2. SITE 467: SAN MIGUEL GAP!

Shipboard Scientific Party?

HOLE 467

Date occupied: 10 October 1978

Date departed: 16 October 1978

Position: 33°50. 97'N, 120°45, 47'W

Water depth (sea level; corrected m, echo-sounding): 2127.8
Bottom felt (m, drill pipe): 2146

Penetration (m): 1041.5

Number of cores: 110

Total length of cored section (m): 1041.5

Total core recovered (m): 426.3

Core recovery (%): 41

Oldest sediment cored:
Depth sub-bottom (m): 1041.5
Nature: Claystone, silty claystone, clayey chalk
Chronostratigraphy: Middle Miocene (< 16.5 m.y. old)

Basement: Not reached

Principal results: Site 467 at San Miguel Gap was proposed to provide
a Miocene to Quaternary reference section that would yield clues
to the Neogene oceanographic history of the area. This site would
also permit correlation between provincial California biostrati-
graphic sections and open-ocean tropical and midlatitude Pacific
sequences dated by planktonic assemblages.

The Pliocene and Quaternary section consists of silty clay and
diatomaceous nannofossil clay with local intervals of clayey dolo-
mite and dolomitic limestone. Sediment accumulation rates in-
crease downsection from 75 m/m.y. in the Quaternary to 150
m/m.y. in the early Pliocene. A hiatus from 0.9 to 1.5 m.y. is
found in Core 8 at a depth of 70 meters, and another hiatus from
3.3 to 3.6 m.y. is found in Core 27 at a depth of 245 meters. The
base of Lithologic Unit 1 is at 367 meters within the lower
Pliocene, corresponding to a change from weak, discontinuous,
low-frequency reflections in Unit 1 to strong, fairly continuous
reflections in Unit 2, The Unit 1/Unit 2 boundary at 367 meters is
a slight angular unconformity based upon single-channel seismic
profiles, but this unconformity is neither confirmed nor precluded
by paleontological evidence. The boundary is mainly a diagenetic
break from clay to claystone. It also marks a velocity inversion
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from 1.71 km/s above to 1.61 km/s below, probably the result of
high gas content in Unit 2.

Unit 2 consists of calcareous claystone deposited in the early
Pliocene and late Miocene (with minor siliceous claystone becom-
ing more indurated with depth). Sediment accumulation rates de-
crease downsection in the unit from 150 m/m.y. to 50 m/m.y. The
interval that is 400 to 450 meters deep is characterized by disap-
pearance downsection of siliceous microfossils and planktonic
foraminifers; only coccoliths persist below this depth. This trend
may be associated with paleoceanographic changes in the San
Miguel Gap area, a diagenetic effect, or a change in biologic pro-
ductivity. A major reflector occurs within the unit at a depth of
528 meters, corresponding to a downward increase in velocity
from 1.61 km/s in relatively gassy sediments to 3.38 km/s in
better-cemented strata.

Unit 3 is interbedded lapilli tuff and nannofossil clay chalk and
limestone. Deposition of the material took place during the early
late and late middle Miocene. The base of the unit is the lowermost
tuff bed at 832.5 meters; the top is marked at the first lapilli tuff
bed at 700 meters. At 747 meters, however, where lapilli tuff is the
dominant lithology, a prominent seismic boundary separates an
acoustic unit with strong, continuous low-frequency reflectors
from an underlying acoustic unit with weak reflectors.

Unit 4 is similar to Unit 2, consisting of interbedded clayey
chalk and calcareous claystone with minor fine-grained quartzo-
feldspathic sandstone. Deposited in the middle Miocene, the oldest
faunal assemblages of the unit are slightly younger than 16.5 m.y.

BACKGROUND AND OBJECTIVES

The Neogene history of the California Current and
the general oceanographic history of the northeastern
Pacific were the major objectives of Site 467 as well as
of most other DSDP Leg 63 sites (Fig. 1). The southward-
flowing California Current is a major eastern boundary
current that has dominated the hydrographic scene in
this area at least since the Cretaceous (Sliter, 1972).
During the Neogene, the intensity of the California Cur-
rent oscillated considerably in response to major cli-
matic changes. These oscillations are reflected in changes
of the distribution patterns of marine biota in the
marginal eastern Pacific.

Studies of planktonic foraminifers (Ingle, 1973) sug-
gest that, following relatively stable temperature condi-
tions in the middle Miocene, a major and sustained
southward shift of isotherms (and thus subpolar plank-
tonic assemblages) occurred during the late Miocene
(ca. 10.5 to 5 m.y. ago). The 10°C isotherm may have
been displaced as far south as 28°N latitude. The
Miocene/Pliocene boundary is marked by even farther
southward displacement of subpolar assemblages, fol-
lowed by a northward incursion of temperate to sub-
tropical assemblages, resulting in ‘‘mixed’’ assemblages
as far north as 40°N latitude (von Huene and Kulm,
1973). The remainder of the Pliocene record is a series
of minor oscillations that culminate in a major north-
ward incursion of subtropical assemblages to 40°N
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latitude. During the Pleistocene, subpolar assemblages
characterized the eastern Pacific margin south to 30°N
and perhaps as far south as 20°N into the Gulf of
California. The last interglacial period (Holocene) was
characterized by a northward migration of temperate
assemblages.

Site 467 is located near the distal end of the present-
day California Current, where changes in the planktonic
assemblages should readily point to the major changes
in intensity and extent the current has undergone in the
past. In addition, it was thought that the expanded sedi-
mentary section expected at Site 467 would be well
suited for study of the biogeography and development
of planktonic communities.

The California Continental Borderland constitutes a
broad transition zone between continental rocks of
coastal California and oceanic rocks at the foot of the
Patton Escarpment, the local name for the continental
slope (Fig. 2). The northern boundary is the west-trend-
ing Transverse Ranges at latitude 34°N. South of the
Transverse Ranges, the borderland broadens to a width
of 220 to 225 km; the zone tapers gradually southeast to
Vizcaino Bay at about 28°N. The borderland may
reflect the transition from a subducting plate boundary
between the American and Farallon plates to a trans-
form boundary between the American and Pacific
plates as the Farallon plate was consumed at the con-
tinental margin. The borderland consists of a series of
northwest-trending ridges and basins that began to form
in the middle Tertiary and were accentuated in the late
Tertiary and in the Quaternary (Vedder et al., 1974).
Pre-middle Tertiary geology permits subdivision into
three northwest-trending belts: (1) inner borderland, (2)
island block, and (3) outer borderland (Yeats, 1976). In
the inner borderland, blueschist-bearing basement (Cat-
alina Schist—similar to blueschist in the Franciscan
complex of central and northern California) (Platt,
1976; Crouch, 1979a) is overlain by middle Miocene and
younger marine strata that contain clasts of the underly-
ing basement. The island block comprises a thick Meso-
zoic and Paleogene sequence that contains only detritus
from the continent and no clasts of -Catalina Schist or
other borderland basement. Ophiolitic basement on
Santa Cruz Island (Hill, 1976) may belong to this block,
but similar ophiolitic rocks are found on Santa Catalina
Island (Platt, 1976) and in the western Los Angeles
Basin. The sedimentary strata in this block are similar to
the Great Valley forearc sequence of central California
(Crouch, 1979a).

The outer borderland, where Site 467 is located,
resembles the inner borderland in that a Miocene and
younger sequence rests on a Franciscan-like basement
(Crouch, 1979a). This basement is different, however,
because it contains little blueschist but considerable
laumontite; ultramafic rocks are also found. The age of
this basement is unknown. Laumontite-bearing coastal-
belt ‘‘Franciscan’’ of the northern California Coast
Ranges has yielded Paleogene fossils, in contrast to the
Cretaceous fossils of the Franciscan farther east. Thus it
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Figure 2. Generalized bathymetric map of the California Continental Borderland. (The location of Site

467 is indicated by the black circle.)

is possible that the basement of the outer borderland in-
cludes rocks that are Paleogene.

Mafic and intermediate volcanic rocks 14 to 17 m.y.
old are common throughout the borderland, particu-
larly on ridge tops. These include flows, breccias, dikes,
and small plutons; larger plutons may underlie some of
the ridges at considerable depth.

The west-facing Patton Escarpment is indented at
33°50'N by a broad embayment nearly 20 km in
diameter called San Miguel Gap (Fig. 3). East of this in-
dentation is a west-trending platform containing the
northern Channel Islands. South of the indentation, the
Patton Escarpment contains presumably Miocene vol-
canic rocks and micaceous, moderately hard siltstone
and claystone of unknown age; farther south, laumon-
tite-bearing lithic wackes that are possibly Franciscan
are found on the escarpment.

San Miguel Gap may be underlain by similar Fran-
ciscan basement; the prominent basement reflector is
underlain by east-dipping horizons that are suggestive
of thrust planes (Figs. 4 and 5; Crouch et al., 1978). A
broadly folded sequence overlying the basement may
have been deposited during the early Miocene; it is not
well bedded on the multichannel seismic record. Alter-
natively, it may be part of the Paleogene sequence
known farther east in the island block. Stacking veloc-
ities in this sequence are 2.7 to 3 km/s, about 1.5 km/s
slower than stacking velocities in the basement. Overly-
ing strata are broadly draped on topographic highs on
the basement surface; these lap onto the east-facing
ridge of the Patton Escarpment and thus may all be
younger than the Miocene volcanic rocks found on the
escarpment. Prominent reflectors within this sequence
may lie within the upper Miocene and the Pliocene,
respectively. Stacking velocities are 2.05 to 2.45 km/s.

The Recent to upper Pliocene portion of the sequence
appears to rest with slight angular unconformity on
older beds near the Patton Escarpment, but at the site
these beds are parallel to one another. Stacking veloc-
ities in the youngest sequence are 1.6 to 1.84 km/s.

In the Channel Islands and adjacent Santa Barbara
and Ventura basins, strata deposited in the early Mio-
cene (Saucesian of Kleinpell, 1938) rest unconformably
on Eocene marine rocks (Weaver, 1969). Strata depos-
ited in the late Miocene (Mohnian of Kleinpell, 1938)
unconformably overlie older rocks in the Santa Cruz
submarine canyon between the Santa Cruz and Santa
Rosa islands; an unconformity of this age is also found
in the Santa Monica Mountains. After the Mohnian, the
Ventura and Los Angeles basins assumed their pres-
ent structural configuration, and the major lithology
changed from the siliceous, organic Monterey Shale to
the more terrigenous Pliocene deposits. A similar in-
crease in terrigenous contributions that occurred at the
same time was noted by Ingle (1973) at DSDP Site 173
off northern California. This increased terrigenous con-
tribution may be related to an acceleration of vertical
tectonics that began about 4 m.y. ago and resulted in
vertical subsidence rates greater than 5 mm/yr about a
million years ago (Yeats, 1978). We anticipated that Site
467 would contribute information regarding the age of
unconformities in the outer borderland that could be
related to tectonic events onshore, including motion on
the San Andreas fault.

At Site 467, we expected to encounter a section of
Pliocene-Quaternary strata (stacking velocities of 1.84
km/s and less) 370 meters thick, underlain by 800
meters of Miocene rocks with stacking velocities 2.05 to
2.45 km/s. We did not plan to penetrate the older se-
quence unconformably underlying the Miocene strata.
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Figure 3. Detailed bathymetry (in meters) near Site 467. (Lines AA ' and BB’ give positions of the multi-
channel and single-channel seismic profiles in Figs. 4 and 5, respectively.)

OPERATIONS

The Glomar Challenger left Long Beach on 9 Oc-
tober 1978 at 0120 hours,? after the completion of dry-
dock routines in the port of San Pedro. The operation
of the newly overhauled thrusters was tested just out of
the port in the San Pedro Channel some 6.5 nautical
miles south of Point Fermin. After the successful testing
of the thrusters, the ship sailed on a heading of 277°. At
0815 hours, some 65 miles southeast of the proposed
Site 467, the heading was changed to northwest to arrive
at the site diagonally across the multichannel line 4 of
the S. P. Lee (line AA’ on Fig. 2) and the single-channel
Bartlett line (BB’ on Fig. 2). The site was reached at
1756 hours. After dropping the beacon, we continued to
profile some 4 miles beyond the drop-point to obtain
seismic, 3.5 kHz, and precision depth recorder (PDR)
data (Fig. 6). After retrieving the gear, we returned to
the beacon at 1945 hours.

After the first core barrel was pulled without indica-
tion of sea-floor contact, the hole was spudded at 1053
hours on 10 October 1978, in 2146 meters of water. The
first core barrel was retrieved with only traces of the
bottom sediment in the core catcher. From the second
core downward, the coring operations were essentially
routine. The sediment recovery varied widely, from no
recovery to over 100% in gas-charged sediments (Table
1). From Core 2 through Core 45, the recovery was
generally high; from Core 46 and deeper, the recovery
decreased, owing to changes in the lithology, and it re-

3 All times specified in text are local time in hours; those in seismic-section figures are
Zulu times.

mained generally low, with the exception of some inter-
vals (Cores 57 and 58 and Cores 83 through 91).

During the drilling of the last lithologic unit, pre-
dominantly silty claystones (Cores 88 through 110), the
diameter of the cored sediment decreased noticeably, in-
dicating wear on the drill bit, and the drilling time in-
creased from an average of 1 hr, 10 min per core to 1 hr,
30 min per core.

After termination of drilling on 16 October at 2155
hours, the hole was flushed and then filled with 400 bar-
rels of gel mud to prepare it for a suite of downhole
logs. A Sonic Caliper Log was attempted first and com-
pleted at 13 hours on 17 October. Next the temperature-
density logging tool was lowered. But it became ap-
parent that the tool had bridged in the open hole; the
cable had overrun and become knotted below the drill
pipe, preventing retrieval. The drill pipe and logging
cable and tool were pulled together, and the logging tool
was retrieved at 0400 hours on 18 October.

The heave compensator essentially remained inopera-
tive throughout the coring of Site 467 because of a
malfunction in the control-valve mechanism. It was
tried only once, during Core 16, but its use was aban-
doned due to an inoperative antislingshot valve.

H,S was encountered in almost all sediment cores in
the upper 400 meters of the hole. Its levels dropped in
the indurated sediments. Hydrocarbons were monitored
throughout, and the C,/C, ratios varied considerably,
with a general trend toward increase in the ratios down-
core. Once the hard, tuffaceous sediments were pene-
trated at 745 meters, the C; and C, levels dropped, and
further monitoring until the bottom of the hole did not
reveal any significant amounts of hydrocarbon gases.
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SITE 467

During the operations at Site 467, we noticed a poten-
tial problem with the gearbox of the forwardmost bow
thruster. The absence of a spare gearbox onboard the
Challenger necessitated our going into port to repair or
replace the gearbox. DSDP suggested we go to Long
Beach after the completion of our work at Site 467 be-
cause of the proximity of the labor and shops familiar
with these kinds of repairs.

After a 2-hour post-site survey of the area, we headed
toward Long Beach at 0600 hours on 16 October, arriv-
ing at Terminal Island Pier E at 2045 hours.

LITHOLOGY

Sediments and sedimentary rocks recovered at Site
467 include burrowed nannofossil clay, calcareous clay-
stone, and clayey chalk as well as less abundant lithic
lapilli tuff, silty clay, diatomaceous clay, and siliceous
silty claystone. Minor intervals of clayey dolomitic lime-
stone and sand(stone) are scattered but conspicuous
components, We recognized four lithologic units on the
basis of color, texture, mineralogic and fossil composi-
tion, degree of induration, and sedimentary structures
(Table 2; Fig. 7).

Unit 1: Clay and Silty Clay (0-367 m)

This unit is predominantly olive gray clay with vary-
ing proportions of diatoms, calcareous nannofossils,
and siliceous sponge spicules. Minor constituents in-
clude foraminifers; radiolarians; detrital grains of
quartz, plagioclase, and mica; phosphatized fish frag-
ments; and glauconite; the heavy minerals are pyrite,
magnetite, zircon, epidote hornblende, garnet, and
glaucophane.

The upper part of this unit (Cores 1-11, 0-101 m) is
mottled, intensely deformed by drilling, and contains
scattered pods of fine-grained sand, foraminifers, and
carbonized wood fragments. Below 101 meters, the clay
composing this unit is relatively firm and compact, only
moderately deformed, and a more uniform olive gray.
Six widely spaced, thin (20-40 cm) intervals of clayey
dolomite and dolomitic limestone occur in the lower
part of this unit, along with scattered thin sandy layers.
The center of each limey interval is hard and well
cemented, grading to soft, calcareous mudstone above
and below. A layer of vitric ash 7 cm thick occurs in
Core 14, and two subrounded dacitic clasts were re-
covered in Core 28. Diatoms are most plentiful in the
middle part of Unit 1, with nannofossils common above
and below them.

Unit 2: Calcareous Claystone (367.0-699.5 m)

Unit 2 comprises olive gray, dusky yellow brown, and
olive black calcareous claystone. Greater induration,
compositional differences, and abundant sedimentary
structures distinguish rocks of this unit from those
grouped in Unit 1. A sharp contact (in Section 2 of Core
40) between soft clay and firm, indurated claystone
marks the boundary between these two units. Clay
mineral content ranges from 35% to 80%. Carbonate
occurs mainly as microcrystalline cement and scattered
rhombic crystals and accounts for 5% to 40% of the
rock. Coccoliths, diatoms, and radiolarians are com-
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SITE 467

Table 1. Coring summary for Hole 467.

Table 1. (Continued).

Date Depth from Depth below Length Length Core Date Depth from Depth below Length Length Core
Core (Oct. Drill Floor Sea Floor Cored Recovered  Recovered Core  (Oct. Drill Floor Sea Floor Cored Recovered  Recovered
No.  1978) Time (m) (m) (m) (m) (7a) No. 1978) Time (m) (m) (m) (m) (%)
1 10 1126 2146.0-2152.0 0.0-6.0 6.0 tr 0 100 16 0050 3083.0-3092.5 937.0-946.5 9.5 32 34
2 10 1238 2152.0-2161.5 6.0-15.5 9.5 5.6 59 101 16 0215 3092.5-3102.0 946.5-956.0 9.5 1.7 18
3 10 1346 2161.5-2171.0 15.5-25.0 9.5 7.1 75 102 16 0403 3102.0-3111.5 956.0-965.5 9.5 L0 11
4 10 1440  2171.0-2180.5 25.0-34.5 9.5 38 40 103 16 0645 3111.5-3121.0 965.5-975.0 9.5 2.8 29
5 10 1550 2180.5-2190.0 34.5-44.0 9.5 B4 88 104 16 0845 3121.0-3130.5 975.0-984.5 9.5 34 36
6 10 1640  2190.0-2199.5 44.0-53.5 9.5 B.4 88 105 16 1115 3130.5-3140.0 984.5-994.0 9.5 0.9 9
T 10 1735 2199.5-2209.0 53.5-63.0 9.5 7.6 80 106 16 1255 3140.0-3149.5 994.0-1003.5 9.5 24 25
8 10 1837 2209.0-22]8.5 63.0-72.5 9.5 9.3 98 107 16 1450 3149.5-3159.0  1003.5-1013.0 9.5 4.5 47
9 10 1937 2218.5-2228.0 72.5-82.0 9.5 5.4 57 108 16 1643 3159.0-3168.5 1013.0-1022.5 9.5 1.7 18
10 10 2017 2228.0-2237.5 82.0-91.5 9.5 9.5 100 109 16 1921 3168.5-3178.0  1022.5-1032.0 9.5 35 37
11 10 2115 2237.5-2247.0 91.5-101.0 9.5 B3 87 110 16 2155 3178.0-3187.5 1032.0-1041.5 9.5 6.7 71
12 10 2218 2247.0-2256.5 101.0-110.5 9.5 1.4 15
13 10 2318 2256.5-2266.0  110.5-120.0 9.5 6.6 6 Tomal 10413 2463 #
14 11 0026 2266.0-2275.5 120.0-129.5 9.5 9.4 99
15 1 0;2 g;ig:gsso 129.5-139.0 9.5 1.9 20
16 11 (1} | 94.5 139.0-148.5 9.5 9.3 P 2 i
17 11 0344 2294.5-2304.0  148.5-158.0 9.5 4.8 51 Table 2. Summary of lithologic units, Hole 467.
18 1t 0435 2304.0-2313.5 158.0-167.5 9.5 9.8 100
19 1 0534 2313.5-2323.0 167.5-177.0 9.5 8.6 9
20 11 0645 2323.0-2332.5 177.0-186.5 9.5 6.5 68 Depth below
21 11 O‘I';g 2332.5-2342.0 186.5-196.0 9.: Z.g 23 Sea Floor
22 1 08 2342.0-2351.5 196.0-205.5 9, 0. 3 i i
2 Il 0950 2351.5-2361.0  205.5-2150 9.5 02 2 Unit  Cores (m) Chronnetratigraphy Lithology
i’: :: 1{1,:2 g%?:g;g; i;:gjﬂ; ;; gg 53 1 1-39 0.0-367.0 Qumerm}ry— Silty clay, diatomaceous
26 1 1310 2380.0-2389.5  234.0-241.5 9.5 1.8 40 lower Pliocene and nal_-mnfossll clay
27 1 1412 2389.5-2399.0 243.5-253.0 9.5 2.4 25 with minor clayey lime-
28 11 1518 2399.0-2408.5 253.0-262.5 9.5 1.4 15 stone.
§g :: :gg %3:;1;3? ’igé;gfg 3; ;; ;3 2 40-74  367.0-699.5 lower Pliocene-  Calcareous claystone
s . y 3 T ‘ upper Miocene with minor siliceous
3 11 1932 2427.5-2437.0 281.5-291.0 9.5 0.0 0 7
32 11 2044 2437.0-2446.5 29103005 9.5 41 a3 claystone and nannofossil
33 11 2205 2446.5-2456.0  300.5-310.0 9.5 5.4 57 ) claystone.
34 1 2331 2456.0-2465.5  310.0-319.5 9.5 6.1 64 3 74-88 699.5-832.5 upper Miocene- Lithic (pumiceous-
35 12 0043 2465.5-2475.0 319.5-329.0 9.5 1.2 13 middle Miocene scoriaceous) lapilli
36 12 0150  2475.0-2484.5  329.0-338.5 9.5 5.5 58 tuff and nannofossil
37 12 0246  2484.5-2494.0 338.5-348.0 9.5 0.0 (1] i
B 12 o8 U40NS  ME03STS 9 0.2 2 :':gz’;aﬂf’?e!m“w“
:0 :i % i;?;;:g;gg ;:;g::g;g 32 ;r; 52 4 B8-110  B32.5-1041.5 middle Miocene Nannofossil claystqne.
4 12 005  2522.5-2532.0  376.5-386.0 9.5 7.5 79 clayey chalk, and silty
42 12 0812  2532.0-2541.5  386.0-395.5 9.5 8.2 86 claystone with minor
43 12 0920  2541.5-2551.0 395.5-405.0 9.5 tr 0 sandstone interbeds.
44 12 1040  2551.0-2560.5 405.0-414.5 9.5 73 77
45 12 1220 2560.5-2569.0 414.5-424.0 9.5 7.3 n
46 12 1330 2569.0-2578.5 424.0-433.5 9.5 0o 0
47 12 1712 2578.5-2588.0 433.5-443.0 9.5 1.3 14 3 1 1 L _
® 1 s Bt ens e o8 o - mon in the upper part of this unit (Cores 40-56), but de
49 12 1953 2597.5-2607.0 45254620 9.5 0.9 9 crease downhole as carbonate cement becomes more
50 12 2128 2607.0-2616.5 462.0-471.5 9.5 0.6 6 v
51 12 248 2616.5-2626.0 471.5-481.0 9.5 23 2 abundant. Scattered circular and elongate molds, com-
52 12 2350  2626.0-2635.5 481.0-490.5 9.5 32 3 - ] =
$3 13 0120 2635.5-2645.0  490.5-500.0 9.5 0.6 6 monly filled with sparry calcite, suggest that many of
54 13 0230 2645.0-2654.5 500.0-509.5 9.5 38 40 2 3 2 o~ &
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75% to 90% of the tuff and are extensively altered to
greenish brown smectite. Other constituents include
microlites and phenocrysts of plagioclase, andesitic and
basaltic rock fragments, pyrite, calcite cement, zeolites,
and some foraminifer fragments. Beds range from 2 cm
to 122 cm thick, commonly with sharp basalt and grada-
tional upper contacts. Normal and reverse grading, par-
allel laminations, load structures, microcross lamina-
tions, and flaser bedding are common sedimentary
structures. Grading, parallel laminations, and cross
laminations form Bouma T, Ty, and T.4 sequences.

Nannofossil clayey chalk and nannofossil claystone
are interbedded with the tuff. Siliceous microfossils are
absent in these rocks. Layers are either intensely bio-
turbated or laminated and lenticularly bedded. Pyro-
clastic debris fills some burrows. Thin, gray, carbonate-
cemented layers of sandstone occur near the base of this
unit. Core 76 contains a zone of brecciated clayey chalk
with quartz- and calcite-filled fractures.

Unit 4: Nannofossil Clayey Chalk (832.5-1041.5 m)

Interbedded olive gray and yellow brown silty clay-
stone, calcareous claystone, and clayey chalk make up
Unit 4. The calcareous claystone forming the upper part
of this unit is texturally and mineralogically similar to
the claystone in Unit 2. Detrital clay, quartz, feldspar,
and opaque heavy minerals occur together with variable
amounts of carbonate cement. Heavy minerals include
zircon, pyrite, barite, magnetite, and ilmenite. Calcare-
ous nannofossils decrease markedly in Cores 89 through
99, below which calcareous silty claystone dominates.
Thin (0.5-4.0 cm) layers of graded, fine-grained sand-
stone are scattered throughout the unit. The claystone is
extensively burrowed. Some of these subhorizontal bur-
rows are filled with sand. Laminated intervals are pres-
ent but less common. Slump folds and microfaults oc-
cur in Cores 98 and 99,

BIOSTRATIGRAPHY

Quaternary through lower middle Miocene (Spheno-
lithus heteromorphus Zone) sediments were recovered
at Site 467. Coccoliths, diatoms, radiolarians, and
planktonic foraminifers are typically present in the
uppermost Miocene, Pliocene, and Quaternary of Site
467, and coccoliths and diatoms provide good strati-
graphic resolution in this interval (from the surface to
about 450 m sub-bottom). Planktonic foraminifers and
siliceous microfossils become scarce at or just below the
Miocene/Pliocene boundary, and only coccoliths con-
tinue downsection (Fig. 8).

The Pliocene/Pleistocene boundary is placed in Core
9 at the top of the Cyclococcolithina macintyrei Sub-
zone (coccolith) (72.5-78 m sub-bottom). The Miocene/
Pliocene boundary is tentatively placed within the inter-
val between Cores 45 and 47 (424.0-433.5 m sub-bot-
tom). Placement of the middle Miocene/upper Miocene
boundary is uncertain. Our best estimate is that it falls
between Cores 80 and 84 (~ 750-787 m sub-bottom).
Figure 7 summarizes zone assignments for Site 467.

SITE 467

Coccoliths

The Miocene to Quaternary coccoliths at Site 467 in
the San Miguel Gap constitute much of the micropale-
ontologic record of the California Current in the outer
California Continental Borderland. Coccoliths occur in
most of the 110 cores recovered. Middle Miocene to
lowermost Pliocene coccoliths are generally few to com-
mon and are moderately to poorly preserved. Dissolu-
tion and fragmentation of both placolith and asterolith
speciments are typical in Cores 37 to 110. Coccoliths are
abundant and moderately well preserved in Quaternary
and Pliocene Cores 1 to 36. Reworked coccoliths from
the Eocene occur sparsely through Quaternary Cores 1
through 9 and in Cores 32 and 42 but are absent or rare
in Miocene Cores 47 to 110.

Few of the 24 low-latitude coccolith units (zones and
subzones) for the middle Miocene to Quaternary could
be specifically identified because of the paucity of low-
latitude marker species in the low-diversity (2 to 10
species) assemblages (Table 3). The cool-water Dis-
coaster variabilis Zone (Leg 5, McManus, Burns, et al.,
1970; Leg 18, Bukry, 1973a) had to be used for most of
the upper Miocene and part of the middle Miocene
(Cores 56-90). The Amaurolithus tricorniculatus Zone
(Leg 15, Bukry, 1973b) that includes the Miocene/Plio-
cene boundary could not be divided effectively into sub-
zones because of the scarcity or absence of Ceratolithus
acutus Gartner and Bukry, C. rugosus Bukry and Bram-
lette, and Triquetrorhabdulus rugosus Bramlette and
Wilcoxon. The Miocene/Pliocene boundary is provi-
sionally drawn between Cores 45 and 47, on the basis of
the presence of the silicoflagellate Dictyocha aspera cli-
nata Bukry in Core 47.

The oldest zone identified at Site 467 is the Spheno-
lithus heteromorphus Zone (see Bukry, 1973b for a
definition of this and other zones cited in the text); this
zone is part of the lower middle Miocene (and is approx-
imately 14,0-15.5 m.y. old). Poore (personal communi-
cation, 1978) has identified this zone in the type Luisian
Stage onshore in California. The zonal assemblages at
Site 467 include sparse S. heteromorphus Deflandre,
Helicosphaera carteri (Wallich), and Cyclococcolithina
macintyrei (Bukry and Bramlette); few Coccolithus
miopelagicus Bukry, Discoaster deflandrei Bramlette
and Riedel, D. exilis Martini and Bramlette, and D.
variabilis Martini and Bramlette; and common Cyclicar-
golithus floridanus (Roth and Hay). Upper assemblages
of the Coccolithus miopelagicus Subzone are charac-
terized by C. miopelagicus, Cyclicargolithus floridanus,
D. exilis, Reticulofenestra hagii Backman, and R.
pseudoumbilica (Gartner). In the lower part of the sub-
zone, the predominance of Sphenolithus neoabies over
R. pseudoumbilica suggests some decrease in paleotem-
perature upward through the interval. However, the
more common occurrence of discoasters in the D.
kugleri Subzone, just below a long sequence of cool-
temperature assemblages (Table 3), indicates that a
rather warm environment prevailed at the time of depo-
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Figure 8. Plots of relative abundances of planktonic microfossils at Hole 467.

sition. The cooler, temperate, low-diversity coccolith
assemblages (Cores 56 to 90) are dominated by species
of Reticulofenestra, and D. variabilis is present. The
long D. variabilis Zone interval can be divided into
lower and upper parts by the appearances of D. brou-
weri Tan, s. ampl. and Minylitha convallis Bukry in the
upper part (which corresponds to the upper Miocene D.
neohamatus Zone of low latitude). Warm-water D. neo-
hamatus Bukry and Bramlette is absent, emphasizing
the nontropical character of the assemblages. However,
no specimens of cool-water D. mendomobensis Wise
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were detected; this species flourished to the north at
DSDP Site 173 at the northern end of the California
Current for a short interval at the end of the D.
variabilis Zone and occurs only rarely in the California
Continental Borderland (D. Bukry, personal communi-
cation, 1978).

Sporadic occurrences of guide species Amaurolithus
delicatus (Gartner and Bukry), 4. primus (Bukry and
Percival), and D. quinqueramus Gartner in the upper
Miocene to lower Pliocene interval of Cores 27 to 55
make zonal assignments of individual samples difficult.



Table 3. Summary of coccolith zonation for Site 467.

Chronostratigraphy Zone or Subzone Core
Quaternary Emiliania huxleyi 1-2
or Ceratolithus cristatus
?Ceratolithus cristatus 3
1Gephyrocapsa oceanica 4
Emiliania ovata or
Gephyrocapsa caribbeanica 5-8
———— —___ Emiliania annula _
Pliocene Cyclococcolithina macintyrei 9-10
Discoaster brouweri 11-24
Discoaster tamalis or
Discoaster asymmetricus 25
e = Eiscoasfer asymmetricus 26
Miocene or Pliocene  Amaurolithus tricorniculatus 27-48

or Amaurolithus primus

Miocene Amaurolithus primus 49-55
?Discoaster gquingueramus 58
upper Discoaster variabilis 56-78
upper or lower Discoaster variabilis 79-85
lower Discoaster variabilis 86-89
Discoaster kugleri 20
Coccolithus miopelagicus 92-99

Sphenolithus heteromorphus 100-110

Cores 27 to 55 are assigned to an undifferentiated A.
primus Subzone or A. tricorniculatus Zone because of
the absence of warm-water ceratolith guide species.

The overlap of D. tamalis Kamptner and D. asym-
metricus Gartner in Section 26-1 indicates the D. tamalis
Subzone or D. asymmetricus Subzone. Therefore this
level correlates to the type Repettian Stage onshore (R.
Arnal and D. Bukry, personal communication, 1978).

Division of the upper Pliocene into subzones is
doubtful at Site 467 because of the scarcity or absence
of discoasters, especially D. pentaradiatus and D. sur-
culus Martini and Bramlette; both taxa occur in the
lower Pliocene at Site 467.

The highest occurrence of D. brouweri and common
Cyclococcolithina macintyrei in Core 9 is used to cor-
relate the top of the Pliocene. Sample 8,CC contains the
last C. macintyrei without discoasters and is assigned to
the lower Pleistocene Emiliania annula Subzone. The
mixed-temperature environment of the Quaternary as-
semblages is indicated by the persistence of cool-water
Coccolithus pelagicus (Wallich) and warm-water Ce-
ratolithus cristatus Kamptner through Cores 1 to 5.
Cold-water Coccolithus pliopelagicus Wise is sparser at
Site 467 than at Site 173, and C. pelagicus is missing
from coeval DSDP Leg 54 sites near the southern end of
the California Current. Therefore, the Quaternary coc-
colith assemblages from the Site 467 region of the Cali-
fornia Current indicate a gradational change in zonal
assemblages southward along the current.

The coccolith record at Site 467 shows climatic
changes from warm in early middle Miocene, to cool in
late middle Miocene to early Pliocene, to warm in mid-
dle Pliocene, to mixed cool and warm in the Pleistocene,
to warm in the Holocene. The lower 55 cores (most of
them Miocene) lack diatoms, radiolarians, and even
planktonic foraminifers, which suggests deposition
from a sluggish or distal portion of any eastern boun-
dary current. Changes in submarine topography or cur-

SITE 467

rent circulation patterns in the late Miocene apparently
brought the San Miguel Gap area under the active part
of the California Current, because low-fertility cocco-
lith claystones pass upward into diatom-, silicoflagel-
late-, radiolarian-, ebridian-, and dinoflagellate-bearing
biogenic ooze, which demonstrates the higher fertility of
upwelled waters, in contrast to the deeper cores, where
coccolith predominance indicates low to moderate fer-
tility.

Silicoflagellates

Silicoflagellate occurrences were noted incidentally
during coccolith studies for Site 467. Although they are
present in Cores 2 to 52, silicoflagellates are common in
only a few samples. Cores 42 to 52 in the lower Pliocene
and upper Miocene contain Distephanus frugalis
(Bukry), D. speculum elongatus Bukry, and Dictyocha
pulchella Bukry, suggesting that comparisons can be
made with other North Pacific sites (173, 303, 304, and
310). A single specimen of D. aspera clinata Bukry s.
ampl. in Core 47 suggests an upper Miocene correlation,
on the basis of its range in the northwestern Pacific.

Silicoflagellates are sparse and sporadic in Cores 14
to 34; only the common cool-water Distephanus specu-
lum speculum (Ehrenberg) and D. speculum minutus
Bachmann of Core 18 are exceptions. Assemblages
from Cores 5 to 13 are the most diverse. Samples
467-3,CC to 467-8-3, 100-102 cm are assigned to the
upper Pleistocene cool-water D. octangulatus Zone
(Bukry, 1973a; Ling, 1977). The occurrence of Dicty-
ocha aculeata (Lemmerman) in Core 5 suggests a slight
warming in the mid-Pleistocene.

The paucity of genus Mesocena through the section
distinguishes Site 467 from mid-latitude sites of the
northwestern Pacific.

Radiolarians

Radiolarians were studied from the coarse fraction
components (>63 pm). Although they are sometimes
the dominant component of the coarse fraction of
uppermost Miocene through Quaternary sediments,
their abundance is generally rare to few and their
preservation poor to moderate. In Cores 57 through
110, no datable radiolarians were encountered. Other
components such as foraminifers, echinoid spicules,
and chitinous remains of arthropods are well preserved
in most of the cores, but they are rare below Core 60.

In Section 2-1 through Section 8-4, radiolarians occur
in the lower upper Pleistocene (Axoprunum angelinum
Zone), indicated by the presence of Lamprocyrtis haysi
and Lamprocyrtis neoheteroporos and the absence of
Eucyrtidium matuyamai. Because of the presence of E.
matuyamai and Lamprocyrtis heteroporos, Section 8-5
through Sample 10,CC are placed in the lower Pleisto-
cene (E. matuyamai Zone).

Section 11-1 through Section 25-8 are part of the up-
per Pliocene L. heteroporos Zone, as indicated by the
occurrence of a radiolarian assemblage with L. hetero-
poros and without E. matuyamai and Stichocorys
peregrina. The first typical specimens of S. peregrina in
Section 26-2 indicate the lower Pliocene; they are associ-
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ated with L. heteroporos and other nondiagnostic Neo-
gene radiolarians. The lower Pliocene succession com-
prises Section 26-2 through Sample 45,CC. L. hetero-
poros does not occur below Sample 45,CC. This occur-
rence and the presence of S. peregrina suggest that
Cores 47 through 56, Section 2 were deposited during
the late late Miocene (lower part of S. peregrina Zone).
Rare specimens of various Cyrtocapsella species were
found in Pliocene beds; these probably have been re-
worked from older layers of the Miocene.

The hard rocks of Cores 57 through 110 contain very
rare (e.g., Core 58) and poorly preserved radiolarians
that cannot be dated.

Diatoms

At Site 467, diatoms are few to abundant in the upper
Pliocene to Quaternary (Cores 1 to 20), rare in the mid-
dle part of the Pliocene (Cores 23 to 36), few to abun-
dant across the Miocene/Pliocene boundary (Cores 38
to 53), and absent in the middle and upper Miocene
(Cores 56 to 110). Preservation generally follows abun-
dance (Fig. 7). Good to moderate preservation prevails
in the upper Pliocene and Quaternary, there is poor
preservation in the middle part of the Pliocene, and
moderate to poor preservation characterizes the lower-
most Pliocene and uppermost Miocene.

The upper Pliocene and the Quaternary contain
diatom assemblages typical of the high-latitude North
Pacific, and Koizumi’s (1975) zonation is applicable.
Cores 1 through 3 correlate with the Denticula seminae
Zone (ca. 0-0.26 m.y. old). The last occurrence of
Rhizosolenia curvirostris in Sample 467-4,CC marks the
top of the R. curvirostris Zone (ca. 0.26-0.9 m.y.),
which extends through Sample 467-7,CC. The last oc-
currence of Nitzschia reinholdii (ca. 0.63 m.y. ago) is in
Sample 467-7-1, 51-53 cm. Cores 8 and 9 correlate with
the lower Quaternary Actinocyclus oculatus Zone (ca.
0.9-1.7 m.y.); these two cores lack R. curvirostris and
consequently are low in the A. oculatus Zone. A hiatus
between Samples 467-7,CC and 467-8,CC appears to
have removed most of the A. oculatus Zone at this site.
The last occurrence of Thalassiosira antiqua in Sample
467-10,CC marks the top of the Denticula seminae var.
Sfossilis Zone (ca. 1.7-2.43 m.y. old). Assemblages
through Core 18 are correlated with this zone because of
the presence of D. seminae var. fossilis and T. antiqua
and the lack of D. kamtschatica. The poor assemblages
of Core 20 are tentatively assigned to this zone.

Cores 25 through 36 contain only reworked upper
and middle Miocene diatoms. Actinocyclus ingens,
Denticula hustedtii, D. hyalina, D. lauta, Rhizosolenia
barboi, Synedra jouseana, and T. antiqua occur rarely
in this interval.

Cores 38 through 45 are assigned to the lower Plio-
cene Thalassiosira oestrupii Zone, which is equivalent to
the North Pacific Diatom Zone IX of Barron (1976).
The diatom assemblage includes Nitzschia reinholdii, T.
antiqua, and T. oestrupii s. ampl. without Rouxia
californica and is similar to assemblages in the lower
parts of the Sisquoc and Capistrano Formations on-
shore in Southern California. The silicoflagellate Diste-
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phanus boliviensis frugalis is also common in this inter-
val.

Cores 47 through 53 are correlated with the upper
Miocene N. reinholdii (equivalent to North Pacific
Diatom Zone X of Barron [1976]) on the basis of the
presence of N. reinholdii and the lack of 7. oestrupii.
The correlation of Cores 47 and 48 to the Miocene is
tentative, however, because the last occurrence of the
Miocene species R. californica is in Sample 467-49-1,
68-69 cm. One specimen of 7. miocenica in Sample
467-53,CC suggests a maximum absolute age of 6 m.y.

Foraminifers

Planktonic foraminifers are common to abundant in
Cores 1 through 18 (0-167.5 m sub-bottom) and, with
the exception of Samples 467-11,CC and 467-15,CC,
Neogloboguadrina pachyderma (s.s.) is the dominant
taxon in this interval. Common accessory taxa include
Globigerina bulloides, Globorotalia scitula, and Or-
bulina universa. Below Sample 467-10,CC, Neoglobo-
quadrina atlantica and Globigerina umbilicata become
persistent elements of the fauna; the first occurrence
(downward) of M. atlantica in Core 8 is used to approx-
imate the Pliocene/Pleistocene boundary in this se-
quence,

Sparse and poorly preserved planktonic foraminifers
in samples from Cores 19 through 21 appear to repre-
sent a dissolution facies. The lower extent of this facies
is uncertain because of poor recovery of Cores 21
through 23.

Samples 467-25,CC and 467-26,CC yielded diverse
assemblages that include sparse representatives of
warm-water taxa such as Globigerinoides sacculifer, G.
obliquus, and Sphaeroidinellopsis subdehiscens. Globi-
gerina bulloides is the most common taxon in samples
from Cores 27 through 33. Accessory taxa include Or-
bulina universa, Neogloboquadrina pachyderma (s.1.),
and Globorotalia conomiozea (Cores 27-29 only).
Planktonic foraminifers are extremely sparse and
poorly preserved below Sample 467-33,CC (307 m sub-
bottom).

Benthic foraminifer assemblages from Hole 467 are
relatively diverse and moderately well preserved in
Cores 1 through 50 (0-462.5 m sub-bottom). Below
Core 50 the occurrence of benthic foraminifers is
sporadic, and, in general, the number of specimens per
sample is low. The occurrence of Pullenia bulloides,
Uvigerina senticossa, Melonis pompiloides, M. barle-
eanus, and Bulimina striata mexicana throughout the
sequence suggests that Site 467 sediments were depos-
ited in middle to lower bathyal water depths.

SEDIMENT ACCUMULATION RATES

Selected diatom (D), coccolith (C), and radiolarian
(R) events were used to construct the sediment accumu-
lation rate curve for Site 467 (Fig. 9). The plot indicates
rates of ~75 m/m.y. for the Quaternary, ~ 150 m/m.y.
for the late Pliocene, ~ 125 m/m.y. for the early Plio-
cene, and 50 m/m.y. for the late and middle Miocene.
Data from siliceous microfossils and coccoliths suggest
an early Quaternary hiatus of about 600 thousand years
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Table 4. Interstitial water salinity, alkalinity, and concentrations of
Cat* Mgt and Cl—, Hole 467.
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Figure 9. Sediment accumulation rates, Hole 467. (D = diatom, C =
coccolith, and R = radiolarian events selected to construct this
curve.)

within Core 8. A second hiatus of about 1 m.y. occurs
between Cores 25 and 26 within the Pliocene.

GEOCHEMICAL MEASUREMENTS

Interstitial Water

Interstitial water was extracted from 11 samples from
Site 467 and was analyzed on board the Glomar Chal-
lenger for salinity, titration alkalinity, dissolved cal-
cium, magnesium, and chloride (Table 4; Fig. 10).
These analyses were carried out using the techniques
described by Gieskes (1974), with minor modifications.
Because of induration, interstitial water samples could
not be obtained in cores below 500 meters (with the
exception of one sample at 794 meters in an altered lithic
tuff).

The entire length of cored sediment is characterized
by exceptionally high sediment accumulation rates of 50
to 150 m/m.y. The upper 400 meters of sediment at Site
467 were gassy, with a strong odor of H,S on opening.
Methane was present in cores between 70 and 375 meters
depth. Pyrite was common in smear slides of sediments
throughout the section, especially between 70 and 375
meters depth. The pore water measurements show a
strong alkalinity maximum at about 160 meters depth,
where alkalinity reaches a value more than 20 times that

Depth below
Sea Floor s
Core  Section (m) (%)

15.5 34.4 13.992 6.358 50.767  19.143
63.0 4 33.714 4232 46.548  19.176
121.5 344 30.035 6.539  45.548  19.145
158.0 u9 50.344 8.560  44.472  19.342
224.5 34.1 43,963 9.447 36467  18.978
272.0 .1 39.752 B.885 32046  19.011
329.0 3.8 43.301 B.500 26024  19.011
376.5 33.6 42.797 B.560 20625  1B.876
443.0 3.0 37.915 8.623 17.001 18.646
500.0 122 33.945 10.108 14.984  18.282
794.5 25.6% 1.13 2.464 14.984 18.282

Alkalinity Catt  Mgt* a-
(meq/kg) (mM) (mM) (%)

2

7
13
18
25
30
36
41
48
54
85

——— L b g LA L — L

& Contaminated with fresh water from the rock saw, taken from the working half of the cut
core.

of sea water. Alkalinity is lower than normal sea-water
values in the interstitial water sample from 794 meters
depth, but the lack of data between 500 and 800 meters
depth makes it impossible to determine the shape of the
alkalinity profile over this interval or the depth at which
alkalinity values return to normal.

The downcore concentration gradients of Mg* and
Ca** are complex. There is a strong Mg** depletion in in-
terstitial waters downcore, but Ca** in the pore waters
does not increase as Mg** decreases in the upper 450
meters of sediment, as would be the case if these gra-
dients were diffusional. Dissolved Ca** is less than sea-
water concentrations to a depth of 450 meters; a
minimum is found at about 60 meters sub-bottom
depth.

Organic-rich, terrigenous sediments with high rates
of deposition are generally characterized by organic-
matter reactions such as SO, reduction (Manheim and
Sayles, 1974; Gieskes, 1975). Alkalinity maxima in ter-
rigenous sediments have been inferred to result from the
production of bicarbonate during SO, reduction
(Manheim and Sayles, 1974). This reaction is often ac-
companied by CaCOj; precipitation. Analyses of SO~
in the interstitial water are done on shore, and thus
SO,4 reduction could not be identified directly in the
pore waters from Site 467. But the evidence of gas for-
mation, pyrite, and a strong alkalinity maximum make
it reasonable to assume that SO, reduction is taking
place in the upper 300 to 400 meters of the sediment col-
umn. The low Ca*™ concentrations in the pore waters
may reflect bicarbonate production and CaCOj; pre-
cipitation during sulfate reduction. Sediments below
about 400 meters were well indurated with calcareous
cement.

Below 450 meters, Ca** increases with depth. This is
the same interval in which alkalinity decreases. Both of
these trends are probably caused by a decrease of bicar-
bonate in the pore waters and an absence of SO,
reduction in the indurated sediments.

Calcium-Carbonate Content

The calcium-carbonate concentration in samples
from Site 467 was determined on board by the car-
bonate bomb technique. The results of these determina-
tions are included in the core descriptions in this chapter
and plotted in Figure 11. The calcium-carbonate content
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Figure 10. Interstitial water profiles, Hole 467. (Dashed lines indicate approximate profiles below 500 m.)

of the sediments reflects the assigned lithologic units in
a general way. The sediments of Site 467, especially
those from the lower three units, are characterized by
alternating light and dark calcareous and clay-rich sedi-
ment layers. For example, carbonate concentration in
three samples space 10 cm apart in Unit 2 ranges from
12% to 50%.

PHYSICAL PROPERTIES
AND DOWNHOLE LOGS

Figure 11 summarizes the physical-property data for
sediments and rocks recovered at Site 467. Considering
general trends first, saturated bulk density is relatively
constant over the first 400 meters, increasing gradually
with depth from about 1.5 g/cm3 to 1.7 g/cm3. Below
400 meters, the sediments become firm and more in-
durated. Correspondingly, density values increase
linearly from 1.6 g/cm? at this depth to about 2.3 g/cm?
at the total depth (T.D.) i.e., 1041.5 meters. Porosities
show the expected opposite trends, averaging about
60% to 70% over the first 400 meters, then decreasing
to about 30% to 40% at the base of the hole. Similarly,
water content, measured only for the lower 500 meters,
decreases from about 25% to 15%.

In detail, anomalous densities and porosities cor-
relate with the degree of carbonate cementation of the
sediments. Layers or concretions of clayey dolomite and
dolomitic limestone occur in the upper 700 meters of the
section. These have saturated, bulk densities in the
range 2.5 to 2.9 g/cm3, porosities less than 15% and
often less than 5%, and water contents less than 5%.
These harder rocks are most conspicuous in the upper
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500 meters of the section and between 550 and 700
meters. The interval of lapilli tuffs between about 700
and 830 meters (Lithologic Unit 3) has no distinct den-
sity of porosity anomalies associated with it.

Sonic velocities measured from core samples increase
from 1.6 km/s to about 2.9 km/s between 500 and
1041.5 meters in the section. Above 500 meters, only
one claystone was lithified enough to yield a reliable
velocity (1.5 km/s—at 380 m). In contrast, layers or
concretions of clayey dolomites and dolomitic lime-
stones have much higher velocities in the range 4.0 to
5.5 km/s and are easily differentiated from the softer
sediments and claystones. The Sonic Log provides a
more detailed velocity profile. We distinguish the fol-
lowing intervals from this log:

1) From 137 to 388 meters, velocity increases linearly
(from 1.6 km/s to about 1.9 km/s corresponding to
compaction of soft clays, with distinct thin intervals of
high velocity (3.4-5.0 km/s) corresponding to carbonate
layers. _

2) From 388 to 484 meters, velocity decreases slightly
to values near 1.5 to 1.6 km/s. These lower values are
somewhat puzzling, because the sediments become more
indurated in this zone. Possibly this slight decrease in
velocity reflects a high gas content of the sediments.
(During the cutting of sections of cores from this inter-
val, expanding gas caused end caps to pop off; in some
instances, parts of cores jettisoned from liners. In addi-
tion, methane percentages reached maximum values in
this interval.) _

3) From 484 to 514 meters, velocity increases linearly
from about 1.6 km/s to 1.9 km/s as clays pass to more
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indurated claystones. Several distinct zones in this inter-
val have velocities near 2.2 to 2.5 km/s. Although these
higher-velocity zones do not contain limestone, they
may have a higher carbonate content than do the sur-
rounding claystones.

4) The interval from 514 to 749 meters is charac-
terized by variable velocities ranging from 2.0 km/s to
3.2 km/s, which correspond to calcareous claystones,
with occasional limestone layers that have considerably
higher velocities (up to 5.4 km/s).

5) From 752 to 771 meters, there is a zone of rela-
tively constant velocity of about 2.2 km/s. This interval
corresponds to a continuous section of lapilli tuffs. A
layer of calcareous claystone occurs within these tuffs,
conspicuous by its higher velocity (~ 3.3 km/s).

6) From 771 meters to T.D. (1041.5 m), velocity in-
creases linearly from about 2.2 km/s to 2.9 km/s, with
several layers having velocities near 3.5 km/s. The
dominant lithologies in this interval are nannofossil and
calcareous silty claystones. The slightly higher velocities
probably correspond to layers of harder clayey chalks.
An interval of variable velocity occurs between 834 and
869 meters, perhaps reflecting a more cemented zone.

In addition to the Sonic and Caliper Logs we also ob-
tained a partial Temperature Log at this site. Unfortu-
nately the Temperature Log hung up in a restricted part
of the open hole at 304 meters below the sea floor, forc-
ing us to pull pipe and abandon further logging. The
recorded values, however, indicate a bottom-water tem-
perature of about 4.5°C and an “‘in-hole’’ temperature
of about 23.5°C at 304 meters. The resulting minimum
thermal gradient for the hole is about 63°C/km.

In summary, the physical-property and logging data
match lithologic and compaction trends both generally
and in detail. The progression from soft, porous clays to
more indurated and lithified claystones translates to a
distinct change in slope on the density and porosity pro-
files and on the Sonic Log at about 450 meters. Hard
layers or concretions of clayey dolomite and dolomitic
limestone are easily distinguished from clays and clay-
stones by their higher velocities and densities, The
average impedance contrasts between the softer clays
and claystones and the intercalated hard carbonates are
in the range 0.5 to 0.6, making them excellent reflectors
where they are thick enough or closely spaced. The in-
terval of lapilli tuffs (~750-770 m) shows no anoma-
lous densities or velocities. The impedance contrast be-
tween this unit and the overlying calcareous claystones
is about 0.2. A possible gas zone between about 380 and
480 meters is characterized by a slight but distinct de-
crease in velocity to values of 1.5 to 1.6 km/s. Enclosing
sediments have velocities near 1.7 km/s to 1.9 km/s.

CORRELATION OF REFLECTION PROFILE
WITH DRILLING RESULTS

The acoustic stratigraphy in the vicinity of Site 467 is
well displayed on a common depth point (CDP) multi-
channel seismic-reflection profile that passes about 2
km southeast of the drill site (line AA’ in Fig. 4). This
profile was collected by the U.S. Geological Survey’s
S.P. Lee (Crouch et al., 1978) using a 24-channel,
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2400-meter streamer and a 1326-cubic-inch air-gun ar-
ray. Characteristic reflecting horizons allowed direct
correlation between the CDP profile and the crossing
Challenger profile. Moreover, the Sonic Log at Site 467
(see Fig. 11) allowed close correlation of velocity inter-
vals with stacking velocities and major reflectors on the
CDP profile. In addition to the CDP profile, four (two
USGS and two Challenger) single-channel seismic-re-
flection profiles across or close to Site 467 were avail-
able for interpretation. The higher resolution provided
by the single-channel records illustrates several angular
unconformities in the upper part of the drilled sequence
that are difficult to identify on the CDP profile.

Table 5 briefly summarizes the correlation (displayed
graphically in Fig. 12) of the CDP profile with the litho-
logic units at Site 467. The upper part of the sequence
(Acoustic Unit A), which has a soupy to slightly cohe-
sive texture, is characterized acoustically by a poorly
stratified unit. The base of this unit is marked by a slight
angular discordance with the top of Acoustic Unit B.
Acoustic Unit B is characterized by very continuous,
strong, evenly spaced reflectors in both the CDP profile
and the single-channel profiles. The anomalously low
velocity (~ 1.61 km/s) obtained from the Sonic Log per-
haps results from the high concentration of gas found in
this interval. The strong continuous reflectors appear to
correlate with the well-lithified claystone beds in this in-
terval. The strongest reflector on the CDP profile corre-
sponds to the top of Acoustic Unit C; this reflector is
relatively weak at the drill site, but is very strong east of
the site (~0.65 s sub-bottom). This reflector marks the
beginning of a well-indurated claystone and interbedded
chalk-limestone sequence and presumably also cor-
relates with a substantial decrease in the amount of gas
in the sediments. A strong impedance contrast (0.5-0.6)
at this horizon was also determined from the Sonic and
Density Logs. The upper 133 meters of the underlying
Acoustic Unit D consists of andesitic to dacitic lapilli
tuffs that grade into claystones and minor, very fine-
grained, volcaniclastic sandstones in the lower part of
the sequence. With the exception of a few discon-
tinuous, weak reflectors, Unit D is mainly transparent
on the CDP profile. Reflectors are more common on the
single-channel profiles in the upper (tuffaceous) portion
of this sequence and are probably related to the chalk
interbeds.

CONCLUSIONS

1. A major objective of this site was to obtain an ex-
panded, well-preserved fossiliferous Miocene to Holo-
cene sequence in order to study the oceanographic and
climatic history of the region and the evolution of asso-
ciated microplanktonic communities. However, dia-
genesis limits the usefulness of this site for those pur-
poses. The siliceous record originally extended from at
least the upper Miocene through Quaternary, as based
on the distribution of opal-CT, but diagenesis now
limits the useful record to the uppermost Miocene and
younger strata lying above a depth of 500 meters. Silice-
ous microfossils are absent at greater depths. The upper
and middle Miocene record is generally poor for cal-



Table 5. DSDP Site 467—acoustic and lithologic summary.

SITE 467

Acoustic
Unit Core

Interval
(s)

Velocity
(km/s)

Depth
(m)

Chrono-
stratigraphy

Lithologic
Description

Thickness
(m)

Acoustic
Character

A 1-40

c 57-80

2.87-3.30

3.30-3.50

3.50-3.63

1.71

3.38

0-367

367-528

528-747

Quaternary to
lower Pliocene

lower Pliocene
to upper
Miocene

upper Miocene

Silty clay diatomaceous and
nannofossil clay with minor
argillaceous limestone con-
cretions, Lithologic Unit 1
Calcareous claystone with
minor siliceous claystone
and nannofossil claystone
interbeds. High gas content.
Upper part of Lithologic
Unit 2.

Highly indurated calcareous
claystone and interbedded
limestone chalk. Lower
part of Lithologic Unit 2

367

161

219

Weak, discontinuous and
indistinct reflectors.

Strong, evenly spaced
and continuous sequence
of reflectors.

Very strong, continuous
reflectors with weaker and
somewhat indistinct
reflectors in the central

D 80-110  3.63-3.86 2.70 747-1041
to middle

Miocene

Tupper Miocene

and upper part of portion.
Lithologic Unit 3.

Pumiceous lapilli tuff (ande- 294
sitic) with minor nannofossil

chalk interbeds from 747 to

880 m. Nannofossil

claystone, clayey chalk, and
calcareous silty claystone

interbedded with minor very
fine-grained quartzo-

feldspathic sandstone from

830 to 1041 m. Remainder

of Lithologic Unit 3 and all

of Unit 4.

Very weak, indistinct and
discontinuous reflectors.

Chrono-
stratig-
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Figure 12. Correlation of lithologic units with the S.P. Lee multichannel seismic-reflection profile at Site 467.

careous nannoplankton, and it may not prove to be use-
ful for the paleoceanographic studies. The calcareous
record from the middle Pliocene to the Quaternary of-
fers the most potential for paleoceanography.

2. Two unconformities at the site were noted, on the
basis of missing microfaunal zones. The upper uncon-

formity at 70 meters, representing a missing section
from 0.9 to 1.5 m.y. old, is seen on the Challenger air-
gun records approaching and leaving Site 467. These
profiles depict a north-northeast-trending syncline west
of the site that is overlain unconformably by sediments
with bedding parallel to the sea floor, as shown on the
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Challenger 3.5-kHz sub-bottom recorder. The younger
sequence is poorly observed because of the strong bub-
ble pulse on the record. The lower unconformity repre-
sents a missing section from 3.0 to 3.6 m.y. old but is
not detected on seismic profiles.

Poor resolution of microfaunal assemblage zones
precludes the recognition of unconformities in the mid-
dle and lower upper Miocene. The base of Unit 1 at 367
meters (about 4.5 m.y. old) is marked by a slight
angular unconformity, according to single-channel
seismic profiles, but this is neither confirmed nor pre-
cluded by paleontological evidence. The boundary cor-
responds to a change from weak, discontinuous low-
frequency reflections in Unit 1 to strong, fairly con-
tinuous reflections in underlying strata. Mainly the
boundary is a diagenetic break from clay to claystone
and a velocity inversion from 1.71 km/s above to 1.61
km/s below, probably due to high gas content in Unit 2.

3. Thin interbeds of clayey dolomite and dolomitic
limestone occur in upper Miocene and Pliocene strata,
with the shallowest at 148 meters depth. These interbeds
are texturally and compositionally similar to concre-
tionary .carbonate beds in marine Tertiary sequences in
coastal California.

4. Altered vesicular-lithic tuff interbedded with
chalk, limestone, and claystone in Unit 3 ranges from
middle to late Miocene, as old as 13 m.y. and as young
as 11 m.y. This is younger that the age generally assigned
to volcanism in the California Continental Borderland
and adjacent coastal basins. Radiometric ages in the
borderland volcanics range from 13 to 24 m.y., with
most ages in the range 13 to 16 m.y. The volcanics are
interbedded with marine strata containing middle Mio-
cene benthic foraminifers (dated on the basis of
Kleinpell’s [1938] local California benthic stages). The
lapilli tuff of Unit 3 resembles the middle member of the
Blanca Formation of Santa Cruz Island, which consists
predominantly of white to light gray lapilli tuff with
lesser amounts of tuff-breccia, fallout tuff, volcanic
conglomerate, and pebbly sandstone (Fisher and Charl-
ton, 1976). The Blanca overlies the San Onofre Breccia,
deposited during the early Miocene (according to the
benthic stages of Kleinpell); dacite conglomerate similar
to the Blanca underlies middle Miocene strata (McLean,
et al., 1976). A clast from the middle member of the
Blanca was K-Ar dated as 13 +1.2 m.y. old, but a
basalt flow in the upper member was K-Ar dated as 14.5
+0.8 m.y. of age (McLean et al., 1976). The upper age
limit of the Blanca is not determined at its type locality
on Santa Cruz Island.

In contrast, sediments deposited at Site 467 at the
same time as most borderland volcanism took place
(i.e., 13-16 m.y. ago) contain no volcanic interbeds.
However, volcanic rocks recovered from Patton Escarp-
ment south of Site 467 and from the west flank of Santa
Rosa-Cortez Ridge east of the site (Crouch, 1979b) may
belong to the widespread middle Miocene volcanic epi-
sode and be older than Unit 3.

5. Sedimentation rates in beds older than 4 m.y. at
Site 467 are similar to those in the Ventura Basin for the
Monterey Shale of upper Ojai Valley, Sulphur Moun-
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tain, and Sespe Creek, where it consists mainly of fine-
grained strata (Yeats, 1978). Sedimentation rates for the
Pliocene and Quaternary are lower than those for older
strata. This contrasts to the increase in sediment ac-
cumulation rates for the same time interval at Site 173 at
the foot of the California continental escarpment near
latitude 40°N (von Huene and Kulm, 1973) and in the
onshore Ventura and Los Angeles basins (Yeats, 1978).
The increase in these areas may be related to an increase
in tectonic activity, and the decrease at Site 467 may be
the result of increased isolation of the site from con-
tinental source areas.
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s DIATOMACEOUS CLAY, mediurn olive gray (5Y #72), DIATOMACEQUS CLAY, grayish olive (10Y 4/2).
2 hamoganaous. Small phosphatici?) pebble [~ 1 em across) 8 Sedimant becoming mars compact and firm. Sorma volde
= [ tecurs in Section 3, 120 om, = and horizontal cracks may be gas expension features.
w 1 11 Y Thin interval of structureless fine-grained, SILTY SAND
g : SMEAR SLIDE SUMMARY i » In Section 2, 3040 cm (Ses Smaear Stids description
= 350 H eelawl.
S 1o} 3 cP/
= TEXTURE: w E No Core-Catcher.
§ Sand - R
® sitt 20 2 SMEAR SLIDE SUMMARY
Clay 80 5 180 23
g COMPOSITION: B * | Sitysand o) i)
; Ouartz 3 « Taver TEXTURE:
3 2 Feldspar 1 & Sand 5 75
g Haavy minerals 1 ] 2 St 520
g Clay 50 Ciay o 5
E Glaucanite T & COMPOSITION:
£o Carbonate urspec. 16 £ Quartz 3 ®
w |5 Foraminitars ™ RP/ Feldspar 12
il 3 Cale. Mannofomis & Mics 12
g | PP Diatorm = Hewvy minerals ™ 2
5 3 Radiolarlars TR Clay 58 5
a - Sporge spiculis 5 ; Volcanic glass - TR
5 E Silicofiageliate - Glauconite - TR
= 3 Plant debxris TR E Pyrite 2 2
=] Carbonate unspec. - 4
E Foraminifer TR 2
§§ Phosphatici?} Cale. Nannofossils 5 2
panbly Distoms P
Radiolarians TR -
Spange spicules 5 5
= Voleanic rock
E = fragments. - TR
B
13 4 = MNote: Site 467, Core 22, 196.0-206.5 m: NO RECOVERY.
€
5 - VOID
RP| CP|CM jaP
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SITE 467 HOLE CORE 23  CORED INTERVAL SITE 467 HOLE CORE_25  CORED INTERVAL 2245-2340m
o FOSSIL 2 FOSSIL
§ ; CHARACTER ¥ g CHARACTER
EMEELE Zl g 8 l=,le]2 El 2
oW < « ouw = =
HAEHHELE E| & | umioroey E LITHOLOGIC DESCRIETION i EHHE E E| & | Shotoey LITHOLOGIC DESCAIPTION
MG HHE gE FEM P R HEE -4 B £ FE
L EHELE 5 5 H H 4 E
F HELE =E i = il3 ] i
g = L. g i s 1af = § 2 3 =
= 3
w2l Im 1 n 0 gt Sppt ] [ £ B !
g CLAYEY DOLOMITE, olive gray (5Y 32} 1o moderaie cM it NANNOFOSSIL CLAY, ollve gray (5 3/21 and grayish
E olive brawn [6Y 4/4], tinely erystalline, homogensaus, and 05 alive (107 4/2) ehanging ta light olive gray in Section 5.
=1 Indistinctly busrowed. Hardness varlabla, becomaes harder 1 Cantains many diffuse darker olive gray intervals of
g and borer camanted batow & cm, 1 b SAND composed mainlty of clay, foraminiters, and fine-
5 -1 sand-size grains of quartz and foldspar. Layer st 31 cm
No Core-Catchor 1.0 in Section 3 is the most distinet of thess (See Smear
4 voi Slide composition balow], Abundant voids and horizontal
SMEAR SLIDE SUMMARY - arcuste oracks throughout core pertaps result from
1.2 . expansion of g in sediment.
£ L] i
o TEXTURE: = ORGANIC CARBON AND CARBONATE
H Sand o ] ! 73
iy 0 CP| = % Organic Carbon -
Clay b 2 ] & a7
COMPOSITION: - .
;3 Duartr TR 0 SMEAR SLIDE SUMMARY
§ Clay k) -] 288 331 M
Voleaie glass TR _ 1 o M D)
E Pyrite TH = . TEXTURE:
=1 Carbanate unipec 1 am =1 Sand = B0 -
Distoms TR = | Silt 5 w10
B : o | Sandy layer Cloy 85 10 @0
i COMPOSITION:
5 4 . VoI Quart TR
a| 7 | Feldspat 1 m s
Mica T - 2
SITE 467 HOLE CORE 24  CORED INTERVAL 216.0-2245m = g'::v il el -
g FOSSIL <4 voio Volcanic glass 1T -
i 5 CHARACTER i Pyritm 4 = =
B E"’ wly E ] -4 Carbonate wnspee. w o - 10
eE g2 - GRAPHIC LITHOLOGIC DESCRIFTION W m Foraminiters 3= o -
12158 3 i 5 uTHaLoGY - = ] l Calc. Manoctewh 31 — 18
£7)E 1HE L FERb = 3 - Distoms 5 - s
" E s 5% ¥ ; 5 7 | Radiolariam = TR -
& 2la 3 & 41 7 Sponge spicules 508 18
= Pl ] . Silicoflageliates = - TR
JEEm==H0 £ |
- A CLAYEY DOLOMITIC LIMESTONE, grayish clive (10Y 4/2}, finely & :
crystalling, homagenaous with distinet silt- snd fine-tand-Hilad |
nlongate burrows {12 om in dismeter], Some forsminien i . ,m
noted g |
Mo Core-Catchar £ AM,
SMEAR SLIDE SUMMARY E R |
w 110 § s| 1 i
7 0,1 3 |
8 TEXTURE: E = j
5 Sand 10 | |
o Silt 20 a
& Clay o
& COMPOSITION 1
=] Quarte 5 b
Feldspar 3
Clay 20 - Abundant
e ' o| - o
Zuolite 1 ] cracks
Carbonate uriigee. 0 — -
Foraminifers ] =
Chert 1 -5
Cabcareous rock - oa
fragments 1 . 1
1 +
LAM) -
7
[
2 8
z
laclam|ap oC
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SITE 467 HOLE CORE 28 CORED INTERVAL 234.0-24356m SITE 467 HOLE CORE 28 CORED INTEAVAL 253.0-2625m
£ FOSSIL = FOSSIL
§ E CHARACTER i ; CHARACTER
EME il & a E] z| w
= |2¥] S H gl & GRAPHIC Suwl2 g|
g.g :E £ a H g t| & | umioiocy s . LITHOLOGIE DESCRIPTION §r'§_ E§ g i % g E| RAE K F LITHOLOGIC DESCRIPTION
S E g H al = BEEg 3 PRl R L 8l 2 = 5
F |z e Flg |2|2]|5|% =
ENHEHE T EH EHEHHE T EH
I T4 8
4 NANNOFOSSIL CLAY, light olive gray {BY 5/2) with w - . n h NANNOFOSSIL SILTY CLAY, medium live gray
am o5 isolated patchas of dvkur_nlln gray (5Y 3/2) :I-_v 5 z = | Dacite clast [6Y 4/2), homageneous and containg two rourded
ER scattered throughout Sections 1 and 2, 40 cm thick interval 8 H 05 s dacitic clatts.
= ¥ 1 of grayhh alive (10% 4721, finely crystalline CLAYEY S| 2 : . | .
= :u_ DOLOMITE aceur In Section 3. Limestans contains z H -'-L . THIN SECTION DESCRIPTION (Porphyritic decite clavt
1.0 common silt-filles tubular buirrows. c| 3 w:l‘" ] | Dacitn clast et
14 H § T Phanocrysts: plag.. 32%, 1=7 mm, euhedral; qiz., 4%,
Jad SMEAR SLIDE SUMMARY g sk - ' 25 mm, auhedeal; homblende, 4%, 13 mm, suhedral
= E 3 270 - E 5 TR ! plag., 24%, <0. 7%, <0.3 mm;
z L1} ; = K-spar, 6%, <0.3 mm; sphene, TH
§ B TEXTURE H AMIRP | RA  (CC| = ; | Visicles: ~ 3%, round-imequiar
8 |9 T Sand 10
g M 15 ] Siit 20 : SMEAR SLIDE SUMMARY
= . Clay 0 H 168
2 . COMPOSITION: = o)
34 Quartz 5 £ TEXTURE:
- Feidspar & g -
£ L Mica 2 it 5
« mal Hagwy mineraly TR Clay 75
- Clay 51 COMPOSITION:
2 5 [AM 344 Glaucanite " g Quartz 0
i . Pyrite 1 = Feldspar 2
i 3 i e Rl Sap I Clyey Zealits TH £ Mica 1
€L - "r'_._"'_;_“" I Temestane Carbonate unpec, 3 E Heavy minerals -
g o Sl Lot &y Foraminifers 4 Clay 5
amian|  |Re| ool e e Cale. Nannolossils 18 S Pyrite a
g Diatoms 2 2 Zeolite TR
T 5 Radiolarians TR Foraminifers 4
@ [ Sponge spicules & Cale. Narnoloull 20
b 2 Glaucaphane ™ e k Diatams 8
£ “ Fadiclarians ™
= - Sponge spicules 8
SITE 467 HOLE CORE 27  CORED INTERVAL 2435-253.0m z 5 Silicoflagetiates 2
N FOSSIL
» CHAR A
g wl2l2l2 zZl e
& HEE of = GRAPHIC
Y g E§ : g : E|E LITHOLOGY g LITHOLOGIC DESCRIPTION
A SHHHHEY 2 ;
% =
3 |8 H FH 3
-] 1 | BY 62
E By a2 Sharp INANNOFOSSIL CLAY, colors variable — light olive gray
] | - color (5 B/2) dark olive gray (5Y /2, grayish afive (10Y 5/4)
M 05 B¥ 7720 changes  and yellowish gray (8Y 7/2), changes in color often sharp,
1 3 ] — Several thin layers of fine-grained, foraminitar-rich,
= n X SAND oezur in Sections 2 and 3,
£ ap ¥ I | eolor change g uuat contocts are sharp, tops are gradational,
= — | CARBON AND TE
i 3 110
8 | % Organic Carboni~ —
= 3 % CaC0y 365
= I
& =
= AG . | o svm}
g T ] Sharp eantact
2 7 | and color changs
3 = 5Y 712
= | SMEAR SLIDE SUMMARY
I | 115 142 263
= o o M
ERE | TEXTURE:
] Sand 5 & 80
e | Silt B w8
3 e | Clay 80 8 2
e —= COMPOSITION:
RP| cc = } etz 5 8 3
= Faldspar 2 3
£ Mics ] 1
i Haavy minerals 1 1 1
w 45 2
| Pyrine 1 2 2
Foraminiers L] - 16
Cale. Nannatossils % 20 -
Diatoms. 2 E:] 3
. Radiolarkan TR TR -
= Spange spicube 8 10 5
e Sificoflage/iates - 1 -
= § Lithic fragments - - B
3 Glascophans - T 1
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SITE 487 HOLE CORE 20 CORED INTERVAL 2625-2720m
z c“FO@GII.
ARACTER
§ r%... HHE R
Tk - GRAPHIC
1E I E 2 £| £ | umoroay LITHOLOGIC DESCRIPTION
g3 |2 HHBEE F-EE
l AHEHEHE FEH
& s ] B
—- 4, = "
& 3 |
' b Ty : MANNOFOSSIL CLAY, medium ollve gray (5Y 4/2),
2 Py My | homagsneous except for thin ~1 em) faraminifer-rich
.= sandly layar in Soction 1,55 cm.
N =
I 1 wvoip SMEAR SLIDE SUMMARY
1.0 270
1 o)
= Pl TEXTURE:
Z T, Sand 2
E B e Pl S 8
- Clay B0
g8 1 COMPOSITION:
5 <4 Quartr 5
i . Fobdspar 1
il 2 il Mica 1
z du Cuy It
§ s ia__'l.l' Pyrite 4
Sls oy & 12 Carbonate unspec. B
|2 i Pl Foraminitert ™
|3 L Calc. Nannolossils 28
w | B 0 gt Diatoms 3
g . Aadiolarians T
P ~u Sponge 1picubes a8
g Ty
3|
4
& = i,
Ju
i I
g e
= i
e
4 jo S
e
= . X
ewmlar |relap|  fec| -

SITE 467 HOLE CORE 30 CORED INTERVAL 272.0-28156m
-] FOSSIL
" g CHARACTER
FREMAE 2
“I“E' ,‘:’5 ¢ g g g g Lﬁt#ﬂ::gv LITHOLOGIC DESCRIPTION
wS |dN] 2 4 & 3
£ HEHBEE E
= E H 3 H < EEE 3
& § = g a g 2

sone IN}
zona (R

VoID

CLAY, mediim olive geay (5Y 4/2), with occasional
thin {~ 1 em thick] layers of dark olive gray (5Y 3/2)
foraminifer-rich, fine-grained SAND [Smaar Slide
duscription, Sample 3-8), Sand is moderstaly wll-

¥ clasts No ¥ structures.
SMEAR 5LIDE SUMMARY
38 326
L]
TEXTURE:
= Sand % 6
Wle® sitt won
o |f: Clay 5 84
2 |ES COMPOSITION:
; 2 Cuartz % 8
w g Feldspar 20 2
§ 3 Mica 2 1
Heavy minerals a -
Clay 6 45
Pyrite i3
.ﬂ' Cartsonate unspec - ]
- Foraminifers & 20
3 Calc. Nennofossis 8 —
Dintoms 3 2
Sponge spicules. 0w -
RP ﬁ Actinolita 1o
ftron oxides 15
Glaucaphane 2
Note: Site 467, Cor 31, 261.5-291.0 m: NO RECOVERY.
SITE 467 HOLE CORE 32 CORED INTERVAL 291.0-300.5m
2 FOSSIL
" g CHARACTER
% Ey E O] g z| @
cx |2 H 2l B GRAPHIC
] :é E 5 g E E LITHOLOGY o LITHOLOGIC DESCRIPTION
g3 | |3 gl = H]
S HHE
& E z|= g ;
&
3 CLAY, medium ofive gray (5 4/2) mottied with
Al lam paches of olive black (5Y 2/1), thin (~1 cm), grayish
A E trown [5YR 3/2) SAND layers commen in Section 3.
X 1
i CARBON AND
263
% Organie Carbon~~ —
: % CaC0y 28
5
H
w 3
=z
8|3t
o u 2
H
o =
gl
-
Thin sandy
layers
3
VOID
celamire [pP|  fec
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SITE 467 HOLE CORE 33  CORED INTERVAL 300.5-310.0m SITE 487 HOLE CORE 34  CORED INTERVAL 310.0-3195m
2 FOSSIL g FOSSIL
» ; CHARACTER - ; CHARACTER
8 |=.lel=2 z| w 8 |=.|2 F] HE:
=k .“-.'g tig E E E Lf&%’:o'g, LITHOLOGIC DESCRIPTION fe Eg H k] § Elu Lﬁ.':“::ggr LITHOLOGIC DESCRIPTION
o3 [2R]2) 23 g FEN A HEE #| 2 5k
£7|E HEHBEE E £ 13 g)2 HEEE i
A AHHHE = 1H S HHHE =i
g < HEH 3 o] & |£|= [ =3 =
e} |
& NANNOFOSSIL SILTY CLAY, light olive gray (5Y 5/2) | Y 412 NANNOFOSSIL SILTY CLAY, medium alive gray
aeading to medum clive gray (5 4/2) in Section 4, rades to [5Y 4/2] 10 light olive gray (5Y 52, with patches
! Y 4/2 ~otthes s atterod theoughout. 56 em thick = #0dl thin layers of guartzo-faldspathic SAND [Smasr
V intarval of mediumn olive gray and dark olive gray (5 3/2) € i Siidn 2.77] tcuttared thvoughout ore.
z 3 I CLAYEY DOLOMITIC LIMESTONE in Section 3. Limestons It ]
w 1.0 hard in cantor but less woll-camented nesr top and base. g 10— SMEAR SLIDE SUMMARY
H — Indistinet mattling in limestone may be busrows, Thin e —‘_—l- _ 277 312
g . VOID sancly liyers ared patches coour in limestone ond & -.L-L M D)
3 = thraughout cors, § = e TEXTURE:
S, Sand B0 5
" CARBON AND TE =1 ~1—_I_- Sile w0
230 :I_J_ Clay - 75
lAM % Organic Carbon~ — = EY 572 COMPOSITION:
n % CaC0y 53 wl_ =l rades 0 Cuartz 45 &
2 . VoID z |z 2 8 - = Feldspar » 3
] SMEAR SLIDE SUMMARY § 5 4.4 Mica ™o -
e = 280, 2 4 Heavy minerals 2 -
w E o z R Clay - &
8 TEXTURE: s ] Pyrite s 1
= | Sandd = w 1] Carbonate unspec. L
= e an g 31 Faramiriters ™o -
-4 ~ a0 2 -t Cate. Nannofossils - 27
g COMPOSITION 14 Distorms -3
5 1 Cuartz 1 g Spange spicules TR 2
3 Feldeae ¥ 3 m Lithic fragments B -
7 M TR T ] Actinolite 8 -
axl Heavy minarsls 2 0 [y
— Clay 50 2 14
I3 Glauconite TR g T
] 1 | Carbonate unspec. 3 ‘i I,
] Tt Foraminifers 3 -J'__l_
i 441 Cale. Nannofosily 0 _J_A_'
- | Diatoms 2 s
o e I & Spangs spicules 5 B S
- | | Silicotlsgellates TR E =
4| Hp 4| - svan
Lol | m
Hr | el
-t T |
s| 4 | 5| -
b et
mrlap| |G ) relrel Jeo|  L-C
SITE 467 HOLE CORE 35 CORED INTERVAL 3195-329.0 m
FOSSIL
¥ CHARACTER
M EAABRE z| 2
B & E gk GRAPHIC
I HHE B § | vmotoer LITHOLOGIC DESCRIPTION
S HEE
R HHEE
- 2|8
z = 2
ER 3 s MANNOFOSSIL SILTY CLAY, medium oiive gray
g H - - [6Y 4/2) 10 light alive gray (5 5/2), homogeneous.
S|k 1 d 5Y &2
& l 1
g H = VOIDS
o - I -
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SITE 467 HOLE CORE 36 CORED INTERVAL 329.0-3385m SITE 467 HOLE CORE 39  CORED INTERVAL 357.5-367.0m
g FOSSIL ] FOSSIL
2 ; CHARACTER " 5 CHARACTER
8 (g.fele z| e CREMAF HE
TE Eé HE g £ emamc, LITHOLDGIC DESCRIPTION i EHE 2 =4 T I LITHOLOGIC DESCRIFTION
w5 |2 inga 2| g ] H PR R H R Qg + F
z HE 53 2T IE |E121218] |® 5
; & 5 2 = & = ; g < E
ENHEIHE 3 5 |8 8 3
--L_‘__ [ s RPCM ot N = = T
1 l E?ﬁﬁﬁ‘:-m “;:'sﬁ;mmm,momlmmrﬁ w g = CLAYEY DOLOMITIC LIMESTONE, medium alive gray (57 4/2),
- o light olive gray . z | 58 B s fecovered.
057, - | Section 1. Medium olive gray (5Y 4/2), finely arystaliine B3z 0.5 onky bek il Iragéncs :
H 1| g CLAYEY DOLOMITE in Section 4 and Core-Catcher, 8 o -
~_A.J_ 1 Contains few spange fragmants and is inditinctly mottied, -4 n
; 1o L I —_ i % 1.0
-1 J_— CARBON < L -
50 4 g 1 € =8 =
£ dE . | % Organic Carton - ¥ 7
§ = t VOID % CaCOy ] ‘51 .
e o I 23 -
g | SMEAR SLIDE SUMMARY g :
z . 11 1. am H =
W -1 =
8 2| T | TEXTURE: 2 2| 1
= A Sand - -
3| ]
] - I Sit 30 § g -
= a oy Clay 7 . =
% E :"L‘i 1] P8 COMPOSITION:
=13 - I 2:.?; s SITE 467 HOLE CORE 40 CORED INTERVAL 367.0-376.5m
= g FOSSIL
! e el e ]|
£ —1b | Carbonate umpec, 4 8 |=.lelz]e z| =
3 :l_._—" Dintoms T i §§ HELF 218 l_““;“": LITHOLOGIC DESCRIFTION
E;‘.- ¥ T I Fadiolarians 2 MARIE E EH 5 E THOLOGY | <
-‘i i | Sponge spicuies 8 E £ a 2 g -
e RHEIEE :
F :-I_ 1 J = e o =
= Pyl i Note: Sits 467, Core 37, 338.5-348.0 m: NO RECOVERY, o My
Jotr | -+ - NANNOFOSSIL SILTY CLAYSTONE, morttied madium
:J-J- M: _.'_ : |—' alive gray (EY 4/2) to clive gray (5 3/2), fairly homogeneats
A _J__|_' | S Tl thiough Section 3, 120 em. Masive, finely crystalling CLAYEY
: -1 | ] s P | 542 DOLOMITIC LIMESTONE contuining several schinaid spines
& :-'—JEE"‘_f“'A_ Il —1 e, ot ] oecurs in Section 1. Light grayish ofive (10 6/2] 1o mattied
H =gt | | ! 10T 11 | concentation pate oliv (10Y 6/2] CLAYEY CHALK below Section 3, 120 em.
S| RP FPl fec i e e + 1 I of Silty sandy wedge-shaped layer with sharp tog snd bottom
s T e ] fragments contacts in Section 4. Sadiments are firm; core below Section
z i e 2,60 em, brokan into drilling bisouits,
SITE 467 HOLE CORE 38 CORED INTERVAL 348.0-367.56 m £ L : e "
[ FOSSIL % .- | ORGANIC CARBON AND CARBONATE
; CHARACTER I,
. % Organic Carbon~~ —
E» Gulk 3l g GRAPHIC ] % CaC0, L]
g 53 N E|E LITHOLOGY LITHOLOGIC DESCRIPTION 2 . 4
Nz =
g E g i % i ¥ 15 - " SMEARSLIDE :1:0 3130 45
3 |8 3 g § 4 — Bl o
B = === S 7 E :
cc I S e 2 Sand - -
W E NANNOFOSSIL SILTY CLAY, medium olive gray = 7 sy @ w16
FRE 05 I6Y 4/2), hamoganeaus. I - Clay 60 90 78
g i ] g iz . COMPOSITION:
S 11 = 283 - + Quarz 5 31 8
= } = 5 3| Feldspar 2 1 12
ik E i E e T
-
_5 B = | | Glauconita TR TR —
1! 3 g - * | Sharp, irregutar Pyrite TR - 3
£ - = - - 10
4 ] = [ Faraminit W TR 2
el ] [ Sitty-sandy al o
-4 — EE - interval with Calc. Narnofossilk 40 70 50
: ulz — & 4 7] harp contacts Digtorms = e
A 2 o g — Radiolarians TR TR 1
E = o Sponge spicules 5 5 13
3 RP|RP| [CC Silicoflagallates TR TR -
ii ] I Glauzophane TR - -
& 3
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386.0-395.5 m
467 HOLE CORE 41  CORED INTERVAL 376,5-386.0m SITE um HOLE CORE 42 CORED INTERVAL
g FOSSIL H CHARACTER
CHARACTER E
. |3 5 |3 brerer T2
2 |2 ae z| @ GulBl2 12| snarmic o o
EMERIH R 2| E | Grarmc LITHOLOGIC DESCRIPTION TE|EE|| 8 E £l £ | utHowoey E HTHOLOTIE AR
1z |ES|s H 5 LITHOLOGY dn|Z| 2|« = ] a
28|35 ol & ] wS|gN| 2 g ¥
ws E £ g < g i 3 2 E|E |2 i' -] » = g
FH B 5 = 18 |= Bls E
= HHHEE E s R HEBEE 3 bl
@ b =1 - =
) i EE | B 't BYAR NANNOFOSSIL CLAYSTONE, mottled ight ollve gray
4= y e et NANNOFOSSIL CLAYSTONE, dominantly light alive gray 3 | (Y 5121, olbve griy [BY J2] and grayish clive (10¥ 4/21,
- . w.ﬁ.g.\gu oi:" {5 5/2) ehanging to pale olive (10 6/2) down core, but = homogenecus, siightly 1o intensaty burrowed, Contortad
0.5 | WA abundant mortiing and gradations) codor changes. Clayitone 05 e s,
i :L_L- + s alightly to intensely biotusbated throughout. Finely 1 -1 Core hasabundant volds and subhorizontal srcunte cracks
Jrat= crystalline CLAYEY DOLOMITIC LIMESTONE occurs in 3 i 1 gas in elaystann. Driliing biscuits
“-I_' | Section 3 with sharp upper eontact but gradationsl lowss 10 vOID by expangion of gas in clay:
""i.__l_‘ boundary, Drilling biscults, 2 SMEAR SLIDE SUMMARY
- ] + 5.24
=1, | CARBON AND £ = ] 212
- : 165 g | o (o)
= % Organic Carbon 3.56 E = ;::TUHE: B
z ] | i bt & g 3 siit B8
z = Medium olive gray 3 o
z ] 5Y 4/2 SMEAR SLIDE SUMMARY £ ] e gtmposmon:
R 2 | | 137 288 2120 613 2 Ouarts w7
4 als B} ol (D) D) Feidspar 4 2
= b TEXTURE: 5 Mica TR TR
R Sand - - 1 H irarali 2 TR
1o | -:HJ silt w15 8 | c‘.:y mi .
] ; Clay % 8 8 W Glauconite - 1
w ot COMPOSITION: Pyrite 2 2
] - | Disarez ! 7 7 3 T Vo Faraminiters - =
3 55 0 Feldipar 3 3 3 1 I Cale. Nannofowsils 30 27
3 cp ) - - Heavy minerals TR TR TR - Distoms TR 4
; 3 :_l._-l | m,!. 45 45 S0 B0 3 5Y 52 Radiolarians 2 2
b 3 i | Pyrite 3 7 - Sponge spicules 4 10
I =
= n-l-_l_ Carbonate umpac, 5 3 2 1 i Silisoflageilates 1 1
912 b - 1 Foraminifars - - = = L I
I« | Stwep st Cale. Nwmofossits 27 28 20 30 _ in
1 Diatorns | T T | & . ﬁ; voIDS
S =1 | Grsdotional Radiolesians = e = e = i
e Tower contact Sponge wicule [} B B L] i E L1
3= | i Silicoflagellates - - - @
= i'__:: i ‘L-J,_,__‘w
= BY 412 i 4 - b,
4] I | o8 —={zvoips
L =] =
_-'L_-L- — E g L1
= | | c | & l
§ 34 PG £|8 |
=g el § g
_ =T g L
- I -_voIDS
E e e
] o 11T
:L_L | Pale alive t
7 : 10¥ 6/2 to
5 = qgrayish olive ) _L YAz
: 1 | 107472 = 1l
H s Spe = - | [T F==voins
i 3 z .
|l 3+ [ it g I
___l_ :
i i l‘
Voo
3
g I voID
7 [ :
= ! s — voib
T
By
47 .
]
a T = -
47
il ot L L s O
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SITE 487 HOLE CORE 43 CORED INTERVAL 3955-4050m SITE 467 HOLE CORE 44 CORED INTERVAL 405.0-4145m
] SSIL g FOSSIL
E § CHARACTER - ; CHARACTER
MEAE Zl e R EMAE @
Te Es M g § g o u%“u:gv LITHOLOGIC DESCRIPTION EAEHEH é E w tfr':i?"l_“‘;g* LITHOLOGIE DESCRIPTION
B 5 EN i ] é g ] 4 E -1 g £ FLLE a g g g ; 8
= |3 ; g £ = g |z E HE E §
a |2 H 3 H H HH E
e m |Aplod [ —le====oil 1* E [o)
] WANNOFOSSIL CLAYSTONE, prayish alive (10Y 4/2], 7] MANNOFOSSIL CLAY AND CLAYSTONE grading 10
w . onky small fragrment recoversd in Core-Catchar Lz Q DIA” CLAYSTONE dawn core, gr
g |25 05 051 0| s s calar changes from light olive gray (5 6/2) 1o grayish
‘S 2 - SMEAR SLIDE SUMMARY 3 olive (10Y 4/2) 10 olive gray (5 3/2), biaturbated
253 . o i 2ones in Sections 4 and 7; contorted leminations comman
& E 1.0 L 1.0 near top Section 6. Abundant voids and harizonial srcurate
g & TEXTURE: . A cracks core reslt of gas i
§ & a Sand B =
E . Silt 0 . CARBON AND
< b4 - Clay B8 389
§ 3 COMPOSITION: . % Organic Carbon 432
1 Cuarz 5 B % CaC0y 29
-1 3 Feldspar 3 s 3
- Mica TR = - SMEAR SLIDE SUMMARY
2 . Hewvy mineral 1 = 2 2 50 650
3 3 Clay 0 1 vowo )
| Pyrite 1 - i TEXTURE:
- T Cale. Nannafosib 30 7 Sand = -
g - Sponge picules ] = Silt 0 W0
) B -3 80 80
COMPOSITION:
Quartz 7m0
Feldspar 8 8
Mica |
Heavy minacals 2 1
3 Clay 67 42
Glaveonie T -
= Gas expaivsion Pyrite T 1
£ cracks Foraminifens TR 1
E Caic Nannofossis 16 B
Ditoms 13
i Radiatarians 1B
w Spange spicubes L] L]
8 Silicafiageliste 13
2
4
5 Gas expaniion
% cracks
-
g “‘:_\i-:-—“ VoIDS
z
* l
:7\(0“)8
‘ |
E
Abundant
g4 expanion
6
. 5Y 572
—":;\MIDE
?_.‘7
1
b AT
pvred
e |arrelce| |CC i
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RP|

SITE 467 HOLE CORE 45 CORED INTERVAL 414.5-424.0m SITE 487 HOLE CORE 47 CORED INTERVAL 4335 443.0m
g FOSSIL g FOSSIL
= § CHARACTER ,‘ 5 CHARACTER
- EAE R EANE zl e
TE EHE g § E g AT LITHOLOGIC DESCRIPTION EE EE ¢l a § g - LITHDLOGIC DESCRIPTION
< z = 3
e HHHIREE T S AHHHHEEE
F E 2 g 3 = ; |5 £lals
EHEIEH 3 FaHEHEE
|
2 i + | mottied DIATOMACEOUS CLAYSTONE, olive gray (5Y 3/2), 4 Echinad spines(?)  CLAYSTONE, ofive gray (8Y 3/2), faintly mottled,
8 faintly mottied, homogeneous, Core is darker than - or gustropod . burrowed. L ot 070 cm.
2 o. | pravious core. Faint petroliferous odor. Voids and cracks 3 05 fragmeems(?) Dritling bisculs.
1 partly due 1o gas expansion. Drilling biscuits. -é 1
; Echinoid spines(7) CARBON TE
1 ORGANIC CARBON AND CARBONATE ._ga 10— ;rn-trw:ﬁ o : 144:9
I X 2 <z| [cp| |FM]  lec) % CaCOy 12
i ® Organic Carbon~ — b4 "
e et e ¥ w | ¥ SMEAR SLIDE SUMMARY
=k ' = 172
:§§ SMEAR SLIDE SUMMARY 51 ;a "'”
£ il o S |5k TEXTURE:
[ ) D) = |E2 Sand _
2 1 TEXTURE ] site 12
Sand 5 5 & o 5
| Silt woo1s S |8z pon AR A
E Clay 85 80 = Ouartz ) 9
COMPOSITION
3 Quartz a s <k o 2
Fa.mpr A g Haavy minasals TR
= Mica ’ 1 1 Clay %
w Heavy minerh 2 1 Pyrite 1
w & RP Clay 4: sg § Foraminifers -
w § Pyrite Cate. Nannotossils 8
w3 3 Foraminifers ™ g g
a2l2 . Cale. Nannofosiis 5 3 -4 o :
s |E Diatons % 15 5 Sponge spicules 2
& Radiakarians TR TR & "
5 E Spange spicule 12 12 Silicoflageliates TR
licotlagell 2 -
B TR piats SITE 487 HOLE CORE 48 CORED INTERVAL 443.0-4525m
= Note: Site 467, Core 46, 424.0-433.5 m: NO RECOVERY, ] FOSSIL
E g & CHARACTER
8 |=.lel= z| @
oW - =
4 s = EHEE § § g | amame LITHOLOGIC DESCRIPTION
g5 g~ ; < g R g ]
£ glz|3| [® E
2 HEHE = §
a |z a 5
- _ voID
- 0 SILTY CLAYSTONE, olive gray (5Y 3/2), with
1 1 J comimon tubs-shaped burrows subparallsl to bedding.
3 = Finely crystalline, light olive gray (5 §/2) CLAYEY DOLOMITIC
: 2 g | L LIMESTONE in Section 1 comtaing many tube-shaped
5 7 g ¥ i burrows 1=2 em in diamater. Drllling biscuits.
£ 5 3 .
: . g% I -1 SMEAR SLIDE SUMMARY
- 5 | il 1103 252
+ i ™, T) (D)
4 I TEXTURE:
H Sand 0 s
E: = Mortied g E ! i b oo
= o l Al Clay w70
E 2 i ! COMPOSITION:
¢ 3 . 2|52 Quartz 5 10
= = |16 [ Fuldipar 2 s
w g ol 4 1 Mica 1 1
FP [FM lcc & |25 Heavy mineraly 3
b= £ 5 I | oG Clay w56
H b LY . Glawconite - T
8l [ Pyrita - 2
& I Carbanate unspec. 73 4
& Foraminifers 8
§ | Dt o
| Rodiolarians - TR
&6 Sponge spicules a8
| Silicotlagellates - TR
E [ Echinoid spines TR -
H

L9¥ dLIS
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SITE 487 HOLE CORE 49 CORED INTERVAL 452.5-462.0m SITE 467 HOLE CORE 61 CORED INTERVAL 971.5-481.0m
2 FOSSIL o
. |E CHARACTER H CHAR A TER
MR EE zl e g |2 ] z| =
EE -] GRAPH MEIEIE: 2
:'g' I E : E § s A o LITHOLOGIC DESCRIPTION st gg H ¥ é g B | o ARame s LITHOLOGIC DESCRIPTION
= . a w
L HEHE il [# L R ETE I £ FE
2 (5|5(2]%2 E EH FlE |5|12|3)= E §
o L3 = |5 = HEHL 3]
FP |
RP SILTY CLAYSTONE, mottied, with irregular sibperaliel | S5in CLAYSTONE, olive black [5Y 2/1] with olive gray
1o 1 slternation of light grayish olive (107 4/2) and dack ollve peitiydeSy matthes to olive gray (10Y 4/2], homogeneous sl
3 (A - [ .. gray [5Y 3/2) layers. Burrows common theoughout core, | burrowed throughout. Drilling biscuits.
™ 1 Drilling biscuits.
g m H] g + DRGANIC CARBON AND CARBONATE
cmipe oM jcc| I SMEAR SLIDE SUMMARY w | : |
163 163 = % Drganic Carban =

w |§ 3 (D, Waht tayer) D, dark leyar) g ig | Toyan % CaCOy s
g E TEXTURE: z |2
g Send 5 3 5 g i | SMEAR SLIDE SUMMARY
H 'E‘ i 0 25 ; g , 223
i Rt~ Clay % T2 o)
£|iyqe COMPOSITION: E I TEXTURE:
S lEde Quartz 8 6 I Sand =

: 9 Feidmpar 5 4 it sy 10

E =] Mics 1 2 == Clay 20

s Heavy minerals 2 2 = COMPOSITION:

g Clay 0 54 qé H - 5

£ Glaucanite TR - ) Faldipar 3

Pyrite 3 3 3 Meavy minerals 1
Corbonute unspee,  — 4 3 Clay 87
£ Cale. Nannofossits S | g Pyrite 1
i Distom L] B Carbonate unipec. 3
§ Spange spicules w0 5 {E Fargminifars T
g Silkcofiagallates 1 TR 4 Cale. Nannofossils &
Dalomite - 1 L} Diatoms L]
TE Raciolarians ™
= Spange tpicule 8
Glaucophane TR
SITE 467 HOLE CORE_ 50  CORED INTERVAL 462.0-4716m
Q FOSSIL
G ; CHARACTER SITE 467 HOLE CORE 52 CORED INTERVAL 481.0-4905 m
- EAREE z| e 2 FOSSIL
= HHHARHH D! Lmwovoai orscaron g [ | o
w3 | @M b g = -1 . l2]3 AR
Els g g o B B i H glig |  omassic LITHOLOGIC DESCAIPTION
=5 . 2 12582 = ElE LITHOLOGY

) HE 5 =125 5[ 28] [#| % -]

ol IF R HEEE §
E CLAYSTONE, olive black (Y 2/1) with dark oflv gra H i|a

= . (5Y /2] mottles and burraws. Drilling biscults,

e RP cc - I i | CLAYSTONE, olive gray (5Y 3/2) to moderate olive
CHET SMEAR SLIDE SUMMARY | f Irown {10 4/2) to gravish olive, burrowed. Drilling
& 17 ce lom 05 o brecela.

1 o} i) J [e]
= TEXTURE: 8
5 Ei Send e 2 o
g S% Silt W 1.0+
= Clay 0 80
HE COMPOSITION: H S
i Gaste 5 s AR E |
< Feldspar i 2 o lzklz
Haavy minerah Vo = 2 o
Clay 85 8 & 5_ [e]
Pyrita 1 1 E 2k
3 Carbonats unspee. 7 5 = 2
& Foraminifers TR TR E
Cale. Nannofomis 8 7 & i
Distoms ER 2
Spongs splcules 7 8 o
g Dolomite - 1 z (o]

VOID

L9% FLIS
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SITE 467 HOLE CORE 53  CORED INTERVAL 480.5-500.0 m SITE 467 joLe cORE 58 CoORED INTERvAL 509.5-519.0m
g FOSSIL 2 FOSSIL
- ; CHARACTER - § CHARACTER
-NEMBEHE HE- 8 |2.[2T= z|
EE I ol & GRAPHIC oY 3 3 R
TE :5 L g E E| E | umoLoey " HAMALOGIC DESCAIPT 0N Ts HE 8 5 § g | - ORAMIC LITHOLOGIC DESCRIPTION
e H T I TEE E g 2l ¥ 22 g
F |z |5|2|5]8 = g L HEE =
= |2lz]Ela = B HELESES 3
I
1 CLAYSTONE, medium olive gray (57 4/2) with olive ' CALCAREOUS SILTY CLAYSTONE, dark yellowish
~B8 -l | gray (BY 3/2) mottlet, homogeneous. Pleces of undimurhed brown (10YR 3/2), mottled and burrowed. Carbonate
z % FM chwywtons thow burrows, Drilling breccia. 1 ‘occurs as camant, Drilling breceis and biscuits,
z é% i i 1 SMEAR SLIDE SUMMARY
£5l: HE o
- £ E 5 S E | TEXTURE:
§ 2|2 z 3 Sand =
£ & Silt 25
é ! g gl 5 | Clay %
E 253 ; COMPOSITION:
£ 3Nl i1 Quarz a
=g Feldspar 2
& E Heavy minerals 2
£ Clay &0
i 3 Giscanite "
2 Carboram unspec. 15
Foraminifers 2
4 (Cale, Nannofesils 10
Digtoms 1
; Sponge spiculns 1
k] Plant dobris TR
SITE 467  HOLE CORE_ 54 cORED INTERVAL 500.0-6095m
FOSSIL
3 SHARACTER SITE 467 HOLE CORE 56 CORED INTERVAL 519.0-5285m
wlB] %2 Zl g ] 05SIL
b EHE g - E| E | uhoroey | LITHOLOGIC DESCRIPTION . 1E | cukhacten
eS|ENE1E| 5[] (8] 2 EAE g |z
z Z [= o 2, |BulE 3% g g GRAPHIC
H i g HE E ! '% HHEE g 5 § LITHOLOGY |y 4 LITHOLOGIC DESCRIPTION
= > £71E [5]g|2 @ < g
= = z -
¥ El SILTY CLAYSTONE, dusky yellowish brown (10YF 2/2] F 18 g g gz E g
H 10 mottled grayith alive {10Y 4/2), fractured and L =D i
| 0.5 by drilfing. Contains fragmants and patches of calcaresus - 1.
E‘ . 1 sifty claystone {Sections 2 and 3). Drilling brecca and biscuits. z 7 CALCAREQUS SILTY CLAYSTONE, dark yellowish
= - - brown (10YR 3/2), homoganeous and extnsively
e No Gare-Catcher. 05 burrowed, ite and
"% 10 | s . 3 orpanic debris, Twe pisces of very hard claystons st base
% SMEAR 5LIDE SUMMARY g E of Section 2, Drilling biscuits.
] 288 s
w |a é o W] .1 g e
& |if 11 TEXTURE: 1
3 1+ Sand - 7
EA Dl I | silt 2 £ -
= |3 Clay 75 & E
§ = 2 | 2 COMPOSITION: wlE]E -
% : Qusrtz 5 z .E B =
o Faldpar 1 § 5 -
X 1 ey micnrat 1 ] 2
H oG Cuy 0 2
'§ l Glaveonite 1 E
- Pyrite ™ -
§ ] Carhonate unspec. 5
1 Forsminifers 1
E 3 | Radiaarians ™ a5 3
< [ i Sponge spicules 8 i i
Plgnt chobuis 1 = FMiB |B fec H

L9% ALIS
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SITE 467 HOLE CORE 57 CORED INTERVAL 528.5-638.0 m SITE 387 HOLE CORE 58 CORED INTERVAL 538.0-5475m
2 FOSSIL O FOMIL
z CHARACTER z CHARACTER
2 i |2
§ |2.[ETe zle 8 [E.lET= z| @
EHHE =] w = «
55 §§ < g 5 5 LiTHOLogY LITHOLOGIE DESCRIPTION "I“g‘ g HE i 3 g g | Gnamc. LITHOLOGIC DESCRIPTION
S nlz &
AaHHE £k S HHHHENE 4 EH
-3 = = )
A HEHE TH -RHEHHE TEH
- o +
— H| CALCAREOUS SILTY CLAYSTONE, olive blsck (5Y 2/2) Sharp microfiulted
. e 14|, |- Dok clavey putch 35 madium olive (5 4/2) mottled snd extsnalvely burrowstd contact ?Agmmus‘::;:yww ,:.E.; ;‘:r 4/2) with
05 4 throughout. Burrowslanticular layers especially common light alive gray and black mattling.
. 1 ? ;,,..L.'EY » Section 1, 55100 cm. Most burrows are leng, 1—3 cm o Abundant ~bedding paraliel burrows and lenticulsr layers
1 3 = [ oo ariel in dismetar, and subparaliel to bedding. Fragmant in 1 throughgut core, Some burrows deformed by compsction,
qﬁ- H] BY 42 Section 3 at 136 om has patch of light olive calcareous clay- Scattered sponge fragmants throughout core. Thin
1.0 | & ‘ Bya/2  Monewith sharp boundaries with darker wity claystone. - 11 £m thick) BAND layer st top Section 4,
. | | CARBON AND CA TE CARBON AND CA TE
- 110 211 386
= 25T | ! grapy - NOmkiCrtoal  ACT P gpsingouratil  OwicCabon - 991
== | % CaCOqy 1" biarrows:benticular % Cal0y 2315
- | m Inclirsd dark band z layars camman
s F Large irrogular busrow = . SMEAR SLIDE SUMMARY
2| | SMEAR SLIDE SUMMARY E 3 258 2124 48
< 144 3428 £ ol (o) M
7 5Y 272 ]
£ ] 0.7} (D) = 1 TEXTURE:
i
] TEXTURE: Q|3 Sand 2 5 90
= 1] 6Y /2 Sand - - : |8 . Silt LT ]
w|Z Sift 0 = = B0 7 -
4 | [ Clay o « |3 COMPOSITION
52 g E Quartz 5 6 655
8 [{n COMPOSITION £ — Qv s 9
|2 % Quartz 6 & S| & Drilling biscuits eldipac
« | Fekdupar 3 1 P Mica 1 1 3
w - Backfilied burow W% Ae Heavy minerals 3 2 2
a 3 | m Heavy minerats 10 2 3 " \(im i El ii e
3 | Clay 5 80 Q ! Glauconite - = 1
a hl L : E Pyrite 2 2 2
a | i Light ol m:. ;n 1 ] oG Carbanate unipec. 20 W -
I~ it olive ﬂw‘ ! 2] Py
§ | atea Cwbonsteumpec. 25 10 Soonge spicules 5 2
m i claystone with Foraminifers TR TR n 1
= ] sherp Cale. Nannofossils TR 20 E Sy layer
1 voin Y22 Raiolariens - ™ 3
b Spange spicules TR TR 7 5
" 4 I Plant dobris - 1 7] -
= | 5Y 412 CMIB IcCl  —
|
5 :
FPlB B | Jcc 1
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SITE 467 HOLE CORE 59 CORED INTERVAL 547.6-567.0 m SITE 467 HOLE CORE 61 CORED INTERVAL 566.56-576.0 m
5L ST s g |5 G
" z| »
o i =] GRAPHI |3 £l g
Tg ;5 ; ? g g § L;1Ho|.o§v L L LITHOLOGIC DESCRIFTION 5E %ﬁ § g g H E L?mc:gv £ LITHOLOGIC DESCRIPTION
-] 3 o= = 5 - g a
= |E |3)¢8|¢2 g E 271 (5]8)2 4 = -}
s 15 [Z]2 HE c g = HELH =
g o < E
CENLS L B 3 R HEHEE E
Abwindant large
by
| T . CALCAREOUS CLAYSTONE, olive black (5 2/1) with _ o CALCAR EM:‘-‘“’WEMM gray IBY 4/11 to
thin moderate olive brown [BY 4/4] teminations or 2 z . dusky brown (5YR 2/2). Intersively burrowed zone in
| ﬁ senticular leyers and intervals of grayish brown (YR 3/2) § ; Limay interval :ﬂ:ﬂwo—anm;nr;pmw mmnuml-a
1 CLAYEY LI h af =] B
{4 burrowed ared laminated enticular zones sach ~ 1050 o {olive gray versiss darkor ol gray — 5 5/2). Grayish
i em thick. Limestons ks burrowed; may be concretionary, § m m?g:fﬂlm erystalling mmn::c o
DCCUrs Neal Center 11 a
wi | e + Alssrnations of SMEAR SLIDE SUMMARY APl B |B !
Z|2 i I laminated 147 SMEAR SLIDE SUMMARY
§ E Al {ferticular) and o 180
e I E Sieroived 2omes TEXTURE: TexTuRE 1ol
I = - i Saod H
. = Siit 3 5
g ] Clay 80 Sy 20
= 2 — COMPOSITION Clay ) 78
m Quarte [ COMPOSITION:
= ! Fasdpar 3 Quartz [
* Mi 1 Feldspar 2
FP BB = _EE_ ica 4
Mica 1
. - Clay 57
5 Pyrite. 2 Heavy minerals 1
Carbonate uapes, 30 2:‘! 1:
Foraminiters =
Cale. Nannofossily 1 Foraminifers F|
Diatosra TR
Radiolsrians - Cale. Nannofossils 8
SITE 467 HOLE ORE 60 RED INTERVAL 557.0-566.6 m
< FOSSIL - L SITE 467 HOLE cORE_ 62 CORED INTERVAL 578.0-5855m
H CHARACTER [ FOSSIL
x |% CHARACTER
AAREE 2 ¢ |3
A EHIFIFLE g GRAPHIC E g |= DE z| e
2 :ﬁ i ? - 5 E LiTHOLOGY E: HTHOLOGIC DREAIFTION Y EH - £ o & GRAPHIC § LITHOLOGIC DESCRIPTION
i 3 = EEE = 1 E E| E | uTHowoey
N AHHHH £ Eh L HHHAREE + P
L 3 ] E £ Ed =
g |8 5 = E § HE ] ;
= = v 2 T g |8 HIES 3
EE | il CALCAREOUS CLAYSTONE, light olive gray (5Y 5/2) = N
= | d ¥ nd light/derk greyish brown (5YR:3/2) 1o pale olive CALCAREQUS CLAYSTONE, mottled moderste allve
05—t 7] fbtmrwiooy of 110Y 6/21 and dusky beown [5YR 2/2). Section 1 has L gray (5Y 4/2) and dusky yallowish brawm [10YR 2/2) to
A == [ * | aminated zonss ol f beksed w|Z pals oilve (10Y 82} and moderate olive gray (5Y 4/2),
1 = ﬁ ronm; Ssction 2 ks burrowsd throughout. Grayish brown z 5 with thin intarval of CLAYEY LIMESTONE
= == | [5YR 3/2) CLAYEY LIMESTONE at bse Section 1 — g B 1o Sacitos 1.
£ 1 i top Section 2 is finety crystalline, burrawed, with sharp upper 2|2
£ i LI I 8 contact and gradational lowes contact, Thin section shows = |4 AR ST DR FUNRAT
2 | (2 | apherical patches of sparry carbonate — possibly malds of § cc
w :
= M radiolacians. o
g i I T i Sharp color change—  TEXTURE:
g Campon - FP|B| B ™ * | top pien of Core- Sand 2
: [ 3] 168 2 Catehar b s
¥ Gradational % Organic Carbon = g Clay 20
5 2 | I ? Wy 57 COMPOSITION:
Cuartz 6
g | SMEAR SLIDE SUMMARY Feldipar 2
- | [ 175 22 e i
o o Heavy minersty 2
CP|B |B CC| 1t TEXTURE: - 2
Sand 3 - Pyrite 2
i B - Carbonats umipec. 20
Cly L. Calc. Nannofossits 15
COMPOSITION:
Quartz 2 4
Faldspar 2 1
Mica TR TR
Heavy minerah 1 4
Clay 55 30
Glauconite 1 -
Pyrite = 5
Carbonate unspec. 30 52
Faraminifers 1 3
Cate. Nannofossils B -
Distoms TR -
Spange spicubes - 1
Chalcadony (7] 1 -
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SITE 467 HOLE CORE 63 CORED INTERVAL 585,5-585.0 m SITE 467 HOLE CORE 65 CORED INTERVAL 6045-614.0m
= FOSSIL A FOSSIL
. § CHARACTER 2 g CHARACTER
= = l2Tal¢ z| w 3 |= al g w
=e ?_é g E E E ?g (ORI E LITHOLOGIC DESCRIFTION L= 23 § § 3 § & by LITHOLOGIC DESCRIPTION
< 2 z o
S HHEARHE 4 A AHHHHERE 1+ tH
N HE E 2 E =
] F =
cBHEHES ik ! s (8 HE 3 = ;
=
= : Sharp contact
= | CLAYEY LIMESTONE, light oliva gray (5Y 5/2), grades i CLAYSTONE, aiive gray (Y 3/2) with thin intervals of
b T to grayish clive (5Y 4/2) CALCAREOUS CLAYSTONE B fight olive gray (5Y 5/2) CALCAREOUS CLAYSTONE,
. ] near base of Section 1. Burraws comman throughout core. 5Yanr burrowed throughout with two thin interval with
i : == 5Y62 Subparaltel laminations Menticulsr layers Section 2. 1 b Geios parailal Nerticular layers. £
= T 4575 cm. Other limay intervaia at top and base of I [~ E svez and broken echinakd spines scattered thraughout.
1 = = | . Saction 3. Sandy layer {~ 1 em thick] Section 2, !
X = = = Sandy I ORGANIC CARBON AND CARBONATE
[ i SMEAR SLIDE SUMMARY o [ (=23 cm thick) 297
| Gradational 1100 244 5 % Orgonic Carbon 712
| change 0,7 (D) i % CaClly &
n TEXTURE: = ! s
| x Sand 5 2 x |1
wlz sin 0 8 g 4
z|2 | i svan ciag s o™ £
S| g 2 | Sandy liver COMPOSITION: 2
5. 11 e thick) Quartz E R
= |2 k= Fuidspar 12 *
- | Mics TR g
B OG- Porceiiansous Haavy minerats 8 2 ¢ )
= g ] Cay ® o erfele | 1t
1 i u el (Glauconite TR 2
E | i o Pyrite TR -
: - | E Carbonate unspec. 87 20
3 i Foraminifers 3 -
g 2 | Cale. Nannetowih - &
=] . = | Altered lithic
A = Limey interval fragments ™ -
= u SITE 467  HOLE CORE 86 cORED INTERvAL 614.0-6235m
erle le| lecl + ! C3 FOSSIL
- § CHARACTER
3 l=.l2l=2]s z|lw
== |8 HE el g GRAPMIC
13 EE E E E L 5 LITHOLOGY : . LITHOLOGIC DESCRIPTION
w3|g o
SITE 467 HoLE CORE B4  CORED INTERVAL 595.0-504.5m L HEHE B SoEd ¢
CHARACTER EAHHEE 3
= ' | s¥az
§._ MAHE HE R w AP | svsn CLAYSTONE, olive brown (5Y 3/4) and olive gray (5Y 3/2)
'z HH E L 5| B | utHoiogy L LITHOLOGIC DESCRIPTION 8 o 10 Tight olive gray (BY 5/2), Lightsr color feg, 20-38 em)
N bl 8 =3 - [ unually indicates higher carbonate content. Burraws and
?_. | ; g 5 2 B ) ol |- d *| svan lenticular bedt common 2035 cm. Foraminitars and broken
§ g E g E i § echinoid spines scattened throughout.
= - § FM|B |B
z | ORGANIC CARBON AND CARBONATE
160
CALCAREOUS CLAYSTONE, grayish black (N2}
u 5 | changing to light olive gray (5 5/2) CLAYEY E % Orgenic Cecton B33
g cP ] LIMESTONE near base Section 2. Burrowed throughaut. ¥ % CaCOy L
3 1 1 i Contains few thin lanticular beds, SMEAR SLIDE SUMMARY
- §
El 1L o o
+ 1428 1138 )
£ a|- | i | hedeny TEXTURE:
colar changes % Omanic Carbon B892 i Sand =
g 5Y 52 8 @ sitt 10
(o o | fool o [l |'eve % o, =
s SMEAR SLIDE SUMMARY ORTION
Quartz 4
1119 1144 Foldpar 2
(D, derk] D, light) Miea 1
TEXTURE:
s 2 2 ;:wmnm 5:
Sin 8 B 2
Clay 80 90 Pyrita
COMPOSITION: Gubocidonge: 20
a 5 4 Farsminifers 2
Falduper 2 2 Caic. Nannafosily 4
s Y Sifica? 107
Heavy minerals 3 4
& 42
Glauconite TR -
Pyrite 103
Carbonats unspec. LR - |
Foraminifars -

EF
|

i
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467 HOLE cORE_ 87  coORED INTERvAL 623.5-633.0m SITE 467 HOLE CORE 69  CORED INTERVAL 642.5-662.0m
FOSSIL 4 FOSSIL
CHARACTER w g CHARACTER
EEE gl e M EMAEE z|e
FHHE E| & | utHoLoey |2 LITHOLOBIC DESCRIPTION e CHEEE £ g | na LITHOLOGIC DESCRIFTION
inlz 21 el w = = 5 ; NIZ|E| < 2w E -
="(2|52|8] %)% Rk - HEHEHBEE Sk
2 |a(35|5]|= = 5 Cl 5 HHE E §
s |2]=z]3 a8 3 = z|le|d 3
] . E
. ! CALCAREQUS CLAYSTONE, olive gray (5 4/1) 1o 3
1 . ight olive gray (BY B/2) with fine. lighter colared, more = E CALCAREQUS AND DOLOMITIC CLAYSTONE, madurate
05 . carbonate-rich motties. Two intervals of CLAYEY DOLOMITIC s 05: aliva brown (B 4/4) 10 olive black (5Y 4/1), feirly homogeneaus
. - LIMESTONE — upper tone it very [ight alive gray (Y 6/2), w E 1 . e urrowe mottled, Fine sandy lagers (<1 em thick] in
3 1 B Finaly erystailing with shamp contacts; lower limestone i alive g ] Section 2 betwaen 120—140 cm and in Section 3 between
wl 3 o) black. (5 2/1] calcite-vwined ard hus 3 vitreous texture g % 1.0 70-75 am.
H| 8 I {ailiceous?). Clayirone is homogeneous and burrowed with N -} *
212 —1 wecasional laminations. Thin section of claystone at 140 em = CARBON AND TE
2 % crle (B —* shaes maics filled with  Seattered 3 E s 1338
w spange fr s in el A
% gin s fon a i % Qrganic Carbon 856 —
ORGANIC CARBON AND CARBONATE E % Cally RE -
113 5 2
% Organic Carbon S48
g % Cal0y 3
SMEAR SLIDE SUMMARY cPl BB cc
140 1107 1140
M Dl D, TH
TEXTURE:
Sand - - 3
Sih wow 7
Clay 80 L)
COMPOSITION: SITE 467  HOLE CORE 70 CORED INTERVAL B52.0-6615m
Carte a3 3 ] T
] FOSSIL
erinead A H CHARACTER
Mica TR TR 1 é‘ 2 ETaTs z
Heary mimerais 1 1 8 w 2 £
Clay 0 65 46 e g HHEIE HE Frossecsy 8 LITHOLOGIC DESCRIPTION
Carbonate unspec. 50 286 30 w3 |z MlE|E 3 ! %l 2 2 H
Foraminifers TR TR 10 E|E |3]|8]3 B
Cale. Naanofowiti 3 2 - S [El212]|3 &
Distoms TR - - -
Chalcedony 12 2 7] | l -
. | I } 3| omingte CALCAREOUS CLAYSTONE, varisbin colors from olive
0.5 + ] Trown [6Y 3/4) to meedium and light clive gray (5Y 4/2,
£33.0-642 . BY 521, Lighter colors genarally indicate mors carbonate.
:87 HOLE CORE 68 CORED INTERVAL Sm ' . J { i rich claynone. Sub-horizontal burrows common throughout
2 FOSSIL 7 core, Yellowish gray (5Y 7/2) burrow mottled CLAYEY
5 z CHARACTER e | svan LIMESTONE basa Section 3. Silt:sice material fifls mony
zul2lalg Zl a2 =] burrows
aulE gl = - -
TE[E8|% E F £l & P Lty et LITHOLOGIC DESCRIPTION z 7 |
w3382 2 ; gl b 8 i 5 Mo Cars-Catcher.
2 |= ! 3 “ = )
F |8 3 § 5 = 3 § E 5Y 304 CARBON AND TE
& | a L 3 E s
3 e ‘fg‘ 5 Srpeolorcne & o e
= CALCAREOUS CLAYSTONE, medium olive gray {5Y 4/2) o BY 62 3
2 05 _ [ 1o moderate olive brown [BY 4/4) with dark motther. Light olive SMEAR SLIDE SUMMARY
w | = eaa—— gray (5Y 5/2) CLAYEY LIMESTONE lvery clay-rich) buse a 138
E E 1 7 I SEction 1. Clayitane is faisly homoganeous and contains g Grading to (%3]
- scattered foraminifers and sponge fragments. TEXTURE:
g 10 = BY 4/2 Ples >
& | Siit 10
i E CARBON AND i o L
g o ] COMPOSITION:
% Organie Carbon 5 [ Sharp color Quartx B
Caco. change to
2 " Lo = 5Y 772 Feldipar 2
g = Mica 2
| Haavy minersly -
lrels || Jec| 3 — VD Cley 7%
Pyrite 2
Carbonate umipec. 8
Foraminifars 1
Dintams TR
TR
Sical?h 5
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SITE 487 HOLE CORE 71 _ CORED INTERVAL 661.5-671.0m SITE 469 youe core 73 comep INTERvAL 680.5-690.0m
- FOSSIL g FOSSIL
i g CHARACTER W | CHARACTER
<
N EMRE z|le N E z| w
= = R =
e 22l H 2 GRAPHIC LITHOLOGIC DESCRIPTION g HEHE i 2l E | Shanuc i LITHOLOGIC DESCRIPTION
I % -1 E 5 LITHOLOGY 2 - Ig 31 H -3 5l 5 LITHOLOGY o
w 2 H i
£71EY )51 5[2(3] |#] %2 Eefell s £ Y 5|2 2|8 |®)F E I
R EHE FEE N ERHEEHE FiH
= z a 3 a |2 E|a 6 of | &
4 U +
cP 1 e l 14 CALCAREOUS CLAYSTONE AND CLAYEY CHALK, anlelB . . i
oo i medium olive gray (5 4/2) with several pieces of yellowish Dirilling breccia consisting of ragments of olive gray
o AMIB |B ' aray (5Y 7/2) CLAYEY LIMESTONE, hurrow motthed. 5 5 I5Y Iam umn&%m SILTY :u:?:s;ll‘wi
] Fragment of light olive gray {5 5/2) vitreous, calcareoun, -E- Al :&Em;&i cﬁ;:ﬁ: A |::
Q= opal-CT CHERT at base of core, Except for large pisces 3
= E 010 em arvd 3040 cm, core conists of drilling breccia, s AM 11 olive gray (5Y 5/2) to yallowish gray (BY 772)
e | £ L CLAYEY LIMESTONE. Claystans containg sone
& é No Core-Catchar. a sandly layers (~ 1 cm thick} that e graded.
2
DORGANIC CARBON AND CARBONATE CARBON ‘-:";z TE
5 18 B
E % Organic Carbon~ — 6.24 : % Organic Carbon 667
% CaCly 631 58 2 g % CaCOy 81
e
3 3 SMEAR SLIDE SUMMARY
=] 125
=
& ]
w TEXTURE:
£ Sand 50
Sin 20
Clay 30
SITE 467 HOLE CORE 72  CORED INTERVAL 671.0-680.5m COMPOSITION:
] FOSSIL Guanz 2
= g CHARACTER :‘m T:
ics
§‘. Gult 3 -!} 5 £ GRAPHIC THOLOGIC DESCRIPTION Heavy minerals 2
HEEHEE 5| £ | umiotesy L Clay 25
e31E%(2)512(8] [#]% +EE Glsusanits 1
=3 E = E g = 5 Carbanate unipec. ;:
s |2 & 3 Foraminifers
Cale. Nannagfossils 5
- Driliing breceia of CALCAREDUS CLAYSTONE, CLAYEY
= . CHALK AND CLAYEY LIMESTONE, medium ta light
gz ' 0.!—“ - Ouartz-filled olive gray (6Y 4/2, 6Y 6/2). Claysiona fragmant at 62 em SITE 467 HOLE CORE_ 74  CORED INTERvAL 690.0-6995m
g E BB -1 fractures Pias fractures filked with black guartz. 2 FOSSIL
EXE - 5 CHARACTER
& i " ’ é»— HELE gle GRAPHIC
g ' 5 ES = g B £ ] LITHOLOGY LITHOLOGIC DESCRIPTION
=1 NlE| g - =3
270E 5] 2|z g Bl 2 E g
i ERE 5 HE = !
2 HIE 3
i -
= CALCAREOUS CLAYSTONE, light olive gray (5Y 5/21,
0.5 = |- Caleite-filled with alternating laminated and burrowed rones. Claystone
: fractures i hrecehatad in Section 1, 70140 am, with angular clasts
1 H of siliceaus{?] claystone cemanted by white sparry caleits
and some sifica. Porcalianeous from 100123 cm, Section 1,
H Foraminifers locally abundant, A 50 cm-thick interval of
Intarval of beecolated iy dark gray (NA), graded, silicified LAPILLI TUFF

UPPER MIOCENE

Upper Discoaster variabilia tore (M)

-u‘.‘:—-x—-ﬂ"'r—:[[[

|

_18

Y 8/2

-

- Sharp contact

‘oecurs ot base Section 2 snd Core-Catchar. Tulf fine
upward; contabns subangular to subrounded pumics
fragments up to 1 em across, Microcrystaliine quartz

walcanic gims) tuff enatrix
and fines vesicles of fragments. Some fragenents are bilack
qhams with fuldsper phenacrysts,
SMEAR SLIDE SUMMARY
281 ccs
o) e, T
TEXTURE
Sardd
S 15
Clay 85
COMPOSITION:
Quartz - 5 idevitrified glass
Feldipar -
Mica TR -
Heavy minerals ™ -
Clay L] 10
Voleanie glass - 5
Glauconite TR -
Pyrite 3 -
Carbanats unspec. » -
Faraminifers 2 -
Calc. Nannofosits 5 -
Pumice fragments  — 3

L9% LIS
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7185-728.0m

SITE 467 HOLE CORE 75  CORED INTERVAL 699.5-709.0m SITE 467  HOLE CORE_77  CORED INTERVAL
2 FOSSIL 2 FOSSIL
- E CHARACTER “ § CHARACTER
M EMAERE gle - EMREE z|a
Er |2 S S| = GRAPHIC Ex 2% H 2| e GRAPHIC
[ .-§ ‘E ] z £| £ | utHooey s LITHOLOGIC DESCRIPTION ‘E ._E E 3 i El ¥ | wuowosy |, . LITHOLOGIC DESCRIPTION
HHHHHEEE +tH S EAHHE U
|8 |z g 2 s = 5 = |8 § 3 5|5 =
0 3 = 2|8 3
4 : CALCAREOUS CLAYSTONE, light ofive gray (5Y 5721, =
¥ | = 1 ] i burrowed 0—25 em; drilling breeeia 2557 cm. Some = i NE CLAYSTONE (CAL light
i FM} ! Inclined laminations at 15—20 cm. Scattered sponge z | N3 olive gray (5Y 6/2} and grayish ofive [10Y 4/2) ta dark
8 ; il fragmants. | | Cuteiretitied fractures Gray (N3, with altarnating burrowed and laminuted
= w | B 1 F| | Stompedingined et Flock i sasnialy acaystons with sbundan
g |3 Nao Care-Catehes & % . tayers nannafosils and carbonate cement. Inclined or slumged layers
§ § ; " " in Section 1, B5-76 cm. Thin layer of aitered (ctays), medium
] sY 52 grav (NS) LITHIC LAPILLI TUFF in Section 1. Contains
[ abnnclant pumic fragments and some carbonate cemant.
g g E Fragment of gray black (N2) apal-CT CHERT base Section 2.
g K Mo Core Catcher.
g ; i 107 42 SMEAR SLIDE SUMMARY
| 1. 121 1110 277
2 M (D (D)
t= Chert fragment TEXTURE:
FM; Sand 55 & -
sint 30 w10
SITE 467 HOLE CORE 76 CORED INTERVAL 709.0-7185m Clay L
s FOSSIL COMPOSITION:
% ; CHARACTER Quartz 2 3 3
8 |=ulel=e z| @ Feldspar 20 2 2
ze |8%|5] 5] 2 of & GRAPHIC ™ TR TR TR
H CH B F : 5| E | umHolosy LITHOLOGIC DESCRIFTION ) B
g7 e ; HHBEE E 2 clay 18 50
£ g i HE = {auth.}
= |2]2|2|5 B Pyrit - R TR
Zealite z - -
| T 5Y 32 Cuborateunipec. & B 4
| . CLAYEY NANNOFOSSIL CHALK AND NANNOFOSSIL Foraminifers - 5 5
- i i _ P
Sharp cobor change CLAYSTONE, olive gray (5Y 3/2) to light alive gray Cale. Nannotossils 0
_ 117 | sve (BY 572, with alterristing brrcved and massive zanes. Pumica fragments 50— -
=z 1 Several mtervals of graded CLAYEY NANNOFODSSIL-
. | Haaled fracture FORAMINIFER CHALK in Sections 1 snd 2. Micrafaults,
= E 2| Microfaults Ivealed and quarte-tilled fractures comman in Section 1,
8 i+ 80120 em. Black CHERT fragments in Soction 1, 117120
2 i E S e cm probably re pleces of quartzose veins SITE 467 HOLE CORE 78 CORED INTERVAL 728.0-737.5m
& i | chert(7) fragments e FOSSIL
g | Na Core-Catchar, § ; CHARACTER
2 -4 4 “
5¥32 CARBON ™ Sulg) 2 g| 2
2 | oo gE 4H i § ElE | e, LITHOLOGIC DESCRIPTION
PP | 2 % Organic Carbon 5.6 w3 |gn i HELE § H
% CaCOy Bl E |z H g g|E
@ |5 2|5
SMEAR SLIDE SUMMARY
iy CLAYEY NAD CHALK, yellowish gray (Y 772)
e M7 = BY 712 o light olive gray (5 5/2), burrow mattied with one
TEXTURE: w | E grads 10 Tenticular bedded interval 70110 em. Burtows are often
el = = ilk subporaliel to bedding. Lighter colored racks garnerally
Zm = R § corraspond to higher carbonats cantant.
id - - =
COMPOSITION: x EYER SMEAR SLIDE SUMMARY
Cuartz TH 3 g 140
Feldipar TR 2 L L]
Clay w0 82 | sviz TEXTURE:
Glauconin ™m 1 ] cP BYSR Sar 1
Pyrita 5 2 silt 9
Carbanate unsgec. w0 Clay w0
Foraminiters - @ COMPOSITION:
Cale. Nannofossils B85 = Ouartz TR
Mica TR
Heavy minarals 1
Clay 22
Pyrin 2
Carbonate unspec. 30
Cale. 45
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SITE

AL TITE-7470m

coRe 79 CORED INTER' SITE 467 HOLE CORE 80 CORED INTERVAL 747.0-7565m
5 ) 2 FOSSIL
x | CHARACTER i CHARACTER
- EMEE ¥ R NBE zle
2 :g HE] § E g Aol 4l LITHOLOGIC DESCRIFTION = glilg é g g R Lyt LITHOLOGIC DESCRIPTION
£3|35(2]5[3]g] |B) g SEHEHHBEE +EH
al IHHHE : i MEEHE £ ik
i | = a - a
(B . svan
e . Intarbeddded CLAYEY NANNOFOSSIL CHALK AND LITHIC e | BBEN Intarbedded CLAYEY NANNDFOSSIL CHALK, LITHIC
TUFF AND LITHIC LAPILLI TUFF. Chalk is olive gray AP ~ t| o} svere TUFF AND LITHIC LAPILLI TUFF. Chalk is light alive
|6 B/2) ta yeliowish gray (BY 7/2) and aften sxteralvly 0.5 L svam aray (5Y 5/2) 1o olive gray {5 3/2) = parts are laminated,
i SY 52 burrowed, Contacts with interbedded greenish gray [5G 6/1) z ' o] | Lenticulat teyers others burrowed. Base of lowest chalk contains lanses of
tuff varisble ~ sharp or gradational Lapilli tutf hus abundant ~ 1 of it in chalk Tithie et sharp basal contact with tosd cant. Particls sioe
wedimentary structures: graded and fiving-upward sequences i 1 $ of Hight bluish gray (58 6/1) tuff increases down core fram
5G &N common; tops of some beds ane burrowed ; coarening-upward £ Y .ﬂq A ash 1o lepilli, Fragments are dominantly scoriscecus
woguencss and cros-lamingtont ke comenon. Lapili and g . | plamics composed of altersd [clay) and partially devitrified
i are scorlaceoun pumice composed of slightly altered brown =] g o Drown glas with plagiociase mictophanacrysis, Minor
lass with i yons; wesicies filledd = 5861 calcite gismant,
b Chalk rip with green clay; caicite i minor coment and cubic pyrite = . !
up clety crystals scattered throughout. Calcareous quartzose CHERT in g :'| 1 SMEAR SLIDE SUMMARY
Section 1, 30-34 em. 2 7 l 120 142 281
- - .7 o) (o)
2 Crom stratification o Core Catcher, _2 . ! L TEXTURE:
SMEAR SLIDE SUMMARY i B ! Sand - )
138 340 384 580 i cc| r s (Ashl 10 [Lapill)
o @T o e,T = Clay L
TEXTURE: COMPOSITION:
5G 8/ Sand - - Quanz - TR -
Silt 10 dLapitil 5 (lapilsi) Febdspat & TR 2
5 Clay o0 a5 Clay 7 24 18
b * COMPOSITION: Volcanic glass
w | g Quarez === R (matrix) wm - -
zl|: 3 Felthipar = [ 1 Pyrite TR 1
S Hary iloasl TR - = = Cabonats unipse.  TH 35 2
8 % A v 4 w8 Cae. Nannofossis  — 40—
= L — Lithic fragments.
| FP = it = & = ¥ Ipumice) B0 - &0
ol IR ]} | Pyrite 3 1 ] 1
2 g . Carbanate unpec. 15 & 0 2
Bioturbated nterval of
: R
foad] = & i
v Lithie frageasts
E s Atz SITE 467 HOLE CORE__ 81 CORED INTERVAL 756.5-766.0 m
p 4 ’ pusice) = 80 - B % FOSSIL
3 A § i CHARACTER
joee] [-3 w n 5 3
] = EE HE § .E. g plirefer LITHOLDGIC DESCRIPTION
S HHEH PR k Y
56671 ,-!_ 5 a g HEEE
2 HEEH
5 z
I le [ LITHIC LAPILLI TUFF, medium gray ING) o dark gray
§ (N3}, with lapilli up to 2 e scrow. No sedimentary
A strisctures although tuff Is noticeslsly cosrser grained than
s thit in bate of Core B0, 3o Core B1 (and 821 are basal
g coarss-grained parts of a fining-upward squence. Lagili
5 are scoriaceous pumics compased of altered and partially
ot devitrified brown gless. Abundant vesicles sometimes
g lined or filked with elay or calcite cemant. Pumice
s a fragments also contain plagiocime microphenocryms.
=
o E SMEAR SLIDE SUMMARY
21 123
] } .7
H TEXTURE:
Sand
Sie {Lagitli)
Clay
COMPOSITION:
Quartz L]
WVoleania glass 1
Lithic fragmants
lpumica} 75
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SITE 467 HOLE CORE 82 CORED INTERVAL 766.0-775.5m SITE 467 HOLE CORE B4  CORED INTERVAL 785.0-794.5m
) FOSSIL g FOSSIL
" ; CHARACTER » E CHARACTER
8 l=ulel= z| =» g |=ulelale2 z| &
Er |2% 2|2 S|z GRAPHIC e |o2|5]| 5] % el GRAPHIC =
£ |58 % HE ElE LITHOLOGY LITHOLDGIE DRSCRIPTION L § ] e E E LITHOLOGY i LITHOLOGIC DESCRIFTION
N HHHHEEE +FE £3 175 5(3 18| (%) ¥ EEd o
i L 2l A £
& €2 5 3 E FE I E 5
2 .
9 LITHIC LAPILLI TUEF, medium bluish gray (58 511, with -I-. *| sasn Intarbedied NANNOFOSSIL CLAYSTONE, CLAYEY
i N angular to subsngulsr fapdlli up to 1.5 om across. No sedi- N, FOSSIL CHA PUMICEOUS|
3 i A T fining-upward ANNO L CHALK AND LITHIC | 1
5 057 Ry iR - Vg St iy vl e = s TUFF, Clayrione is olive gray {5¥ 3/2) to light olive
FR R 1l of a1 ugoin scajen n Cotes B0 S5 g i aee 1 A cray (5 5/2) and grades 1o yliowish gray (5Y 7/2) and
g SRS UL ST AR O Y SR Y ] Sihau pabe yallowiah gray (5 B/2) nannatouil chatk (mspecially
8 % s5] devitrified and sxtensivaly alteeed 10 green clay in parts. Bt b ) Section 3). Darker calar indicates more clsy. Both chalk
= s Pumies also containg feldipar microphenocrysts, - cl:':::'h'?“ anel claystone intensely bioturbated; elongate burraws
& H VOID == often subparallei to bedding. Medium bluish gray (58 5/1)
§ e SMEAR SLIDE SUMMARY r tuff compased of silt: and sand-size fragmems of
= g :I‘:] scorlaceous pumnice (altered browm volcanic glas with
= . - Lagi . Savoral fini d sequences
3 o v L
ul TEXTURE: sY 42
gl' E Sand geades o noted in upper tuff interval.
g3 Silt {Lapitlip CARBON AND TE
g E)';Amsmo«- 2 e
¥ % Organic Carbon 187
Feidupar 0 % CaCOy 1%
Clay
Lithic fr_lrn-m B SMEAR SLIDE SUMMARY
{pumice} 85 w 128 216
D, T (D)
- ¥ 72 "
§ z Ev a2 il TEXTURE:
= qraes Sand 50 -
SITE 467 HOLE CORE 83 CORED INTEAVAL 776.5-785.0 m s £ > = 0 %
e FossIL & s Gy 090
" E CHARACTER ol B 3 COMPOSITION:
MM ABE 3 [0 (A 32 Ouerts - a2
L0 - & 2 F; o 1
i § E i i £ E Tt 5 i LITHOLOGIC DESCRIPTION 3 ; MT:W g :
Rl R g 5| g +EE 2|8 i Huavy minorals = 1
RN HE IR g § a E 1 5Y a2 Clay 0
ERHEIEE g |8 1 Voleanic glas - 1
—-voID ;, ~ Carbanate unspec. - 10
cL CLAYEY . Colc, Nannofosis  — 40
=2 B Lithic fragmants
HANMOFOSSIL CHALK AND LITHIC (PUMICEQUS) TUFF, s . s a0
Clayrtone is ofive gray (5 3/20 1o light olive gray (5Y 572); 4 = e -
darker postions contain more clay. This grades or § i
Sh*ﬁiﬂm abrupitly ta light ollve gra (5Y 6/2) 1o yallowish grav (5Y 7/2 > =
chalk with abundant Chalk and cl intensi -
burrowed. Madium gray (N4) tutf contains sbundant sand-size
scorisceous pumice fragments composed of altered (clay) brown
L ast with plagioclase phenocrysts. Calcite and a low briofringence
rmalite(?) are minar coments, Tutf layers often graded, fine- +
- wpwiard, snd have sharp top and bottom contacts except whars L Chalk interval
L Interlaminated. 5
whf nd claystone  PVTOed. 5Y 872
2 sre SMEAR SLIDE SUMMARY 5Y a2
w |- Sharp color changs 159 1140 353 3102 496
a8 g © @ (o ©.T D cC it
3z TEXTURE:
x| = Sand - & & 7 =
& g Bilt 15 30 0 20 20
=] 2 Clay BE 20 20 W0 80
= |3 COMPOSITION:
=] Ouartz TR TR - - TR
41 Faldspar - w3 1w -
P |
a ind sackime Meavy minerals 5 P R
=} Clay 6 65 45 10 20
E Voleanic ghass 2 20 & - -
Pyrite 2 - - TR TR
2 i Zeolite - 1 - 1 -
% 1 Carbonate ungpec, 38 = - 188
B bioturtation Cale. Nannotessit = 10 - - - 35
5 Lithic fragments
5 Ipumice) - - = T -
5 Mote: Volcanic glass in Smasr Slides = pumics in Thin Section,
N4
|- Sharp contact
change 5Y 772
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SITE 467 HOLE CORE B85 CORED INTERVAL 794.5-804.0 m SITE _m HOLE CORE B8 COREDINTERVAL 804.0-813.5m
& 055IL 2 FOSSIL
4 5 CHARACTER g ; CHARACTER
R EMAE zl e g |z 3 g El g
£ (2% 2% g| £ GRAPHIC = |B% g = GRAPHIC
TEEE|E| 8|2 £ £ | umvoloay LITHOLOGIC DESCRIPTION 5|28 H £| & | umhotooy LITHOLOGIC DESCRIPTION
w3 |ENl2 4 =) ; ) wD L] L o w 3 "
£T|E |3|g|z g #l = 8 3 |E 3 g Bl = +FE
£ & g = F s 23 = £
MHHEE 3 2 HHEE FEH
& z|l=z|d 3 o z|3
3 &Y 372 Intarbedded [CALCAREOUS] NANNOFOSSIL CLAYSTONE, 5 Intarbedded (CALCAREOUS) NANNOFOSSIL CLAYSTONE
051 LITHIC TUFF, AND LITHIC LAPILLI TUFF. Claystone is 05 AND LITHIC [PUMICEOUS) TUFF AND LAPILLI TUFF,
- olive gray (5 3/2) to yellowish gray [5Y 7/2], sxtensively Claystona is alive gray [BY 372) to light olive gray [5Y 5/2).
1 b Burrgwed with 8 variabis nannofossil icarbanete content (darker 1 . Exteraively burrowsd throughout. Tuft is bluish gray (58 5/1)
3 Pt color = mure clay). Lapilll In tutf in Section 3 — Section 4 is daps i secd oxlmicd el chb et 3
1.0 scoriscsous pumice composed of aitered brown glass; contain 1.0+ Lapitli and siit-/sand-sizu fragmants arw scorisceaus pumice
7 Y2 withigenic, cubic pyrite crystalt. Othar tuffs are fine-grainod a composed of sttered brown glas. Most contacts of tuff with
wersiony of Lapdlll tuft, Some calcite cement. Tuffs generally = claystone are burrowed. Burrows In clrystone somstimaes lilked
hurrowed only #t 1ops: sama have wwbthe fining-upward . with tuff. Calcite ls minor cement in tuff.
NA e
BQUENCES. z
subhorizontal E WM | 5 ORGANIC CARBON AND CARBONATE
back filled burrows H il 11z3
- 'h‘rm w - I Tutt tilling % Organic Carban 149
z F-3 : burrows in % Cal0gy 40
2 3 8 '3 2 3 claystores
. 5Y3/2 o | 7
= =3 3
- e w| B =3
- [} =
=z 3 Y2 a g B
— E —~
o8 3 5(d
§ 2 ] % ]
= 3 =
= % .
o E 3 sYar 3 Tutt il
a n burrows
=] -3 Cubic pyrim -
- erystals comman .
£ " :
s E
E: — Sharp contacty B
3 =
4| 4
3 06 o
4 ]
5 fec 2

pebiigal el iy
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SITE 467 HOLE CORE_ 87  COAED INTERVAL B135-823.0m SITE 467 HOLE CORE 88  CORED INTERVAL 823.0-8325m
o 4 FOSSIL
; CHARACTER
A NBE | @
= w gl s
gulg gle GRAPH EEH IR gl GRAPHIC LOGIC DESCRIFTION
=§ £ ElE LimioLGY HIFHOLOAICOESCRIPTYN H=HtE g H 5[ 5 | umotocy » e
SHHHAREE ] e HEH R +TH
g e SR EHE = EH
R H H 3 2 3 3 8
] =
- 0SSIL CLAYSTONE, CLAVEY T CALCAREOUS CLAYSTONE, olive gray (5Y 3/2) 10
. — Sharp color NANNOFOSSIL CHALK, SILTY CLAYSTONE AND LITHIC i light olive gray (Y 6/2), with thin laminatians and
05 QO] » | change [PUMICEOUS] TUFF. Manoofossil claystone/chalk varies from fenicular Samen, e
i . ? olive gray ISY 3/2i to yellowish geay (5Y 7/2), lighter colors + ight bluish gray (58 7/1) TUFF near base Section 1. Tutt
= o indiesting higher carbonate content. Some parts (Sections 2 contains some calcite but most glass sltered to clays.
1.0 and 4] have alternations of light/derk intervaly ~2 cm thick — Thin tutt ssnely(?] layar (calcin d, altered tutf?)
= it an tiner, tant Mant fehalk E4 ceurs near bme Section 3.
n wxtensively burrowed. Sitty claystona is dark olive brown g
= I5Y 5/61 to alive gray (5Y 3/2) and graties into nannafossii-rich e T CARBON AND
lithatogies: parts have numarous thin graded layers - 1 em uza &2 1 393
. thick. Thin. bluish gray (58 5/1) tuff layers burrowed. Contain e} % Organic Carbon 279
l flass from pumice. 8 % CaCOy 17
= : =]
3 o =
3 SMEAR SLIDE SUMMARY E SMEAR SLIDE SUMMARY
= ] Aternating light w ¥
z ] - z‘%] s 150 180 255 268 3 _g | e 1148 2421 395
= B sl ~1-2 em thick L= TR ] =1 & Tl ol M
i § = [ TEXTURE: = TEXTURE:
21: . = Sand = = e E ﬁ . Send = = 8
w | = | St 1\ 30 20 N Silt o w0 50
8 g l‘ Clay 7 80 B0 Clay 0 W 2%
s ) COMPOSITION: = COMPOSITION:
w LTl [ Grdedsiey oo Guas 2 15 5 3 | Quartz - 5 TR
=1 fedsf Feldspar 1 1] 3 2 S Feldspar - 2 TR
a2 = Mica - TR TR TR Mica - TR -
= | Hamvy minerals 2 2 a 2 Hnawy mineral - 2 -
o 3 Ctay w 70 M e Cuy B W 2
5 Voleanic glass - TR - - *o] Thin timey Woleanic glass 1 - 5
g =L Glaueonite - 1t TR TR layer Glauconite = - TR
n Zoaline - TR - - Pyrite ¥ -
Cabonsmmumpes. 15 2 4 10 i Zeollin ™o~ -
Faraminiters ™ TH - 3 Carbonate unspec. 2 16 76
Calc, Nannofossis. 40 TR 15 20 Cale. Nannofomils _ — § =
Sponge icuies ™ - - -
4 A
e Alternating light fdark
U (Y
- ilﬂwnh
Ba
L1
It tﬂmM|wmd
s b sllty bayers
i |
I*i
] |

€L
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SITE 467 HOLE CORE B9  CORED INTERVAL 8325-8420m SITE 487 HOLE CORE 80  CORED INTERVAL B42.0-8515m
o FOSSIL & FOSSIL
. ; CHARACTER - g CHARACTER
2 [Eu[e]z H § 5. "
5 §§ H § Z|'E | [onamic |8 LITHOLOG IC DESCRIPTION 1 g g E o| omame, LITHOLOGIC DESCRIPTION
LBIENIEIE 5 gl (5] 2 ] HEHHHAREHE L,
A HEEH N ] A HHHHEE :
F glE = = 8|z £ ;
EHEEHE 1 MHHHE E
7 NANNOFOSSIL CLAYSTONE, light olive gray (5Y 6/2) T NANNOFOSSIL CLAYSTONE AND CLAYEY NANNOFOSSIL
= five gray [5Y 3/2), with 2 CHALK, grayish ofive (10Y 4/2) ta light olive gray (5 5/2)
05+ layered interval and zores of intense burrewing. Burrows = AP = wnd pale olive (10 672) darker colors = higher clay content,
- R " g s $llad E A cantaing few well laminatad intarvals bt most of core has
1 -1 with lighter colored, carbonate-rich sediment (esuse of 1) Taemicular bedding and + burrows, Thin, et
] lortioulae backling), Thin tayars of olhve gray I5Y 5/2) ; tuffaceous(?) SANDSTONE layer cccurs in Sectlon 1.
L= sl oo ;
E . and Section 2 composed of anguiler quarts and feldspar with : N Core-Catchar,
£ . scattarsd foraminilers in carbonate cement.
H é Nlnnmlmn‘r‘dln
] SMEAR SLIDE SUMMARY ; claysrane grading
= 3 - 282 292 476 496 o nannofousi
8 % . MT M Dl (D) E
8 3 TEXTURE: w |
= 2l Soncd 0 0 - - =z 4
- sit wo - W5 §
2 w10 8 s =]
2 1 COMPOSITION =
= - Chuartz 20 B 18 1 hor |
g - Feldipar 10 1 A g
= B Mica - = TR - 2 s
-1 Heavy mierak = 0w TA -~
3 Clay 0 - 4 % -
A Glauconite 2 - 3 - -
] Pyrits 3 - 2 - . ii.l
3 2 Carbonats unpec. 30 B4 20 47 3 -
7 Foraminifers pLi - - 2 = -
= Calc. Nannofossls - — 315 2 =
= Lithic fragments . E 3
e (voleanic) L 3 3 N
1 Nota: Many tand-izs fragmants in Section 2, 92 om ars .g B
=4 erushad pieces of carbonate cement. z Ba ,*
=4 i
a4l 4 7
[AM 5
b

piialy
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SITE 467 HOLE CORE 91  CORED INTERVAL 8515-861.0m SITE 467 MHOLE CORE 92  CORED INTERVAL 861.0-870.5m
E FOSSIL 2 FOSSIL
" ; CHARACTER " ; CHARACTER
AR E S g |z = z|l o
Ee |22 K S| E @ MEIEE ] &
! % 58| E g Gl E | ueloey ; LITHOLOGIC DESCRIPTION < § EE A g 3 LITHOLOGIC DESCRIPTION
3 -
e HHHHEEE B e HE I HEEE ESl
g L A 2 g E
S |§ 2|32 E = HETETH =
- S = |8 3 = |[2|2|2]|a 3
; o -1
! = 7 i NANNOFOSSIL CLAYSTONE AND CLAYEY NANNOFOSSIL
T :::::Ftlnml. cl.l.::s.::u.: In;:: clt:vzvl:::;?msslt oz . T CHALK, alive gray (5Y 3/2] and yellowish ory [BY 7/21 10
hindasipd chlme grey i 0.5 light live gray I5Y /21, thologic changes gradational,
- changa fram one lithalogy to next is gradational and siternates & E 1 F 1 i - ik = e
FeR e, Lasii : Sceed 1 g g 1 ~ T alternating larinated and busrowed sone: dolomitio
iy ¥ X - - 3 in places. Thin layer of carbonate-cemented SANDSTONE
T RN cOTImAn AN Mo s § % 1.0—-: H basa Saction | compossd of angulsr quartz and fekdyper and
-4 N — contains stump fold, Frogment of black, vitreaus noduler
ﬂ- ORGANIC CARBON mrrg CARBONATE E : -1 ] - Chert nodule auartzese CHERT at 120 em oceurs in chalic,
= oo
T % Organic Carbon 198 H - B
! I % Cal0y L1 g B Iml —————
SMEAR SLIDE SUMMARY
440
{1+1]
TEXTURE:
Sand 55 SITE 467 HOLE CORE 83 CORED INTERVAL  870.5-880.0 m
w — it - E FOSSIL
ﬁ W conrosmo; g |2 s
Bt E Qusrtz ! A § e & 'g HEE gl GRAPHIC LITHOLOGIE DESCAIPTION
= W1 Lorme back-fitled Faldupar ™ HEE EE 5| E | urHology
b} b Heavy minerats [ Eal § 3% "= 4
= | |3 8 H
g Clay a0 O 1 H ; -3 1 E
H Pyrite 2 s |2 i|a E
Carbonate urdpee. 16 -
Cale. Nannofossits 52 . FOSS
n 5Y 372 CLAYEY NANNO IL CHALK, ollve gray (5Y 3/2)
0.5 o light olive gray I5Y 5/2), intenssly burrowed throughout
- with zones of lenticular becding.
i 1 .
T Mo Care-Catchar.
1.0~
L. SMEAR SLIDE SUMMARY
A a4
| ol
\ TEXTURE:
+ = Sand 5
Sil 0
+ H 56
L Lo ot w 'E COMPOSITION
carbanats- 2 sY 52 Quarte 6
o} cormented g art
H e -} Fuldpar 1
* Mica T
y - E Heawy minerals 3
: 8 lam| Clay B
s H g Pyrite 2
Carbonate unspec. 25
E Largs burrows Cale. Namnofossis 30
(5]
Large back-filled
3 burrows
Sharp ealor change
from brownish gray
4 to light olive gray
B
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SITE 467 HOLE CORE 94 CORED INTERVAL SITE 467  HOLE cORE 96 CORED INTERVAL 899.0-9085m
g FOSSIL o FOSSIL
sy ; CHARACTER § g CHARACTER
=ul2]3 |z MR z| w
= o =
‘8:'% §§ g é ﬁ 5 v sl LITHOLOGIC DESCRIFTION St §§ £l § HE Bty £ LITHOLOGIC DESCRIPTION
e HHEEHBEE SR g% 3 é:
S RHHEE S HEHEE £
2 [5]3]2]3 MHEHHE IE
B -
CLAYEY NANNOFOSSIL CHALK, yellowish gray [5Y 7/21 3 | . CLAYEY NANNOFOSSIL CHALK grading to
z 05 and light olive gray {5Y 5/2) to maderate brown [5YR 3/}, 0.5 | (CALCAREOUS) Nmrnt:‘ﬁl.nuvtma
F Ieriticular bedding and extentive burrawing throughaut; dalamitic - Sk ol S 1R A7), Burromnd et
3 4 o —4 letbcular bedding and cocasional laminations, Thin
H in places. Layes of carbanate-camented SANDSTONE Section 1, = L5 = [T+ ayer of calcite-camantsd GLAUCONITIC SANDSTONE
w3 1] ::_95 cmi, Thin 1 cm thick | foraminiler sand Section 2, B6~63 g i3 : iy P am gty prsbismanety
g B ' H o | ) Scattered spunge fragments throughout core.
= w|? B | ki
: g i w— i ORGANIC CARBON AND CARBONATE
i i 178
215 g E y - | T % Organic Carbon 118
= : gy s % CaCOy 28
2 m = [
=
S o
§ 2 S |3 = H ovawT SMEAR SLIDE SUMMARY
E 2| == ] ; 120 288 383
E B o o) M
L B s r TEXTURE:
B cC S Sand - 5 &0
4+ | sin w2 18
J— Clay 0 83 35
e | COMPOSITION:
S an Ouariz & W 4
a| I3 | Faldspar ™ 2 1
SITE 467 HOLE CORE 9  CORED INTERVAL 889.5-899.0m —_—‘-! Mica - TR 1
2 FOSSIL N —m I | ;-"mmmh a n-o 2:
§§==;M!Rs' 4 T L e G 22 %
2 E P Pyrite 3 3 -
=tlEs|E z z HE LFT?'ITJPI:::EY LITHOLDGIE DESCRIPTION B cc| | E | Sandy layer 234 % % W
¥> " a ] ; g #l2 g 4 Cale Nannofomih 30 6 —
g = oF 2 !
g g H H b of i SITE 467 HOLE CORE 97 CORED INTERVAL 908.5-918.0m
- & FOSSIL
w |2 | CLAYEY NANNOFOSSIL CHALK, yellawish gray (5Y 7/2), . |IE CHARACTER
g 2 1 'i lerticular bedding and burrows throughout, Medium gray (NS 2 E ] ? z| @
B CLAYEY LIMESTONE at hase of core. Thin {3 mm thick B |BUlE] = a| = GRAPHIC o
2 E 14 sy fuyie 5t BB o, E :§ £ § ; g - E LITHOLOGY q, LITHOLOGIC DESCRIPTION
=) - - 3 w| =
= N Core-Catchar, £ |3 g % 1k E g
H = |2]2|2]5 5
(CaL CL with
3 thin interbeds of carbanate-cementod SANDSTONE
a5 marked. Claystone i midium alive gray [5Y 4/2),
with soma lenticulsr bedding and abundant burrows,
Sandstone iy medium dark gray (N4), line-graned
z compased of anguler quartz, feidspar and foraminifers in
E - Soonge carborats cament. Sandstone/claystone contacts
s ragmants gradational and twa lithologhes oftan mixed by
w | Ibamrrowing |ag. Section 4 and Core-Catchar). Scattered
5 sponge fragments throughaut with distinet concantration
2 k In Section 1. 112 cm.
=
N SMEAR SLIDE SUMMARY
167 225
§ ; ™, T (D)
TEXTURE:
B Sand no
Sine 1% 4
Cay 1B 85
COMPOSHITION:
Cuartz w 2
Feldspar s TR
Hery minerals 6 =
Clay = 50
Glauconite 1 -
Pyrite ? 3
Carbonate unspec. 10 30
- Sandstona filling Forarminifers 8 =
umrows Caie. Nannotomily - 15
Lithie fragments
lincluding chart) 12 —
Mined sandstone
B and elaystone with
sanddztone fitling
burrows.
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SITE 467 HOLE CORE 98 CORED INTERVAL 918.0-9275m SITE 467 HOLE CORE 100 CORED INTERVAL 937.0-8465m
2 FOSSIL & FOSSIL
i~ ; CHARACTER o E CHARACTER
8 l=ul2l2]e Zl@ g |= ale z| w»
W o R swl2 =
'f':;: CE E E é £l E Pirity Lo 5 e UITHOLOGIE DESCRIPTION e Eé g ] é g g AR L g LITHOLOGIC DESCRIPTION
w E z "
A HEHHEHE HHE A HHHL NG Eged
= le ] < = i L= = =
g [§]F[3]2 3 ERHEHE Tt
i | B [ 1
4+ 'y
 r— CALCAREOUS NANNOFOSSIL CLAYSTONE,
1= NANNOFOSSIL (CALCAREOUS| CLAYSTONE, El. | ‘ alive gray {5Y 4/1) to yellowish gray (BY 7/1),
o_g—__._ Sency ofive gray (57 471) 1o yelbowish gray [5Y 7/2) — 05— burrawed thoughout, Thin layer of CAL
L s = | e N Y T ety F3 T | CLAYEY SILTSTONE in Saction 2 hus sharp lower
l-o:.....l_ “ et it af vl gy g B and upper comtacts. Sandy burrow Nilings below sitstone,
B | [NS) sandy ciay probably were once sandstons layers 5 AM| 10 w*
z o | 1 by Contorted beddi w3 A CARBON AND E
£ —m jump foids in b tiase Section 4, g 2 bt
=4 ] slump in claystone base jon 4, S = | { % Organic Carbon 113
w B - B EARBON A H % CaCOy 45
z|2 += l i w 3 i
g 3 et i * il a = | SMEAR SLIDE SUMMARY
2 i 1 % Organic Carbon - &3 . ' 2104
3 p I Sandy % CaCOy 7 =3 = ti ™
a 2 I y ] 2 . | TEXTURE:
] — 1] [ § - Sand L]
= é AP -+ 5 sty &
Pl F— Clay E
‘g iy - [ I COMPOSITION:
i T | | Quartz 20
= 0| e i i 3
P | Mica 1
et Heavy minarals 2
i Clay 40
3 P . | | Sand Glaueonits -
‘:—I"'| Carbonate urdpec, 30
o e |
g =
s
p=s |
|
B SITE 467 HOLE CORE 101 CORED INTERVAL 8465-856.0 m
4 B l Ll b = SSIL
S s ﬁ hedding - E CHARACTER
= shumnp g |z ry @
B| [ - | T o R ABE z|.2
|2 =l GRAPHIC
15 'éé % g : ElE LiTHOLOGY . i LITHOLOGIC DESCRIPTION
-3 s - -
SITE 467 HOLE CORE 99 CORED INTERVAL 827.5-937.0m £T1E (3] 8|z 3 al= =
g FossiL [ S ERHEHEE 3
£ CHARACTER
% |3 s i
- M EEE HE- = 5 I 1'
N EHE 2| & GRAPHIC fTHO i . CALCAREDUS NANNOFOSSIL CLAYSTONE,
JE|=R|E H 5 § LiTHOLOGY e g bbbt s 051 | | sY AN olive gray {5Y 4/1) to yellowish gray (5Y 2/1),
= E g ; g 8 = w .g . T burrowed with lenticular bedding snd sbundant
F E 8 1| burrows 85100 em. Carbonats content varisble -
% s ; g g 3 ! 5 . ! darkar color — more clay. Scattered sponge
1 : 1.0 J + Pt fragmants 0—70 em,
[ £ NANNOFOSSIL (CALCAREOUS) CLAYSTONE, olive gray g 3 f
¥, I5Y 4/1) and greenish gray [5GY 6/1) with yellowish gray = . I svan
. (Y 7/11 and brownish gray (5YR 4/1) mattles, i 3 1t
1 — 2 altamating burrowsd zones end zones of burrowed) EE‘ =
1 1 l /Q_ lenticular bedding. Slump folds comman bae Section 1,
0 B [ Swmp folds top Section 2, Scattered spange fragments Section 1
. 3 “+ CARBON TE SITE 467 HOLE CORE 102 CORED INTERVAL 956.0-965.6m
z -} ) 148 247 m ey
5 4 H+ :2'.;""‘ Carbon ‘2"55 x::m ” g CHARACTER
] | 4 St folds 4 R EMOBE HIF
w 2 - B ] = -
- P SMEAR SLIDE SUMMARY - EIHEE A e LITHOLOGIC DESCRIPTION
3 Z8 b LITHOLOGY
g E 130 il o B Y g gl = 2
H 21 o} £ |5 |2
g 4 ] ::Tun& @ § = g H
8 — sint 10
g2 ] N P
= {~ Abundant Clay 90 B CALCAREOUS CLAYSTONE, dusky yellowish brown
E | 'E mall burrows COMPOSITION: g s (10YR 2/2) to olive gray (5Y 4/1), faint laminations/
7 Cuartz 3 S 1 05 leriticular badding, common burrows, Burrows ot
-1 | Faldspar 2 - | Sand-tilled 8284 cm filled with sand. Patches of medium gray
| 1 Mica TH ] 8 ‘ burrows N4} calcareous SILTY CLAYSTONE st base of core.
= i Heawy minerm 1 a in Sondy
3 g Clay a0 = No Core-Catcher.
. Glauconite ™R
- [ Carhanate unipc. 20
. Foraminifers 4
- [ Cale, Nannofossil 0
- T Sponge spicules TR
B| kc| A | ]
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SITE 467 HOLE CORE 103 CORED INTERVAL 965.5-975.0m SITE 487 HOLE CORE 105  CORED INTERVAL 8845-984.0m
o FOSSIL FOSSIL
@ ; CHARACTER - CHARACTER
- EMAE B g |sulg]2 z| 2
. o| =
‘f = E ElE g '5- ¥ qﬁiﬁmm LITHOLOGIC DESCRIFTION ft ElE § g £l ® Lfr':‘ﬁl_'gg‘, LITHOLOGIC DESCRIPFTION
z|:8|% z 5 E LiTHoLOGY |y § e L < g ¥ E -
A HHEHHBEE 4 N HEH G +FE
il A HHHE THH i MHHEHE +EH
f + | 10¥R 212
= s CALCAREOUS SILTY CLAYSTONE, dusky yellowish w|= i CALCAREOUS SILTY CLAYSTONE, dusky yeliowish
o 12 1] - brewe {10YR 2421 1 yetiowish gray (B 7/3), faintly z|s I | urrows back filled it vl
= == s 110 with sardy st Terown (10YR 2/2), dark olive brown (6 3/6] 1o
E |aminated in parts, rect of core it moderately burrowed § = [ o dusky yellaw (S E58), b with faint
3 2 T with faint lenticular bedding. Carbonate cantant varlabla H ; fo e o A wm;m"m“'“’lw wav‘ ; e
& e "":"'I" W'Y"" i eade: Thin ":";.:' macium b B i 5Y 6/ gray [N4] CALCAREOUS SANDY SILTSTONE at
e} | gray (N4) SANDY SILTSTONE Sectian 1,23 cm. a N S i sty
2 = Scattered sponge fragments H
- H T N Cire Cabchiar, Mo Core-Catcher,
% . CARBON AND CA CARBON B¢ TE
! 110 -
i % Organia Carbon 208 :nw; Carbon z
T % CaCOy 18 ey
SMEAR SLIDE SUMMARY
Fhe 148
i L}
g TEXTURE: ' SITE 467 HOLE CORE 106 CORED INTERVAL 994.0-10035m
Sand - 2 FOSSIL
Silt 2 5 E CHARACTER
Clay 75
CORMPORITION; 4 -AHAE §|E | Lomwmc LITHOLOGIC DESCRIPTION
Ouartz 10 ‘228 3 E E 5| 5 | vHoLogy
wd | = w 2
Foldspar 1] 1 Ilg|2 g Bl = |
Mica ™ ol |3 g als !
ey mineras 1 & | Z|8
Clay 75 .
Carbanate g 9 o
£ Intarbecded CALCAREOUS SILTY CLAYSTONE
: o [ yYe— AND CAL SILTY 3
w 3 burrows Claystane it pale brown {5Y R 5/2) to dusiy brown
67 104 975.0-9845 m & Driiling breceia {SYR 272, fuintty burrawed with intervals of
SITE c HO:.:WL CORE CORED INTERVAL \§ : ot il iRdombia
= H and claystone. Sandstona ks madium gray (N4} and
- 5 FHARMETER u I* m:’“‘mi‘:z:’“‘w" oecurs 34 very thin interbeds, Most sandstane/
8 lz.lel2 ! gl 2 o claystone contacts ane burrowsd and gradational,
A EHEE = e LITHOLOGIC DESCRIPTION g Sharp contacts for sanditone Section 1, 24 om.
wd g~ H g 5 gl g oLe6Y | 8 ‘Salstone and claystons slightly calcarsout,
= ; g =
F |8 H E 5 2 SMEAR SLIDE SUMMARY
8 § L g 5 = ¥ 5 - Sand-illad burraws 27
] (o)
] H
- - =1 CALCAREDUS SILTY CLAYSTONE, dusky yellowish cC) TEXTURE:
B 05 A brown (10YR 2/2) 1o yellowith gray (5 7/21, faint Send =
— ] larninations near top Section 1, lenticular badding Sl 3
w 3 . Section 2, 45115 om, moderatsly burrowed. Scattered gt.:\r..‘m‘now-
g 3 E sponge fragmenti. g N
= e [} RGANIC CARBON AND CARBONATE ?wm 5
=] ] 4 oG o ! Mics TR
8 2 it - % Qrganic Carban 166 Hawey minarsts 4
g ] } - U
— el
? ! Pyrite 2
: Carbonate u VSPEC, ]
3 Foraminifers 2
2 = & Cale. Nannolossils ]
fa i+
B 31 ! t
cc| {
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HOLE CORE__ 107 CORED INTERVAL 1003.5-1013.0m

6L

ITE 467 SITE 467 HOLE CORE 109 CORED INTERVAL 1022.5-1032.0 m
] FOSSIL 2 FOSSIL
= E CHARACTER & g CHARACTER
M EMAE 2 R EMAE Zl e
A EHEIE g ,5. w GRAPHIC LITHOLOGIC DESCRIPTION et~ .‘%S HF § 2|18 GRAPHIC b LITHOLOGIC DESCAIPTION
HEHEE E| E | umoloey |, L EHEHNE G| & | umowosy 2l
o - u = -
712755 2|8) |%) % ES 7127 552 (8] (%) F SSEY 2
R HE £ +H 18 1513]8]3 FEH
-3 A EAN g = [ [ E Z =
- yl Thi
w2 |pe | | e oo SILTY CLAYSTONE, grayish brown (5YR 3/2
z z | ‘ i with comenan faint lami and BILTY CLAYSTONE, dusky brown (5YR 2/2)
§ 5 I weatterad epange fragmenss. Contains thin lamine B 1o light allve gray (5% 5/2), moderately borrowed
g I aticns and interbeds of medium gray (N4} SILTY = with & zone of interss bedelng paraliel burmows
W SANDSTONE and comman sanes of sand filled z Section 2, 30-150 cm. Burrow filled with medium
a [ i burrows. Carbonats contant of sandston and clay: 5 gray INS) d SILTY
=} == M i lone is low. w | Filled Sandstons forms thin bad Saction 2, 104—119 cm.
= — contacts z Sand
3|2 &2 burgws Seatuered wonge frogments.
| i DRGANIC CARBON AND CARBONATE 3|8
1142 339 E | Sancly tayer
| % Orgeric Carbon~~ — 273 y | g
g | % CaC0y L] 3|z
F Photphatic/glauconiti =
{ awrn e © SMEAR SLIDE SUMMARY é
| i} Sarnd filled burrews 362 H
(o)
| Ml | sandtilted burrows TEXTURE & m’ﬁﬁ"é
,} Caleitn veins Sard 1 heviantiom
4 silt 2%
I m Clay 74
! i COMPOSITION:
| HH - Sand filked burrows Cuartz ]
Feldspar 5
| Mica 1 B
. Heavy minarals 1
73
i A ’ 2 HOLE 1032.0-1041.5 m
1|+ Sanc burrows Pyrite © FossIL
i Cacbonate unspec, 11 § |E CHARACTER
| R EMAE g
= ill = [22)8 i 5 ,5_ & GRAPHIC - LITHOLOGIC DESCRIPTION
HEFE R [ E| £ | uThowoey -
£5 [£53 ? 3lg] |4 4+
£ 1 =
SITE 467 _ HOLE CORE 108 CORED INTERVAL 1013.0-10225m A HEHE FEE
o FOSSIL I
% 5 CHARACTER | T Sanchfilled
g |2 r 2| o fbusrows CALCAREQUS SILTY CLAYSTONE, dusky brown
€ Eg HELE ol = GRAPHIC P T | 1t 5YR 2/2), burrowed throughout with several intarvals
' g g8 ; g H E = LITHOLOGY s of abundant burrows illed with carbanate-camaned
w3 |z H 3 g @l ¥ 3 8 | silty smnd. Two intervats of light olies gray (5 672}
2[5 |2 g £ = 5 CLAYEY LIMESTONE with gradational contacts.
& |2 & 3 £l i Carbonate s minos cement in claystane.
= » ORGANIC CARBON AND CARBONATE
z | | 2121 524
w | E SILTY CLAYSTONE, dusky brown (5YR 2/2) % Qrganic Carbon 116
H f Sand-filled to brownish gray (5YR 4/1), burrowed, Bumows i 5 )
E ‘ biirrows ot ~50—100 cm filled with madium biuish gray L q 3
H 158 6/1) carbonana-camanted vty sand. Dolomine .
E B is minar cement in chiystons _ | Abundant SMEAR SLIDE QUM‘:\; s
g = | e ©.7 (D)
g SMEAR SLIDE SUMMARY Y | Iburrows TERTURE: D.
- 128 w g = o
| Z|nN ] Sand 60
B o} r}
TEXTURE: & |+ siit I
Sand - 2] Gy W
s = H | | COMPOSITION:
Clay i 9 i a2
COMPOSITION: a | oal u’{:“" 7‘3‘ =
Quartz 8 8 =
Faldh Z|y Hewvy minerals ™ -
] par ] || Clay ;- P
Mi 1
m?w minerals 2 | Cartronate unspec. 5 0
Clay 73 Forsminifers B -
Gk " | " Lithic fragments 0 -
Carbonate unspec. 10 i .
| ;f S Naote: Spl. 1-42 [T} bs sandy burraw-fill.
| it
f + [ Caleite vaina
F[t
i
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SITE 467

Site 467

—150

80

r—-o cm

NO PHOTOGRAPH AVAILABLE

1,CC

2-3

24
2,C
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5-6

5,CC

SITE 467

6-1 6-2 6-3 6-4
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SITE 467

0

i Site 467

6-6




Site 467
m!

SITE 467
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SITE 467

Site 467

—0 cm

10-2 10-3 10-4 10-5 10-6 10-7 10CC 1141 11-2 11-3 114 1156

—150

84



SITE 467

11-6 11,CC 11?261C 131 13-2 133 13-4 - 135 - 13-6 13,CC 1441 14-2

85



SITE 467

Site 467
—0 cm L

=

—150 ’
14-3 144 14-5 14-6 14,CC  15-1 15-2 15,CC 16-1 16-2 16-3 164

86



Site 467
—0 cm

SITE 467

16-6 16-7 16,CC 1741 17-2 17-3 17-4 17,CC 18-1 18-2 18-3

387



SITE 467

[—0 cm

Site 467

18-4 18-5 18-6 18-7 18,CC

19-1 19-2 19-3 19-4 19-5 19-6 19-7

38



T T _Ic

T

1 | I I I i T T I T T I I

T

I

—125

T

—150

Site 467

201

—|
211

SITE 467

25-2
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SITE 467

—0 cm

Site 467

254 25 256 257 258 261 262 263 26,CC 271  27-2
25,CC



—0c

—150

27-3

27,CC

281

28,CC

291

SITE 467

29-2 29-3 294  29,CC

30-1

30-2 30-3

91



SITE 467

—0 ¢

—150

92

Site 467
m

NO PHOTOGRAPH AVAILABLE

30,CC

31

321 322 323 32CC 331

335

33,CC




SITE 467

—0 ¢

|5 S—

345 34,CC  35-1 35,CC  36-1 36-2 . 36-3 364
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SITE 467

—0 cm

—150

94

Site 467

36,CC

38,CC 39,CC 40-1

404 40,cC 411 41-2



—150

SITE 467

43,CC 4441
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SITE 467

—125

96



Site 467
m

45,CC

'447610' 481 482 483 48CC 491 49,C 501 50,CC  51-1

’

SITE 467

51-2

97



SITE 467

.54'1_

54-3 55-1 55-2 56-1
55,CC

54-2

562-3 52,CC 531
53,CC

52-2



T

Ocm

Site 467

SITE 467

582 583 584

57-5 57,CC  58-1
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SITE 467

—150

100

59-2 59,CC 601 60-2 60,CC 611 61,CC 6241 62,CC 631



—0 cm

SITE 467

68,CC
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SITE 467

—150

76-2 771 77-2 78-1 78,CC 7941 79-2 79-3 794 79-5

76-1

75-1
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SITE 467

Site 467
m

80-2

82-1

82,CC

83-1

83-2
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SITE 467

845 84,CC 851 85-2 85-3 854 8556 85CC  86-1
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SITE 467

—0 cm

Site 467
———

86-5

86,CC

87-

1 87-2 87-3 874 87-56

87-6 87,CC



SITE 467

Site 467

0cm

T

89-3 894 89,CC 901 90-2 90-3 90-4
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