5. SITE 489!

Shipboard Scientific Party?

HOLE 489

Date occupied: 3 April 1979

Date departed: 5 April 1979

Time on hole: 39.2 hours

Position: 16°16.19°N; 99°01.13'W

Water depth (sea level; corrected m, echo-sounding): 1240
Water depth (rig floor; corrected m, echo-sounding): 1250
Bottom felt (m, drill pipe): 1268.5

Penetration (m): 34.5

Number of cores: 4

Total length of cored section (m): 34,5

Total core recovered (m): 22.6

Core recovery ("): 66

Oldest sediment cored:
Depth sub-bottom (m): 34.5
Nature: Green mud
Age: Early Miocene

Principal results: Hole terminated because of leaking bumper sub.

HOLE 489A

Date occupied: 5 April 1979

Date departed: 7 April 1979

Time on hole: 52.4 hours

Position: 16°16.19'N; 99°01.13'W

Water depth (sea level; corrected m, echo-sounding): 1240
Water depth (rig floor; corrected m, echo-sounding); 1250
Bottom felt (m, drill pipe): 1266.5

Penetration (m): 327

Number of cores: 34
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Total length of cored section (m): 298.5
Total core recovered (m): 164.5
Core recovery (%o): 55

Oldest sediment cored:
Depth sub-bottom (m): 302
Nature: Green silt and siltstone
Age: Early Miocene

Basement:
Depth sub-bottom (m): 303
Nature: Schist

Principal results: Site 489 cores demonstrated the existence of schis-
tose continental crust in close proximity (~ 10 km) to inferred ac-
cretionary zone sediments. The cores also provided data regarding
the late presubduction and early synsubduction history of the mar-
gin at this site. These are the first such data obtained so close to the
oceanic/continental basement suture in an actively subducting
region.

Suprabasement sediments consisted of approximately 300 me-
ters of lower Miocene muddy silt or siltstone, unconformably
underlying a thin (2-5 m) veneer of Quaternary muddy silt (Table
1). Faunal assemblages indicate a marine transgression approxi-
mately 22.5 Ma, followed by rapid subsidence of the site below the
carbonate compensation depth approximately 21 Ma. The site has
subsequently risen to its present depth, but evidence regarding the
nature of this rise is largely missing because of the early Miocene-
Quaternary unconformity. Overcompaction of early Miocene
sediments suggests the prior existence of a thicker overburden and
subsequent erosion as the reason for the unconformity.

Remanent magnetizations of both sediments and igneous rocks
were unusually low. Low sediment magnetization suggested a
provenance different from that of previously drilled sites, and low
basement rock magnetization suggested that regional magnetic
anomalies derive from a deeper source, probably subducting oce-
anic crust beneath the site.

Small amounts of ethane and higher hydrocarbons were ob-
served with greatest amounts in the lowermost part of the section.
The immaturity of the cored section implies that these gases were
sourced at greater depth and migrated into their present position.

Figure 1 summarizes data from Site 489 cores.

BACKGROUND AND OBJECTIVES

Although the reality of subduction is widely ac-
cepted, we know little about its beginnings. Does the
crust buckle in compression before rupturing to form
the subduction surface? Does it sag gravitationally
before rupture carries one block beneath the other? Or
does it do something entirely different? Answers to
these questions are fundamental to an understanding of
the mechanism of subduction.

In the region of Leg 66 drilling, ignorance of the late
presubduction history of the margin further complicates
the study of early subduction history. Mesozoic and
Tertiary igneous and metamorphic complexes extend to
the shoreline, giving the impression of once belonging to
a more extensive terrain whose seaward part has been
forcibly removed. Did this missing terrain slide north-
ward and westward as is now the case with Baja Califor-
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Table 1. Coring summary, Holes 489 and 489A.

Cored Interval  —

below Bottom  Cored
Core (m) (m) (m) (%) Remarks
Hole 489
1 0.0-6.0 6.0 5.60 93
2 6.0-15.5 9.5 8.82 93
3 15.5-25.0 9.5 5.10 54
4 25.0-34.5 9.5 3.10 33
3450 22.62 66
Hole 489A
1 0.0-8.0 8.0 8.00 100
2 36.5-46.0 9.5 2.82 30
3 46.0-55.5 9.5 1.29 14
4 55.5-65.0 9.5 7.96 84
5 65.0-74.5 9.5 7.48 79
6 74.5-84.0 9.5 4.97 52
7 84.0-93.5 9.5 6.88 72
8 93.5-103.0 9.5 4.86 51
9 103.0-112.5 9.5 3.54 37
10 112.5-122.0 9.5 420 44
11 122.0-131.5 9.5 7.19 76
12 131.5-141.0 9.5 3.03 32
13 141.0-150.5 9.5 4.66 49
14 150.5-160.0 9.5 0.12 1
15 160.0-164.5 4.5 1.95 43
16 164.5-169.5 5.0 5.09 102
17 169.5-179.0 9.5 2.57 27
18 179.0-183.0 4.0 4.68 117
19 183.0-188.5 5.5 4.15 75
20 188.5-198.0 9.5 2.13 22
21 198.0-207.5 9.5 7.05 74
22 207.5-217.0 9.5 7.14 75
23 217.0-226.5 9.5 7.90 83
24 226.5-236.0 9.5 8.55 90
25 236.0-245.5 9.5 7.96 84
26 245.5-255.0 9.5 6.55 69
27 255.0-264.0 9.5 4.84 51
28 264.0-273.5 9.5 5.03 53
29 273.0-282.0 9.0 9.14 102
30 282.0-291.0 9.0 7.26 81
31 291.0-300.0 9.0 2.85 32
32 300.0-309.0 9.0 0.85 9  gneiss fragments
33 309.0-318.0 9.0 0.28 3
34 318.0-327.0 9.0 0.28 3

208.50 163.25 55

nia and the block west of the San Andreas fault? Did it
slide southeastward as suggested by reconstructions of
the Cayman Trough? Or was it perhaps consumed by
tectonic erosion, to disappear into the subduction zone?
Answers to these questions are fundamental to our
understanding of the geologic history of the region.
Among the most likely places to look in rock records
for evidence of late presubduction and early synsubduc-
tion history are in the sediments deposited on or im-
mediately seaward of the lip of the continental crust
where it joins oceanic crust. These sediments are dif-
ficult to sample, however. In most subduction zones the
edge of the continental crust cannot be identified with
confidence. In other areas, rocks of the continental/
oceanic crust transition zone are beyond the reach of the
Challenger’s drill. The Leg 66 area may be unique in
that these sediments are accessible. The edge of con-
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tinental crust can be placed in a zone less than 10 km
wide. Sediments on the lip are completely penetrable, as
are the upper part of sediments deposited on oceanic
crust.

Specific objectives at Site 489 (Fig. 2) were penetra-
tion of a strong seismic reflector at an estimated depth
of 290 meters (Fig. 3) and recovery of samples of sedi-
ment from overlying sediments. The strong reflector,
thought to be continental basement, rises irregularly
southeastward beneath rising seafloor. Seaward, it be-
comes progressively more irregular, loses continuity,
and dies out a few kilometers southwest of Site 489.

Site 490 (Fig. 3), discussed in the following chapter, is
a companion site drilled into accretionary zone sedi-
ments immediately seaward of the edge of the continen-
tal crust. The common objective at Sites 489 and 490
was to obtain data concerning the evolution of the mar-
gin during the late presubduction to early synsubduction
period.

OPERATIONS

The move of 35 km north from Site 488, including
minor profiling, was made in 4% hours. The beacon
drop point was only approximate because of the un-
availability of good satellite fixes during transit. The
position was considered adequate, however, and the pipe
trip was begun.

Fixes indicated that the beacon was within offsetting
distance of the intersection of two reference profiles and
the vessel was offset about 460 meters to the west-south-
west prior to spudding.

Owing to the 20% (approx.) slope of the seafloor,
two ‘‘water cores’” were taken before sediment was
found at 1268.5 meters, 24.5 meters deeper than the
PDR reading. Hole 489 was spudded at 1205 hours,
April 3.

Firm Miocene clay, 3 meters below seafloor, slowed
initial penetration, because only limited weight could be
applied. Five and one-half hours after spudding, core
barrel number 5 failed to produce the pump pressure
““kick”’ indicative of proper seating at the core bit. After
retrieving the core barrel, we twice attempted unsuc-
cessfully to clear a possible obstruction from the bit. We
then retrieved the string to check for a downhole me-
chanical malfunction.

Inspection of the bottom hole assembly revealed that
the internal washpipe of the lower bumper sub was
unscrewed, permitting drilling fluid to escape through
the bumper sub. The bumper sub was replaced and the
drill string was run back for respudding.

Hole 489A

Hole 489A was spudded into sediments 1266.5 meters
deep at 1205 hours, April 4. Uppermost sediments were
recored to sample a paleontological break. We then
““washed’” to the depth at the bottom of Hole 489 and
began continuous coring.

Coring continued without significant incident through
moderately indurated claystones and siltstones. Rela-
tively slow penetration rates and good hole conditions
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Figure 1. Summary of age, nannofossil and radiolarian zones (6 = Calocycletta costata, 7 = C. virginis,

= barren), magnetic polarity zones

(black = normal, white = reversed, slashes = no data), lithology, lithologic units, structure porosity, C;/C,, total Cy_s, and age vs. depth.

prevailed throughout the section. We penetrated broken
schist basement at about 303 meters sub-bottom and ter-
minated drilling at 327 meters because of sticking.

The hole was flushed with mud, an inner core barrel
pumped down with a shifting tool attached, and wire-
line run to retrieve the barrel and actuate the mechanical
bit release. The release sleeve resisted shifting and the
safety shear pin failed after several minutes. A second
attempt produced the same result. The third attempt
resulted in parting of the sand line about 25 meters
above the sinker bars. We cut off about 150 meters of
sand line and rigged a new sinker bar assembly, then ran
a wireline fishing spear in a final attempt to clear the
pipe and release the bit for logging. The broken wire
was engaged by the spear, but the fish jammed. We
sheared the pin on the new overshot, left the spear in the
pipe, and pulled the pipe.

We abandoned the hole after filling it with 110 bar-
rels of barite-weighted drilling mud. Although hydro-
carbon gases had been encountered in the hole, cement-
ing was not feasible because of the unrecovered core
barrel and fishing tool. The vessel departed for Site 490
at 1630 hours, April 7.

LITHOLOGIC SUMMARY

At Site 489 we penetrated 327 meters and recovered
38 cores, which we divided into 5 units (Fig. 4; Chart 1,
back pocket). The two holes, 489 and 489A, are consid-
ered together because of their overlapping stratigraphy

and proximity. Quaternary and lower Miocene sedi-
ments were found in cores as well as metamorphic base-
ment of probable pre-Tertiary age.

Unit 1, Quaternary (Core 489-1, 0-5.5 m; Core
489A-1, 0-2.1 m), consists of muddy silt. In Hole 489A,
the silt is glauconitic and foraminifer-rich. Woody
debris, mud balls, and mud fragments are common.
Microfossils suggest an upper slope environment.

Unit 2, early Miocene (Cores 489-1-489-4, 5.5-34.5
m; Cores 489A-1-489A-6, 7.1-84.0 m), is comprised of
muddy silt that grades into muddy siltstones near the
base. Thin ash layers are common. Limestone clasts in
the upper half of the unit contain microfauna of the
same age as the enclosing rock, suggesting that the clasts
are either concretions or primary deposits. Bioturbation
ranges from light to intense; several burrows represent
Chondrites. Preserved bedding shows apparent dips of
25° to 54°, and minor fractures dip from 12° to 60°.
The upper part of Unit 2 is siliceous, with concentra-
tions of radiolarians, diatoms, and sponge spicules.
Scarce foraminifers are characterized by small forms
and a few benthic varieties suggesting water depths of
300 to 1000 meters. Calcareous nannofossils have been
partially dissolved.

Unit 3, early Miocene (Cores 489A-7-489-9, 84.0-
112.5 m). This mudstone unit is differentiated from the
overlying and underlying units by an increase in the
clay-size fraction. Intense bioturbation has destroyed
most primary sedimentary features. Several intervals
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contain thin ash pods. Small fractures offset burrows
and remnants of bedding. Microfauna resemble those in
Unit 2.

Unit 4, early Miocene (Cores 489A-10-489A-31,
112.5- 300.0 m), consists primarily of muddy siltstone,
similar to Unit 2. Two fine- to medium-grained calcar-
eous sandstone beds with thicknesses of 32 ¢cm and 10
cm occur near the base of the unit. The maximum thick-
ness of the sandstones could be 2.2 meters, depending
on the lithology of unrecovered core. Pods and thin
layers of very fine to fine sand increase in volume from
the middle of Unit 4 to its base. A few limestones occur
regularly throughout the unit, with an 8-cm-thick lime-
stone layer at 291 meters. Calcareous content in the unit
increases with depth in the lower half. Scattered glauco-
nite grains occur near 220 meters (Core 489A-23), and
zeolite fills veins below 281 meters (Cores 489A-29-
489A-31).

Moderate to intense bioturbation characterizes most
of the sequence. Chondrites and other unidentified bur-
row forms are evident at several intervals, and Zoo-
phycos is present at 185 meters (Core 489A-19). Above
226 meters, foraminifers are scarce and siliceous fauna
abundant. Benthic foraminifers indicate an upper to
upper-mid bathyal (300-1000 m water depth) environ-
ment and occur with dwarf planktonic species (see Bio-
stratigraphy). Below 226 meters, benthic foraminifers
suggest deep shelf (<200 m) environments, and the
abundance of siliceous fauna decreases. Articulated bi-
valves, scaphopods, and echinoids are abundant several
meters above the sandstones at 289 meters.

Unit 5 (Cores 489A-32-489A-34, 300.0-327.0 m) is a
basal unit for which onshore geology suggests a pre-
Tertiary age. It consists of schist with biotite-horn-
blende-quartz, garnet-muscovite-quartz, biotite-musco-
vite-quartz associations, and muscovite-chlorite-bear-
ing quartzite. Section 489A-32,CC contains a sub-
rounded schist pebble.

Lithologic Interpretation

Site 489 is located above the edge of the continental
crust and adjacent to the accretionary zone to the south-
west. The sediments cored at Site 489 may reflect the
tectonic trends in both the underlying continental crust
and nearby subduction complex.

The basal metamorphic rocks probably represent con-
tinental crust correlative with outcrops along the nearby
Mexican coast (de Czerna, 1971). The subrounded peb-
ble of schist within the first basement core may repre-
sent a period of exposure of basement rocks within or
above wave base sometime preceding or during earliest
Miocene. The upper part of the lower Miocene section is
finer grained and contains more discrete ash layers. Its
microfauna suggests deposition in deeper water than
does fauna of the basal section. This relationship sug-
gests a transgressive sequence from near-shore to deeper-
water environments. Because the early Miocene sea level
rise probably did not exceed 150 meters (Vail et al.,
1977), some of the bathymetric changes suggested by
microfaunal assemblages (minimum of several hundred
meters in the early Miocene) must be due to subsidence.

SITE 489

A period of erosion and deformation between early Mio-
cene and Quaternary is suggested by (1) the Pleistocene
through middle Miocene hiatus in the section; (2) the
steeper dips of the lower Miocene rocks compared to the
flat overlying Quaternary beds; (3) the truncation of
seismic reflectors in what is probably a Miocene section
by the overlying slope apron; and (4) overconsolidation
of subunconformity sediments. Seismic data suggest
possible erosional events in the Pliocene-Miocene and a
major erosional event in the Quaternary. Along the
Mexican coast, folding along a north-south trending
axis occurred at the end of the Miocene (Tardy, 1977),
an event that may be related to the tilting of beds at Site
489. Glauconitic silts suggest slow deposition in the
Quaternary.

The Cenozoic tectonic history of southwestern Mex-
ico is poorly understood. The Precambrian to Mesozoic
metamorphic complexes appear to be truncated at the
continental margin (Kesler and Heath, 1970), and the
Mesozoic magmatic arc appears to be too close to the
present margin (Karig, 1974). Several models have been
proposed to account for possible truncation of pre-
Cenozoic rocks along the southwestern Mexico margin:
(1) tectonic erosion of the continental margin by sub-
duction (Karig et al., 1978); (2) left lateral transform
movement (de Czerna, 1971, Malfait and Dinkelman,
1972); and (3) right lateral transform movement (Karig,
1974).

The documentation of early Miocene subsidence on
the upper slope does not limit the mechanism for possi-
ble margin truncation but may help delineate the timing
of such an event. Subsidence of the upper slope could be
related to subduction, normal or oblique, or to trans-
form motion.

BIOSTRATIGRAPHY

Figure 1 shows the biostratigraphic summary of Site
489, based on nannofossils, radiolarians, and some
foraminifers. Alternating periods of calcareous and sili-
ceous dissolution, which occur in the upper half of Site
489, hamper biostratigraphic dating of the sediments.
Siliceous microfossils occur abundantly in the upper
portion of Site 489 but have been dissolved below Core
489A-18 (180-300 m). Sporadic preservation of cal-
careous nannofossils permits the most complete zona-
tion. Planktonic foraminifers are useful only in Core 1
and below Core 27.

Calcareous Nannoplankton

Sediments consist mainly of lower Miocene, capped
by a thin layer of upper Quaternary to Holocene. Mid-
dle Miocene to lower Quaternary sediments are missing.

Late Quaternary to Holocene

Emiliania huxleyi, which is found in Cores 489-1
(0-5.5 m) and 489A-1 (0-8.5 m), is indicative of later
Quaternary to Holocene. According to Geitzenauer
(1972) this species appears about 0.15 m.y. ago in the
geological record. The nannoflora included here are
Ceratolithus simplex, Coronocyclus nitescens, Cyclo-
coccolithus leptoporus, Emiliania huxleyi, Gephyro-
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capsa doronoicoides, G. oceanica, Helicosphaera car-
teri, Pontosphaera syracusana, Syracosphaera pulchra,
and Thoracosphaera heimi.

Miocene

At Holes 489 and 489A, the lower few centimeters of
Core 1 and the rest of the cores at these sites contain
Miocene age sediments. The upper part of the Miocene
sediments contains more siliceous microfossils than the
overlying Quaternary.

Nannoflora from Sample 489-1,CC indicate an up-
permost early Miocene to earliest middle Miocene age
(NNS, the Sphenolithus heteromorphus nannoplankton
zone), with abundant Discoaster exilis and Sphenolithus
heteromorphus. The species of the nannoflora are Coc-
colithus miopelagicus, Cyclicargolithus bukryi, C. flori-
danus, Coronocyclus nitescens, Discoaster exilis, and
D. trinidadensis.

Foraminifers

The sedimentary section contains variable sediment
facies. Cores 489-1 and 489A-1 contain glauconitic mud
with abundant and well-preserved foraminifers. Cores
489-2 through 489-5 and 489A-2 through 489A-31 con-
sist of light greenish gray siliceous mud and underlying
silty mud and sandstone facies containing rare to com-
mon foraminifers. Relatively abundant benthic fora-
minifers occur in the lower part of the sedimentary se-
quence, but several core catcher samples such as 489-
3,CC, 489A-2,CC, 489A-7,CC through 489A-10,CC,
489A-20,CC, and 489A-26,CC are barren of foramini-
fers. Planktonic foraminifers in the lower Miocene sec-
tion are small and dwarfish. Both Cores 489-1 and
489A-1 encompass a middle Miocene through Quater-
nary hiatus.

Planktonic foraminifers in Cores 489-1 and 489A-1,
exclusive of the core catcher, indicate a late Quaternary
age of the sediment. The assemblage includes Globo-
rotalia tumida, G. menardii, G. scitula, Globigerinoides
ruber, G. sacculifer, G. triloba, Pulleniatina obliquilo-
culata, and Orbulina universa.

In Cores 489-2 through 489-5 and 489A-2 through
489A-23, planktonic foraminifers indicate an upper
early Miocene age (N5-N8). The species include Globo-
rotalia peripheroronda, Globigerinoides subguadratus,
G. triloba, G. primordius, Globoquadrina altispira,
Globigerina obesa, and G. venezuelana.

Cores 489A-24 through 489A-31 comprise the early
part of the early Miocene fauna and include Globoro-
talia siakensis, G. aff. kugleri, and small specimens of
genus Globigerinoides.

Depositional Environment

At Site 489 the terrigenous sequence above the base-
ment rock marks an initial lower Miocene transgression
of the sea. The middle Miocene through Quaternary
hiatus may indicate submarine erosion. Benthic fora-
minifers in the entire sedimentary section reveal assem-
blages related to subsidence from the lower Miocene
through upper Quaternary. The following three assem-
blages are represented:
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Assemblage I (lower Miocene silty mud and sandstone)

In Cores 489A-31 through 489A-24 the benthic fora-
minifers indicate a relatively deep shelf environment.
Terrigenous facies here were deposited in less than 200
meters water depth. The assemblage includes Quin-
queloculina, Lenticulina, Nodosaria, Gavelinella, Han-
zawaia, Siphonogerina, Unicosiphonia, and Stilosto-
mella. The following small-sized specimens also occur:
Cassidulina laevigata, Uvigerina sp. Hoeglundina, and
Sphaeroidina aff. bulloides. The assemblage is also as-
sociated with small /n sifu mollusks.

Assemblage II (upper part of lower Miocene; clastic and
siliceous mud facies)

Assemblage II could indicate bathyal environment
(1000-2000 m) in Cores 489A-20 through 489A-2 or
subsidence below the CCD. The assemblage includes
benthic foraminifers such as Dentalina, Nodosaria, Len-
ticulina, Vaginulina, Hoeglundina cf. elegans, Melonis
aff. affinis, Oridorsalis aff. umbonatus, Pullenia bul-
loides, Cassidulina subglobosa, Gyroidina, Pleurosto-
mella, Siphonodosaria, Sphaeroidina bulloides, Uviger-
ina aculeata, U. cf. peregrina, Pyrgo murrhina, Vulvu-
lina spinosa, and Pseudonodosaria. The occurrence of
common siliceous microfossils such as radiolarians and
diatoms together with scarce and dwarfish planktonic
foraminifers in the sand fraction of the samples may
suggest a local upwelling along the upper slope region
and indicate a change in the oceanographic conditions
as the slope subsided to a greater depth. Upwelled cold
water may have suppressed productivity of the calcare-
ous plankton and resulted in a bloom of siliceous plank-
ton. Similar phenomena of siliceous blooms related
to upwelling have been documented in some modern
coastal shallow basins. For instance, in coastal basins
along the Gulf of California, the sediments contain
abundant diatoms at a shallower depth (DSDP Leg 64).

Assemblage III (upper Quaternary glauconitic
mud facies)

Assemblage III represents a Quaternary foraminiferal
assemblage. Benthic foraminifers are abundant, diverse,
and include large specimens. They include Lenticulina
(large specimen), Stilostomella, Cassidulina subglobosa,
C. aff, lomitensis, C. teretis, Planulina cf. renzi, Gyroi-
dina soldanii, Hoeglundina elegans (very large speci-
men), Uvigerina peregrina, U. proboscidea, Pyrgo mur-
rhina, Bulimina striata, Laticarinina, Cibicidcides, and
Bolivina. This assemblage corresponds to the modern
mid-bathyal depth environment. Thus Assemblages I
through III suggest that the slope basin subsided to
more than a thousand meters since the initial phase of
transgression at Site 489.

Radiolarians

Abundant, well-preserved radiolarians occur in the
upper part of Site 489, along with centric diatoms. Hole
489 contains a good radiolarian fauna in all five cores,
whereas Hole 489A contains radiolaria in Cores 1 to 3



and 5 to 18. The rest of the section is barren of radio-
larians owing to silica dissolution,

Two recognizable zones, the Calocycletta costata
(early-middle Miocene) and the C. virginis (early Mio-
cene), have a boundary between the middle and lower
part of Core 2 in Hole 489. At Site 489 these zones are
separated by the appearance of C. costata and Cannar-
tus mammiferus at the zone boundary and the disap-
pearance of C. fubarius just before the boundary
(Riedel and Sanfilippo, 1971).

Correlation of radiolarian and nannoplankton zones
is problematical at Site 489. The boundary between the
C. costata and C. virginis zones, near the base of Core
2, correlates with the NN4 nannoplankton zone, yet
Berggren and Van Couvering (1974) place this zonal
boundary within the NN3 zone. Accordingly, we use the
correlation scheme of Martini (1971) for this site be-
cause it places the C. costata/C. virginis boundary
within NN4, about one-third of the way down within
the zone. If we accept boundary dates of 14.3 Ma for
the upper limit and 17.7 Ma for the lower limit of NN4
(Berggren and van Couvering, 1974), then the C. cos-
tata/C. virginis boundary occurs at roughly 15.5 rather
than at 18.1 Ma.

Carbonate-Nodule Fauna

Zones of carbonate-cemented mudstone in the upper
part of Site 489 could be reworked from nearby out-
crops or cemented in place. Two thin sections made
from these rocks show pelagic fauna identical to that of
the surrounding mud. One sample from the wash inter-
val between Cores 1 and 2 in Hole 489 contains radio-
larians that can be etched out of the rock. Stichocorys
delmontensis and Calocycletta virginis show that the
lithified sediment comes from the C. virginis zone, the
same as the hemipelagic mud adjacent to the nodule.
One sample from Core 3 in Hole 489 contains what are
probably lower Miocene planktonic foraminifers.

SEDIMENT ACCUMULATION RATES

The age-depth curve (Fig. 5) has been based on rela-
tively few biostratigraphic ranges. A thin Quaternary
layer in the NN21-NN20 nannofossil zones unconform-
ably overlies lower Miocene sediments. Only two dif-
ferent accumulation rates can be recognized for the
lower Miocene: a lower rate of 21.5 m/m.y. from 20.7
to 14.5 Ma and a higher rate of 106 m/m.y. in sediments
older than 20.7 m.y.

PALEOBATHYMETRY

Drilling at Site 489 penetrates a complete lower Mio-
cene transgressive sedimentary sequence deposited over
eroded hornblende-biotite schist. This sedimentary se-
quence can be used to reconstruct the early Miocene
paleobathymetric history of the margin (Fig. 5), which
involves subsidence after the initial transgression either
to depths near the CCD of 3 km or to shallower depths
(1 km) by the end of the early Miocene time, depending
on whether one focuses on carbonate preservation
rather than foraminifera data. If the margin had sub-
sided to depths of 3 km, it was considerably below the
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present-day water depth (1275 m), and a period of uplift
must have followed the early Miocene. Basal sediments
at Site 489 consist of sand and sandstone containing bi-
valves, scaphopods, and echinoids, as well as benthic
foraminifers indicating neritic to upper bathyal depths
(less than 300 m), with upper to middle bathyal ben-
thonic foraminifers (water depths of 300-1000 m). We
propose two bathymetric interpretations for sediments
above 200 meters core depth. Benthic foraminiferal data
alone indicate that water depths never exceeded 1 to 2
km. However, the near absence of calcareous benthic
and planktonic foraminifers in the upper portion of Site
489 suggests deposition near, or in excess of, the CCD at
the end of the early Miocene. This latter interpretation
is supported by the occurrences of the trace fossil Zoo-
phycos in the middle part of Site 489, as this trace fossil
has been found mainly in deep-water post-Paleozoic
sediments (Ekdale, 1978). If these sediments were de-
posited at such a great water depth, those benthic fora-
minifers found in Cores 2 to 20 of Hole 489 must have
been transported from shallower water and buried be-
fore they dissolved, as is the case in some deep Califor-
nia basins (Ingle, 1973).

PALEOMAGNETISM

Forty-four oriented samples were collected for paleo-
magnetic investigation from the sedimentary sequence.
Stability of remanent magnetization of selected samples
was checked with stepwise AF demagnetization (Niit-
suma, this volume). All samples were cleaned routinely
with 15 mT AF demagnetization. Average intensity is
10-7-2£08 emu/cc after 15 mT AF demagnetization,
relative to a noise level of 10-8! + -2emu/cc. This inten-
sity is two orders lower than the intensity measured in
sediments from Hole 487 (10-56 = 03) and Hole 488
(10-5:3 £0.6),

Because the intensity of remanent magnetization cor-
relates with the content of magnetic mineral in sedi-
ments, the weak remanent magnetization of sediments
in Holes 489 and 489A suggests that the clastic materials
were derived from outcrops containing significantly
lower magnetic mineral content than sources for Sites
487 and 488. Thus the intensity change indicates a
change in sediment provenance.

Although paleomagnetic intensities are insufficient
for magnetostratigraphy, there are five recognizable
magnetozones. These are correlated with Epochs 17 to
21 on the basis of associated nannoplankton and foram-
iniferal fossil data.

Remanent magnetization was measured on five meta-
morphic rock samples taken from cores of metamorphic
rocks in Hole 489A. Average and standard deviation of
NRM intensity is 10-6% £0.5emu/cc. Intensity increased
during stepwise AF demagnetization, and direction of
remanent magnetization was unstable (Niitsuma, this
volume).

The weak remanent magnetization observed in the
rocks is inadequate to produce the magnetic anomaly of
+150 gamma as observed by Shipley et al. (1980). On
the contrary, the rough parallelism of the magnetic
anomaly with magnetic anomalies seaward of the trench
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Figure 5. Depth vs. age and paleobathymetry of Site 489 sediments. Boxes indicate formal ranges.

suggests that the magnetic anomaly originated in sub-
ducting oceanic crust below the overriding continental
basement.

ORGANIC GEOCHEMISTRY

At Site 489 the shipboard organic geochemistry pro-
gram consisted of monitoring gases released in core
liners, visual inspection for fluorescence in the split
core, and analyses of selected core samples for carbon,
nitrogen, and hydrogen.

Gases

The upper 50 meters of sediments contained small
amounts of H,S and CO,. The H,S was below the detec-
tion limit of the Carle gas chromatograph but was
released in sufficient concentrations during splitting of
the core to give a slight odor. CO, was present in con-
centrations of 0.02-0.04% in this section of the hole.
Release of H,S indicates the presence of sulfate-reduc-
ing bacteria, which do not usually occur with methane-
producing organisms (Claypool and Kaplan, 1979).

For the section below 50 meters, release of moderate
amounts of gas in the core liner indicated that pore
fluids were above gas saturation at surface condi-
tions. Analysis of this gas showed no H,S but varying
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amounts of CO, and hydrocarbons in the C, to Cs range
as shown in Figure 6.

Throughout the cored sequence the methane content
of the core liner gas decreased with depth (Fig. 6),
whereas the ethane content remained fairly constant ex-
cept for two small peaks at 180 meters and near the con-
tact with metamorphic basement. C,:C, parallels the
ethane distribution, peaking in the 180 to 250 meter in-
terval and again near the metamorphic basement. C,_s,
present at low levels in the upper part of the sedimentary
sequence, increased significantly in the lowermost 20
meters. The distribution of these constituents shows an
exponential increase with depth, reaching a level of 4362
ppm with 968 ppm of pentanes in the vicinity of the con-
tact with the metamorphic basement (Fig. 6). The
source of this mature gas is not known, but sediment
downdip to the northwest of this site is a possibility (see
Fig. 9). Gases migrating along the contact with the
metamorphic basement could cause the anomaly.

Fluorescence

Split cores showed no evidence of crude oil and/or
bitumen impregnation. Sporadic fluorescent (white)
droplets and superficial fluorescent stains observed on
the surface of the cores and the core liners were prob-
ably due to contaminants from drilling fluids.
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Figure 6. Core liner gas analyses.

Organic Carbon, Hydrogen, Nitrogen, and Carbonates

A sample from each core was taken for CHN analy-
sis. The organic carbon content varied from 0.21% to
1.24% and the total nitrogen content from 0.02% to
0.08% (Fig. 6). The organic potential of the sediments
was low in the upper 100 meters and intermediate in the
lower section. Both carbon and nitrogen contents show
a relative maximum at about 200 meters and decrease
near the contact with the metamorphic basement. C/N,
which varied from 8.4 to 26.2 (Fig. 6), is within the
range of organic matter associated with recent sedi-
ments (Fairbridge, 1972) and suggests a low degree of
geothermal maturity. C/N increases up to about 17
at 140 meters, then remains approximately constant
through the remainder of the hole.

Conclusions

Hydrocarbon gases in the C; to Cs range occur
throughout the cored sequence and cause low to mod-
erate degassing of cores. The organic potential of the
cored sediments varied from low to intermediate, and
C/N suggests a low degree of geothermal maturation.
Hydrocarbon gases in the C, to C; range occur through-
out the cored sequence and cause low to moderate de-
gassing of cores. Cy 5 content increases exponentially
near the contact with the metamorphic basement with-
out evidence of increased organic potential or thermal
maturity. The origin of these gases is not known, but
their source may possibly be more mature sediments
downdip.

PHYSICAL PROPERTIES

Site 489 physical property analyses included porosity,
water content, wet bulk density, compressional sound
velocity, and undrained shear strength, using standard
DSDP procedures (Boyce, 1976).

Three main factors influenced the physical proper-
ties of Site 489 sediments. (1) Carbonate precipitation
within the pore spaces resulted in varying stages of lithi-

fication and greatly affected the variability of these
properties with depth (Fig. 7). (2) Removal of overbur-
den by submarine currents, mass movements, or sub-
aerial exposure has resulted in overconsolidated sedi-
ments at shallow depths (see Shephard et al., this vol-
ume). (3) Slow sediment accumulation rates during the
early Miocene and attendant dewatering resulted in rela-
tively high values of bulk density and low values of
water content and porosity.

General trends of these properties, based on gravi-
metric and rock chunk data, are summarized in the
following.

Porosity, Water Content, Bulk Density

Porosity decreases from 61% at 1.5 meters to 30% at
285 meters. Fluctuations in the porosity-depth profile
appear related to carbonate precipitation within the
voids. Water content decreases from 34% to 1.5 meters
to 13% at 285 meters. Bulk density increases from 1.70
Mg/m? at 3.15 meters to 2.16 Mg/m? at 289 meters (Fig.
7). These gradually changing index properties result in a
relatively transparent section on the seismic profiles
(Shipley, this volume).

Compressional Sound Velocity

Velocity increases with depth from 1.60 km/s at 12
meters to 1.90 km/s at 237 meters. Measured velocities
are much lower than those needed to predict accurately
basement at 300 meters sub-bottom (1.90 km/s max-
imum value measured versus 2.0 km/s average predicted
from velocity analyses of multichannel seismic data;
Shipley, this volume). This discrepancy results in part
from gas coming out of solution and partially attenuat-
ing the sonic signal when the core is brought onboard
ship and from core disturbance and variations in car-
bonate precipitation.

Shear Strength

Shear strength increases rapidly from 11.7 kPa at
3.75 meters to 173.8 kPa at 22 meters (Fig. 7). Below 22

115



SITE 489

Porosity (%) Water Content Bulk Density IMgfm3} Velocity (km/s) Shear Strength (kPa)
(%)
30 40 50 60 1020 30 1.70 1.80 1.90 2.00 2.10 1.6 1.7 18 1.9 0 10 30 50 70 90 110
= = G > I o B DA R T, T T T T T T T
o a 9 o a =] a8 9
of o° % a . o
- o
501 Pis § 10 = E
Og & & o o
6 aa’h 0%30 & @ ° ° 8
oo (2} ° e oaa b
L = = Oooa o
- 100 o ﬂc A ] i 20 ] -I
£ oy %0 Q2 5 —=—173
= o & &° €0 4 E
ot a ° EREES -
9
ur& & 5 @ao ocP a
o ° & R aa *e °
200+ 4 A0 o
Ha é{? o, &
o
Oa § o 4 .
& o L]
2501 & & ady, 4 50F 1
& o
& o .
A 8 &
PG I T P TR R P - | I T R PUN W TR T S S B 1 1 L A ] 1
& Gravimetric 2 Chunk Hole 489 OGravimetric OParallel to Bedding OVane Shear

DTwo Minute GRAPE ©Chunk Hole 488A
&Gravimetric Hole 489A

4Two Minute GRAPE
Figure 7. Physical properties summary profiles, Site 489.

meters sediment failure by cracking precluded further
measurements. The high shear strengths measured at
shallow depths for this site (60 kPa) further suggest
removal of previous overburden from this area.

CORRELATION OF SEISMIC REFLECTION DATA
AND DRILLING RESULTS

A multichannel seismic reflection line essentially
through Site 489 reveals a thin (0.27 s) acoustically
transparent interval overlying a high-amplitude reflec-
tion doublet which is the acoustic basement (Fig. 8).
Seismic Line MX-11 parallel to the trench axis (about
600 m to the northeast) illustrates the position of this
site relative to the acoustic basement high to the south-
east and thick sedimentary accumulation to the north-
west (Fig. 9). The predrilling site survey suggested that
the reflection at the base of the sedimentary section was
the top of the Paleozoic to Precambrian metamorphic
rocks. This conclusion was based on high seismic veloc-
ities from refraction data (3.3 to 4.0 km/s), nearly
dredge samples of hornblende-biotite gneiss, and ex-
trapolation from onshore geology (Shipley et al., 1980;
Shipley, this volume).

The seismic velocity estimated for Site 489 from
velocity analysis of multichannel seismic data (2.0 km/
s) predicted basement at about 270 meters sub-bottom.
Foliated metamorphic rocks encountered at 300 meters
correlates well with the basement reflection at 1.86 s.
The fairly reflection-free nature of the overlying section
records the rather slowly changing physical properties
and lack of significant lithologic changes at the resolu-
tion of the reflection data. Two poorly defined and
discontinuous reflections (Fig. 8) mixed with the re-
ceiver ghost occur at 0.08 and 0.12 sub-bottom (80 and
120 m). These may be related to the slightly more in-
durated nature of the section between about 75 and 110
meters.,
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e Normal to Bedding

The seismic reflection data shoreward of Site 489
record a complex history of sedimentation and erosion
(Shipley, this volume). Basal reflection onlap basement
highs with simple basin filling as opposed to coastal
onlap or offlap. Thus the relief on the basement surface
existed prior to deposition of the first sediments in the
early Miocene. The sequence recorded in the seismic
data landward of the site is a tectonically undeformed
section containing depositional cycles separated by ero-
sional events. Reflection terminations define two major
and several minor unconformities. The major unconfor-
mities bound three major depositional sequences.

Although correlation with core data is difficult, the
youngest depositional sequence and the younger part of
the middle depositional sequence do appear to be trun-
cated, possibly by subsea current erosion during Pleisto-
cene lower sea level stands. A single basal reflection ter-
mination and correlation to seismic velocity data sug-
gest that the basal part of the oldest sequence may have
been drilled at Site 489.

SUMMARY AND CONCLUSIONS

Site 489 includes two holes, 489 and 489A, drilled to
verify the existence of continental crust located approx-
imately 10 km from inferred accretionary zone rocks
and to document the subsidence history of the margin
prior to and during the subduction process.

Hole 489A bottomed in a schist basement of pre-
Tertiary(?) age. Pronounced irregularities of the base-
ment surface predate transgression of marine sediment
in the early Miocene.

Overlying sediments consist of three lower Miocene
lithologic units, all of muddy silt or siltstone with vary-
ing amounts of clay, and an uppermost Quaternary unit
of muddy silt. Fracturing, steeply dipping fracture
planes, and tilted bedding planes in the lower Miocene
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Figure 9. Multichannel seismic profile through Site 489 parallel to regional strike. Bottom topography

reflects local basin to northwest of site,

units suggest deformation, uplift, and erosion prior to
deposition of the flat-lying Quaternary silts.

The site subsided rapidly following a marine trans-
gression about 22.5 Ma. Pronounced carbonate dissolu-
tion in sediments deposited 21 Ma indicates a colder,
deeper slope environment in contrast to an outershelf
environment indicated by faunal assemblages in lower-
most Miocene sediments. Cores from Site 489 tell little

of post-early Miocene history because of the uncon-
formity, but it probably rose gradually from about 19
Ma to present, as was the case at Site 493.

Two mechanisms could account for observed car-
bonate dissolution: (1) subsidence below the CCD or (2)
upwelling of cold waters. These mechanisms lead to dif-
ferent interpretations of paleobathymetric history of
Site 489. Subsidence below the CCD requires (1) trans-
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gression, (2) subsidence to depths of 2000 to 3000 meters
during the Miocene and Pliocene, (3) uplift and erosion,
and (4) deposition of Quaternary sediments. Upwelling
cold water requires (1) transgression, (2) subsidence to
1000 to 1500 meters, (3) erosion, and (4) deposition of
Quaternary sediments.

It is not clear whether the unconformity represents
erosion at the wave base or erosion on the slope by deep-
water currents. Erosion at one or the other depth seems
the best explanation, because overconsolidation of early
Miocene sediments suggests a thicker overburden than
presently extant.

Geochemical analysis of Site 489 samples revealed
small amounts of higher (C,, C;,...) hydrocarbons.
These are thought to have migrated from deeper, more
mature sediments to their present position.

Magnetic properties investigation showed that mag-
netization of Site 489 sediments was two orders of mag-
nitude lower than magnetization of sediments recovered
at Sites 488 and 487. Either the source Site 489 sedi-
ments differs from that of Sites 487 and 488, or mag-
netic minerals have been winnowed out of Site 489 sedi-
ments. Remanent magnetization of cored metamorphic
rock is inadequate to account for regional magnetic
anomalies. Consequently these anomalies must origi-
nate deeper in the continental crust or, more probably,
in oceanic crust being subducted beneath Site 489.
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-1 Sin =] g - poos ol
] 5l b 2|8 TEXTURE:
: COMPOSITION = Sand ' 2
] VoIiD Quartz 43 -} . i i
2 7 Feldipat 5 i silt &
5 Mica 2 i Clay 2
- Hatvy minerals TR 3 gﬂ:“zo‘s““’”f ‘5
. P 3 uar
Cm“ P 3 Febdspar paneteation
- Fadiolarian 5 Iwin 7 1"
z b Diatoms ™ RM RP|Fa voin Mica % Th
= 3 Sponge saioules 2 :7::. :: 32
H 3 CARBON AND Glass. ] -
8 ] 4130 Rsdiolariams 7 TR
8 3 4 von % Organic Carbon 0.4 Diatoms 2 TR
= 1 % Cal0y 2 Sponge igcuies 5 TH
« - Plant fragments TR 1
w <4
8 CARBON AND TE
- 275
41 voip % Organic Carbon 0.2
% CaCO. 3
3
_§!TE 489  HOLE CORE  5X CORED INTERVAL S
z a4 g FOSSIL
2 e g CHARACTER
5 AEMHEE z|l 2
e FE HEE £l & uﬁiﬁ'&lﬁy LITHOLOGIC DESCRIPTION
Ly
S HHE U -
- 3 =
B = e = i
3 E = § 3 g 3
B .
. - o Washed inta core barrel w bl was rotuted noor base of
5 = 1 o . Core 4 for several hours, Structuraless mud, graylsh green
g RP | AM AG Vol o [5G 6/21, mixed with radiolarian mud,
§ SMEAR SLIDES
=
&
6 § = 3 6
rm| cal [s ——Thin ash layen ? 126 148
g o o)
2 TEXTURE:
A Sand - -
g Silt m
Clay L) 80
COMPOSITION
Quartz 1 [
Feldspar 3 2
Mica 4 3
Heavy minerals 1 2
Pyrite 2 2
Clay L 73
Glass 1 1
Foraminifers TR TR
Mannofosils 1 1
Rafiolariar. B 0
Distoms TR TR
Sparge groules 1 1
Silicofiagailstess TR TR

68% A.LIS
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489 HOLE A CORE 1  CORED INTERVAL 0.0-80m SITE 489 HOLE A CORE__H-1 CORED INTERVAL 0.0-365m
2 FossiL g FOSSIL
. ; CHARACTER 5 g CHARACTER
8 le.le]= z g |2 O z| w
Em 0% 214 g| g GRAPHIC AIHE gl &
i HEE | jenauo LITHOLOGIC DESCRIPTION A g £ | e LITHOLOGIC DESCAIPTION
S HEE £ 3 HHE E
R HEFHEEE +EF g=5saggﬂgz 22 g
g (E|2|3|=|¢8 E i ’ = |8 |3|2 3 =
E 21518 = 2k s |5|3|d|= =
& |2)z|e|a El $|l21318 E
I I
il 17
Glauconitiy foraminiforal MUGDY SILT, dusky yellcwish n i
o o mio it s e e 10 (30VR 2721 oneConcr 1o e (56 572 WUODY
siliceous muddy silt, grayish green (5G 5/2). # F -
SILT, well-lithitied angutsr limestane fragment.
. i SMEAR SLIDES
o] ‘-_Eﬁ :
i =
&
118
B 1o}
B @ TEXTURE cmica
Sand 5 2
-
2 -~ 3’: g ;g SITE 489 MHoLE A cORE 2 CORED INTERVAL 365-46.0m
i o
=l COMPOSITION g FOSSIL
I Quiarte -] § 5 CHARAGTER
1 Fetdspar 5 2 MEBE HE
Jm = |22 5] 2 2 GRAFPHIC
- = Mica L 15 ,;g HEE HE LITHOLOGY LITHOLOGIC DESCRIPTION
g = Pyrits 5 5 L F H B H E 2] ¢ 2 ]
= am = B
Z2 | = Clay ETI 2 5 HHHUE H
B2 T ow HHHHHE :
"E £ e Glauconite 5 = LS
a 1 3 1 Carb. urspec. 1 2
= = Faraminifers 5 - MUDDY SILT, dark geeenish geay (56 4/1], soupy 1o firm,
z Nannafossis 1 =
Rudioturians 2 8 SMEAR SLIDES
Diatoms T 3 1 §=
Sponge spicules 2 5 =
lant fragmeanes 1 TR? o 2.30
ol ol
& E TEXTURE
8|3 Son 5
=2 sin 7
4 = L Clay b
z ;- = 1.5 cm limestone clat COMPOSITION:
818 g & = Buerow fled Wit grayih o z
g g w FG|cP (AM 2 ] | “ glive gredn muddy silt :"I"’“"' :
= - - n (50Y 3/2) Pv:':: 2
e | € =z .
w .§ ] = — ]+ Glass 5
E = Carbs. unspec. 1
= g 3 P G| Nannofouils TR
- Radiotarians 1
w 5 | Diatoms 1
z 4 Sponge spicuies 2
z
_I__ — CARBON AND
ICGIFP JAG leel a 2100
% Organle carbon 0.3
% CaC0y

687 HLIS
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SITE 489 HOLE A CORE 3  CORED INTERVAL 46.0-555m SITE 489 HOLE A  CORE__4  COREDINTERVAL 55.5-66.0m
5 FOSSIL 2 FOSSIL
é § CHARACTER - i CHARACTER
c lel= z| @ EAARE 2
oW 4 ol = oW 4
H1EHHE § El & e, 4 LITHOLOGIC DESCRIPTION b EIHEE .5_ e LITHOLOGIC DESCRIFTION
«n|z k2 HES H S o @ 2 =
§=5;agg§g§ R #5272 ggga‘: =R S
CHERHHHHE HeEF iz |3 HHE E i
5 |8 il3 3 3 N HEHHE E
(]
w v MUDDY SILT, dark greenish gray (5G 4/1), watary to firm. MUDDY SILTSTONE, dark [5G 4/1). Mod-
E . _‘; | Rounded clasts (2-4 cm ullmwrr_l of fam mm sl erstely to intemaely mmsn:::u::d] Sareaics of
8 05 voin At 20-35 em, slightly mattled with grayish clive green - medium bluish gray (58 5/1) and minor olive gray (5Y 4/1)
H '!np AG 1 e 2 IBGY 372} muddy st Viery firm in Core-Catches. i mudstone, Common 1=2 mm bluish gray mudstona lamin:
FES | ' ations above 1, 52 om. Below 1, 52 om, sporadic dark gray
w SMEAR SLIDES ? subrharizontal drilling laminatians, 1.5-4 em spacing, oftan
g X : - :
i £ =3 ? -
173 cC ?
o) o) i
TEXTURE: =
Sand 1 2 2
Sikt 59 68 &
Clay 40 0 17
COMPOSITION: ‘=|
Quarts 50 58 ;, R
Feldspar 3 6 st mth
Mica 23 | - kot
Pyiite 3 2 I? T L siiny laminasion.
Clay w i -9 segunt e
Glass - TR =z = homogeneous mmm. orin P
Carb, unspec. 1 1 & i‘l' i e gl laniricn
Foraminifen e TR -1 - lsminationy Tourrovwd? "
Nannofossils 1 TR = ) et May be driling defarmation
Dlatams ™ - = +
Sponge spicules TR TR ? SMEAR SLIDES
Plant fragments TR — E = -g 1-5 E
-
T fiad
(| = = -
r 1138 427 430 532
- (LT =T
1% TEXTURE:
' | Sard 1 7 - -
— Siit 64 78 85 &%
j= Clay » 1B 5 8
COMPOSITION.
] W 75 75 83
] Faldspar 7om  7 2
Mica 8 7 3 1
' et i
Clay ® 6 B 10
1 Dhark gray laminations Glass - - 5 -
} thicken {1 cm), bacoma Glaueanite = i s @
] o | ! oiffuse snd wavy Carbonate ungee. TR = — -
Foraminifers T - - -
| Mannofowh TR - TR -
! Spangespcules TR - - -
! Plont frogments TR 1 -
CARBON A
- oG % Organic Carbon 0.3
% CaCOy 2
6 B ! vaoiD
JRPIFP




SITE 499 HOLE A CORE 5  COREDINTERVAL 65.0-745m SITE 489 HOLE A CORE 6  COREDINTERVAL 74.5-840m
o FOSSIL g FOSSIL
@ ; CHARACTER I g CHARACTER
AR 4 zle 8 |z =TaTe @
s (212 ] 2 -3 O GRAPHIC o e 198181 & E - GRAPHIC
. E E§ £ g z = E TGOS b i y LITHOLOGIC DESCRIPTION it 'q'§ s g E gl5 E LITHOLOGY [, LITHOLOGIC DESCRIFTION
- b w3 = -
o aHHHHEEE g iF N HEH LU £
3 E = = ale 5
A HHHHE 3 FHHEHEE 3
i 1 o
% MUDDY SILTSTONE, dark greenish gray [5G 4/1) (locally = i i o . i G IRUDETONE 5%
soft to fiem o), modermaly 1o intensely mottied (bio- r‘“ 5 S THEO s L
ey i 05— e dominantaly dark greenish gray (5G 4/1) with minor dark
1 i minor q:f...s:: fsi'."r:":'."."m‘l’f,ﬂ'lﬁ = s rtudbidd gresnish gray (5GY 4/1), Intensaly bioturbated, Bedding
= gray mudstone leminatiom, wirhorizontsl, bt often L] = Eﬂ:‘é’:‘.’.‘.“;;‘.'{:;:'s"é:n rices oecaskonally svident (s shovwn)
RP diffute — possibily tmanred out by blaturbation, 13_‘ antt 5GY 471 o
Davistion 1,6 degress. . 5
' Sestion & ([ —5" apparent dip §=
1 |- =28 apparenit dlp 213 2
— == Dl
‘ﬂ[ l-‘-"ﬂ- TEXTURE: o. "
/ Sard 1 1
2 : l’--{l'f‘lt\Q w Site ;a g
™
m ® L. o cncagnizable: nork Choncirn liv Faurross. 8 gg.u"r:;smnu @ vie
[.—3 “rontal bed im ARy sectlin sppmeniog - Fuldmpar 5
= o b plamen = .
» |-, Beading [discontmuous ™ Mica 3 3
w n + color and gilt concentra: w Haavy minsraly 2 1
& tlong) apparer 38° dip SMEAR SLIDES z it 1 ]
Clay +claysirs 10 73
g I g = Glauconite TR -
= A ___I[ndlnqd ddark gray laming- z Apatite? 1 2
-4 hons [discontinuous) have 54° soparent dip
5 ol |5 arpe crcute . 2101 3-1.37 ORGANIC cnnm:a AND CARBONATE
i 2wt iworion TEKTURE . - " % Organie Carbon 0.2
: nt
Sael 1 2 —1mm Jm.m':i % CoCOZ 3
:*; sit st 38 midium bluish gray
w Clay % 80 {58:5/1) muddy siltstone
e B COMPOS|TION:
ﬂi Quartz 26 0
" [\ inclined bedding tas* iriigand o g
= spparent dip) trunated Mica ! AP RP
- vy Yayars of differenty Heavy minarals TR 1
4 1 / color or sHit conean. Pyrite - 1
ﬁ trations Cloy w6
f=— Fauilt, B5" spparent din, serse not clear Glaucanite - 7
H} [ 307 apparent dip beds. Micrite concretion, Plant fragmaats 1 1
4 Jem % 55 om, iregular bunows A 3
Apatite? ]
|~ At 180 om, 25" spparent dip
ﬁ H Fracture zone, 2 crudsly conjugaty
ﬁ sets, 5560
_— 30" apparent dip
! 12 spparent dip ORGANIC CARBON Mg::nwns
% Organic Carban
5 I % €ac0,
i 3
Il
G Sub-harizontal
w| e cc Ml [ swnoon

eCl
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SITE 489 WOLE A CcORE 7  COREDINTERVAL 84.0-935m SITE 489 HOLE A CORE 8  CORED INTERVAL 935-103.0m
] FOSSIL o FOSSIL
. ; CHARACTER & ; CHARACTEH
R EMFABE gl 2 N EMRRE z| 2
= = w o =
e iz 2| & SHAPIC e LITHOLOGIC DESCRIPTION Ex2xln gl 3 2| & GRAPHIC = LITHOLOGIC DESCRIFTION
z 283 z G| & | vmolooy | = E S § 5| £ | umoLoey &
R ER R $ Ik R HEEE g
s |5 2 e = E zl2)1e)3 z
L |- ﬁ Zle|% 3 . § HEIF g 3
3 HEE & o ) HEE b
i Q 1]
MUDDY SILTSTONE undertain by MUDSTONE, gresnish 3 i MUDSTONE, groenish gray and dask greenish grey [5G 6/1
aray [5G B/1) to dark greenish gray (56 4/1), Intensely 3 | 10 6G 4/1 and 5GY 4/1). Intersty bioturbated. Primary
- :;éwgmmiumhluh:m: biaturtiated. Vagun harizontal bedding, 0515 “lo f_H Bedtling trunasted by bedding destroyed except s Indicatad,
L/ o 7 1 ;| 1 mem mudstons famin-
sticns SMEAR SLIDES EE = [T ations, medium bluish gray  SMEAR SLIDES
1 2 it 158 5/1), Occasionally
f=—Ash fragmerts 5 o=k ogrs Fons T ditfuse and thicker (to 8 mmi, ;
5 i H = I B 778 mm oray mudstane with
= 2 ,g m “migroflaer™ X 3133
1107 367 388 113 )
TEXTURE: e e < 53 i TEXTURE:
Sana - & Tails ? Sand -
Vague horizontal lamina:  Silt o 30 = - Silt 10
thors in pleces — may be Gl 2m 70 w | m T [ﬂ il o4
iiritling deformaticn. COMPOSITION i) 2 = | COMPOSITION:
Guariz - a7 g Z it
Fabspar = 2 7 o= g : ‘3‘:“ g
Mica - 3 2 =| = 2 ‘eidipar
Heavy ménerals TR 1 1 e Tl Mica 1
3ri|. - 45 P a § : Howey minarals 1
ay = 1= Pyrite m
Glass we - -
Glweonis? - - 3 513 Cley o
w i Facliolarians 1
HE Apatite? - 5 -
i Spange spiciles TR
8 .? GRAIN SIZE o Plant fragments TR
z e G e 3 re
g g sl 405 2 302
g § Clay 474 % Organic Carhon 0.4
i - % CaCOy 1
302
% Organic Carbon 0.4 4
% CaCO 3
2 ™
WVagus horizontal 1
laminations
™M cc| o

68% H.LIS



488 HOLE A CORE 9 CORED INTERVAL 103.0-1125m
S - v SITE 489 4oL A  coRE 10 CORED INTERVAL 1125-1220m
z CHARACTER ; FOSSIL
2 BTeTE # & « |& CHARACTER
= = S| g GRAPHIC 2.3 ]
=8| E £l B | utwoloay LITHOLOGIC DESCRIPTION g o2 g 218 8| & GRAPHIC
5 i HHAHHE e - VEEEE g : g 5§ | umeioey [ LITHOLOGIC DESCRIPTION
E |2 H gz = £ 1E |3 g2 H 8l = E i
-HHHHEE E =12 (81318153 E
= s |2|5[2]|5|8 B
Jolu i
E MUDSTONE, dark greenish gray [5G 471, Intemety bio-
; 1o i g mu’mp{;ﬂw " blo- - g MUDDY SILTSTOME, dirk greenith gray [5G 4/11, Whers
R 4 M"b':': wholih, geay "[5':’5"”"’, Iumlmlm. sl interral detalls se evident, there i mntente bufrowing. Mo
3 Ii Beesiihaong i hitn Bt il pitersl o | clane badding details. Core brokan into large blocks.
. 1, 125134 em, congugate shears dipping 6070 degrees. SMEAR SLIDES
ol ’
wl.= 1] At 2, B5-110 cm, cors is broken into lsrge pieces (s 3
E é — detail below). Millimeter medium blumh gray (58 6/1) o g
S 3 i laminations dip steeply and ocrasionaily cut festures such ™ (o]
2|z 19 il ¥ a5 3mail burrows. At 2, 88 and 105 crn, ash lavers. 2 H o 263
g i ; [o]]
= § o SMEAR SLIDES § E TEXTURE:
£ & z|£ S 2
2|3 ol . 5 g3 = =
[= 75" apparent dip of Leminations <
2 ,'; = 75 apparant dip i 2
=P o 284 2116 COMPOSITION:
E " [54 apoarnt din ) = I b
I TEXTURE: Feldipar 18
i Sandt - ' Micy 3
]':1 sil 100 20 Heaavy minerals 1
4 Details of Part of Clay = " T :
il Soction 2: COMPOSI TION: + Clay n
= ! h' Ouart B 1% Foraminifers ™
AP|CG ccl 10 . Feldapar - 5 Fadilprians 1
3 Mica ™2 Sponge tpicules 1
3 = 60— [ror—————— Heavy minersh TR 1 Plant frogmenss TR
= ttulsh gray laminations Pyrite 3 ]
— | Clay - n ORGANIC CARBON AND CARBONATE
=} Glass 00 - oG 35
1 70— Py — Radiclarians = f % Organic Carbon 0.6
vEm b %CaCOy 3
- . Larmnatiom diphace @ difbuse Sponge spicules  — 1
] 3 eel sl £t anall Insrrive Apatite? . 1
= A
| ORGANIC CARBON AND CARBONATE
4 ] 1145
] % Organie Carbon o4
= %Cal0y 3
- Aah yer
= Wy concenirated
Awmination, 1-7 mm
=t AMick, 24 mim ipacing
5 -
_ﬂ Normal intensery plotbaed
rudstone
1 i
3
& =
7 ]
(=

st
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488  HOLE A CORE 11 CORED INTERVAL 122.0-1315m SITE 488 HOLE A CORE 12  CORED INTERVAL 131.5-141.0m
8 FOSSIL g FOSSIL
§ 5 CHARACTER - ; CHARACTER
EulEl 2 £l g 2 |= g4 z| =
AP HE 21 & |  crammc - S ERHEE S0 % | ocasrmic
3 ;5 : g z S B LITHOLDGY g, LITHOLOGIC DESCRIPTION HEHE § i X 3 E|E | hoiocy k » LITHOLOGIC DESCRIPTION
- = 3 wl = w3 M2 Il =3
E—E:%;gga“ Eg; A H F4H
=] = a EH
ERHEHAE 2 R HEEIEE FEH
o i
O " MUDDY SILTSTONE. dark greenish gray [5G 4/1) with !E :«Fn MUﬂDI'\;GiIL;mInh::-IDmT::'MSII;\I;S:'Dh;EE. rgo-vsn
mingr saft to very fitm muddy silt, Intense bioturbation e gree . Ll o 26100 cm,
Drilting biscuits of 3-5 cm discrete blocks of muddy sift- . Dr_um_?nﬂi*ng'w degree :D:IIIIH’II:*W, I!I”::l !r.:vou-:;
; wi apparant. dig,
t s et tn os g b ! Gegres. Fracturesswhparae o b Sec 2, 14 o,
rilling. ] ,
o w E soft 1o very firm MUDDY SILT, moderate bioturbation
© ﬂ} Section 3: irregulbrly fractured throughout, with conjugate z s i Dark laminations, wirhorizontal, & In Core 4, scatiered
" st of 4050 degrens spparent dips = throughout section, A1 2, 20 &, st of horizontal and con-
3 = ] I Probably bedding Cive upwattl laminations. Full round of LIMESTONE,
i | bk bioturbated, dark greenish gray [5G A1) In Section 2
Section 4: bedding dipn 48 degress tnm. Cleavage, trus » dip otul , dark greenish gray ),
i 8ip 2048 degrees. (average 40 degrees) with slickensics = 140150 cm._ CornCatcher tame at above MUDDY SILT,
Trmtesuing acitss gy 2847 ograes. Zavo 1o vary light [ < 1 mm) offiet of g g 448 cm turided fragment of LIMESTONE. s above
1 ety moaty, bl 300 vue o, bedding and burrows. Bedding end cloovege sike wb- a|l 4 SMEAR SLIDES
W i g parallel, but dip in opposite directions. Clasvages epaced
* [t i punge el sickenastes D.5=2 em, en echeion, hesled, Some cleaveges are open 2 "é
ui arid maee widely spaced (28 em) — may have been opened " 3,;
by drilling or handling. x. e
j &
i In Section 5, clasvage i less regular and samewhat folded = L
indined 5. 1218 z voin TEXTURE
below an inclined healed fracture at 5, 1218 em. emlea | ca o .
" SMEAR SLIDES St o
-
Z| = ‘i‘ Clay 0
3] ? COMPOSITION:
8|3 it Quartz 52
A ] o 270 Feldupar 8
el g 10} Mica ]
g _g o TEXTURE: Pyrite 2
Sand 2 Glass TR
L = fi sii ] Mannofassiis T™H
Clay -\ Radialsrians. 1
I COMPOSITION: Diatams 1
] Quarez 50 Spongs spicules 3
] ]l[ Faldspar 3 Plant fragmants  TR?
) Mica 3
] Pyrite 3 GRAIN SIZE
) Cartonate unspec. TR o
(it Radiolarisns TR Sand 54
| Dintame 1 s 66.6
e Sponge spicuies 3 Ciay 79
CARBON AND TE AND TE
1 134 168
! % Organic Carbon 06 % Organie Carbon 0.7
| % GaChy 2 % CaCO4 1
AP (R | P i
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489 HOLE A CORE__13  CORED INTERVAL 141.0-150.5m SITE 489 HOLE A CORE 14 CORED INTERVAL 150.5-160.0m
FOSSIL o FOSSIL
"L CHARACTER s |E CHARACTER
M EMAEE Z| 2 g |2 aTs 2l w
£ & GRAPHIC Gu|k g 2
HEEHHEE | 2 | uHoLogy LETICLOGIC DESCRIRTION FElEE |t ] g @ | (e, LITHOLOGIC DESCRIPTION
£21EY)5) 8|3 AR F 5k P e R H
A HEHHE N =+F R HEH R
4 - o
HHEHE . EMHEHHEE
A e lee |
4 i MUDDY SILT, firm, gayish olive green (SGY 3/2). Mod- z R —— P
0 erate to intense bioturbation, common to abundant thin . « o, gray! W AR
* {1-2 mm) laminstions of gray black (NZ) must (drilling } tureles.
1 “ it bascuitsh, Mottling in above colors with dark greenish 3 SMEAR SLIDES
y gray [5G 4/1) mud. Laminations cros-cut the motting 4
16-] il Below 1, 99 cm, dark greenish gray (SGY 4/1) muxkdy £
] silteone, moderately bioturbated, Fractures dip S0-77 i %
= 4] degress true, slickensides 5177 degrees true plunge. oc
=] =—  Burrows ol
4 p il + Section 2, infroquent froctures, 22 degoes to near 90 TEXTURE:
g ¥ 7l degrees apparent dips. Sand 2
= - Sin &0
§ = - i Section 3, morg sbundani fractires, 26-90  degress Cliy a8
2l a spparent dips, ickensides plunge up to B0 degrees. Much COMPOSITION:
§ 2 4 it Lusrrowing, Wood fragments. Clusrtz 49
=] Faldspar 2
% = - SMEAR SLIDES Mica 3
Sz = aciid i‘ g :‘t’:\wnﬁ-d\ T:
L]
=z =
Clay
187 6 Carbonate unspee. TR
o Nannofossits T
::'““E: ; Radiolariant T
= sicules s
s 8 3 Sporge
Clay 45 85
COMPOSITION:
Quarte ar 28 SITE 488 HOLE A CORE 15  CORED INTERVAL 160.0-164.5 m
Faidspar 3 T © FOSSIL
Mica 2 2 b ; CHARACTER
Heavy mingrals - TR z
b Pt Pyrite 12 §n— 52 HEE gl g GRAPHIC
s |= = = = = LITHOLOGIC DESCRIPTION
Clay 45 - 'z 32| 3 g ‘i B LITHOLOGY
Carboname unepsc. TR 2 w3 |2 S al 2 3 g
N £ |k |3 = 3 E
anno el - TR = & H 4 i == i
Radiolarians TR TR sz |2 i 2|3 EoEE =
Digtons. TR TR
Sponge spicules 2 1 1
Plant fragments - TR l{' MUDDY SILTSTONE (below Section 1, 1-12 em), calor
- grayish olive green {5GY 372), sbundant fractures (trus
ORGANIC CARBON AND CARBONATE z i Gips 3802 degress, Crudely Conjugete, Wickenside in-
216 w| Z 1 distinet, plunging J5-80 degrees with MUDDY SILT, soft,
% Organie Cartbon 0.7 E, -1 F sama color, bioturbated in Section 1, 0-12 cm, 101-107
% CaCOy 2 AR I m and ComCatcher,
=l = -
=
= 2 m SMEAR SLIDES :
8| 5 !
ul i
g _z_ ) 1120
AP FM|ce “ o
s “ TEXTURE:
Sand 2
St &
Clay 30
COMPOSITION:
Ouarte B0
Feldspar 5
Mics 5
Hesry minarals TR
Pyrite 4
Clay ko
Carbonats unspec. TR
Mannofossity TH
Raiclariar 1
Digtoms ™
Spange wecules 5
Plant fragmants TR?
CARBON AND
296
% Oeganic Carbon. 1.0
% €300y 2
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SITE 488 HOLE A  CORE__ 16 CORED INTERVAL 1645-169.6m SITE 489 HOLE A CORE 17 CORED INTERVAL  169.5-178.0m
[ FOSSIL g F .
= g CHARACTER % 5 l:mmzn
8 |zule]3 HE- £ |2 5 z|
o e B ; gl £ GRAPHIC BulE gl =
EHEEEHEE 5| £ | utHowoay LITHOLOGIC DESCRIPTION TElEE| E - - e 4 LITHOLOGIC DESCRIPTION
WA HHHHEEE 5 e HEHALEE +EE
= o - & = = =
= = ale]|z2 = z = 3 2|3 gl= =
i=1 F = ==
A HHHHE FEH HHHHHE 3
o] | ¥
] MUDDY SILT, grayith ollww green [SGY 32), with wh- il MUDDY SILT. very 3ot 1o firm, grayish ofkve green (5GY
rounded claits of MUDDY SILTSTONE, dark groonlsh gray 212, with subrounded elasts, up to dismiter of coce barrel,
{56 4/1}. High concentration of clasts ol 1op of com may of bioturbated MUDDY SILTSTONE, same color, Muddy
1 l be remnants of sarber lithology that caved nto hola while i - 1 . #ilt becosmes firmor and more mottled with depth. Below
. retrieving Core 16, Stightly motthed, Muddy siit is firmer in (3 Section 2, 40 cm, bocomes muddy siftstons, same cobos
3
Section 2. Below Section 3, 23 cm, MUDDY SILTSTONE, g & Modaratn 1o intense biaturbation,
same color. =
1 " * S|E Thin biack hori SMEAR SLIDES
o zaatal laminations
VOID SMEAR SLIDES |8 g
7 } > £|8 B
- 3 E i'_ 3|8 181
wl3 = 2 L1}
: TEXTURE:
& e 2 ) 1 mm sbborizontal 180 1920 TEKTuE |
o g | grayis bnck {2} [
iR mud gvery 34 cm TEXTURE: n Lt
| 3 Mot clear if Sand > 7 - Clay 30
e| B atiginal bedding RP|FP CG (CC| L COMPOSITION:
wi Silt w B3
Clay 80 45 Cuastz 53
§ 11 very tim COMPOSITION: Feldupar 4
CLYOID Cartz 30 a2 :‘u al T:
; Feldspar 2 5 eavy minerats
| :::{‘mllwwmw Mica 3 5 Pyrita |
Heavy minecats  — TR Clay a0
E] Pyrtie a 2 Carbonate umpes.  TH
L~ Burows Glay 60 40 Nannolossity TH
=H Carbonate wnspec. TR TR Rl TR
Diatoms TTH
— E Nannalowit TR TR
jut = di:“m;m, Radiolariam TR TH Spange spicules 2
30 degrees Disoms TR Flant fragments TR
] Burrows Sponge ipicules 2 1
i i kg = ORGANIC CARBON AND CARDONATE
P |ca c| ORGANIC CAREON AND CARBONATE %OminieCabon 05
20 | % Cal0, 2
% Organic Carbion 1.0
s "'"3 SITE 489  HOLE A CORE 18 CORED INTERVAL 179.0-183.0m
= FOSSIL
i 5 CHARACTER
-4 - = “
E-_— Qg HE i ol = GRAPHIC
1Z 58] 2 5 £ 5 LITHOLOGY LITHOLDGIC DESCRIPTION
MU HEHE Blg 3 &
£ |- |2 HE 5 2 E H
= |3 E g =
A HE b ﬁ E 2
I- o
B Convistant fractures, MUDDY SILTSTONE '
16103 degnees tr . Orayish olive green (5GY 372).
5 J dip ® o ioturbated. Cose-Catcher: siitinr at bass,
! SMEAR SLIDES :
i
=
o
lrregulas fractures wp o
- 10 55 dogrees true dip, TEXTURE:
= 4| | slickensices plunging Sand 2
z E i 20-50 degrees. Silt 58
w ; 3
Z| = . 1 COMPOSITION
o E £9 2 ] ! . arte &7
2| B il il Feldipar 5
= : Mics 3
™ = Pyrita 2
5 Clay an
g Carbonate unspee. 1
g T
E :l Thin dack mud ;:
lminations TH
2
3 Thin dark mud : i
Iaminations % Organic Carban 1.0
% CalOy 2
Thin dark mad
j laminations
P (FP CC
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SITE 489 HOLE A CORE 18 CORED INTERVAL 183.0-1885m SITE 489  HOLE A CORE 21  CORED INTERVAL 198.0-207.5m
2 FOSSIL o
. |2 CHARACTER s g cHARACTER
% |= F1E] z| » N —~ -
S EEH E | - g GRAPHIC M EE gl e GRAPHIC
IE £8|% E z ¥ § £ E LITHOLOGY . - LITHOLOGIC DESCRIPTION Ts E§ E § % § E E E LITHOLOGY gg LITHOLOGIC DESCRIPTION
e | g A3 i & w3 H I -]
2k |5|12|2)B “ = - €= = 8|z a1 = E -]
s : 5 - HEEHE E
a IR F 2 E g
= § z|=|8 E g o 3 § § ; g 3 ? 5] 3
. 4 1 vow
1 ) MUDODY SILTSTOME, grayish olive green [5GY 372) MUDDY SILTSTONE, grayish olive green ISGY 3/2), with
0.5 ] moderate 1o intense bioturbetion. Fractues peevalunt, o] snguist clasts of mare lithified material af the ssme fith-
'
Fay planes oip 2076 degram trus Slickanside on 76 degres o ology [ shown), Generally structurslie.
1 - A dipping frocture has 76 degree true plunge. Sections 2 1
= ﬂl and 3, thin dark drilling laminations. Modarate bloturbation. le] In Section 4, below 109 om, meddy siftions becomes
10 0 o firne, horizontal drilling laminations ure wisiie in places
. itk e AR
Wl SMEAR SLIDES o] MUD, madivm bluish gray (58 §/1)
= i
o i iﬁ | At Saction 5, 75 cm, ditfuse, ealcarsous area: disealoration,
o dari greenish gray (BGY 471} to dutky ysllow grean [BGY
250
] e o 5/2) — incipient concration? At Section 5, 37-41 em.
§ n RS f""-'.'ml“ trsce TEXTURE: greenish gray LIMESTONE, possitile bioturbation,
=| = 2 osil 2
HE :i Wl praservad i : 2 d At Section B, 12 em, diffuse concemation of very fine
H ! = roaphycos trace s 65 =i sand grains.
E Possil Clay 44 -
o | COMPOSITION: =
Ohuartz a8 B voID SMEAR SLIDES p
+ Feldspar 3 4 5
Mica 2 e i i:
Pyrite 3 >3 3 =
Clay ah
| MUD, grayish 612 620 6124
4 alive (10Y 472} Sponge spicules TR prisoiliacal ot
3 o
CARBON AND TE s"::l'UNE. - S )
FMIFM cc 30 -
% Organic Carben 1.0 & . VoID Sikt B 1 ®
%CacOo. 2 8 Clay LI
X =] COMPOSITION:
=z | - Ouartz 7 & &
SITE 489 HOLE A CORE 20 CORED INTERVAL 188.5-198.0m & % Feldserar 1 1§ 10
2 FOSSIL Mica 3 2 2
i 5 CHARACTER § Heavy minerals a TR 1
- Pyrite 1 1 2
S HHE B | cnamc i LITHOLOGIC DESCRIPTION 4| Chy g 5
53 ';§ £ g H 5| £ | umoloay L3 e 9 ik - = H
g:’ E g 3 2 g g g = = g -] |_|-voin Plant tragmerts 1 - TR
F |2 HEIEHE E 3 FMFP 3]
S [E]|3]F HE 3 o— GRAIN SIZE
- = 514
2 Sand (1]
] 1 it 625
05 4 | VOID MUDDY SILT, grayish olive green (5GY 3/2), firm o Clay 314
w ] vory firm, Moderate bioturbation. Soction 2, soft ta firm,
= 1 5 1] CARBON AND
- 5 4110
8 {100 — L — *h Dk tin diing SMEARSUIDES | % Organic Cubon D8
| - s It Taminatians % CaC0y 3
|z z
wl|z
H cc
- (1]}
TEXTURE: :
Sand 1
RP| AP * Silt 50
Clay 40
COMPOSITION:
Ciuarte L] L]
Feldspar ?
Mics 1 >
Pyrite 2
Glass a0
Carbonote unspec.  TH
Nannofosii TH 7
Spongs srcules TR
Plart fragmens TR? cel
CARBON TE
1100
% Organic Corbon 1.2
3 3
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SITE 488  HoLE A CORE 22  COREDINTERVAL 207.5-217.0m SITE 489 MHOLE A CORE 23 CORED INTERVAL 217.0-2266m
g FOSSIL & FOSSIL
5 § CHARACTER - g CHARACTER
8 l=.lel=Te 2| e N EMOIE zle
2 o| e w = Z
"f'.'. .Q_Z E E E =4 GRAPHIC LITHOLOGIC DESCRIFTION BE :-32 ule E = Lﬁf:'”"'c LITHOLOGIE DESCRIFTION
P EHE £1%|e s B & | trHoLoay ks » LEl=8| 2 S ie g Gl & DO |l -
= E H g2lz €= - @ -3 - ol ¥ 5 ®
R HHEEE £l § R HEHEHHE CoEd
a |2|3]E[5 HEE E HEHE FFEH
A i MUDDY SILT, grayish alive (10 4/2), soht, oo int
B stnucrurn, Soction 2, 106- 130 cm LIMESTOME. micritic
] olive geay (5Y U2}, Semion 3, 127-132 cm MUD, light
05 MUDDY SILTSTONE, grayish ofive (10 4/2), Section 1, | bluish gray 158 7/1). Sectiors 3 aad &, concentrations
iy D81 om, closely fractured, friable, almont shaly. Struc- . ;‘ tim'll:i Mine o coarse sand-sized materal (glmconivel
1 o turaless, From B1=113 em, difuse, ssstamosing per. 1 | imusbation
meations, posibly too straight m be bioturbation (see 15 SMEAR SLIDES
1.0 drawingl, From 130-150 em, closely fractured, simas: le) g‘ g
3 shaly. | £ % i3
. Section 1 3180 3130 460
= N . MY M I
= 4-!‘ byt | TEXTURE
Sand ] - 2
A - S B0 40 &3
Clay 0 B0 35
c) 'y 2 COMPOSITION:
4 /f Ouarts 55 41 58
- !\ " Faldspa BoWw 10
A Mica 4 3 3
+] Y 05 b Fracturm, spparent Heav 2 ) 2
_ y minerais
g e Sy Pyrits I 1 1
a3 ' Clay 15 45 25
o SMEAR SLIDES . t Gkt 3
. g g ’é Glawconitn a - -
= F: % 3 z; Nunnafossils tOTR TR
. f e Mant fragments TR 1
g o = 422 492 580 E 3 .
g e + ™ B o) g } ORGANIC CARBON AND CARBONATE
= TEXTURE: 2| - ou
o = Sandd an 3 2 £| = e |=—— Apparent dip % Ovganic Carbon 1.2
w = il 50 62 73 = = 15 degrees % CaCOy
5 § Ditfuse concenteatian Cloy v % 2
- . . ] of tand graing COMPOSITION :
- Quartz 61 B3 62
7] Feldspar s 12 W !
Mica § 2 4 .
4 Heavy minarals 2 1 1 4 T
- Pyrite 2 1 1
Clay 5 - 20 ¢
Nannofossils - - 1 ]
Plant fragments 0 1 1 !
ORGANIC CARBON AND CARBONATE
3100 ap [Fm i
o 5 % Organic Carbon 0.8
%CaC0y 2 L
.
5
CC %
6
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SITE ‘8@ HOLE A CORE 24 CORED INTERVAL 226.5-236.0m SITE 489  HOLE A CORE 25 CORED INTERVAL 236.0-3455m
g FOSSIL g FOSSIL
> 5 CHARACTER o § CHARACTER
- EMAE zle g |12 ETeTE ™
] 2 8| & GRAPHI 2. |ow|E 5| =
‘f% ;E g i s g £l E el A 29 N A LITHOLOGIC DESCRIFTION = Eé E g g Ele Lﬁzg&"g* LITHOLOGIC DESCRIPTION
SHHHUHUE L F A aHHHHHEE TH
g als = F HHE ]
FBHHHEHE TEE MHHHAE =L
it
““DDY3“—"‘;.;"“"?“'“"‘"‘:“‘_"_“‘-":ﬁ:‘"’“""“uw* o ] MUDDY SILT, grayith ofive (10Y 472), soft 1o fim s
zmﬂ ;‘; o, "':'.n‘;" II’:; :ﬂ . am turgless. Slight to moderats biaturbation,
degrens trus. Structurel — |
Color becomas grayish odive [10Y 4/2) in Section 2. 1 | i SMEAR SLIDES
] Thin, horizantal dark
SMEAR SLIDES | dritling leminations
o " every 2-3om £3
E | ” 30
o D)
i i 1 TEXTURE:
TEXTURE: i H Sand 2
Sand 1 | Sit 73
m Site 79 | Clay %
\ Clay 20 L} COMPOSITION:
CoMPOSITION: 2 Ve it
tz ]
it Faldspar i 1|4 Faicapar [
Mica 3 I Mica a2
0 Hetwy rinerss ] 11 Heavy minerals TR
Tite i
¢ b Clay 15 i e 2:
it Nannotonil TR . g
Fimile zone is Piant fragments 1 i - I:
subharizontal pacul
I ORGANIC mmﬁ:‘? CARBONATE Plant fragmanty 1
- % Organic Carbon 0.9
f o - " 3 GRAIN SIZE
2 270
Fissile zone dips [ i 82
H 30 degrees true § Site 705
|- Clay 233
w x| Z
Z ] AND
g \ £ Z
20 - " = % Orgunic Carbon 0.9
= = % CaCOy 4
| 1
% 4
-t
|
¥ Minor irregular pods and
| layers of fine sand
Gradual color change
5 10 dark grennish
gray (BGY 4/1)
} Microfault displaces men-tcale Sadiment becomes very Tirm
mud lamination, spparent e .
) faukt 70 dgres tr, L Bl ponss
i FP | CM icc
1
AP|ce L

1€l
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SITE 489 HOLE A CORE 26 CORED INTERVAL  245.5-255.0 m SITE 489 HOLE A CORE 27 CORED INTERVAL 2650-264.0 m
£ FOSSIL 2 FOSSIL
' g CHARACTER . g CHARACTER
M EMAEE gl e A AaE z|w
EE & 5 oW = gl e
Ts ;é HE £l g Py, L8 4 LITHOLOGIC DESCRIPTION B EHHE E = L:’afr&g\. LITHOLOGIC DESCRIFTION
WSl 1l 85§ ol . A HHE R s .
N HEEH FEEH 2 £21E7 51 52(8(% (%] # EEEH &
SRR EHHE = EH S RHHEHHE +EH
=1 =z g E E = Ljzj=|a g o w
ot} B ol
| ": MUDDY SILT, olive gray (5Y 3/2), soft to firm, No in ] 1 MUDDY SILT, M qnm:\idt any IBG.Y A1), s 1o very
o " ternal fentures present excespt moderats  Bioturbation 0.5 i{ firm, moderate bioturbation, AL Section 1, 110=160 cm_
= faint thin (1-2 mm) hlack (N2} drilling? laminatians
! : i At Section 2. 42-56 om, MUDDY SILTSTONE. 1 nj o) i horizontal or sutiharizontal
1
Section 3, firm to very flom, 1.0+ o] SMEAR SLIDES i
y 1 ! B
on 4: W , plenar fractures common, sub-horne
| i Section 4: smooth, plenar fractu tyharizon = |
- tal to 58 degree true dips. At 4, 50-120 e, Increase then N 11 210
i decrease In degres of lithification, Correspunding colar q i . T — -]
ehanges to light olive gray I5Y 5/21 and retumn to 5Y 372 w T Sen 5
i z o si 63
fri} ;i e Clay 35
2 3 2 COMPOSI TION:
i |- | Quart 56
cl|lz . H Exidspar 4
] w| = - Mica 2
" Haavy minerals TR
SMEAR SLIDES § 1 gi Pyrits 3
" - 2 v Clay ko
i y Catbonate unspee. TR
w =% e Nannaiossili 1
E “ 210 j Sponge spicubes T
i o) —
§ - i TEXTURE: = A zﬁ" TE
&€ & it 7 3 % Oanic Cabon 0.9
5 ay % CaCO, 4
§ COMPOSITION
=1 ‘{ Cuarts 85
Faldspar 3
i Mica 3
" Heavy minesals 1
H Pyrite 2: -
Clay
,I Carbonate usngee. TR i
i1 Nannolosits 1
W Suorgwicule TR SITE 489 HOLE A CORE 28 CORED INTERVAL 264.0-273.0m
a4 i Plant fragmants ™
[ FOSSIL
F H ORGANIC CARBON AND CARBONATE - i CHARACTER
'l % Organic Carbon ‘;g 8 EMELE g El 2
2 A,
... % CaCOy 3 ‘f'g‘ ‘:‘§ E g g 3 £l & L‘f‘mg:gg‘ . LITHOLOGIC DESCRIPTION
[ 1
i A HEE HEEE 7
= 1 g s glelz E
5 \ 5 |2|2|3|5)8 3
i cc| 0| -
D&—_ MUDDY SILT, grayish olive green (5GY 3720, wit to Nrm,
= Stight 1o moderata  biaturbation, lregularty oriented
1 3 stralght fractures dipping 35—80 degress trus
SMEAR SLIDES
>
||+ ié
2100
! ol
: TEXTURE
sl 85
z 2 it —, Clay 3
] ] | o | Bumen COMPOSITION
8 . i Cusrze 52
=| - ~ y Feldwpar &
z -1 L .
« i 3
= 3 Mica 2
g =
Nannotossils ™
Muddy titsons,
= light olive grav Sponge wpicules TR
(5¥ 52}, veined Plant fragmants 2
— e v i ORGANIC CARBON AND CARBONATE
green [BGY 3/2) 1140
% Organic Carbon 08
% Colly a
= Burrow
[RMCM
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SITE 489  HOLE A CORE 20  CORED INTERVAL 273.0-282.0m SITE 489  HOLE A CORE 30  CORED INTERVAL 282.0-291.0m
o FOSSIL 2 FOSSIL
i ; CHARACTER § ; CHARACTER
8 l=ulz2l2Te zln EM M E z| =
R = ol = GRAPHIC A EMEIEE ol & GRAPHIC
e :E & g 3z g | umoloey L3 LITHOLOGIC DESCRIPTION 'S :3 £19)3 5l B LITHOLOEY LITHOLOGIC DESCRIPTION
I HE BN TP P HEE P T3H
z g HEIEIHE Sefeg 2 N HHEHHE T EF
= s1a = = g =
FRHEHEHBE £ EH A HEHHE Z2EH S
10
ol MUDDY SILT, dark greeenssh gray {5GY 4/1}, soft ot top MUDDY SILT, dirk greenssh pray (BGY 4711, saft, slghtly
of Section 1, becoming firmer with depth, very fim by sandy and fine 1o mediumgrained SANGSTONE, olive
]] middle of Sectin 2, Slight to itense bictustation, ray (5Y 3721, carbonate coment, with irregular dark,
1 1 tinar grained zonet. Occational shell fragments,
In Secuion 2, smooth planar fractures, true dip 28-73
it} degrees. Sand fracticn Increases downward In Section 5, zeolite filled and untilled fractures, appanent
dips 4080 dogroes.
SMEAR SLIDES
z -}
it Apparant dip of bedding g E g = # SMEAR SLIDES
~=—i3 23 cegrees = = .
i 2140 B13 6144 ] 35 g;
= ei— iDh M} (D) *
” oz TEXTURE! VoIl 22 580
2 Sand B - 2 fr] o1 (o)
Sitt m - 55 TEXTURE:
it Clay B - 15 Sand w7
COMPOSITION: Sikr 50 73
Quartz @ - 68 @ Clay 0 2
m b Faldspar m - 5 COMPOSITION:
o Chandrites Mies 3 & Quartz 55 64
m =— trace fossils Haavy minerais 2 - - . Feldspar 3 5
Pyrite 2 - H @ Mica 3 2
o Clay B - 15 Huawy mingrals TR~
it Carbonate urapec. 2 — 2 Pyrite 2 ]
3 Zaotite - W - w Clny 0 ;|
= Foraminifers L TR i ¢ Carbanats unipec. 3 2
i i Nannotossily z - 1 8 Forgeninifers ™R 1
2 — Dhatams ™ - 1 = Narinolosils ] Y
Coral? fragment
& @ q Spomgespiculs TR — 1 3 fal Raditarians TR TR
e _ !ii | | Burrows Plant fragments TR = 2 W Sannd bontant decnai Distoms 1 TR
2z ~— Frocture, 31 dagree % Spange spicules TR TR
&= ¢ true dip, small biveive GRAIN S1ZE - Plant fragenants 3 3
g shails 264 613 ‘p
b 1 Sand 103 3.1 ORGANIC CARBON AND CARBONATE
4 Silt G667 M0 + -
i Cray 30 200 % Ovganic Carbon. 0.5
; % CalOy [}
CARBON AND TE ¢
38
g’ % Organic Carbon 0.9
H % 5
I Articulaned
¢ [T bivalve
)
5 it .
-%5 Sediment.filled, RM{CM
H = Zualim-lingd planar
fracture, 52 degres
{;’ spparent dip
. ¢
1 mm geodie-filled
Q fault
l ~_ Discontinuous layer
ﬁ of zeolite graing
= fec !
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SITE 489  HoLgE A CORE__ 31  CORED INTERVAL 291.0-300.0m
g FOSSIL
T § CHARACTER
8 |= -3 B x| @
e £ gf = GRAPHIC
TE|EE| L) 82 E|E | dmococy LITHOLOGIC DESCRIPTION
JE|ER|z| g5 e B ] =
2| |3 g HHEE R B
|8 =13 i
-] § = g g H
[ T voo
G2 SANDY MICRITIC LIMESTOME, grayish ol ive green (5GY
32). MUDDY SILTSTONE, grayish ofive green (5GY 3721
0.5
1 SMEAR SLIDES
=] H
1.0 + )
i i &
5 E
§ kb oty 212 2100
= o 1] —— Dittuse, wellndurated calcareous are ™ (o)
E ALB-25 cm: vain TEXTURE:
with zwalite filling Sand - 1B
§ il - 70
Clay 15
3 COMPOSITION:
- CQuartz - &5
Feldspar - it}
Mics - 4
Hesvy minerals - 2
Pyrite - 1
AMIFM cc Clay - o
Crbonateurspec. — TR
Zeolite oo -
HNannotossily - 1
Pian fragmants - 2
GRAIN SIZE
120
Sand 72
siit 731
Clay 187
ORGANIC CAREON AND CARBONATE
1104
% Ovganic Carbon 06
% CaCO5 4
THIN SECTION
Section 1, 58 emn
Sandy migritic limestone
Ouarr 20-30%
Pelagic foraminiters ~5%
Muscovite <1%
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SITE 489A, CORE 32, SECTION 1 amnd CORE-CATCHER,
300.0-309.0 m
Macroicopic Description
Drilling breccia, fragments of BIOTITE-MUSCOVITE-QUARTZ
SCHIST up to 2x3 cm. In upper 50 cm, rubble enclosed in medium
light gray (N7) MUD. Schist is greenish black (5G 2/1) to medium
bluish gray {58 5/1]. Subrounded schist pebble in Care-Catcher,
Thin Section Description
Core Catcher : Biotite-Muscovite-Quartz Schist
Biotite = comman
Muscovite # common

SITE 4894, CORE 33, SECTION 1, 309.0-318.0 m
Macroscopic Description
BIOTITE-HORNBLENDE-QUARTZ SCHIST, with angular blocks of
MUSCOVITE CHLORITE-BEARING QUARTZITE. Crenulation fella-
tion, dark gray (N3).
Thin Section Deseriptions
Section 1, 2628 cm: Biotite-Hornblande-Quartr Schist
Biotite = common
Hornblende = abundant
Section 1, 4042 em: Muscovite-Chlorite-besring Quartrite
Chlorite = comman
Muscovite = fow

|
Coleine vein
Qusarnr *l:m:Tnu +Moihv
Comman Faw
15,=5,07

Cuarte

SITE 4B9A, CORE 34, SECTION 1, 2180-3270m
Macroseopic Description
GARNET-MUSCOVITE-QUARTZ SCHIST, dark gray [N3), Crenu.
lation foliation. Pyrite-bearing, Smaller siliceous fragments, probebly
same as Core 33 () chlorite bearing quartzite),
Thin Section Description:
Section 1, 3537 em: Garnet-Muscovite-Quartz Schist
Garnet = common
Muscovite = sbundant

"y
T Calcite win

Cusrsr

Muscovite
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SITE 489

Hole 489
—0 cm




SITE 489

Hole 489

37

1



SITE 489

Hole 489A

—125

—150

138



~—150

Hole 489A
—0 cm_——

s

31

3,cc

4-6

4,CC

SITE 489

139



SITE 489

Hole 489A
cm .

r

5-4 5-5

5,CC

6-4 6,CC 71




SITE 489
Hole 489A
cm

9,cC 101 102 103
10,CcC
141




SITE 489

—0 cm

Hole 489A

12CC 131 132 133

11-4 11-6 121 122
11,CcC

13,CC



SITE 489

Hol
R ole 489A

—180 2cc 151 152  1s5CC 161 162 a1 2 17.0C 181

143



SITE 489

144

150 *

18-2

18-3

18,cC

191

19-2 19-3 19,CC 201 20-2 20,cC 211 21-2



SITE 489

Hole 489A

S

cm

22-5 22-6

21-7 21cC 221 222 223
145



SITE 489

243 244 245

24-2

24-1

235 23-6

234

233

23-2

Hole 489A
—0 cm
—150 34

146



oo Hole 489A

-—150

24-6 2541

25-2

25-3

254

25-5

25-6

25,CC

26-1
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SITE 489

Hole 489A
—0 cm .

26-5 26,CC 271 27-2 27-3 27,CC 28-1 28-2 28-3 225!-30

—150
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—0 cm

-

-

F

—25

L T T

Hole 489A

30-5
30,CC
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SITE 489

31-2
31,cC
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SITE 489
Hole 489A

—180 "0 331 341
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