (10YR 3/2), dia-
tomaceous mudstones, to black (Nl), silty claystone.
Scattered dolomite rhombs are a common constituent
on both sides—from 20 to 30% of the sediment. The
black claystones are hard, without evidence of calcium
carbonate or H2S. Smear-slide compositions are mostly
clay (50-60%), along with minor quartz and feldspar
and pyrite. Some clays show ferruginous coatings, but
the black color must result from reduction of organic
matter.

Subunit 3A: Diatom Mudstones (478-31-1 through
478-34,CC; 260.0-288 m)

Below the second sill, sediments grade to uniform
light-olive-gray mudstone to muddy diatomite. The in-
duration of the claystones is greater than expected for
silty clays at this burial depth, suggesting that the em-
placement of the sills and/or high heat flow contributed
to early lithification.

Unit 3 designates the renewed occurrence of moder-
ate-olive-brown (5Y 4/4), uniform diatomites to diato-
maceous claystones, with some interlayered softer gray
sands. Distinct sand layers with bulk densities around
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Figure 31. General lithology, lithologic units,
black), and bulk density, Site 478.
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core recovery (shown in

2.0 g/cm3 are seen as peaks on logging records at 272,
275, and 278 meters sub-bottom. Diatoms decrease from
as much as 50% in Core 478-31 to less than 6% in Core
478-33, where they are poorly preserved, but the sedi-
ment type remains similar. Calcite reappears, as well as
more common, well-sorted, but thin, gray sands which
are typically dominated by feldspar grains and rounded
volcanic fragments. Foraminifers and radiolarians again
are present. Drilling has shattered most original sedi-

125

130

132'—

Figure 32. Photograph of 478-2-2, 121-132 cm (Unit 1). Example of
two redeposited beds of coarse, well-sorted, angular, feldspar-rich
sand, with volcanic-rock fragments and some shelly hash capped
by lighter, pale-olive layers of pure diatom ooze. Interpreted as
turbidites from offshore banks of the western slopes of the Guay-
mas Basin.

ment structures, but based on sand abundance the rate
of accumulation is less than that of Unit 1.

Subunit 3B: Laminated Diatomites, Dolomitic
Siltstone, and a Contact Zone to Dolerite Intrusion
(478-35-1 through 478-40-3, 10 cm; 288.0-342.5 m)

The sediment character in Subunit 3B is similar to
that above, and distinct sand layers are again seen as
peaks on logging records at 290, 291, and 294 meters
sub-bottom, but two aspects change. Varve-like, light
and dark diatomite laminations are observed in some of
the more-indurated pieces in Cores 478-35 and 478-36,
and diatom abundance increases drastically in Core
478-35 to values of 40 to 70%. This is shown on the den-
sity log by a drop to below 1.6 g/cm3. In Section 478-
35-1 (Fig. 34) a slightly indurated layer contains mud
clasts of tilted, millimeter-scale, laminated diatomite
which may derive from a slump. Light layers are richer
in diatoms, containing almost monospecific warm-wa-
ter forms (Schrader, pers. comm.), whereas darker lay-
ers contain more silty clay. These harder pieces also
show burrowing, mostly large Planolites (Fig. 35). Nan-
nofossils increase to 20% of some samples in Core
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Figure 33. Turbidite signature of massive, gray, sandy silt on GRAPE
measurements of density, 478-3-4, 1-140 cm, indicating that these
sediments are intercalated into uniform hemipelagic host lithology.

478-36. Most of the core is developed in a laminated or
lineated facies. A few thin layers of gray turbidite sand
occur. A homogeneous dolomitic mudstone was en-
countered in Section 478-36-4, about 43 meters above
the basaltic intrusive body. Laminated dolomites were
also recovered in Cores 478-38 and 478-39. They show
alternately burrowed and finely laminated original sedi-
ment (Fig. 35 ). Many of the diatom frustules are filled
with pyrite framboids.

From Core 478-32 (322.5 m) downward, diatoms and
nannofossils gradually diminish toward the lower doler-
ite. In the last core, sediments compositionally and sedi-
mentologically similar to those above show a grada-
tional change in color and in organic carbon as a result
of baking at the contact (Fig. 36). Colors grade from
olive-brown mudstones (with diatoms and calcite) to
olive-black to black, barren claystones and laminated
sands, and finally light-gray, bleached claystone border-
ing a thin (2-5 cm), glassy, basaltic chill margin. Pyrite-
filled seams and large (0.1-0.4 cm) crystals are common
in the last 70 cm. Some vertical veins thought to result
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Figure 34. Line drawing of Section 478-35-1, Pieces 1 to 8. Lithified
diatomaceous claystones illustrating sedimentary structures that
suggest some creep or mass flows.

from thermal expansion and cooling are lined with
black coatings (soot?). It is not certain, although likely,
that some older sediments may occur deeper, interca-
lated between thick sills. Contact zones for the three sill
complexes are wider for the topmost sills and narrowest
for the lowermost.

Depositional Environment

Much of the sediment at Site 478 shows evidence of
rapid deposition by mass flow. The basin was already
deep when the lowermost dolerite was intruded. Per-
haps the thin contact zone is an indication of thin sedi-
ment cover at that time.
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120

Figure 35. Hard, dolomite-cemented mudstone, showing primary lam-
inations and a contact to a basal sand of a turbidite (478-39-1,
60-64 cm).

Varve-like laminations in Cores 34 to 37, near the
lower dolerite intrusion, indicate that there were times
when this site received much less turbidite. Rhythmites
require a seasonal input and no infauna. Microlamina-
tions show that conditions similar to the present-day O2
minimum zone of the outer hemipelagic slopes must
have been recurrent also in the deep basin during the
late Pleistocene. During these periods basin and accum-
ulation rates must have slowed to rates similar to those
of slope sites. Claystones, lithified by silica or dolomite
diagenesis, preserve some sedimentary structures which
indicate syngenetic movements. These include soft-sedi-
ment deformation, pinch and swell, pull-apart and mi-
crofractures. They also show that the original sediments
have centimeter-scale alternations of laminated zones
and burrowed zones, microlaminations, and even thin
sands showing current cross-laminations.

The laminated oozes of Unit 3 could be related to
topography. The site is located over a basement high
which must have been smoothed by turbidite ponding
before coarse sand accumulated. Another possibility is
that the locus of sedimentation shifted with respect to
land sources, because of transform movements.

The gray, silty sands intercalated throughout the sec-
tion seem to derive from a similar source area. Although
this site is presently on the levee of a submarine canyon
from Baja, many characteristics of these massive layers

130

140

1501—

Figure 36. Chill zone and baked contact with the bottom dolerite in-
trusion (478-40-2, 120-150 cm).
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match a source area from the Yaqui Delta. Reworked
Cretaceous nannofossils are common. Grains are sub-
rounded and moderately well-sorted, and include about
equal proportions of plagioclase and quartz with vol-
canic-rock fragments (Appendix III, this volume, Pt. 2).

There are several reasons for thinking that Subunit
1A sediments accumulated at exceptionally high rates,
although sand layers are not very common. Bulk-den-
sity logs show 10-meter-thick graded muds in Cores 16
and 17. Gas pockets, cracks, and ruptures are produced
by the abundant methane and CO2 derived from the
rapid burial of organic matter. Jumps and breaks in
interstitial-water data (e.g., alkalinity) suggest that orig-
inal gradients are partially preserved. These grayish-
olive, diatomaceous, clayey silts may be interpreted as a
continuous dumping from a uniform source area. One
might speculate that during a Quaternary epoch of low-
ered sea level the outer fringe of the prograding Yaqui
Delta was rapidly denuded of silty deposits. There is evi-
dence from logging that some of the empty cores were
from intervals containing sands. Gelatinous diatoma-
ceous oozes of Cores 1 and 2 might result from a shift of
source areas because of rising Holocene sea levels.

Diagenesis

The most conspicuous feature of low-temperature
diagenesis in Hole 478 is the cementation of some beds
by dolomite. The first traces of diagenetic carbonate are
tufted clots of magnesian calcite at 478-5-1, 120 cm.
Cores and logging indicate at least isolated beds (Cores
22,CC, 23, 24, 38, 39), generally decimeter-thick. These
may cement either sands (as Core 22,CC) or homogen-
eous and laminated sections (see Kelts and McKenzie,
this volume, Pt. 2). Dolomite seems also to have formed
in response to the higher-temperature sill intrusions; it
occurs as scattered rhombs in the contact zones. Sills
have also caused extensive silica remobilization, as indi-
cated by the loss of diatom frustules and the formation
of authigenic silicates (Kastner, this volume, Pt. 2). In
the contact zone above the lowermost intrusion, the fol-
lowing mineralogical observations indicate alteration at
elevated temperatures:

1) The clay minerals are strongly recrystallized, and
have acquired a fibrous texture (smectite?).

2) Fine-grained (5-10 µm), euhedral crystals of authi-
genic quartz and/or feldspar are present.

3) Many of the detrital quartz grains are coated and
show distinct undulatory extinction.

4) Many of the detrital feldspar grains are altered.
5) Syntaxial overgrowth on quartz and overgrowth

around feldspar grains is observed. The overgrowths
probably fill pore spaces, which could be observed only
in thin sections, not in smear slides.

Site 478 Organic Geochemistry

The shipboard monitoring program was carried out
upon arrival on deck of each core, which was sampled
for gas if active bubbling and pockets developed. The
bottom section or core catcher was split and inspected
for petroleum shows by fluorescence, and the matura-
tion of organic matter down-section was followed by the

fluorescence of a toluene-ethanol extract from a small
amount of pooled sediment taken from the lower core
section or core catcher.

Cj-Cs Hydrocarbon Analysis

Methane, ethane, and carbon dioxide were moni-
tored, and because the ethane remained at low concen-
trations, only a few samples were analyzed for C2-C5

hydrocarbons. H2S was detectable by odor from about
10 to 50 meters at medium strength, then faintly to
about 100 meters; it is biogenic. No H2S was detected
near the sills.

The gas samples were derived from the core caps (ap-
proximately 30 minutes after closure) where no gas pres-
sure had built up or no gas pockets had formed in the
liner (sea bed to ~ 100 m and -240-330 m), and from
partially over-pressured gas pockets in the liners as the
core arrived on deck (-100-180 m). The normalized
data for CH4 and C2H6 versus depth are plotted in Fig-
ure 37; CH4 shows an increase commencing at about 80
meters to about 100 meters, followed by an average con-
tent of 75%. From about 180 meters to the upper sill,
no gas was recovered, probably reflecting the poor re-
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Figure 37. Concentrations of interstitial methane (A) and ethane (B)
versus depth for Hole 478 (data normalized after correction for
air).
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covery of more lithified sediments. Below and between
the sills, the CH4 values are > 90% and show a slight in-
crease with depth. The C2H6 values are somewhat more
scattered between the sills, but cluster for a decreasing
trend with depth, two points at about 330 meters show-
ing an increase. These data indicated that the higher-
weight (>C2) hydrocarbons have undergone thermal
cracking to CH4 because of the sill emplacements. The
minor sill at about 356 meters and the upper sill did not
have significant effects on the CH4 and C2H6 content.
From about 100 to 180 meters, C2H6 shows a gradual in-
crease in concentration. The ratio of ethane to methane
(CyCj) is plotted in Figure 38, and from about 100 to
180 meters the CVQ ratio increases, corroborating the
C2H6 increase. Between the sills, the Q / Q ratio goes
through a minimum with depth, with maximum values
near the sills. The overall values are low, and, coupled
with the minor content of >C 2 hydrocarbons, a mini-
mal thermal stress is indicated. The C2-C5 hydrocar-
bons had a typically biogenic distribution pattern,
consisting of CH4, C2H6, propane, /so-butane, and a
trace of /so-pentane. The absence of petrogenic hydro-
carbons > C 4 should be noted. The maximum concen-
trations of the C2-C4 hydrocarbons are: C2 = 0.10%,
C3 - 0.007%, and C4 = 0.001%.

C2/C, UK)"4)
0.5 1.0 2.0 3.0 4.0 5.0 7.0

100

co 200

300

Carbon dioxide (CO2) is present as a major gas com-
ponent, and the data are plotted versus depth in Figure
39. The values are low in the top section, increase sharply
from about 80 to 120 meters to a level of 10 to 12%
(120-160 m), followed by a narrow maximum and de-
crease above the lithified zone. Between the sills, the
values show a maximum across the minor sill at about
256 meters and a mean value of about 0.3%, followed
by a decrease near the lowest sill. This curve is es-
sentially the same in the upper section as the data for
calcium content and alkalinity (cf. inorganic geochem-
istry section, p. 248, Fig. 49).

Black Slick

A black-brown slick permeated most cores from about
250 meters to the bottom sill. It was similar to the slick
observed in cores from Site 477. This material was ex-
tensively sampled and analyzed. Samples of slick and
water (~20 ml) were removed by syringe about 1 hour
after recovery and sealed. The head space (-3-4 ml)
above the samples was analyzed by GC and found to
consist predominantly of methane and carbon dioxide,
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Figure 38. Ratio of ethane to methane versus depth for Hole 478. Figure 39. Concentration of CO2 versus depth for Hole 478.
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with only traces of ethane and propane. This material
had the interstitial gas adsorbed and differs from the
slick of Site 477 in that adsorbed-gas composition. The
total slick material from Site 478 was dried and analyzed
for total C and N. The C and N contents of material
from 478-30-1 is about the same as the bulk sediments,
and the C/N is 22, slightly higher than the trend. This
indicates that the organic carbon of the slick has been
subjected to moderately high temperatures (cf. 477-23-1).

Organic Carbon and Nitrogen

The samples were prepared as described before, and
the results are summarized in Appendix II (this volume,
Pt. 2). The organic carbon and nitrogen contents are
plotted versus depth in Figure 40. The organic-carbon
content ranges from about 0.5 to 3.6%, with a single
maximum just below the bottom and considerable scat-
ter. Between the sills, the data are also scattered, with a
decrease toward the lower sill. The organic-nitrogen val-
ues range from 0.06 to about 0.4% and exhibit a distri-
bution parallel to that of organic carbon. The carbpn-
to-nitrogen ratios (C/N) are also plotted versus depth in
Figure 40C. The upper section to about 200 meters sub-
bottom exhibits a scattered range from 11 to 17, which
fits for the approximate C/N value of 12 for Recent im-
mature sediments (Ryther, 1956).

The sill emplacements (224-242 m and 256-257 m)
did not have a strong thermal effect on the nitrogen con-
tent of the organic matter, i.e., the C/N ratios show no
dramatic increases near the sills (except for two isolated
samples). The lower sill may have brought the organic
matter to a higher temperature than the upper sills, but
in all cases this effect was operative only near the sill
(within a few centimeters).

Fluorescence

Composite sediment samples from either the core
catcher or the lower section were shaken with toluene
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Figure 40. Organic-carbon (A) and organic-nitrogen (B) contents and
carbon/nitrogen atomic ratios (C) of Hole 478 sediments.

and ethanol mixture (1:1) and allowed to settle. The col-
or of the extract and the color and intensity of the fluo-
rescence were used as approximate guides for the esti-
mation of the nature and quantity of the lipid and/or
petroliferous (bituminous) organic matter.

The extract colors ranged from yellow-green in the
upper section (to about 170 m) to light yellow-brown be-
tween the sills; near the sills the color was a very pale
yellow. The yellow-green is immature lipid matter, and
the yellow-brown is mature bitumen; however, the light
colorations indicated no allochthonous influx nor en-
dogenous large concentrations of petroliferous mater-
ial. This was further substantiated by the fluorescence
of these extracts. The colors ranged from orange to yel-
low (immature) in the upper section and blue-white,
white, and yellow-white (mature) between the sills.

Further fluorescence data were measured on (1) dried
sediment samples and on tetrachloroethylene-extract
solutions of (2) dried sediment samples and (3) pyro-
lyzed samples (red heat) None of the dried samples ex-
hibited bulk fluorescence, indicating no major accumu-
lation of heavy petroleum. Pipe-dope fluorescence was
observed at random throughout the sections along the
core liners.

The extracts of the dried sediments exhibited a yellow
or yellow-white fluorescence, or no fluorescence. Tetra-
chloroethylene extracts the more non-polar lipid or
bituminous material; thus, this test can be utilized as
a qualitative indicator for petroliferous material. The
data are presented in Figure 41 on a relative-intensity
scale versus depth. A low level of fluorescence is ob-
served to a depth of about 160 meters, then a maximum
and back to none at 190 meters. Between the sills, three
maxima are present, one on either side of the minor sill
at about 256 meters, and one above the third sill. The
maxima are indicative of petroliferous distillate which
was cooked out of the sediments by the sill emplace-
ments. It has been observed at DSDP Site 367 (Simoneit
et al., 1978) that this distillation, migration, and con-
centration of petroliferous material proceeds farther up-
ward than downward away from a sill intrusion. This is
the case here for the upper two sills, indicating that they
were intruded into the sediment; however, the close
proximity of a maximum in fluorescence to the thickest
third sill may reflect the deposition of the sediment
(-290-342 m) directly onto the sill (flow?), and the ef-
fects of the thermal gradient from the sill generated the
fluorescence maximum at 330 meters.

The fluorescence data of the pyrolyzed samples above
the sills indicate that the sediment is thermally unaltered
and can yield petroliferous material under pyrolytic
conditions from the endogenous immature organic mat-
ter. Between the sills the organic matter still has a petro-
genic potential (except near the sills, where the organic
carbon is dead, i.e., it has been pyrolyzed in situ), indi-
cating that the sill emplacements did not bring the entire
sediment column to high temperatures.

Conclusions

The geologic events at Site 478 interpreted from or-
ganic geochemical data are as follows. The major bot-
tom sill was emplaced into the lower sediment column,

247



GUAYMAS BASIN SITES

25 75 100

0 25 50 75 100

/ 250

/
/

-* 260

- ^ 270

\ ^

< *Xl- t •J"_•*. * I V > J

) O

V ^

s\

Figure 41. Fluorescence of petroliferous organic matter versus depth
in Hole 478 (qualitative scale).

or, as some of these data indicate, the sediment was de-
posited onto the sill or flow, which still propagated a
high thermal gradient (high enough to generate petrol-
iferous material from the sedimentary organic matter,
minimum about 150°C). Sedimentation continued rap-
idly, then the upper sills were emplaced as intrusions into
the sediment. However, their high-temperature influence
was limited to the vicinity of the immediate contact
(within a few centimeters), and their lower-temperature
thermal gradient expelled petroliferous organic matter
from the sediment, leaving behind some viable organic
matter. The sediment column between the three sills was
not completely pyrolyzed. Further rapid sedimentation
continued, and the upper part of the column contains
immature, unaltered organic matter.

The brown-black "slick" permeating the deeper sedi-
ment section (between the sills) consists predominantly of
fine-grained minerals, with residual carbonaceous matter
and adsorbed interstitial gases. The gases of this sediment
column consist of predominantly biogenic CH4, CO2,
and H2S, with traces of C2H6 and a minor component of
thermally generated ethane, propane, and /so-butane at
depth. In terms of pollution and safety hazards, this site
posed no problems.

Site 478 Inorganic Geochemistry

Interstitial-Water Chemistry
Depth distributions of alkalinity, ammonia, and phos-

phate, as well as calcium and magnesium, show a com-
plex pattern in the upper 150 meters. Processes of de-
composition of organic matter must occur at different
rates in these sediments, methane production becoming
important below 60 meters. In addition, possible differ-
ences in accumulation rates may affect the non-steady-
state distribution profiles.

Below 150 meters, the concentration profiles of cal-
cium and magnesium indicate that alteration reactions
in the sills and underlying sediments affect these constit-
uents.

Dissolved-silica values show a steady increase with
depth, but below 300 meters silica diagenesis has led to a
lower dissolved-silica concentration (Fig. 42).

Site 478 Biostratigraphy

Paleontological Summary
All major microfossil groups (calcareous nannofos-

sils, diatoms and silicoflagellates, planktonic and ben-
thic foraminifers, and radiolarians) occurred in the pe-
lagic-hemipelagic sequences drilled at Site 478 to a depth
of 342.5 meters sub-bottom. Diatoms, and to a lesser
amount calcareous nannofossils, formed the major com-
ponent of the sedimentary sequence, whereas foramin-
ifers and radiolarians formed only a minor component
(Fig. 43). Microplankton and nannoplankton assem-
blages were generally well preserved.

Under the assumption that equatorial Pacific datum
levels also occur synchronously in the Gulf of Califor-
nia, tentative age assignments are as follows: Cores
478-1 to 478-15 are within NN21; Cores 478-16 to 478-
20 have not been defined yet; Cores 478-21 to 478-40 are
within NN20. The Nitzschia fossilis extinction datum
(-0.26 m.y.) was found in Core 478-36. Planktonic
foraminifers indicate a general cooling of surface waters
below Core 478-18; other microfossil groups did not
support this observation. Benthic foraminifers indicate
a middle-bathyal condition, similar to the present water
depth of this site, throughout the sequence.

Diatoms
Diatoms are abundant in all pelagic-hemipelagic se-

quences in Site 478. They are mostly excellently pre-
served, and delicate species (Skeletonema costatum) are
found throughout. Diatom abundance decreases sharp-
ly in Core 478-39, and at the same depth preservation
grades to poor, only strongly silicified valves being pres-
ent in Core 478-40.

Displaced fresh-water and benthic marine species oc-
cur throughout, but never exceed 1% of the total dia-
tom population, indicating a constant supply of terrig-
enous and/or shallow-water marine debris to this site.

Assemblages consist of pelagic subtropical to tropical
species with Pseudoeunotia doliolus, Coscinodiscus nod-
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Figure 42. Composite diagram of pore-water chemistry, Site 478.

ulifer, Thalassionema nitzschioides and var. parva, and
Thalassiothrix longissima, a minor component in the
meroplanktonic group with Actinocyclus ehrenbergii,
Actinoptychus undulatus, Cyclotella striata, and others.
Occasionally, two distinct assemblages could be differ-
entiated: one (A) with dominant Thalassionema nitz-
schioides s.l. and one (B) with dominant Coscinodiscus
nodulifer and Thalassiosira oestrupii. Assemblage (A)
might be interpreted to represent more-vigorous mixing
of surface waters (increased upwelling), whereas assem-
blage (B) might represent more-stable surface-water
conditions. The varved intervals in Core 478-37 are dom-
inated by the tropical species Thalassionema nitzschi-
oides var. parva.

Reworked older species were not encountered and in-
dicate that no older strata are exposed along the flanks
of this basin. On the basis of rare occurrences of Nitz-
schia fossilis in Core 478-36,CC, the sequence above
Core 478-36 is dated as being younger than 0.26 m.y.,
and the sequence below Core 478-36,CC older than 0.26
m.y. The N. fossilis datum is defined in both the North
Pacific and the equatorial Pacific and is thought to be
synchronous. Since neither the Thalassiosira nidulus
nor N. reinholdii data, which are slightly older, were
observed, the foregoing interpretation might be cor-
rect (Burckle, 1977; Barron, pers. comm.; Schrader, in
prep.).

Detailed floral analysis will provide definition of dis-
tinct assemblages, which in turn can be correlated to en-
vironmental parameters (cf. Baumgartner et al., 1979).

Nannofossils

The late Pleistocene sediments recovered at Site 478
yielded abundant and well-preserved calcareous nanno-
fossils. The coccolith assemblages are very constant in
composition and of low diversity throughout the sec-
tion. Coccoliths reworked from the Upper Cretaceous
were common at most levels.

Radiolarians

Radiolarian remains in the sediments from Hole 478
are strongly diluted by diatom frustules; nevertheless, in
the size fraction greater than 62 µm, radiolarians occur
in most samples taken throughout the sedimentary se-
quence of the hole (0-346 m sub-bottom). Turbidite
layers are barren of radiolarians (e.g., Core 478-34,CC
and 478-39,CC).

The preservation of the radiolarians which do occur
in the cores from Hole 478 is moderate, and Botryo-
strobus auritus-australis group, Druppatractus sp. cf.
D. pyriformis, D. irregularis, Ommatodiscus sp. (Ben-
son, 1966), Teocalyptra davisiana, and Stylodictia valid-
ispina are the dominant species of the radiolarian popu-
lation. This composition of the population is similar to

249



GUAYMAS BASIN SITES

Core Lithology Number of
Planktonic

Number of
Benthic

Plankton
Ratio

Climate
Bathyal

'Upper' Middle

0 1000 2000 0 1000 2000 0% 50 100Cool Inter. Warm0 1000 2000
Lower

3000 m

)

<?

\
\

>

1
A

7
i 1

\ j
\

• • • • Implies sand layers with relative
thickness proportionate to the length.

• I

\
\

1

•

\

\

>
/

/

Figure 43. Correlation of lithology with counts of planktonic and benthic foraminifers, plankton ratio, climatic variations, and
interpretation of depth of deposition, Site 478.

250



GUAYMAS BASIN SITES

the one found in coastal upwelling areas in the central
Gulf of California. The relative abundance of C. davisi-
ana is increased in Core 478-36,CC.

Because the sedimentary sequence at Hole 478 is
younger than 300,000 years (see diatom datums), no
radiolarian biozonation has been established for this
hole.

Foraminifers

Although no indicator species older than late Pleisto-
cene can be found, at least four cooler intervals are seen
within the section, based on planktonic foraminifers, in-
dicated by the abundant occurrence of Neogloboquad-
rina pachyderma s.l. and the occurrence of N. pachy-
derma s.s. In the benthic fauna, Epistominella smithi,
Uvigerina spp., and Cassidulina spp. are abundant
throughout the section at this site.

Site 478 Sediment-Accumulation Rates

The estimated sediment-accumulation rate for Hole
478, using the calcareous-nannoplankton zone bound-
ary NN21/20, is 780 meters/m.y., and using the datum
provided by the extinction of the diatom Nitzschia fos-
silis it is 1220 meters/m.y. The average of these two esti-
mated sediment accumulation rates is 1000 meters/m.y.
This accumulation rate is adopted for this report.

For an alternative method of calculating accumula-
tion rates, the zonal boundary between NN21 and NN20
is placed at the most conservative point on the range at
175 meters. Regardless of where this point is selected, it
appears that there has been a change in accumulation
rate with time, but that the mean rate for this 310-meter
section is almost 1200 m/m.y., or 1.2 m/103 yr, or 1.2
km/m.y. With only one datum plane, there also remains
the possibility of redeposition of older nannofossils.

Site 478 Igneous Rocks
The igneous lithology at Site 478 has been divided into

six units (Table 9; Fig. 44). Although only 1 meter of
aphyric basalt was recovered in Core 26, bulk-density
logging measurements indicate that Unit 1 is an igneous
body approximately 10.5 meters thick, and that the
lower part of Unit 1 may comprise three thin basaltic

layers and intercalated sediments. Unit 2 may be the
lowermost of these basaltic layers. No direct sedi-
ment/basalt contacts were recovered, but the presence
of a contact zone of altered sediments up to about 38
meters above Unit 1 is indicated by the bulk-density log
and mineralogy of the sediments. This suggests that
Unit 1 is intrusive.

In hand specimen, the basalt of Unit 1 is dark gray
(N4), medium grained, and slightly weathered. Minor
veins and occasional vesicles are filled with carbonate; a
dusting of pyrite is present on some fracture surfaces.
The aphyric texture of the basalt is confirmed in thin-
section. The mineralogy comprises normally zoned pla-
gioclase laths (An45.65), interstitial feldspar, intergranu-
lar pale-brown augite, and minor opaque phases. The
plagioclase laths range up to about 1.5 mm long, where-
as pyroxene rarely exceeds 0.5 mm. Approximately 10%
of the rock consists of green clay minerals replacing
both the mesostasis and possibly olivine, although no
olivine was seen in thin-section.

Unit 2 represents a small igneous body beneath Unit
1. A fragment of dolomitized and pyritized silty clay-
stone in the top of Core 478-27 shows that Units 1 and 2
are separated by a sediment intercalation. From the
bulk-density logs, it can be seen that Unit 2 is approxi-
mately 1.5 meters thick, and that it is separated from
Unit 1 by approximately 1 meter of sediment. No con-
tacts or baked sediments were recovered, so it is not pos-
sible to say unequivocally whether Unit 2 represents a
sill or a flow; however, Units 1 and 2 are mineralogically
very similar, suggesting a similar time and mode of
emplacement.

In hand specimen, the basalt of Unit 2 is medium
light gray (N6), aphanitic, and, in the upper 60 cm of the
recovered section, vesicular. The vesicles are between 1
and 10 mm in diameter, and usually lined or filled with
calcite, pyrite, clay minerals, and possible dolomite. Oc-
casional narrow veins are also calcite-filled.

In thin-section, the basalt of Unit 2 is much finer
grained than that of Unit 1, which may be because of
the limited vertical extent of the body. Olivine again ap-
pears to be absent. Skeletal laths of plagioclase, less
than 0.8 mm in length, and intergranular, anhedral

Table 9. Igneous lithologic units, Site 478.

Topa

(m sub-
Unit bottom)

1 221.0

Basea

(m sub-
bottom)

231.5

(sedimentary intercalation)

2 232.0 233.5

(sedimentary intercalation)

3 254.5 259.0

(sedimentary intercalation)

4 342.5

5 455.0

6 459.5

455.0

459.5

463.5

Thicknessa

(m)

10.5

1.5

4.5

112.5

4.5

4.0

Recovery*3

(m)

1.2

1.0

0.2

82.6

2

3.8

Type of
Cooling Unit

Massive Basalt

Massive Basalt

Basalt

Massive Dolerite

Massive Basalt

Massive Basalt

Phenocryst
Assemblage

Aphyric

Aphyric

Aphyric

Minor PI

Aphyric

Minor PI

Vertical Extent

478-26-1, 0 cm to
478-26-2, 15 cm

478-27-1, 0 cm to
478-27-1, 120 cm

478-29.CC

478-40-2, 140 cm to
478-53-4, 98 cm
478-54-1, 0 cm to
478-54-2, 85 cm
478-54-2, 86 cm to
478-54-4, 110 cm

Determined from downhole log.
Determined from core log and corrected for spacers.
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clinopyroxene lie in a mesostasis completely replaced by
green clay minerals. Any groundmass olivine, if present,
has been altered to clay minerals, but the pyroxenes and
feldspars are fresh. In the studied thin-sections, vesicles
constitute less than 5% of the rock. They are usually
spherical, 1 to 1.5 mm in diameter, with partially pre-
served carbonate fillings. One large vesicle (—10 mm in
diameter) contains a residue of medium-grained basalt,
consisting of plagioclase, pyroxene, and an iron-rich
mesostasis which in turn contains several micro-vesicles.

The bulk-density logging data indicate that there is a
4.5-meter-thick igneous unit (Unit 3) between 253.5 and
258.0 meters sub-bottom; unfortunately, only 20 cm of
aphyric, medium-gray (N6) basalt fragments were re-
covered in the core catcher of Core 478-29. The basalt
contains calcite-, pyrite-, and clay-mineral-lined vesicles
up to 1 cm in diameter, and in hand specimen resembles
the rock from the uppermost part of Core 478-27 (i.e.,
Unit 2). The extensive altered zones within the sedi-
ments above and below Unit 3 confirm an intrusive ori-
gin for this unit, and suggest that it is a sill.

Core 478-40 (336.0-345.5 m sub-bottom) contains
approximately 3 meters of silty clay that is brown for
the top 10 cm, and then dark gray to black for the re-
maining 290 cm, as a result of heating and breaking
down of organic compounds. At the base of the sedi-
ment column, a 10- to 20-cm-thick, light-gray clay hori-
zon is succeeded by a zone of brecciated, aphyric,
aphanitic basalt with chilled (not glassy) margins lying
in a light-gray clay matrix. The brecciated zone (~ 10-20
cm thick) rapidly grades into aphyric basalt, and finally
into aphyric, coarse basalt or dolerite. The top of this
igneous unit (Unit 4), assumed to be a sill, is placed at
342.5 meters sub-bottom by the drilling record.

Core 478-54, near the base of the hole, recovered 5.77
meters of aphyric basalt that is petrographically distinct
from the overlying dolerite. The contact between the
dolerite and the basalt was not recovered. The basalt has
been divided into two units (5 and 6) separated by a con-
tact zone in Section 2 of Core 54.

Unit 4 is the thickest internally consistent igneous
body sampled in Hole 478. The top of Unit 4 consists of
sparsely vesicular, coarse-grained basalt and extends
down to ~ 80 cm in Section 478-41-1. In hand specimen,
this uppermost part of Unit 4 is aphyric, with small (1-2
mm diameter) vesicles randomly dispersed throughout
(about 3% total volume) and filled with green clay min-
erals and little, if any, calcite. The rock is medium gray
(N5); in thin-section, the major mineral phases are pla-
gioclase (-40%) and clinopyroxene (augite, -35%),
with minor opaque phases (~5%) and some clay and
zeolite minerals (~ 15%). The texture, as seen in thin-
section, is ophitic to intergranular, although occasion-
ally the clinopyroxene phenocrysts completely enclose
small plagioclase laths in an ophitic, almost poikilitic
fashion. This poikilitic texture persists to the base of the
dolerite body, although its abundance varies down the
section.

From -80 cm in Core 478-1 to - 1 cm in Section
478-53-4, Unit 4 is doleritic; however, discrete textural
changes occur throughout this section and are princi-

pally related to the occurrence of poikilitic clinopyrox-
ene-plagioclase glomerocrysts, gabbroic xenoliths, and
vertical and horizontal zones of alteration associated
with silica- and clay-filled veins. In hand specimen, the
dolerite of Unit 4 is remarkably unfractured, medium
gray (N5-N6), and substantially weathered, with be-
tween 30 and 50% secondary clay and zeolite minerals.
The unfractured nature probably is a function of the
siliceous nature of the vein fillings; if the fillings had
been calcite the rock likely would have fractured along
the veins, severely reducing the recovery rate and possi-
bly interfering with the drilling.

A very pronounced blotchy or mottled appearance
characterizes the rocks in Cores 478-45 to 478-59. This
mottling is caused by poikilitic clinopyroxene pheno-
crysts, few of which are altered, that contain ophitic in-
clusions of small plagioclase laths. At times the clino-
pyroxene phenocrysts coalesce to form lighter-colored
glomerocrysts bordered by zones of darker, fresher cli-
nopyroxene, and opaque phases and plagioclase. Below
Core 478-49, the dolerite becomes significantly fresher
(only 5 to 15% clays and zeolites), and by Core 478-50
the rocks are no longer mottled; however, some poikilit-
ic clinopyroxene persists to the base of the dolerite. The
other major textural change occurs within Core 478-51
and consists of 1- to 10-cm, irregular gabbro xenoliths,
many showing signs of extensive alteration.

In thin-section, the texture of the Unit 4 dolerite is
predominantly subophitic to intergranular, with abun-
dant but restricted areas of ophitic to poikilitic texture.
Mineralogically, the unit is uniform, despite the textural
variations. Plagioclase (An45_65) constitutes between 20
and 40% of the rock and occurs as small laths between
0.1 and 0.5 mm in size in the groundmass and as tablàte
laths, 1 to 3 mm long, which often are strongly normally
zoned. The plagioclase is usually fresh, although in the
altered rocks it is partially sericitized, and is found (1)
enclosing intergranular clinopyroxene and rare anhedral
to subhedral olivine crystals, (2) as an intergranular
matrix surrounding clinopyroxene and rare olivine, and
(3) as ophitic inclusions in large clinopyroxene aggre-
gates. Clinopyroxene (augite) constitutes between 20
and 40% of the rock and is usually found in subhedral
to anhedral, optically continuous aggregates, either in-
tergranular to plagioclase or ophitically and frequently
poikilitically enclosing small plagioclase laths. The cli-
nopyroxene ranges in size from small, 0.5-mm, anhedral
fragments to subhedral aggregates up to 5 mm long. The
larger clinopyroxene crystals often are fresh; however,
in the more-weathered portions of the dolerite they
show more serious effects of alteration, second only to
olivine.

Olivine is rare and constitutes at most 5% of the
rock. Much of the olivine may have been altered to
green clay minerals ("bowlingite"), although no persis-
tent pseudomorphing was observed. Opaque minerals
are common and much of the rock has 5% opaque
phases. Both magnetite and ilmenite occur, the identifi-
cation being based mainly on crystal habit. The opaque
phases often occur along intergrain boundaries and com-
monly are associated with altered clinopyroxene. Brown
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to green clay minerals and amorphous to clear-fibrous
zeolite account for between 10 and 50% of the rock.
The wide range in abundance reflects the different de-
grees of alteration in the upper and central portions of
the dolerite, as opposed to the fresher rock recovered in
Cores 478-50 to 478-53.

The gabbro xenoliths that commonly occur in the
rocks of Core 478-51 have a predominantly ophitic tex-
ture, 1- to 10-mm clinopyroxene phenocrysts accounting
for 50% of the xenolith. Tablate laths of plagioclase
(-30%; 0.5-3 mm) are ophitically enclosed in the clino-
pyroxene aggregates with between 10 and 20% clay and
zeolite minerals in the matrix. Opaque phases are ran-
domly dispersed, but often are represented by long need-
les (up to 7 mm long) of ilmenite which occasionally
intrude into the plagioclase and clinopyroxene pheno-
crysts. Very little or no olivine is present in the xeno-
liths. Some of the gabbro xenoliths (e.g., Section 42-2,
116 cm) show clear evidence of cumulate texture.

The basalt in Core 54 has been divided into two units
(5 and 6) on the basis of a contact within the recovered
basalt at 478-54-2, 80-95 cm. It is apparent from tex-
tural considerations that Unit 5 is chilled against Unit 6.
The contact between Unit 5 and the overlying dolerite
Unit 4 was not recovered, but the slight variation in the
bulk-density record suggests that the two units are
adjacent and that they are not separated by a sediment
intercalation.

In hand specimen, the basalts of Units 5 and 6 are
very similar. Medium-gray (N5), aphyric, and having an
altered appearance, the basalt of Unit 5 progressively
decreases in grain size from medium grained at the top
of Core 478-54 to aphanitic at the contact with Unit 6 in
Section 478-54-2. The actual contact is preserved within
a small pebble (Piece 3a), and although the basalt of
Unit 5 is aphanitic adjacent to the contact, a proper chill
zone is not seen. The basalt within Unit 6 is slightly
more coarse grained than that in Unit 5; however, there
is considerable variation, and the grain size ranges from
fine grained near the contact in Section 478-54-2 to me-
dium grained in Section 478-54-4. The basalt of Unit 6
appears to be increasingly mafic toward the base of the
core. Texturally, the basalt of Section 478-54-1 (Unit 5)
is not distinguishable from that of Section 478-54-4
(Unit 6).

The basalt is generally more fractured than the doler-
ite of Unit 4. Green clay minerals and dustings of pyrite
coat many fracture surfaces, and calcite occurs in sev-
eral veins.

In thin-section, the basalt of Unit 5 is aphyric, with
an intersertal to intergranular texture. Clinopyroxene is
present as small (<0.4 mm) intergranular crystals, and
as occasional, slightly larger (0.5-0.6 mm) crystals which
subophitically enclose plagioclase laths. No olivine is
seen, but it easily could be mistaken for clinopyroxene
because of the small grain size. As much as 50% of the
rock consists of an altered mesostasis, now completely
replaced by clay minerals, zeolites, and possibly calcite.
No vesicles are present.

Unit 6 consists of a sparsely plagioclase-phyric ba-
salt. Resorbed and zoned plagioclase phenocrysts (less

than 1% of the whole rock) between 2.5 and 3.0 mm in
length lie in an intersertal to intergranular matrix of
plagioclase, clinopyroxene, and altered mesostasis. The
clinopyroxene is partly equidimensional to and partly
intergranular to the plagioclase. Some of the pyroxene
may be misidentified olivine.

The similar mineralogies and textures seen in Units 5
and 6, and the absence of a chill zone between the two
units, suggest that they are contemporaneous igneous
bodies. Probably they are intrusive, but the absence of
baked sediments above Unit 5 means that this cannot be
confirmed. It is not possible to say with any degree of
certainty whether Unit 4 postdates Units 5 and 6, but the
extensive alteration of Units 5 and 6 suggests that this is
the case.

Site 478 Paleomagnetism

Twenty-one specimens of basalt were processed in the
DIGICO spinner and the Bison Susceptibility Meter.
The results are given in Table 10. From experiments on
two specimens, it appeared that a demagnetizing field of
75 Oe is about right for removing the unstable magneti-
zation, if any. Actually, the "declination" and the dip
angle did not change appreciably by demagnetization up
to 200 Oe. The treatment merely reduced the magnitude
of the magnetization. The mean value of the NRM is
0.0014 emu/cm3, omitting the largest and smallest val-
ues. The average paleolatitude given by the NRM is 25°.
After demagnetization, it dropped to 23°—an insignifi-
cant difference. The present latitude is 27°. It differs
also insignificantly from the paleolatitude. The average
magnetic susceptibility is 366 × 10"6 emu/cm3 Gauss.
The ambient field of the location is 0.45 Gauss. The
ratio of the NRM to the induced magnetization (the Ko-
enigsberger ratio) is 10.3, a relatively high value, which
accounts for the small standard deviation of the inclina-
tion, only 3°.

Table 10. Paleomagnetic results, Site 478.

Sample
(interval in cm)

478-26-1, 114-116
41-1, 100-102
41-2, 15-17
41-5, 56-58
42-1, 15-12
42-4, 10-12
43-1, 124-126
43-3, 20-22
44-1, 103-105
44-5, 121-123
45-4, 35-37
45-5, 107-107
49-3, 56-58
50-1, 84-86
51-1, 94-96
51-6, 100-102
52-5, 129-131
53-4, 70-72
54-1, 92-94
54-3, 109-110
54-4, 45-47

Susceptibility
× 10~6

(emu/cm3 G)

_

379
417
—

200
532
597
557
383
293
249
317

185
161
133
388
574
347
452
450

<367>
±141

NRM
(emu × 10 ~ 6 /

cm3)

8393
2231
1919
1107

812
3112
2251
2272
2353
2616
1217
1557
1008
845
536
145
499
637
777
791
801

<1694>
±1742

Inclination
(degrees)

52.8
37.2
42.3
39.7
40.1
39.2
46.6
42.1
39.8
39.1
44.0
38.7
41.2
36.3
44.3
53.3
51.3
49.3
46.5
42.8
49.4

<42.63>
±4.3

After Demaj

h ,
(emu × 10 ~ 6 /

cm3)

2107
—

1065
—

2801
1489
1795
1901
2512
1073
1208

806
487

86
245
287
484
620
702

<1224>
±799

jnetization

Inclination
(degrees)

37.0
—

39.8
—

40.5
41.0
38.5
36.1
40.1
40.7
38.7

36.9
42.0
40.8
46.5
38.7
38.1
38.4
47.3

<40.6>
± 3 . 0

Note: Omitting extreme values, NRM = 0.0014 emu/cm3, /r = 0.0012 emu/cm3; induced magneti-
zation = 0.45 × 367 = 165 emu/cm3; Koenigsberger ratio = 1694/165 = 10.3; A.F. demagne-
tizing field = 75 Oe; paleolatitude = 25° or 23°.
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Site 478 Physical Properties

Small sections of Cores 478-1 through 478-9, 478-11
through 478-14, and 478-19 through 478-22 were moder-
ately or little disturbed by drilling and could be sampled
and tested for physical properties. Cores 478-10, 478-15
through 478-18, 478-28, 478-29, and 478-31 through 478-
36 were intensively disturbed by drilling or by expanding
gas (e.g., Cores 478-10 and 478-19), so that either no
samples or only small chunks could be taken. Core bar-
rels 478-23 and 478-37 were empty, and Cores 478-24
through 478-27, as well as 478-38, recovered only small
pieces of cemented siltstones or basalt. From Cores
478-28 and 478-29 downhole, the cores had to be cut by
saw. Measurements of the sound velocity with the Ham-
ilton Frame were possible only in Cores 478-1 through
478-8, and on some chunk samples from Cores 478-30
through 478-32.

Figure 45 shows the general trends of physical prop-
erties of the fine-grained "background" sediments ver-
sus depth. Data from turbidites, which often differ con-
siderably from those of the "background" sediments,
are treated separately (see Einsele and Kelts, this vol-
ume, Pt. 2). Sometimes it was, however, difficult or im-
possible to distinguish between sediments from the up-
permost part of mud turbidites and those from "back-
ground" sedimentation, especially when the cores were
rather disturbed.

From the sediment surface down to about 170 me-
ters, the physical properties change in a manner rather
similar to that found in Holes 474 through 476, but
because of the high percentage of siliceous biogenic
material, water content and porosity are about 10%
higher and wet-bulk density is 0.1 to 0.2 g/cm3 lower
than at the previous sites near the tip of Baja California.
This is true for the total sequence down to about 170
meters depth. Similarly, as in Hole 476 (145-180 m), an
increasing percentage of diatoms in the sediments of
Hole 478 (90-120 m) exerts some influence on the physi-
cal properties, but as in Hole 476, at this depth range
shrinkage is not affected any more by a high content of
biogenic silica (Fig. 45). All the other physical prop-
erties show a very small gradient versus depth down to
170 meters, particularly vane shear strength.

At about 170 meters, the first marked change of
physical properties can be observed. Water content and
porosity decrease by at least 10%, and bulk density in-
creases by 0.2 g/cm3. At the same depth (lower part of
Subunit IB), preservation of diatoms becomes poor,
and the first silica-cemented and dolomite-bearing
pieces of siltstone were recovered here (Cores 478-24
and 478-25). These rapid changes cannot be explained
by the slightly increased overburden pressure in com-
parison to cores taken from depths shallower than 170
meters. As can be seen from the density log of this site,
and also at Sites 477 and 481, the first dolerite sill, at
222 to 235 meters depth, has influenced the physical
properties of the overlying sediments (Fig. 31). It ap-
pears that up to 40 meters of the sediment column are
affected above the top of the sill, but because of the lack
of core material for the sequence between 190 and 240

meters, as well as for the contact to the sill, the evidence
is mainly based on the density log.

Below the dolerite sill, at about 240 meters depth,
two samples again have relatively high water contents
and porosities, which correspond to those at 170 meters
depth in this hole. A sample taken from Core 478-31 be-
low the second dolerite sill (264 m depth) was even less
compacted. This indicates that thin basaltic sills do not
strongly change the general normal depth relationship
of the physical properties in the underlying sediments.
According to grain-density determinations and visual
descriptions of smear slides, opaline silica (mainly dia-
toms) is still present in considerable quantities. The sedi-
ment contact below a sill appears to be thinner than
above the sill. At the only 3-meter-thick sill at about 255
meters depth, both the upper and lower contacts with
the sediments were recovered. Although the sampling
was not as densely spaced as desirable, the data show
that water content and porosity near the contact are
lower by about 15%, and bulk density higher by about
0.2 g/cm3 than 2 to 3 meters above or below the sill.

At 260 to 280 meters depth (Subunit 3A), little-com-
pacted sediments appear to prevail, with water contents,
porosities, and bulk densities similar to those at 240 to
250 meters. Then, at about 300 meters depth, at the
transition from Subunit 3A to 3B, a second marked
change to more-compacted material takes place (Fig.
45). Ten centimeters above the contact of the lowermost
thick dolerite body, water content and porosity decrease
by about 10%, and bulk density increases by more than
0.2 g/cm3.

The sound velocities measured in the uppermost 50
meters were 1.49 to about 1.53 km/s. In the deeper part
of the hole, few determinations of sound velocity could
be carried out, because of strong drilling disturbance
and expanding gas. At about 270 meters depth, the
sound velocity through undisturbed chunks of mud-
stone reached values between 1.61 and 1.63 km/s. A
value of 2.21 km/s measured on a chunk from Section
478-31-1 below the thin dolerite sill appears to be too
high, because the bulk density of this mudstone is rather
low (1.57 g/cm3). Some values for sound velocity, wet-
bulk density, and acoustic impedance of hard-rock sam-
ples from the dolerite sills are listed in Table 11.

The following general conclusions can be drawn from
physical-property measurements:

1) If the contact zones of the dolerite sills are ex-
cluded, the sediments in Hole 478 are no more com-
pacted than in Holes 474A through 476. The gradients
of physical properties versus depth are low—much low-
er than in Holes 477 and 477A, located in the present
spreading center of the Guaymas Basin. From physical-
property measurements we have, therefore, no indica-
tions of abnormally high heat flow or another mecha-
nism which may have accelerated compaction in the sed-
iments above the thick dolerite body at 340 meters
depth.

2) The contact zones of the intruding basaltic sills
appear to be asymmetric. A much thicker sediment se-
quence (up to 40 meters above the thick sills) is influ-
enced above rather than below the sills, but very strong
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Figure 45. Mass physical properties, shrinkage, and content of opaline silica of sediments from Hole 478. Mud turbidites (T) often deviate from the
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Table 11. Sound velocity, wet-bulk density, and acoustic impedance of
hard rocks from dolerite sills, Site 478.

Core
Section

478-26-1
478-41-3
478^3-3
478-44-4

478-45-2
478-50-5
478-51-2

478-51-2

478-53-1
478-54-1
478-54-1
478-54-4

Top of
2-cm

Intervals

123
51
65
92

65
62
62

62

72
81
81
47

Rock Description

Coarse-grained basalt
Aphyric dolerite
Dolerite
Dolerite, coarse-
grained
Aphyric dolerite
Dolerite
Gabbro xenolith
(weathered) in
dolerite
Gabbro xenolith
(weathered) in
dolerite
Aphyric dolerite
Coarse aphyric basalt
Coarse aphyric basalt
Aphyric basalt

Orientation

-
X
X
X

X
J_
1

=

X
1
=
=

Sound
Velocity
(km/s)

4.25
5.70
4.90
5.11

5.25
5.36
4.55

4.09

4.45
3.91
3.74
3.91

Wet-Bulk
Density
(g/cm3)

2.83
2.79
2.76
2.78

2.77
2.80
2.81

2.81

2.85
2.77
2.77
2.66

Acoustic
Impedance

× 105

(g/cm2 s)

12.03
15.90
13.52
14.21

14.54
15.01
12.79

11.49

12.68
10.83
10.36
10.40

changes of the physical properties are limited to a sedi-
ment thickness of one to a few meters above and below
the sills.

3) The apparently similar contact zone on top of the
uppermost sill and the lowermost, thick dolerite body
indicates that both have formed in about the same way.
Both have intruded a sedimentary sequence of normal
compaction which probably never was influenced by as
high a temperature gradient as the sediments in Holes
477 and 477A. Such sediments might be expected farther
below the sill at the bottom of Hole 478.

Site 478 Heat Flow

Temperature was measured at 70 meters down the
hole by the Uyeda/Kinoshita instrument, and at the bot-
tom by the first temperature-logging run. The second
temperature run was not made, because the hole caved
in, causing the loss of the logging tool. Unfortunately,
no maximum thermometers were carried by the other
tools, so we have only one temperature at the bottom.
From past experience, when both temperature runs were
made about 22 hours apart under similar conditions the
second measured temperature was 10 °C higher than the
first, and the extrapolated temperature rise to infinite
time from the second run would add another 2°. Apply-
ing these corrections, the formation temperature is 50 +
12 = 62°C. Subtracting the mudline temperature of 3.4°
leaves a temperature differential of 58.6°. Dividing by
the depth, 0.464 km, gives a gradient of 126.3°C/km.
From the lithology of the hole and measurements of
thermal conductivity of samples from this and other
holes, the average conductivity of the total length of the
hole is 2.9 mcal/cm s °C. Multiplying by the gradient
gives the heat flow, 3.66 HFU.

It is difficult to assign a greater value of conductivity
than 2.1 to the first 70 meters of this hole, because of
the diatomaceous ooze in the upper part of the section,
the conductivity of which is only 1.75. When this sedi-
ment is brought up, it swells from expanding H2S and
methane. The in situ conductivity should be higher. The
temperature gradient given by the Uyeda instrument is
(12.5-3.4)/0.070 = 130°/km, which when multiplied by
the conductivity gives 2.73 HFU, only 75% of the value

obtained from the bottomhole temperature. A similar
discrepancy (25%) is more firmly established for Hole
481A because both temperature logs were run in that
hole.

The value 3.66 HFU is the preferred one for Site 478.

Site 478 Correlation of Drilling Results,
Seismic Data, and Logging

Although a close network of seismic-reflection lines
had been run previously in the Guaymas Basin, this site
was selected mainly for its location on one of the multi-
channel lines run during the SIO site survey cruise. In
this chapter we will correlate drilling and downhole log-
ging results with that multichannel record (Fig. 46), and
with 3.5-kHz and 5-second-sweep air-gun records made
while arriving on this site.

We have some velocity information for this site from
a few laboratory measurements on core samples, from
the multichannel move-out velocities, and from a sono-
buoy which was permitted to drift away from the ship
while sitting on this site. The wide-angle-reflection data
from this sonobuoy record were analyzed after this
cruise by R. T. Bachman, USNOSC, San Diego, to pro-
vide velocity information; no refraction information
was obtained from this record. Here, as at Site 477, we
suspect that the surface of the acoustic basement and
any deeper possible refracting layers may be too ir-
regular and our run was not long enough to get refrac-
tion arrivals. The sonic downhole log was not com-
pleted, because the tool was lost in the hole where some
bridging or caving had occurred.

Each of the types of seismic-reflection records used in
this comparison is illustrated: Figure 47 is the 3.5-kHz
record over this station; Figure 48 is the 2-second-sweep
seismic-reflection record, collected with 120-in3 and 20-
in3 air guns firing at 7-second repetition rate and signals
received through a 40- to 80-Hz bandpass filter; Figure
49 is the 5-second-sweep record collected at the same
time, but with a 20- to 40-Hz bandpass; and Figure 46 is
the processed 24-channel record collected during the
SIO site survey, using 3OO-in3, 120-in3, and 40-in3 air
guns firing at 15-second intervals.

Correlations between some lithologic changes in the
drilling results and reflectors in these various records are
shown in Table 12, as reconstructed using the combined
velocity information from the various sources.

Site 478 Summary and Conclusions

The presently active rifts, or spreading centers, in the
Guaymas Basin are steep-walled topographic depressions
elongated in the northeast-southwest direction. As these
rift troughs grow by spreading in a northwest-southeast
direction, their walls of Quaternary sediments and sedi-
mentary rocks slump into the low trough, and turbidity
currents seek this lowest level within the basin. But we
are living in a period of glacial minimum and high sea
levels, and wide shelves trap the sediment loads of the
rivers to form large deltas. It seems likely that during
times of glacial maxima and low sea levels these same
rivers must flow directly onto the slope and virtually all
of their loads are transferred to the basin fans and
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Figure 46. Correlation of drilling lithology with section of processed multichannel seismic-reflection
record across Site 478. Seismic record from Guaymas Expedition, Scripps Institution of Oceanog-
raphy site survey. Reflectors c, e, g, i, and j are listed in Table 12.
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Figure 47. Correlation of drilling lithology with 3.5-kHz record on Site 478. Reflectors a, b, c, d, and e
listed in Table 12.
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Figure 48. Correlation of drilling lithology with 2-second air-gun seis-
mic-reflection record across Site 478.

plains, completely filling the rift troughs, forming a
single depositional basin plain. This and many other
variations must occur at these spreading centers through
time as climatic and sedimentary influences change. Site
477, drilled in the present active south rift trough, gave
us invaluable information on the interplay between sedi-
ment deposition and intrusion of basaltic magmas. Site
478, 12.1 km northwest of the southern rift, was drilled
to compare these conditions with a site that was itself
located over the active center about 400,000 years ago
(assuming validity of the plate-tectonics model within
Guaymas Basin, uniform spreading rates, and relatively
constant plate-edge geometry through time). Multifold
seismic lines from the SIO site survey at this basin show
that acoustic basement is of low velocity and apparently
contiguous from the present rift to Site 478, and extends
well beyond this locality to the farthermost points be-
neath the relatively flat floor of Guaymas Basin both
northwest and southeast of the active rift. We believe
this acoustic basement to be the expression of the non-
coherent mixture of intrusive bodies and intercalated,
faulted sediments that were drilled at Site 477. Overly-
ing the entire basin plain, other than the rifts, is another
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Figure 49. Correlation of drilling lithology with 5-second air-gun seis-
mic-reflection record across Site 478.

Table 12. Correlation of lithology and seismic-reflection data, Site
478.

Reflector

a

b
c

d

e

f

g

h

i

j

Reflection
Time
(ms)

8

15
43

67

130

162

236

273

304

405

Sub-bottom
Depth

(m)

6

11
32

51

101

127

188

219

253

342

Reflection
Velocity
(km/s)

1.50

1.50
1.50

1.52

1.55

1.57

1.59

1.60

1.66

1.69

Record

3.5 kHz

3.5 kHz
3.5 kHz
2 sec
mcs
3.5 kHz
2 sec
5 sec
mcs
3.5 kHz
2 sec
mcs
2 sec
5 sec
mcs
2 sec
5 sec
mcs
2 sec
5 sec
2 sec
5 sec
mcs
5 sec
mcs

Figure

47

47
47
48
46
47
48
49
46
47
48
46
48
49
46
48
49
46
48
49
48
49
46
49
46

Lithologic
Unit

la

lb

2
1
2

3

3

Lithology

Diatom ooze/
Turbidite
Sand

Sand

Sand

Turbidite/
diatom ooze

Onlap 1A/1B
diatom mud

Contact IB/2
dolomitic
siltstones

dolerite sill?
dolerite sill?

dolerite

sedimentary unit that shows relatively good coherence
over considerable distances and appears to be a 2- to
600-meter-thick section of turbidites, perhaps deposited
largely during the last eustatic low stand of the sea. The
section drilled at Site 478 was intended to include about
300 meters of the presumed turbidites overlying acoustic
basement and the upper part of the acoustic basement
itself. We hoped in this way to compare lithologies and
properties of the rifting phase to those of the post-rift-
ing basin-plain deposits. Our site, in fact, was located
on the distal southern edge of a natural levee on the
south side of a channel now partially filled and perhaps
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a relic of turbidity-current activity of late Pleistocene
time.

Total penetration of the drill at this site was 464 me-
ters. The upper 342.5 meters is predominantly a sedi-
mentary section that we subdivided into three main un-
its. The lower 121.5 meters is a complex intrusion of ba-
saltic to doleritic texture. The sediments above the ma-
jor intrusion are differentiated on the basis of the type
and frequency of redeposited beds in Unit 1; on the
presence of some calcareous cemented interlayers and
altered sediment around two dolerite intrusive bodies in
Unit 2; and, in Unit 3, on the delineation of some diato-
maceous mudstones near the base which show indica-
tions of primary varve-like laminations, as well as a con-
tact zone with a thick underlying intrusion. Unit 1 (0-
188 m) is composed of muddy diatomaceous ooze to dia-
tom mud with episodic gray, sandy turbidites. The sec-
tion from 188 to 260 meters is Unit 2, comprising dolo-
mitic sandstones, two dolerite sills with contact aure-
oles, and diatomaceous mudstone. Unit 3 extends from
260 to 342.5 meters and is made up of uniform diatom
mudstone overlying laminated diatom mud with dolo-
mite, overlying siltstone and a basal contact with the ba-
saltic intrusion below. All of these sequences are consid-
ered to be of moderate to very rapid deposition. Based
on the nannoplankton zone boundary NN21/20 and a
diatom datum, the rate of accumulation must have been
at least 1000 m/m.y. Based on the datum provided by
the extinction of the diatom Nitzschia fossilis, most of
the sediment section (0-310 m) is no older than 260,000
years.

This extremely high rate of deposition makes it possi-
ble to detect non-steady-state conditions in the pore-
water chemistry of the sediments. Using a reasonable
diffusion coefficient, one can calculate a mean diffusion
length in the section of 30 meters over a period of
100,000 years in these sediments. Thus, non-steady-state
inclinations in the profiles of dissolved calcium, alkalin-
ity, ammonia, and phosphate are well established below
about 50 meters beneath the sea floor.

Comparison of this site 12 km out on the flank of the
axis of rifting to Site 477 in the present rift reveals some
rather strong contrasts, suggesting that our drilling has
stopped short of penetration into a true Guaymas Rift-
type section. Physical-properties measurements show
that, if contact zones with the dolerite sills are excluded,
the sediments in Hole 478 are no more compacted than
those of our more-normal sections at Hole 474A through
476. The gradients of physical properties with depth are
much lower than those measured in the southern Guay-
mas Basin Rift. Studies of the mineralogy of the sedi-
ments also suggest that the sediments recovered from
Site 478 were warm, but never very hot. If our assump-
tion that a high-temperature regime existed at the time
of zero age of the crust at this site is correct, then the ex-
istence of deeper sediments below the lowest drilled
thick sill is required. Organic geochemistry also shows
that the contacts of penetrated intrusive bodies record
that the high-temperature influence was limited to the
immediate vicinity of the contact (within a few centime-
ters). Lower-temperature thermal gradients propagated

by the intrusive expelled petroliferous organic matter
from the sediment, but left behind viable organic mat-
ter, and the sediment between the intrusions was not
completely pyrolyzed. Finally, the age of the sediments
intruded by the igneous bodies is, by nannofossil assem-
blages and diatom-extinction datum, about 260,000
years old—well short of the 400,000-year age required
by extrapolation of the 3-cm/yr half-rate of measured
spreading. Thus, in summary, the age, thermal history,
and physical properties of the penetrated sediments all
suggest the probability of an extensive sediment section
below the lower igneous intrusion.

Tentative correlations of lithology with available seis-
mic data are hampered by the lack of reliable velocity
data. Nevertheless, it is relatively clear that the lower
intrusion into which we drilled for 121 meters, without
fully penetrating it, can be equated to the "acoustic
basement" of the 24-channel seismic record of the SIO
site survey. If this correlation is correct, it has important
implications for the timing of intrusive events and ge-
netic processes involved in developing the abnormally
thick intermediate layer overlying Layer 3 in the Guay-
mas Basin, and perhaps in similar sections of very young
ocean basins. Specifically, the seismic correlation to-
gether with the youth and thermal histories of the en-
countered intrusive units demonstrate that the process
of intrusion of magma into rapidly deposited sediments
is not limited to a narrow zone corresponding to the
average 3-km width of the present rift troughs. Simi-
larly, the time of intrusion is not restricted to the first
50,000 years of rifting represented by the modern
troughs, but apparently spans a much longer time—at
least 140,000 years, and possibly as much as 200,000
years.

SITE 481

Site 481 Background and Objectives

The general background and objectives for the Guay-
mas Basin sites were discussed previously. Site 481 is a
second attempt to drill a presumed active spreading rift
in the basin floor. Site 477 was located in a high-heat-
flow portion of the southern rift, where heat flow had
previously been assumed to be largely conductive (Law-
ver and Williams, 1979). Site 481 is located in the north-
ern rift near where a submersible dive (Lonsdale, 1978)
had permitted observations of hydrothermal deposits on
the flank of the rift. Heat flow is very spotty in this rift,
as in the southern rift, but is generally lower and was
presumed to be largely convective (Lawver and Wil-
liams, 1979). This site has therefore been known as the
"hydrothermal site," and much of the support and en-
thusiasm for drilling it came from the hydrothermal fac-
tion of both the Gulf of California working group and
the shipboard scientists. Other objectives for this site
were basically the same as for 477. These specific ob-
jectives were itemized previously for Site 477. Most of
those objectives, unfortunately, were not achieved,
because the holes were both terminated at shallower
depths than we would have wished. In addition, more
new problems and questions were introduced than were
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answered. These new questions, which may form the
objectives of future drilling, include:

1) How deep beneath the sea floor are sediments
intercalated with sills? Were these sediments emplaced
by lateral infilling within the rift, as envisioned by the
model, and as suggested by the lack of continuity of
stratification as shown by the seismic-reflection rec-
ords? Can this deformation structure predicted by this
model be confirmed by observation on cores? Will these
deepest and presumably oldest sediments contradict the
age predicted by the plate-tectonic model for the origin
of the rifts?

2) Are all of the igneous intrusions really sills, or
are many dikes and shapeless intrusions also present?
The probability of encountering sills is greater than the
probability of encountering dikes. The model predicts
approximately as many dikes as sills within the stratified
part of the section, and an increasing frequency of sills
and proportion of dikes with depth down to the sheeted
dike complex beyond the lowest sediments.

3) Would the increase in higher hydrocarbon com-
pounds continue with depth, and if so would it con-
stitute a pollution hazard if drilled? Hydrocarbons up to
pentane were detected in a shallow surface piston core
from near Site 481, but Site 477 did not reach a signifi-
cant level of hydrocarbons higher than C4.

4) Will hydrothermal alteration of sediments be found
at this site, where present heat flow is lower, or is the
hydrothermal activity at this site being vented to the sea-
floor by the faults of the northwest flank of the rift val-
ley? Hydrothermal activity may be spotty in location as
well as in time. Is the hydrothermal activity produced by
the intrusive events driving out sediment pore water, or
is it caused by sea water recharging and circulation?

Site 481 Operations

Upon getting under way from Site 480 at 1658Z on 2
January, we had time for only one additional site in the
Guaymas Basin before ending Leg 64 drilling and set-
ting course for San Pedro and the drydock to work on
Glomar Challenger's thrusters. There was much enthu-
siasm among the scientific party (and the geothermal
lobby ashore) for drilling the north rift of the basin
where earlier submersible dives had revealed the pres-
ence of hydrothermal deposits above a fault scarp near
the north wall of the trough. We were now aware of
the great irregularity of topography and structure over
short distances within the active rifts, and we therefore
decided that a pre-drilling air-gun and 3.5-kHz survey
was necessary to locate the optimum drill site. Accord-
ingly, we departed on course 160° to a point northwest
of the area of the proposed site, where our survey would
begin. At 2112Z we changed course to start the survey, a
series of crossings normal to the strike of the rift (Fig.
50). After five crossings, working along the rift from
northeast to southwest, it became evident that our first
crossing appeared to be the best place to locate the site.
We therefore proceeded up the axis of the rift in a north-
easterly direction to the vicinity of the first crossing and
swung out of the trough to the northwest, then back in
to drop a beacon at 0452Z on 3 January. We then re-

trieved our seismic gear to search for the beacon, but
found no coherent signal from the beacon (the ninth
bad beacon of this leg). Because it was blowing a gale
and we were receiving only intermittent weak beacon
signals, we then began an interminable wait for a satel-
lite navigation fix and a continuing search for the errant
beacon. Finally, at O835Z on 3 January, we began a fur-
ther survey with the 3.5-kHz alone for another suitable
site in this locality, and at 0926Z we let go a beacon at
our chosen position. By 1120Z we had positioned over
the beacon in 1998 meters and began running in the
hole. We earlier had decided to use the hydraulic piston
corer the first 50 meters of this hole to allow optimum
measurement of shallow structure, chemistry, and physi-
cal properties. From 1600 to 1800Z, before beginning
the piston coring, we washed to 100 meters to assure
that we would not destroy the corer by banging an in-
trusive. That finished, we began HPC operations, and
at 2210Z our first core was on deck—the usual excellent
undisturbed core. Ten additional piston cores then were
obtained, until we had cored to a depth of 52.75 meters
by 15O8Z on 4 January.

We then pulled out of the hole and rigged up the
standard bottomhole assembly and mechanical bit re-
lease for normal operations. From 1900 to 0100Z on 5
January we deployed the drill string and began Hole
481A (same location and depth as Hole 481) by washing
to 2058.5 meters, just above the level of our deepest
piston core. The combination heat-flow-pore-water tool
was then used, with good results. Normal coring opera-
tions followed, our first core arriving on deck at 0327Z
on 4 January. Thereafter, until 0630Z on 7 January, we
continuously cored to a depth of 384 meters below the
sea floor in 37 cores. Another successful run of the heat-
probe-pore-water tool was accomplished after Core
481A-4. We encountered complex hydrocarbon assem-
blages and gas accumulations associated with intrusive
dolerite bodies, but our experience in drilling in these
conditions had broadened considerably and we correctly
assessed the situation as posing no threat to safety or en-
vironment. At 1200Z on 5 January we had to drop an-
other 13.5-kHz beacon to replace the rapidly fading
16-kHz instrument we were using. This was the tenth
bad beacon of this leg. From 1500Z on 6 January to our
last coring attempt at 0630Z of 7 January, we recovered
only 1 meter of sample in seven cores. The bit was
plugged, the float valve was stuck open, and we were
unable to properly seat the core barrel. Repeated at-
tempts to clear by dropping the center bit failed, and at
0815Z on 7 January we decided to secure drilling and
log the hole. Preparations for logging lasted until 1130Z.
Logging then began and continued until 0700Z on 8
January. Five logs were successfully run. First run: den-
sity, caliper, gamma, and temperature; second run: son-
ic, caliper, and gamma; third run: guard, neutron (mis-
run, no good); fourth run: same as last, but good this
time; fifth run: induction, gamma; and, sixth run: tem-
perature. We then secured the logging equipment and
cemented the hole from 2220 to 2150. From 0830 until
1732Z we pulled out of the hole, magnafluxed drill col-
lars and other equipment, and completed operations
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Figure 50. Track chart of Glomar Challenger survey on approach (solid lines) and departure (dashed
lines), Site 481. Also, one track from Guaymas expedition of S.I.O. (Heavy sections of lines are illus-
trated in figures as follows: Line A, Fig. 70; Line B, Fig. 71; Line C, Fig. 72; Line D, Fig. 73; Line E,
Fig. 74; and Line F, Fig. 75.)

connected with the hole. At 1900Z we were under way
toward the southeast to run one additional crossing of
the rift with air guns and 3.5-kHz seismic to tie the bea-
con and this site correctly into our previous survey. At
1944Z we changed course back toward the northwest
and our beacon, and at 2140Z, 8 January, we departed
the Guaymas Basin north rift area and set a southeast-
erly course for a survey off Cabo San Lucas, which
would be the last operational activity of Leg 64.

A coring summary is presented in Table 13.

Site 481 Sediment Lithology

The location of this site along the marginal fault
of the northern rift is reflected by the extremely high
accumulation rates (> 1500 m/m.y.) of redeposited dia-
tomaceous muds intercalated into minor amounts of
host hemipelagic, muddy, diatomaceous, basinal oozes
which may be either laminated or massive as the result
of fluctuating bottom-water oxygen levels. The undis-
turbed sections recovered in the hydraulic-piston-core
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Table 13. Coring summary, Site 481.

Core
No.

—

481-Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll

481A-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
26
27
28
29
30
31
32
33
34
35
36
37

Date
(Jan.
1979)

3
3

3
3
3
3
3
4
4
4
4
4
4

4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

Time

—

1510
1615
1725
1830
2336
0059
0211
0412
0522
0655
0808

2027
2112
2200
2241
2332
0028
0126
0221
0322
0420
0513
0621
0725
0850
1117
1500
1637
1751
1907
2118
2238
2349
0102
0203
0308
0407
0505
0612
0706
0800
0950
1045
1441
1650
1825
2130
2330

Depth from
Drill Floor

(m)
Top Bottom

2007.00-2011.75
2011.75-2016.50

2016.50-2021.25
2021.25-2026.00
2026.00-2030.75
2030.75-2035.50
2035.50-2040.25
2040.25-2045.00
2045.00-2049.75
2049.75-2054.50
2054.50-2059.25
2059.25-2064.00
2064.00-2068.25

2058.5-2068.0
2068.0-2077.5
2077.5-2087.0
2087.0-2096.5
2096.5-2106.0
2106.0-2115.5
2115.5-2125.0
2125.0-2134.5
2134.5-2144.0
2144.0-2153.5
2153.5-2163.0
2163.0-2172.5
2172.5-2182.0
2182.0-2191.5
2191.5-2201.0
2201.0-2210.5
2210.5-2220.0
2220.0-2229.5
2229.5-2239.0
2239.0-2248.5
2248.5-2258.0
2258.0-2267.5
2267.5-2277.0
2277.0-2286.5
2286.5-2296.0
2296.0-2305.5
23O5.5-2315.O
2315.0-2324.5
2324.5-2334.0
2334.0-2343.5
2343.5-2353.0
2353.0-2362.5
2362.5-2372.0
2372.0-2381.5
2381.5-2382.5
2382.5-2391.0
2391.0-2400.5

Depth below
Sea Floor

(m)
Top Bottom

—

0.00-4.75
4.75-9.50
9.50-14.25

14.25-19.00
19.00-23.75
23.75-28.50
28.50-33.25
33.25-38.00
38.00-42.75
42.75-47.50
47.50-52.25

42.0-51.5
51.5-61.0
61.0-70.5
70.5-80.0
80.0-89.5
89.5-99.0
99.0-108.5

108.5-118.0
118.0-127.5
127.5-137.0
137.0-146.5
146.5-156.0
156.0-165.5
165.5-175.0
175.0-184.5
184.5-194.0
194.0-203.5
203.5-213.0
213.0-222.5
222.5-232.0
232.0-241.5
241.5-251.0
251.0-260.5
260.5-270.0
270.0-279.5
279.5-289.0
289.0-298.5
298.5-308.0
308.0-317.5
317.5-327.0
327.0-336.5
336.5-346.0
346.0-355.5
355.5-365.0
365.0-366.0
366.0-374.5
374.5-384.0

Length
Cored

(m)

—

4.75
4.75
4.75
4.75
4.75
4.75
4.75
4.75
4.75
4.75
4.75

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
1.0
8.5
9.5

Length
Recovered

(m)
_
—

2.66
4.55
4.45
1.70
0.00
0.20
4.57
4.58
2.08
4.43
4.48

3.20
1.29
1.33
3.81
9.62
9.55
9.54
9.65
9.17
6.43
7.78
5.95
6.02
5.09
4.92
3.48
1.85
0.49
0.00
2.07
0.00
7.09
0.66
9.89
8.80
8.12
8.13
6.61
1.45
8.13
0.53
0.00
0.45
0.00
0.00
0.02
0.00

Recovery
TO
_
—
56
96
95
36
0
4

96
96
42
93
94

34
14
14
40

101
100
100
102
97
68
82
63
63
54
52
37
19
5
0

22
0

75
7

104
93
85
86
70
15
86
6
0
5
0
0

< l
0

Hole 481 (Fig. 51) allowed us to distinguish the end
members for two general types of mud turbidites (Type
I, Type II) as well as recognize a pebbly mud flow (I).
The subdivision between turbidite Types I and II is based
mainly on color, texture, and relative amounts of bio-
genic (mainly diatoms) and terrigenous components.
Turbidites seem to derive from hemipelagic slope drape
along the basin margins (Type I) or outer deltaic slopes
of the Rio Yaqui fan (Type II). Where recovery was lim-
ited, successful logging was essential to distinguish some
levels with early diagenesis, as well as the gradational
character of two large mass flows (II, III).

Although the sediment column is very young (less
than 250,000 years old) and has been intruded by multi-
ple sills, we have divided it at 200 meters sub-bottom
into two informal units marked by the base of a chert -
and-sill complex. Above this complex, accumulation of
unit sediments may be more rapid, punctuated by more
frequent intercalations of thick, delta-derived sandy
silts. Holes 481 and 481A can be correlated by the pres-
ence of sand layers in the 10.25-meter overlap 45 meters
sub-bottom.

Unit 1: Late Quaternary (< 250,000 yr)
(481-1 through 11, 481A-1 through 17-2; 0-200 m)

The upper part of the sediment column (Fig. 51) is ex-
tensively disturbed but comprises generally moderate-
olive-brown, diatomaceous muds with common inter-
calations of gray, graded, muddy sands. Sedimentary
structures revealed in the 52 meters of undisturbed sec-
tion from HPC Hole 481 show that much of the diatom-
aceous mud is also organized as faintly graded mud tur-
bidites with only rare intervals of mostly homogeneous,
bioturbated, hemipelagic, muddy, diatomaceous ooze.
This hole best illustrates the general end-member types
of redeposited beds, although intermediate varieties also
occur. Turbidites of Type I are generally thinner beds,
from a few centimeters to a few decimeters thick, and

HOLE 481
Water depth = 1998 m

HOLE481A

* = Number of turbidite
beds per core

D - Diatom data

2.0 2.5
Bulk Density

(g/cm3)

Figure 51. General lithology, lithologic units, core recovery (shown in
black), and bulk density, Site 481.
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show very faint grading of color and texture. Typical
beds are recognized at first glance by a very pale band of
diatom ooze at the top and a thin basal sand, commonly
coarse; the color parallels composition and grades down-
ward from dusky-yellow (5Y 6/4) to pale-olive (10Y
6/2) diatomaceous ooze; the body is moderate-olive-
brown (5Y 4/4), muddy, diatomaceous ooze to olive-
gray (5Y 3/2), diatomaceous muds or clayey silts, to a
thin, dark, medium-gray (N4) basal sand. The thin layer
(1-5 cm) of very pale diatom ooze at the top of these
beds commonly consists of diatom frustules from very
fragile upwelling species (Fig. 52). These layers are
thought to occur by hydraulic sorting during sluggish
turbidity-current transport. If they were diatom blooms,
then similar layers also should have been recovered at
HPC Site 480 along the slope (see discussion in Einsele
and Kelts, this volume, Pt. 2). At 2 meters sub-bottom
there is a unique layer with dark-gray (5Y 3/2) iron
monosulfide pigment preserved in a thick diatom-ooze
layer at the top of one of the Type I turbidites (Sample
481-2-2, 0-14 cm). An irregular, diffuse redox boundary
separates gray from pale olive below. Preservation of
frustules and calcareous nannofossils seems better in the
gray zone. Long-term preservation of metastable mono-
sulfides in marine sediments is rare, and indicates very
rapid burial of the layer.

The thin basal-sand layer commonly contains higher
concentrations of bathyal benthic foraminifers, and pla-
gioclase-rich rock fragments. The average composition
of these turbidites is 35 to 50% frustules, 35 to 40%
clays; 10% calcareous nannofossils, 3 to 7% feldspars,
and 1 to 3% quartz. Pyrite is ubiquitous and commonly
occurs within frustules.

Where undisturbed, the hemipelagic host sediment is
distinguished from Type I turbidites by a slightly darker
brownish hue and a faint mottling which results from
bioturbation.

Turbidites of Type II are generally thicker (0.5 to
> 10 m) and characterized by a greater proportion of
terrigenous components. The body is rather structure-
less, with a subtle but uniform downward grading of
color and components. The smoothly cut surface is
dotted with gas-expansion pimples. Beds are generally
grayish olive (10Y 4/2) but may grade downward from
moderate-olive-brown (5Y 4/4), diatomaceous muds,
to gray-olive (10Y 4/2), clayey silt, to gray (N4-N5).
Rather than a distinct thin, sorted, sandy base, there is
a gradual downward increase in sand grains, accom-
panied by a muddy matrix. The incompletely recovered,
but over 10-meter thick graded "megaturbidites" of
Cores 481-10 and 11 and 481A-5 and 6 are of this type,
with thick basal portions of muddy, fine sand. The tops
are uniform clayey lutite.

The average composition includes diatoms (20-35%),
calcareous nannofossils (10-15%), clay minerals (30-
45%), feldspars (10-18%), quartz, (4-10%), and pyrite
(1-3%). Wood debris, benthic foraminifers, and shelly
debris occur in some beds.

Type I and II beds are interbedded with non-cyclic
frequency. Because of their greater thicknesses, Type II
varieties appear to dominate the section.

Figure 52. Core photograph. Pale-olive tops of Type I mud turbidites.

A 70-cm-thick olive-gray (5Y 4/1) mud flow (I) with
gas-expansion partings recovered between 33.85 and
34.55 meters (HPC 481-8-1, 50-121 cm) has a matrix
with abundant terrigenous silts and 10 to 15% diatom
frustules, with floating soft-sediment mud clasts. A dou-
ble convolute fold (Fig. 53) indicates that the distance of
transport of this flow was modest; it probably was de-
rived from the nearby rift-wall fault scarp.

An unusual grayish-white (N8-N6) claystone with in-
durated lumps occurs in Core 481-8, 36.2 to 36.6 meters
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7 5 sub-bottom. It consists of mainly quartz and chlorite,
and includes concentrations of broken and single valves
of bathyal clam species.

Unit 2: late Quaternary (< 250,000 yrs)
(481A-18 through 37; 200-384.0 m)

Recovery was not so good below the first sill com-
plex, although the diatomaceous muds show a higher
degree of induration than their depth of burial would
suggest, mainly because of the effects of interlayered
sills. Interlayered turbidite Types I and II are common,
as above, but Unit 2 is characterized by longer sections
showing laminated and homogenous hemipelagic beds
and two giant mud flows (II, III), which are delineated
on the bulk-density log (Fig. 51).

Laminated muds occur as host sediment in small
intervals and as some clasts in mud flows, first appear-
ing at 241.5 meters sub-bottom (481A-22) and extending
to about 330 meters (481A-30). Two main types were
observed: (a) regular millimeter couplets of light-olive-
gray (5Y 4/2), muddy diatom ooze and pale-olive (10Y
6/2), diatomaceous ooze, and (b) couplets of finely
laminated, silty claystones, commonly with dark (Mn?,
organic matter) pigment and calcareous mudstone.
Type (b) occurs only in Core 481A-26. Diatom laminae
of type (a) commonly show 15 to 21 couplets per cen-
timeter. The calcareous mudstone includes monospe-
cific-nannofossil laminae indicating episodic coccolith
blooms. Where baked by intrusions, the diatoms in type
(a) couplets are commonly absent, as in Core 481A-31.

In various cores (e.g., 481A-26 and 30) laminated
zones alternate with homogeneous zones on a decimeter
scale. Some of the homogeneous beds appear to be mud
turbidites, but others show evidence of pervasive bur-
row mottling, suggesting episodes of fluctuating oxygen
supply in the deep basin.

The two large mud flows (II, III) are similar in com-
position, color, and texture to the one (I) in Unit 1.
Floating mud clasts, some with laminated couplets,
shells, and wood fragments are more common near the
base, where they tend to show gradually increasing sand
content. The upper portions of these beds are massive,
uniform, only slightly diatomaceous, olive-gray (5Y 4/
1) clayey silts. Grading is indicated by the density log.
Pumice pieces and a few hard calcareous clasts occur in
the mudflows and a few sandy layers.

Depositional Environment

The alternations of laminated and bioturbated hemi-
pelagic muddy diatomaceous ooze which characterize
the lowermost 142.5 meters are similar to the slope Sites
480 and 479. This pattern represents changing levels of
oxic and anoxic conditions in the basinal region, as a
result of fluctuations in the lower boundary of the oxy-
gen-minimum zone following changes in productivity or
circulation patterns in the bottom water.

This prevailing regime was periodically interrupted
10 '— ^ ^ • I M ^ ^ ^ ^ ^ • ^ ^ ^ • ^ ^ by a few decimeter-thick turbidites of Types I and II,

Figure 53. Photograph of HPC Sample 481-P8-1, 75-105 cm. Con- b u t i n particular by the large mud flows (II, III), and the
volute fold in diatomaceous muds. intrusion of basaltic sills and/or flows. High heat flow
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contributes to early consolidation of oozes that are in-
itially very water-rich, almost gelatinous.

Benthic foraminifers and the clam-valve debris found
in mud flows and turbidites indicate source areas at
bathyal depths not significantly different from the pres-
ent basin depths. Tectonic movement along the trans-
form segments or boundary faults of the rift trough
probably initiate multiple-phase, local mass flows.

The upward increase in amount and thickness of
delta-derived sands suggests increased accumulation
rates and may partly be due to changing bottom con-
figuration at this site, such as down-faulting of the nar-
row northern rift-trough concomitant with the intru-
sion of the upper sill complex. Fan feeder systems of the
Rio Yaqui also may have shifted in the late Quater-
nary as a result of changing sea levels. A mineralogical
change about 50 meters sub-bottom does suggest a shift
in the main source area on land.

The difference in matrix and hydraulic sorting be-
tween Type I and II turbidites suggests that the delta-
derived Type II sediments perhaps were carried by
higher-concentration flows.

Drill disturbance in Unit 1 limits comparisons, but in
the upper portions of the hole there seem to have been
fewer periods of basin-wide anoxia.

Contact Zones

Diagenesis in the rapidly deposited, muddy, diatoma-
ceous oozes is mainly a result of basaltic intrusions (see
section on igneous units). Only one contact zone was re-
covered fairly completely, that above the sill complex
beginning at 168.7 meters (481A-14-4; Fig. 51). Bulk-
density logging indicates a broad zone of induration
which begins rather abruptly at 127.5 meters sub-bot-
tom (Core 481A-10-1), 42 meters above the sill. The col-
or of the sediment changes in 481 A-11 to olive black (5Y
2/1), which grades to brownish black (5Y 2/1) in Cores
481 A-12 and 13 as a result of heating of organic carbon.
The dissolution of diatom frustules is indicated about 38
meters above the sill, and at 20 meters above all diatoms
have completely dissolved (Fig. 54). The released silica
formed cement and authigenic quartz crystals. Clays be-
came strongly fissile. Ten centimeters above the sill, a
sand layer composed 30% of quartz and 52% of feld-
spar is bleached to light gray and cemented by silica and
calcite. A few large, brecciated calcite crystals occur.
Dissolution of calcareous nannofossils is observed 7 me-
ters above the sill (Fig. 54). This pattern indicates that
the hydrothermal solutions involved with sediment al-
teration were not as acidic as at ridge crests, but rather
derived from heated pore waters (see Kastner, this vol-
ume, Pt. 2). Porous sands are more affected than clay-
rich sediments, because they serve as conduits.

Strongly baked sediment is intercalated in the sill
complex of Core 481-14 (Fig. 55A). These are highly in-
durated, with a quartzose metachert cement and irregu-
lar contact zones. The rock contains highly birefringent
micaceous sheaths in a meshwork around feldspar and
quartz grains with epitaxial overgrowths.

Several pieces of baked, silicified sediment, some
with rhythmic couplets, and one piece of glassy stringer
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Figure 54. Contact zone around upper sill complex at Site 481. Effects
of dissolution on diatoms and calcareous nannofossils.

were recovered with vesicular basalt pieces in Core
481-33 (Fig. 55B). Diatoms are recrystallized to euhed-
ral quartz (~ 10 µm) and quartz overgrowths, whereas
feldspar grains do not seem strongly affected.

The character of the lowermost igneous rocks, the
logging record, and the basinal sediment character sug-
gest that deeper drilling probably would penetrate more
sediment intercalated with basaltic sills.

Site 481 Organic Geochemistry

Gas pockets formed in the liners from 80 to 175
meters and 222 to 327 meters. The gases were analyzed
with the Carle GC and the Hewlett-Packard GC. The
maturation of the organic matter was monitored by the
fluorescence of toluene-ethanol extracts of small, com-
posited sediment samples.

Ci-Cs Hydrocarbon Analyses

Methane, ethane, carbon dioxide, and hydrogen sul-
fide were monitored, and selected samples were further
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Figure 55. Core descriptions for baked sediment in contact with sills
in Sections 481 A-14-4 (A) and 481A-33-1 (B).

analyzed for C2-C5 hydrocarbons. The normalized CH4
and C2H6 concentrations versus depth are shown in Fig-
ure 56. The CH4 concentration shows a decrease to
about 40 meters sub-bottom, followed by an increase to
a level of about 95% that remains essentially constant to
about 140 meters. It increases further to > 98% near the
upper sill. Between the upper sill complex and the small
sill at about 336 meters, CH4 shows a steady increase,
with a possible decrease just above the minor sill. The
upper portion (probably to 40 m) of the CH4 distribu-
tion represents biogenic respiration products (cf. CO2)
(Claypool and Kaplan, 1974). Hydrogen sulfide was ob-
served only intermittently from about 6 to 20 meters, in-
dicating that biogenic activity ceases at shallower depths
than at Sites 479 and 480. The CH4 below about 40 me-
ters probably has a dual origin. The ethane concentra-
tion increases gradually with depth to about 0.07%,

100 -

•à 200

300 -

Figure 56. Concentrations of methane (A) and ethane (B) versus depth
for Hole 481 A. (Depth data are normalized after correction for
air. Dashed line is inferred trend toward sill.).

then more rapidly to 0.2% at 140 meters, and to a max-
imum of 0.64% at about 150 meters, followed by a
rapid decrease to the sill complex. Between the sills,
C2H6 is at a maximum concentration of about 0.06%,
near the sills and at 0.01% between them. The implied
further increasing and decreasing trends toward the sills
are indicated by the dashed lines in Figure 56B.

The ethane-to-methane ratio (C2/C1) is plotted versus
depth in Figure 57. It exhibits a similar trend, with an
increase to about 70 meters, a steady level to 106 meters,
a further increase to a maximum at 150 meters, and a
sharp decrease to the vicinity of the upper sill. Between
the sills, the ratio decreases and increases with depth.
The inferred maxima (dotted line in Fig. 57) were not
observed, because of lack of samples.

The carbon dioxide normalized concentration versus
depth is shown in Figure 58. It exhibits a complex dis-
tribution, and the upper portion (to about 50 m) may be
the result of biogenic respiration (Claypool and Kaplan,
1974). Below that, it remains level at about 6% to 140
meters, and then decreases toward the upper sill com-
plex. Between the sills, CO2 shows a steady decrease
from about 11 to 9% with depth, followed by a slight in-
crease. The trends of the CO2 distribution do not follow
the calcium concentration or the alkalinity.

The > C2-hydrocarbon concentrations were observed
to increase with depth in the Hewlett-Packard GC anal-
yses. For example, the gas of 481A-5-3 (~ 83 m) consists
predominantly of biogenic hydrocarbons, i.e.,
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Figure 57. The ratios of ethane to methane versus depth for Hole 481 A. (Dotted line is inferred trend.)

>C3>iso-C4>C5 (Fig. 59A); in 481A-7-6 (-106 m),
the contribution of thermogenic hydrocarbons has in-
creased, i.e., C1>C2>C3<n- and /so-C4>C5 (Fig.
59B); and in 481A-13-4 (-162 m), the gasoline-range
hydrocarbons predominate, besides methane and eth-
ane, i.e., C 1^C 2>C 3<C 4<C 5<C 6 (Fig. 59C). Mate-
rial from 481 A-13-4 and to some extent 481A-30-7
(~ 326 meters) contain significant amounts of various
C6H14 and C7H16 isomers. Afeo-pentane (2,2-dimethyl-
propane, C5H12) is also found in both samples. The
odor of the gas from about 80 meters downward was
strongly petroliferous, and at about 150 to 170 meters
and between the two upper sills it had the same char-
acteristic petroliferous odor as the gravity core re-
covered in 1972 about 8 km from this site in the north-
ern basin (27°23.0'N, 111°26.9'W) (Simoneit et al.,
1979). The composition of the C2-C7 hydrocarbons of
481-13-4 also matches the concentrations of those same
compounds in the gravity core (Simoneit et al., 1979).
Between the upper sill complex and the next minor sill at
about 335 meters, the C2-C5 hydrocarbons exhibit a dis-
tribution with a dominance of the lower weight homo-
logs, i.e., C1>C2>C2>iso-C4>iso-C5>n-C4 >n-C5.
These hydrocarbons probably are predominantly ther-
mogenic (Doose et al., 1978).

The ethane and propane concentrations are plotted
versus depth in Figure 60. The C2H6 trend in concentra-
tion is essentially the same as that obtained with the
Carle GC. The propane increases rapidly from about
50 meters sub-bottom to three maxima at about 110,
135, and 150 meters, with three minima at about 125,
140, and 170 meters. Between the sills, the propane con-
centration exhibits a broad minimum, with the max-
imum near the sills. The concentrations of the C2-C5 hy-
drocarbons are plotted in Figure 61. The /so-butane and
/50-pentane follow essentially the same maxima and

minima in concentration as propane, except that their
relative concentrations vary, i.e., at 160 meters C3>C4
<C5, and at 135 meters C3 = C4>C5. The relationship
of the normal versus the iso-C4 and iso-C5 hydrocarbons
is shown in Figure 62. Again, the /z-butane and iso-pen-
tane have the same distribution as propane and «-pen-
tarie occurs in significantly lesser amounts. The C2-C5
hydrocarbons in the sediment from about 80 to 170
meters represent a condensate of gasoline-range homo-
logs. The three maxima can be interpreted in two ways:
(1) the upper sill complex (-75-250 m) happened in
three pulses, resulting in three distinct distillations of
hydrocarbon material upward, or (2) the sediment li-
thology at 125 and 142 meters may be indurated and/or
organic-rich to the extent that it acts as an adsorbant or
absorbant of the higher-weight (liquid) hydrocarbons,
which then out-gas slower in those regions.

Fluorescence

Composited sediment samples from the core catcher
or the lower section were shaken with a toluéne-and-
ethanol mixture (1:1) and allowed to settle. The color of
the extract and the color and intensity of the fluores-
cence were used as an approximate guide for estimation
of the nature and quantity of the lipid and/or petrolif-
erous organic matter. The extract colors ranged from
yellow in the upper section (to ~ 60 m) to pale yellow-
brown between and near the sills. The yellow color
represents more-immature lipid matter and the yellow-
brown is mature bitumen; however, the low concentra-
tions indicate no allochthonous influx, nor endogenous
large concentration of petroliferous material. This is
further substantiated by the fluorescence of these ex-
tracts. The colors ranged from orange to yellow (im-
mature) in the upper section and blue-white and yellow-
green to yellow-white (mature) between and near the
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Figure 58. Concentration of CO2 versus depth for Hole 481A (data
are normalized after correction for air).

sills. Pipe-dope fluorescence was observed at random
throughout the sections along the core liners.

Further fluorescence data were measured on (1) dried
sediment samples, and on tetrachloroethylene-extract
solutions of (2) dried sediment samples and (3) pyro-
lyzed samples (red heat). None of the dried samples ex-
hibited bulk fluorescence, indicating no major accumu-
lation of heavy petroleum.

The extracts of the dried sediments exhibited a yel-
low, yellow-green, or no fluorescence. Tetrachloroethyl-
ene extracts the more nonpolar lipid or bituminous
material; thus this test can be utilized as a qualitative
indicator of petroliferous material. The data are pre-
sented in Figure 63 on a relative-intensity scale versus
depth. An increase in fluorescence is observed from 60
meters to a maximum at 145 meters, followed by a de-
crease to the sill. Between the sills, there are two max-
ima at 248 and 324 meters, respectively. These maxima

are indicative of petroliferous distillate expelled from
the sediments by the sill emplacements. It has been ob-
served at Site 478 and at DSDP Site 367 (Simoneit et
al.,1978) that this distillation, migration, and concen-
tration of petroliferous material proceeds farther up-
ward than downward away from the sill intrusion. This
may be the case here for the upper sill, and it appears to
be the case for the minor lower sill.

The fluorescence data of the pyrolyzed samples
above the upper sill indicate that the sediment is ther-
mally unaltered to a depth of about 63 meters and can
yield petroliferous material under pyrolytic conditions
from the endogenous organic matter. Above the upper
sill, the carbon is dead (~ 130-170 m), i.e., it has been
pyrolyzed in situ. Between the sills, the organic matter
has a petrogenic potential (except very near the sills,
where the organic carbon is dead), indicating that the
sill emplacements did not bake the total sediment col-
umn to higher temperatures.

Organic Carbon and Organic Nitrogen

The samples were prepared as described before, and
the results are given in Appendix II of this volume, Pt.
2. The organic-carbon and organic-nitrogen contents
are plotted versus depth in Figure 64A,B. The organic-
carbon content ranges from 4.3 down to 0.4% and shows
an overall decrease toward the upper sill, interspersed
with two carbon-rich zones. Between the sills, the or-
ganic-carbon content exhibits considerable variation,
from 0.9 to 2.5%. The organic-nitrogen content exhibits
a trend versus depth approximately parallel to that of
carbon, and ranges from 0.03 to 0.45%. The carbon-to-
nitrogen ratios (C/N) are plotted versus depth in Figure
64C; the upper section is within the range typical of Re-
cent, immature sediments (-12; Ryther, 1956). It then
exhibits an increase to 15 at about 100 meters, indicating
a slight maturation trend, followed by a decrease from
120 to 160 meters, which may indicate the influx of
immature organic matter (turbidite flow). The values
near the upper sill are also low (immature?). Between
the sills, C/N is about 15, with an increase toward the
second sill, indicating localized heating by that thin sill.

Conclusions

The geologic events at this site are relatively complex,
as indicated by the organic geochemical data. The upper
sill complex intruded the sediments which existed at the
time to about 60 meters sub-bottom (cf. Fig. 63, limit of
upward expulsion of petroliferous material). Based on
the C2-C5 hydrocarbon content, this sill intrusion may
have happened in three pulses. The minor sill at 335 to
340 meters also intruded the sediment column, distilling
petroliferous material upward. However, the high-tem-
perature influence of these sills was limited to their im-
mediate vicinity (about 10 meters in the case of the up-
per sill, and 5 meters for the lower). Their lower temper-
ature gradient did not expel all petroliferous material
from the sediment between the sills; some viable carbon
still remains. Subsequent deposition of immature sedi-
ment has continued in the upper column.
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The gases of this sedimentary column consist pre-
dominantly of biogenic CH4, CO2, and H2S, with traces
of C2H6, and in the zone from about 80 to 170 meters
and between the sills a large thermogenic component is
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Figure 63. Fluorescence of petroliferous organic matter versus depth
at Site 481 (qualitative scale).

superimposed on the biogenic gas. This thermogenic
component consists of the C2 to C7 homologs above the
upper sill, and predominantly C2H6, C3H8, and iso-
C4H1 0 between the sills. The absolute amounts of gas
posed no problem in terms of safety and pollution
hazards.
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Figure 64. Contents of organic carbon (A) and organic nitrogen (B) and (C) atomic ratios of carbon to
nitrogen versus depth for Site 481.

Site 481 Inorganic Geochemistry

Interstitial-Water Chemistry

At this site, characterized by high sedimentation rates
and the deposition of thick turbidites and mud flows,
complex concentration-depth patterns of all pore-water
constituents are observed (Fig. 65).

The influence of the doleritic sill complex is clearly
noticeable in the increases in chloride above and below
the sills. Low-temperature and high-temperature altera-
tion have led to decreases in magnesium and increases in
calcium.

Dissolved-silica values also decrease around the sills
as a result of the disappearance of biogenic silica.

Site 481 Biostratigraphy

Diatoms and Silicoflagellates

Siliceous phytoplankton skeletons were abundant
and mostly well preserved in the hemipelagic sequence
cored at Site 481. Turbidite and mud-flow sequences
contained less-abundant and moderately well-preserved
diatom assemblages. Oldest recovered sediments from
481-31-1, 134-135 cm contained common diatoms,
which were well preserved. Pseudoeunotia doliolus was
common in this sample; about 500 individuals could be
studied, and not one was found resembling the shape of
its ancestor, Nitzschiafossilis. This is the basis for inter-
preting all recovered sediments as younger than the TV.
fossilis datum at 0.26 m.y. Diatoms together with silico-
flagellates were the first microfossils observed to disap-
pear above the sill contact in Core 481-12 (contact is in
Core 481-14); they occurred in trace amounts in Core
481-18 and constituted ~ 15% in Core 481-20.

Laminated pieces of hemipelagic sediments were ob-
served in Cores 481-29 and 481-30. The lamination
might indicate stagnant basin conditions, depleted oxy-
gen near the bottom preventing the sediments from be-

ing bioturbated. Around 28 laminae were counted in
available pieces from 481-30-5, 27-29 cm within 1 cm,
representing about 14 years per 1 cm sediment. Detailed
floral analysis on individually separated white and
greenish laminae revealed that the white laminae con-
tained a diatom floral assemblage almost identical to the
greenish ones. The only obvious difference between the
white and the greenish laminae was the clay content,
about 60% in the greenish laminae and around 10% in
the white laminae. Both laminae contained calcareous
nannofossils. It is concluded that different mechanics of
varve formation must be applied here as compared to
those at Site 480.

Diatom assemblages in the hemipelagic sequences of
Hole 481 consisted mostly of Coscinodiscus nodulifer,
Pseudoeunotia doliolus, Thalassionema nitzschioides,
Cyclotella striata, Actinoptychus undulatus, Octactis
pulchra, Thalassiosira oestrupii, and rare Rhizosolenia
bergonii, Thalassiosira lineata, and others. Diatom as-
semblages in the hemipelagic sequences of Hole 481A
carried mostly similar assemblages, and in only a few
cases was an enrichment of the oceanic component with
Coscinodiscus nodulifer, Nitzschia marina, Roperia tes-
selata, Thalassionema nitzschioides var. parva observed
(481-4,CC, 481-9,CC, 481-11,CC). Another laminated
piece, from 481-30-4, 2-4 cm, showed 16 white and
greenish laminae in 1 cm. Planktonic foraminifers were
enriched in the white layers and could easily be detected
in broken surface pieces. Occasionally white to green-
ish-white bands of diatomaceous ooze were observed
within a muddy diatomaceous ooze (Fig. 66). There,
bands, sometimes 1 cm thick, contained an excellently
well-preserved diatom assemblage with floods of deli-
cate Chaetoceros bristles and thin Thalassionema nitz-
schioides.

Core 481-P2 contained numerous layers of redeposit-
ed muddy diatomaceous ooze grading from a silty tex-
ture to a diatomaceous ooze on top. There, white top
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Figure 65. Composite plots of pore-water chemistry, Site 481. (Symbol A in silica plot designates Hole 481 A. Open circles are samples from in situ pore-water sampler.)



GUAYMAS BASIN SITES

25 i -

30 -

35

4 0 * -

Figure 66. Photograph of 481-P8-3, 25-40 cm, showing muddy diato-
maceous ooze, with intercalated white, massive diatomite layer.

layers contained about 75°7o diatoms and only about
10% clay. Diatom assemblages again were excellently
preserved. The absence of any marine benthic species
and the preservation of fragile diatomaceous fragments
may indicate an autochthonous character.

As at Sites 479 and 480, the well-preserved diatom as-
semblages of Chaetoceros bristles, Thalassionema spp.,
and Thalassiothrix spp. are mechanically broken into
small fragments because of grazing by zooplankton.
This disaggregation, together with downwelling fronts
and increased settling rates, accounts for the rapid sedi-
mentation through the water column and quick burial
through the sediment/water surface. Surprisingly, no
diatomaceous layer containing excellently preserved as-
semblages contained visible fecal pellets. Rapid oxida-
tion and predation of organic matter at the sediment/
water interface might be responsible for this fact. No

sedimentation rates are calculated for this site, because
no diatom datum levels were observed.

Nannofossils
At Site 481, nannofossils are diluted by diatoms and

are not found in great abundance, except in Sample
481-P2-2, 9-10 cm, where a single species (probably
Cyclococcolithus leptoporus) is abundant but badly dis-
solved. The preservation decreases downhole, being
moderate to good to Core 22, and rather poor below.
Coccolith assemblages are of low diversity and almost
constant. Reworked Upper Cretaceous species occur in
abundance in some samples (e.g., 481A-22-3, 65-66;
481-P8-3, 56-57; 481-P10-1 and -2). Reworked discoas-
ters are also found (Samples 481-P2-2, 19-20; 481-P3-3,
94-95). Below Core 481A-22, Coccolithus pelagicus in-
creases in abundance, and the diversity of the assem-
blages decreases strongly. Because of the generally poor
preservation of the assemblages, any age assignment is
uncertain.

Radiolarians
In the size fraction coarser than 62 µm, radiolarian

remains occur in most of the core-catcher samples from
Holes 481 and 481 A, although they are strongly diluted
by diatoms and/or terrigenous debris. Generally, the
abundance of radiolarians ranges from few (0-40 m
below the sea floor) to rare (from 40 m to the bottom of
the sedimentary sequence at 328 m). Also, there is more
diversity of species in the upper 40 meters of the hole
than below that interval.

The most common species at Site 481 are Druppa-
tractus sp. cf. D. pyriformis, D. irregularis, Siphocampe
aquilonaris, Lithomelissa spp., Ommatodiscus sp. (Ben-
son), and Stylodictya validispina.

The oldest sediments recovered were above the Styla-
tractus universus extinction level, which has been dated
as occurring about 0.41 Ma.

Foraminifers
No index species older than Pleistocene are found,

but four cooler intervals are seen within the section of
this site based on planktonic foraminifers. The benthic
fauna is dominated by Epistominella smithi, Uvigerina
spp., Bolivina spp., Buliminella tenuata, and Cassidu-
lina spp. throughout the section.

Summary
Moderately well to well-preserved siliceous and cal-

careous microfossils are present through the sedimen-
tary sequence of Site 481 (Holes 481 and 481 A); how-
ever, radiolarians and foraminifers are common only in
the upper half of the site (0-150 m sub-bottom) (Fig.
67). Also, the diversity of radiolarian species is larger in
the upper half of the site.

The planktonic foraminifers indicate that a warmer
pelagic environment has occurred during the deposition
of the upper 40 meters of the site.

Laminations (varves) were observed at several levels
of the core. These varves generally consist of alternate
white and greenish laminae. White laminae are consti-
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tuted mostly by diatoms, the greenish ones by clays.
Analysis of one of these laminated intervals (481-30-5,
27-29 cm) shows that the species composition of the
diatom assemblages in the white laminae is similar to
that in the greenish laminae.

Calcareous-nannoplankton and foraminifer popula-
tions showed evidence of reworking, but the siliceous
microfossils (radiolarians and diatoms) did not.

The oldest sediments recovered at Hole 481 have a
mixture of calcareous nannofossils representing Zones
NN21 and NN20. These sediments are above the Nitz-
schia fossilis extinction level, which has been dated at
about 0.26 m.y. in the Pacific Ocean.

Hole 481A Igneous Rocks

Four main igneous units were drilled at Hole 481A
(Table 14). Recovery rates from each of these units were
variable, ranging from about 46% from Unit 1 to less
than 1% from the other three units.

Unit 1 has a total recorded thickness of 28 meters,
although this value includes at least 4.5 meters of inter-
calated sediments. A total of 18 igneous sub-units have
been identified and many of these are separated by thin,
chertified sedimentary intercalations (Table 15). Most
of the sub-units are intrusive, with both upper and lower
contacts against earlier igneous rocks or sediments. The
contact zones usually consist of aphanitic, not glassy,
basalt, and aphanitic dark-colored, iron-rich basalt veins
can be seen cross-cutting intrusive Sub-units 1-13 to 1-18
(e.g., Section 481A-17-1).

Mineralogically, the sub-units of Unit i are practical-
ly indistinguishable; in hand specimen they tend to be
aphyric. However, most sub-units contain minor (gen-
erally < 5%) amounts of plagioclàse and altered olivine
microphenocrysts. The groundmass texture exhibits con-
siderable variation, ranging from variolitic through in-
tersertal to doleritic and even gabbroic. Sub-unit 1-10,
for example, has a gabbroic center which shows devel-
opment of prismatic pyroxene crystals up to 30 mm
long. Many of the sub-units are visibly altered in hand
specimen, discrete intervals of more extensive alteration
occurring in some of the basalts. Calcite veining is also
common.

There are a few basalt/basalt contacts that allow
positive identification of the emplacement history of
some of the intrusions: Sub-unit 1-7 intrudes sub-unit
1-6; Sub-unit 1-10 is chilled against 1-11; Sub-unit 1-15
is chilled against 1-16; and the dark-colored, iron-rich
veins cut Sub-units 1-13 to 1-18.

Only two pieces of medium-gray (N5), aphanitic,
aphyric vesicular basalt were recovered from Unit 2. No
chilled contact was recovered, and the absence of evi-
dence of thermal alteration in the overlying sediments
means that it is not possible to determine whether this
unit is intrusive or extrusive.

The top of Unit 3 is marked by a devitrified chill zone
about 1 cm thick below a sequence of baked, finely
laminated, varved sediments which contain very thin
(< l mm) stringers of devitrified basaltic glass. The
baked varves grade from black to whitish-gray at the
contact. The contact (Piece 1) exhibits a ropy-textured,
devitrified surface that grades into aphanitic basalt with
rare phenocrysts of plagioclàse. The other four pieces in
Section 481A-33-1 are rounded fragments of vesicular
(vesicles 1-5 mm), partially aphyric to aphanitic, me-
dium-gray (N5) to medium-dark-gray (N4) basalt. The
contact in Piece 1 has a variolitic to pilotaxitic texture,
with about 95% relatively fresh basaltic glass containing
pyroxene wheat-sheave structures and spherulites. Sev-
eral 0.2- to 3-mm plagioclàse phenocrysts are randomly
oriented in the glassy mesostasis. Only minor clays and
zeolites are found in the mesostasis, usually replacing
microlites of clinopyroxene and olivine. The remaining
four pieces are hyalopilitic, vesicular ( - 5 % vesicles)
basalt with 15% plagioclàse phenocrysts and microlites
set in a mesostasis of 65% basaltic glass (little altered)
and olivine and plagioclàse and 3% disseminated opaque
phases. The feldspar often has a pilotaxitic alignment
around the roughly ellipsoidal to coarsely rounded vesi-
cles. Some of the vesicles are filled or lined with calcite
and/or zeolites and pyrite.

A 2-cm vesicular, aphyric, aphanitic basalt pebble
was recovered from Unit 4 in Core 481-36,CC. In hand
specimen the rock appears to be similar to the aphanitic
vesicular basalts recovered in Units 2 and 3. Unit 4 may
be intrusive or extrusive.

Table 14. Igneous lithologic units, Hole 481 A.

Topa
(m sub-

Unit bottom)

1 168.7

Basea

(m sub-
bottom)

196.7 m

(sedimentary intercalation)

2 328 332.8

(sedimentary intercalation)

3 350 363.2

(sedimentary intercalation)

4 365.7

(sediments)

366.1

Thicknessa

(m)

28.0
(including >4.5 m
sediment)

4.8

31.2
(including 0.5 m
sediment inter-
calation)

0.6

Recovery"
(m)

10.9

0.08

0.20

1 pebble

Type of
Cooling Unit

Massive dolerite,
basalt, and
gabbro

Basalt

Basalt

Basalt

Phenocryst
Assemblages

Minor Ol, PI

?Aphyric

Aphyric, PI

Aphyric

Vertical
Extent

481A-14-4, 55 cm to
481A-17-2, 25 cm

481A-31.CC

481A-33-1

481A-36.CC

a Determined from downhole logs.
" Determined from core logs and corrected for spacers.
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Table 15. Detailed igneous lithology, Hole 481 A.

Estimated
Sub- Thicknessa Recovery*1

unit (m)

1-1 0.3-0.4

(sedimentary intercalation)

1-2 0.25-0.3

(sedimentary intercalation)

1-3 0.7-0.9

(sedimentary intercalation)

1-4 0.4

(sedimentary intercalation)

1-5 0.5-0.6

(sedimentary intercalation)

1-6 0.6-0.7

1-7 0.65

1-8 0.3

1-9 (unknown)

1-10 ?2.3-2.5

1-11 0.09

(sedimentary intercalation)

1-12 0.5

(sedimentary intercalation)

1-13 1.7-1.9

(sedimentary intercalation)

1-14 Unknown

(sedimentary intercalation)

1-15 0.6

1-16 >0.3

(sedimentary intercalation)

1-17 0.25

1-18 >0.6

(m)

0.3

0.25

0.70

0.4

0.45

0.59

0.63

0.30

0.10

2.25

0.09

0.48

1.65

?0.27

0.57

0.3

0.23

0.6

Type of
Cooling Unit

Basalt

Basalt

Massive basalt-
dolerite-basalt

Massive basalt-
dolerite-basalt

Massive basalt-
dolerite-basalt

Massive basalt-
dolerite-basalt
Massive basalt-
dolerite-basalt
(intrudes Sub-
unit 1-6)
Massive basalt-
dolerite-basalt
Dolerite

Massive basalt-
dolerite-gabbro-
dolerite-basalt
Basalt

Massive basalt

Massive basalt
and dolerite

Basalt and
dolerite

Massive basalt-
dolerite-basalt
Massive basalt

Basalt

Massive basalt
and dolerite

Phenocryst
Assemblage

Minor PI

Aphyric

Minor PI, Ol

Minor PI, Ol

Minor PI, Ol

Minor PI, Ol

Minor PI, Ol

? Aphyric

? Aphyric

?Aphyric

Aphyric

Minor PI

Minor PI

Minor PI

? Aphyric

? Aphyric

Minor PI

Minor PI

Vertical Extent

481A-14-4, 55 cm to
481A-14-4, 86 cm

481A-14-4, 96 cm to
481A-14^, 123 cm

481A-14.CC to
481A-15-1, 50 cm

481A-15-1, 65 cm to
481A-15-1, 109 cm

481A-15-1, 119 cm to
481A-15-2, 22 cm

481A-15-2, 32 cm to
481A-15-3, 11 cm
481A-15-2, 77 cm to
481A-15-2, 138 cm

481A-15-3, 12 cm to
481A-15-3, 47 cm
481A-15-3, 48 cm to
481A-15-3, 59 cm
481A-15-3, 61 cm to
481A-16-1, 77 cm

481A-16-1, 77 cm to
481A-16-1, 86 cm

481A-16-1, 90 cm to
481A-16-1, 138 cm

481A-16-1, 146 cm to
481A-16-3, 27 cm

481A-16-3, 31 cm to
481A-17-1, 10 cm

481A-17-1, 25 cm to
481A-17-1, 67 cm
481A-17-1, 68 cm to
481A-17-1, 88 cm

481A-17-1, 89 cm to
481A-17-1, 109 cm
481A-17-1, 110 cm to
481A-17-2, 25 cm

a Determined from core log.

Hole 481 Paleomagnetic Measurements

Five specimens from a basalt sill encountered be-
tween 170 and 199 meters were measured. The results
are given in Table 16. The direction of magnetization is
normal and was not affected by a demagnetizing field of
175 Oe. The remanent magnetization is 5.4, the induced
one in the present Earth's field (Koenigsberger ratio).

The paleolatitude is 31°, as against 23° for the speci-
mens of Site 478. The difference can be accounted for
by secular variation, departure of the hole from the ver-
tical, and tilt of the formation after emplacement. It is
likely that the two bodies were emplaced at times differ-
ing by a few hundred years.

Site 481 Physical Properties

Piston coring down to about 52 meters sub-bottom at
Site 481 was not quite as successful as at Site 480. Cores

481-P4-P6 and 481-P9 had little recovery; Core 481-P5
was empty; and Cores 481-P1-P3 were partly disturbed.

At Hole 481 A, many cores were intensively disturbed
by drilling and expanding gas (Cores 481A-1, 2, 7
through 10, 20, 22, 29); some consisted entirely of drill-
ing breccia (Core 481A-14); and some had little recovery
(Cores 481A-3, 4, 18, 33). Core barrels 481A-19, 21, 32,
and 34 through 37 were empty. Wherever possible,
small disturbed samples were taken, or small undis-
turbed chunks from drilling breccia were selected. From
Core 481A-14, immediately above the first dolerite sill,
very small chunks were separated by wet sieving from
the soft drilling breccia.

Results for Hole 481

Special care was taken to get many physical-property
data on the well-preserved piston cores at this site, in
order to check the data from the previous sites, which
may be partly affected by the strong drilling distur-
bance, especially in the uppermost 50 meters of soft
sediments. In general, vane shear strength probably is
most influenced (i.e., reduced) by coring. Therefore,
many measurements of shear strength in the different
types of sediments were carried out.

The data are plotted in an enlarged vertical scale (Fig-
ure 68) to demonstrate minor variations due to changing
lithology. The lithologic column (Fig. 51) shows three
major types of sediments, as described above:

1) Host "background" pelagic sediments (muddy
diatomaceous ooze), often laminated or bioturbated,
brownish light-olive-gray, rich in diatoms;

2) Turbidites, Type I: similar to (1), but homogene-
ous, sometimes with a grayish yellow top layer;

3) Turbidites, Type II: olive-gray diatomaceous silty
mud, distinctly darker than (2), homogeneous.

Some of the turbidites, especially Type II, contain
sand at their base, which often was disturbed by coring,
even in the piston cores. There is a marked difference in
physical properties between turbidites of Type II and
those of the "background" sediments and turbidites of
Type I. Turbidites II contain less water and have higher
bulk densities than the other sediments (Cores 481-P10
and Pll); therefore, the data from Core 481-P1 are not
representative for host background sediments near the
sea bottom. In comparison with data from the previous
sites, near the surface the muddy diatomaceous ooze
may start with water contents of 85 to 90%, porosities
of 90 to 95%, and bulk densities of 1.1 to 1.2 g/cm3,
and reach values of -65%, -80% and -1.45 g/cm3,
respectively, at about 50 meters sub-bottom. According
to average grain densities (background sediments, 2.14-
2.45 g/cm3; turbidites Type I, 2.33 to maximum 2.55
g/cm3; turbidites Type II, 2.48-2.69 g/cm3), back-
ground sediments and turbidites of Type I contain con-
siderably more opaline silica than turbidites of Type II.
Furthermore, most of the turbidites Type I and II show
a decrease of grain densities from bottom to top and
therefore an increase of the content of biogenic silica.
The grading of other physical properties within tur-
bidites is discussed in more detail in the chapter on tur-
bidite sedimentation and physical properties (Einsele
and Kelts, this volume, Pt. 2).
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Table 16. Paleomagnetic measurements of Hole 481A basalts.

NRM Susceptibility Demagnetizing
Sample (10~ 6 emu/ Inclination (10~ 6 emu/ Field

(interval in cm) cm^) (degrees) cm3 G) (Oe)

After
Demagnetization

Ir Inclination

481A-15-1, 68-70

15-2, 86-88
15-2, 86-88
15-3, 80-82
16-2, 122-124

IK

10
1-1
1-1
2D

1233

1418
1014
2044
4725

<2086>
±1524

50.2

52.9
49.9
47.9
52.0

<50.7>
±2.2

604

425
963
734

1129

<771>
±280

75
175
75

175
175
75

1196
793

1246
537

1609
4145

51.2
50.8
50.5
52.7
48.7
51.8

<50.4>
± 1 . 4

Notes: Induced magnetization is 0.45 Gauss = 347 × 10 * emu/cm3; Koenigsberger ratio = 2086/347 = 5.4;
paleolatitude = 31.0°.

Vane shear-strength measurements have been carried
out at least twice at the same depth in the cores, where
they yielded surprisingly consistent results; therefore,
these data can be regarded as reliable. Shear strength in-
creases from 3 to 4 × 103 Pa (30-40 g/cm2) near the sea
bottom to about 5 × 104 Pa (500 g/cm2) at 50 meters
depth. Shear strength of the silty mud turbidites Type II
is somewhat lower than in the other sediment types.
Shrinkage probably starts at about 40% near the surface
and drops to 20 to 30% at 50 meters depth. Sound-velo-
city measurements with the Hamilton Frame show a
slight increase versus depth from 1.49 to 1.53 km/s. In
layers rich in diatoms, sound velocity appears to be
somewhat lower than in silty muds (turbidites Type II).

Results for Hole 481A

In Figure 69 representing the relationship of physical
properties versus depth for Hole 481 A, the trend lines
from Hole 481 for the upper 50 meters of sediments, but
not the data points, are included. From 50 meters down-
ward to about 130 meters sub-bottom, the gradients of
physical properties may be somewhat stronger than usu-
al, but because several data points represent turbidites
(Type II, Cores 481A-5, 6, 8) and maybe also Cores
481A-7 and 481A-10, which deviate considerably from
the "host" sediments, no special trend can be ascer-
tained. At about 130 meters sub-bottom, about 40 me-
ters above the first dolerite sill, the physical properties
show, however, a drastic change. Fortunately, core re-
covery was fairly good in this section of the hole, so we
got a sufficient number of samples to study the influ-
ence of the basaltic intrusion on the overlying sedi-
ments. Approaching the sill, water content and porosity
drop to less than 20% and 30 to 40%, respectively. Bulk
density increases to more than 2.0 g/cm3 near the con-
tact with the sill, in good agreement with the results
from the density log. Average grain densities are raised
to values of 2.6 to 2.7 g/cm3 in the zone 40 meters above
the sill, indicating that most of the opaline silica has
been dissolved or used up to form other minerals. This
is confirmed by the smear-slide descriptions. Also, shear
strength appears to increase considerably, whereas
about 20 meters above the sill shrinkage was found to be
only 7%. Two samples at greater depth below the sill
(-250 and 300 m depth) showed little shrinkage (2%);
therefore, it can be assumed that shrinkage near the sill
contact approaches zero.

Unfortunately, most of the samples selected for sonic-
velocity measurements yielded no result, although they
were soaked in salt water. Since sonic velocity at 50
meters sub-bottom ( — 80% porosity) was already about
1.5 km/s and at 243 meters sub-bottom (below the sill,
sediments of <60% porosity) 1.66 km/s, values in the
neighborhood of the sill were probably much higher
(>1.6 to 1.7 km/s) than recorded by the sonic log.
However, it can be also deduced from the log that sonic
velocity increases toward the sill.

Below the sill, from 200 meters downhole, the com-
paction of the sediments appears also to be strongly af-
fected by the basaltic intrusion. According to the den-
sity log and measurements on some samples, about 20
meters below the contact bulk density is about as high as
on top of the sill. Then, farther downhole at about 250
meters depth, water content again increases to about
35%, and porosity to more than 55%; finally all physi-
cal properties regain more or less normal gradients ver-
sus depth down to about 320 meters (Fig. 69). Bulk den-
sity, however, remains higher (by about 0.1 g/cm3)
—and water content and porosity lower (both by about
10%)—than in sequences not influenced by sills with
comparable sediments in the corresponding depth range
(Site 479). This is also true of varved layers which devi-
ate in their properties from the general trend lines in
Figure 68. Thick mass flows, as found in Cores 481A-24
and 25, as well as in Cores 481A-27 through 29, show a
distinct grading of all physical properties, similar to
thick turbidites with a sandy base. This can also be seen
on the density log, but the density values of the log are
higher by 0.1 g/cm3 than those determined by gravimet-
ric methods.

Shear strength below the sill, from 200 to 320 meters,
was too high for measurements with the Wykeham Far-
rance apparatus. By means of the hand-operated Soil-
test vane, values between 1.2 and 1.8 × 105 Pa (1200
and 1800 g/cm2) were determined. It is assumed that the
higher values are more reliable than the lower ones.
Because of poor recovery, it remains open whether there
is a further marked contact zone above the sill at 330
meters. According to the density log, about 5 meters of
sediments on top of the sill may be somewhat more
compacted than normal sediments. If the single small
chunk sample from 347 meters (Core 481A-33) is repre-
sentative, this thin sill had only a narrow contact zone at
its base, comparable to the thin sill in Hole 478 (253-256
m). Similarly, the sill at 353 to 365 meters affected the
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Figure 68. Mass physical properties, shrinkage, and content of opaline silica, as determined on exceptionally well-
preserved piston cores from Hole 481. Note the enlarged vertical scale and the lithologic column, showing minor
changes of sediments, especially mud turbidites of two types (TI and Til), with or without a sandy base (S),
bioturbation (B), shell beds (SH), mass-flow deposits (M), light diatomaceous layers (LD), and a volcanic-ash
layer (VA). Curves for physical properties should show only general trends.
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Figure 69. Mass physical properties, shrinkage, and content of opaline silica sediments from Hole 481 A. The trend lines for the uppermost 50 meters
represent the results from Hole 481. Samples from mud turbidites (T) and from mass flows (M) as well as from varved layers (V) rich in diatoms
usually deviate from the general trend lines representing mainly "background" sediments (B). Sediments on top of the uppermost sill are strong-
ly affected by the contact. (Solid symbols are cylindrical samples. Open symbols are chunk samples.)

neighboring sediments much less than the thick upper-
most sill.

Some values of sound velocity and bulk density for
hard-rock samples from the upper sill and its contact are
listed in Table 17. Further inferences from the physical
properties affected by basaltic intrusions with respect to
the intrusion mechanism and the initiation of hydro-

thermal activity are discussed separately (Einsele, this
volume, Pt. 2).

Site 481 Heat Flow

The Uyeda-Kinoshita instrument measured tempera-
tures of 3.6°C at the mudline and 9.0°C at 42 meters,
giving a gradient of 128.6°C/km. From two samples in
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Table 17. Sound velocity and wet-bulk density of some hard-rock
samples from Hole 481 A.

Section

481A-14-4

481A-15-1

481A-15-3

481A-15-*

Interval
or Top
(cm)

126

45

30

34

Rock Description

Indurated sediment
from contact to
basalt
Sparsely phyric
basalt
Dolerite,
fine grained
Gabbro, altered

Orientation

=

±

_L

vs
(km/s)

4.03

4.33

3.58
3.29
(no

signal)

Bulk Density
(g/cm2)

2.55

2.75

2.73

2.68

the same hole and interval, a conductivity of 2.1 was
measured; this makes a heat flow of 2.70 HFU.

Two temperature logs were made. The temperatures
measured at the bottom were:

Run 1, 26.2°C, 3.5 hr. after circulation ceased;
Run 2, 51.0°C, 20 hr. after circulation ceased;

Taking one hour for the circulation time, using the
method described for Site 479, we obtain a bottomhole
temperature of 56.8°C. Subtracting the mudline tem-
perature of 3.6° leaves 53.2° for the temperature dif-
ferential, and the gradient is

53.2
0.33

= 161°C/km.

The lithology of this site was divided thus:

Depth

0-170 m
170-199 m

199-330 m

Lithology

Soft sediments
Vesicular basalt (2
specimens)
Firm hard silt
Claystone
65 m of each are

K

2.1

3.25
2.4
4.0
3.00

The conductivity for the whole interval 0 to 330 me-
ters is

<K> = [f™ + -»- + ™
LV2.1 3.25 3.0CV 330

= 2.47 mcal/cm s °C

- l

therefore

q = 1.612-10-3 × 2.47.10-3 = 3.98 1O~6 = 3.98 HFU

This time, the Uyeda instrument gave only 0.67 of the
heat flow. The operations manager believes that circula-
tion of sea water for 5 or 6 minutes to clear the hole
lowers the temperature indicated by the instrument.

Site 481 Correlation of Drilling Results
and Seismic Reflection

Site 481, like the other sites in the Guaymas Basin,
lies within a dense network of seismic lines. In addition,

we ran a survey of the site locality before dropping our
first two beacons for the chosen location. The track of
this survey is shown in Figure 50. The first beacon drop,
indicated by the square, was especially carefully selected
and is shown in Figure 70. Unfortunately, as at so many
other sites on Leg 64, this beacon failed after we had
pulled in all underway geophysical gear; we lost position
in near-gale-force winds, and no satellites were received.
We therefore dropped the second beacon, using 3.5 kHz
only, in another favorable location. After drilling the
site, we made another complete crossing of the rift
directly over the beacon (Fig. 50).

Our conclusion from study of all available records, as
at Site 477, is that we cannot very satisfactorily correlate
the drilling with the seismic. The geology is apparently
too variable, sediments must be somewhat deformed,
and intrusions are very local. Only the 3.5-kHz records
made while stationary over the site correlate well. We
recommend that if any future drilling is to be done in an
environment like this, a means be developed or the time
be devoted to collection of both high-resolution and
deeper-penetration records directly over the hole. We
were unable to do this while the stern thrusters were in
use maintaining position.

In this chapter, we will present 3.5-kHz records from
portions of this survey to demonstrate the variability
both transverse to and longitudinal to the axis of this
northern rift. We will then show correlations which we
are able to make with 3.5-kHz records while on the drill-
ing site, and conclude with only a very tenuous sug-
gestion of a correlation with 2-second analog seismic-
reflection record crossing the site.

The survey lines in Figure 50 were all run from
Glomar Challenger, except for one longitudinal line run
from Guaymas Expedition, part of which ran up the
axis of the rift. Note the variation in transverse sections,
starting with Line A at the north, proceeding to Line E
at the south (Figs. 70-74), and correlation with cross-
ings marked in the longitudinal section of Line F (Fig.
75). The southwestern end of Line F deviates from the
axis of the rift. The northeastern end, on the other
hand, shows a hill which may be either an intrusion
bulging up the sea floor or extrusive volcanics. The sea
floor in most of the rift is covered with sediment, with at
least one strong internal reflector, probably correlating
with a prominent sand in a turbidite. The acoustic base-
ment in these lines probably represents the uppermost
intrusive body (or sill?). Stratification below the acous-
tic basement is shown only in Line F, northeast of the
crossing with Line A, and appears to be the dipping
basement from the surficial hill at the northeast end of
the line. Diffractors throughout the record within the
acoustic basement are probably indicative of irregulari-
ties and complexities within the deeper part of the sec-
tion as drilled, with deformed sediments and intrusive
bodies.

Some of the shallow reflectors of Figure 76 may cor-
relate with hydraulic piston core samples from Site 481:
a = sea floor; b = 4 meters = bottom of ooze, top of
turbidite; c = 6 to 7 meters = turbidite?; d = 43 meters
= turbidite; e = 53 meters = sand at base of turbidite;
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Figure 70. 3.5-kHz echo-sounding line crossing the rift along Line A shown in Figure 50.
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Figure 71. 3.5-kHz record along Line B (Fig. 50).

-2100

f = 97 meters = sand at base of turbidite. No reflections
in the other records can be correlated directly, even with
the sill at 169 meters, with the possible exception of the
reflector marked in Figure 77. That is at approximately
the correct reflection time to be the sill at 169 meters, us-
ing a reflection velocity of between 1.5 and 1.6 km/s.

The northwest wall of the rift is higher than the south-
east side, the floor is generally shoaler at the southwest

end, and there appears to be more sediment fill pro-
ceeding toward the northeast or mainland-Mexico end.

Several multichannel seismic-reflection records were
run near this site during Guaymas Expedition of Scripps
Institution. Funding was available for processing only
one of these, however, and this line crossed the rift ob-
liquely, too far from the drilling site to be of use in cor-
relation with drilling results.
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Figure 74. 3.5-kHz record along Line E (Fig. 50).
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Figure 75. 3.5-kHz record of Line F (Fig. 50) longitudinally southwest-northeast along the axis of the rift, showing crossings with Lines A through D
(Fig. 50).

Site 481 Summary and Conclusions

Drilling at Site 481 in the southwestern part of the
northern rift of Guaymas Basin was a second attempt to
drill into what is believed to be an active spreading rift.
Our first attempt at Site 477 was located in a high-heat-
flow zone of the southern rift, where heat flow was be-
lieved to be largely conductive. Heat flow in the north-
ern rift is very spotty and, although high in places, it is
generally lower than that of the southern rift and be-
lieved to be largely convective. Site 481 is located near
where a submersible dive allowed observations of hy-
drothermal deposits on the rift flank above a fault
scarp. The site thus has become known as the "hydro-
thermal site," although our objectives were essentially
the same as those for Site 477: to study the nature of
sediment and igneous rock accumulation, the effects on

both of their admixtures at high temperatures, and to
define the kinds and proportions of rock types at depth.

Seismic-reflection studies show that this site, like that
in the south rift, is characterized by a general lack of co-
herent reflections in the rift and general difficulty in
correlating lithology with seismic. This is not a surpris-
ing result in view of the active tectonic nature of the set-
ting. The 3.5-kHz records again show great variation
over relatively small distances. The rift floor changes
from flat, ponded sediments to very irregular, hum-
mocky topography in distances of less than a kilometer.

Two holes were drilled at this site. Hole 481 is a series
of 11 Serocki-Storms-Cameron hydraulic piston corer
samples from 0 to 52 meters. These were recovered to
allow detailed studies of early changes in physical prop-
erties and chemistry in the shallow section. Hole 481A
was washed to 42 meters and then continuously cored to
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Figure 76. 3.5-kHz record made while Glomar Challenger sat stationary over Site 481. Left-hand side of the record was made
with medium-pulse length on the recorder, right-hand half of the record with long pulse length. Horizons a through f iden-
tified in the text.

384 meters. Recovery was a respectable 56% through
Core 30 at 327 meters. Thereafter, we had big problems
in the alternating thin sills and baked sediments, ap-
parently of a fractured nature, that we encountered to
total depth. The hole finally was stopped by a clogged
bit and float valve in these rocks at 384 meters. Re-
covery in the last seven cores was only 1 meter.

One sediment unit comprising two types of turbidites
(Type I and Type II), mass flows, laminated sediments,
and "host" or "background" sediments was sampled.
In addition, four complexes of sills and/or flows were
recovered. The sediment types within the one unit alter-
nate with depth. The subdivision between turbidite
Types I and II is primarily on relative amounts of bio-
genic versus terrigenous components. Type I turbidites
have components less terrigenous and mainly hemi-
pelagic; upward grading from sand or silt is a result of
differential settling velocities. Type II turbidites appear

to have a more distant source, grading is less pro-
nounced, generally no basal sands are present, and
shallow-water components are evident. Turbidites of
Type II have less water, higher bulk density and sonic
velocity, and somewhat lower shear strength than do
Type I turbidites or mass flows. Three mass flows were
recovered at 33.8 to 34.5 meters, 268 to 279 meters, and
289 to 317 meters. No grading or basal sands are ob-
served in these, and convolute bedding is present. They
are composed mainly of terrigenous material, with some
clasts. Laminated sediments were first encountered at
241 meters; they increase in frequency with depth and
are intercalated between turbidites and mass flows.
Most are diatomaceous ooze and mudstone.

Moderately well- to well-preserved siliceous and cal-
careous microfossils are present through the cored sec-
tion, but radiolarians and foraminifers are common
only in the upper 150 meters. The planktonic foramirii-
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NW

Figure 77. Two-second analog seismic-reflection record crossing the
rift very near Site 481. The indicated reflector correlates approxi-
mately with the depth of the uppermost sill at 169 meters.

fers indicate that a warmer pelagic environment has
prevailed during deposition of the upper 40 meters.
Oldest sediments cored have a mixture of calcareous
nannofossils of Zones NN21/20. The sediments are
above the Nitzschia fossilis diatom extinction level,
dated at about 0.26 m.y. in the Pacific. No depositional
rates were calculated, as no fossil boundaries were
crossed, but the rate is presumed to be very high (> 1000
m/m.y.), and all deposition is within the latest Quater-
nary. These very high sedimentation rates have resulted
in very high values of alkalinity and ammonia in inter-
stitial water, with consequent complex distributions of
dissolved magnesium.

Four distinct igneous bodies were sampled at Hole
481 A. Forty-six percent of Unit 1 was recovered. It con-
sists of 18 individual intrusive units between 0.23 and
2.25 meters thick. Sediment intercalations were com-
mon. Units 2 through 4 were drilled with great diffi-
culty and only about 1 to 5% recovery. These rock units
are all similar vesicular basalt and are separated by
sediment sequences. They are believed to be thin extru-
sive basalt flows or intrusives from a gas- or water-rich
magma.

Contact zones between sediment and igneous sills
and/or flows are represented by several recovered pieces
of strongly baked sediments intercalated between Ig-
neous Units 1 and 2. Contacts were not parallel to bed-
ding, and two have contorted sediments in the vicinity
of the contact. These observations suggest that the sills
intruded cold and rather soft sediments, unlike those of

Site 478. One true contact was recovered above Igneous
Unit 1 at 169.7 meters. The altered zone above the ig-
neous unit is 40 meters, and below about 2 meters. The
recovered altered zone shows the following features:

1) Induration increases abruptly at 41 meters above
the sill, as shown in the density log and measured
physical properties; bulk density and shear strength in-
crease; water content decreases; below the sill the physi-
cal properties tend to become normal again, but bulk
density remains higher by about 0.1 gm/cm3, and water
content and porosity are lower by about 10% than in se-
quences unaffected by intrusion at similar depths.

2) Colors change to olive-black to brownish black as
a result of baking of organic matter.

3) Clays become strongly fissile.
4) Sand layers may be cemented by silica.
5) Dissolution of diatom frustules starts at about 38

m above the sill; 20 meters above the sill all diatoms are
dissolved; released silica formed cement and authigenic
quartz crystals; large increases in dissolved chloride are
also observed, presumably a result of intensive hydra-
tion of the sills during alteration to zeolites and/or
smectites; the dissolution of calcareous nannofossils is
observed only in a 7-meter-thick zone above the sill, in-
dicating that solutions involved in sediment alterations
were not acidic as in convective hydrothermal systems at
ridge crests, but were probably heated pore waters;
sands, the most porous sediments, were most strongly
affected by these pore-water hydrothermal fluids, and
probably acted as conduits through which the solutions
flowed to escape.

Organic geochemical parameters preserve the temper-
ature history of the sill intrusions and allow some recon-
struction of geologic history. The upper sill was in-
truded while 60 meters less sediment was present than
now exists, based on upper limit of expulsion of petro-
liferous material. Subsequently, deposition of immature
sediment was continued. Based on C2-C5 hydrocarbon
content, this sill intrusion may have happened in three
pulses. A minor sill at 335 to 340 meters also intruded
sediments, distilling petroliferous material upward. High-
temperature influence of the sills was limited to their im-
mediate vicinity (~ 10 m for the upper sill, 5 m for the
lower). Lower-temperature influences did not expel all
petroliferous material from between the sills, and some
viable carbon remains. The gases of the sampled sedi-
ment section consist predominantly of biogenic CH4,
CO2, and H2S, with traces of C2H6. In the zone between
the sills, a large thermogenic component is superimposed
on the biogenic component.

Drilling at Site 481 as well as Site 477 in the north and
south rifts of Guaymas Basin has given us new insight
into the processes of deposition and emplacement of the
sediments and rocks and the chemical and physical ef-
fects of mixing young, wet sediments and molten ig-
neous rock, but, because both sites were stopped pre-
maturely, the drilling has also left unattained many of
our original objectives and created new problems for
future drilling. New questions and unsolved problems
include:

1) How deep beneath the sea floor will sediments be
found? Will they be older than the plate-tectonics model

286



GUAYMAS BASIN SITES

predicts? Are they predominantly emplaced by lateral
infilling, by vertical settling of previously deposited
beds, or by primary deposition?

2) Are the igneous intrusions all sills, or do we have
equally large numbers of dikes and irregular intrusive
bodies? What is the quantitative importance of extru-
sive lavas? How do these features vary in quantity with
depth.

SUMMARY OF DOWNHOLE LOGGING FOR
GUAYMAS BASIN SITES

Results of downhole logging, compared to lithology,
calcium carbonate, and physical properties, are shown
in Figures 78-80. (Original tapes are available from stor-
age at the DSDP Information Handling Group.) The
logs provide significant information on the depth rela-
tionships of sills and their sub-unit boundaries, the posi-
tion and thickness of various mass flow beds, the onset
of diagenesis, the width of contact zones around sills,
and clues to hard and soft lithologies that for some rea-
son or another were not recovered or at least not undis-
turbed.
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LITHOLOGIC DESCRIPTION

- 10Y4/2

5 Y 4 / 4 at top. Basal sand of TURBIDITE CYCLE. Below: abrupt
sharp contact and color change to moderate olive brown (5Y 4/41

DIATOM OOZE (NANNOFOSSIL•BEARING) which continues

unchanged to bottom of core. It appears that the previous sec-

diatom content. At top of each sequence which then decreases
_ Bacteria ^ a | m o s [ ^ d i a t o m s j n t h e b a s a | M n d Cotėr of sediment darkens

6 Y 4 ' 4 with increase grain size in the cycle. No structures visible in the

_ C-14 SAMPLE diatom ooze. H2S strong. Reduction streaks rare.

SMEAR SLIDE SUMMARY
1-70

(D)

TEXTURE:

Sand

Silt 60
Clay 40
COMPOSITION:

Quartz ) 6

Feldspar |

Mica 2
Heavy minerals 2
Clay 20
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Carbonate unspec. 2 ' • 8 1 " "
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SITE 477 HOLE CORE 5 CORED INTERVAL 29.5-39.0 r

LITHOLOGIC DESCRIPTION

C-14 SAMPLE

10Y4/2

5Y4/1
Nanno•bearing

Section 1, 0 to 40 cm: moderately disturbed, moderate olive

brown (5Y 4/4) to grayish olive (10Y 4/2I DIATOMACEOUS

OOZE decreasing to BASAL SANDS in top of Section 1. Color

is uniform down core. TURBIDITES. Basal sands are medium

gray (N5) to dark medium gray (N4) fine, terrigenous sandy silt

with some distortion of the layering.

Below Section 1, 40 cm: textures of sediment seem to change

in response to amount of H2S and other gases present. Small

(1 cm) randomly oriented fractures in the sediment seem to be

than basal sands. DIATOM OOZE TO MUD. High HjS content.

Section 2, 140 to 150 cm: olive gray (brownish) (5Y4/1) NAN-

NOFOSSIL BEARING DIATOM OOZE occurs at bottom of
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LITHOLOGIC DESCRIPTION

Only trace of recovery.
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48.5-58.0 m

LITHOLOGIC DESCRIPTION

Pebble Section 1: highly disturbed to marbled, light olive gray (5Y 4/2)

nannofossil-bearing DIATOMACEOUS OOZE grades at Section

1, 43 cm to a DIATOMACEOUS OOZE with dispersed GLASSY
BASALT PEBBLES and small dark medium gray (N4) SANDY

SILT blebs.
5Y4/2

Section 2, 70 to 80 cm: at bottom of core thick but disturbed

layer of dark to light (N4-N7) gray sandy silt is found. May have

been interlayered sands of different colors. Sands represent a

diverse source terrain with zircon, garnet, epidote, and K•feldspar.
N 4 Strong H2S smell. May be seeing a disturbed turbidite with

N3 diatom ooze at top. Debris flow of basaltic pebbles with small

Light gray (N6) well-rounded siltstone (fibrous cement) followed by and grading

into a thick basal sand. Fresh basalt pebbles may be derived from

N4 N7 basin flanks (lava flows that have brecciated) and then been
Sandy clay incorporated into turbidite flow.

SS 1, 42 cm: light gray, poorly-indurated siltstone pebble.

Components:
15% 5 to 15 micron, opaque crystals and framboids (pyrite)
15% weathered feldspars (twinned and untwinned) (0.03 to

0.06 mm) many subhedral
5% very altered pyroxene (0.03 to 0.05 mm)

1% carbonate silt

2% diatoms

5% diverse
5% quartz (0.04 to 0.1 mm)

Matrix:
30% thin ragged fibrous mineral (up to 0.02 mm long, 0.002 mm

wide), isotopic, bundled in sprays, R. 1.-1.48 (mordenite?)

TS 2, 2 cm: basalt pebble fragment in sediment. Quenched, por-

phyritic: PHENOCRYSTS: 5% olivine (0.5 to 1 mm) sub- to

euhedral, fresh and 10% plagioclase, lath-shaped. Frequently

intergrown in glomerocrystic aggregates up to 30 mm across.
GROUNDMASS: 5% olivine, -0.1 mm, skeletal; 30% plagioclase,

up to 0.2 mm, skeletal microlites, pilotaxic alignment, 50% cllno-

pyroxene and opaques, plus mesostasis, quenched. No alteration

observed. No vesicles.

SMEAR SLIDE SUMMARY
1-39 1-69 2-23 2-32 2-37 CC
(D) (M) (M) IM) (M) (M)

TEXTURE:
Sand 5 - 10 25 45 30
Silt 60 20 30 26 30 30
Clay 35 80 60 50 25 40
COMPOSITION: ,,. ( a |

Quartz \ 5 10 \ ''' 4 0 ‰ <°

K s p a r ' - - - : 4
Heavy minerals 2 2 2 3 -
Clay 25 70 50 50 25 38
Magnetite - 1 -
Pyrite 3 - 5 ? 3
Opaques - 15 - - - -
Zeolite 40? - -
Carbonate unspec. 5 - 2 - - TR
Foraminifers 1 2 - - -
Calc. nannofossils 10 - TR -
Diatoms 45 - 15 5 5
Radiolarians - - 1 - - -
Silicoflagellates 1 1
Plant debris 3 - 3 5 -
Plagioclase - - 5 - 15 -
Ferruginous coatings — — TR — — —
Clay coated grains - 30
< a l most grains coated by ferruginous clay

CARBONATE BOMB: 1-124 = 8% and 2-14 - 4% l h r d . s a n d V l
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64-477-8 Depth: 58.0 to 60.0 m

CORE-CATCHER: DOMINANT LITHOLOGY: feldspar phyric basalt/

dolerite.

Macroscopic Description
Soft, sea-water permeated, dark gray (N3-N4) coarse-grained basalt

containing about 20% plagioclase phenocrysts (0.5-3.5 mm). Vague

greenish-tint indicates (clay-mineral) alteration. May be more doleritic

than basaltic, but the rock is too soft (altered) to make a thin section.

64-477-9 Depth: 60.0 to 67.5 m

SECTION 1: DOMINANT LITHOLOGY: SEVERELY ALTERED

DOLERITE.

M

Both iry friable, and

10/1 11/2

pic Description
Two distinct rock varieties can

permeated by water and altered with green clay minerals.

Type 1 (Pieces 1, 2, and 3): plagioclase phyric (crystals 0.5-4 mm),

up to 15% plagioclase, in a medium- to coarse-grained doleritic,

dark gray matrix of feldspar and pyroxene and possibly olivine.

Similar to the dolerite recovered in the Core-Catcher of Core 8.

Type 2 (Pieces 4-9) : medium-grained dark gray aphyric dolerite.

Matrix of feldspar and pyroxene, and possibly olivine.

In both types, although the rock is very friable and shot through with

clay minerals, the pyroxenes appear fairly fresh. This suggests low-

grade alteration. The hole temperature at the depth has been esti-

mated at 80° C. The oliviπes are also very fresh.

Vesicles (Pieces 9-10): contain about 4% irregular cavities which may

be vesicles or diktytaxitic cavities. They are about 1 mm across,

and contain acicular needles of white zeolite (? natrolite).

Alteration: the samples are all permeated by water, and about 20% of

the rock consists of green, very soft clay minerals (or zeolites).

This has led to a loss of integrity in the samples. The individual

mineral grains appear to be very fresh.

TS'13 cm (Piece 3): PORPHYRITIC DOLERITE, 13.2% plaqioclase

mass of olivine (6.4%); plagioclase (44.3%); and augite (17.2%);

magnetite (4.0%); grain size 0.5-4 mm, subophitic texture. No al-

teration of minerals seen, but interstices filled with green clay

(~-10.9%).

•Mineral proportions determined by point counting.

TS 32 cm (Piece 6): DOLERITE (subophitic texture). No phenocrysts.

Groundmass of olivine (3.2%); plagioclase (50.4%); clinopyroxene •

(28.6%); magnetite (7.3%). No alteration of minerals but interstices

filled with clay (6.5%) and zeolite (0.3%).

64-477-10 Depth: 67.5 to 77.0 m

SECTION 1: DOMINANT LITHOLOGY: dolerite.

Macroscopic Description

Friable, dark green gray (5G 2/1) water-permeated medium-to coarse-

grained dolerite. As in Core 9, there are two distinct lithologies.

Type 1 (Pieces 1-3): medium-grained altered dolerite, dark greenish

gray, aphyric. Vesicles occur in Piece 3*. Zeolites in cavities. Con-

stituent minerals (olivine?, pyroxene and feldspar) appear fresh

but are easily separated from one another due to alteration.

Type 2 (Pieces 4-15): coarse-grained, feldspar-rich dolerite. Pheno•

crysts of feldspar, up to 1 cm across, in a coarse matrix of olivinel?),

pyroxene and feldspar. Again, severe alteration indicated by friable

nature and presence of -10-20% clay minerals, although consti-

tuent minerals are not visibly altered. .Groundmass grains range in

size from about 0.5 mm (olivine) up to about 5 mm (feldspar).

Zeolites again present in cavities.

*Piece 3 may represent a chill zone.

64-477-11 Depth: 77.0 to 86.5 m

SECTION 1: DOMINANT LITHOLOGY: coarse dolerite or GABBRO.

Macroscopic Description

Dark greenish gray coarse-grained dolerite or medium-grained gabbro.

The top of the core is very similar to Core 10, Pieces 4-15, with

medium-grained dolerite containing ~15% plagioclasβ phenocrysts.

After about Piece 9, the rock becomes more coarse, all crystals

appear to attain the size of the plagioclase phenocrysts seen in

Pieces 1-9 (i.e. approximately 3-6 mm across).

The rock comprises fresh olivine, pyroxene and plagioclase, with

abundant soft, light green clay minerals (about 20-30%) in the

mineral interstices. The rock is again permeated by water. Occas-

erally, the grain size in the gabbro is from about 1—6 mm.

TS 43 cm (Piece 8): COARSE DOLERITE OR GABBRO. Strongly

inequigranular/porphyritic, with subophitic groundmass. Phenocrysts:

plagioclase (~ An^,), up to 6 mm, 29% of rock, large, lath-shaped

and tabulate crystals, seriate in size from groundmass, zoned, and

frequently aggregated. Groundmass: olivine 6.3%, anhedral crystals

up to 2 mm may be phenocrystic (i.e. pre-eruptive); augite; 15.3%,

anhedral crystals up to 6 mm, subophitically and ophitically enclosing

plagioclase laths; plagioclase 35.3%, laths, about 0.5-2 mm long; Ti-

magnetite 3.6%. Distinction between groundmass-phenocrysts diffi-

cult (cavities 3.2% interstitial to crystals). Alteration: minerals not

altered but about 7.2% of rock comprises clays and zeolites in interstices.

SECTION 2: DOMINANT LITHOLOGY: ALTERED GABBRO.

Macroscopic Description
Coarse-grained equigranular by gabbro with fresh euhedral-pyroxene
phenocrysts, 2—5 mm and fresh plagioclase phenocrysts 2—5 mm in
size. Smaller olivines 1—2 mm in size and pale yellow also present.
Major phenocrysts minerals have been separated along grain boundaries

lite that is acicular v
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64-477-12 Depth 86.5 to 96.0 m

SECTION 1: DOMINANT LITHOLOGY: GABBRO.

Macroscopic Description
Medium-grained dark green gray altered gabbro. Inequigranular, slightly
porphyritic, with grains between 1—6 mm, comprising fresh crystals of
plagioclase, pyroxene and olivine. Interstitial to these grains is an abun-
dant light green clay mineral, about 20% of rock. Rock is less friable
than in previous cores, but is otherwise very similar to Core 11, Section
2. Occasional plagioclase phenocrysts present.

TS 110 cm (Piece 7): COARSE DOLERITE OR GABBRO. Texture:
subophitic, with seriate plagioclase texture. Phenocrysts: plagioclase
about 7.4% (up to 4 mm), tabulate, frequently broken. Seriate from
ground mass so division between phenocrysts and ground mass fairly
arbitrary. Groundmass: olivine: 11.4%, up to 1.5 mm across, anhedral
to subhedral crystals; augite: 17.2%, up to 2 mm across, irregular cry-
stals subophitically enclosing plagioclase; plagioclase: 47.2%, up to
2 mm across, elongate, lath-shaped; and magnetite 2.8%. Cavities
~ 2.2%, <0.5 mm across. Lying in interstices between crystals, these
are effectively diktytaxitic cavities. Although they are now empty,
they probably were filled with very soft clay minerals. Alteration:
about 11.5% of the rock consists of green clays and zeolite in inter-
stitial cavities. There is slight alteration of the olivine to clay.

64-477-12 Depth 86.5 to 96.0 m

SECTION 2: DOMINANT LITHOLOGY: altered GABBRO AND

COARSE DOLERITE.

Macroscopic Description
Dark green gray medium-grained inequigranular to porphyritic gabbro

(todolerite).

to Section 1 of Core 12, with a slight gradation to a medium-grained
doleritic texture in the lower half of the core. Plagioclase crystals
tend to be prominent, and about 10% remain at —6 mm grain-size

half of the core. The main transition occurs in Sections 3 and 4.
Main minerals are fresh cliπopyroxene, olivine and plagioclase.
Alteration is a 20% pale green clay mineral and zeolites. Matrix rather

than mineral grains altered. Pale green clay minerals face the joint
surfaces (upper and lower) on several pieces.

SECTION 3: DOMINANT LITHOLOGY: GABBRO TRANSITIONAL

TO PLAGIOCLASE PHYRIC DOLERITE at base of section.

Macroscopic Description
Medium-grained gabbro similar to Sections 1 and 2, however a subtle
transition is discernable through Sections 2 through 3 until at the
base of Section 3 (this section) the rock has become fine-grained to
the point where it grades into a doleritic texture with the plagioclase
phenocrysts predominant. In the upper part of the section plagio-
clase and pyroxene are of approximate equal size, however plagioclase

cryst phase. All phenocrysts are very fresh and alteration is restricted
to intergrain surfaces which are completely filled with bluish green

SECTION 4: DOMINANT LITHOLOGY: FELDSPAR PHYRIC DOL
ERITE.

Macroscopic Description
A continuation of Section 4. Dark green gray medium- to fine-grained

doleritic rock. Phenocrysts of plagioclase (about 10%) (1-5 mm) is
in a fine- to medium-grained groundmass of plagioclase, clinopy-
roxene and olivine. Abundant clay minerals in groundmass. Mineral
grains not altered. Clay mineral coatings on several pieces indicating
small scale veining. Pieces 1 E to F were continuous prior to sawing

(no calcite veining). The base of the section tends to a basaltic

about 10%). The rock
Although the alteration is rather

present than in previous sectior
therefore grayer in color.

SECTION 5: DOMINANT LITHOLOGY: PORPHYRITIC DOLERITE
OR BASALT.
Macroscopic Description
Dark gray, fine-grained plagioclase phyric dolerite or basalt. Pheno-
crysts: plagioclase, lath-shaped and irregular tabulate crystals up to 6
mm, about 10% of rock. Groundmass: less than 0.5 mm grain-sized.
Gradational in Sections 4 and 5. Alteration: moderate. Development

1A-D. No vesicles.

TS 47 cm (Piece 1H): subophitic to intergranular PLAGIOCLASE
PHYRIC BASALT. Large - up to 4 mm laths (sometimes broken)
of plagioclase ( AΠΛQ) in a matrix of smaller plagioclase phenocrysts
and clinopyroxene and olivine phenocrysts surrounded by plagioclase
microlites and abundant opaques {Ti-rich magnetite). Some alteration

content. Modal content is: plagioclase phenocrysts 26%, olivine pheno-
crysts and groundmass 11%, clinopyroxene phenocrysts and ground-
mass 12%, plagioclase groundmass 27%, magnetite 11%, and clay
minerals 13%. Many of the larger plagioclase laths are strongly zoned
and some contain brownish-bleb shaped inclusions. Larger olivines
are often fractured with alteration taking place along the fracture
boundaries.

64-477-13 Depth: 96.0 to 101.5 m

SECTION 1: DOMINANT LITHOLOGY: PLAGIOCLASE-PHYRIC

DOLERITE.

Macroscopic Description
Medium light gray dolerite with plagioclase phenocrysts from 1-4
mm in size. Pyroxene and opaques and possibly olivine are other
components. Rock appears fresh and unfractured and is not veined.
TS at 53 cm (Piece 3B): Subophitic to intergranular-plagioclase-phyric
dolerite. Large plagioclase ( ~ An4 5) phenocrysts (0.5-2 mm) sur
rounded by smal ler clinopyroxene and olivine micropheπocrysts
and groundmass composed of plagioclase laths and clinopyroxene and
olivine. Abundant titanomagnetite in groundmass which shows well-
developed cruciform habit. Modal content is: plagioclase phenocrysts
20%, olivine 14%, clinopyroxene 13%, groundmass plagioclase 31%,
and magnetite 11%.

SECTION 2: DOMINANT LITHOLOGY: PLAGIOCLASE-PHYRIC
DOLERITE.
Macroscopic Description

Medium light gray (N6) dolerite with plagioclase phenocrysts in a
matrix of finer plagioclase laths, pyroxene, olivine and opaques. No
fracturing in pieces and no veining — rock appears fresh. Similar in all
respects to Section 1 of Core 13.

TS at 69 cm (Piece 6C): Sub-ophitic to intergranular medium-grained
dolerite. Large plagioclase phenocrysts up to 4 mm ( ~ Aπrn) sur-
rounded by smaller plagioclase laths enclosing or partially enclosing
anhedral to subhedral grains of clinopyroxene and olivine. Rock has
approximately 15% plagioclase phenocrysts, 15% small olivine pheno-
crysts and ~ 10% clinopyroxene. Groundmass is principally plagioclase

( -10% each). Abundant (Ti-rich?) magnetite exhibiting well-developed
cruciform (—5%) habit. Slight alteration is restricted to intergrain spaces
and rarely after olivine and clinopyroxene phenocrysts. Cliπopyroxene
phenocrysts. Clinopyroxene and olivine are fresh but are commonly
fractured along cleavage planes and orthogonal to them.

to
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64-477-14 Depth 101.5 to 105.5 m

CORE-CATCHEFF: DOMINANT LJITHOLOGY: PLAGI0CLA5E

PHYRICDOLERITE.

: Desc
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Nine cm piece αf dolerite similar in all respects to Sections 1 and 2 of

Core 13. Thin piece was found jammed in the Core-Catcher and con-

sequently the contact, between the dolerite sill above and the claystone

below in Core 15, was not recovered but is inferred to be located within

the drilled interval 101.5-105.5 m sub-bottom.
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105.0-116.0 m

Hard lump
Silty claystone
5YR 4/1

soft anhydrite

Sulfide wisp

Waxy clay

LITHOLOGIC DESCRIPTION
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SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clav
COMPOSITION:
Quartz I
Feldspar 1
Mica
Heavy minerals
Clay
Coated grains
Pyrite
Zeolite
Carbonate unspec.
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Anhydrite
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SITE «77 HOLE CORE 16 CORED INTERVAL 115.0-124;5m
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LITHOLOGIC DESCRIPTION

Hydrothermal sediment, uniform, hard, light brownish-gray to
brownish-gray (5YR 6/1-4/1) CLAY TO CLAYEY SILTSTONE

face. Gritty when scraped. Abundant pyrite in coarse fractions

and filling thin seams. Together with anhydrite. Anhydrite!?) also

occurs as fuzzy nodules or small (1 to 2 mm)•specks in clay and

or bedding visible.

Section 1, 10 cm: large brown dolommc

Section 3, 150 cm: coarse tram

SS: dolomite, very fine-grainei

to black common. Clays clea

Feldspar grains altered to clay.

SMEAR SLIDE SUMMARY
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Zeolite
Carbonate unspec.
Fish remains

Plant debris
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Chalcedony cement

Anhydrite
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TEXTURE:
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Silt
Clay
COMPOSITION:
Quartz
Feldspar

Heavy minerals
Clay

Zeolite
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Anhydrite
Dolomite
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2,135-137
Lithology Sand-silt-clay

Sand 41.21

Silt 34.76

Clay 24.03

143.5-153.0 m

LITHOLOGIC DESCRIPTION

Drill breccia to soup of uniform, medium light gray (N6) to

S a n d medium gray (N5) HARD CLAYEY TO SANDY SILTSTONE
TO "SOOTY" SILTSTONE. Hydrothermal sediment. Silt in-

preserved. Hard chunks very friable.

Section 1: dolomitic pebbles at top of core (dusky yellow, 5Y

6/4).

particules sirnilaTtc• so^rwhiTseepTfroiTfractures at the base

NG-N6 of the core, does not permeate the si Itstone.

Some rare benthic (shallow water?) foraminifers in Core-Catcher.

SS notes: Terrigenous grains only partially altered, large feldspars

with serated edges. Very few replaced or large authigenic grains.

Organic bits black. Very little clay. Some scattered euhedral

feldspars. Pyrite cubes or framboids.

Silty clay

SMEAR SLIDE SUMMARY
1-56 2-138 3-27 CC
(D) (D) (Dl (D)

TEXTURE:
Saπd-silt-clay gand 2 TR 30 30

Silt 60 40 30 30

Clay 40 60 40 40

COMPOSITION:

Quartz 5 10 20 20

Feldspar 25 20 10 15

Mica - - 2 2

Heavy minerals - - 4 -
Clay 35 50 40 50

Pyrite 5 8 8 8

Zeolite - 7 _ _

Carbonate unspec. - 1 10 5

Plant debris 5 2 3 -

Anhydrite 1 TR
Apatite TR

Dolomite 12 5

CARBONATE BOMB: 3-29-5%
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SITE 477 HOLE CORE 20 CORED INTERVAL 153.0-162.5 m

3 <

SITE 477 HOLE CORE 22 CORED INTERVAL 172.0-181.5 m

LITHOLOGIC DESCRIPTION

Brecciated, dark grayish-black (N2) CARBONACEOUS CLAY-

STONE TO SILTY CLAYSTONE. Drill brecciated with a soupy

matrix. Some small pieces of sandy siltstone (moderate indur-

ation) scattered through the breccia. Pyrite fragments throughout

Smear slides are dominated by iron sulfides, irregular black

(4 to 20 microns) from coaly fragments!?), large (4 to 8 m

low bifriπgeance clay flakes and aJtered, relict feldspar grain

Scattered aggregates of (2%) highly dispersive, high R. I. and bin

2-70

(Dl

Plant debris

Opaque organic

CARBONATE BOMB: 2-51 - 4%
2-61 - 4%
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TEXTURE:
Sand
Silt
Clay
COMPOSITION:
Quartz
Feldspar
Heavy minerals
Clay
Pyrite
Zeolite
Carbonate unspec.
Plant debris
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LITHOLOGIC DESCRIPTION

Drill-brecciated medium dark gray (N4) SILTY CLAY, hydro-

silty-clayidodecahedra and cubes (1 to 3 mm diameter). Edges of

Slick pyrite crystals corroded, crystal faces curved. Pyrite appears con-

centrated but this may be partly a drilling effect. Some sandy silt-
stone chips are dispersed throughout the core. These are quite

friable. Carbon particles in water permeate the sediment produc-

ing an oil slick appearance.

SS 22-1, slick: very fine-grained, many with serated edges

20% feldspars, relict shapes, ragged, no twinning preserved

(albite? or K-feldspar) patchy extinction R. I. < 1.55.

Possible pseudomorphs

8% spheπe or epidote(?), high b.f., extreme dispersion, aggre-

gate grains yellow
2% hexaαoπal iron sulfides (pyrrhotite?)

2% epidote; small prisms, euhedral sprays, low b.f.

10% opaques

Coarse fraction is 50% large (1 to 5 mm) pyrite crystals; 50% clay

SM 22-1, 140 IW: feldspar (60%) sand, numerous feldspars, show

altered to ?chlorite.

CARBONATE.BOMB: 1-26 = 7% (with pyrite)
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181.5-191.0 m

N4

Claystone

Moderately disturbed, medium c

SILTY CLAY TO SILTSTONE.
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64-477 A-1 Depth: 32.5 to 42.0 m

SECTION 1: DOMINANT LITHOLOGY: BASALT (grading into

DOLERITE).

Macroscopic Description

Dark to medium gray (N5-N6dry, N2-N3wet) feldspar-phyric basalt.

Phenocrysts: plagioclase, 0.5-5 mm, about 10%, lath-shaped to tab-

ulate.

Groundmass: fine-grained, with an apparent gradation from aphanitic

chilled (top) to doleritic (bottom).

Alteration: very faint yellowish staining of the groundmass indicates

presence of minor smectites. Veining parallel to core occurs in

several pieces, and a 2 cm-wide alteration zone surrounds veins.

Veins comprise zeolites: no calcite is present.

Glassy selvages, up to 6 mm thick, occur in Piece 1 and 4. They have

a distinct ropy texture. Baked, RED, SEDIMENT is found attached

to the glass on Piece 1, and zeolites and dolomite line cavities

beneath the glassy rind. The glass is very fresh; and contains pheno-

crysts of feldspar.

TS 28 cm (Piece 4): sparsely PHYRIC BASALT, sampled adjacent to

glass rim. Phenocrysts: olivine 5%, up to 0.5 mm euhedral-subhedral

crystals; plagioclase 5%, up to 1.0 mm lath-shaped and tabulate crystals,

often mtergrown with olivine to from glomerocrysts. The large plagio-

clase phenocrysts seen in hand specimen were not found in the thin

section. Groundmass: olivine, plagioclase microlites, clinopyroxene

(quench), dissemiπaed ore and mesostasis. About 5% of rock consists

of aggregates and strings of opaques. Less than 2% vesicles, 3% calcite in

veins and cavities and plus 2% clays. Some alteration of olivines.

TS 50 cm (Piece 7): PLAGIOCLASE PHYRIC BASALT, intragranular/

porphyritic from sill interior. Phenocrysts: olivine 5%, 0.4-1.0 mm,

anhedral crystals; plagioclase 20%, 1-4 mm, A n 6 5 _ 7 5 , equant to

tabulate unjoined resorbed crystals which frequently occur as ag-

gregates. Groundmass: plagioclase 40%, up to 1 mm, Aftcη en lath-

shaped. Clinopyro×ene 30%, <1 mm (augite) anhedral, intragranular.

Magnetite and ilmenite, 0.05 to 0.4 mm, anhedral to cuboid, intra-

granular. Alteration: 5% interstitial mesostasis.

Smear Slides of alteration products:

Piece 1: white crystals: calcite 100%

Piece 1: red-brown: devitrified glass, clay 100%, microlitic grains

Piece 1: brown: mostly carbonate, some quartz; reddish oxides

SECTION 2: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC

DOLERITE.

Macroscopic Description

Medium light gray dolerite with plagioclase phenocrysts 1—4 mm in

size. Rock is fresh except areas proximal to veins containing zeolites

TS 33 cm (Piece 4): FELDSPAR PHYRIC DOLERITE or coarse

basalt. Fresh. Phenocrysts: olivine 5%, 0.5-1.5 mm, subhedral; plagio-

clase 15%, 2 -4 mm, large equant crystals, strongly zoned. Groundmass:

Olivine 5%, <1 mm - may be microphenocrysts; plagioclase 50%, 0 .5-

2 mm elongate laths, occasionally ophitically enclosed in clinopy-

roxene," Clinopyroxene: 15%, up to 4 mm — probably augite — anhedral

opaques 5%. Vesicles: 5%, <1 mm, no filling, spherical. Little or no

alteration.

64-477 A-2 Depth 42.0 to 55.0 m

SECTION 1: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

Pieces 1—3: medium dark gray (N4) aphanitic basalt containing about

15% large (up to 1 cm) plagioclase phenocrysts. Very fresh, with

glass selvage on Piece 3. Glass contains plagioclase pheπocrysts.

No vesicles. Occasional olivine microphenocrysts.

Pieces 4 - 9 : medium light gray (N5-N6) medium-grained dolerite.

Inequigranular, almost porphyritic, with 0.2-0.8 mm sized plagio-

clase crystals in groundmass of plagioclase, clinopyroxene (some

large laths up to 5 mm) and occasional olivine. No recognizable

alteration. No vesicles. Minute diktyta×itic cavities.

Pieces 10-18: Similar to Pieces 4 - 9 but fewer plagioclase phenocrysts.

TS 14 cm (Piece 3): GLASSY MARGIN of chill zone - hyalopilitic

texture - moderately altered brownish-black basalt in glass (90%) with

disseminated opaques (2%) and carbonate (1%) surrounding small 0 . 1 -

0.5 mm plagiocl sβ microlitβs that show some quenched textures al-

though it is not well-developed.

TS 45 cm (Piece 6B): dolerite or COARSE-GRAINED BASALT with

subophitic texture. Tabulate-laths of plagioclase ( A Π 5 Q ) , 1-6 mm, and

subanhedral clinopyroxene (augite) 1—3 mm in size — surrounded by

plagioclase microlites and clinopyroxenβ and olivine and abundant

opaques (ilmenite [trellis-type] and magnetite). Very fresh appearance

and only -3% modal clay minerals. Modal per cent (600 point counts),

plagioclase phenocrysts 26%, clinopyroxene phenocrysts and ground-

mass 18%, olivine 8%, plagioclase and groundmass 36%, opaques 9%,

and clays 3%.

SECTION 2: DOMINANT LITHOLOGY: vesicular, coarse BASALT

OR DOLERITE.

Macroscopic Description

Piece 1: medium light gray (N5-N6), medium-grained dolerite. Inequi-

granular with about 5—10 mm plagioclase phenocrysts. No discern-

able alteration. No vesicles. Very similar to Pieces 10-18 on Section

1, Core 2.

Pieces 2-17: Very similar to Piece 1 but vesicular. About 5% vesicles,

spherical, ranging in size from 0.5 to 3 mm. Unfilled except for

occasional clusters of white acicular crystals (?zeolites). Groundmass

finer-grained than Piece 1?

Pieces 18-22: Similar to remainder of section but strongly vesicular,

about 15% vesicles, up to 5 mm across, spherical and irregular in

form. Unfilled except for occasional clusters of white acicular

crystals, and rare, very thin lining of clay minerals. About 15%

plagioclase phenocrysts, which is more than in Pieces 1-17.

TS 10 cm (Piece 1): inequigranular PORPHYRITIC DOLERITE or

coarse basalt, 0.5—3.5 mm plagioclase laths in a matrix of olivine and

clinopyroxene, microphenocrysts and plagioclase microlites and abun-

dant opaques and some clay minerals along intergrain boundaries.

Opaques tend to be concentrated on or around altering mafic minerals.

Magnetite and ilmenite are present. Modal analysis = plagioclase pheno-

crysts 16%, clinopyroxene 15% and olivine 9% (phenocrysts plus

13%, and clays 9%.

TS - 2 8 cm (Piece 3): VESICULAR DOLERITE with subophitic to

very fresh appearance, plagioclae (An g 4 ) olivine-clinopyroxene pheno-

crysts in a intergranular matrix of plagioclase microlites and opaques.

Round vesicles (6% modal) randomly dispersed (0.75-1.5 mm) with

little or no filling except for occasional thin linings of claystone alter-

ation (glass?). Modal analysis = plagioclase phenocrysts 14%, plagioclase

groundmass 39%, clinopyroxene 9%, olivine 17%, opaques 9%, clays

6%, and vesicles 6%.

SECTION 3: DOMINANT LITHOLOGY: VESICULAR COARSE

BASALT OR DOLERITE AND DOLERITE.

Macroscopic Description

Pieces 1-9 (1-67 cm): medium light gray (N5-N6) medium- to

coarse-grained basalt (dolerite). About 15% plagioclase pheno-

crysts (1—4 mm) in groundmass of plagioclase, pyroxene and olivine.

Appears to be very fresh. Very vesicular (about 15% vesicles, up to

5 mm across (spherical) and 1 cm across (irregular-coalesced).

Vesicles unfilled but a few contain acicular crystals in clusters

(?zeolites). Very similar to Pieces 18-22 of Section 2.

Pieces 10-21: medium gray dolerite with 5-10% plagioclase pheno-

crysts in a groundmass of clinopyroxene, plagiociase and olivine.

appears to be hydrated. Numerous diktytaxiticcavities (0.5-1.0 mm).

Pieces 19 and 21 comprise collections of drilling fragments, caused

by friable nature of rock,

of rock.

TS 48 cm (Piece 7): subophitic PLAGIOCLASE PHYRIC COARSE

GRAINED BASALT with some vesicularity (rounded vesicles, 4%

modal) (0.75-4.0 mm) plagioclase phenocrysts ( ~ An f i 0 ) 0.5-3.0 mm

in size in tabulate crystals and laths. Many show strong zoning and

glass?). Clinopyroxene crystals are very fractured. Some are al-

tered. The phenocrysts phases are surrounded by plagioclase micro-

Some clay minerals present along intergrain boundaries and lining

some vesicles and in fractures in clinopyroxene. Modal analysis based

on 600 counts are: plagioclase phenocrysts 17%, olivine 4%, clino-

pyroxene 16%, opaques 12%, plagioclase and groundmass 38%, vesicles

4%, and clay 9%.

SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

Medium to dark gray medium-grained dolerite, containing about

5-10% plagioclase phenocrysts (up to 4 mm). A continuation of

Section 3. The rock contains abundant small ( <0.5 mm) diktytaxitic

cavities, and it is permeated by water. However, the constituent min-

erals appear fresh. The rock appears to be more feldspathic from Piece

TS 85 cm (Piece 10): inequigranular DOLERITE - tabulate laths -

1.5 mm (~ AngQ_gg) of plagioclase and olivine plus clinopyroxene

microphencrysts (euhedral—anhedral) set in matrix of plagioclase

microlites and disseminated opaques with minor clays along intergrain

boundaries. Modal analysis: plagioclase phenocrysts 17%, plagioclase

and groundmass 39%, clinopyro×ene 17%, olivine 15%, opaques 10%,

and clay 2%.

TS 5 cm (Piece 1): inequigranular dolerite. Same as Piece 10 above,

except slightly more altered with 5% clay minerals.
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64-477A-3 Depth: 55.0 to 67.5 m

SECTION 1: DOMINANT LITHOLOGY: GABBRO (or coarse dol-
erite).

Macroscopic Description

Grayish black (N2) when wet, medium to medium dark gray (N4-N5)
when dry, coarse-grained dolerite or GABBRO. Inequigranular,
comprising plagiolcase (1-4 mm, 50%), pyroxene (-40%, appears
to be anhedral and ophitically enclosing the plagiocase) and olivine.
The minerals are very fresh-looking.

Slight mineral segregation has led to pyroxene-rich areas in Piece 2.
VESICLES: small 1 mm vesicles ( <5%) in Pieces 1, 10, and 11. There is

a zone diktytaxitic cavities and irregular vesicles in Pieces 6, 7, 8,
and 9. Piece 11 is finer-grained, more doleritic in appearance. The
entire rock has minute (numerous) diktytaxitic cavities.

TS 60 cm (Piece 6A): very fresh ophitic to subophitic GABBRO with
clinopyroxene (augite) and plagioclase phenocrysts ( ~Anjg) sur-
rounded by clinopyroxene micropheπocrysts, and plagioclase microlites
and olivine microphenocrysts and abundant opaques — magnetite and
ilmenite. Many large ctinopyroxene are fractured along cleavage planes
although ophitic texture is well-preserved. One large ~3 mm ocellus-
filled with ilmenite laths and basaltic quench is present. Plagioclase
phenocrysts are 1—3 mm in size and almost all are strongly zoned.
Clinopyroxene phenocrysts are 0.5—4.0 mm in size and opaques
tend to be concentrated around them. Modal analysis based on 600
counts is: plagioclase phenocrysts 32%, clinopyroxene phenocrysts
and groundmass 23%, olivine groundmass and phenocrysts 6%, plagio•
clase groundmass 25%, opaques 10%, and clays and alteration products
4%.

SECTION 2: DOMINANT LITHOLOGY: GABBRO OR COARSE
DOLERITE.
Macroscopic Description
A continuation of Section 1 (Piece 1 is connected to Piece 1b of

Section 1).
Grayish black (N2) (wet), medium to medium dark gray (N4-N5) (dry)

coarse dolerite or gabbro. Inequigranular, comprising plagioclase
(about 35-40%) pyroxene (40%) and olivine ( -15%). Plagioclase
is larger than clinopyroxene and enclosed by it; olivine forms small
|<1 m) green crystals.

Minute diktytaxitic cavities occur throughout rock.
The rock is very fresh.

TS 20 cm (Piece 2A): coarse-grained, inequigranular DOLERITE, or
gabbro. Many of the olivine and plagioclase crystals may be pheno
crysts, but because of the seriate textures there is no way of verifying
this. Olivine: 6%, < 1-5 mm anhedral. Plagioclase: 70%, two main
grain sizes; a) 0.5—1.0 mm, Ancn_CQ laths; and b) 1.0—6.0 mm, ?Anon
large tabulate crystals, strongly zoned. Augite: 19%, up to 5 mm,
ophitically enclosing plagioclase. However, there is a low birefringence
clinopyroxene present (about 0.5% of the total pyroxene). Mesostasis:
about 5% microcrystalline interstitial material consisting of pyroxene,
plagioclase and magnetite. Cavities: ~ 2%, 0.5-1.5 mm, irregular. No
clays or alteration seen.

SECTION 3: DOMINANT LITHOLOGY: OLIVINE GABBRO, or

:dole

Macroscopic Description

A continuation of Section 2.
Grayish black (N2) (wet), medium to medium dark gray (N4-N5) (dry)

The dominant minerals are plagioclase (up to 6 mm), ophitically en-
closed by dark clinopyroxene, and green olivine (< 1 mm). The
proportions of these vary slightly, olivine increasing in abundance
towards the base of the section (especially Pieces 13-16), up to
-20%.

The rock is very fresh.
Diktytaxitic cavities are again abundant.
Pieces 18 and 19 are finer-grained than the remainder of the section,

although feldspars are a similar size.

TS 95 cm (Piece 13): COARSE DOLERITE. Porphyritic and sub-
ophitic. Phenocrysts; 15%, up to 5 mm across, An•jn, elongate, sub-
hβdral and strongly zoned crystals containing numerous inclusions.
Groundmass: olivine: 10%, 0.5-2 mm, anhedral crystals; plagioclase:
50%, 1-2 mm laths; clinopyroxene 20%, up to 4 mm augite, irregular
crystals subophitically enclosing plagioclase; magnetite and ilmenite

of clay minerals.

SECTION 4: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
DOLERITE.

M
edium dark gray (dry)

pic Description

Dark grayish black (N2) (wet), medi
(N4-N5) plagioclase phyric dolerite.

Plagioclasθ phenocrysts, up to 8 mm across at top of section, decreas-
ing in size abundance to ~4 mm at bottom of section. Set in ground-
mass of plagioclase, olivine, and clinopyroxene. Phenocrysts -10—
15% of rock.

Pzeolites are found on Pieces 2-4.

TS 130 cm (Piece 15): PORPHYRITIC basalt or DOLERITE. Dolerite
to intergranular texture. Phenocrysts: olivine: 4%, up to 1 mm, sub-
hedral to anhedral crystals; plagioclase: 20%, up to 5 mm, resorbed,
rounded tabulate, zoned crystals. Groundmass: olivine, 5%, 0.2-0.5

m, anhedral crystals; plagioclase, 44%, up to 1 π^n cc laths;
clinopyroxene: 18%, <1 mm, augite, anhedral, intergranular betw
plagioclase. Cavities, 2%, <1 mm, random, empty, irregular.

SECTION 5: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
DOLERITE.

Macroscopic Description
Indistinguishable from the dolerite in Section 4.

64-477 AH Depth 67.5 to 68.0 m

SECTION 1: DOMINANT LITHOLOGY: silicic DOLOMITE (Piece

1 (0-6 cm) and DOLERITE PLAGIOCLASE PHYRIC (6-16 cm).

Macroscopic Description

Piece 1: yellowish gray (5Y 7/2) to dusky yellow (5Y 6/4) very hard,
indurated SILICIC DOLOMITE. Light olive patina (weathering?).
Cut surface sprinkled with silt and holes. Smear Slide Section 1,
10 cm: 40% quartz and 60% fine-grained (0.02-0.1 mm) dolomite,
anhedral.

Pieces 2 and 3: dolerite plagioclase phyric, with phenocrysts 1-3 mm
in size, probably base of sill sampled in Cores 1-3.

Silicic dolomite occurs above the base of sill suggesting that it exists as
in an intercalation at the base of the sills. The actual interval sam-
pled by this material is probably at ~ 67-70 m sub-bottom.
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191.0-200.5 m

LITHOLOGIC DESCRIPTION

Site 477A, Core 4, 181.5-191.0 m: NO RECOVERY.

Medium light gray (N6-N5) friable SANDSTONE TO SILT-

STONE. Sand comprises mostly deuterically altered feldspar.
Epidote minerals prevalent in smear slides. Some light gray (N7)

sandstone clumps contain many euhedral and altered minerals.

Pyrite scattered throughout. Some speckled with a dark, some-

times zoned and thinly flaky mineral . Some zones enriched in
W tabular hornblende-like mineral. Traces of ?siderite and ?albite.

Epidotes: idiomorphic. mostly low b.f. prisms. R. 1. 1.70-

1.72 (0.04 mm X 0.01 mm). Feldspars: ragged to euhedral, no

twinning, pitted, irregular extinction.

SMEAR SLIDE SUMMARY

1-90 1-100 1-102

(D) (D) (D)

TEXTURE:

Sand 10

Silt 60

Clay 30

COMPOSITION:

Quartz 10 ' a l 20 3

Feldspar 3 0 ( b l 50 50

Heavy minerals - 2 ( c ) 2

Clay - 15 20

Pyrite - 2 2

Dolomite 20 - 1

Organics - 3 5

Epidote 40 15 30

( a l Authigenic?

( b ) Albite?

' c l 2% high bf, R.I., dispersion aggregate

CARBONATE BOMB: 1 44 = 6%
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200.5-210.0 m

LITHOLOGIC DESCRIPTION

NS
Three pieces of .medium gray (N5) SILTY CLAYSTONE with

sand-sized authigenic minerals (epidote, zoisite), very soft.

friable claystone with pyrite and tiny white specks.

Smear slides show mostly altered and replaced feldspars. Scat-

tered quartz flakes (30%) and 10% feldspars (0.008 mm). Many

tiny (2 microns) highly dispersive specks.

SMEAR SLIDE SUMMARY

CC
ID)

TEXTURE:

Sand 3

Silt 40

Clay 60

COMPOSITION:

Quartz 5

Feldspar 50

Heavy minerals 5

Clay 30

Volcanic glass TR

Zeolite 2?

Opaques 5

Zoisite 3

Other epidote 1
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210.0-219.5 m

LITHOLOGIC DESCRIPTION

Very disturbed medium gray (N5) QUARTZ-FELDSPAR SAND.
Friable, hard lumps in drill matrix. Some H,S. Evidence of
hydrothermal alteration. Hard chunk

primary sedimentary structures: fine
like) with scour marks in a sandsto

5 _ _ , - — T - ^ ^ °f fs e

n the Core-Catc

e. Appears to
ystone.

t
rk layer

,dark layer
-somewhat dark

sandy cross-bedded

Piece above from Core-Catcher (not ca

1) dark gray mudstone
2) "d i r ty" poorly sorted, gray fine san

3) light gray, parallel laminated fiπe-gr

4) as 3, but lamination indistinct

5) "d ir ty" very fine-grained sand

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Plagioclase (30% fine, subhedral flakes

Altered grains

Stubby low bf-epidote prisms

Highly dispersed high R.I., bf aggregat

Opaques/pyrite

Quartz, microlites

Fine-grained chlorite?

CARBONATE BOMB: 1-43 = 3%

careous):

her shows

rade into

r

d, some cross-bedding

ained siltstoπε, v

1-24

(D)

(light)

60

30

10

) 10

40

10

s 10

5

5

15

ell sorted

CC

(D)
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-

10

10

10?

20

SITE

in
1 z

IM
E L

477
u
X

A
T

IG
R

A
I

Z
O

N
E

£E
0

HOLE

FOSS
CHARAC

S
1

IS
S

O
:

Z

Z

Z

z

α

A

L
TER

O

5

CORE

C
T

IO
N

£>

1

^T
E

R
S

ε

-
-

8 CORED INTERVAL

GRAPHIC
LITHOLOGY

u
z

z m

J D

<J

O

Q a.
11 K

•

IW

219.5-229.0 m

LITHOLOGIC DESCRIPTION

N4

Brecciated small fragments of medium dark gray (N4) SILTY

SANDSTONE TO SANDY SILTSTONE. Wisps of clay clastsl?)

appear. Sandstone appears to be a basat sand from a turbidite that

has been hydrothermally altered. (Epidote group minerals).

Feldspars have been altered or replaced. Quartz or feldspar silt.

SMEAR SLIDE SUMMARY

CC

(D)

TEXTURE:

Sand 2

Silt 60

Clay 38

COMPOSITION:

Quartz 70

Feldspar 20 (grains)

Chlorite 10

Epidote/zoisite 10 (many fine prisms (2-4 microns)

Organic 5

Pyrite 3

Feldspar/zeolite? 10 (low bf flakes (2-20 microns)
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LITHOLOGIC DESCRIPTION

Drilling breccia of medium gray (N5) SILTY SAND TO SAND-
STONE. Patches of light gray (N7). Friable, porous; induration
increases markedly upon drying. HjS odor. Pyrite scattered

o j throughout core. Numerous specks of fluorescence. Hydrother-
N7 mally altered to quartz•epidote-chlorite-feldspar. Zeolite-like, low
N3 b.f., R. I., 45 degree extinction, laths common. Stubby to elong-

ate epidote prisms (0.1 to 0.2 mm), euhedral, low b.f., some
replacing feldspar grains. Feldspars (0.1 to 0.2 mm), subhedral.
irregular extinction, no twinning, R, I. <1.55, altered, replaced?,
serated edges and neoformatioπ. Sphene: abundant high R. I.,

b.f., extreme dispersion. Many fine-grained (0.01 to 0.02 mm)

moπoclinic, low b.f., R. I. laths. In dark gray,most relict feldspar

grains are chloritized. Abundant small ragged grains.

. SMEAR SLIDE SUMMARY
1-5 1-9 1-82
(D) (M) (M)

TEXTURE:
Sand 10
Silt 40 50 -

Clay 60 40
COMPOSITION:

Quartz 30 40 30

Feldspar 25 35 40

Epditoe/zoisite 30 10 5
Clay 5 5 5

Sphene 5 5 5

Opaques 10 1 10

Pyrite 2 2 2

Zeolite 10 3 -

Unknown 15 5

CARBONATE BOMB: 1 3 9 - 3 %
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LITHOLOGIC DESCRIPTION

P . Brecciated chips of hard, brittie. m

STONE TO SANDSTONE. Hydroth

N4 Appears to have been layer
scum and fine-grained pyrit

present. Sands become more
Mud pieces of hard cemented, but

~IW

oozes.

Carbonate: rare rhombs
Matrix: small (0.005 mm) euh

d in

e pres

ndura

riable

(0.05

edral e

Altered feldspar grains (0.1-2.0 rr

Sphene: extreme b.f., R. 1.,

In the clay fraction, low b.1

SMEAR SLIDE SUMMARY
1-20

ID)
TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz 15

Feldspar 25

Sphene 10

Clay

Pyrite 2

Zeolite 5

Carbonate unspec. 2

Zoisite/epidote 15

Opaques 2

disper

.clea

1-90
(D)

10

10

80

_

-

1

70

2
_

-

2

10

dium dark gray (N4), CLAY-
ermally altered, epidote-rich.

cm-scale. Scattered carbon

ent but not abundant. Gas

ed with depth in core. Three
coarse sandstone.

lecavinsfromsof diatom

mm) R. I. 1.53

pidote/chlorite/quanz

m): epidote along cleavages

sion mineral aggregate (0.03

flakes with R. I. = 1.55 are

CC
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SITE 477 H O L E A CORE 11 CORED INTERVAL 248.0-257.5 m

LITHOLOGIC DESCRIPTION

Mi> of drill "pebbles" of altered mud to sand.

Type I: medium light gray (N6), coarse, very porous, firable,

CEMENTED SANDSTONE. Bedding in piece at top of core

<3 to 9 cm). Indication of redeposition (see diagram with cross-

beds, flame structures, laminations and grading). Strong H2S

odor with gas. Pyrite abundant.

Type I I : grayisti black (N2), brittle, pyrite-rich SILTY CLAY-

STONE chips scattered throughout core.

One piece of black (N1) "hornfels" CLAYSTONE imbedded

with large euhedral crystals. Difference between light and dark is

mostly number of irregular opaque chips (0.01 to 0.05 mm)

which are carbon not sulfides. Feldspars are K-feldspar or albite;

clusters of euhedral epidote prisms,

mud PVrrhotite

Piece above from Section 1, 3-9 cm (turbidite):

1) massive medium sand, gray, with some pyrite (or pyrrhotite)

2) laminated dark gray fine sand

3) cross-laminated, somewhat convoluted fine sand, alternating

light and gray laminae

4) plus or minus parallel laminated gray fine sand

5) gray fine sand with many small platy mud lumps and dark

minerals, very small-scaled cross-bedding

SMEAR SLIDE SUMMARY

TEXTURE:
Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Clay

Pyrite
Zeolite

Coal
Zoisite/epidote

Unidentified

_
_

-

15

60

5

3

10
_

10
10

-
_

-

10 lauthig

3
-

3

5

15
50

15

eπic)

SITE 477 HOLE A CORE 12 CORED INTERVAL 257.5-267.0 m

S z g
LITHOLOGIC DESCRIPTION

Light gray (N7) porous epidote-feldspar SANDSTONE with

intercalated platv gray (N4) mud chips. Sandstone is very friable,

porous with some laminations present in one drilling breccia



SITE 477 HOLE B CORED INTERVAL 0.0-4.6 m

ill!
:= fc Q BC

LITHOLOGIC DESCRIPTION

Moderate olive brown (5Y 4/4) MUDDY DIATOMACEOUS
OOZE. Intensely disturbed in the top of the core; slightly dis-
turbed in the bottom of the core. Very uniform texture and
color. No structures or bedding. No H2S present. Pyrite seen as
framboids in diatom frustules. Organic (terrigenous) consist of
wood fragments and cuticles with high b.f.

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION

1-75
(D)

-
40
60

Radiolarians
Sllicoflagella
Plant debris
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LITHOLOGIC DESCRIPTION

5Y4/4

- 5Y 3/2 Moderately disturbed, moderate olive brown (5Y 4/4) MUDDY

DIATOMACEOUS OOZE with patches of pale olive (10Y 6/2)

~ 10Y6/2 DIATOMACEOUS OOZES. Rich in H2S, no CaCOj except in

zones of shell hash. Very gelatinous texture (high H2O content).

No evidence of bioturbatioπ in Section 1. Some slightly siltier

layers may be redeposited.

Section 2. 58 cm: some basal turbidite SAND. Banding decreases

toward bottom of core.

SMEAR SLIDE SUMMARY

1-24 1-50 1-51 1-90 2-58

(D) (M) (D) (M)

- Sand TEXTURE:
<- Sand 80

Silt 60 85 60 5

Shells clay 40 - 15 40 15

COMPOSITION:

Quartz TR TR 2 35

Feldspar ( a l 1 - TR TR 35

Mica 1 - - TR 1

Heavy minerals 35 - - TR 1

Clay - - 4 30 10

Pyrite 1 1 TR

Carbonate unspec. 1 - - TR 1

Foraminifers - 10 - - 1

Calc. nannofossils 10 - 3 1 5 -

Diatoms 50 85 90 50 5-10

Radiolarians TR - - TR

Sponge spicules TR 1

Silicoflagellates 2 2 1 -

Plant debris TR TR

Recal pellets - 5

( a ' both plagioclase and alkali, detrital

CARBONATE BOMB: 2 97 = 7 *

SITE 478 HOLE CORE 2 CORED INTERVAL 3.5-13.0 m
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LITHOLOGIC DESCRIPTION

C-14 SAMPLE
Moderately to slightly disturbed, moderate olive brown (5Y 4/4)

Gray sand MUDDY DIATOMACEOUS OOZE, homogeneous with high
N 5 water content. Only faint traces of banding. Some scattered

VOID pelecypod shells. Pulses of light pale olive (10Y 6/2) pure DI-

ATOM OOZE at tops of turbidite beds grading downward to

5Y 4/4 darker and less diatom-rich sediments to gray (N5) basal SANDS.

Some shell hash also included in basal sands. Gray sands, well-

10Y 6/2 sorted, coarse. Turbidites appear to get larger or fade out at the

bottom of the core.

10Y 6/2
Section 3, 76 cm to Section 5, 44 cm: structureless, massive.

diatom mud turbidite, faint textural grading, olive gray (5Y 5/2).

BY 4/4 CF 2-130 cm: 5% Quartz, coarse sand, 40% volcanic rock frag-
ments, 10% large zoned feldspars, 3% olivine, 5% chlorite, 1%

hematite, 2% fish vertebrae, 5% wood, 2% miltolids, 5% shell

10Y6/2 fragments, 2% barnacles, 1% bryozoa, 1% calcareous, 2% bi-

CF SMEAR SLIDE SUMMARY

1-49 2-62 2-90 4 62

(M) (D) (M) ID)

TEXTURE:

Sand 85

Silt 10 60 65 65

Clay 5 40 35 35

COMPOSITION:

Quartz 35 TR TR 10

Feldspar 45-50 TR TR 30

Mica 5 - - TR
Heavy minerals 4 - - TR

6 Y 5 / 2 C | a y < 5 35 1 0 20

Volcanic glass 1

Pyrite TR 1 1 TR

Carbonate unspec. 2 - TR*a ) 1

Foraminifers TR TR 1 -

Calc. nannofossils 1 10 7 8

Diatoms 2 50 80 30

- C 1 4 SAMPLE ^ " ' ^ , " - T R T R

Sponge spicules - 1

Silicoflagellates - 1 1 - 2 TR

Rock fragments 2 TR - 1

<"> Dolomite
CARBONATE BOMB: 2 2 = 10%

C-14 SAMPLE 6-102 = 8%

5Y4/4

-Bacteria



CORE 3 CORED INTERVAL 13.0-22.5 m SITE 478 HOLE

LITHOLOGIC DESCRIPTION

Yellow hard

- N5

- N5

- N5

Moderately disturbed light olive gray (5Y 5/2) DIATOM MUD
with medium gray (N6) SAND. Several small turbidites in bottom

of core include some hard yellow diatom•poor clay and nanno-

fossil-rich lumps.

Section 3, 62 cm: bottom part of a thick, redeposited bed;

homogeneous, faintly graded. The base of this mud turbidite is

marked by coarse well-sorted medium gray (N5) feldspathic

sand. Grains are rounded, weathered and polygenetic, mostly

to 5: between gray (N5) sandy turbidite layers are

Jlive brown (5Y 4/4) MUDDY DIATOM OOZES
thin yellowish laminae.

SMEAR SLIDE i

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

SUMMARY
1-70
(D)

!

20

75

3-60
(M)

30

60

10

3-70

(D)

1
15

80

CARBONATE BOMB: 1-19 = 6%

CORED INTERVAL 22.5-32.0 m

I

1

LITHOLOGIC DESCRIPTION

5Y4/4

5Y4/2

10Y6/2

5Y4/2

Moderately to intensely disturbed moderate olive brown (5Y

4/4) to light olive gray (5Y 4/2) DIATOMACEOUS OOZE
TO DIATOM MUD and medium dark gray (N4) SAND. Tur-

bidite cycles are present but .basal sands are very disturbed.

No bioturbation visible; HjS low; some pale olive (10Y 6/2)

discrete pure diatom oozes. CaCO^ is low. Other than basal

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION
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(D)
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5

90

4-135

(D)

-

-

-

Heavy minerals
Clay

Pyrite
Carbonate uπspec.
Foraminifers

Calc. nannofossils

Diatoms
Sponge spicules

Silicofiagellates

Plant debris
Rock fragments

Shelly material
Black Pyroxene

| a l well sorted imr
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| c l benthic
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SITE 478 H 0 L E CORE 5 CORED INTERVAL 32.0-41.5 m

M
A/f

r/H•~~•~ *-,

LITHOLOGIC DESCRIPTION

olive brown (5Y 4/4). light olive gray (5Y 4/2) and pale olive
(10Y 6/2) DIATOMACEOUS OOZE TO MUD with Episodic
medium dark gray (N4| SAND layers. Episodic MUD TURBI-

sands. Colors darker with depth in each turbidite bed. Turbidites
are on a decimeter scale. Small CARBONATE LUMPS (semi
lithified) occur throughout the core but especially in Sections
1 and 2. H2S increases in this core. No bioturbation visible.
Commonly tops of turbidites are relatively diatom-rich (almost

turbidite bed. Scattered thin, hard, pale olive DIATOMACEOUS
MUD laminae, with diatoms poorly preserved.

SMEAR SLIDE SUMMARY

Heavy r
Clay
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LITHOLOGIC DESCRIPTION

10Y 6/2
H a r d Sequence of turbidites. Intensely to moderately disturbed,

moderate olive brown (5Y 4/4), light olive gray (5Y 4/2) and

' 0 Y 6 / 2 pale olive (10Y 6/2) DIATOMACEOUS MUD TO OOZE and
medium dark to light gray (N4-N7) SANDS. TURBIDITE BEDS
are characterized by color gradation from paler olive (10Y 6/2) at

the top to light olive gray (5Y 4/2) mud section and a gray (N4)

moderately well-sorted feldspathic sand base. Boundaries are

diffuse, partly drill-disturbed. Carbonate content is very low.

No burrows, faint HjS odor. In some beds, the basal portions

comprises only a sandier mud, rather than well-sorted sand layer.
5 Y 4 ' 2 Rounding and components indicate .polygenetic igneous terrigen-

ous sources. Bed thickness varies from cm-scale up to meter-scale.

Turbidites in Section 4 have a pale olive (10Y 6/2) diatom ooze
at the top of each bed and little basal sand above. Hard, pale

olive HOY 6/2) lumps comprise mainly extremely small poorly-

preserved nannofossils carbonate/debris along with delicate dia-

tom frustules.

N 4 SMEAR SLIDE SUMMARY
1-43 5-26 5-39 5-50

<M) (M) (D) (M)

TEXTURE:
Sand 5 1 5 10

Silt 10 70 30 70

Clay 85 25 60 20
5 V 4 ' 2 COMPOSITION:

Quartz 3 5 5 30

Feldspar 2 1 1 20

Heavy minerals 2 - 4

Clay 5 20 40 30

Pyrite 1 2 6

Opaques 4
Carbonate uπspec. 50 TR
Foraminifers 1 - - -
Calc. nannofossils 15 1 15 2

Diatoms 30 70 40 15

Silicoflagellates 2 1 1

Plant debris - 1 2 -
" 10Y 6/2

5 Y 4 / 4 CARBONATE BOMB: 3-33 = 4%

10Y6/2

. 5Y 4/4

- 10Y6/2

5Y4/2

Wood
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CORE 8 CORED INTERVAL 60.5-70.0 m

5Y4/4

- N4

LITHOLOGIC DESCRIPTION

Intensely to moderately disturbed, moverate olive brown (5Y

4/4) to light olive gray (5Y 4/2) DIATOMACEOUS MUD AND
MUDDY OOZE with medium dark gray (N4I SAND layers

marking the base of turbidite beds. Gradation of colors within

turbidite bed. Massive, without burrows. H2S is moderate.

typical turbidite bed, 10Y 6/2 to 5Y 4/4 to 5Y 4/2 to N4.

15 to 20% calcareous). Contacts between colors are well-defined.

Section 4, 8 cycles occur.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay

COMPOSITION

3-70

(D)
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40

60

4-120

(D)
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CARBONATE BOMB: 3-27 = 8%
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SITE 478 HOLE CORED INTERVAL 70.0-79.6 m SITE 478 HOLE

III LITHOLOGIC DESCRIPTION

5Y 4/2

- N4

- 10Y 4/2

- N 4

Intensely to moderately disturbed, moderate olive brown (5Y 4/4

to 4/2).MUDDY DIATOMACEOUS OOZE with marbling of light

olive gray (5Y 4/2) DIATOMACEOUS MUD and patches of

medium dark gray (N4) SAND. Structures dolβrited mostly, but

appear to dervie from turbidite beds, on a decimeter-scale.

Sands are well-sorted (0.2 to 1.0 mm) to muddy;rounded feld-

spatic grains; some with high carbonate content (shell hash,

foraminifera). Sand layers are thin and grading subtle. No bur-

rows observed, core without HoS odor. Approximately 10 tur•

bidite beds indicated.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Clay

Pyrite

Foraminifers

Calc. nannofossil

5-60

(D)

2

48

50

5

3

35-40

2

1

s 10

CORE 10 CORED INTERVAL 79.5-89.0 m

HIS
LITHOLOGIC DESCRIPTION

Intensely disturbed, moderate olive brown (5Y 4/4) to light

olive gray (5Y 4/2) DIATOMACEOUS MUD TO MUDDY OOZE

with rare small patches of medium dark gray (N9) SAND. Evi-

dence for turbidites is inferred. Little H2S, carbonate low except

in sands. Scattered shell fragments.

SMEAR SLIDE S

TEXTURE:

Sand

Silt

Clay

COMPOSITION:

UMMARY
2-90

ID)

5

65

30

Feldspar

Mica

Heavy minerals

Clay

Pyrite

Calc. nannofossils

CARBONATE BOMB: 1-93 - TA



SITE 478 HOLE CORE 11 CORED INTERVAL 89.0-98.5 m SITE 478 HOLE CORE 12 CORED INTERVAL 98.5-108.0 m
- FOSSIL [5 T fOSSIL
J CHARACTER = CHARACTER

£ < 1 1 • g < . 1 1 1
• | | g 1 1 S | | L GY J ! l LITHOLOCC DESCRIPTION -t |g | ] j | 2 L^H.C | | | LITHOLOG,C DESCR,PT,ON

S fe i i 9 | " s i | | i £ ? fe 1 i 2 ° " ü i| t
s ε• I I i liss 1 " I ε I I i III! 1

- ^~ ~*• i Slightly disturbed grayish olive (10Y 4/2) DIATOMACEOUS - \s- —w
_ sZy^~•-~-~—~ MUD, very uniform in texture and color grades in Section 3 into Z •\J^^.~'~~. Intensely disturbed, grayish-olive (10Y 4/2) MUDDY DIATO-

03- j <"" ~ ™ ~ I moderately disturbed medium dark gray (N4) SAND. 0 ^ _ ^J^I^-_-_- MACEOUS OOZE. Very uniform in color and texture. Random
~_ jyi^ _ I Below sand in Sections 3 and 4 sediment color changes to domin- ^ Q Z"_^~d^ surface fractures due to gas expulsion. Some slight mottling with

- J2~^,'-~-~.-~. ' antly moderate olive brown (5Y 4/4) with concomitant increase 1 - ^‰^"','17.-Z- color changes of lighter and darker shades of grayish-olive. No
- ~ys-~-•÷-J÷-• | in diatoms. Apparently this core contains two sections from very - > ^ J T ^ • _-^-_ HjS odor. Apparent bioturbation or carbonate other than in

'** >**r~v~' _ il~.—• large turbidite beds. Upper sections are very uniform without ^ ^ ^ '*-'— — –̂ ..—..Ijri sands
- J- — I obvious bioturbation. H2S is low. Carbonate is low in mud and - ̂ ^VI^ •Q
ZJ . sands. Section 6, 45, and 51 cm: 2 thin (2 cm) pale olive diato- - \jyi^ Section 3, 135 to 140 cm: small patches of gray (N3) SAND,
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SITE 478 HOLE CORE 13 CORED INTERVAL 108.0-117.5r

LITHOLOGIC DESCRIPTION

Intensely disturbed, moderate olive brown (5Y 4/4) nannofossil-
bearing. MUDDY DIATOMACEOUS OOZE. Uniform in texture
and color. Parts of the core have a gelatinous consistency. Surface
randomly ruptured with gas pockets. Some small gray (N5)
clayey layers. No sand, bioturbation, primary structures, or H2S
odor. Carbonate (HCI) slightly calcareous, increasing toward

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION

4-75
ID)

_
40
60

Sponge spiel
Silicoflagella

CARBONATE BOMB: 1 1 3 8 - 5 %
2-116-7%

SITE 478 HOLE CORE 14 CORED INTERVAL 117.5-127.0 r

— —w

.IK

:>€^_-

LITHOLOGIC DESCRIPTION

Intensely disturbed, moderate olive brown (5Y 4/4) to light olive
gray (BY 4/2) to olive gray (5Y 3/2) MUDDY DIATOMACEOUS
OOZE with some marbling of pale olive (10Y 6/2) DIATOMA-
CEOUS OOZE. Color hues change gradatioπally. Some thin medi-

um dark gray (N4) sand layers may indicate turbidite beds on a

meter scale. Nannofossils present. Little carbonate, HjS, or evi-

dence for bioturbation. Scattered shell fragments near sand

ü ;:÷:•:

olive gray (5Y 3/2) I

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION
Quartz
Feldspar
Clay

3-75
(D)

2
53
45

2
1

40

5-149
(M)

_

55
45

7
5

38

Sponge spicu
Silicoflagellai

CARBONATE BOMB: 4-118= 6%



SITE 478 HOLE CORE 15 CORED INTERVAL 127.0-136.5 m SITE 478 HOLE CORE 16 CORED INTERVAL 136.5-146.0 m

LITHOLOGIC DESCRIPTION

Very disturbed by drilling

ATOM MUD, with scattered patches of mode

(5Y 4/41 MUDDY DIATOMACEOUS OOZE.

sand patches, but some scattered shell fragmt

silty clay to clayey silt. Surface ruptured by

bubbles. May contain parts of disturbed turbiditt

grayish-olive (10Y 4/2) Dl-

gas pockets and

SMEAR SLIDE !

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Clay
Pyrite

Carbonate unspec

>UMMAR
3-80

(D)

_

40

7
5

53

3

. 2

CARBONATE BOMB: 5 41 - 6%

LITHOLOGIC DESCRIPTION

Highly disturbed, surface also ruptured with gas pockets. Grayish

olive (TOY 4/2) MUDDY DtATOMACEOUS OOZE, mixed lith-

ology. In Section 5 some moderate olive brown (5Y 4/4) nanno-

fossiUbeariπg muddy diatomaceous ooze. Structureless, no HoS

odor, or sand patches. Contains nannofossil carbonate and

tori

SMEAR SLIDE SUMMARY

Clay

COMPOSITION:
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>
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SITE 478 HOLE CORE 17 CORED INTERVAL 146.0-155.5 r

Vf FM FG CM

Hi
GAS

LITHOLOGIC DESCRIPTION

Uniform, partly disturbed, firming below Section 3, grayisri-oliv

(10Y 4/2) DIATOMACEOUS MUD, clayey silt. Carbonate, som

No HoS, sand or burrow mottles. Smear slide contains commo

2 to 4 micron tiny carbonate grains, thought dolomitic.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar i

Clay
Pvπfe

Calc. nannofossil

Diatoms
Silicoflagellar.es

Fish remains

Plant debris
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155.5-159.5 m

LITHOLOGIC DESCRIPTION

Diatomaceous
clayey silt Uniform grayish-olive (10Y 4/2) DIATOMACEOUS MUD,

some nannofossils with considerable silt (clayey silt) (sand-silt-
clay). No H2S, sand patches. Smear slide contains some re-
worked carbonate or recrystallized nannofossils, possibly dolo-

SMEAR SLIDE SUMMARY
1-12
(D)

TEXTURE:
Sand 2
Silt 58
Clay 40
COMPOSITION:
Quartz 1Q
Feldspar 15
Heavy minerals TR
Clay 25
Pyrite 2
Carbonate unspec. 5
Calc. nannofossils 10
Diatoms 30
Plant debris TR
Rock fragments 5



SITE 478 HOLE CORE 19 CORED INTERVAL 159.5-165,0 m SITE 478 HOLE CORE 20 CORED INTERVAL 165.0-174.5 m

" FOSSIL I TO I FOS<ill T~T I I I I I
* | CHAKACTER I CHARACTER

8 gw " iTTTiT~l | s IÜ> o «| " I " I—I— z »>
T l H | I | 1 F IS L I V H O I O G Y J < S LITHOLOGIC DESCRIPTION f t g | I I I 2 £ LfT

RHOPLHOGy ^ < S LITHOLOGIC DESCRIPTION

l = H | | ë i » E i | |s s i= = N 1 § 5 I g l i»se is

i_i_l l l l_ _ IE if! ρ l I I 11 II II i
I L^•-"-"-"_: - VOID

0*; X .̂-~-~- - Drilling disturbed, gaseous, uniform grayish-olive (10Y 4/2) 0.5-̂ P~- ~ Mostly very disturbed uniform grayish-olive (10Y 4/2) DIA-

1 - y~ '™.-~~l~. DIATOMACEOUS MUD with minor MUDDY DIATOMACEOUS Z ~kp'~~•-~~" TOMACEOUS MUD (clayey silt) TO MUDDY OOZE. Diatom
" v ^ ^ OOZE. Many sections ruptured by gas bubbles. Low carbonate, 1 _ ' ^ _ p -_ _•- preservation decreasing, increase of elastics and nannofossil

1.0-~-"["'_"_:_" no H2S or mottling. O^• "~^P "-7-7•'-7 carbonate.

~ ^ " ^ Section S, 100 cm to Section 6, 70 cm: evidence for a graded - ~y~^ Section 4: reappearance of a typically medium gray (NBI SAND
-ZT~~,-..-..'-'.'-' mud turbidite with well-sorted, gray sand base. - -v- ~. 17.Z7.'-~ to grayish-olive (10Y 4/2) graded bed. Sandy-base, well-sorted,

" ~~~~ '—KS^~_~'_~'S. rounded grains about 100-200 microns with quartz-rock frag-
--v^— -~~- Section 6, 70 cm to Section 7, and Core-Catcher: moderate ~ - C ^ ? ments and abundant benthic foramiπifers. Some gas bubbles.
- ~J~"/^"J~•• — olive brown (BY 4/4), firm, muddy diatomaceous ooze. _ J- ~^"~^~.-~L
_ ~ ~> - / — -\ —• • Sections 5 and 6: show a slight change to uniformly lighter

1.."!:."!..'.; ; SMEAR SLIDE SUMMARY ~ p ^ ~1~.-~.L~ ; light olive gray (5Y 5/21, slightly finer texture moderately firm.
_ — —^ t-wu Λ. vu 2 — \^ Diatoms commonly tragmeπted. hine traction containing
- ~y~ " ' . ( D ) ( M ) - —>_j- _~• c o m m o n silt-size c a r b o n a t e r h o m b s and aπhedral grains f r o m

- •w- :ZTZT.-Z: TEXTURE: -<^P ,„„-„ inferred dolomite.
zzj^--•-'-' sand i - -^~>.•-~-~i:. ; ' 0 Y 4 ' 2

<•-.~_7'_.~_~ Silt 44 45 m ~ ~y~\ ~'^~\ ~Z7. SMEAR SLIDE SUMMARY
- r ^ ^ Clay 55 55 z - Z ^ ^ 3-80 4-104 5-80

-rC,"-~-~-~- COMPOSITION: £ Z ~~~~~ - " '—"-" ' - (t>l W) IM>

Z Z-~~ ~.-~-~-7.'. Q u a r t z 10 4 O - ^ V - " J ~ m . T . TEXTURE:

UJ I v^-~ "—" Feldspar 10-15 6 S " - C ^ ? •- Sand - 35 5
~\ — \^>'.'.'-'-~.'-' 10Y4/2 Heavy minerals TR TR UJ Z-> '"-"-"-' Silt 60 40 55

O I '•^~Z~Z~-' 5Y4/4 C l a v 3 0 2 5 " " ^~~ ~IL~.'-7.17. c l a V 4 0 2 5 4 0

ß 3 -y~\'.'J.~Z~Z7.i Pyrite 2 1 £ M A G 3 ~P~^y- -• •— •- » COMPOSITION:
- ^ ^ ^ T ^ . ~ U r U " ' . Carbonate unspec. 8-10 10 tf / R - ^ > C , ; ~ _ " L 1 . " ^ I Quartz 8 10 12
j _ ^ ^ - - - • • - - - • Diatoms 30 50 — " ^ P I Feldspar 13 15 13

--\^- -. L~.-'..1" Plantdebris TR - _ " C ^ > " ' _ " ' - " ! " I Heavy minerals - - TR
H - v^l~l l~l i r iT Rock fragments 5 2 ~•C^Z?~l_~._~_r ' Clay 20 15 20

~- -^•~-~.-7.'-~.'÷ CARBONATE BOMB: 6-115 = 7% - ~7~~\ J~U.~U.~-1 Carbonate unspec. 10 20 6
- I ^ C ^ •_-_ I ~ v / ~ 10Y4/2 Calc. nanπofossils 10 5 5
~~~~' -~—~-•—• - ~y^• ~•-7•—~.l~ Diatoms 35 25 35

i ~- ̂ ~ _.~-J~_7~lir ~ ~\^ ~.'÷7?17—7. Plantdebris - TR TR
4 - ^ P . - •Cy_p\•_-^r^: N5 Rock fragments 2 10 5

- > ^ - - " - " - " A/A -j^y • ' ' A cTdv

->C^ '.7, _•.••••••••-:•••••••.•••'•.••.••••• • ._Eà * - CARBONATE BOMB: 4-102 = 6%
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SITE 478 HOLE CORE 21 CORED INTERVAL 174.5-184.01

ill! i

m

LITHOLOGIC DESCRIPTION

Drill breccia to intensely disturbed, moderate olive brown (5Y

4/4) DIATOMACEOUS MUD (90%) with streaks of medium gray

(N5) DIATOM-RICH SANDY SILT TO SILTY SAND. Various

amounts of nannofossil and fine carbonate silt. Some streaks and

patches suggest former layering.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION:
Quartz

Feldspar

Clay

Pyrite
Carbonate unspec

Calc. nannofossils

Diatoms

Rock fragments

4-78

(Dl

_
60

40

8

4

35

1- 2

.5- 8
16

25-30

3

6-80

(M)

3- 5

65

30

20

15

20
2

5

5

30-35

5

CARBONATE BOMB: 5 140 = 5%
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184.0-193.5 m

LITHOLOGIC DESCRIPTION

Slightly disturbed, moderate olive brown (5Y 4/4) firm NANNO-
FOSSIL BEARING DIATOMACEOUS MUD. Chunks are friable
and the cut surface marked by alternate changes from finer to
rougher (coarser) dark patina. Generally uniform, faint layering
with sharp contacts.

Section 1, 110 to 117 cm: mud turbidite deposition indicated for
some grayish-olive (10Y 4/2) NANNOFOSSIL DIATOM MUD.

Shows asiltierbase.

Core-Catcher: DOLOMITIC MUDSTONE, brownish to light olive
gray (5Y 5/2), diatomaceous sediment with specks and grayish
(N5) sandy portions cemented by fine subhedral dolomite cry-
stals. Primary sedimentary structures preserved; cross-beds, bur-
rows, mud clasts.

SMEAR SLIDE SUMMARY
1-117 3-9β CC CC

(M) (D) (D) (M)
TEXTURE:

Sand 5

Silt 40 40 - 80

Clay 60 60 - 15

COMPOSITION:

Quartz 10 20 TR 6

Feldspar 10 20 TR 4

Heavy minerals TR

Clay 35-40 20

Pyrite 1 1 - -
Carbonate unspec. 5 5 TR 80

Foràmiπifers TR - — —

Calc. nannofossils 8-10 15 TR TR
Diatoms 25-30 15 2 - 3 10

Radiolarians TR

Plant debris TR

Dolomite TR
Rock fragments 1-2 5

CARBONATE BOMB: 3-97 = 8%

Site 478. Core 23, 193.5-203.0 m: NO RECOVERY.
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203.0-212.5 m

L THOLOGIC DESCRIPTION

ScrapeT One indurated chunk of hard grayish-olive (10Y 4/2) DOLO•
MITIC SILTSTONE. Sandy at the base with possible cross-
bedding preserved. Dolomite as cement in a redeposited bed.

e as sub- to anhedral grains (0.02-0.04 mm).

SMEAR SLIDE SUMMARY
1-2
(D)

TEXTURE:
Sand
Silt
Clay
COMPOS TION:
Quartz 15
Feldspar 3
Clay 5
Dolomite 75
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212.5-222.0 m

LITHOLOGIC DESCRIPTION

Pieces of light olive gray, hard siltstone with dolomite cement.

SS 1-1 cm: subhedral, silt-size quartz, feldspar
80% dolomite
10% detritalsilt
3% opaques
7% other

t o

z
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U> 64-478-26 Depth 220.0 to 231.5 m Q

j±. SECTION 1: DOMINANT LITHOLOGY: COARSE GRAINED BA• C !
SALT. >

Macroscopic Description M
| J J 8 8 S J Aphyric, coarse-grained (0.2-0.5 mm grain size) dark gray (N4) basalt. N *

§ | fee? fe§l § 3 fe § 3 fell § 3 Slight weathering patina in Pieces 7 and 9 resulting in brown discolora- >

I I J * S I I l l s I 1 I 1 § I 1 I 1 § I i I 1 S I I | I 1 I i I 1 § &"..! spherica, «,«.«. approximately 1 mm in diameter, occur in
Z I I I II I II | ! ! ? ' If! f I f ? ^ 1 | I I ? * I S I I * 2 1 I I ? 1 1 f I 2 Piece 6,o 10. They are filled with white mineral, in par, calcite. >
5 |α I | | 8 ?& I f I I I I I l l S I I 1 l l δ I I I | I δ I I I f £ δ i f I | 1 VeinsinPieceS10and15calcite-fi,led. jS

Ö T O I T O O T < Q T O O C O W < £ O O C O K < ö T O D C O M < E O O C O K < ε o t t O w < i L O O C O K < Several pieces have pyr i te dust ing. A

0 — | | 1 r-p. I . j-p, j 1 I | I , I—- | | I | | 1 |—| | I - —| TS 6-48: 48 cm, aphyric basalt, intergranular texture. Plagioclase 60%, iL,
1 CC3 ' O> ' up to 1.5 mm long. A n 6 2 6 8 , lath-shaped crystals, but also occurs as H

' / 1 £ ^ > / • anhedral interstitial fitting. Normally zoned. Clinopyro×ene 25%, 0 . 1 - tπ
2 C^ - 0.5 mm, augite, anhedral, very pale brown, intergranular. Magnetite 3%,

— ~ T s ~ / /~* / — 0.1—0.3 mm cuboid and ilmenite 3%, up to 0.5 mm, elongate crystals
3 ( ] 4 2 Cy (especiallycommoninalterationareas).AIteration10%greenclay,occur-

^ / = / ' ring in interstitial areas, replacing mesostasis and possibly also olivine.
No vesicles in this thin section.

3 A \*— l / ~ SECTION 2: DOMINANT LITHOLOGY: coarse grained basalt.

^ VN - Macroscopic Description
\ ^ / Same as Core 26, Section 1.

6 ^ T /

Ski /

y

/

100- ~ /

12 LJ> y

: "LJ % ]

16 ^ /

17 O
150—1 ' ' ^ ' 1 *—' ' ' *—' ' ' *—' ' ' '—' ' ' •—' ' ' "―' —'

CORE/SECTION 26/1 26/2



64-478-27 Depth 231.5 to 241.0 m

SECTION 1: DOMINANT LITHOLOGY: VESICULAR BASALT grad-
ing to APHYRIC BASALT.
Macroscopic Description

.2 .2 .2 .2 .2 .2 .2 Piece 1 is a dolomite siltstone with pyrite.

fell fell fell fell k J I fell S § 3 Pieces 2A"4B are uesicular aphyric basalt• medium dark gray |N6)

. 2 ' 5 c ° > 2 i V c •° ' § e " > • S S c < " •*> ' S c w - S • S c < " Ja ' c ( f l c o l o r w i t h 2 - 5 m m d i a m e t e r vesic les. M o s t are l i n e d w i t h c a l c i t e
I 1 I 1 .§ I f •S ! S I 1 | 1 § I I I 1 § I E I I S I f i l l I I I 1 § and pyrite and clay minerals.
Z | S | o ' j Z i l HI £ S S Z I !§ 2 O ~ Z Jj S 2 £ S Z J 1 •? S S z U S 8 ° E Z I S S 8 1 P i e c e s 5 - n a r e m e d i u m 9raV <N6> aphanitic basalt with few small
§ g• o. .2 .S• 2 " π o. .2 .S• Jj o g" α .2 iS• 2 J J j I S S | ra Q .2 .9- 2 " g• α .2 .9- 2 | π Q. .2 .9- 2 < 1 mm vesicles, some filled with calcite. Small veins (~1 mm thick)

c m S T e J i r O M < i t t S i r ò w < Q . C 3 i r O t S < E E l O « < E c 5 i r O < / 5 < ε á i r o w < i o i O i < are pervasively filled with calcite and pyrite.
Q TS 45 cm. Piece 4A: Aphyric basalt with intersettal, vesicular texture.

1 Plagioclase 40%, 0.2-0.8 mm, skeletal laths, and interstitial crystals.
| ) k . Clinopyroxene 10%, <0.1 mm anhedral. Some may be olivine but the

2A I 0 / * crystals are too small to be certain. Magnetite 3%, 0.01-0.1 mm.
— p ^\ ~ Ilmenite3%, up to 0.1 mm. Vesicles less than 3%, 1-1.5 mm, spherical,

2B l O ^ J k "° f i l l i n3 Preserved. Alteration: severe alteration of mesostasis and
V × • possibly of olivines, 40% green clay minerals.

_ < ^ p TS 82 cm. Piece 7: aphyric basalt. Similar to TS at 45 cm. Plagioclase
p ^ J 50% (?Ang0), augite 10%, opaques 5%. Vesicles 1 large (up to 10
]\J . mm} compound vesicles containing smaller vesicles in a coarse-grained

(^oTJ basalt of plagioclase, clinopyroxene and iron-rich mesostasis. Alter-
— >^7 — atioπ: severe, -35% clay minerals, 1% carbonate in vesicles.

SS 1-2:
(235 ' 33% Quartz

_ r=^ _ 5% FeWspar (altered)
/J~\ 3% Mica

4A °° °| T T " 1 % H e a v v m i n e r a l s

C j 65% Clay

50— r^°\ ~ 3 % P y r i t e

• , J | 10% Carbonate unspec.
\_y " 1 % Plant debris

" 5 2 :
6 O

• •g • ;

1 0 0 ~ TΛ

n C J t

Void

- o
c: - 1>

150—' ' ' L J ' ' '―' ' ' L - ' ' ' •—' ' ' •—' ' ' *—' ' ' L J _J a

CORE/SECTION 27/1 >
W
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SITE 478 HOLE CORE 28 CORED INTERVAL 241.0-250.5 r

LITHOLOGIC DESCRIPTION

5B 6/1

10YR 4/2

Intensely disturbed grayish olive (10Y 4/2) to olive gray (5Y 3/2)

MUDDY DIATOMACEOUS OOZE, semi-lithified. Unfiorm in

color and texture. Some nannofossil•bearing patches in Section 2.

fio H^S, bioturbation, no sand, some gas pimples.

Section 1, 30 to 34 cm: claystone lump. Calcareous in Section 2

and in Core-Catcher (-10%). Grades to moderate olive brown

(5Y 4/4) with some medium bluish gray (5B 5/1) clay streaks in

Section 6. Color banding with darker and lighter shades of muddy

SMEAR SLIDE SUMMARY
1-75 6-52 6-61

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Heavy minerals

Clay
Pyrite

Carbonate unspec.

Calc. nannofossils

Diatoms

Fish remains

Plant debris
Rock fragments

Dolomite

(Dl

-
-
-

3

3

TR

30

1 1

3

5

55
-

-

-

CARBONATE BOMB: 4-1 If

6-56

(M)

-

50

50

5

3

TR

20

2
2

15

55
-

TR
1

TR

S = 9%

= 12%

(M)

-

56

45

6
4

-

30
1

2
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2
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-

-
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250.5-256.5 m

LITHOLOGIC DESCRIPTION

10YR3/2 Drill breccia; indurated mudstone lumps Section 1; dark
yellowish brown (10YR 3/2) DIATOMACEOUS MUD grades
downward to a grayish brown (5YR 3/2) then a black (N1I
DOLOMITIC CLAYSTONE. Above (Section 2, 130 cm) a con-
tact zone with a thin BASALT (DOLERITEI SILL. Baked sedi•

Diatoma bundance and preservation decreases towards sill.
5YR 3/2 Dolomite rhombs subhedral, silt-size. Clays have ferruginous or

opaque coatins. Baked organic matter?

SMEAR SLIDE SUMMARY
1-73 1-140 2-115
IDI ID) ID)

N1 TEXTURE:
Sand - - -
Silt 40 35 40

Dolomitic c , a v β 0 6 5 go

COMPOSITION:

Quartz 4 2 4

Feldspar 4 1 6

Mica TR
Clay 56 60 50

Pyrite 2 2 -

Carbonate unspec. 3 3 —

Foraminifers 2 - -
Calc. nannofossils 5 5 TR

Diatoms 25 15 TR

Plant debris 3 5 -
Dolomite 2 3 30

CARBONATE BOMB: 1-57 = 16%
1-124-5%

2-34 = 6%

2-129 = 3%



64-478-29 Depth: 250.5 to 256.5 m

CORE-CATCHER: DOMINANT LITHOLOGY: highly vesicular -

APHYRIC BASALT.

Macroscopic Description

I .2 .2 .2 .2 .2 Medium gray (N6) aphyric-vesicular basalt with vesicles (1 cm) with

g - o - o > - o I f e S l - J I f e i l c a l c i t e a n d PVrite a π d c l a v m i r r e r a l l i n i n 9 s • S i m i l a r t 0 u p P e r Part o f

& V - Si •S C < Λ -8 β c "» • S c 0 5 -° ! c "> -8 S c S .o «= c CO Core 27, Section 1.

? tl 111 I tl I 11 ! t! I 11 ! i l l 11 I I 1 11 11 I II 11II 1
8 g o. .« .9- g | π Q. .2 .9- JB g π g .2 .9- S g π g• .2 .9- 2 « π g• .2 .S 2 g S1 g• .2 .3- 2 g π g• .2 .9- 2

m i è r r δ ^ < C u f r ò w < S T c B r r δ w < t è i o S < i £ < 3 o c o w < s: á a : o » < Ö : ( 5 Q : O M <
O—I I . ,i I—I I 1 I—I I 1 I—I | 1 I—I I 1 I—I I 1 I—I I 1 I—I ~

\°" T

a0

50— -

100— ~
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256.5-260.0 m

LITHOLQGÉC DESCRIPTION

N 1 Drill breccia; altered sediment with gradational changes away
from sill. Sequence of hard, indurated chips. Black (N1) terrigen-

Saπdy clay o u s SILTY CLAYSTONE; dolomitic<?) grades to light olive gray
(5Y 4/2) DIATOMACEOUS MUD to dusky yellowish brown

6 Y 4/2 (10YR 2/2) MUDDY DIATOMACEOUS OOZE. No sedimentary
structures; but parts of Section 2 appear redeposited.

Section 1 30 to 35 cm: altered, gray basalt cobble.
0YR 2/2

SMEAR SLIDE SUMMARY
1-44 1-92 2-54 CC-7
(M) (D) (D) (D)

TEXTURE:
Sand 40 - - < 1
Silt 10 30 50 60
Clay 50 70 50 40
COMPOSITION:
Quartz 5 2 4 S
Feldspar 15 5 5 5

Mica 2 1 — —
5 Y 4 / 2 Heavy minerals 2 ( s ) TR TR

Clay 65 65 35 30
Pyrite 4 - 1-2 1-2
Carbonate unspec. 10 7 3 2 - 3
Formainifers TR
Calc. nannofossils TR 5 10 8
Diatoms TR 15 40 50
Radiolarians - - TR TR
Sponge spicules - - TR -
Silicoflagellates - 1 - -
Plant debris - - TR TR
Opaques 10

<") Apatite

CARBONATE BOMB: 1-44-4%

2-28 = 7%
2-140 = 8%

SITE 478 HOLE CORE 31 CORED INTERVAL 260.0-269.5 m
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269.5-279.0 m

LITHOLOGIC DESCRIPTION

Intensely disturbed grayish-green (10GY 5/2) DIATOMACEOUS
MUD AND MUDSTONE grading to light gray (N6) SILTY SAND

Diatomaceous- at the base of TURBIDITE BEDS.
bearing sandstone-

lOGY^ CaCO3 increases in the tops of turbidites. No bioturbation or
HjS. Sands feldspathic, with mostly plagioclase; subangular to

N6 rounded. Many altered opaques are mainly irregular land-derived
ed. Many altered opaques are mainly irregular land-derived
organics or ferruginous. Rare hornblende and pyroxenes.

SMEAR SLIDE SUMMARY
1-67 3-64 3-144
(M) (D) (D)

TEXTURE:
- N 4 Sand 20 3 3

Silt 35 25 40
Clay 45 72 57
COMPOSITION:
Quartz 3 5 5
Feldspar 15 5 5

Heavy minerals 3 — —
Clay 45 40 30
Volcanic glass 1
Pyrite 3 4 3
Opaques 2 1
Carbonate unspec. 6 8 12
Calc. nannofossils 4 10 8
Diatoms 10 25 30
Radiolarians TR - -

Silicoflagellates 2
5Y3/2 Plant debris 2 1

Dolomite - - 3

CARBONATE BOMB: 2-124 = 7%
N4
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279.0-288.5 m

LITHOLOGIC DESCRIPTION

Drill shattered indurated mudstone or lumps. Grayish-olive

(10Y 4/2) SILTY CLAYSTONE. Diatoms and nannofossils

are rare with poor preservation. Very uniform in texture and

color down to Section 5 where grades to moderate olive brown

(5Y 4/4) then medium gray (N5). Large turbidite occurs with
50 plus cm medium gray (N5) SAND layer at base. Much of

10Y4/2 the core may be part of this turbidite. Sands are mostly feld-
spars altered or subangular with some quartz, planktonic and

benthic foraminifers and epidote and hornblende.

SMEAR SLIDE SUMMARY
2-70 5-80

(D) IM)

TEXTURE:

Sand - 20

Silt 30 30

Clay 70 50

COMPOSITION:

Quartz 2 5

Mica 1 2
Heavy minerals 3 ( a l 4

Clay 60 30

Pyrite 4 3

Carbonate unspec. 6 8
Foraminifers 2 3

Calc nannofossils 8 4

Diatoms 6 ' b ) 4
Radiolarians - 2

Plant debris 2 3
Dolomite 1

Chert fragments — 2

<a> A P

(b) F p

CARBONATE BOMB: 2 55 = 4%

5Y4/4

Sand silt•clay

N5

5Y4/4

N5

on
00
>
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S
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S I T E 4 7 8 HOLE CORED INTERVAL 288.5-298.0 r SITE 478 HOLE CORE 35 CORED INTERVAL 298.0-307.5 r

Ms?
LITHOLOGIC DESCRIPTION

Intensely disturbed light olive grav (5Y 4/2) DIATOMACEOUS
MUD with medium dark gray (N4) sand layers. Primary structures
disturbed but sands are graded and massive. Turbidites at the top
of the core and one large turbidite at the base of the core. Uni-
form color and texture in sediment between turbidites. No evi-
dence of bioturbation. Light olive gray layers are more calcar-

SMEAR SLIDE SUMMARY

COMPOSITION:

Quartz

Feldspar

Mica

Pyrit

8Carbonate un

Calc. nannofossils 5

Diatoms 25
Sponge spicules 2

Plant debris 2

Dolomite 1

CARBONATE BOMB: 3-50 = 11%
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LITHOLOGIC DESCRIPTION

Drill brecciated to intensely disturbed.

5Y4/4
Muddy diatoma• Section 1, 0 to 63 cm: well preserved lithified fragments slightly

ceous ooze calcareous include: (1) parallel laminated diatomaceous fine-
V a r v e s sandstone with shale; (2) moderate borwn (5Y 4/4) homogeneous

and micro- and macro-burrowed diatomaceous MUDSTONE,
large burrows in coarse silty portion; and (3) one piece contains a

titled clast of friable, varve•like (10) couplets of light and dark.

mm-scale diatom ooze. Section shows small graded beds with

sharp contacts.

Below Section 1,63 cm: moderate olive brown (5Y 4/4) MUDDY

DIATOMITE, soft friable with minor gray (N4) SAND. At Sec-

tion 4, 90 cm: a yellowish gray calcareous nodule (5 cm), mas-
sive, diatom-rich thought to be DOLOMITIC. Below Section 4

color grades to light olive gray (5Y 4/2).

SMEAR SLIDE SUMMARY
1-2 1-62 1-62 4-86

(M) ID) (M) (M)
(dark) (light)

TEXTURE:
Sand 3 - - -
Silt 37 30 - 50
Clay 60 70 - -

COMPOSITION:

Quartz 1 5 2 -

Feldspar 5 5 2 2

Heavy minerals 3 - - -
Clay 35 20 20 15

Pyrite 3 2 2 2

Carbonate unspec. 8 5 3 65 l a l

Foraminifers 2 1 - -

Calc. naππofossils 4 1 - -
Diatoms 40 60 70 15

Silicoflagellates - - 2 -

Plant debris 3 - - -

Dolomitic
siltstone ( a ) d o | o m j t e

CARBONATE BOMB: 2 77 = 13%
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307.5-317.0 m

LITHOLOGIC DESCRIPTION

5 Y _ . . Broken, slightly displaced, moderate olive brown (5Y 4/4) to

olive gray (5Y 3/2) DIATOMITE MUDSTONE containing varying

amounts of nannofossiis and foraminifers. Some thin pale olive

(10Y 6/2) diatom-rich zones, exhibit laminations. Microstructure

5G 6/1 of parallel varve-like laminations on several pieces. Sub-millimeter

laminations lined with white specks of benthic foraminifers

N5 common. Strong reaction to HCI. Preservation of diatoms, nanno-

fossils relatively good. Mudstoπe fragments part along laminated
Feldspath.c•pyrite

_ Sand bedding.

Section 1, 108 to 137 cm: GRADED SAND, color changes up-

ward from gray, sand base (N5) to greenish gray (5G 6/1) sand-

silt-clay. Feldspar-rich, subangu ar grains, many weathered.

Abundant pyrite. Basal sand without carbonate. Other sand

patches scattered in core, some (e.g. Section 3, 120 cm) have thin

- turbidite (5 cm) with pale green CLAY top.

SMEAR SLIDE SUMMARY
1-133 2-10 2-100
(M) ID) (D)

TEXTURE:
Sand 85 - 5

Silt 15 40 45
Clay - 60 50

COMPOSITION:

Quartz 20 2- 3 8

Feldspar 40 2 - 3 12

Mica 2 - -
Heavy minerals 10 TR TR

Clay - 30 35

Pyrite 10 1 2

Opaques 5 - -

Carbonate unspec. 5 — 5
Foraminifers 3 2 2

Calc. nannofossils - 10 10

Diatoms 1 40 15

Radiolarians - TR TR
Sponge psicuies - TR -

Silicoflagellates TR

Plant debris 4 TR TR

CARBONATE BOMB: 2-61 = 10%

Sits 478, Core 37, 317.0-322.5 m: NO RECOVERY.

SITE 478 HOLE CORE 38 CORED INTERVAL 322.5-326.51
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3 D

N
_i

mudstone

LITHOLOGIC DESCRIPTION

Five lithified pieces
moderate olive bro
bioturbation and rr

Piece No. 1: lamina

of homogeneous light olive gray (5Y 5/2) to
wn (5Y 4/4) DOLOMITIC•SILTSTONE with

icro-laminae.

tions preserved. Pieces No. 2 and 3: preserve

micro-laminations and various fairly large burrows. Some current

winnowing. Lamina
homogeneous light

In Smear slides mo

tions deformed by burrows. Pieces 4 and 5:

Jlive gray (5Y 4/4).

t rinlnmitp cr\/«tak arp üuhhedral to anhedral

silt-size.

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION:
Clay
Pyrite
Carbonate unspec.
Calc. nannofossils
Diatoms

CC
(D)
(Piece 2)

-

60
40

40
1- 2

50 (dolomite)
TR

3- 5



U J SITE 478 HOLE CORE 39 CORED INTERVAL 326.5-336.0 m SITE 478 HOLE CORE 40 CORED INTERVAL 336.0-345.5 m Q

JfJ T5 I FOSSIL I f [ü T FOSSIL C
1 ^ £ CHARACTER J CHARACTER J>

Λ DC <Λ W *β ~~\ co . « cc <" « <Λ 2 <Λ _̂ ^ ^
^ - i _ t 5 U J I E - - O K r H A D U l r • " ; „ i= U ^ <T - 1 Z O C C r π A D U i r ""£<.« * ^

l | H o It § E H H LITHOLOGY „ | ? S LITHOLOGIC DESCRIPTION | 5 I-o S § S P . S LITHOLOGY a < * £ LITHOLOGIC DESCRIPTION 2 ^

i I l l s siüls I i 2 I I I i i l i l CO
- . _ Rp•-p - j__ _ _ j s ^ r 7 g ~ ; 5Y4/4 ! >
" B - fa--•^-^^•=/Jll 5 Y R 2 / 1 CONTACT ZONE: Several lithologies affected by the presence £2

VOID Section 1, 60 to 65 cm: DOLOMITIC SILTSTONE: Basal tur- _ Hr^-_Tir?VrIg I of basalt (dolerite) contact. 2
OS— t b i d i t s laver and laminated diatom mud cemented by sub- to 05— L-_--~_~ir5p | rrj

~_ / / ×ry. tit ' N5 anhedral, silt-sized dolomite. Piece shows scour and cross-bedding _ r_-_-_r_r-_- - J f e . Section 3, 12cm: progressive color gradation due mainly to alter- ü ,
1 " / / / /AST, — in basal gray sand and several large wood fragments. Fining up- R B P ' - _ " I r _ - _ - _ r 1 | | I s i l tV clay a t ior l o f organic mat te r and 5u|fides. Diatoms rare. Brittle chunks, i - j

- ' - J - —_—_" _ - 5Y6/4 ward to Bouma D, cross-laminations, ripples. Below sand, cement- - Lr-_r_-_r-_-_r-Jr^g | drill disturbed. Some of the surface is ruptured by gas expansion. f f l
_ _!_''—..'—..-7.- ed, light/dark laminae occur played out and slightly diffuse. ' -t*~l ̂ r^I-Tr~-~HH W
_ | _ | . Dusky yellow (5Y 6/4) and light olive gray (5Y 5/2) thicker - - , 3ßë ' ~T Section 1,0 to 6 cm: moderate olive brown (6Y 4/4) nannofossil-
_ L- — yellow gray laminae about 1.2 cm apart and approximately 12 to ••;.-:'.• .:>..:'.-•.::.::'.•:-•:%*Q I =\ Feldspathic bearing mudstone.

1— 20 couplets per cm. ^ .,.„ •')?:•-• • ^ ^ I JLL s a n d

I [_ , Z I 'jl_~~2'^"JlriEi m Section 1, 6 to 105 cm: brownish-black (5YR 2/1) DOLOMITIC
m - - L - : _ ' . . ' - . . - . . - Below 65 cm: uniform highly to slightly disturbed, hard dark g - ^ -_ -_ -_ - r -_ - -§ I N2 „ . , „ CLAYSTONE. Nannofossils appear recrystallized.
Z - i "/_~~_~~_~._ yellowish-brown (10YR 4/2) slightly calcareous NANNOFOSSIL O - -~-~~P^-rlft I
ö _ •~, • l ~ - ~ - ~ - T CLAYSTONE TO MUDSTONEE, drill shattered, parting along « I b l Z I - I - " ~ β Section 1, 105 cm to Section 2, 8 cm: two layers of graded gray
O 2 ~ — i ~.-7.L~•-" laminations. UJ 2 " I I I l - - P"f|| ' Quartz-feldspathic (N4) SAND with hardened zones exhibiting parallel sandy lamin
» A GM 1 ^ , ;-_-.-_- o- B Z rl-I-I-I-I-I-S I s i l t y d a y =tions.
Uj _ J - 1 - _ At Section 2, 120 to 130 cm several lighter yellowish chips of- UJ TZZZB Section 2: CLAYSTONE and some horizons are very silty. Color
α. ~ _I_K'-1.T'J.~1 ^ DOLOMITIC NANNOFOSSIL MUDSTONE; finely laminated, < - ^ - I - i H r l i r ^ E > N 3 darkens to black (N3| around 120 cm then bleaches to light gray
P - - ' f .' V ' / '. platy. - 1 I r 3 I r 2 ~ ~ ~ ^ B | (N9) at glassy basalt contact. The chill margin of the basalt is
3 ~ LT=•I-'"-..--.- | 5 Y 5 / 2 Possible turbidite sand in Core-Catcher. 1 ?f^^-j| I I ESS pressed. Pyπte common on the surface as grams and as seam

;""-!_ 1 ' SMEAR SLIDE SUMMARY j " ' . ' , ' : ' " ' . ' . Dolomitic clayey silt (N9) B d o w Section 2 60 cm-gray clay silty clay and dolomitic mud-
Z *~ i ••-.•-~-• ' 2-108 2-110 3-108 CC-35 _ > , * , V ," ' ' ' , "u stones occur

- l _ . - - - - - _ - I (D) (M) (D) (D) " V V•'"'»%*••''
3 Il_ . I TEXTURE: 3 I .V* ; £ » •• ,*. At Section 3 10 cm some bits of tan calcareous claystone occur.

- i _ J ~ ^lT^rr'J.TL ' Sand 1- 2 - - 25 - / " " - • Jr" ̂ >• V
- , - L - ; ^ - ^ 2 ' ' * S i l t 3 5 6 6 3 S 3 5 ~ > : " " " " ' . ' : / " Basalt a. 342.5 m.

X I j _ ' ~ - • •-"-" I T Clay 65 35 65 40 I ' ^ *«k * * J . V
~ L " | ' ~ - ~ - ~ l i r I COMPOSITION: 1 l» 7 • •" " i •- 7 » I 1 1 SMEAR SLIDE SUMMARY

L ~ U ~ ^ " ' _ ~ I 5Y •M•> Quartz 4 TR 8 15 1-5 M O 1-70 1-125 2-70 2-135 2-138 2147 3-10

p - , _ - * - '-..'-^tfj, 1 Feldspar 5 TR 12 18 |M) (D) (D) (Ml ID} ID) ID) I D ) (Ml

C/ARP B B C C I t^=fc= r ^ r ^ S i v j : ' Sandy nannofossils M i c a _ _ TR TR TEXTURE

I ~ T ^ T T l•y A f• • . .v a I L•••l » Heavy minerals - TR TR TR Sand _ _ _ 3 0 - -

Clay 60 25 55 35 Silt 30 40 45 60 20 20 60 40 30

Pyrite 1-2 1 2 1-2 Clay 70 60 55 10 80 80 40 60 70

Carbonate unspec.'3 ' 10 45 5 10 COMPOSITION:

Calc. nannofossils 20 30 25 10 Feldspar 5 5 ) 45 7 12 20 22 |

Diatoms 1-2 1 - 2 4 3 - 5 Mica 2

Radiolarians - TR - - Clay 65 55 50 10 70 80 35 65 10

Plant debris TR - TR TR Opaques 5 6 1 2 2 1

Rock fragments TR 2 Pvrite 1 - 2 3 3 2 - 3 TR 1 1 1

CARBONATE BOMB: 3 84 = 4% Radiolarians _ _ _ _ T R -

Oiher _ _ _ _ _ _ _ — -

fa)

CARBONATE BOMB: 2 61 - 0%



64-478-40 Depth: 336.0 to 345.5 m

SECTION 2: DOMINANT LITHOLOGY: BLACK CLAYSTONE or
mudstonβ. Upper SILL CONTACT in lower portion.
Macroscopic Description

§ ,8 Φ J ,8 JJ .8 Piece A (127-137 cm)" medium gray (N6-N9) baked silty mud-
c "^ c " ° c "^ c "^ c "^ c " θ c "^ stone or claystone

| 2 | | S C I S f „ δ 1 S = & S •S c I •S 1 c ^ £ % c & 137-150 cm: fragments of aphyric, aphanitic basalt embedded in

I I s -E § | I s •ε § | f .2 •s § I i .s •ε § | s .2 •s g | s •f l S i I •| 1 § m e d i u m ^ ( N 5-N 6 ) silty ™dstone.
Z • - 9 i S o S Z £ 8 S O ~ z I S • 3 j Z ~ 8 S o S Z I 8 ó ' ^ Z ~ | S o ' i Z j j 8; S o «= Piece B: baked contact (no glass) w i th chilled basalt and baked selvage.

S g• α. .2 B• 2 β 2 §• •§ ~ J I 2 §- •| •- ! § 2 g• I - 1 § 2 β •™ •- ±1 § 5 Φ •" ~ ü 1 I ' & Z 2 * SECTION- 3: DOMINANT LITHOLOGY: APHYRIC COARSE-GRAIN-
c m I 0 1 O á < c T o r r O w < < C á o c ó w < i O I O » < i O l O 8 < ÖL C3 CC O w < £ U C O n < ED BASALT (or dolerite).

0—1 I 1 I—I K ^ ^ r—* i. | i r—j j 1 I—1 r 1 |—I I 1 I—I | 1 i—i —I Macroscopic Description

^ ^ ^ > o ' aphanitic basalt; and lithified silty claystone in a clayey matrix.
§H§S, ' o k ' Pieces 1—3: coarse-grained (generally < 1 mm) aphryic basalt. Sparsely

— *S§ĉ 3 / 1 "~ vesicular, the vesicles filled with green clay. No strong reaction with
^ ^ ' . HCI on vesicle or vein filling so very little if any clacite. Constituent
r^ö~~] ' ' pyroxenes and olivines appear fresh but the feldspars show some

Λ / j—_j^- green staining. The whole rock is medium-gray in color when dry

• i π á / ~ (N5|•
• /> 2 I T • T n e r e is 3 distinct mottled appearance to the basalt in the lower part

V ^ r contain plagioclase crystals — poikilitic texture.

• ' ' f~^ , y TS 50 cm, Piece 1B: subophitic to intergranular dolerite. Phenocrysts:
ajĵ  3 I T " plagioclase 1-2%, 2 mm size, equant to tabulate, resorbed, zoned,
j | y \ / However, large clinopyroxene•plagioclase intergrowth may be con-

* 1 sidered phenocrysts or glomerocrysts. They are surrounded by smaller
_ _ clinopyroxene and plagioclase and altered mesostasis. Groundmass:

N
T / plagioclase 40%, 0.5-1.5 mm. Lath-shaped, occurring as ophitic in-

elusions in clinopyroxene and inbetween largeclinopyroxene crystals.
L Pyroxene: 35%, up to 4 mm, large irregular crystals enclosing.plagio-

^r \/nirl " clasθ, and smaller iπtβrgrsnular crystals, 5% opaques, 15% clays and
zeolites, 3% vesicles.

/ ~ SECTION 4: DOMINANT LITHOLOGY: aphyric coarse basalt

Macroscopic Description
j Medium gray (N5| coarse-grained aphyric basalt (or dolerite). Sparsely

— _ L = ^ ' — vesicular, vesicles now filled with white clay minerals. Constituent
1 minerals (pyroxene, olivine) fairly fresh but feldspar shows greenish

£ 2 I J T / " tint, and there are green clay minerals in the interstices.
^ i /r> The mottling effect seen in Section 3 continues into the top 10 cm of

— SS \~m / , ~ this section.
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64-478-41 Depth: 345:5 to 355.0 m

SECTION 1: DOMINANT LITHOLOGY: COARSE BASALT OR DOL•
ERITE.

Macroscopic Description
0-78 cm: medium dark gray (N4-N5), coarse-grained, APHYRIC

BASALT. Contains olivine, clinopyroxene and green-tinted feldspar.
Alteration is intense in the vicinity of clay- and zeolite-filled veins
(25-35 cm; 62-64 cm). Calcite appears to be absent. Grain size
(< 0.5 mm).

80-150 cm: medium dark gray (N4-N5), medium-grained DOL-
ERITE. Aphyric. Consists of pyroxene, plagioclase and 'Olivine
(grain size -0.5-1.0 mm). At the top of Piece 3 (80-84 cm) there
is a concentration of felsicminerals whicrrmay be due to plagioclase

ered. The rock has a patchy appearance because of alteration.
TS 82 cm. Piece 3: DOLERITE, sampled in area of apparent alteration
and feldspar accumulation.. Olivine: -5%, 0.3-0.8 mm, anhedral
crystals. Plagioclase: 30%, plagioclase up to,2 mm elongate, lath-shaped.
About 1/4 are enclosed in clinopyroxene crystals. Strongly zoned.
Clinopyroxene: 25%, up to 3 mm augite. Ophitically encloses plagio-
clase and occurs at intergranular crystals. Larger crystals are merely •
optically continuous aggregates. Opaques: 3%, plus 2% aggregates in
vein which may be pyrite. Alteration: 35%, fibrous clay minerals

and possibly some plagioclase.

SECTION 2: DOMINANT LITHOLOGY: aphyric dolerite.

Macroscopic Description
Medium-grained,, aphyric, medium gray (N5, dry) dolerite, consist-

ing of clinopyroxene, plagioclase, and olivine. Considerable alter-
ation, especially in vicinity of 1-2 mm-wide veins of ?zeolite, clay,
and quartz. Severe alteration in the 60-110 cm interval, with,
patches of quartz(?|. At 103 cm, a 1 cm cavity lined with drusy,
white crystals, possibly quartz.

SECTION 3: DOMINANT LITHOLOGY: aphyric dolerite.

Macroscopic Description
Medium-grained (1-1.5 mm), aphyrie, medium gray (N4-N5) dolerite.

Narrow 1-2 mm veins of white zeolite and silica; with reaction
aureoles. Occasional blebs of white (?)silica or zeolite. No.calcite
detected.

102-108 cm: development of elongate (up to 1 cm) pyroxene crystals
in a felsic groundmass. Probably an alteration area, but appears peg-
matitic.

SECTION 4: DOMINANT LITHOLOGM: altered COARSE GRAINED

BASALT OR DOLERITE.

Macroscopic Description
Medium gray (N5I aphyric, medium-grained basalt/dolerite with clino-

pyroxene, plagiσclase and olivine —appears equigranular-alteration
is moderate in most of section except near zones of calcite and clay
minerals and veins where the alteration is more severe. Veins are up
to 0.5 cm-thick and alteration zones are up to ~ 2 cm wide.

TS 80 cm. Piece ID: DOLERITE. Ophitic texture with altered inter-
granular zones. Olivine: <5%, -0.5 mm, anhedral. Plagioclase: 30%,
0.5-3 mm, A n g 4 (1 determination only), lath-shaped. Ophitically
enclosed by clinopyroxene, and interstitial to chnopyroxeπe. Clino-
pyroxene: 40%", t-4- mm anhedral crystals forming large crystals
and smaller, interstitial grains. Opaques:. 5%. Alteration: clays and
zeolites replacing mesostasis and rimming { ~ 20%) pyroxene and
olivines. Slight alteration of intergranular plagioclase. Texture un-
usual — ophitic pyroxene and plagioclase appear to form what can be
called large glomerocrysts — up to 6 mm across — in a minor, very fine-
grained altered groundmass or mesostasis.

SECTION 5: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description
Medium-grained (1-2 mm), medium gray (N4^N5) aphyric dolerite.

Consists of clinopyroxene, plagioclase, olivine, and is a continu-
ation of Section 4.

Fairly badly altered, with occasional veins of zeolite and ?silica, and
blebs of silica!?).,

SECTION 6: DOMINANT LITHOLOGY: mediurrr-graiπed DOLERITE.

Macroscopic Description
Medium•grained (0.5-1.5 mm grain size) medium gray (N4^N5)

aphyric dolerite. Consists of plagioclase^ pyroxene and olivine, with
apparent segregation of mafics from-felsicsto gi»e a blotchy appear-
ance to the rock.

Veining less than in previous sections, but there is abundant secondary
alteration with development of irregular blebs of zeolites and silica.

TS 60 cm. Piece IE: SUBOPHITIC - GLOMEROCBYSTJC DOL-
ERITE. The textures in this rock - and most of this dolerite unit -
are unusual. The pyroxene and plagioclase crystals are intergrown to
form sub-ophitic masses up to 5 mm across, which.are surrounded by
a fine-grained, altered basaltic matrix. This relationship suggests that
the large cliπopyroxene-plagioclase masses are phenocrysts (or glo-
merocrysts). Olivine: 3%, 0.5-1.0 mm, anhedral crystals, adjacent.to
or enclosed by clinopyroxene. Plagioclase: 20%, up to 3 mm, lath-
shaped, intergrown with clinopyroxene and also intergranular to large
clinopyroxene. Clinopyroxene: 20%, up to 5 mm, anhedral, semi-
continuous augite crystals ophitically enclosing about 1/2 of plagio•
clase. Magnetite: ~3%. Altered mesostasis, now completely replaced by
clay minerals and zeolites -50%.

SECTION 7: DOMINANT LITHOLOGY: aphyric dolerite.

Macroscopic Description
Medium-grained (1-2 mm grain size) medium gray (N4-N5) dolerite.

Aphyric. Comprises clinopyroxene, plagioclase, and olivine. Con-
tinuation of Section 6. Distinct segregation of mineral grains pro-
duces a blotchy appearance.

Blebs of amorphous, white zeolites and silica, especially in Pieces 1 E
and iF (shown in column).

a



U> 64-478-42 Depth 355.0 to 364.5 m Q

g ^ SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE. £

Macroscopic Description j^ j

„ „ „ m „ ou <n Medium gray (N5) medium-grained aphyric dolerite. Moderately 5

: | c H§ = ^ c ^ c ^ c ^ c ^ altered, grain size ~ 0.5-1 mm, cliπopyroxene-plagioclase and opaques ç

S o = feog a ° 3 o = ç ° 3 £ ° 3 a ° 3 a π d olivine grains visible. Alteration is more extensive around several P"

1 1 ] L 1 l l l f i I I § 1 = 1 I I I - 1 I § I g 1 I § " = 1 B .5 I g calcite-zeolite veins. Some veins and vu9S filled with silicate material. g
I •a I i l l 2 j l 1 l•j i | I ' l l l I ̂ i I I f 2 | ! l | { I j | i l l I j t i 1 1.1 Similar in all respectstopreviouscore ,41), »
8 | | | i | 5 | | | | | § f | .1 O. | • 8 f I | I | § | | | i j o f α l S g | | S I I SECTION 2: DOMINANT LITHOLOGY: DOLERITE. jyj
t UK O E < i i O I ,O M < £ (5 IT O t/5 < <C (S IT O w < l O K O w < £ U t t O w < i O I O M < Macroscopic Description 2

Medium gray (N5-N6) aphyric basalt, medium-grained with clino- ^

1A C ^ 5 ^ I 1 ~7 I v ""I 7 /^—1 7 ~ pyroxene-olivine and plagioclase and opaques. Small mineral segrega- *

Ç=Λ V 1A V i y T V / - tions separated by blebs of finer-grained material. Alteration is moder• H

V / • V 1 / N T / * / ate except in zone of vein material, apparently siliceous and zeolitic. $

1 B V V * M / v ^ J / i B ^ 7 * * | " / ~ oTglaTl teshTànd"^"
U I . L=S] i r^v) A / 1 A ^ • y • TS85cm,Piecβ1F:large1-4mmclinopvroxenelaugite|phenocrysts,

V~Tl i 1 B Î V ' 4 1 C ^ > ^ J ' X/ / anhedral to subhedral, fractured, ophitically enclosing small (1 mm)

— 1C l v * L ^ ' ^ S f l « ^ y ~ Plagioclase ( ~An40) laths. Set in matrix of plagioclase (25%) and an-

V ^ X p ^ ! ; • \/ \ V V i M—' nedral clinopyroxene and ~ 10% opaques. Magnetite and ilmenite

f p S : i 1 C v V | i 1D i \ v * r^~— . • -20%. Alteration products mainly clay and zeolites concentrated in

ID [vj ' " I V

V V ! * / (§SJ y B •X* 1 / . aphanitic (possibly quenched) areas.

V - S>ir Vvl r~^ 1 / T S 1 1 6 c m P i e c e 1 G : DOLERITE-GABBRO. Textures, range from

1 E

 v i r^y V I ' i / 1C \ * * T ' " cumulate gabbro to plagioclase-phyric dolerite. The textures in the

(_M/ / V V 1 E V V VV rock resemble those in Core 41, Section 6, 60 cm. However, the inter-

— y~ Ifj i v j / = = • / — stitial mesostasis is better preserved, and several of the xenocrystic

1 F V ) / VV ^ / rZ\ 0® fragments are gabbroic, one fragment (~12 mm long), comprises cumu•

V i \ \ / 2 ® π / ' late plagioclase, while another shows graphic intergrowth of plagioclase

T / V / I^Jj ' in clinopyroxene. Olivine 5%, 0.5-1.0 mm anhedral grains, associated
V

v Sc=i F /y/ i / fWTλ i with clinopyroxene/plagioclase intergrowths. Plagioclase 30%, up to

[_^_J V / / v ! 3 M / 5 m m • A n60-70• Lath-shaped and equant. Clinopyroxene 40%, 1-6 mm

r~—' / V| >V / lU j ' augite. Irregular crystals, both enclosing plagioclase and as intergranular

V y / V _ grains between gabbroic and ophitic fragments. Mesostasis, microlites

V ,/ 1 / v / C\rl\ f e t c., 10%. Clays and zeolites 10-15%. Zeolites apparently replacing

% f 1 1E V U / QJ 7 4 U 0 0 - plagioclase.
— ^ ^ L V / ^T^ / / _ SECTION 3: DOMINANT LITHOLOGY: DOLERITE, grading to

^ 7 7 " V 2 ^ ^ T^T . ' coarse dolerite or GABBRO.

. V / _ _ / 5A I \ \ ^ ' M a c r o s c °P i ( : Description
1 W V f ' V ^ \ \ P i e c e s 1 a n d 2•• d o l e r i t e a s i n Previous sections. Medium-gray (N5),

— V J ^ ^v / TA ^ i ^ ^ ~ medium-grained aphyric, moderately altered and more altered •

V v / L / l J < 5 t 5B f V 1 around veins to mostly quartz and epidote.

t = = 1 V / ^ S / / | " P i e c e s 3 ~ 5 : a r e coarser-grained, approaching gabbroic texture with

V v A 1 p r^Pl / ?~ large clinopyroxene and plagioclase crystals up to 1-3 mm long.
V

V V 1 / 3B A* T T 5 C * - ^ / C o n t a c t i n P i e c e 3 B z o n e o f Plagioclase and clinopyroxene phyric

1J VJ? I k r*^) / C^~ i - basalt-dolerite ends in base of Piece 5B.

U p T ' V V / ^ 5D l * ^ ] / T S 9 3 c m ' P i e c e 3 B : altered dolerite, sampled adjacent to a zeolite

100- L V / v v 4^,® ^ - vein. Sub-ophitic to intergranular texture. No olivine seen. Plagio-

3\ V ' [V~' / • ^ ^ 5E C V y clase 40%, 0.5-2.5 mm, A n 6 0 _ g 5 lath-shaped. Clinopyroxene 20%, up

— n 1 / çjV | - i - to 4 mm, augite, irregular, isolated crystals sub-ophitically enclosing

iv V t × V i plagioclase laths, also intergranular. Magnetite 1%, up to 0.5 mm.

" " 1L bv | J 1 G : .•;:.v T \ M Void ~ Ilmenite 1%, up to 0.5 mm. Clays and zeolites 35%, probably replacing

I V ''^ùj' T *-— ' mesostasis (and possibly olivine?) between large clinopyroxene and

V**-* j L/_^>• y ] Oc y plagioclase intergrowths.

— v » \V v
 J

 5 B . . * i _ SECTION 4: DOMINANT LITHOLOGY: COARSE DOLERITE OR
1 M V V T / v / U* y GABBRO.

V V \£"V '
Li?=< / 1H / P^S> ' Macroscopic Description •

V v . / v i 5 C N * / ^ / Medium gray (N5) or equigranular coarse dolerite to gabbro, moder-

1 N
 v 4 " . (Jy ' ately weathered. Large, 1-3 mm clinopyroxene and plagioclase pheno-

V/ / V ' f^T~) i / . crysts. Veins are siliceous with little or no calcite.

L̂ = v / 5Dcy ̂
10 ^ T

 v
 RF G>Π i ^

1 5 0 | I Void I r I I void I I I 1 ^ ^ I r I I I I I I I I I I I I I I I LJ _
CORE/SECTION 42/1 42/2 42/3 42/4



64-478-43 Depth 364.5 to 374.0 m

SECTION 1: DOMINANT LITHOLOGY: coarsegrained DOLERITE

OR GABBRO (microgabbro).

„ „ S S S a Macroscopic Description

= | = € c 4) c ^ = " 5 c S c ^ Medium gray (N5) coarse-grained clinopyroxene, plagioclase and olivine-
£ o = ® ° 3 £ . 2 3 α> .2 3 £ . 2 3 £ . 2 3 £ . 2 3 bearing dolerite with moderate alteration. Important to note that dis-

E s i • c c ε i S o T s = ε S o • o = ε I "E g ε f ° " ° S ε 1 ° "2 ë ε I ° "S ε c ap v n c zones occur cm• ~1 1 6 c m•a n d 1 3 8 c m• some•
i o | S g •2 2 jS 1 S j 2 J ( i ] j I .2 1 I £ . H i I f i I ü l 1 f l 1 . 2 S I timeS aSSOCiatód ™ith"e™"9 <sili<*°us> R°<* sh°«s «ery little fractur-

1 t i l l s i f l S t S 1 f & S t S i f δ S l l s | I I I I s I I I I I s f l S t l
0—I I . .1 π i i—.—i r-71 I•/~N. I PTI H~T—I P7I I I I—I I 1 π I 1 I—I —I l a t h s a n d s o m e c|inoPVr°×ene a π d oliviπe with clay-zeolite alteration

\X ' V (v w(j. ' products (10%) in intergranular boundaries and after clinopyroxene.

j ( V v i 1 B / W / Abundant opaques, llmenite has layering of trellis-type magnetite.

\X y / 1A ' / /sV _ SECTION 2: DOMINANT LITHOLOGV: DOLERITE.

tf ^ . V 1 C ^ L / Macroscopic Description
' v / f ^ / 1D < ^ ) ^ • Medium gray (N5) microgabbro-gabbro-containing clinopyroxene and

1A ^ 1 ^ V \ M 1E /~v~) plagioclase and olivine. Zones of aphanitic basalt in the top of Piece 1B
— NX y 1 B V 1 ×-^ / ~ and mostly Piece 1E. The aphanitic 2ones contain small olivinel?) pheno-

J^~lj V / V " ' 1 F f~v~λ . crysts. Rock is continuation of textural gradations (increasing grain

^ J | v

 v > < / size) seen through last few cores.

_ ^ ^ i / / I—~ / CN — TS 70 cm. Piece 1E: subophitic dolerite with 1-3 mm tabulate laths

"3\x v V 2 A IS / o f P 1 ^' 0 0 1 ^. w ' < " s t r a "9 z o n i n 3 • Subophitically including many
f= i , L--J / v / i*C. ' " small (0.5-1 mm) anhedral clinopyroxene (10%) and olivines ( -7%)

1C ( ^ J ^ J | ' fjfTT 1 C •---.: Å (v v I in a matrix of clinopyroxene and olivine microcrysts and small plagio-
— r 1 . . . . . " v " i / clase laths and minor disseminated opaques (3%). Abundant clay and

^ ^ A / v / ' VT zeolite minerals ( -10%), brown to brownish green in color and calcite
1 D ^ ' 1 B V [ yJ V / ' (-5%) filling small veinlets.

50 V_J . J r~^j / Y J — SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

'E® ! 7 * \ \ ' V V A /^] j / Macroscopic Description
r " } / V / 1 D V V ^ 2 C l " Medium gray (N5) clinopyroxeπe-plagioclase and olivine grains, 1-2

« c f̂ A ic^^x r~^v / — m r T 1 ' n s'ze• Two zones of aphanitic basalt in Piece 1C which continue
1

 v V " V J ( J v / ^ N ' through 1Fand 1G. These zones are also present in sections above this
* \j J s v r » π w . . i• • ,«i-,v i K• • u

vt S * A •tLJ N. - and they are iqht qray (N7) in co or Massive texture with on y rare
I J / V V v i D • S V / ( t , I, ,h t fP• 11

p-—•™~'i w T \ i -r r tracturβs, one small vein runs across tne top OT rtece 11.

— 5ßT~ / "'~" _ / 1 E
v

V ^ V v * ~ SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

Lf"J V f T l / /] • Macroscopic Description
* / V i ^ > S a m e aS S e c t i o n 3 o f t h i s c o r e ' × 0 ^ 1 P iece 2 w h i c h is a n aphanitic

_ ^ / V ^V T 2E ( M / ~ BASALT zone with thin CALCITE VEINS ( <1 mm). All other veins
* . 1C v > 1 F v y / \_> in this sill are filled principally by silicate and clay.

1G ^ ' / V T V>< l 2F PO i / ' TS 68 cm. Piece 2D: subophitic with plagioclase phenocrysts (-15%)
/ ' • / * j ' in a matrix of clinopyroxene (30%), plagioclase (25%), olivine (10%),

~ * J ' / '', k lV i and opaques ( ~5%l. Moderate to slightly altered with 10% clays and
^ v 1G/vj^ ' / 2G I J -5% calcite vein fillings. Plagioclase phenocrysts show strong zoning

j / /j / \ΛJ r π / " andsomereversszonin9•

R / i v 7 1hü / 2H vh /
— * * > v / /=5 i V, -

« * v / ^ / 2I v * '

% M/ I v > ^ / U2 /
* / W^ 1J v * C
^ / / V

V / Void "
/ IE / U \£/ - $

uL \ l Void "
i5o—' I ' L-" ' 1 LJ I 1 U I—•-i LJ I 1 LJ I 1 LJ I 1 LJ _l a

CORE/SECTION 43/1 43/2 43/3 43/4 £
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64-478-44 Depth 374.0 to 383.0 m

SECTION 1: DOMINANT LITHOLOGY: MICROGABBRO TO DOL•

ERITEfrom40cm.

Macroscopic Description

Pieces 1A to 1E: similar to base of Core 42, moderately weathered
gabbro with clinopyroxene, olivine, and plagioclase components.

Pieces 1F to base: rock becomes significantly fresher and lighter in
color, light to medium light gray (N6-N7I and finer-grained, hence
to doleritic. Veining rare, calcitic.

A small aphanitic zone occurs ~116 cm.
Piece 1E has large vein on the side filled with coarse pyrite.
TS 25 cm. Piece 1C: coarse DOLERITE to microgabbro with ophitic
texture predominames with large (1-3 mm) fresh clinopyroxene
enclosing (1—4.5 mm) plagioclase laths ( ~ AΠ^Q) in a matrix of coarse-
grained intersertal clinopyroxene and plagioclase ( -15%) with - 5 %
dessimiπated opaques, mostly magnetite. Abundant clay and zeolite
minerals ( -20%) that are dark brownish green and appear in inter-
grain boundaries and replacing large clinopyroxene crystals. No

SECTION 2: DOMINANT LITHOLOGY: DOLERITE.

albite laths ( ~Angg). Occasional subophitic texture. Matrix has small
fragments (anhedral) of clinopyroxene ( -10%) and small plagioclase
laths ( ~ 25%) with disseminated opaques (magnetite and ilmenite)
( -5%) with abundant clay ( -15%) and zeolite (~ 15%) as alteration
products. Plagioclase pheπocrysts are mostly normally zoned. No

Medium light gray (N6), equigranular. Continuation of Section 1

dolerite, fairly fresh without veins or fractures.

SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Same as Section 2.

SECTION 4: DOMINANT LITHOLOGY: coarse APHYRIC DOL-
ERITE.

Macroscopic Description

Medium gray (N5) to light brownish gray (5YR 6/1) aphyric dol
erite, consisting of inequigranular plagioclase laths (up to 2 mm
long) and subordinate pyroxene and olivine. Mafics tend to be

zones, up to 1.5 cm across. This gives a rather polygonal appear-
ance to the cut surfaces (see diagram Core 45, Section 5).

The rocks are altered, with tinted feldspars and occasional blebs of

white silica. Reaction rims around vein probably mafic-free.

SECTION 5: DOMINANT LITHOLOGY: coarse APHYRIC DOL-

ERITE.

Macroscopic Description

Medium gray to light brownish gray (N5-5YR 6/1) aphyric dolerite,
consisting of approximately equigranular plagioclase laths (up to
2 mm long) and subordinate pyroxene and olivine. Mafics tend to
be concentrated in a narrow zone around more felsic areas approxi-
mately 1.5 cm in diameter.

Rock is altered, with altered feldspars and occasional blebs of white

SECTION 6: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description
Medium gray to light brownish gray (N5-5YR 6/1) aphyric dolerite,

consisting of approximately equigranular plagioclase laths (up to
2 mm) and subordinate pyroxene and olivine{?). Mafics concen-
trated in narrow zones around more felsic areas approximately
1.5 cm in diameter.

Rock is altered, with altered feldspars and occasional blebs of white

TS 58 cm. Piece IB: ophitic to subophitic ALTERED DOLERITE,
with large ( -1—4 mm) clinopyroxene subhedral to anhedral pheno-
crysts, ophitically enclosing 0.5—1.5 mm tabulate plagioclase and
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64-478-45 Depth: 383.0 to 392.0 m

SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description
This section forms part of a 186.5 cm length of dolerite, returned to

Scripps unbroken. The section was not sliced. The drilled surfaces
shows identical characteristics to the preceding core, and to the
following section.

SECTION 2: DOMINANT LITHOLOGY: APHYRIC DOLERITE.
Macroscopic Description
Medium gray (N5) to light brownish gray (5YR 6/1) medium grained

aphyric dolerite. Contains clinopyroxene {~ 15%) which is altered
in part to a green color; plagioclase ( ~ 70%) and olivine ( -5%).
The rock has a mottled or blotchy appearance, similar to previous
cores of this hole, due to segregation of mafics from fine-grained
felsic patches.

Alteration in Pieces 2A and 2D-2E severe, resulting tn considerable
replacement of minerals (zeolitization and silicification).

Piece 1 is part of a 186.5 cm length of core sent uncut to Scripps.
SECTION 3: DOMINANT LITHOLOGY: APHYRIC DOLERITE.
Macroscopic Description
Medium gray (N5) to light brownish gray (5YR 6/1) medium grained

aphyric dolerite. Clinopyroxene ~ 15%, up to 2 mm; plagioclase
~ 70%, up to 2 mm; and olivine ™*5%, <1 mm.

The rock has a mottled or blotchy appearance, similar to Sections
1 and 2, due to segregation of mafics from finer-grained felsic
patches.

The feldspars in the lower part of the section are amorphous white
rather than translucent, and probably quite altered, and the clino-
pyroxene appears to be altered.

SECTION 4: DOMINANT LITHOLOGY: APHYRIC DOLERITE.
Macroscopic Description
Medium gray (N5) to light brownish gray (5YR 6/1) medium grained

aphyric dolerite. Clinopyroxene ~ 15%, up to 2 mm; plagioclase
"" 70%, up to 2 mm; and olivine ~ 5%, < 1 mm.

The rock has a mottled or blotchy appearance similar to Sections 1
and 2, due to segregation of mafics from finer-grained felsic patches.

Severe zeolitization around vein in Pieces 1Aand IB.
SECTION 5: DOMINANT LITHOLOGY: APHYRIC DOLERITE.
Macroscopic Description
Medium gray (N5) to light brownish gray (5YR 6/1) medium grained

aphyric dolerite.
Blotchy appearance due to segregation and irregular distribution of

mafic and felsic components:

poikilitic texture

pinkish gray aggregations of

clinopyroxene and feldspar

dark green clays, and olivine, and green-tinted feldspars in interstic

This pattern has been observed throughout most of previous cores in
dolerite.

TS 6 cm. Piece 1A: poikilitic texture to subophitic. Areas of layer
( ~ 0.5-5 mm) clinopyroxene, anhedral to coarsely subhedral, en-
closing 0.5-1.5 mm plagioclase laths (~ An50}. Areas of poikilitic
clinopyroxene separated by weathered areas filled with clay and zeolite
minerals, part of which result from the breakdown of clinopyroxene.
Small opaques are disseminated throughout { ~ 5%). Approximately
40% of plagioclase, 15% clinopyroxene crystals; 25% clays; and
15% zeolites. At the edge of some poikilitic clinopyroxene crystals
the texture becomes ophitic and is thought to result from weathering
and breakdown of the clinopyroxene grain periphery.

SECTION 6: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description
Medium gray (N5) is light brownish gray {5YR 6/1) medium grained

aphyric dolerite.
Poikilitic or blotchy appearance as in Section 5. Same textures and

minerals. Very slight alteration.

TS 108 cm. Piece IF: ophitic to some .poikilitic texture ~15%clino•
pyroxene phenocrysts, ophitically to poikilitically enclosing plagio-
clase ( ~ 20%) laths ( ~ An45) in a matrix of anhedral clinopyroxene
( ~ 10%). Small plagioclase ( ~ 30%) with minor opaques ( ~ 15%) and
clay and zeolites in intergranular boundaries and after clinopyroxene.
Eight percent olivine occurs interstitial to clinopyroxene, anhedral
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64-478-46 Depth: 392.0 to 401.0 m

SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

Pieces 1A-1D: coarse-grained dark brownish gray (5YR 6/1) (aphyric)

gabbro. Consists of plagioclase, clinopyroxene, olivine and zeolites.

Badly altered. Large (5—10 mm) pinkish aggregates may be py-

roxene-feldspar intergrowths as they appear to have a crystalline

structure, unlike the felsic patches noted in the core above and

5 belo

ed dark br ish gray (N5 to 5YR 6/1)

(45 and lower). Poikilitic

rock a patchy appearance.

Pieces 11—1 H: medi

aphyric dolerite. Identical to

segregation of mafics from fe

Zeolites and amorphous (?)sitica present.

TS 18 cm. Piece 1D: ophitic coarse dolerite to microgabbro with large

(2—5 mm} clinopyroxene crystals ophitically or poikilitically enclosing

smaller ( ~ 1-2 mm) plagioclase ( ~ An 4 4 ) surrounded by smaller

plagioclase laths and minor but large 0.25—0.75 mm opaques and

aphedral clinopyroxene, probably fragments of larger, now altered

phenocrysts. Areas of ophitic texture in some instances very well

preserved with little alteration, however slide shows -10% clays

(brown to greenish brown) and ~ 5% zeolite minerals in iπtergranular

boundaries and in some cases after clinopyroxene. Very minor olivine

< 1%, 0.5 mm rounded grains.

SECTION 2: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

Continuation of previous section, medium-grained, aphyric, medium

gray to medium brownish gray (5YR 6/1) dolerite, plagioclase, py-

roxene, and olivine. Segregation of mafics has caused blotchy appear-

ance to the rock (poikilitic texture). Zeolite filled cavities in Piece 1B.

SECTION 3: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

Medium-grained, medium gray (N5) to medium light brownish gray

(5YR 6/1) aphyric tlolerite. More coarse-grained, almost gabbroic

interval at 93-101 cm.

Dominant minerals are pyroxene, plagioclase, and olivine. Blotchy

appearance recorded in previous sections still present (poikilitic

texture). May be due to growth of 1-1.5 cm intergranular crystals

of feldspar in pyroxene. Alteration moderate but appears to be de-

creasing. Veining noticeably less in the core than in previous

pyroxene and olivine. Occasional small amorphous white blebs of

silica or zeolite, and fine, white veins of silica or zeolites. Larger

poikiloblastic pyroxene enclosing feldspar produce blotchy appear-

ance.

64-478-48 Depth 410.0 to 412.0 m

SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

Medium-grained, medium gray (N5) aphyric dolerite. Grain size 1 -

1.5 mm, comprising slightly altered feldspar, and fresher cliπo-

pyroxene and olivine. Similar to Core 46.

Zeolites- or silica-filled cavities in Pieces 1A and 1D/1E. Gabbroic

section has numerous empty cavities, perhaps due to hydrothermal

SECTION 4: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

.Macroscopic Description

Medium-grained, medium gray (N5) aphyric dolerite. Grain size ~ I—

1.5 mm. Comprises slightly altered feldspar, and fresher clino-

pyroxene and olivine. Occasional small ( —1 mm) amorphous white

blebs of silica and zeolite.

TS 75 cm. Piece 1C: Large clinopyroxene ( 20%) (0.5-4 mm) mostly

broken, anhedral to subhedral fragments, ophitic; containing plagio-

clase laths (0.5-1.5 mm) ( ~ A n 5 0 ) (30%). In places the texture

more intergranular with the small plagioclase laths ( ~35%) predomin-

antly with scattered fragment (anhedral) of clinopyroxene and small

olivines, anhedral (~ 5%) in the matrix. Most clinopyroxene and plagio-

clase is fresh; some ( -18%) alteration present in clay and zeolites that

occur along grain boundaries. Small opaques (< 5%) minor and appear

to be associated with altered clinopyroxene.

SECTION 5: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

Medium-grained, medium gray (N5) aphyric dolerite, grain size 1 -

1.5 mm, comprising slightly altered feldspar, and fresher clino-



.Ci. 64-478-49 Depth 412.0 to 419.0 m Q

" ^ SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE. G

Macroscopic Description J_̂ -

Medium-grained, aphyric, medium gray (N4/N5) dolerite. Blotchy 3

a) α> αj β) 03 <u <D appearance (notθd on an earlier core) ssβms to be due to ophitic JT̂

,_ = 1 ,_ § ^ ç t § ^ o ^ > - o ^ • - o ^ textures, the pale felsic portions being 1-1.5 cm wide pale green j j j

Jj •P _ ui n r• tn ü ' δ _ ü 3 Λ ' 5 = W £ '£; _ 03 & '% e & •S ÷j <- 0> pyroxene crystals ophitically enclosing small plagioclase laths

| I I S i I I I 1 g I I -I -E g I i l l S I 1 I 1 § 1 1 1 1 § I 1 | I § <P°ikilitic ^ " e > • T h- '•^• -regular pyroxene crystals are
Z .0 8 S S £ Z J j δ S o ~ Z | 8 <S § ~ Z j j §j S 8 1 ε | S • § j Z j j fj JS o £ Z j j 8 ™ o ~ surrounded by dark green pyroxene, plagioclase and ore. ‰

8 | | Φ α J 8 £ α . | £. § 8 g• S. .5 H g " g • α . i i S S j j £ Q. .2 !§- $ 8 & Q. .S S » 8 g o. .2 i l• Ji Alteration appears to be less than in previous cores, although there are |-J

o T f j i r ò w < £ (5 K O <Λ < iü 5 IT ò CΛ < £ (5 IT ò « < l ( 3 1 O » < i O t t O « < I O E O » < still some minor, amorphous blebs of silica or zeolite. A vein separat-

ing Pieces 1D and 1E has caused considerable recrystallization of tß

I ^ If II [ 7 ] | r^ | i \/ ~~| these pieces for a distance of 2 cm eitner side of tne vein•
V V i 1A L « J . SECTION 2: DOMINANT LITHOLOGY: APHYRIC DOLERITE. W

/ 1 A ' / / Macroscopic Description

— V i ^ T ~ Continuation of, and identical to, previous section. Altered, with

1A T . l β = = i y y development of silica zeolites, at base of section. Veins in Pieces

V I D V ! V ' 1E-1F and 1H, contain silica and/or zeolites. No calcite.

_ V — SECTION 3: DOMINANT LITHOLOGY: APHYRIC DOLERITE

' * = η ' V T ' Macroscopic Description

) v 1 " Continuation of, and identical to, dolerite in Sections 1 and 2, perhaps

V / 1C f / v y rather more fresh.

| J " Veins in Pieces 1C and 1F consists of zeolite and/or silica - no carbon-

I I . _ ate detected.

V f ' V / TS 10 cm. Piece 1B: subophitic to ophitic intergranular texture. Large

v / 1 D V / , (0.4-1.5 mm). Commonly texture is subophitic with clinopyroxene
V .. " fragments surrounded by plagioclase. Minor olivine ~5%, aπhedral,

~~J J :'?£' subrounded by clay minerals. Clinopyro×ene phenocrysts are optically

f \ ' " V / continuous aggregates although some grouπdmass cl inopyroxene is

y k present in anhedral t o subhedra! intergranular crystals in a plagioclase

A / '‰y / i s ' m a t r i × • M i π o r opaques (-2-3%) up to 1 mm in size which is frag-

_ 1 C T 3 ^ V f ' _ mented and some skeletal (ilmenite). Rock is fresh with only - 5 %

I V Y^^ interstitial clay minerals. Plagioclase and clinopyroxene equals -45%.
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64-478-50 Depth 419.0 to 428.0 m

SECTION 1: DOMINANT LITHOLOGY: APHYRIC DOLERITE.

Macroscopic Description

^ Medium gray (N5) to medium dark gray (N4) medium-grained aphyric

o .2 .2 .2 .1 .2 .2 dolerite. Inequigranular, with 1-1.5 cm diameter pinkish gray,

c • - o > - o - o J fe o 3 >- o 2 £ o 3 rounded, anhedral, diffuse crystals of pyroxene (subophitically

3 •p _ M ü « c M JS ~ c (/> Λ ^ C < Λ | V C C Λ -° £ C W •o 1 C OT enclosing plagioclase-poikilitic texture) in a matrix of feldspar,

I 1 I f S I I | 1| I A I 1.8 I A I 1 . 1 | β I I I I I - I 1 1 1 | o f I 1 | dark pyroxene, ore, and olivine. Fresher than in previous cores.
Z H 8 I 8 ~ Z S S § • S Z | | S 8 ft Z I S S S " Z | S ? 8 " Z i S ? S ! Z I I 1 j? * b l J t extensive veining in Piece 1A with silica and/or zeolite, no

δ U I f 1 I l | .1 fS 1 f | 1 I 1 | f | | | I g || | | | I f | | | | δ • *| I | I donate.
c m E á l E O M < 1 CJOC O » < E O K . ' O • S < E CS CC O W < E U CC O W < E O CC O (fl < Q - O C C O W < SECTION 2: DOMINANT L ITHOLOGY: DOLERITE.
0 —I I Jù I—I i I 1—I I. ,1 i—i I ,. -.1 r^l || -jI I—I 11 - \ | I I I I I Macroscopic Description

/ ' V IΛ v I y . . ' V V Essentially identical to Core 50, Section 1. Very diffuse white vein

/A \ 1A[ ly| t 1A * V | v - i n P i e c e l B a t 5 8 _ 6 3 c m .

_ /y.T v V X — ' 1A ' 1 A ‰ T _ SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

.7; V i / l ^ V ^ Macroscopic Description

s //y i | V r ^ * ^ " lπecluigranular dolerite, aphyric, medium gray to medium dark gray

W 1A V A 1 B V 1 B V V (N5-N4), comprising large brown gray irregular pyroxene with

— 1 A '';): y V \v \ / v i i plagioclase, dark green pyroxene, ?oliuine and opaques. Essentially

fv V M ..y 1 B v .0 T . identical to previous 2 sections. Fresh appearance, with a good

%^j V y . ' / 1H i V 'ring' indicative of freshness. Minor veining in Pieces 1B and 1F-G

_ v v ππ / ^ -π L J - I**-"**
v i V A / V V I SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

V I V 1 T ^ « i I " Macroscopic Description

^ ^ I _ J V i 1 C / / ^ 1 - S a m e TOCk t y p e a S p r e u i o u s ctioπ. However, there are two veins

— | v > ..ç V V }/ ' running almost the length of this section. Width ranges from about

V V V ^ ' ß _ 3-5 mm, and contains aphanitic, pale gray minerals (not calcite).

y k '/ V Reaction between vein and country rock is considerable, with

v v
 1 D V V / < """° l ~ — accentuation of dark minerals causing a speckled appearance ad-

I B y j V ^ jacent to the vein. This is very similar to what was seen in some

IB v v Y \ U = J / v
 T

 m v " earliercores

• i V. |V / I 1D 1 D SECTION 5: DOMINANT LITHOLOGY: DOLERITE.

y V ] V / V i D , S V i ~ Macroscopic Description

^ f 1E v \ W V v - Essentially identical to Section 3, Two minor veins in Pieces 1 Band 1G

V V V 1 C M / V V (not calcite-probably silica and/or zeolites).

— I V i TS 55 cm. Piece 1D: ophitic & intergranular texture with large (up to

p =i V T v V 5 mm) clinopyroxene phenocrysts with some poikilitically embayed
V I v I ' • ^ * * 0*™* plagioclase (~Aπ5 5_6 Q) and rare olivine crystals. Approximately 50%

[ / |V y V y _ plagioclase 0.3-2 mm in size, 80% clinopyroxene in large pheno•

\ w -c I V i 1 / crysts and smaller intergranular crystals. Minor -5% olivine in matrix

I V ! I T | 1 E V ~ and sometimes as inclusions in clinopyro×ene phenocrysts. Minor

>^=J V L L J y V i 1E opaques<~1%. Rock is fresh with only ~5% interstitial clay minerals

_ V V ] IS.,* M M y " - partially replacing olivines.

^ \ \\ / V 1 SECTION 6: DOMINANT LITHOLOGY: DOLERITE

1 C V V [ ^ 1D / J V
 v V T " Macroscopic Description

,V h ic v j / M / π v ~ E^""^^^minpiec^A'Band G

v L 1β v I I / IF v h J
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lined, poikiiitic dolerite. Simila

64-478-51 Depth 418.0 to 437.0 m

SECTION 1: DOMINANT LITHOLOGY: DOLERITE

Macroscopic Description
Medium gray {N5), aphyric, medium-grained but strongly iπequi-

granular dolerite.
Poikiiitic texture, with 1-1.5 cm diameter crystals of gray brown

colored pyroxene ophitically enclosing plagioclase. The large py-
roxenes are rounded in shape, aπhedral, and separated by dark green

Weathering very slight alteration.
Pieces 1A, B, and C: pebbles of pyroxene gabbro. Crystals of dark

pyroxene up to 1 cm ophitically enclose plagioclase laths (1—4 mm
long), gabbro occurs in top of Piece 2A, 130-140 cm. Similar gab-
broic inclusions found inside dolerite. There they are dominantly
felsic (80% plagioclase, <20% clinopyroxene).

SECTION 2: DOMINANT LITHOLOGY: POIKILITIC DOLERITE
with GABBRO ×ENOLITHS.

Macroscopic Description
Medium gray (N5), aphyric mt

to that in Section 1.
However, the dolerite contains abundant xenoliths, of plagioclase-

clinopyroxene gabbro, up to 10 cm across.

SECTION 3: DOMINANT LITHOLOGY: POIKILITIC DOLERITE
with GABBRO ×ENOLITHS .

Macroscopic Description
• Poikiiitic dolerite similar to that in Section 1, about 20% of the rock,

however, comprise coarse-grained xenoliths of pyroxene-feldspar
gabbro. Cavities in the xenoliths contain acicular zeolites in addition
to cryptocrystalline silica. In general both rock types are quite fresh.

TS 48 cm. Piece 1D: gabbro xenolith in dolerite sill, ophitic texture
in mesostasis (10%). Xenolith comprises ~ 55%, 1—10 mm, clinopy-
roxene phenocrysts ophitically enclosing plagioclase laths 30%, ( -0.5-
3 mm) with 10% clay and zeolite minerals as a mesostasis. Distinct

mm clinopyroxene ophitically enclosing 0.5—1.5 mm laths of plagio-
clase and olivine microphenocrysts (0.5-1 mm). Approximately
10% olivine to 50% plagioclase, ~ 30% clinopyro×ene and ~5% opaques.
Magnetite (Ti-rich) with -5% clay minerals in intersticies and possibly
after olivine. Dolerite host is somewhat fresher than xenoliths.
SECTION 4: DOMINANT LITHOLOGY: POIKILITIC DOLERITE
with GABBRO XENOLITHS.
Macroscopic Description
Medium-grained, inequigranular, aphyric, medium gray (N4/N5) to

poikiiitic dolerite. Similar to that in Section 1.
Contains approximately 5% 5-10 cm wide xenoliths of pyroxene-

feldspar gabbro. These xenoliths have zeolite-lined or filled cavities.
TS 30 cm. Piece 1B: gabbro xenolith in dolerite host - ophitic to sub-
ophitic texture - large 1-4 mm clinopyroxene ( ~ 15%) ophitically
enclosing 0.2-1 mm plagioclase laths (30% and clinopyroxene and
plagioclase (1-3 mm) subophitically intergrown, plagioclase sub-
ophitic phenocrysts ( -30%), plagioclase matrix (-30%), with 5%
clinopyroxene and olivine grains and abundant opaques. Opaques
include long needles of ilmenitθ (up to 6 mm), clay and zeolite min-
erals (10%) in intergrain boundaries and after clinopyro×ene. Zeolite is
clear and fibrous.

SECTION 5: DOMINANT LITHOLOGY: POIKILITIC DOLERITE
with GABBRO XENOLITHS.
Macroscopic Description
Essentially similar to previous section, bit with fewer gabbro xenoliths.

Amorphous silica- or zeolite-filled cavities ( - 2 mm across) in Piace
1G (117-120 cm).

SECTION 6: DOMINANT LITHOLOGY: POIKILITIC DOLERITE.

Macroscopic Description
Medium gray (N5) to medium dark gray (N4) aphyric, medium-grained,

inequigranular, poikiiitic dolerite.
Poikiloblastic crystals of pinish gray pyroxene, subophitically enclosing

plagioclase, are surrounded by white feldspar, dark green pyroxene,
olivine and opaques. Textures and mineralogy very similar to those
in preceeding cores and sections.

Alteration restricted to development of occasional bleb of amorphous
silica and/or zeolites, especially in the 87-91 cm interval where

olite

TS 113 cm. Piece 1H: ophitic texture. Clinopyroxene (35%) with large,
1-5 mm optically continuous aggregates enclosing smaller plagioclase
( -55%), 1-3 mm laths with some anhedral olivine ( -4%) mostly
altered to clay and minor opaques ( < 1%). Clay is 5% and occurs in
intergranular spaces replacing olivine and some feldspars.
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64-478-52 Depth 437.0 to 446.0 m

SECTION 1: DOMINANT LITHOLOGY: POIKILITIC DOLERITE.

Macroscopic Description
Medium dark gray to dark gray (N4 to N3I medium-grained, aphyric,

inequigraruilar-poikilitic dolerite. Similar to that in Core 51 but no

Large, anhedral (1—1.5 cm) pinkish gray pyroxene crystals ophitically
enclose plagioclase, and are surrounded by.plagioclase green pyr-

Extensive amorphous-silica and zeolite veins in several pieces.

SECTION 2: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Medium dark gray (N4 to N5) medium-grained aphyric poikiliticl?)

dolerite. Large clinopyroxene enclosing plagioclase and olivine, mod-
erately altered, one large quartz and zeolite vein cuts through Pieces
1F, 1G, and 1H. Section seems richer in olivine. Clinopyroxene,
anhedral crystaJs, poikilitically enclosed after mineral phases, except
for more abundant olivine. Section is similar to Section 1.

SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Medium dark gray (N5), homogeneous, unfractured; clinopyroxene,

poikilitic. Same as Sections 1 and 2 with little veining, one small
silicic vein in Piece I I .

SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Homogeneous, medium dark gray(N4 to N5|. Similar in all respects

to Sections 1-3. No veining and unfractured. Appears slightly
less altered and poikilitic mottling is less pronouned.

SECTION 5: DOMINANT LITHOLOGY: FINE-GRAINED DOL-
ERITE.

Macroscopic Description
Dolerite is more homogeneous and less mottled, finer-grained, lighter

color, medium to medium light gray (N5-N6). Still clinopyroxene
plagioclase and olivine major components. More unaltered zone at
base of Piece 1Baπd2.

SECTION 6: DOMINANT LITHOLOGY: FINE-GRAINED DOL
ERITE.

Macroscopic Description

Medium gray (N5) homogeneous, without veins or fractures. Similar to
Section 5. Minor mottling. Piece 1 E has some olivine segregation.

TS 85 cm, Piece 1D: subophitic to intergranular dolerite. Plagioclase
phenocrysts (40%), 0.5-1.5 mm, partially enclose clinopyroxene
(20%), 0.3—3 mm. Groundmass clinopyroxβne and olivine (5%); minor
opaques (3%) magnetite and ilmenite. 30% interstitial clay mineral

SECTION 7: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Same as Section 6, medium gray (N6), homogeneous without fractures

or veins, minor mottling. Mottling has decreased progressively from
the top of Core 52.

52/6 52/7
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64-478-53 Depth 446.0 to 455.0 m

SECTION 1: DOMINANT LITHOLOGY: FINE-GRAINED DOL-
ERITE.

Macroscopic Description
Homogeneous, fine-grained, aphyric, minor mottling as seen in Core 52.
Rock without fractures. One minor vein (Piece 1H) with silica and
gr clay.

SECTION 2: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Same as Section 1 except more silica and clay-filled veins; moderately
altered, slightly more than Section 1. Piece 2F, medium light gray (N6)
split along the surface of a vein.
SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Same as Section 2, medium gray (N6), fine-grained, homogeneous
with rare veins. Pieces 1 D to 1G, not fractured. Piece 1M to 10 appear
slightly finer-grained than rest of section. Minor veins contain calcite.

SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Similar to Section 3, fine-grained, aphyric, medium gray to medium
light gray (N5 to N6), dolerite with extensive microfracturing in Piece
1D which continues into Pieces 1E and 1C.

TS 28 cm. Piece IB: intergranular texture, ~S0% plagioclase ( ~ An
55-601' ° 3 - 1 • 5 m m l a t n s w i t n 3 0 % clinopryo×ene (0.2-1.5 mm)
irregular to anhedral phenocrysts and minor opaques ( -4%) [skeletal-
ilmenite to cuboid-magnetite with mesostasis of 20% clay minerals
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64-478-54 Depth 455.0 to 464.0 m

SECTION 1: DOMINANT LITHOLOGY: coarse aphyric BASALT
(OR DOLERITE).
Macroscopic Description
Medium gray(N5) aphyric basalt. Grain size progressively decreases

through section.
Piece 1 A: feldspar, 1-4 mm long, 0.5-1 mm wide laths in a dark clino-

Piece 6: feldspars do not exceed 1.5 mm in length, and are less than 0.5
mm wide. Matrix same as in Piece 1 A.

The rock at the top of this section, and throughout the rest of the core,
is different from that in Core 53. The latter has a fine-grained, fresh
doleritic appearance, whereas this section has a speckled appearance,
with altered feldspar laths lying in dark green clinopyroxene/olivine
matrix. Rough proportions; clinopyroxne and olivine 50% and
feldsapr 50%.

The proportion of feldspar appears to increase down the section.
Fractures are lined with green clay.

TS 76 cm. Piece 4B: BASALT. Intersertal texture of small clinopyrox-
ene and olivine (10%, 0.5 mm) microphenocrysts in a matrix of small
(30%, 0.3 mm) plagioclase laths and altered, brownish to greenish clay,
glass (45%) with minor opaques.

SECTION 2: DOMINANT LITHOLOGY: 0-80 cm APHYRIC BA-
SALT, 80-95 cm CONTACT ZONE, and 95-145 cm APHYRIC
BASALT.

Macroscopic Description
0—80 cm: very fine-grained aphyric medium liqht qrav basalt. Grain size

generally much less than 0.5 mm. Clay minerals notably abundant.
A continuation of Section 1. ?Chlorite vein in Piece 1A. Bottom
part of this interval becomes fragmented (Piece 2).

80—95 cm: small fragments comprising aphanitic greenish gray (5G
6/1) basalt (Pieces 3B-3E). Rare smectite-lined vesicles or cavities.

. Piece 1 A contains contact between aphanitic basalt (continuation of
0-80 cm) and more coarsely crystalline basalt (90-140 cm).

95-140 cm: medium gray (N5) fine-grained aphyric basalt. Pieces 4A
and 4B have 1-2 mm very elongate randomly orientated feldspar
laths, but in Pieces 4C.D, and E the feldspars are less well-developed.
Mafics all replaced by chloritic material?

Contact in interval 80-95 cm: upper unit (0-80 cm) appears to be
chilled against lower unit (95-145 cm), with possible regrowth of
feldspars in lower unit. See thin section description.

Pyrite in Pieces 4C and D along fractures.

TS 50 cm. Piece 1B: APHYRIC BASALT with intersertal to inter-
granular texture. No olivine seen. Plagioclase 25%, 0.1-0.5 mm, small
laths. Clinopyroxene 20%, 0.1-0.6 mm, augite, small intergranular
crystals and large ophitic crystals enclose plagioclase. Magnetite and
ilmenite 5%, 0.1 mm, aohedral. Badly altered, much clay lost during

TS 82 cm. Piece 3A: BASALT contact, equigranuiar, finegrained.
Phenocrysts: olivine (5%), 0.1-0.3 mm, anhedral; plagioclase (3%), 0.5
mm, blocky, zoned; clinopyroxene (10%), 0.1-0.3 mm, anhedral.

TS 100 cm. Piece 4A: aphyric intergranular to intersertal BASALT.
Plagioclase (30%), 0.2-1.0 mm, elongate laths An6g_6g. Clinopy-
roxene (30%), 0.3-1.0 mm, augite, irregular optically continuous min-
erals, some large poikilitic with plagioclase. Mesostasis (40%), highly
altered today or zeolite. Similar to 50 cm.

TS 130 cm. Piece 4D: sparsely phyric, intersertal to intergranular
BASALT from sill interior. Phenocrysts plagioclase (1%), 1 mm, an-
hedral, resorbed. Groundmass: plagioclase (35%), 0.3-1.5 mm, laths.
Clinopyroxene (30%), 0.2-0.6 mm, augite with some larger poikilitic
crystals enclosing plagioclase. Magnetite (1%), 0.3 mm, cuboid

elongate. Vesicles (1%), 1.0-1.5 mm, random, calcite filled, spherical,
highly* altered (30%); calcite in mesotasis, green clay alteration of
clinopyroxene.

SECTION 3: DOMINANT LITHOLOGY: APHYRIC BASALT.

Macroscopic Description
Medium light gray (N6) medium-grained aphyric basalt. The light color-

ation of the rock is probably mainly due to alteration, but feldspar
appears to be a major component with altered mafics. Feldspars
are white, opaque. Grain size less than 2 mm, generally 0.5-1.0

Occasional veins contain calcite, and several fractures are coated with
pyrites. The rock matrix is also speckled with pyrites.

A coarser-grained area occurs in Piece 1G, but this may be due to
alteration rather than due to a primary process.

TS 1 cm. Piece 1A: sparsely PLAGIOCLASE-PHYRIC BASALT inter-
granular to intersertal texture. Phenocrysts: plagioclase - 1 % , 2.5-3.0
mm, lath shaped, zoned and resorbed. Composition could not be de-
termined. Groundmass: no olivine seen. Plagioclase 30%, 0.2—1.0 mm,
An60-65• lath-shaped. Clinopyroxene 20%, 0.2-0.6 mm, ?augite,
anhedral. Approximately equidimensional with an intergranular to

TS 110 cm, Piece IF: determinated during preparation.

SECTION 4: DOMINANT LITHOLOGY: APHYRIC BASALT.

Macroscopic Description
Medium gray (N5) medium-grained aphyric basalt. A continuation

of Section 3. However, the basalt becomes progessively more mafic
towards the base of the section (N5/6 at top, N4 at bottom). Tex-
turally and mineralogically this section look very similar to Section
1. Pyrites and calcite are again present. Calcite at 40 cm and Piece
1D.

lilarto Piece 1ETS 2 cm, Piece 1A: see belo
TS 50 cm. Piece 1B: intersertal to aphyric basalt, anhedral, small
clinopyroxene (5%) laths and smaller olivine (0.1-0.3 mm) and
clinopyroxene in mesostasis of small plagioclase laths (15%), 0.5 mm,
and altered glass (60%) with clays and zeolites.
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LITHOLOGIC DESCRIPTION

Section 1, 0-40 cm: gelatinous, coagulated, very soft, fine-
grained DIATOMACEOUS OOZE, disturbed, homogeneous.

5 Y 3 ' 2 Below 40 cm: very homogeneous, but only slightly disturbed.
dusky yellow brown (10YR 2/2) to/or olive gray (5Y 3/2)
DIATOMACEOUS CLAYEY SILT soft, without H2S odor.
sands or bedding becoming rather coherent in Sections 2 and 3.
Considerable silt-size quartz-feldspar terrigenous. Pyrite common-

10YR 2/2 Iv within frustules.

2-70
(D)

TEXTURE:
Sand
Silt 70
Clay 30
COMPOSITION:
Quartz 14
Feldspar 18 (altered)
Mica 3
Opaques 5
Clay 35
Pyrite 2
Carbonate unspec. 1
Foraminifers 1
Calc. nannofossils 3
Diatoms 15
Radiolarians TR
Silicoflagellates 3
Plant debris 1
Rock fragments 2

CARBONATE BOMB: 2-57:4%
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4.75-9.50 m

LITHOLOGIC DESCRIPTION

m u d Iπterlayers of moderate olive brown (5Y 4/2) MUDDY DIATO•

M ü d MACEOUS OOZE, mottled, some zones with sulfide streaks.
No HCI reaction and TURBIDITES, at Section 1, 0-40 cm and

10Y6/2 40-70 cm grading from sandy, silty to olive gray (5Y 4/1)

6 Y 4 / 4 diatomacβous silty clay. Undisturbed in Section 1.

Sulfide streaks Section 1, 75-80 cm: patches of pale olive (10Y 6/2) diatom

ooze below a sand layer.

oóze (5Y3/2)
10Y6/2 Section 3, 63-137 cm: disturbed, vertical streaks and pockets

of a coarse, unsorted but washed sand. Contains coarse shell
Diatomaceous fragments. Not certain whether part of graded bed.

10Y4/2
Section 2, 0-15 cm: olive gray (5Y 3/2) and pale olive HOY 6/2)
diatom ooze. Gray color from monosulfides, HC! soluble, some
nannofossils. Redox boundary; diffuse, change of preservation
of diatom species. Faint burrowing at the base.

CF 1-37 cm: mud pellets (30%), planktonic foraminifers (15%),
pteropods (2%), benthic trochoid foraminifers (5%), wood
(3%), shell fragments (2%), diatoms (15%), feldspars (15%),
quartz (10%), and rock fragments (10%).

S Y 4 / 4 CF 3-62 cm: shell-rich (10%), poorly sorted basal sand with
planktonic foraminifers (10%), benthick bathya! foraminifers
(10%), volcanic rock fragments (25%), heavy minerals (pyrx.7)
(10%), angular milky plagioclase and anhedral K-spar (10%),
and quartz (5%).

5Y4/2

5Y4/4

SMEAR SLIDE SUMMARY
1-10 1-70 2-5 2-10 2-70 2-76
(D) ID) (M) (M) ID) (M)

TEXTURE:
Sand 3 5
Silt 55 55 70 85 65 60
Clay 42 40 30 15 35 40
COMPOSITION:
Quartz 8 18 1 5 3
Feldspar 12 22 1 - 4 5
Mica <1 1 -
Opaques 3 1 1 TR TR TR
Clay 35 40 25 10 30 37
Pyrite 2 1 >1 <1 2 1
Carbonate unspec. 2 2 3 7 2 2
Foraminifers - 2 - - TR TR
Calc. nannofossils 7 6 7 5 8 6
Diatoms 30 8 60 75 47 45
Radiolarians - TR - - TR -
Sponge spicules - - - - TR -
Silicoflagellates TR 3 2 2 2
Plant debris - - TR TR TR -
Rock fragments 3 3

CARBONATE BOMB: 2-117: —
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SITE 481 HOLE CORE 3 CORED INTERVAL 9.50-14.25 m SITE 481 HOLE CORE 4 CORED INTERVAL 14.25-19.00 m

- FOSSIL H T FOSSIL
J CHARACTER J CHARACTER

T | | | | | 1 f g LfTHoioGY J I I LITHOLOG.C DESCRIPTION f t g | | | | | u j * ‰ | | | LITHOLOGIC DESCRIPTION

* I 1 1 1 1 " m l I * | | f | ] " |j || I
- /-j\~.'-~.'-~.'÷~.~- & 5Y4/2 - y^jy
Z ^ ^ ~ • - ~ . Uniform, nannofossil•bβaring MUDDY DIATOMACEOUS OOZE w A/CG/W : ^ p ^ ~ . r ™ Alternating bands with diffuse boundaries of lighter and darker

O j _ C ^ > ^ with faint bedding in shades of moderate olive brown (5Y 4/4- O S - ' " v ^ - " - " - ' : /7// Moderate dark shades of moderate olive brown (5Y 4/4, 4/3) MUDDY Dl-
CM - CJ>C~-~•JS: ^ ™ " s 4/2-4/1), burrow mottled with lighter mottles of diatom rich g _ - J<^X /// olive (5Y 4/4,4/3) A T O M A C E O U S OOZE. Darker layers slightly siltier, contain

1 I<--VCTJ ooze. Bands about 1-3 cm thick. There are some bands with O E 1 ; ^ ~ • ^ ~ >M Dark phase scattered shell fragments Basal contact contains no sand but
. - C Z S C - - . " : diffuse contacts of darker pulses, which may be redeposited „ o y ; ^ _ _ . _ . _ . - ^ f is slightly sharper than the upper contact, suggesting turbidite
l O^^yC, silty diatom ooze. Darker cycles from Section 1,0-20 cm and uj <C 1.0— ^ ^_. .JTT_. y 7 i B redeposition Burrowing observed throughout

I -\y Section 3, 0-15 cm and 90-125 cm. Grading not observed. The α. ö _ : ~ ^ ~ _.~_\~U.'
UJ ' C ^ > C p - r - r : 5Y4/4 surface of both sections flecked with little diatom ooze mats ÜJ V ^ P ^ . . ™ SMEAR SLIDE SUMMARY

5 n " 0 Y β / 2 ) < :>^Pt--•: I W , .5o

O - I - M : : - : ; ; _ Se«i°" I. SS cm: clump of fibrous organic material (crusta TEXTURE:

| S Z Ci-*•- I C e a n ? l S-d

V 2 : S £ ™ = : = r r ^ o o z e Sec,ion2,51-58cm:minorshe,,bi,s. J * *
I- P >-̂ • " ^ 7 b . " l Wood COMPOSITION:
< C/C ^ I X ^ > * . y SMEAR SLIDE SUMMARY Q

~ ^ = J > - - - r . : 2 7 0 2 • 6 9 - 7 1 Feldspar 2

I-v̂ -v, (Dl (siltyclay) Heavy minerals TR
- = ^ < ^ " - " - " • . TEXTURE: c , 4 5

— ^ ^ H : i § r s, ^ ‰- ™
---~Z C laV 4 0 6 6 • 9 0 Carbonate unsoec 1

AM - ^ P ^ , - : - I : <‰ COMPOSITION: Foraminifers ' TR

•~r- / Q u a r t z 1 Calc. nannofossils 8

3 Z>CJ> ~—:. % F e l d s p a r 1 Diatoms 40
AM ~ ^ ^ : - . - : . 9 °PaqUeS Is Radiolarians TR

~>QI X p a V , ' Sponge spicules TR
VI J > - - - - : . : • : ?/ P""'tβ , Siücoflagellates 2
C / F A M C C | Z P ^ = H ~ . ü r ^ ~ - H I I FOram"n!fersπSPeC• 3 Rock fragments 2

Calc. nannofossils 15 CARBONATE BOMB: 1-85: 13%
Diatoms 45

Radiolarians TR

Siücoflagellates 2 Note: Site 481, Core 5, 19.00-23.75 m: No Recovery.
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LITHOLOGIC DESCRIPTION

5Y4/2
In Core-Catcher: disturbed mud with gaseous-spongy texture
MUDDY DIATOM OOZE, moderate olive brown I5Y 4/2) with
a patch of olive gray (5Y 3/2) ooze. Strong H2S odor, faint

SITE 481 HOLE CORE 8 CORED INTERVAL 33.25-38.001
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28.50-33.25 m

LITHOLOGIC DESCRIPTION

5Y3/2
6 Y 4 / 4 Interlayers: mainly 1) moderate olive brown (6Y 4/4) MUDDY
Moderate dark DIATOMACEOUS OOZE, homogeneous, mottled in lighter

B Y ‰ a n d barker shades, with faint HCI reaction, scattered single
shell fragments, burrowed. 2) Light olive gray (5Y 5/2) MUDDY
DIATOM OOZE TO DIATOM MUD. Graded, beds, have thin

. 5Y 5/2 sandy basal layer. Surface shows gas pimples. More terrigenous.
Upper contacts heavily burrowed and embayed. 3) At Section 2,
90-100 cm coarse sandy mud with a thin layer of pale olive

5Y4/4 (10Y 6/2) diatom ooze above. At Section 3, 30-34 cm two

coarse gray (N4) sand separated by thin lutite.

SMEAR SLIDE SUMMARY
1-20 2-70
(D) (D)

Diatomacβous TEXTURE:

silt (10Y 6/2) Sand
Silt 60 50

Clay 40 50

5Y4/4 COMPOSITION:

Quartz 4 10

Feldspar 5 12

Mica TR TR

Clay 40 45
Opaques - 3

Pyrite 1-2 2

Carbonate unspec. 3 1

Foraminifers 1 1

Calc. nannofossils 15 8

Diatoms 30 25
Silicoflagellates 1 1

Plant debris — TR
Rockfragments - 2

CARBONATE BOMB: 2 136: 5.5%

LITHOLOGIC DESCRIPTION

Disturbance minor; multiple alternating redeposited beds with
little intercalated host sediment. All slightly calcareous.

A) MUDDY DIATOMACEOUS OOZE TURBIDITES, moderate
olive brown I5Y 4/4) which have a thin basal sand and thin
pale olive (10Y 6/2) DIATOM OOZE top (Section 1, 20-30 cm,

! Section 2, 48-85 cm, and Section 3, 30-67 cm and 120 cm+).

B) Light olive gray (5Y 5/2) DIATOM MUD TURBIDITE very

fine-grained without basal sand. Homogeneous, smooth surface,

but graded.

5Y4/4

5Y 4/2

C) At
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Gray (ash?)

5YB/2

D) Rare; host lithology, moderate olive brown (5Y 4/4) MUDDY
DIATOM OOZE with some darker zones. Mottled, burrowed, and

commonly streaked with iron sulfide and faint bedding. Not

At Section 2, 10 cm: coarse sand sl

SMEAR SLIDE SUMMARY
1-115 2-10
IM) (M)

TEXTURE:

BO

Sand

Silt

COMPOSITION:

Clay

Opaque:

Pyrite

Sponge spicufes TR -

Silicoflagellates TR

Plant debris

CARBONATE BOMB: 2 1 1 0 : -
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38.00-42.75 m

LITHOLOGIC DESCRIPTION

Section 1, 0-80 cm; disturbed mixture of MUDDY NANNO•

FOSSIL BEARING DIATOMACEOUS OOZE, shell, bits with
pockets of gray clay. Some cavings are apparently present.

Section 1, 80 cm to CC: homogeneous moderate olive brown

macβous zβ ( 5 Y 4 / 4 ) M U D D Y DIATOM OOZE which may be part of a
redeposited bed.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand < 1
Silt 55
Clay 45

COMPOSITION:

Quartz 7
Feldspar 5

Mica 1

Clay 30

Pyrite 3

Carbonate unspec. TR
Foraminifers TR

Calc. nannofossils 15

Diatoms 35

Silicoflagellates 2

Plant debris 5

CARBONATE BOMB: 1 141:3%
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42.75-47.50 m

LITHOLOGIC DESCRIPTION

Host sediment

Alternating beds of two types of turbidites separated by minor

N f •| d• amounts of the host lithology: moderate olive brown (5Y 4/4)

tomaceousooze DIATOMACEOUS OOZE, banded on a 1/2-cm scale, slightly
mottled and with sulfide streaks, non-calcareous.

5Y4/4

TYPE I: turbidite (example 1-50 to 2-20 cm) MUDDY DIA-

TOMACEOUS OOZE, moderate olive brown (5Y 4/4), more

calcareous, and foraminifer specks increase down toward a

Y 4 / 4 TYPE I I : light olive gray (5Y 5/2) SILTY DIATOM MUD,

Host sediment g a s p i m p | e s w h i c h , o r m o n t h e s u r f a c e . Gray (N4) sands are

Top of turbidite feldspar and rock fragment rich, burrowed or thin light clay

Quartz-feldspathic top Section 3. 70 cm to bottom continuing on in ore .

diatomaceous silt
Middle of turbidite

SMEAR SLIDE SUMMARY
b l l t v d a v 1-60 2-98 2-130 3-26
Bottom of turbidite ( D ) ( M | (M) (CFI

Sandy silt TEXTURE:

5Y 3/2 Sand 40

Silt 70 80 30 60

Clay 30 10 70

COMPOSITION:

Quartz 3 20 15 40
Feldspar 2 30 5 60

Heavy minerals - 1 -
Clay 10 5 58 -

Pyrite 2 10 2 TR

Carbonate unspec. TR 1-2 1-2

Foraminifers TR
Calc. nannofossils 20 2 - 3 2-3

Diatoms 60 20 12

Sponge spicules TR

Silicoflagellates TR - TR -
Plant debris 1-2 10 3

Red-brown

stained grains TR

CARBONATE BOMB: 3-103: -



ON

SITE 481 HOLE CORE 11 CORED INTERVAL 47.50-52.25 m

/ \

LITHOLOGIC DESCRIPTION

Section 1, 0 -20 cm: drill cavings downhole; mud. Entire core
comprises the mid-section of a large {about 11 m thick) TUR-
BIDITE BED. Begins in Core 10, Section 3, 45 cm with very thin
diatomaceous clay grading continuous through Core 11 without
loss as seen on GRAPE density profiles. Grades faintly downward
from light olive gray (5Y 3/2) diatomaceous silty clay to gray
(N4) sandy silt, very uniform, structureless, homogeneous,
without burrows, mottling or layering. Slight increase in HCI
reaction down core due to foraminifera. No H2S odor. Terrigen-
ous elastics feldspar-rich, volcanic rock fragments, scattered
wood fragments. Sorting poor, but grain supported near bottom.

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION:
Quartz
Feldspar
Clay
Pyrite
Carbonate unspec.

3-20
(Dl

_

60
40

14
25
30
2

TR

CARBONATE BOMB: 1-121:2.5%
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42.0-51.5 m

LITHOLOGIC DESCRIPTION

I
Intensely disturbed moderate olive brown I5Y 4/4) MUDDY

I DIATOMACEOUS OOZE, dusky yellow (5Y 6/4) DIATOMA-
CEOUS OOZE, grayish olive (10Y4/2) DIATOM CLAYEY SILT

5Y 4/4 and medium dark gray (N4) SAND.

Moderate dark
olive Two types of turbidites occur interlayered:

Type 1: grades from the top down through a) diatom ooze.
1 b) muddy diatom ooze, and c) diatom mud and a thin basal

sand.

Type I I : homogeneous color grayish olive (10Y 4/2) but varying
only slightly-in texture down core from diatomaceous silty clay

1' to diatomaceous clayey silt to sand-silt-clay.

Q . Type 1 turbidites are most likely of local origin (slumping from
clayey silt < a i n t scarPS. They are thinner; average 20-50 cm in thickness.

Type II turbidites are of more distant origin; deltaic mud flows
and are very thick (meter to tens of meters thick). Carbonate
is present and abundant in sands due to benthic foraminifers.
No H S

SMEAR SLIDE SUMMARY
1-70 2-70
(D) (D)

TEXTURE:
Sand
Silt 60 55
Clay 40 45
COMPOSITION:
Quartz 1 10
Feldspar 2 15
Clay 40 45
Opaques 1-2 1-2
Pyrite 2 3
Carbonate unspec. 2 - 3 3
Foraminifers 2- 3 TR
Calc. nannofossils 10 8
Diatoms 35 15-18
Silicoflagellates 1 1
Plant debris TR TR

CARBONATE BOMB: 1-136: -
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51.5-61.0 m

LITHOLOGIC DESCRIPTION

At Section 1, 0-100 cm and Section 1, 100 cm to Core-Catcher:
two turbidites; very disturbed Type II graded beds of grayish

" olive HOY 4/2) DIATOM MUD. Sand fraction increases near
100 cm. Slightly calcareous.

Grayish olive
Silt, dark olive SMEAR SLIDE SUMMARY

1-70
11 (D)

TEXTURE:
Sand 15
Silt 50
Clay 35
COMPOSITION:
Quartz 14
Feldspar 22
Mica 1
Clay 35
Opaques 1- 2
Pyrite 1- 2
Carbonate unspec. 2
Foraminifers TR
Calc. nannofossils 7
Diatoms 12
Silicoflagellates 1
Plant debris TR
Rock fragments 2

CARBONATE BOMB: 1-70: -

SITE 481 HOLE A CORE 3 CORED INTERVAL 61.0-70.5 m

if m

i

LITHOLOGIC DESCRIPTION

Shells

Dark gray (N3)
Diatomaceous
silty-clay
Olive green
(BY 3/2)
Diatomaceous
silty clay

Disturbed, parts of two turbidite beds of Type II. 0—30 cm and
30-100 cm: grades from moderate olive brown (BY 4/4) MUD-
DY DIATOM OOZE to grayish olive (10Y 4/2) DIATOM MUD to
a thin basal layer including shell hash. Lower unit more homo-
geneous grayish olive (5Y 3/2) diatom mud. At 31 cm: dark gray
(N2) mud separates two beds but is very disturbed.

SMEAR SLIDES

TEXTURE:
Sand
Silt
Clay
COMPOSITION:

UMMARY
1-40
(M)

_

60
40

1-70
(D)

_

60
40

Quartz
Feldspar
Mica
Clay
Opaques
Pyrite
Carbonate uπspec
Foraminifers

7
12

1

40
1

2

2- 3
1

Calc. nannofossils 8-10

diatoms

Silicoflagellates
Plant debris

Rock fragments

20
1

TR

2

10

40

4- 5
TR

15

30

1- 2

1- 2

CARBONATE BOMB: 1-109:4%
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CO



SITE 481 HOLE A CORE 4 CORED INTERVAL 70.5-80.0 r

LITHOLOGIC DESCRIPTION

A series of parts of 6 graded beds; interbedded two types of

turbidites: Type I disturbed, moderate olive brown (5Y 4/4)
MUDDY DIATOM OOZE grading to πannofossil-bearing grayish

olive (10Y 4/2) DIATOM MUD. Small amounts of dusky yellow

(5Y 6/4) DIATOMACEOUS OOZE are present at tops but

disturbed. Beds at bottom of core are more gelatinous in con-

sisting, contain late Pleistocene nannofossils, possibly redeposited

from local source. At Section 2, 100 cm: piece of "pumice"-like

SMEAFt SLIDE!

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Clay

Opaques

Pyrite
Carbonate unspe

Calc. nannofossil

Diatoms

Radiolarians
Silicoflagellates

Plant debris

CARBONATE B

>UMMARY
3-40
(D)

-

65
35

2

4

35

l• 2
2

c. 2
s 8-10

40

TR

2
1

OMB: 2-74:8%

2-105: -

SITE 481 HOLE A CORE 5 CORED INTERVAL 80.0-89.51

LITHOLOGIC DESCRIPTION

10Y 4/2
N4II
Diatomace
clayey silt

Diatom ao
mud
10Y 4/2

••A

Diatomaceous

10Y4/2

Very disturbed; interbedded series of parts of two types of graded

beds (TURBIDITES). Both are nanπo-bearing.

Three of Type 1:1, 30-110 cm, 1-110-4-32 cm, and 3-32-4-72

cm: grade from moderate olive brown (5Y 4/4) MUDDY DIA-
TOM OOZE with tops typically having a thin pale olive (10Y

6/2) DIATOM OOZE sand. Shell fragments common in the thin

basal SAND.

One thick and one thin example of Type II (1, 0-30 cm, 4-80 cm

to CCI grayish olive (10Y 4/2) DIATOM MUD grading to diato-

SMEAR SLIDE SUMMARY

TEXTURE:

Sand
Silt

Clay

COMPOSITION:
Quartz

Feldspar

Mica
Heavy minerals
Clay

Rock fragments

Pyrite
Carbonate uπspec.

Foramiπifers

Calc. nannofossils
Diatoms

1-15

IM)

2
:

35

7

12

1
2- 3

35

2
1

4
TR

8

4-100

ID)

2

53
30

7

15
1

2
30

2

2- 3

3- 4
_

10
25

Sponge psicules 1- 2

CARBONATE BOMB: 6-26: -



SITE 481 HOLE A CORE 6 CORED INTERVAL 89.5-99.0 m

LITHOLOGIC DESCRIPTION

Section 1 through Section 5: basal part of a very large graded

TURBIDITE bed which began in Core 5. Total thickness over

10 m. Grayish olive (10Y 4/2) firm CLAYEY SILT grading

through sandy-silt to SILTY SAND with a thick zone of basal

sand; median grain size approximately 0.3-0.4 µm. Very uni-

form color and very gradual texture changes. Numerous gas

partings, rted.

slightly calcareo
near base. Sand c

More fo

Below Section 6, 2 cm: very firm but apparently disturbed

grayish olive (10Y 4/2) mottled DIATOMACEOUS MUD, mostly

discoid species. Streaks and patches of gray (N4) sandy mud.

May be of a mass flow.

CF 5-60 cm: includes quartz (25%), weathered feldspars (15%),

muscovite (8%), biotite (3%), chlorite (5%), planktonic foram-

inifers (5%), benthic foraminifers (15%), rock fragments (10%),

brown heavy minerals (10%), and glauconite (3%).

SMEAR SLIDE SUMMARY

CARBONATE BOMB: 3-134: 1.5%
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99.0-108.5 m

LITHOLOGIC DESCRIPTION

Very disturbed with spongy texture gas partings and bubbles.

Homogeneous, uniform, grayish olive (10Y 4/2) MUDDY DIA•
TOMACEOUS OOZE TO MUD with naππofossils. Sllty through-

out, firms in Section 5. No bedding visible, slightly calcareous -
M B increasing in bottom Sections. May be part of a single redeposited

bed. Diatoms commonly broken, many robust species.

10Y4/2

SMEAR SLIDE SUMMARY
5-50

(D)
TEXTURE:

Sand 2

Silt 58

Clay 40

COMPOSITION:

Quartz 2

Feldspar 4

Mica TR

Heavy minerals 2

Clay 38
Pyrite 1

Dolomite rhombs 1
Carbonate uπspec. 3- 4

Foraminifers < 1
Calc. nannofossils 10

Diatoms 35

Sponge spicules TR

Silicoflagellates 1
Plant debris 3

Rock fragments 1

CARBONATE BOMB: 4-125: -
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SITE 481 HOLE A CORE 8 CORED INTERVAL 108.5-118.0m

sail
I is

LITHOLOGIC DESCRIPTION

Intensely disturbed grayish olive (10Y 4/2) DIATOMACEOUS
MUD TO MUDDY OOZE with naπnofossils. Extremely uniform

the top of the core but increases to 10% in the last two sections.

May be redeposited. Sediment in general has a spongy consistency

SMEAR SLIDE !

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

SUMMARY
6-70
ID)

-

60

40

Radiolarians
Sponge spicule:

Silicoflagellates

CARBONATE BOMB: 2-114: —

6-29: 2%

SITE 481 HOLE A CORE 9 CORED INTERVAL 118.0-127.5 m

ii
LITHOLOGIC DESCRIPTION

Drill breccia of grayish olive HOY 4/2) dis

Nannofossil-bearing uniform.

Section 4, 1—72 cm: transitional change

grayish olive (10Y 4/2) possibly the ba!

lore SANDY mud;

i large redeposited

SMEAR SLIDE !

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

SUMMARY
5-50
(D)

5
iθ

35

Clay
Opaques

Carbona

Foramin

Calc. nai
Diatoms

Sponge!

Silicofla

Plantde

33
2- 3

teunspec. 4- 5

ifers 3- 4
inofossils12-15

30

ipicules TF

jellates 1- 2
DNS TF

CARBONATE BOMB: 5-30: -



SITE 481 HOLE A CORE 10 CORED INTERVAL 127.5-137.0 r

_ V O I D _ _

Xf-••-•~-~-•H

SITE 481 HOLE A CORE 11 CORED INTERVAL 137.0-146.5 m

LITHOLOGIC DESCRIPTION

Drill breccia of olive gray (5Y 3/2) DIATOMACEOUS MUD with

minor amounts of gray SAND and occurrence of more chips of

hard gray olive (10Y 4/2) clayey silt. Sediment appears to be-

come firmer. Diatoms unaltered. Naππofossils decrease slightly

and gas pockets are common. Turbidites, if any, cannot be

differentiated.

three lithologies:

A) Mostly olive gray I5Y 3/2I DIATOMACEOUS MUD.

B) Minor amounts of gray IN4) SAND.
C) Harder, dark brownish-olive black diatomaceous c

chips within Sections 4 to 6.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay

COMPOSITION:

Quartz

Feldspar

Clay

Opaques

Pyrite

Carbonate unspec.

Foraminifers

Calc. nannofossils

Diatoms

Radiolarians

Silicoflagellates

4-40

10
4Q

5 0

5

11

50

2

2- 3

1- 2

1

5

20

TR
1

CARBONATE BOMB: 2-104: 1%

LITHOLOGIC DESCRIPTION

Intensely disturbed, uniform and gassy, olive black (6Y 2/1

olive gray (5Y 3/2) SILTY CLAY. Clays are fissile and c

darkens. Slightly calcareous, increases with depth. Diat

mostly robust types, decrease in abundance. Many part

have Fe•oxy-hydroxide coatings.

At Section 3, 95-100 cm and 120-130 cm, and Sectioi

10-20 cm: basal, graded parts of 3 sandy TURBIDITES i

moderate olive brown diatomaceous mud. nannofossil-be*

SMEAR SLIDE SUMMARY

3-116 3-140

(Dl

TEXTURE:

(Ml

37Silt

Clay

COMPOSITION:

Quartz

Feldspar

Clay

Opaques

Pyrite

Carbonate unspec

CARBONATE BOMB: 3-144: -

|
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SITE 481 HOLE A CORE 12 CORED INTERVAL 146.5-156.0 m

2

SITE 481 HOLE A CORE 13 CORED INTERVAL 156.0-165.5 r

LITHOLOGIC DESCRIPTION

Moderately disturbed, olive black to brownish black (5Y 2 / 1 -
5YR 2/11 hard. SILTY CLAY. Evidence of faint parallel bed-
ding. Contains only traces of diatoms, many grains with a fine
iron oxide-hydroxide coating. Scattered micrite size carbonate

Interbedded with parts of seven brownish gray (5YR 4/1) TUR-
BIDITE UNITS which grade commonly from a waxy clay to
soft muddy sand to sand.

Most of Sections 4 to 6 is brownish gray to brownish black
clayey-silty-sand, feldspar-rich, mostly altered: Abundant, fine

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Silt
Clay
COMPOSITION

460
ID)

10
39
55

5-90
(D)

5
45
üO

Feldspar
Mica
Clay
Opaques
Pyrite
Carbonai

LITHOLOGIC DESCRIPTION

Drill breccia and disturbed: hard pieces of brownish black (5YR
2/1) uniform, fissile CLAYSTONE. No visible sediment structure.
Slightly calcareous. Parallel partings Section 2, 20-40 cm. Inter-
mixed with chunks of hard, friable gray (N3) SANDSTONE in
muddy sand.

In Section 4, 50-60 cm evidence of crenulations, curren
and cross-laminations. Some burrows. Where coheren
raphy (e.g. Section 5) claystones seem to grade to sa

(Section 5. 80-120 cm). Sandstones seem to have a ci
cement. Grains coated by dark oxides. Feldspars — highly

SMEAR SLIDE SUMMARY

TEXTURE:
Sand
Sill
Clay
COMPOSITION

4-50
(Dl

70
25

5

5-35
(O)

8
37
55

Clay
Opaque;

CARBONATE BOMB: 1132:5%
5-27: -
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165.5-175.0 m

LITHOLOGIC DESCRIPTION

CF
N 5 Drill breccia of hard medium gray (N5) SANDY SILT which
Sand grades to a SILT containing chips of claystone, large calcite

crystals and chunks of cemented sandstone. No diatoms or
nannofossils. This drill breccia is in (Section 4, 53 cm) contact
with a series of DOLERITE SILLS which are intercalated with
hard siliceous cemented gray siltstone (CHERT?).

At Section 4. 87-97 cm and 127-137 cm: fine-grained cherts
are massive, with gradational color away from chilled contacts.
Some vuggy textures. See igneous descriptions.

SMEAR SLIDE SUMMARY
2-70 4-30 4-127

Silt TEXTURE:
Sand 5 25 -
Silt 75 50 85
Clay 20 25 15
COMPOSITION:

Feldspar 45 15
Mica TR 2 -
Clay 20 25 15

Pyrite 2 2 - 3
Carbonate unspec. 2 1 -
Foraminifers TR 1
Calc. nannofossils 1
Plant debris TR - -
Rock fragments - 2 -

CARBONATE BOMB: 3-50:1.6%

Gray(N5) 4-52:1.6%

Chert
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64-481A-14 Depth: 165.5 to 175.0 m

SECTION 4: DOMINANT LITHOLOGY: Contact zone - black mud-

stone with BASALT.

Macroscopic Description

0-55 cm: dark gray (N5) SILTY MUDSTONE

55-56 cm: QUENCHED BASALT. Unit 1 - not glassy. Two-three

black patches; 10% of rock probably alteration zones. Basalt is
aphyric, aphanitic. N5—N6 clay. Minor clay (plus rare calcite)

86-95 cm: BROWN CHERTS with baked appearance. Intercalated

96-124 cm: Unit 2 - aphanitic to fine-grained medium gray BASALT.
Veined (one calcite). Grain-size gradational from aphanitic to fine-
grained to aphanitic, indicating chilling against intercalated sedi-

Below 125 cm: BROWN CHERT, with baked contact at upper margin.
Color gradation and cavities.

TS at 57 cm (sampled just below chill margin): BASALT (80%) to
altered basalt glass with small (0.5-1.0 mm) plagioclase microlites
(An5 8) (3%) set in a matrix of glass. Tiny (0.0x5-0.3 mm) plagioclase
laths (7%) and anhedral clinopyroxene (3%, 0.5 mm). Small opaques
(2%, <0.1 mm), carbonate (3%), zeolite (2%), and some clay along
intergranular spaces and veinlets.

CORE-CATCHER: DOMINANT LITHOLOGY: Coarse-grained

BASALT, a dolerite.

Macroscopic Description
Medium gray (N4/N5), medium- to coarse-grained BASALT (grain-size

1-2 mm). Intrusive Unit 3 - feldspars green tinted and indicating
alteration. Development of fibrous texture in altered minerals;
chlorite?, aphyric, pyroxenes appear fresh.

64-481A-15 Depth 175.0 to 184.5 m

SECTION 1: DOMINANT LITHOLOGY: BASALT and DOLERITE.
Intrusive Units 3, 4, and 5 with intercalations of CHERTIFIED SEDI-
MENT.

Macroscopic Description
0-8 cm (Piece 1A): medium light gray (N6) (dry) basalt grading

into dolerite at bottom. Aphyric. Pyroxene and plagioclase. Slight
alteration to clay minerals. One—two mm (light gray) vein filled
with ?clays and zeolites (no calcite).

8-35 cm (Pieces 1B-1F): similar to basal portion of Piece 1A-doler-
itic. Aphyric, increasing in grain-size to maximum of approximately

35-51 cm (Pieces 1G-1I): gradational from dolerite to aphanitic
(chilled) basalt in 11, where sediment-basalt contact is preserved.
Again, aphyric - rather altered.

51-64 (Pieces 1I-1J): olive gray CHERTY SILTSTONE
65-109 cm (Pieces 1K-1P): veined aphyric basalt, grading from

aphanitic adjacent to sediment to doleritic in center (1L—10).
Similar to Unit 1, 1A-1I (veined without calcite).

109-118 cm (Pieces TP-1R): medium light gray CHERTY SILTSTONE
118-142 cm (Pieces 1S-1V): Intrusive Unit 5 - aphyric medium gray
(N5) basalt (fine-grained in Piece 1S) to dolerite (1T-1V). Grainsize
progressively increases from 1S-1V, latter comprising of clinopyroxene
and plagioclase (up to 2 mm laths). Veined but without calcite.

TS 44 cm (Piece 1G): BASALT sparsely porphyritic, intersertal to
intergranular texture. Small (0.5-1.0 mm) tabulate plagioclase laths
(2%) and olivine (1%) in mesostasis. Comprising 30% skeletal laths
of plagioclase (0.1—5 mm) •aπd 20% intergranular clinopyroxene
with 1% anhedral intergranular opaques and 50% intersertal mesostasis
with green clays.

TS 50 cm (Piece 11): Contact zone; hyalopilitio basalt below contact
and chilled pilotaxitic basalt vein in contact with chertified sediments.
Groundmass: 85% basaltic glass; only minor alteration restricted to
intergranular spaces and microfractures; 2% plagioclase microlites
(Angg) and 1/2% each clinopyroxene and olivine micropheπocrysts,
mostly fresh although some corrosion. Some plagioclase quenched.
Opaques concentrated along flow lines, in chilled vein and adjacent

TS 68 cm (Piece IK): Hyalopilitic basalt with 30% plagioclase (An4 0)
laths and microlites, in a mesostasis of 5% each clinopyroxene and
olivine (fresh, small <0.4 mm) and minor (1%) opaques, 10% greenish
clay and zeolites, and 49% fresh to slightly altered basaltic glass. Occa-
sional patches that approach pilotaxitic texture with coarsely aligned
plagioclase laths.

SECTION 2: DOMINANT LITHOLOGY: APHYRIC BASALT and
DOLERITE. Parts of 3 (5, 6, and 7) intrusive units present. Unit 7
intruded into 6, distinguished by chilled, aphanitic margins. Inter-
calated sediment.
Macroscopic Description

Intrusive Unit 5 (Pieces 1A-1D): medium light gray (N6) aphyric
dolerite (Piece 1A) grading to aphanitic basalt (1D) at contact with
light gray siltstone. Continuation of base of Section 1. Sediment

(none contains calcite) - probably all zeolite/silica/clay mineral
filled.
Pieces ID—IE: intercalated sediment. Light gray siltstone, silcieous,

baked. Shows deformation of sediment beds.

Intrusive Unit 6 (Pieces 1F-1N): medium gray to medium light gray
(N5-N6) aphyric* basalt grading from aphanitic in Piece 1F, to
doleritic (grain-size up to 2 mm) in Piece 1N. Veins and fractures
lined with fibrous zeolites.

Chilled portion has numerous 1—2 mm laths of feldspar (?micro-
phenocrysts.
Piece 1N: contact zone between dolerite (upper) and aphanitic,
dark gray (N4-N3) quenched basalt, which intrudes dolerite.
Continues in Section 3.

Intrusive Unit 7 (Pieces 1N-1X): from aphanitic chill zone in 1N,
the aphyric basalt progressively coarsens to a dolerite in Pieces
1P_1V. Alteration of the doleritic portion is moderate, especially
adjacent to zeolite(?)-filled veins.
Piece IX: well-preserved contact zone. Quenched, aphanitic basalt
in upper part of pieces, chilled aginast aphyric dolerite (grain-size
approximately 2 mm; altered).

TS 76 cm (Piece IN): contact zone between intrusive Unit 6 and later
intruded Unit 7. BASALT below contact with spherulitic grading into
intergranular texture. Five percent elongate plagioclase laths with sharp
borders occur in chilled margin. Matrix is 25% skeletal plagioclase
(0.6 mm) and 30% clinopyroxene (0.1 to 0.4 mm). Mesostasis
comprises 30% olivine, clinopyroxene and plagioclase with glass, along
with 13% clay; both intergranular and as pseudomorph after olivine.
Plagioclase in the groundmass is fine (0.3-0.6 mm) in relation to

grades laterally into a variolitic basalt. Dolerite host above contact is
intergranular to supophitic.

SECTION 3: DOMINANT LITHOLOGY: DOLERITE grading to
GABBRO. Parts of intrusive Units 6, 8, 9, and 10 present, but without
intercalated sediment.

Macroscopic Description
Piece 1A: medium-grained, medium gray (N5) basalt with 1-2 mm long

PLAGIOCLASE LATHS. Texturally distinct from coarse dolerite at
base of previous section, but may be a chill zone of intrusive Unit 6
(it is very similar to Pieces 1 F-1H of Section 2).

Piece 1B: continuation of Piece 1 A, grading to aphanitic, with a chilled

margin on its lower surface. Plagioclase phenocrysts not seen in chill

Unit 8 (Pieces 1C-1E): medium gray (N5), grading from aphanitic
aphyric basalt at upper part of Piece 1C, through doleritic in Piece
ID, and back to aphanitic in bottom part of Piece 1E. Recognized
as possibly one intrusive unit. Narrow veins appear to be zeolite-
filled (no calcite).

Unit 9 (Piece 1F - should be Piece 2, but wrongly labelled): medium-
grained greenish gray aphyric dolerite. Clinopyoxene, plagioclase
(altered to greenish color), grains up to 3 mm long. Moderate to

Unit 10 (Piece 1G): aphyric medium gray (N6) basalt grading from

Greenish tint indicates alteration - probably by clay minerals.
Pieces 1H-1N: coarse basalt of Piece 1G increases in grain-size
through Pieces 1Hto U, to form a GABBROIC rock. Inequgranular,

tinted (altered) plagioclase (up to 3 mm long) and ores. No olivine
seen. Alteration products abundant - small (?diktytaxitic) cavities
contain up to 2 mm fibrous clay minerals and zeolites. No veiπing

TS 114 cm (Piece 1L): GABBRO with ophitic texture, 15% large (0.5
to 4 cm) clinopyroxene aggregates ophitically enclose plagioclase
(An4Q) phenocrysts (40%). Five percent sub- to anhedral olivines,
some having corroded margins, occur with plagioclase aggregates. Not
very weathered, 1 to 2 mm pockets of mesostasis, occur between
ophitic patches. Rock is very fresh with only 5% alteration products
and about 1% reddish brown pseudomorph mineral after olivine or
clinopyroxene,

SECTION 4: DOMINANT LITHOLOGY: gabbro.

Macroscopic Description
Coarse-grained gabbro. Prismatic crystals of green clinopyroxene up
to 30 mm long, with smaller pyroxene and plagioclase grains inbetween.
Plagioclase appears altered, but pyroxene looks fresh. Numerous 1-2
mm diktytaxitic cavities containing fibrous zeolites with or without
clay minerals. Continuation of Section 3.

a
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r to Core 15, Section 4
to medium-grained basalt \

64-481A-16 Depth 184.5 to 194.0 m

SECTION 1: DOMINANT LITHOLOGY: GABBRO - grading quickly
to DOLERITE to medium-grained plagioclase phyric BASALT. Parts
of intrusion Units 10, 11, 12, and 13 with baked intercalation between
Units 11/12 and 12/13.
Macroscopic Description
Unit 10(0-37cm):gabbn

37-63 cm: dolerite tra
or clay-filled veins
63—77 cm: gray (N5) basalt grading to aphyric basalt and a 2 mm

77—79 cm: approximately 2 cm weathering of contact zone
Top of Unit 11 (79—91 cm): gradual change from clinopyro×ene to

plagioclase-phyric basalt
91—94 cm: cherty'sediment intercalation
94—150 cm: medium light gray (N6) plagioclase-phyric basalt
140-142 cm: cherty sediment intercalated as Pieces IPand 1Q

SECTION 2: DOMINANT LITHOLOGY: DOLERITE and minor fine
grained plagioclase•phyric BASALT. Section considered one intrusive
Unit 13. Cut in two places by small chilled basalt veins (at 5—6 cm,
50-60 cm).

Macroscopic Description
Continuation of intrusive Unit 13 from the base of Core 16. Fine-

grained, aphyric basalt with chilled basalt veiπlet and splotch in
Piece 1A. A gradual change to fine- to medium-grained dolerite
through remainder of section. Another chilled basalt vein occurs
in Piece 1H and small bits of interlayered aphanitic basalt with
calcite vein-filling occur in Pieces 2A and 2B.

TS 122 cm (Piece 2D); Coarse dolerite to microgabbro. Texture sub-
ophitic. Thin section in poor condition. Contains 1—3 mm tabulate
plagiocl se laths; 1—2 mm irregular, intergranular to subophitic clino-
pyroxene; small cuboid to anhedral magnetites with clay minerals
after olivine. Due to preparation losses, mineral percentages were not

SECTION 3: DOMINANT LITHOLOGY: Aphyric to sparsely plagio-
clase-phyric BASALT. Includes parts of intrusive Units 13 and 14 with
intercalated CHERTY sediments. Chilled contacts in Piece 1 A; base of

Macroscopic Description
Piece 1: fine dolerite could be part of mid-Unit 14 but no contacts

recovered
10-57 cm: Unit 15, medium gray (1M5) aphanitic BASALT, tiny plagio-

clasε laths with chertified sediment blebs. Unit 15 becomes slightly
doleritic between 35 and 50 cm. In Piece 2A fine subparallel caicite-
veins characteristic of chilled contacts. Piece 2B has a 4 cm chilled
basalt vein cutting through the fine dolerite host of Unit 15.

Unit 16: same rock type as Unit 15. Top contact at 56 cm and bottom
contact at approximately 87 cm. Top contact has faint traces of
chertified sediments.

Unit 17 (87-107 cm): medium gray (N5) aphanitic basalt with minor,
tiny plagioclase laths and minor, very thin calcite veins.

Unit 18 (107 cm to base): N5, fine-grained basalt to base; plagioclase
laths are more frequent but smaller.

Pyrite concentrations at 98 cm. Piece 2M. Sediment - Pieces 2A
and2K.

SECTION 2: DOMINANT LITHOLOGY: fine-grained DOLERITE
grading to BASALT.

Macroscopic Description
Medium gray (N5) fine-grained dolerite to medium gray (N5) basalt.
Still part of Unit 18. Piece 1A is slightly coarser than other pieces.
Possible that grain-size decreases from here to the base of Unit 18,
which although not recovered would occur within the next IOWP
50 cm.

Macroscopic Description
0-26 cm: weathered aphanitic mediur

part intrusive Unit 13. Piece 1A ha
part of a vein

26-31 cm: contact zone of the base of Unit 13, preserved intact, with

ay (N6) basalt from the basal
rim of chilled basalt, possibly

Unit 14. No baking at upper contact. Medium gray (N5)

alcite-filled i :3B.

TS 32 cm (Piece 3A): Coarse-grained basalt. Seriate, intergranular to
intersertal texture. Five percent, 1-2 mm plagioclase, lath-shaped
to tabular, many resorbed. Matrix: 40% plagioclase, skeletal to small
laths (0.5-2 mm), 20% clinopyroxene, granular to anhedral inter-
granular, 2% elongate dendritic ilmenite, 35% clay and zeolite alteration
replacing intergranular mesostasis and as pseudomorphs after olivine.

64-481A-17 Depth: 194.0 to 103.5 m

SECTION 1: DOMINANT LITHOLOGY: aphyric BASALT with minor
fine-grained dolerite. Intercalated sediment and chilled contacts at 10,
23, 58, 87 and 109 cm, separating parts of 5 intrusive units.
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LITHOLOGIC DESCRIPTION

Sandy clay V e r y d i s t u r b β d b r o w n i s h g r a y ( 5 Y T | 4 / D nannofossil-bearing

SAMDY CLAY. Uniform-color and texture. Slight carbonate

increase down core. No sand layers or other sediment structures.
Strong petroliferous odor. Sand grains angular, feldspar-rich.
Mostly weathered. Some clear K-spar. Includes: fresh hornblende.

rare pyroxene, some quartz, rare carbonate rhombs, chlorite.

Much of the fine-grained carbonate appears to be recrystalized.

nannσfossils,

SMEAR SLIDE SUMMARY

1-17

(D)

TEXTURE:

Sand 30

Silt 20

Clay 50

COMPOSITION:

Quartz 10

Feldspar 18

Mica 2

Opaques 2

Clay 47

Pyrite 2

Carbonate unspec. 10

Foraminifers TR

Calc. nannofossils 4

Diatoms TR

Plant debris 4

Rock fragments 2

CARBONATE BOMB: 1-27:1.5%

Note: Site 481A, Core 19, 213.0-222.5 m: No Recovery.

SITE 481 HOLE A C O R E 22 CORED INTERVAL 241.5-251.0 m
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222.5-232.0 m

LITHOLOGIC DESCRIPTION

10Y 4/2

Intensely disturbed, light olive gray (5Y 5/2) DIATOMACEOUS

N5 sand MUDSTONE structureless Nannofossil-bearinα sDonαv section

5Y 5/2 at the top of core of grayish olive (10Y 4/2) diatom mud. Flakes •
Diatomaceous o f m i c a p r e v a | e n t i n the bottom of the core. Petroliferous odor.

mudstone Uniform in color with a hint of pale olive diatom oozes in wisps .

5Y 5/2 at Section 1, 100 cm.

At Section 1, 35-75 cm: medium gray (N5) sand layer may be

basal part of a graded bed.

SMEAR SLIDE SUMMARY

1-60

(D)

TEXTURE"

Sand 4

Silt 26

Clay 70

COMPOSITION:

Quartz < 1

Feldspar 2

Opaques 2

Clay 60

Pyrite 1

Carbonate unspec. 2

Foraminifers < 1

Calc. nannofossils 10

Diatoms 20

Silicoflagellates TR

Plant debris TR

CARBONATE BOMB: 1-60: -

2-22: 0.5%

Note: Site 481A, Core 21, 232.0-232.0 m: No Recovery.

VOID

58BC

VOID
w i —

LITHOLOGIC DESCRIPTION

Very disturbed; hard chunks in a softened matrix. Dark yellow

brown (10YR 3/2) to moderate yellow brown (10YR 5/4)

DIATOMACEOUS MUDSTONE TO MUDDY DIATOMITE.

Some homogeneous. Uniform zones are interbedded CLAY-

STONES TO MUDSTONES.

At Section 1, 120 cm; Section 2, 1,10 cm; Section 5, 90 cm; and

Core-Catcher: small pieces showing light and dark rhythmic

laminations, diatom-rich. Approximately 20 couplets/cm in

Section 2, 16 couplets/cm in Section 5 on a sub-mm scale,

ediffu:

At Section 2, 80 cm; Section 5, 30-40 cm; and Section 6, 130

cm: terrigenous silty sands, mixed with muds from possible

graded beds. Several soft sandstone pieces (e.g. Section 6) contain

1—3 mm long black carbonaceous fragments. They are poorly

sorted (mud flows?) and slightly calcareous.

At Section 7, 40 cm: a piece of hard calcareous MUDSTONE.

Most of the carbonate is micrite, possibly recrystallized nanno-

fossils. Laminations are preserved.

The core had a rather high gas pressure. Several coherent pieces

show traces of layering on a cm-scale with thin silty-sand lenses,

some discordant, between packages of laminated mudstone.

Compared to overlying cores colors have changed to more oxi-

dized browns.

SMEAR SLIDE SUMMARY

5-90 6-140 7-140

(D) (M) (M)

TEXTURE:

Sand 5 25

Feldspar

Mica

Opaques

Clay

Pyrite

Carbonate

Calc
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LITHOLOGIC DESCRIPTION

Clayey silt Disturbed; uniform and homogeneous, Hight olive gray (5Y 5/4)

hard clayey siltstone. No carbonate reaαtion, diatoms mostly

fragments.

SMEAR SLIDE SUMMARY

1-26

(D)
TEXTURE:
Sand

Silt 55

Clay 45

COMPOSITION:

Quartz 11
Feldspar 19

Mica 1
Heavy minerals 2

αay 45
Pyrite 2

Opaques 2

Carbonate unspec. 2

Foramiπifers TR

Calc. nannofossils 5
Diatoms 10
Radiolarians TR

Plant debris 3

Rock fragments 2

CARBONATE BOMB: 1-11: —

SITE 481 HOLE A CORE 24 CORED INTERVAL 260.5-270.0 r

ill

hi

LITHOLOGIC DESCRIPTION

Moderately disturbed, mixture of ^deposited and host lithologies:

At Section 1 to Section 2, 10 cm: olive gray (5Y 4/1 to 6/1)
MUDDY.SAND, some chunks of calcareous cemented sandstone
mixed with traces of laminated mud.

At Section 2, 10 cm to Section 3, 150 cm: interlayered zones of

laminated and bioturbated DIATOMACEOUS MUDSTONE

burrows on a cm-scale. Some slightly sandy, homogeneous beds

(e.g. Section 3, 103 cm). Intermittent zones of dark olive-black

(5Y 2/1) (e.g. Section 3, 22-24 cm) scattered, dusky yellow

At Section 4 to Core-Catcher: very uniform, homogeneous
chunks of olive gray (5Y 4/1) SILTY CLAYSTONE, slightly
calcareous. No mottling, sand or burrowing. Some slightly graded
portions towards the base. Gas pressure strong.

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION:

Quartz

Feldspar

Opaques

280
(D)

4

46

50

5

10

3

Calc. nannofossils 7 12

Diatoms 15 25

Radiolarians TR TR

Sponge spicules TR -

Silicoflagellates 2 2

Plant debris 2 1

CARBONATE BOMB: 3-126: 2%
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SITE 481 HOLE A CORED INTERVAL 270.0-279.5 m SITE 481 HOLE A CORE 26 CORED INTERVAL 279.5-289.0 r

LITHOLOGIC DESCRIPTION

Homogeneous, olive gray (5Y 4/1) silty clayst
careous, no bedding. Some rare, very thin, di
or streaks, no burrowing, no sand layers. Grade!
clayey siltstone in Section 6. May be part of a

slightly cal•

more gritty
redeposited

SMEAR SLIDE SUMMARY
4-80

TEXTURE:
Sand 20

Clay
COMPOSITION:

Clay
Opaque!

Plant debris 2
Rock fragments 3- 4

CARBONATE BOMB: 6-10: -

LITHOLOGIC DESCRIPTION

Only slightly disturbed; mixture of tin

1. Zones of venery uniform, homogeneous olive gray (5Y 4/1)
CLAYSTONE TO SILTY CLAYSTONE. some

faint grading.

2, These are interbedded on a decimeter scale with zones of
mainly olive gray light and dark rhythmic couplet beds of soft

and 2—5 cm homogeneous. Contacts are very sharp. Light and
dark laminations about equal thickness. There are some episodic
thicker light bands, with generally 15—18 cm between cycles (e.g.
Section 6, 80-95 cm) and 15-18 couplets/cm. Some pieces
(e.g. Section 4, 60 cm) show evidence of slump folding and soft

3. About 7 intercalated GRADED BEDS as turbidites. Hard mud
to sandy silt to silty sand. Thick homogeneous mudstone parts
commonly show parallel, scaly partings, More calcareous than
host sediment. Commonly beds 50 cm or more in total thickness.

SMEAR SLIDE!

TEXTURE:
Sand
Silt
Clay
COMPOSITION:
Quartz
Feldspar
Clay
Opaques
Pyrite

iUMMARY
3-100
(D)

10
40
50

2
5- 6

50
2
1

6-9
(D)

5
bO
45

2

45
TR

1

CARBONATE BOMB: 4-64:4%



SITE 481 HOLE A CORE 27 CORED INTERVAL 289.0-298.5 m

LITHOLOGIC DESCRIPTION

Homogeneous massive olive gray (5Y 4/1) CLAYEY

STONE. Diatoms are rare, mostly fragmented, mostly

enous, silts, no sand, no laminae or bedding visible. Iπci

amounts of land derived organics. Carbonate as clastic and rr

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt

Clay
COMPOSITION

3-70
(D)

4

50

46

Calc. nannofossils 10

CARBONATE BOMB: 3-61: -

SITE 481 HOLE A CORE 28 CORED INTERVAL 298.5-308.0 m

LITHOLOQIC DESCRIPTION

Slightly disturbed. Unifo
SILTSTONE, diatomaceoi

, olive gray (5Y 4/1) CLAYEY
Slightly calcareous, gas partings

Sections 6 and 7: contain some mud chips showing rhythmic

laminations and bedding defined by a few wavy laminae of land

derived organic matter. Some scattered, rafted, larger carbon-

aceous chips. Some laminated diatomite fragments seem to be

flattened mud clasts in a mud supported matrix. Core may be

part of redeposited unit (mud flow?).

SMEAR SLIDE SUMMARY

TEXTURE:

Sand

Silt
Clay
COMPOSITION

3-70

5
55

40

Opaques 3

Pyrite 2

Carbonate unspec. 5

Silicoflagellates 2

Fish remains TR

Plant debris 4

CARBONATE BOMB: 3-131: 2.5%

z

3
CΛ



<*> SITE 481 HOLE A C ° R E CORED INTERVAL 308.0-317.5 m SITE 481 HOLE A COHE 3 0 CORED INTERVAL 317.5-327.0 m O

r~J H FOSSIL Ti T FOSSIL C
• ^ ^ ~ CHARACTER ^ J CHARACTER J>

g cc « JΛ ~»" Z W U I > £ a: "«~""" « z w > *^i

T| f l I I I ë § Lmo loGY J | | LITHOLOGIC DESCRIPTION " f | | | | | | | | L ^ ‰ ^ y | |« LITHOLOGIC DESCRIPTION

|3 I I I | I 8 s is|I I i= |N I H I a s £|||s £
I g i l l fill i i ° 1 i Ills 1 »

: , .VOID I =>ZjI•lT- -l - T i i 21 couplets/cm £
UJ ; ^ lin^~lT.lir.J I Basal part of large MUD FLOW: scattered polygenetic angular, M " vr-T"• I — >-i
2 - " '{£r I = » soft mudstone clasts in a mud-supported matrix of uniform, C/F ~ ̂ >-C|.'~_'~,-~—' = 5Y 7/2 Mixture of two interbβdded lithologies: ^
" .- C M 03- •CT.^^•.^i' ' Clayeysilt olive gray (5Y 4/1) SAND-CLAY-SILT. Grades to coarser at OS— ^ . [ ^ ' ̂  " ' Diatomite rj\
° 2! _ •C Z ' the bottom of the core. Slightly calcareous mud clasts include C MG I ^^Jj•-~~~•-~- I ! ' j 1. Zones with rhythmically laminated couplets of light and ‰,
55 ^ ' _ ~r• -7.-.—~^i I = lensoid pieces having rhythmic couplets of diatom oozes; scat- ' - > C J-~U~.H~. | • ' darker hard DIATOMACEOUS MUD TO MUDDY DIATOMITE. p-j
j o - ; :™.LT."J^5: I tered shelly hash; olive brown (5Y 5/6) clay. VOID II Light olive gray (5Y 4/2) and pale olive HOY β/2|. Contacts ffl
°- ^ - J^• I '-""Î Pjl"̂ "'.":.': ' sharp, 19-22 couplets/cm. Most laminated beds 5-8 cm thick; C/3
K Z - - ~-.~-~-~-' | = At Section 1, 110 cm there is a fracture seam, lined with a halo -v̂ j~ .̂~_'".H totaM31 cm in core.
5 M I "^ :^2β".- ' " .•-: , * Clayeysilt of dark gray (N2). ^ ^>d~-~-~-~- I

A/F CjVl £P *^ "•"" '*''—"- ' —y]"_' . . ! ! . ._ ' .„ | At Section 5, 90—95 cm; just below turbidite base, discordant
SMEAR SLIDE SUMMARY ~~¥~^ ‰ - . • - • ~ • • VOID terminated deformed laminations from soft sediment deforma-

1-42 1-129 - > C J - . _ . _ . _ . ] tion.
(MI (MI - v -—-_-•_:

TEXTURE: - ^ ^ ^ ' At Section 5, 100 cm: light bluish gray (5B 6/1) clay interlayer.
Sand — 7 2 ~ ~^^—- ^• •—• - —.- I * KY 4/2

Si|t 50 46 " - * - v At Section 1, 47 cm: a thin cm-band of yellow-gray (5Y 7/21

Clay 50 47 - ~" *" ünin^~~ J * r m i l l r k diatomite; abundant silicoflagellates, fragile diatoms.
COMPOSITION: ~ Z<lj.~li Z~.il' |
Quartz 5 - -s^4-••-. ' - ~ ' Ip 2. Most of core is thick beds (50-100 cm) homogeneous, massive
Feldspar 15 - ZJ~~^-~.-~Zr.'. j I; to graded DIATOMACEOUS MUDSTONE TO MUDDY SAND.
Mica 1 1- 2 „ " ~~^s - – TURBIDITES. Upper parts show darker shaly partings. Muddy,
Clay 47 47 - ~ • v r ~- .~-~ l l? I ~~ coarse basal portion lighter olive brown (5Y 5/6) (e.g. Section
Volcaπicglass - TR (rhyolite) Z^-yj~S~•~^T.JS | 3.70-90cm).
Opaques 1 4 _ >C '.
p y r i t e 1-2 4 S ~ ~-^ - ~ . - ~ U ~ I At Section 4, 130-140 cm and Section 5, 0-10 cm: discordant
Carbonate unspec. B 10 ^ ^ 3 ~Z I X '~''~' I sub-vertical seams are filled with a black (Mπ?) clay. Also occurs

Foraminifers 1 1 O " " ^~^T^^^ • IL 5 Y 3/2 a l o n 9 bedding plane (Section 4,47 cm).

Calc. nannofossils 10 3-4 ^ Z . 7. ~^l^~•~-l ' — S a n d

 S M ε A R S L , D E SUMMARY
D i a ' O m S 2 ^ _5

D 3 8 Î < . _ 1-47 2-70 4-67 6-22 6-22

Radiolaπaπs I TR o. z - " - ^ ^ . " ^ _ ~ _ " ' ~ (M) (D) (Ml (Ml (M)
Silicoflagellates 2-3 1 u, Z - — -*-J = ( g r a y ) ( | i g h t )

s - : - 5 ;g|ii - r - . 5 - 20 _
_ - J ^ ^ I = Silt 70 65 55 50 70

CARBONATE BOMB: 1-133:- - ^ ™ _ ~ ] : | ~ . Clay 30 30 45 30 30
4 - ̂ JX~.-.~.-~-' = Varves COMPOSITION:

- •-yi ' = Averageof Q u a r t z TR 3 2 1 5 1- 2

~ • ^ ^ - _ ' ~ l ' ~ _ ' ~ _ I I light and dark Feldspar 7 38
_ "v-> ; ; moderatβdark Mica - - - 1 - 2

- k^~7.'J~.-7.-~ | : ; o l i v e Clay 25 30 25 27 28
Z^~y.—÷ = ; Opaques TR 2 1 4 1
- ^ ^ - • - • - • ' - I D a r k ( N 4 ) Pyrite TR 1 1 3 1
I ^><-"-"-"I | T * * Light |5Y 8/4) Carbonate unspec. 2 3- 4 10 3 35
- – -VWT! : = 19couplets/cm Foraminifers - 1 1 TR -

— ~ j j - = Calc. nannofossils 4 8-10 12 3• 4 10
^xri 1 Diatoms 65 40 50 2 20

5 - ^ p - C J - ~ - - ^ " : I ._ Radiolar>ns TR
Z^J- i÷7Z7:.~: j . . . 20 couplets/cm Silicoflagellates 4 3 1 TR 1- 2
- -* B Plant debris - - - - - 1
; 0 Q I Rock fragments - - - 2

->>j -™- i CARBONATE BOMB: 2-137: 6.5%

-=O=-~~ •~2 | 5-46:2%
~ P M 2. •^~'- •-~-~•-~ 6-46: 3.5%

I I ICMl | I Iccl H^jJl~-.~-~.J Mil _ ^
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327.0-336.5 m

LITHOLOGIC DESCRIPTION

Drill breccia of light olive gray (5Y 4/2) chips of MUDDY Dl-

ATOMITE. Homogeneous, massive.

Core-Catcher: yellowish gray (5Y 6/2) muddy diatomite with

discontinuous laminations, homogeneous center part. Diatom

frustules pristine.

VOID
Some chunks of softer material above 2 pieces of VESICULAR

Silty clay BASALT with zeolite filled vesicles. Appears to be close to but

not at the sediment-basalt contact. Sediment does not appear
baked.

SMEAR SLIDE SUMMARY

1-139

ID)
TEXTURE:

Sand 3

Silt 52

Clay 45

COMPOSITION:

Quartz 1

Feldspar 3

Clay 44

Opaques 2

Pyrite 2

Carbonate unspec. 5

Foramiπifers TR

Diatoms 3- 4

Diatoms 35

Radiolarians 1

Sponge spicules TR

Silicoflagellates 2

Plant debris 1

CARBONATE BOMB: CC: 4%

Note: Site 481 A, Core 32, 336.5-346.0 m: No Recovery.
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33 CORED INTERVAL

GRAPHIC
LITHOLOGY

ill !i

αl
j i

o
I
I
I

\l
II i

;

346.0-356.5 m

LITHOLOGIC DESCRIPTION

Dark gray Partly drill breccia

N7 Dark gray (N3)

Claystone Several pieces wit

of siliceous grain

thin laths (zeolite

At 68 cm: cont

some vesicles pyr

a, contact zone with vesicular basal, SiN.

CLAYSTONE: some scattered calcite crystals.

h light gray (N7) claystone rims. Several show

hTpCpe^Cnic"rπirroli°ic'ct,e^mContaines

l•

ct with VESICULAR BASALT. Five pieces.

te or zeolite-filled. Piece 1 has thin glassy rind

preserved.

SMEAR SLIDE SUMMARY
1-50 1-60

(Dl (M)

TEXTURE:

Sand

Silt 20 20

Clay 80 80

COMPOSITION:

Quartz 7 - 8 15

Feldspar 6 - 7 3 - 4
Mica - 1

Clay 70 70

Opaques 1 TR

Pyrite 1 1

Zeolite 75 78

Carbonate unspec. 3- 4 1

Fish remains 2

CARBONATE BOMB: 1 2 0 : 0 %

Note:Site 481 A, Core 34, 355.5-36E.0 m: No Recovery.

Site 481 A, Core 35,365.0-374.S m: No Recovery.

SITE 481 HOLE A CORE 36 CORED INTERVAL 366.0-374.5 r

LITHOLOGIC DESCRIPTION

Small piece of vesicular basalt.

Note: Site 481A, Core 37, 374.S-384.0 m: NO RECOVERY.

CΛ



L>J 64-481A-31 Depth: 327.0 to 336.5 m Q

"jj CORE-CATCHER: DOMINANT LITHOLOGY: vesicular BASALT C
* * ^ ^

Macroscopic Description J>

Two pieces (rounded cobbles) fresh medium gray (N5), aphyric medi- 5 *

S α> 8 S o S S um-grained BASALT. C

I I f e l l fell fe I 1 S o 3 S I 1 o i l A b o u t 1 5 % b a s a l t c o m p r i s e s i r r e g u l a r v e s i c l e s , l i n e d w i t h p a l e g r a y t o £
j 5 ' C c 6 } . 2 '~ c i n i i ' £ c (/> J a «-; c CO - 2 t S c " 3 - ° S : c ^ ^ r o C 0 5 w h i t e z e o l i t e . O n e c o n t a i n s c a l c i t e ; t h e o t h e r p y n t e . ^

I I • S • E E I f B • H i I U ' § 1 c | • S § I S e • = g | ë . • S g | J i | § 0-20 cm: intercalated sediment, diatom ooze. Olive gray <varved) £

•Z J S fl o « Z j j 8 « o ~ z j= H 2 ° S Z 1 $ ~ _§ £ Z 1 S J S S z I I ^ o £ Z ~ | S o • j silty clays, apparently unbaked, but no indication of the distance jy j

8 S1 Q •§ 1*- S g & α .2 !S• 5 8 g• α .1 i l• J> " S • α . i l - 2 5 J α I f § π α .1 .2- § g g• 6. .§ .Q• j j of sediments from basalts in actual sequence. Diatoms fresh, proba- ^

i£ ó f£ O v> < l O i l O M < i U I O M < £ (5 0C O CO *t I ( 3 1 O B < £ t3 OC O ė/5 < i£ ö CC O u5 < ble downhole caviπgs. ~

°~| I /«p| I 5""| I I I ^ I ( 7 ] ~ ] 64-481A-33 Depth: 346.0 to 355.5 m i—)

J Λ . o° ^ • SECTION 1: DOMINANT LITHOLOGY: BASALT with sediment. W

L^i 0 oo Macroscopic Description

— t >-' ° o ~ 0-35 cm: fragmented (by drilling! black claystoπes and mudstones

r-ZF) g "' 35-68 cm: pieces of black and brown mudstones and varved claystones

~^~-sJy <=>o and clays

C ^ ^ O o 68-70 cm: aphanitic basalt with rare plagioclase phenocrysts (approxi-

" " ( Λ V ° ° ö ° ~ mately 5 mm long), and chilled margin of ropy-textured devitrified

Cr=h °"c<% . glass
\^P 71-95 cm: 4 rounded pieces of vesicular, practically aphyric, fine-

ry — grained to aphanitic medium gray (N5) to medium dark gray (N4)

0 basalt. Fresh. Vesicles 1-5 mm, spherical and irregular. Fillings

include zeolite, calcite and pyrite. Flow textures visible in basalt

r*i • adjβceπt to chill margins.

r\0 TS 69 cm (Piece 1): basalt with chilled margin. Pilotaxitic texture.

\ \ _ Devitrified glass 95%, shows wheat-sheave structures and plagioclase

Q spherulites plus (2%) 0.2-3 mm plagioclase laths (Aπ40) surrounded

en \j by glass. Less than 1% clay and zeolite alteration, mostly pseudomorphs

(^) after clinopyroxene and olivine. Some tiny clinopyroxene and olivine

C£> - anhedral grains occur within plagioclase spherulites.

_ £ - ^ _ TS 90 cm (Piece 5): hyalopilitic vesicular (5%) basalt. Fifteen percent

?> - includes 65% glass, only slightly altered, and cryptocrystalline clino

f7 pyroxene and plagioclase with possible olivine. Two percent olivine

— 1 ^^^m. I T — ar>d 3% clinopyroxene microcrysts, anhedral dispersed in mesostasis.

>Λ / Three percent opaques with pilotaxitic texture of tiny ilmenite laths.

2 j ° 7 / Elliptical to spherule vesicles; irregular with thin lining of greenish

\ *-* ' clay.

4 ' vD / 64-481A-36 Depth: 366.0 to 374.5 m

— /a ) / ~ CORE-CATCHER: DOMINANT LITHOLOGY: aphyric BASALT

5 i /
Ct>y / . Macroscopic Description

Medium to dark gray (N5) fine-grained basalt fragment recovered in

Λ nr> __ ^― Corβ-Catchβr. Has small <1 mm vesiclεs.

150—' ' ' *—' ' ' "―' ' ' *—' ' ' *—' ' ' '—' ' ' ' '
CORE/SECTION 31/CC 33/1 36/CC



GUAYMAS BASIN SITES

—0 c m
 H o l e 4 7 7

2-2 2-3 2-4 3-1 3-2 4-1 5-11, CC 2-1 7-1

375



GUAYMAS BASIN SITES

r-Ocm- i ü 7 ? — _ _ ^― ^ _ - _ ^ _ ^ _ g _

•&&••llsl=

. H "•I•IH•I•
50
 H 5 ™ •M Hi ê  H H H L J

: • ••<S•••••i
1 I •H W I B [Mgi 1

— 75 sflflM n

—100

: I '111
9HSB H H S H £iS

: •liπll
1 5 0 7-2 7,CC 8.CC 9-1 10-1 11-1 11-2 12-1 12-2 12-3 12-4 12-5

376



GUAYMAS BASIN SITES

r-OcmJi±i77,

H25

h-50

h-75

1—100

[—125

1—150
13-1 13-2 14, CC 15-1 15, CC 16-1 16-2 16-3 16-4 16-5 17-1

16, CC
17-2

377



GUAYMAS BASIN SITES

n ™ Hole 477r~O cm

- 2 5

- 5 0

—75

—100

—125

—150
17-3 18, CC 19-1

17, CC
19-2 19-3 20-1 20-2 21-1 22-1 22-2 23-1

19, CC 20, CC 22, CC 23, CC

378



GUAYMAS BASIN SITES

r -0cm H o l e 4 7 7 A

•

1-1 1-2 2-1 2-2 3-2 3-3 3-4 3-5 H-1

379



GUAYMAS BASIN SITES

- m Hole477A
r- O cm.

- 2 5

- 5 0

—100

—125

—150
5-1 6, CC 7-1

7,CC
8-1

• • ;

- - ^

9-1
9,CC

10-1 11-1
10, CC 11, CC

Hole 477B

%

B-1 B-2 B-3
B, CC

380



GUAYMAS BASIN SITES

r-Ocm
Site 478

- 2 5

- 5 0

- 7 5

—100

—125

1—150
1-1 1-2 2-1

1,CC
2-2 2-3 2-4 2-5 2-6

2, CC
3-1 3-2 3-3 3-4

381



GUAYMAS BASIN SITES

r 0 c m , S i t e 4 7 8

- 2 5

- 5 0

- 7 5

—100

—125

«—150
3-5

3, CC
4-1 4-2 4-3 4-4 4-5 4-6 4, CC 5-1 5-2 5-3 5-4

382



GUAYMAS BASIN SITES

^ π ^ Site 478

- 2 5

- 5 0

- 7 5

—100

—125

"—150
5-6 5-7

5, CC
6-1 6-2 6-3 6-4 6-5 6-6 6, CC 7-1 7-2

383



GUAYMAS BASIN SITES

r-0cm,Si t e478

- 2 5

— 50

—75

—100

—125

—150
7-3 7-4 7-5 7-6 7-7 8-1 8-2 8-3 8-4 8, CC 9-1 9-2

7, CC

384



GUAYMAS BASIN SITES

r—Ocm
Site 478

9-3 9-4 9-5 10-1
9,CC

10-2 10-3 11-1
10, CC

11-2 11-3 11-4 1‰5 11-6
11, CC

385



GUAYMAS BASIN SITES

. Site 478
r-Ocm,

- 2 5

- 5 0

- 7 5

—100

—125

•—150
12-1 12-2 12-3 13-1 13-2 13-3 13-4 14-1 14-2 14-3

386



GUAYMAS BASIN SITES

p—Ocm Site 478

- 2 5

- 5 0

- 7 5

—100

—125

•—150
14-4 14-5 14-6 15-1

14, CC
15-2 15-3 15-4 15-5 16-1

15, CC
16-2 16-3 16-4

387



GUAYMAS BASIN SITES

n ~ Site 478r~O cm.

- 2 5

- 5 0

- 7 5

—100

- 1 2 5

'i

•―150
16-5 16-6 17-1

16, CC
17-2 17-3 17-4 17-5 17-6 17-7 8, CC 19-1 19-

388



GUAYMAS BASIN SITES

r-Ocm Site 478

- 2 5

- 5 0

- 7 5

—100

—125

•—•150
19-4 19-5 19-6

19, CC
20-1 20-2 20-3 20-4 20-5 20, CC 21-1

389



GUAYMAS BASIN SITES

— n Site 478

- 2 5

- 5 0

- 7 5

—100

•125

•―150 21-3 21-4 21-5 21-6 21-7
21, CC

22-1 22-2 22-3 22, CC 24-1 25-1

390



GUAYMAS BASIN SITES

r—Ocm
Site 478

- 2 5

- 5 0

—75

—100

—125

1—150
26-1 26-2 27-1 28-0 28-1 28-2 28-3 28-4 28-5 28-6 28, CC 29-1

391



GUAYMAS BASIN SITES

Site 478

—25

— 50

—75

—100

—125

—150 >9-2 29, CC 30-1 30-2 30, CC 31-1 31-2 31-3 31-4 31-5 31, CC 32-1

392



GUAYMAS BASIN SITES

r—Ocm, Site 478

- 2 5

- 5 0

- 7 5

-100

—125

•―150
32-2 32-3 32-4 32, CC 33-1 33-2 33-3 33-4 33-5 33-6 34-1

33, CC
34-2

393



GUAYMAS BASIN SITES

n nrn Site 478
r- O cm i

—25

— 50

—75

—100

—125

—150 34-3 34-4 34-5
34, CC

35-1 35-2 35-3 35-4 35-5
35, CC

36-1 36-2 36-3 36-4
36, CC

394



GUAYMAS BASIN SITES

p—0 cm
Site 478

—25

- 5 0

- 7 5

—100

—125

•—150

I

_ .

mm

i

r

T

1

~ T • •

38, CC 39-1 39-2 39-3 39, CC 40-1 40-2 40-3 40-4 41-1 41-2 41-3

395



GUAYMAS BASIN SITES

òite 478
r—Ocm

- 2 5

- 5 0

—125

•—•150
41-4 41-5 41-6 41-7 42-1 42-2 42-3 42-4 43-1 43-2 43-3 437

396



GUAYMAS BASIN SITES

Site 478

—125

_c

•—150 44-1 44.2 44-3 44-4 44-5 44-6 45-1 45-2 45-3 45-4 45-5 45-6

397



GUAYMAS BASIN SITES

r-0cmS i t e 4 7 8

—125

1—150
46-1 46-2 46-3 46-4 46-5 48-1 49-1 49-2 49-3 50-1 50-2

398



Site 478

•25

50

75

GUAYMAS BASIN SITES

•100

-125

-150
50-4 50-6 50-6 51-1 BiT 6lT B M

!

V

399



GUAYMAS BASIN SITES

r-Ocm^4-78

- 2 5

- 5 0

- 7 5

—100

—125

•―150
52-4 52-5 52-6 52-7 53-1 53-2 53-3 53-4 54-1 54-2 54-3 54-4

400



GUAYMAS BASIN SITES

- 2 5

•50

- 7 5

—100

—125

P1-1 P1-2 P1.CC P2-1 P2-2 P2-3 P2, CC P3-1 P3-2 P3-3 P3, CC

401



GUAYMAS BASIN SITES

- 2 5

h-50

h-75

Moo

h-125

1—150
P4-T P4,CC P6-1 P7-1 P7-2 P7-3 P7, CC P8-1 P8-2 P8-3 P8, CC P9-1

402



p-Ocm

25 I

50

1—100

H125

•― 150 I — — -

GUAYMAS BASIN SITES

P9-2 P9, CC P10-1 P10-2 P10-3 P10, CC P11-1 P11-2 P11-3 P11,CC

403



GUAYMAS BASIN SITES

1-1 1-2
5-3

404



GUAYMAS BASIN SITES

r—Ocm
Hole 481A

- 2 5

- 5 0

- 7 5

—100

—125

•― 150

'ME

5-4 5-5 5-6 5-7 6-1
5 fCC

6-2 6-3 6-4 6-5 6-6 6-7 7-1
6, CC

405



GUAYMAS BASIN SITES

Hole 481Ar—Ocm

- 2 5

—50

- 7 5

—100

- 1 2 5

1—150
7-3 7-4 7-5 7-6 7-77-2 8-2 8-3 8-4 8 3 8-6

406



GUAYMAS BASIN SITES

r—Ocm,
Hole 481A

- 2 5

- 5 0

- 7 5

— 1 0 0

- 1 2 5

•―150 8-7 9-1
8, CC

9-2 9-3 9-4 9-5 9-6 9, CC 10-1 10-2 10-3 10-4

407



GUAYMAS BASIN SITES

Hole 481Arcm i

—25

>— 50

—75

—100

—125

—150
10-5 11

10, CC
-1 11-2 11-3 11-4 12-1

11, CC
12-2 12-3 12-4 12-5 12-6 12, CC

408



GUAYMAS BASIN SITES

r—Ocm
Hole 481A

- 2 5

'50

—75

—100

-125

1—150
13-1 13-2 13-3 13-4 13-5 13, CC 14-1 14-2 14-3 14-4 14, CC 15-1

409



GUAYMAS BASIN SITES

Hole481A
r—0 cm

- 2 5

- 5 0

•—150

- 1 2 5

15-2 15-3 15-4 16-1 16-2 16-3 17-1 17-2 18-1 20-1 20-2 22-1
18, CC 20, CC

410



GUAYMAS BASIN SITES

r—Ocm
Hole 481A

- 2 5

—125

1—150
22-2 22-3 22-4 22-5 22-6 22-7 23-1 24-1

22, CC 23, CC
24-2 24-3 24-4 24-5

411



GUAYMAS BASIN SITES

- 5 0

- 2 5

- 7 5

—100

- 1 2 5

L•—150
24-6 24-7 24-8 25-0

24, CC
25-1 25-2 25-3 25-4 25-5

i

25-6 25-7 26-1
25, CC

412



GUAYMAS BASIN SITES

r—0 cm Hole481A

- 2 5

- 5 0

- 7 5

I

—100

-125

•―150 26-2 26-3 26-4 26-5
4

26-6 26-7 27-1 27-2
26, CC

27-3 27-4 27-5 27-6

413



GUAYMAS BASIN SITES

Hole 481A

—25

"150 — 28-1 28-2 28-3 28-4 28-5 28-6 28-7 28, CC 29-1 29, CC 30-1

414



GUAYMAS BASIN SITES

Hole 481A

-25

— 50

—100

—125

•―150 -
30-22 30-3" 30-4 30-5 30-6 31-1 33-1

30, CC 31, CC

415


