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Abstract
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Sediments in the cores from the KONOD-1 area consist mainly of authigenic smectite and clinoptil-
olite, and terrigenous minerals of illite, chlorite, kaolinite, quartz, and plagioclase. The authigenic
minerals become dominant over the terrigenous minerals with increasing depth. Clinoptilolite occurs at
the deeper core depth because its formation is slower than that of smectite.

The vertical distribution of minerals indicates that the eolian influence, probably in the late Oligo-
cene, diluted the abundance of smectite in near-surface sediments. This vertical distribution pattern
may also have been affected by progressive dissolution of authigenic minerals in the near surface sedi-

ments.
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INTRODUCTION

Core sediments from the Korea Ocean
Nodule Development (KONOD)-1 area, nor-
theastern equatorial Pacific, consist mainly
of clays with a minor amount of biogenic ske-
letals (Jeong et al., 1987). Mineral analysis
shows that authigenic smectite and clinoptilo-
lite are important constitueunts as shown in
deep-sea sediments of the North Pacific (Aoki

et al., 1974).
Deep-sea authigenic minerals form by the
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alteration of volcanic debris after sediment
deposition (Petzing and Chester, 1979) and
the precipitation of hydrothermal fluids in
vesicles of basement rocks near the volcanic
centers (Haymon and Kastner, 1986). How-
ever, chemical and oxygen-isotope analyses of
smectite suggest that it forms by the low-
temperature reaction of chemical element
complexes in the sediment column (Aoki et
al., 1974; 1979; Anderson et al., 1976 ; Hein
et al., 1979). A large amounts of trace metals
are incorporated in the authigenic minerals
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(Hein et al., 1979). Formation of authigenic
minerals takes place in different time stages
depending upon mineral species; i.e., clinop-
tilolite forms after a long time later than smec-
tite forms (Kastner, 1979).

Long DSDP cores, piston and box cores
from the North Pacific show that terrigenous
constituents increase toward the surface due
to the prevalence of the wind (westerlies) in
Quaternary time (Anderson et al., 1976;
Kadko, 1985). The amount of eolian sediment
decreases as the distance from the continent
and the age of sediments increase (Griffin et
al., 1968 ; Rateev et al., 1969; Johnson, 1976;
Rea and Janecek, 1982). However, a detailed
study of the relative abundance of eolian sedi-
ments in the long sediment cores shows that
wind activity has changed with the geologic
time (Janecek and Rea, 1983).

This study documents the characteristics of
the vertical distribution of minerals in deep-
sea core sediments from the KONOD-1 area in
the northeastern Pacific. In this study, the
abundance versus core depth was determined
for smectite, clinoptilolite, illite, kaolinite,
chlorite, plagioclase, and quartz.

GEOLOGICAL SETTING

The KONOD-1 area is located in the nor-
theastern central equatorial Pacific, the west
side of the East Pacific Rise (EPR) between
the western terminations of the Clarion and
Clipperton fracture zones (Fig. 1). Fracture
zones dissect the sea floor in an east-west
direction from the EPR to the Line Islands
Ridge. These zones have been formed by
transform faults in the Pacific plate from late

15

5.

3°
160°W

1s0° 145 141°W

Fig. 1. Bathymetry (after Heezen and Tharp, 1978) and core sampling sites in KONOD-1 area. The depth unit is
represented in 100 tau (unit tau is approximately 1.88 m}. Black triangles are the core stations and the DSDP site 163.
Dots and line are manganese nodule sampling stations and seismic survey tack, respectively.
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Cretaceous to middle Miocene time (McKen-
zie and Morgan, 1969; van Andel and Heath,
1973). The Clarion fracture zone forms the
deepest structural lineation in more than 5 600
m of water depth in the north. On the other
hand, the Clipperton fracture zone makes a
shoaling linear topography shallower than
4,700 m of the water depth in the south
(Heezen and Tharp, 1978). Except for come
seamounts near the Line Islands Ridge, the
sea floor is relatively flat and deepens slightly
to the northwest in the water depth of more
than 5,000 m. According to Berger (1973), the
central equatorial Pacific, excluding the topo-
graphic highs, lies below the Carbonate Com-
pensation Depth (CCD, 4,500 to 5,000 m).
Although some fluctuation of the CCD has
occurred through geolegic time, water condi-
tions have been similar to those of the present
time during most of the Tertiary period
(Hayes et al., 1969; Lipps, 1969). Along the
central equator, a thick sediment bulge form-
ed on the sea floor because the nutrient-rich
Equatorial Countercurrent upwelling resulted
in high primary production in the surface
water. However, the central North and South
Pacific sea floor is covered with red and
brown clays containing rare fossils due to bar-
ren surface water layer (Hayes et al., 1969).
North from the equator, the calcareous com-
ponents of the sediments decrease gradually to
less than 10% in the KONOD-1 area (Huh et
al., 1984). The sedimentation rate also decrea-
ses depending on the biological productivity in
the surface water mass, from 17.5 mm/ 1,000
yrs near the equator to 2 mm/ 1,000 yrs in the
siliceous ooze and to less than 1 mm /1000 yrs
(0.1 to 0.3 mm/ 1000 yrs, Theyer, 1977) in the
red clay area (Listitzin, 1972). Although there
are some local patches of Quaternary sedi-
ments, most surface sediments are composed
of the late Oligocene radiolarian ooze or red
clay in the KONOD-1 area near the DSDP site
163 (Horn et al., 1973 ; van Andel and Heath,
1973).

In the Clarion-Clipperton fracture zones,
branches of the Antarctic Bottom Water flow
eastward through several passages in the Line
Islands Ridge (Normark and Spiess, 1976).
The mean velocity of the current is weak; less
than 10 cm/sec. However, Normark and
Spiess (1976) suggested that the currents were
strong sufficient to erode the bottom in glacial
ages. It appears that the current activity has
often been strong in the past in the southern
area of the KONOD-1 area (Jeong et al., in

prep.).
MATERIALS AND METHODS

Three piston cores (nos. K8304, K8310, and
K8315) were obtained in the KONOD-1 area
in December 1983 (Fig. 1). Core lengths of
K8304, K8310 and K8315 are 560 cm, 287 cm,
and 265 cm, respectively. Cores were sealed,
frozen and transported to the KORDI labora-
tory where the subsamples were taken mostly
at 40 cm-depth interval.

Grain-size analysis up to 12¢was carried
out using Sedigraph S000D auto-size analyzer
after removing organic and carbonate mate-
rials from the sediments in the solution of
30% H,0, and 0.1 N HCI.

For mineral analysis, two particle fractions
of less than 2 ym and between 2 and 20 #m
were separated by pippetting the fractions set-
tled in different settling time. Using procedure
suggested by Brunton (1955), Hathaway
(1956) and Gibbs (1965), 3 slides of non-trea-
ted, heated to 550°C, and ethylenglycol-trea-
ted samples of each sample were prepared for
the identification of the minerals on the X-ray
diffractograms (Biscaye, 1965). X-ray diffrac-
tograms were obtained by Nikel-filtered Cu-
Ka radiation of Phillips PW 1710 X-ray dif-
fractometer. The relative abundances of smec-
tite, illite, and the sum of kaolinite and
chloritg were obtained by the area of 17 1&, 4
x 10 A, and 2 x 7 A peaks on the diffrac-
togram of the ethyleneglycol-treated slide.
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Those of kaolinite and chlorite were identified
as the peak area of 3.57 xgx and 3.54 A at the
same ratio of the non-treated slide, respective-
ly. Other minerals in the powdered samples of
less than 2 #m and of between 2 m and 20 xm
were analyzed by peak heights. The peaks of
4.26 A 4.03 A and 8.9 A were respectively
assigned to quartz, plagioclase, and clinop-
tilolite.

SEDIMENT CHARACTERISTICS

The sediments consist mostly of very fine
clays. According to Munsell soil coior chart
(1975), the upper parts (K8304, 460 cm;
K8310, 140 cm; K8315, 240 cm depth) of the
core sediments are generally reddish brown
(10YR8/4~4/3), and the lower parts are
gray or deep gray color (10YR3/1~4/2,
2.5YR5/1~5YR4/1) (Fig. 2).

The brown color in the upper and gray col-
or in the lower parts of the cores are due to
oxidation of ferric oxide and reduction states
of ferrous oxide in the sediments (Lynn and
Bonatti, 1965). The oxidized sediment zone is
thick, more than 1 m, in the central Pacific
(Lyle, 1983).

The sediments are highly saturated with sea
water (water content, 135~ 240%, Huh et al.,
1984) and bioturbated with various shapes of
halo and simple burrows that are typical bur-
rows in the Pacific deep-sea sediments (Dona-
hue, 1971; Piper and Blueford, 1982). The
bioturbated parts are characterized by the
lighter color (light or pale brown). K8304 core
contained a small manganese nodule (less
than 2 cm) at 220 cm core depth (Fig. 2). Zome
of dissolved diatom and radiolarian fragments
and spicules were found on the smear slides.

The core sediments are similar to those des-
cribed in the Pacific manganese nodule fields
adjacent to the KONOD-1 area such DOMES
Sites A, B and C (Bischoff et al., 1979) and
Valdivia Site VA-13/2 (von Stackelberg,
1979).
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Fig. 2. Characteristics of KONOD-1 area sediment
cores. Color changes and burrows are presented (see text).
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VERTICAL DISTRIBUTIONS OF
MINERALS

Smectite

The relative abundance of smectite is 27 to
76% in K8304, 34 to 82% in K8310, 29 to 80%
in K8315. According to Aoki et al. (1974;
1979) and Hein et al. (1979), smectite in the
Pacific originates from an authigenic reaction
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in the sediments and is rich in Fe. Smectite in
the KONOD-1 area increases downwards at
expense of illite, chlorite and kaolinite (Fig.
3). Core K8304 shows that the smectite abun-
dance increases gradually to a depth of 250 cm
and is nearly constant below that. Smectite
abundance in K8310 increases abruptly at a
depth of 50 cm and then rather constant with
minor deviation to the bottom. This may be
due to sediment mixing by the biological ac-
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Fig. 3. Vertical distributions of minerals in the core sediments of K8304, K8310 and K8315.
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tivity and by bottom current activity as descri-
bed by Craig (1979) in DOMES Site A.

lilite

Illite makes up the surface sediment in the
cores from 48 to 54 % (Fig. 3). This abund-
ance is similar to the general concentra-
tion in the North Pacific where the content of
illite decreases as the distance increases from
the American continent (Griffin et al., 1968).
Illite decreases inversely with smectite to the
core bottom. Griffin et al. (1968) pointed out
that illite in the tropical zone of the North
Pacific becomes abundant in the surface sedi-
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ments because of the westerly wind prevailing
in Quaternary time (Griffin et al., 1968).

Kaolinite and Chlorite

The abundance of chlorite in the surface
sediment of K8304 is about 15% and decrea-
ses gradually to less than 3% below a depth of
200 cm. Kaolinite and chlorite in cores K8310
and K8315 are less than 10% (Fig. 3). Their
vertical distributions are reversed to that of il-
lite in each core.

Quartz and Plagioclase

In the KONOD-1 area cores, vertical distri-
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Fig. 4. Vertical distributions of silt-sized minerals of plagioclase and quartz. Clinoptilolite is presented both in clay- and
silt-size fractions. The abundances of minerals are identified by the peak intensities.
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bution patterns of quartz and plagioclase were
determined by examiring the X-ray peak hei-
ghts of clay- and silt-sized sediment fractions.
In K8304 core sediment, the peak height of
clay-sized plagioclase is relatively constant
through the depth (Fig. 3). However, the peak
height of quartz increases toward the top of
the core. Quartz and plagioclase of silt size are
variable in their peak intensities below 250 cm
but they increase upward (Fig. 4).

Core K8310 shows that the peak heights of
quartz and plagioclase are variable in the clay
fraction, however those of silt decrease to the
surtace (Fig. 4). Clay- and silt-sized plagio-
clases in core K8315 show rather uniform
peak heights with some variations with depth.
Quartz in both fractions increases toward the
top (Fig. 3 and 4).

Clinoptilolite

The diffraction peak of clinoptilolite in the
clay size fraction was found at depth greater
than 140 cm in K8304, and 60 cm in K8310
(Fig. 4). The peak intensities in silt size are
weaker than those in clay and detected only in
the lower core depth below the depth of 220
cm in K8304 and 120 cm in K8310. The abun-
dances of both clay- and silt-sized clinoptilolite
generally become higher toward the bottoms
of the cores. In K8315, the clinoptilolite peak
is identified only at a depth of 260 cm. Gene-
rally, the peaks of silt-sized clinoptilolite are
weaker than those in clay size.

DISCUSSION

In the DSDP site 163 core from the nor-
thwest of the KONOD-1 area, sediments are
of the late Oligocene in age (van Andel and
Heath, 1973) and the hiatuses are ubiquitous
for the last 50 m.y. (van Andel et al., 1976).
Horn et al. (1973) and Piper and Blueford
(1982) dated the ages of the sediments in the
DOMES Site A, included in the KONOD-1

area, as late Oligocene., The KONOD-1 area
sediments are thus postulated to be late
Oligocene in their ages.

In the KONOD-1 area cores, clay consti-
tuents are defined by increasing relative abun-
dance of smectite and decreasing illite, kaoli-
nite and chlorite with depths (Fig. 3). Accor-
ding to Aoki et al. (1974); 1979) and Hein et
al. (1979), smectite in the Pacific deep-sea
sediments are generally Fe-rich montmorillo-
nite. Chemical and oxygen-isotope analyses
on smectite indicate that its formation occur-
red at low temperature by chemical combina-
tion of Fe-hydroxide, silica and aluminum
during diagenesis. Pacific authigenic smectite
shows high Si/Al ratios (2.8 to 6.9) and
high Fe,O; (up to 18.4 %) in the DOMES
Sites and the North Pacific. In core sediments
from the KONOD-1 area, the high Si/ Al ratio
(3.0 to 3.6) and high Fe,O, content (mean, 7.2
%, Jeong et al., 1987) also suggest that smec-
tite occurring in the KONOD-1 area is the pro-
duct of authigenesis. Piper and Blueford
(1982) found abundant smectite in Tertiary
sediments in DOMES Site A. Hein et al.
(1979) suggested that Fe-oxihydroxide
originates from the EPR, and silica and
aluminum, from the dissolution of siliceous
biogenic remains. However, the Fe-oxihy-
droxide seems to be transported from the west
side or from the intraplate volcanisms near or
in the KONOD-1 area. Bischoff and Rosen-
bauer (1977) attributed the metalliferous
sediments with high iron content in the central
Pacific Mn-nodule field to submarine volcanic
activity in the Line Islands Ridge and in the
central Pacific intraplate. It appears that the
eastward-flowing branch of the Antarctic Bot-
tom Water (AABW) played a role in transpor-
ting Fe-oxihydroxide (Jeong et al., 1987).

As the core depths increase, clinoptilolite
appears and its abundance gradually increases
downcore (Fig. 4). Clinoptilolite is also an
authigenically formed deep-sea mineral of
zeolite group (Aoki, 1974; Kastner, 1979).
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The occurrence of clinoptilolite in deeper sedi-
ments than that of smectite suggests that the
diagenetic period to or clinoptilolite is lon-
ger than to form smectite (Venkatarath-
nam and Biscaye, 1971). Also ciinoptilolite is
distinguished from other zeolite by the high
Si/ Al ratio (larger than 4, Petzing and Che-
ster, 1979). Kastner (1979) showed that clin-
optilolite increases in older sediments and
then is most abundam in late Cretaceous sedi-
ments. In the DOMES areas, clinoptilolite
was rare or not found in box core sediments
with a penetration depth less than 50 cm (Hein
et al., 1979). This gives additional evidence to
the above facts. According to the chemical
study of the core sediments of the KONOD-1
area (Jeong et al., 1987), most chemical ele-
ments are depleted in the upper parts of the
cores due to the high oxidization state in up-
per core sediments. KONOD-1 cores show
that the oxidized sediment zones are more
than 1 m deep (Fig. 2). This suggests that the
chemically-formed authigenic minerals may
be deteriorated due to dissolution of the sili-
ceous biogenic materials and metal oxides in
an environment of non-depostion or extre-
mely low sedimentation such as in the
KONOD-1 area. The above effects as well as
the increase of terrigenous detritus may cause
the relatively low abundance of smectite in the
near-surface sediments.

In the North Pacific, the amount and grain
size of quartz were both larger in the Eocene
to early Oligocene, late Oligocene, mid-Mio-
cene and Pliocene to Pleistocene times as glo-
bal aridities and glaciations enhanced (Jane-
cek and Rea, 1983). The age-depth backstrip-
ping of the Pacific plate beneath the DSDP
163 core shows that the plate passed the
equator and has been in the north equatorial
zone by the late oligocene (van Andel et al.,
1976). The relative abundance of smectite and
peak heights of quartz are in an apparent in-
verse relationship (Fig. 5a). Several studies
(Windom, 1968; Theide, 1979; Janecek and
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Rea, 1983) showed that quartz grains were
derived from the America continent desertic
areas and transported into the Pacific Ocean
by the westerlies. The relationships between
the peak heights of quartz and plagioclase,
quartz and illite in this study suggest that they
are evidently of continental in origin (Fig. Sb
and ¢). A sediment-trap study in the Pacific
shows that illite, kaolinite, chlorite, quartz
and plagioclase originated from the America
continent (Honjo et al., 1982).

The vertical variations of plagioclase most-
ly correspond to those of quartz (Fig. 4).
Compared with quartz grain sizes, plagio-
clases both in clay and in silt fractions are less
in amount than quartz (Fig. 5b). Clay-sized
plaglioclase is mostly in the peak height less
than 40. This suggests that the resistence of
plagioclase to alteration is weaker than that of
quartz grains and that plagioclase particles are
subsequent to quartz in the eolian constituent
(Heath, 1969; Johnson, 1976). However, illite
is mostly clay size with less than 40 relative
peak heights, whereas quartz is silt size (Fig.
5c¢). It may be that quartz has been transpor-
ted in silt grains during occasional wind
storms as in other Pacific areas (Bonatti and
Arrhenius, 1965; Gillette and Walker, 1977).
Gillette and Walker (1977) found that the par-
ticles between 1 to 10 micron are dominantly
transported to the Pacific Ocean by the wind.

CONCLUSIONS

The core sediments of the KONOD-1 area
show that the minerals of sediments consist of
authigenic and eolian constituents. The authi-
genic minerals dominate the eolian as the core
depths increase. The occurrence of clinop-
tilolite in the deeper sediment depth provides
evidence that the formation of clinoptilolite
takes longer time than the smectite formation.
The sediment characteristics are preferable to
form smectite and clinoptilolite because of
the dissolution of siliceous biogenic remains in

the sediments.

The high abundance of eolian components
in the near-surface sediments of the cores may
be due to the wind activity in the late Oligo-
cene time in the equatorial Pacific. The segre-
gation pattern of illite and quartz grains sug-
gests that illite has been transported by the
normal westerlies of the wind, whereas the
quartz grains, often by the wind storms in ad-
dition to the westerlies. It also suggests that
the active release of chemical elements to the
ambient seawater through the dissolution of
the near-surface biogenic sediments and metal
oxides may be responsible for the low relative
abundance of smectite in the tops of the cores.

ACKNOWLEDGEMENTS

This study was carried out by the support
of the Basic Research Program (grant no.
BSPE 00066-99-5) of the Korea Ocean Rese-
arch and Development Institute (KORDI). We
would like to thank the officers and crews of
the R/V Kana Keoki of Hawaii University for
helping to operate the core sediment sampler.
Illustrations were prepared by Mr. S.J. Kwon
and Mr. L.S. Yoo. Dr. J.D. Howard of Skida-
way Institute of Oceanography gave a lot of
helpful comments on this manuscript.

REFERENCES

Anderson et al., 1976. Geochemistry and diagenesis of
deep-sea sediments from leg 35 of the Deep Sea Dril-
ling Project. Nature, 261 (5560): 473-476.

Aoki, S., N. Kohyama, and T. Sudo. 1974. An iron-rich
montmorillonite in a sediment core from the northe-
astern Pacific. Deep-Sea Res., 21: 865-875.

Aoki, S., N. Kohyama, and T. Sudo. 1979. Mineralogical
and chemical properties of smectites in a sediment
core from the southeastern Pacific. Deep-Sea Res.,
26A: 893-902.

Berger, W.H. 1973. Cenozoic sedimentation in the eas-
tern tropical Pacific. Geol. Soc. Am. Bull., 84:
1941-1954.

Biscaye, P.E. 1965. Mineralogy and -edimentation of re-
cent deep-sea clay in the Atlantic Ocean and adja-
cent seas and oceans. Geol. Soc. Am. Buil., 76:
803-832.



128 S.J. Han, K.S. Jeong, D.H. Shin

Bischoff, J.L. and R.L. Rosenbauer. 1977. Recent metal-
liferous sediment in the north Pacific manganese
nodule area. Earth and Planet. Sci. Lett., 33:
379-388.

Bischoff, J.L., G.R. Heath, and M. Lienen. 1979. The
geochemistry of deep-sea sediments from the Pacific
manganese nodule province: DOMES sites A, B,
and C. In: Marine Science 9. Marine geology and
oceanography of the Pacific manganese nodule pro-
vince. Bischoff, J.L. and D.Z. Piper, editors, Ple-
num Press: p. 375436.

Bonatti, E. and G. Arrhenius. 1965. Eolian sedimentation
in the Pacific off northern Mexico. Mar. Geol. 3:
337-348.

Brunton, G. 1955. Vapor pressure glycolation of oriented
clay minerals. Am. Mineralogists, 40: 124-126.
Craig, J.D. 1979. Geological investigation of the equato-
rial north Pacific sea-floor: a discussion of sediment
redistribution. In: Marine Science 9. Marine geology
and Oceanography of the Pacific manganese nodule
province. Bischoff, J.L. and D.Z. Piper, editors,

Plenum Press: p. 529-557.

Donahue, J. 1971. Burrow morphologies in north-central
Pacific sediments. Mar. Geol., 11: M1-M7.

Gibbs, R.J. 1965. Error due to segregation in quantitative
clay mineral X-ray diffraction mounting techniques.
Am. Mineralogists. 50: 731-741.

Gillette, D.A. and T. Walker, 1977. Characteristics of
airborne particles produced by wind erosion of san-
dy soil, high plains of soils. Jour. Geophys. Res.,
79: 4068-4075.

Griffin, J.J., H. Windom, and E.D. Goldberg. 1968. The
distribution of clay minerals in the world oceans.
Deep-Sea Res., 15: 433-459.

Han, S.J. and B.C. Suk. 1984f. Geological characteristic
of the deep-sea manganese nodules and their associ-
ated sediments in the north equatorial Pacific. Bull.
KORDI., 6(1/2): 21-29.

Hathaway, J.C. 1956. Procedure for clay mineral analysis
used in the sedimentary petrology laboratory of the
U.S. Geol. Surv. Clay Min. Bull., 15: 8-13.

Hayes J.D., T. Saito, N.D. Opdyke and L.H. Burckle.
1969. Pliocene-Pleistocene sediments of the equato-
rial Pacific: their paleomagnetic, biostratigraphic,
and climatic record. Geol. Soc. Am. Bull., 80:
1481-1514.

Haymon, R.M. and M. Kastner. 1986. The formation of
high temperature clay minerals from basalt altera-
tion during hydrothermal discharge on the East paci-
fic Rise axis 21° N. Geochim. Cosmochim. Acat,
50: 1933-1939.

Heath, G.R. 1969. Mineralogy of Cenozoic deep-sea sedi-
ments from the equatorial Pacific Ocean. Geol. Soc.
Am. Bull., 80: 1997-2018.

Heezen, B.C. and P.M. Tharp. 1978. Bathymetric map of
the northeast equatorial Pacific Ocean, 1: 5,000,000
Map 1-1095, Miscellaneous investigation ser.,
U.S.G.S.

Hein, J.R., H-.W. Yeh, and E. Alexander. 1979. Origin

of iron-rich montmorillonite from the manganese
nodule belt of the north equatorial Pacific. Clays
and Clay Minerals, 27(3): 185-194.

Honjo, S., S.J. Manganini, and L.J. Poppe. 1982. Sedi-
mentation of lithogenic particles in the deep ocean.
Mar. Geol., 50: 199-220.

Horn, D.R., B.M. Horn and M.N. Delach. 1973. Copper
and nickel content of ocean ferromanganese depo-
sits and their relation to properties of the substrate.
In: Papers on the origin and distribution of
maganese nodule in the Pacific and prospects for
exploration. M. Morgenstein, editor, Haw. Inst.
Geophys.: 71-76.

Huh, H.T., S.J. Han et al., 1984, A study on the deep
seabed mining. II. Cruise report, KORDI internal
report, BSPG 00022-83-5, 252p.

Janecek, T.R. and D.K. Rea. 1983. Eolian deposition in
the northeast Pacific Ocean: Cenozoic history of
atmospheric circulation. Geol. Soc. Am. Bull., 94:
730-738.

Jeong, K.S., S.J. Han, and J.K. Kang. 1987. Distribution
characteristics of chemical elements in core sedi-
ments from the northeastern equatorial Pacific
(KONOD-1 area). Ocean Res. 8(2): 1-15.

Jeong, K.S., S.J. Han, and S.R. Kim. (in prep.). Acoustic
stratigraphy and sedimentation processes in the
KONOD-1 area between the C-C fracture zones,
northeastern equatorial Pacific.

Johnson, L.R. 1976. Particle-size fractionation of eolian
dusts during transport and sampling. Mar. Geol.,
21: M17-M21.

Kadko, D. 1985. Late Cenozo'c sedimentation and metal
deposition in the north Pacific. Geochim. Cos-
mochim. Acta, 49: 651-661.

Kastner, M. 1979. Zeolite. In: Marine Minerals, R.G.
Burns, editor, Chapter 4. Miner. Soc. Am. Short
Course Note, 6: p. 111-120.

Lipps J.H. (1969) Tertiary plankton from the Clipperton
fracture zone, equatorial east Pacific. Geological
Society of America Bulletin, 80, 1801-1808.

Listitzin, A.P. 1972. Sedimentation in the world ocean
emphasis on the nature, distribution and behaviour
of marine suspension. SEPM. Spec. Publ., 17:
218p.

Lyle, M. 1983. The brown-green transition in marine sedi-
ments: a marker of the Fe(Ill)-Fe(ll) redox boun-
dary. Limnol. Oceanogr., 28: 1026-1033.

Lynn, D.C. and E. Bonatti. 1965. Mobility of manganese
in diagenesis of deep-sea sediments. Mar. Geol., 3:
457-474.

McKenzie, D.P. and N.J. Morgan. 1969. Evolution of
tripple junctions. Nature, 224: 125-133.

Munsell. 1975. Soil color chart. MacBeth div. of Koll-
morgen Corp. Valtimore, Maryland.

Normark, W.R. and F.N. Spiess. 1976. Erosion on the
Line Islands archipelagic apron: effect of small scale
topographic relief. Geol. Soc. Am. Bull.,, 87:
286-296.

Petzing, J. and R. Chester. 1979. Authigenic marine zeo-



Minerals in the Core Sediments from the KONOD-1 129

lite and their relatioaship to global volcanism. Mar.
Geol., 29: 253-271.

Piper, D.Z. and J.R. Blueford. i382. Distribution, mine-
ralogy, and texture of manganes nodules and their
relation to sedimentation at DOMES site A in the
equatorial north Pacific. Deep-Sea Res., 29(8A):
927-952.

Rateev, M.A., Z.N. Gorbunova, A.P. Lisitzyn, and G.L.
Nosov. 1969. The distribution of clay minerals in the
oceans. Sedimentology, 13: 21-43.

Rea, D.K. and T.R. Janecek. 1982. Late Cenzoic changes
in atmospheric circulation deduced from north Paci-
fic eolian sediments. Mar. Geol., 49: 149-167.

Theide, J. 1979. Wind regimes over the late Quaternary
southwest Pacific Ocean. Geology, 7: 259-262.

Theyer, F. 1977. Micropaleontological dating of DOMES
project box cores from test areas A and B, tropical
Pacific. In: Deep Ocean Mining Environmental
Study: geology and geochenistry of DOMES sites A,
B, and C, equatorial north Pacific. D.Z. Piper,
editor, U.S. Geol. Surv. open-file report. p. 77-778.

Van Andel Tj. H. and G.R. Heath. 1973. Geological re-
sults of Leg 16: the central equatorial Pacific west of
the East Pacific Rise. In: Initial Report of the Deep-

Sea Drilling Project, van Andel, Tj. H., G.R. Heath
et al., editors, U.S. Govt. Printing Office, 16:
937-949.

Van Andel Tj. H., G.R. Heath and T.C. Moore, Jr. 1976.
Cenozoic history of the central equatorial Pacific: A
synthesis based on Deep Sea Drilling Project data.
In: The geophysics of the Pacific Ocean Basin and
itsMargin. G.H. Sutton, M.H. Manghnani and R.
Moberly, editors, and E.U. McAffee, associate
editor, Geophysical Monograph. 19, American Geo-
physical Union, p. 281-296.

Venkatarathnam, K. and P.E. Biscaye. 1971. Deep-sea
zeolite : variations in space and time in the sediments
of the Indian Ocean. Mar. Geol., 15: M11-M17.

Von Stackelberg, U. 1979. Sedimentation, hiatuses and
development of manganese nodules: Valdivia site
VA 13/2, northern central Pacific. In: Marine Sci-
ence 9. Marine geology and Oceanography of the
Pacific manganese nodule province. Bischoff, J.L.
and D.Z. Piper, editors, Plenum Press: p. 559-586.

Windom, W.L. 1969. Atmospheric dust record in perma-
nent snowfields: implications to marine sedimenta-
tion. Geol. Soc. Am. Bull., 80: 761-782.

Received March 9, 1987
Accepted July 18, 1987



