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ABSTRACT

Analysis of the distribution of major components and heavy metals in a section of post-Jurassic deposits of
southern Hess Rise (Deep Sea Drilling Project Site 465), the results of processing analytical data by factor analysis, in-
terpretation of information on mineralogy and lithology of sediments, and evaluation of rates of component accumula-
tion enable distinction of the main stages in the geochemical history: (1) Late Albian-early Cenomanian (early oceanic),
in which the accumulation of mostly shallow-water carbonate sediments of turbiditic nature enriched in organic matter
and volcanogenic materials was proceeding; the sediments are characterized by maximally high contents of Fe, Mn,
Si0,, Al,0O;, and associated heavy metals, present in the form of basaltic volcaniclastic material and, to a lesser extent,
hydrothermal and exhalation products and materials of their post-sedimentary transformation (smectite, hydromica,
Mn-Fe-Mg-carbonates); extremely high rates of accumulation of components are representative of this given stage. (2)
Late Cretaceous (middle Cenomanian-late Maastrichtian), in which the accumulating sediments were considerably
eroded along some hiatuses (middle Cenomanian-middle Turonian; late Coniacian; early Campanian); during the
Cenomanian-Coniacian, this region is assumed to have been in the subequatorial zone of high biological productivity,
within the general northward movement of the Pacific Plate (Lancelot and Larson, 1975; Lancelot, 1978; van Andel,
1974). Considering geochemical features, the sediments of this stage are similar to biogenic carbonate pelagic oozes of
the open ocean. (3) Early Tertiary (early-late Paleocene), in which the beginning of the Tertiary is characterized by ac-
cumulation of carbonate nannofossil oozes admixed with siliceous remains; sedimentation was proceeding in the north-
ern oligotrophic zone of the Pacific Ocean. (4) Tertiary-Quaternary, in which foraminifer-nannofossil pelagic oozes
with geochemical features typical of these varieties were accumulated; during the Eocene-Pliocene biogenic carbonate
sedimentation was repeatedly disturbed by hiatuses.

Thus, the established geochemical stages of post-Jurassic sedimentation of the region reflect, as a whole, the evolu-
tion of post-Jurassic sedimentation in the central northwestern Pacific. It is noteworthy that although the timing of
events of these stages (for the Cretaceous particularly) for certain regions (Mid-Pacific Mountains, Nauru Basin, etc.)
are essentially different, the general tendency of geochemical evolution of the basins is common.

INTRODUCTION structural area, and their relationships with the general
evolution of geochemistry of post-Jurassic sedimenta-
Hess Rise is among the largest aseismic structures of tion in the central northwestern Pacific.
the central northwestern Pacific. It is located much
higher than the surrounding abyssal areas of the Pacific
Plate. Such disposition of the rise allows us to believe

that a relatively complete section of biogenic sediments

MATERIALS AND METHODS

This work was based on the data of chemical and mineral composi-
tion of sediments penetrated by Holes 465 and 465A. The studies were
carried out at the Geological Institute of the U.S.S.R. Academy of

can be developed in this rather shallow-water region (see
Site 465 report, this volume).

This paper is a continuation of the series of works on
the geochemical history of post-Jurassic sedimentation
in the central northwestern Pacific, based on sediments
penetrated during DSDP Leg 62 (see papers by Varent-
sov et al., on Sites 463 and 464, this volume).

As with the previous works, the objective of this
study is to elucidate the main features of the geochem-
ical history of sedimentation in the southern region of
Hess Rise, recorded in the chemical and mineral com-
position of sediments, on the basis of study of the
geochemistry of the major components, heavy metals,
trace elements, and data on mineralogy and lithology.

It should be emphasized that particular attention is
focused in this work on studying the local features of
the geochemical history of sedimentation in the given

1 Initial Reports of the Deep Sea Drilling Project, Volume 62.

Sciences, Moscow. The results of lithologic-mineralogical investiga-
tions of sediments are presented in other chapters of this volume.

A detailed description of methodological features of the studies
was given in our paper on Site 463 (Varentsov et al., this volume).

It should be noted that the determination of chemical components
of sediments was carried out at the Geological Institute of the
U.S.S.R. Academy of Sciences: major components by methods of
bulk analysis, heavy metals by optical emission spectroscopy, with the
use of international standards (Zolotarev and Choporov, 1978; Kirk-
patrick, 1979).

In order to exclude the diluting influence of carbonate and sili-
ceous components (and terrigenous components being present), and to
reduce the composition of sediments to a geochemically comparable
basis, the chemical analyses were recalculated to a clastic-free, silica-
free, carbonate-free basis (Varentsov and Blazhchishin, 1976).

The analytical data were processed by a computer (EC-1022)
(D. A. Kazimirov, P. K. Ryabushkin), following the program of fac-
tor analysis (R- and Q-mode; Davis, 1973; Harman, 1967).

The determinations used in interpreting the data of chemical
analysis of clay minerals in the <0.001-mm fraction are given in ac-
cordance with the data by Rateev et al. (this volume). In addition, all
chemically analyzed samples were studied as thin sections under the
microscope, and by diffractometry methods, with necessary treatment
for elucidation of their general composition (natural specimens).
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PARAGENETIC ASSOCIATIONS
OF COMPONENTS

Paragenetic associations of chemical components
were identified through the results of processing of
analytical data by the factor analysis method. Two types
of determinations were studied: (1) the data of the
chemical analyses presented in weight percent (air-dry);
(2) data recalculated to terrigenous-free, silica-free,
carbonate-free. The established paragenetic groupings
were interpreted against the background of data on min-
eralogy and lithology of sediments, and the possible
geochemical conditions of their formation.

DATA OF CHEMICAL ANALYSIS
(TABLES 1, 2, 3; FIG. 1)

Assemblage IA(+): SiO, (0.39)-Al,0; (0.59)-MgO
(0.55)-C,;, (0.75)-Fe (0.12)-P (0.49)-Cr (0.48)-Ni
(0.60)-V (0.90)-Cu (0.81)-Mo (0.87). This assemblage
is represented by aluminosilicate components in the
form of basaltic volcaniclastics, considerably trans-
formed into montmorillonite-illite minerals. The associ-
ation is characterized by closely related organic carbon,
P, and a number of heavy metals: Cr, Ni, V, Cu, Mo.

The distribution of this assemblage of components is
rather limited in the section (Fig. 1): late Albian-early
Cenomanian laminated limestones essentially enriched
in basaltic volcaniclastic material and dispersed sapro-
pel-like organic matter.

Assemblage IB (—): CaO (—0.23)-N2a,0 (-0.77)-
CO,(—0.17). This assemblage is presented by calcium
carbonate in the form of unconsolidated biogenic re-
mains: nannofossils, foraminifers, micrite. As a rule,
this almost unaltered calcium carbonate is closely re-
lated to Na taken up from sea water. Noteworthy is a
distinct stratigraphic localization of this assemblage in

the section (Fig. 1): nannofossil and foraminifer-nanno-
fossil oozes of the Pleistocene/late Campanian.

Assemblage IIA (+): SiO; (0.65)-Al,0; (0.60)-Na,0
(0.32)-K,0 (0.74)-Fe (0.73)-Mn (0.41)-P (0.63)-Ni
(0.40)-V (0.30)-Cu (0.17)-Ga (0.32)-Mo (0.28). This is
an aluminosilicate phase represented mostly by mixed-
layer minerals of the montmorillonite-illite type, closely
related to P and a set of heavy metals: Ni, V, Ga, Mo.

The predominant development of this association
within late Albian laminated limestones (e.g., Samples
29-1, 81-82 c¢cm; 37-2, 74-75 cm), appreciably enriched
in fine basaltic volcaniclastic material, can be inter-
preted as an evidence that the given group of com-
ponents is the products of alteration (hydromicatiza-
tion, smectitization) of volcanogenic components.

Assemblage IIB (—): CaO (-0.91)-CO, (—0.88)-
Cory (—0.18)-Co (—0.52). This assemblage is repre-
sented by calcium carbonate (main phase), C,,, and
Co, which are slightly related to the main phase.

The assemblage is developed mostly in the lower part
of Unit I (lower than Sample 9-4, 105-107 cm; depth
120.55 m), and among the rocks of Unit II (laminated
limestones) (Fig. 1).

Study of thin sections and correlation to the dis-
cussed assemblage IB (—) enables us to consider group
I1B (—) mostly the product of recrystallization of the in-
itial biogenic calcium carbonate in the course of its epi-
genetic transformation. This conclusion agrees with the
data on determination of density (see Site 465 report,
this volume): for Unit I below Core 10 (134-276 m), the
average density is 1.60 + 0.02 g/cm3; for Unit II
(276-411.7 m) it is 2.22 g/cm?; whereas for the higher
horizons (0-135 m) the average density is 1.54 + 0.04
g/cm?. However, the process of recrystallization of bio-
genic carbonate proceeds unevenly (the interval 120.55-
134.0 m may be regarded as a zone of intermediate den-

Table 1. Chemical composition of Cenozoic and Mesozoic sediments of the central northwestern Pacific, southern Hess Rise, DSDP Site 465 (%,

wt, air-dry weight portion).

Component

Sample _ (wr, %o, air-dry) {wi, T« 10 “}
(interval in em) 8i0;  Alz03 Fep03 Ca0  MgD MnO Nap0 K0 €Oz Cpp P05 Feogr Mg Py Cr Ni v Cu Co Pb  Ga Ge Mo
4652-1, 108-110  £75 157 074 4946 042 001 128 051 3895 — 007 052 001 003 <10 <10 <I5 <15 <i0 <l0 <5 <| <13
32,110-112 044 001 015 5484 041 002 108 015 4175 — 007 010 001 003 <10 <10 <15 <I5 <I0 <10 <5 <I <IS
42, 10-12 026 005 006 5492 042 001 108 015 4345 — 005 004 001 004 <10 <10 <I5S <15 <I0 <I0 <§ <| <L§
52, 70-72 145 016 006 5378 022 006 135 020 4135 — 014 004 005 006 <10 <10 <I5 <Is <I0 <0 <5 <l <I.3
465A-141,104-106 252 010 020 5251 007 004 145 031 4060 — 010 014 003 004 <10 <10 <15 <I5 <0 <10 <5 <| <I.5
465-6-2, 98-100 057 005 009 5407 — 004 127 025 4235 — 009 013 003 004 <10 <10 <15 <15 <Id <10 <5 <] <lf
465A-3-1, 118120 072 0.0 020 5284 — 002 054 025 4230 — 010 014 002 004 <10 <10 <I5 <I5 <I0 <10 <5 <1 <I5
465-10-5, 93-95 261 006 020 5264 009 001 11§ 025 4055 — 003 014 001 001 <10 <10 <15 <15 <10 <10 <5 <| <If
465A-94,105-107 0,06 005  0.07 5388 — 001 164 020 4220 — 0004 005 001 0002 <10 <10 <I5 <IS <0 <I) <5 <l <|.5
101, 64-68 —  — 035 5396 — 001 145 083 4235 — 0004 024 001 0002 <10 <0 <IS <15 <10 <10 <§ <l <5
11,2630 091 002 020 5274 — 002 145 081 4180 — 003 014 002 00l <10 <0 <IS <15 <10 <10 <5 <| <I3
121,70-74 042 008 020 5439 — 001 077 014 428 — — 044 001 — <l0 <l0 <IS <Is <10 <10 <S5 <| <I5
15-1,120-122 030 008 020 5420 034 002 106 014 4215 — 004 004 002 002 <0 <10 <15 <Is <Ip <I0 <5 <l <I5
164,80-82 032 006 052 5421 047 002 106 009 4025 — 002 036 002 001 <10 <10 <IS <5 <I0 <10 <5 <| <I3
17-1, 140142 — 002 020 5418 052 002 106 009 4155 — — 014 002 — <I0 <I0 <IS <20 <I0 <10 <S5 <| <I3
18-1,136-138 032 006 043 5406 026 0.0 1.06 014 4295 — 002 009 00 00 <0 <) <I§ <0 <l <I0 <5 <] <l§
19.2,146-148 070 001 043 5380 035 001 116 009 4160 — 003 009 001 00 <l0 <i0 <15 <0 <0 <I0 <5 <| <I5
20-1,94-96 008 006 013 5436 034 001 106 009 4185 — 003 009 001 001 <10 <0 <15 <20 <10 <10 <5 <I <L5
261, §7-58  0.46 031 0.3 S3E7 044 001 053 045 4245 088 004 009 001 002 0 <10 49 <2 <0 <0 <5 <| 28
27-1, 76-77 0.66 0.04 0.37 5358 026 001 0.53 010 4180 0.8 0.08 0.26 0.01 0.03 11 1 I <0 <10 <10 <5 <| 28
28-1,81-82 302 083 035 4862 018 002 068 031 37.60 193 014 024 002 006 15 12 T2 <2 <10 <0 <5 <l 37
20-1,81-82  17.67 643 358 3670 123 005 1.52 061 2710 001 073 250 004 032 <D <10 4 <20 <I0 <0 <5 <l 21
30-1,70-71 0.54 012 022 $400 035 001 053 000 4235 071 004 015 001 002 <I0 <10 56 <20 <10 <0 <5 <| 21
32-1,56-59 098 D026 013 5388 018 001 053 020 4195 057 003 009 00 00 <I0 <10 9 <20 <10 <10 <5 <| 31
30,1516 163 053 022 STl 035 001 060 0.5 4125 LIS 007 015 001 003 <i0 <10 66 <20 <0 <I0 <5 <| 43
31,4142 0.62 028 013 5419 018 — 053 0.5 4255 065 006 009 — 003 <I0 <I0 S8 <20 <0 <I0 <5 <I 5.1
362,92-93 195 057 026 5076 044 001 060 025 4000 112 048 018 001 008 <10 20 260 <20 <10 <10 <5 <l 99
32,7475 436 131 033 4639 035 001 076 051 3585 {(g‘iil} 023 001 q{g':"“} 13 49 >500 30 <10 <10 <5 <1 162
381,73-74 374 050 033 4846 044 001 085 046 3865 030 023 001 0I3 <10 38 280 <20 <10 <10 <3 <I 16
391, 113-114 224 0356 026 S0.1S 044 001 085 031 3940 242 023 018 001 010 <10 15 210 <20 <10 <0 <5 <l 13
40-2,42-43 259 085 055 5135 071 043 068 031 4000 0.54 010 038 000 004 <I0 <10 155 <20 <10 <10 <5 <| 58
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Table 2. Results of factor analysis (R-mode) for
chemical components (wt. %), Cenozoic and
Mesozoic sediments of the northwestern Pa-
cific, DSDP Site 465.

Factor Loadings
(after rotation)

No. Component I I 11
1 Si0p 0.39 0.65
2 AlpO3 0.59 0.60 0.32
3 CaO -0.23 -091
4 MgO 0.55 0.51
5 NapyO -0.77 0.32
6 K20 -0.07 0.74 0.19
7 CO2 -0.17 -0.88
8 Corg 0.75 -0.18
9 Fe 0.12 0.73
10 Mn 041 -0.51
11 P 0.49 0.63
12 Cr 0.48
13 Ni 0.60 0.40 0.38
14 \' 0.90 0.30
15 Cu 0.81 0.17
16 Co 0.52 =047
17 Pb 0.77
18 Ga 032 -0.34
19 Ge
20 Mo 0.87 0.28
Dispersion input (%) 34.75 17.06 9.66
Total dispersion (%) 34.75 51.81 61.48

Table 3. Stratigraphic distribution of factor scores (R-mode) for
chemical components (wt. %) in Cenozoic and Mesozoic sedi-
ments of the northwestern Pacific, DSDP Site 465.

Factor scores
(after rotation)

Sample
No (interval in cm) Stratigraphy 1 i} 111
1 465-2-1, 10B-110 Pleistocene -0.63 097 -1.34
2 3-2, 110-112 U. Paleocene =076 -0.27 0.74
k| 4-2, 10-12 U. Paleocene -0.47 -0.86 -0.20
4 5-2, 70-72 U. Paleocene -0.83 0.01 -—1.68
5  465A-1-1, 104-106  U. Paleocene —-1.00 043 -1.23
6  465-6-2, 98-100 U. Paleocene -1.29 0.42 0.91
7 465A-3-1, 118-120 L. Paleocene -0.71 0.31 0.83
B 465-10-5, 93-95 U. Maastrichtian —0.75 0.10 0.03
9 465A-94, 105-107 L. Maastrichtian —-1.08 —0.64 1.23
10 10-1, 64-68 L. Maastrichtian -1.37 -0.24 1.32
11 11-1, 26-30 L. Maastrichtian  —1.50 0.85 1.33
12 12-1, 70-74 L. Maastrichtian -0.53 -0.58 0.78
13 15-1, 120-122 U, Campanian -0.64 -0.38 -1.30
14 16-1, B0-82 U. Campanian -0.75 -0.38 -0.54
15 17-1, 140-142 U. Campanian -041 -0.78 -0.06
16 18-1, 136-138 U, Campanian -0.41 -0.31 1.04
17 19-2, 146-148 U, Campanian -031 -0.67 0.12
18 20-1, 94-96 U. Campanian 0.26 -1.02 -0.90
19 26-1, 57-58 U. Cenomanian 09 -0.87 -0.23
20 27-1, 76-77 U. Cenomanian 0.85 -0.71 -0.10
21 28-1, 81-82 U. Albian 1.23 0.65 -0.12
22 29-1, 81-82 U. Albian —-0.47 3.81 -0.95
23 30-1, 70-71 U. Albian 099 -1.12 0.29
24 32-1, 58-59 U. Albian 0.87 -0.88 -0.04
25 33-1, 15-16 U. Albian 1.02 -0.55 -1.25
26 34-1, 41-42 U. Albian 1.19 -1.00 0.53
27 36-2, 92-93 U. Albian 1.67 0.11 0.19
28 37-2, 74-75 U. Albian 1.92 1.88 2.06
29 38-1, 73-74 U. Albian 1.36 1.12 0.87
30 39-1, 113-114 U, Albian 1.38 0.14 -0.13
31 40-2, 42-43 U. Albian 0.72 045 -2.20

POST-JURASSIC SEDIMENTATION, SITE 465

sities). The admixture of clay components and organic
matter inhibits the process of recrystallization, espe-
cially in the lower parts of Unit II (see Fig. 1).

Assemblage IIIA (+): K,O (—0.19)-Ni (0.38)-Pb
(0.77). This assemblage is composed of hydromica and
K-feldspar components rich in nickel and lead.

It is noteworthy that the intervals of well-pronounced
development of this assemblage are observed in the
lower half of early Albian deposits (see Fig. 1) and in
early Maastrichtian sediments.

These deposits are characterized by noticeable enrich-
ment in clay components developed after basic volcani-
clastic material. In this case, in early Albian rocks the
maximum content of basaltic volcaniclastic components
(Assemblage IA; Fig. 1) corresponds to the maximum of
the cluster concerned.

Assemblage IIIB (—): Al O3 (—32)-MgO (- 0.51)-
Mn (-0.51)-Co (—0.47)-Ga (- 0.34). The real phase
composition of this assemblage is not clear. Study of
thin sections of rocks and sediments enables us to sup-
pose that this assemblage is represented by manganese
hydroxides associated with authigenic magnesian smec-
tites and heavy metals (Co, Ga).

This assemblage is best pronounced near the contact
with basalts, the boundary between Units II and III,
where considerable exhalation-hydrothermal influence
took place (Sample 465A-40-2,42-43 cm). At the other
levels of the section, this assemblage is composed of
products of deep alteration of basaltic volcaniclastic
material (see Fig. 1).

DATA OF CHEMICAL ANALYSES
RECALCULATED (TABLES 4-6; FIG. 2)

Assemblage IA (+): CaO (0.24)-Fe (0.30)-Mn (0.13).
This cluster is represented by surplus amounts of lime,
iron, and to a lesser extent manganese. The most ap-
preciable values of factor loadings of this assemblage
correspond to the similar parameters of the above-con-
sidered Assemblage ITA (Fig. 1); this enables us to inter-
pret such a cluster of components as evidence of the
presence of a specific calcium-iron smectite phase—a
product of alteration of basaltic volcaniclastic material.
Such an interpretation does not contradict the available
data on mineralogy.

Assemblage IB (—): Na,0 (- 0.41)-K,0 (—0.80)-Cr
(—0.90)-Ni (—-0.89)-V(—-0.78)-Cu (-0.96)-Co
(—0.89)-Pb (—0.89)-Ga (—0.94)-Ge (—-10.80)-Mo
(—0.67). This group of components plays the role of a
diluting agency in the general paragenetic association
with the preceding Assemblage IA (+). If we assume
that both Assemblages IA (+) and IB (—) are repre-
sented by mixed-layer minerals (montmorillonite/illite;
see also assemblage I1A (+); Fig. 1), the given associ-
ation of components (IB (+); Fig. 2) reflects the dis-
tribution of illite packets proper and related heavy
metals in the section. The predominant development of
associations in upper Albian-lower Cenomanian rocks
enriched with basaltic volcaniclastic material is indirect
evidence of its epigenetic origin.

821



cis8

= [=
% E —ql ﬁ 3 FACTOR ASSEMBLAGES (FACTOR SCORES)
STRATIGRAPHY | T, E & | 28 [»~2+| sAmPLE 1A(+) IB(-) HA(+) 11B(-) A(+) HIB(-)
E% & E g = 3 = E (Interval in
So| o (] 23 882 cm) 05101520 | 05101620 | 05101520 | 065101520 | 05101520 | 065101520
Pleistocene e L TE ST = S0 2.1,108-110
g i"‘i‘l i‘i_._-‘- 132, 110-112
~ Upper AJ__L' "‘j:[_“lj 4-2, 1012
g Paleocene | o h Al o 52,7072
5 - B ot o B L o
o 62,081
L. Paleocene _% 5;"':“'}-'-_",__-'-_':_1 3-1, 118120 (A)
UMaastrichtian| .. [ © | ==,=5 |40 v 105,93-95
-2 ‘J~_L.L_LJ~_:§‘J. 9.4, 105—107 [A) oeead
Lower | . E - - [eAr Ry 10-1, 6468 [A) ]
Maastrichtian | = _LJ._:_.l__L-i-_T',-:-' — % — x| 11-1,26-30 (A} KRR
= AT s x - x [ 12,7074 [A) o]
= A 4 af— A« _x[76:7,120-122 (A]
U . > J—_L—L_?_"I-J‘:J:“ x ;‘K ; 164, B0—82 (A
pper el X7 40-142 (A
Campanian .:.J‘.'L_L At e - [18-1,136-138 (A
Q A T, % - x — [19:2,146-148 (A
2 b L Lo ] - x [2011,94-96 (A
9 Lower 4 pat—t oA 26-1,57-68 (A) BN\
w | Cenomanian S o e “x=x] 27-1,76-77 (A) I
= & = T 0 281, 81-82 (A)__ Pooay
g | ~ Et =TS0 291,81-82 (A)
| | = B e e85 301, 7071 [A] Q“\\‘\\\\‘T
< | g B X X | 321,58-59 (A
Upper & | & PHTEEIomX X X 1331, 16-16 (A
Albian = | 8 HT—2=%m 34-1,41-42 [A)  BaooN]
- a = w5 136-2,92-83 (AL faaaa
= T T = =R A 372, 74-75 (A hoooeoooey
5 T T e Tt 381, 7374 (Al ooy
LT Pt Tl S et 39-7, 113114 (A AN
- 2] 302, 4243 (A) N
FACTOR LOADINGS
CLAY COMPONENTS | 1 "
E Palymineral assemblage of illite, chlarite, A(+) A (+) A (+)
and a small admixture of montmorillonite. fl+l;
An assemblage represented by FelAl)- [J..S =

montmorillonite, with a slight admixture

of illite, chlorite, and Fe-montmorillonite 0.8
in some interhpds. Representative is the 0.4

presence of zeolite (heulandite) and cherty 0.2
segregates composed of crystobalite— tridymite, 0
raara An assemblage consisting of Al-mont 0.2
§ 4 morillonite with a small admixture of illite, 0.4

uartz is present too.
9 i 0.6

0.8

1.0
-

B () B (-) B()

Figure 1. Stratigraphic distribution of factor scores of the main paragenetic assemblages of chemical components in the section of post-Jurassic deposits of
the central northwestern Pacific, southern Hess Rise, DSDP Site 465 (data of chemical analysis recalculated to air-dry weight). Lithologic symbols are those
used in DSDP Initial Reports.
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POST-JURASSIC SEDIMENTATION, SITE 465

Table 4. Chemical composition of Cenozoic and Mesozoic sediments of the central northwestern Pacific, southern Hess Rise, DSDP Site 465. (wt.
% recalculated to terrigenous-free, silica-free, carbonate-free).

Sample
(interval in cm) Ca0 MgO Na0 K0 Fetor Mngor  Prot Cr Ni A Cu Co Pb Ga Ge Mo
465-2-1, 108-110 —_ 13.182 65.316 15.775 4,214 — 1.297 0.011 0.011 0.027 0.054 0.043 0.043 0016 0.004 0.007
3-2, 110-112 47.695 11.997 31.665 4.371 2.875 0292 0.879 0.029 0.029 0.044 0.044 0.029 0.029 0.015 0.003 0.004
4.2, 10-12 _ 8.645 77.661 10.302 — —_ 2.867 0.070 0,071 0,081 0.107 0.072 0.072 0.035 0.007 0.011
5-2, 70-72 36.219 6.975  46.371 6.146 0.449 1.554 2,051 0.031 0.031 0,048 0.034 0.034 0.03¢ 0.017 0.003 0.005
465A-1-1, 104-106 27.132 2.149 52662 10.780 4,480 1.082 1.442 0.035 0.035 0.052 0.053 0.036 0.036 0.017 0.004 0.005
465-6-2, 98-100 4.682 — 70.671 13.543 6.800 1.661 2.218 0.054 0.055 0.082 0.083 0.055 0.055 0.027 0.006 0.008
465A-3-1, 118-120 — — 65.437 28.812 — — 4,835 0.116 0.116 0.175 0.179 0.121 0.121 0.059 0.012 0.018
465-10-5, 93-95 36.532 2,834 46.177 8.976 4448 0374 0370 0.035 0.035 0.055 0.057 0.039 0.039 0019 0.004 0.006
465A-9-4, 105-107 4,299 — 82.843 9.761 2124 0496 0,091 0.049 0.050 0.074 0.075 0.050 0.050 0.025 0.005 0.008
10-1, 64-68 — — 57.454 32.B88 9.272 — 0.079 0.040 0.040 0.059 0.059 0.040 0.040 0.020 0.004 0.006
11-1, 26-30 —_ —_ 63.176  36.057 — — 0,432 0.043 0,043 0.065 0.065 0.043 0.043 0.022 0.004 0.007
12-1, 70-74 —_ _ B84.869 14.293 — — —_ 0.106 0.106 0.161 0.164 0.110 0.110 0.054 0.011 0.017
15-1, 120-122  21.552 15.374 40.049 5.992 5.852 0915 0915 0.045 0.045 0.067 0.068 0.046 0.046 0.023 0.005 0.007
164, B0-82 63.176 3.553 23.042 1.788 7.630 0.432 0214 0.021 0.021 0032 0032 0022 0022 0011 0002 0003
17-1, 140-142 39.992 16.994 34,743 2.854 4,495 0.653 — 0.032 0.032 0.049 0.065 0.033 0.033 0016 0.003 0.005
18-1, 136-138 —_ — 87.580 10.937 - —_ 0.812 0.080 0.080 0.121 0.164 0082 0082 0.041 0.008 0.012
19-2, 146-148  31.195 14.012 46.556 3.573 3.533  0.400 0400 0.040 0.040 0060 0.080 0.040 0,040 0.020 0.004 0.006
20-1, 94-96 39.001 12.859 40.816 3.166 3.089 0.378 0378 0.037 0.037 0,05 0.076 0.038 0,038 0.019 0.004 0.006
26-1, 57-58 — 32,048 5369 11.113 — — 1,977 0.083 0.094 0489 0.198 0.101 0.101 0.047 0.010 0.029
27-1, 76-77 20,092 17.319 35.719 6.359 17.116 0.670 2.016 0,073 0.073 0235 0.135 0.067 0.067 0.033 0.007 0.019
28-1, 81-82 33.011 5.241 38.734 11.747 6.024 1.024 3.434 0,066 0.048 0404 0.108 0.054 0.054 0.024 0.005 0.022
29-1, 81-82 22,958 11.727 26.867 — 31.618 0.410 6.393 — — 0.002 0.004 0.009 0.009 - — 0.002
30-1, 70-71 0.179  30.139 46.953 7.423 11.626 0.859 1.744 0.080 0.080 0.492 0.176 0.089 0.089 0.043 0009 C.019
32-1, 58-59 28.681 11.833 40.592 12.852 3.605 0705 0705 0.070 0.070 0447 0.149 0.076 0.076 0.036 0.078 0.024
33-1, 15-16 1.666 26.668 52,785 6.965 5.498 0.733 2566 0.064 0.064 0.577 0.165 0082 0.082 0.037 0.008 0.038
34-1, 41-42 —_ 18.142 62.949 13.515 0.365 - 3,531 0.110 0.110 0.682 0.231 0.188 0.118 0.056 0.012 0.062
36-2, 92-93 — 14.655 57.224 17.048 — —_ 7776 0.070 0,169 2552 0.179 0.090 0.09 0.040 0.009 0.098
37-2, 74-75 24728 10.819 37.359 17.480 0.480 0.320 559 0.032 0.229 2.617 0.139 0.048 0.048 0.016 0.005 0.086
38-1, 73-74 — - 61.903 25.634 — — 9.641 0.038 0.260 2,097 0,130 0.069 0.069 0.031 0.007 0.122
39-1, 113-114 — 23.736  51.942 14.607 1.826 - 6.170 0.044 0.076 1.297 0.113 0.057 0.057 0.025 0.006 0.045
40-2, 42-43 4.614 31.886 33.286 9.955 12.236 5.029 1918 0.031 0.076 0.773 0.093 0.047 0.057 0.021 0.005 0.030

Table 5. Results of factor analysis (R-mode) of
chemical components (wt. %, recalculated to
clastic-free, carbonate-free, silica-free), Ceno-
zoic and Mesozoic sediments of the northwest-
ern Pacific, DSDP Site 465.

Factor Loadings
(after rotation)

No. Components 1 11 111

1 Ca0 0.24 091 -0.16

2 MgO 0.62 0.49

3 Nap0O -041 -0.73

4 K20 —0.80

5 Fe 0.30 0.80

6 Mn 0.13 0.92 -0.14

7 P -0.04 0.82

8 Cr —-0.94 -0.16

9 Ni —0.89

10 v -0.78 -0.05 0.53

11 Cu -0.96

12 Co -0.89 -0.36

13 Pb -0.89 -0.36

14 Ga —0.94

15 Ge —0.80

16 Mo -0.67 -0.20 0.63
Dispersion input (%) 58.25 15.56 9.82
Total dispersion (%) 58.25 73.81 83.63

Table 6. Stratigraphic distribution of factor scores (R-mode) for
chemical components (wt. %, recalculated to clastic-free, carbon-
ate-free, silica-free), in Cenozoic and Mesozoic sediments, central
northwestern Pacific, DSDP Site 465.

Factor scores

(after rotation)

Sample

No. (interval in ¢cm) Stratigraphy n 111
1 465-2-1, 108-118 Pleistocene 1.08 -1.00 0.18
2 3-2, 110-112 Upper Paleocene 0.68 078 -0.22
3 4-2, 10-12 Upper Paleocene -0.02 -1.32 0.26
4 5-2, 70-72 Upper Paleocene 0.60 052 -023
5 465A-1-1, 104-106 Upper Paleocene 0.33 058 -0,52
6  465-6-2, 98-100 Upper Paleocene -0.23 0.15 -0.99
7 465A-3-1, 118-120 Lower Paleocene -0.76 -146 -0.12
8  465-10-5, 93-95 Upper Maastrichtian 0.24 0.63 -0.67
9  465A-94, 105-107  Lower Maastrichtian -0.12 -0.11 -1.68
10 10-1, 64-68 Lower Maastrichtian 047 =099 -1.27
11 11-1, 26-30 Lower Maastrichtian 0.57 -1.69 -0.75
12 12-1, 70-74 Lower Maastrichtian -0.91 -141 -2.12
13 15-1, 120-122  Upper Campanian -0.02 0.79 -0.37
14 16-4, 80-82 Upper Campanian 1.11 0.95 -0.47
15 17-1, 140-142  Upper Campanian 0.23 1.06 -1.74
16 18-1, 136-138  Upper Campanian -027 -170 -0.63
17 19-2, 146-148  Upper Campanian 0.17 071 -0.49
18 20-1, 94-96 Upper Campanian 0.24 077 -043
19 26-1, 57-58 Lower Cenomanian -0.65 —0.86 0.91
20 27-1, 7677 Lower Cenomanian —0.69 1.18 0.29
21 28-1, 81-82 Upper Albian -0.43 1.02 0.45
22 29-1, 81-82 Upper Albian 436 -0.07 1.32
23 30-1, 70-71 Upper Albian -0.96 0.83 0.33
24 32-1, 58-59 Upper Albian -1.32 1.28 0.08
25 33-1, 15-16 Upper Albian -0.85 0.82  0.61
26 34-1, 41-42 Upper Albian -1.02 -0.53 1.03
27 36-2, 92-93 Upper Albian -0.69 -0.93 1.82
28 37-2, 74-75 Upper Albian ~0.49 0.81 1.62
29 38-1, 73-74 Upper Albian -0.31 -1.52 1.40
30 39-1, 113-114  Upper Albian -0.10 -0.50 1.55
3l 40-2, 42-43 Upper Albian -0.21 1.21 0.85
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Figure 2. Stratigraphic distribution of factor scores of the main paragenetic associations of chemical components (recalculated to terrigenous-free, carbonate-free, silica-
free) in the section of post-Jurassic deposits of the central northwestern Pacific southern Hess Rise, DSDP Site 465. Symbols as in Figure 1.
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Assemblage IIA (+): CaO (0.91)-MgO (0.62)-Fe
(0.80)-Mn (0.92). This assemblage is represented by
profoundly altered basaltic volcaniclastic material and
related segregates, crusts, and coatings of Mn- and Fe-
hydroxides. The assemblage is developed mostly in up-
per Albian-lower Cenomanian and upper Campanian
sediments.

Assemblage IIB (-): Na,O (0.73)-Co (-36)-Pb
(—0.36). This assemblage of components is negatively
correlated with Assemblage IIA (+). One can assume
that Assemblage IIB (—) is represented by volcanogenic
components relatively rich in Na,O, and that Co and P
are rather moderately associated with these compo-
nents. Elimination of the diluting effect of carbonate
and siliceous components enables us to establish a
rather even distribution of these two assemblages in the
section.

Assemblage IIIA (+): MgO (0.49)-P (0.82)-V
(0.53)-Mo (0.63). This assemblage is represented by a
set of excessive (against the accepted norm) compo-
nents; their distribution is clearly confined to upper Al-
bian-lower Cenomanian rocks (Fig. 2). The similar dis-
tribution in the section, as mentioned above, is repre-
sentative of assemblage 1A (+) (Fig. 1). Thus, the iden-
tity of mineral composition of these two assemblages is
evident: basaltic volcaniclastic material transformed in-
to montmorillonite-illite minerals and associated heavy
metals.

Assemblage IIIB (—): CaO (—0.16)-Mn (- 0.14)-Cr
(-0.16). The slight significance of factor loadings
enables us to assess the composition of the assemblage
rather tentatively. Worthy of attention is the clear local-
ization of this assemblage in the section: Unit I (upper
Campanian-Pleistocene). A similar stratigraphic dis-
tribution is characteristic of the above-considered as-
semblage IB (—) (Fig. 1), represented by biogenic car-
bonates (nannofossil oozes and foraminifer-nannofossil
00zes).

It should be emphasized that Assemblage IIIB (—) is
composed of a set of components that are excessive
relative to normative carbonate molecules. The identity
of distribution of both assemblages and peculiarities of
the composition of components allows us to think that
Assemblage IIIB (—) may be represented by remnant
phases after recrystallization of biogenic carbonates,
diagenetic Mn-hydroxides in particular. The reality of
such post-sedimentary recrystallization of biogenic car-
bonate is evidenced by the results of study of the sedi-
ments under a microscope, and the features of distribu-
tion of paragenetic groups (IB (), IIB (—); Fig. 1) in
the section.

AVERAGE CONTENTS OF COMPONENTS AND
RATES OF THEIR ACCUMULATION
(TABLES 1, 4, 7; FIGS. 3-5)

Distribution of Average Contents

Analysis of the specific features of distribution of
average contents of the major components of sediments

POST-JURASSIC SEDIMENTATION, SITE 465

and rocks in the main geochronological subdivisions of
the section (Tables 1, 4; Figs. 3, 4), with allowance for
the above-mentioned forms of their occurrences (see
Figs. 1, 2), enables us to outline the following stages and
phases in the geochemical history of sedimentation:

Late Albian-early Cenomanian (early oceanic). This
phase is characterized by relatively high concentrations
of Si0,, Al,04, Fe, Mn, P, and associated heavy metals,
and high contents of organic carbon (Late Albian,
0.0-2.42, avg. 0.83); early Cenomanian, 0.83-0.88, avg.
0.86). Two phases can be defined in the stage con-
cerned: (1) a late Albian phase in which the sediments
are characterized by relatively high SiO,, AlL,Oj, Fe,
Mn, and P contents, and associated heavy metals; en-
richment in these components is related to the consider-
able amounts of volcaniclastic components of basaltic
composition, and to hydrothermal and exhalative prod-
ucts; (2) an early Cenomanian phase, in which the litho-
logic features and chemistry of major components
(CaCO;, Cyy, ete.) in the sediments are similar to the
late Albian; nevertheless, an appreciable decrease in
concentrations of the components of volcanogenic
origin (SiO,, Al,03, Fe, Mn, P) and heavy metals is
observed.

Late Cretaceous (middle Cenomanian-late Maas-
trichtian). The chemical composition of sediments of
the initial phases of this stage (middle Cenomanian-
Santonian) remains obscure because of the hiatuses and
poor core recovery, and the predominance of cherts in
this part of the section. However, fragmentary data of
the shipboard descriptions (see Site 465 report, this vol-
ume) enable us to believe that the sediments of this stage
are formationally homogeneous.

The contents of major components and associated
heavy metals in sediments of the later period of this
stage (late Campanian-late Maastrichtian) do not ex-
ceed the values characteristic of pelagic foraminifer-
nannofossil oozes of the open ocean. Noteworthy is a
somewhat higher content of normative molecules of
MnCO,, FeCO,, and MgCO; in early Campanian-early
Maastrichtian sediments, due to epigenetic alteration of
an admixture of mafic volcaniclastic material.

Early Tertiary (early-late Paleocene). Essential pre-
dominance of CaCO; in the form of foraminifer-
nannofossil oozes considerably masks the features of
authigenic components recognized while analyzing the
recalculated data; for instance, P and K,O concentra-
tions (early Paleocene; Fig. 4); noteworthy are high con-
centrations of the normative molecules MnCO; and
FeCO, (early Paleocene) and MgCO; (late Paleocene)
(Fig. 3).

Tertiary-Quaternary. A sharp decrease of thickness
in this stage and their redeposited character (Eocene-
Pliocene sediments) resulted in very restricted chemical-
analysis data. The information of Pleistocene sediments
(see Tables 1, 4, 7; Figs. 3, 4) shows that they are repre-
sented by foraminifer-nannofossil oozes with an admix-
ture of basaltic volcaniclastic material. Such volcano-
genic components resulted in relatively high contents of
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Table 7. Average contents and mean rates of accumulation of chemical components for the main geochronological subdivisions of post-Jurassic
sediments, central northwestern Pacific, southern Hess Rise, DSDP Site 465.

Sub-bottom Sub-bottom Water
Depth Thickness Stage Depth Thickness Densitjy Content  Duration
Unit  Lithology Cores (m) (m) (substage) Cores (m) (m) (g/cm?) (%) (m.y.)
Pleistocene 0to 2-1, 130 cm 0.0-2.3 2.3 1.54 40.0(7) 1.8
U. Paleocene 2-6, 60 cm to 6,CC 9.1-48.5 39.4 1.54 35.0 6.5
L. Paleocene 7-1 1o 8,CC 48.5-61.5 13.0 1.54 35.0(2) 5.0
| Nannofossil, 1-11, 1A-25A 0-276 276.0 U. Maastricht.  9-1 to 8A,CC 61.5-106.0 431.5 1.54 35.0 2.5
foraminifer- L. Maastricht.  9-1A to 12 106.0-144.5 38.5 1.54 35.1 2.5
nannofossil U. Campanian 12-1 to 20,CC 144,5-229.0 84.5 1.60 34.8 4.0
ooze U. Turonian
11 Laminated 26A-40A  276.0-411.7 135.7 L. Cenoman, 25,CC to 27,CC 267.0-295.5 28.5 222 5.60 25
limestone U. Albian 28-1, 40,CC 295.5-419.5 123.5 2.22 12.7 4.0
Il Trachyte 4DA-46A  411.7-476.0 64.3

Al;O; and Fe, and in post-sedimentary dissolution in
appreciable amounts (see Fig. 3) of normative molecules
of FeCO, and MnCO;.

Rates of Component Accumulation (Table 7; Fig. 5)

Methodological aspects of calculation of average
linear rates of sedimentation, accumulation of compo-
nents, selection of chronostratigraphic scales, and dura-
tion of the main chronostratigraphic intervals are given
in our work on the geochemical history of sedimenta-
tion at Site 463 (Varentsov et al., this volume).

Analysis of the recalculated data on average linear
rates of sedimentation and accumulation of components
and the values of their average contents and forms of
occurrence in the sediment permitted definition of
stages of geochemical history of sedimentation of the
region. On the whole, these stages and phases corre-
spond to the intervals established in the analysis of
distribution of average contents of the components. It is
important to emphasize that hiatuses in the lower part
of the section (middle Cenomanian-middle Turonian;
late Coniacian; early Campanian; Fig. 5) result in the
final analysis in decrease of already-minimal values of
rates of sediment and component accumulation. Thus,
interpretation of these data can be carried out only
within the context of information on geochemistry,
lithology, mineralogy, and sedimentation conditions.

Late Albian—early Cenomanian (early oceanic). This
stage is characterized by maximum accumulation rates
of sediments and components. Noteworthy are rather
high rates of accumulation of components supplied in
the form of volcaniclastic material of basaltic composi-
tion, and products of hydrothermal exhalations: Fe,
Mn, Al,O,, SiO,, P, and heavy metals (Bender et al.,
1971; Bostrom, 1973; MacArthur and Elderfield, 1977).
Sediments of turbiditic nature accumulated under con-
ditions of a relatively shallow-water stagnant basin
(deficiency of oxygen in bottom water).

For the late Albian phase of this stage, the rates of
sedimentation and rates of accumulation of components
representative of the initial (proto-oceanic) stages of
development of a basin have been established (Tiercelin
and Faure, 1978); in particular, they are close to param-
eters for the late Barremian-early Aptian phase in the
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western part of the Mid-Pacific Mountains, Site 463
(Varentsov et al., this volume).

For the early Cenomanian phase of the stage, the
values of rates of sedimentation and accumulation of
components are appreciably lower than those for the
late Albian (Table 7; Fig. 5). This may be related to a
considerable extent to the presence of a lower middle
Cenomanian-middle Turonian hiatus, and to a lesser
extent to a lower rate of sedimentation with the deepen-
ing of the basin.

Late Cretaceous (middle Cenomanian-late Maas-
trichtian). The given geochronological intervals are
presented by deposits of drastically decreased thick-
nesses, as a result of hiatuses (Fig. 5). This is confirmed
by the fact that the calculated average rates of sedimen-
tation and accumulation of components do not corre-
spond with the rates that might have been expected in
the absence of hiatuses during the northward movement
of the Pacific Plate at that time. According to the modi-
fications of the horizontal movement of the Pacific
Plate, the southern region of Hess Rise should have
crossed the equatorial zone of high biological produc-
tivity either during the Cenomanian-Coniacian (Lance-
lot and Larson, 1975; Lancelot, 1978), or near that in-
terval of time (van Andel, 1974). The available data
show that during the entire post-Jurassic the position of
the region under study was higher than the CCD.

It is known that the northern and southern bound-
aries of the recent near-equatorial zone of high bio-
logical productivity of the Pacific Ocean are approx-
imately within 10°N and 10°S. It is assumed that during
the early Maastrichtian the southern region of Hess Rise
had not yet moved beyond the northern boundary of the
equatorial zone of high biological productivity. The
crossing of the boundary likely took place in the late
Maastrichtian, as evidenced by the continued high
values of rates of sedimentation and accumulation of
components (Table 7; Fig. 5).

Along with this interpretation, the possibility should
be taken into consideration that essential increasing of
thickness (i.e., rates of accumulation) of the early
Maastrichtian sediments may have been caused by local
contribution and redeposition of sedimentary material
from tectonic uplift of nearby structural blocks (details



Table 7. (Continued).

POST-JURASSIC SEDIMENTATION, SITE 465

Average Contents of ComponcTs (wt. ‘gn) and Rate of Accumulation
Rate of sedimentation (mgecm™ <« 1077 s yr™ ly
Si0y AlyOy CaCO3 Mn
Accum, Ace. Accum. Ace. Acc.  Acc.

mm+10"3.ur~ Y (mgeem=2.10"3.yr=1) (W) Raee (%) Rate (%) Rate (%) Rate (%) Rate (%) Rate
1.28 146 5.75 8.4 1.57 23 88.27 1289 0.52 0.8 0.01 001 003 0.04
6.1 726 1.05 76 007 05 9514 690.7 0.09 07 003 020 0.04 029
26 309 0.72 22 010 03 9430 2914 0.4 04 002 006 004 0.12
17. 2070 2.61 54.0 0.16 313 92.23 1910.0 0.14 29 001 021 0.01 0.21
15.4 1520 0.35 53 004 06 9587 14570 014 2.1 001 0.15 0003 0.05
21.2 2645 0.29 1.7 0.05 1.3 94.70 25500 0.15 40 001 026 0.01 0.26
11.4 2470 0.56 13.9 0.17 4.2 95.61 2390.0 017 42 001 025 0.02 0.50
30.9 6467 358  231.5 1.12 724 8807 56955 040 259 002 130 0.08 517

on the structural position of the site are given in the Site
465 report, this volume).

Early Tertiary (early-late Paleocene). The beginning
of the Cenozoic is characterized by a considerable de-
crease in rates of foraminifer-nannofossil-ooze sedi-
mentation in the northern oligotrophic zone of the Pa-
cific Ocean. For the major components and associated
heavy metals (Table 7; Fig. 3), the accumulation rates
do not exceed the values characteristic of carbonate
pelagic oozes (Arrhenius, 1963, 1967; Bezrukov and
Romankevich, 1970; Bogdanov and Chekhovskikh,
1970; Lisitsin, 1974, 1978; MacArthur and Elderfield,
1977). Worthy of attention, however, are relatively
higher values of Mn and P accumulation for the late
Paleocene (mg « cm~2 « 10-3 yr—1): Mn, 0.20; P, 0.29.
This can be due to the presence of appreciable amounts
(up to 10-15%) of an admixture of hyalopelitic, silty
material of basaltic composition, essentially trans-
formed into smectite-illite, considerably diluted with
carbonate: CaCOj; to 95.14% (see Figs. 1, 2).

Late Tertiary-Quaternary. A considerable part of
this period, as mentioned above, was rather poorly re-
covered. Thicknesses of Eocene-Pliocene deposits are
sharply decreased, because of numerous hiatuses ac-
companied by partial redeposition and washing of sedi-
ments (see Site 465 report, this volume).

Relatively limited information on late Pliocene and
Pleistocene sediments (Table 7; Fig. 5) enables us to
think that foraminifer-nannofossil oozes with typical
rates of component accumulation were deposited at that
time (Table 7; Fig. 5).

GEOCHEMICAL HISTORY
OF SEDIMENTATION

The geochemical history of post-Jurassic sedimenta-
tion of southern Hess Rise can be subdivided into stages
and phases that correspond considerably to geochrono-
logical intervals established by interpretation of average
contents and rates of component accumulation, studied
within the general context of data on geochemistry,
mineralogy, and lithology of sediments.

Late Albian-early Cenomanian (early oceanic). Rep-
resenting this time are thinly-laminated, olive-gray lime-
stones, with subordinate interbeds of gray limestones

accumulated in the southern region of Hess Rise (see
Site 465 report, this volume). These deposits are charac-
terized by appreciable amounts of sapropel-like organic
matter, and a significant admixture of basaltic volcani-
clastic material.

Geochemical features of these sediments were de-
scribed above (Figs. 1-4). They are characterized by the
highest contents of SiO,, Al,O;, Fe, Mn, P, and
associated heavy metals, which were contributed with
basaltic volcaniclastic material, and to a lesser extent
with hydrothermal-exhalative activity, especially in the
early intervals (the first half of the late Albian).

Accumulation of sediments containing fragments of
shallow-water mollusks, reef-building fossils, and frag-
ments of volcanic edifices and rocks (basalts, trachy-
basalts, etc.) took plate in the initial phase (late Albian),
in a relatively shallow-water, apparently depression-
type basin, with stagnant bottom waters, characterized
by notable hydrodynamic activity. The sediments have
distinct features of turbidites. The basin was bounded
by island volcanoes, reef banks, etc.

Accumulation of sediments in such a rapidly sub-
siding basin was characterized by rather high rates of ac-
cumulation of major components and associated metals
(Fig. 5; Table 7). Such high rates of accumulation are
due to three factors: (1) high rates of sedimentation in
the shallow-water, progressively subsiding basin; (2) an
active volcanic influence that proved responsible for
relatively high contents of some major components
(e.g., Fe, Mn, Al,0,;, SiO,) and associated heavy
metals, and supply of considerable amounts of basaltic
volcaniclastic material, and lesser amounts of hydro-
thermal exhalation products; (3) intensive biological
productivity of the planktonic zone of the basin as a
result of the position of the region near the equator at
that time, and the contribution of nutrient mineral com-
ponents from volcanic sources. High biological produc-
tivity of this shallow basin resulted in accumulation of
considerable amounts of sapropelic organic matter in
carbonate sediments.

Thus, the initial (early oceanic) stage of development
of the southern region of Hess Rise is characterized by
well-pronounced geochemical features. A similar geo-
chemical stage can also be observed in other regions (for
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instance, the western Mid-Pacific Mountains, Site 463,
Shatsky Rise, Nauru Basin, etc.) of the Pacific Ocean,
Atlantic, and Indian Oceans (Schlanger and Jenkyns,
1976; Arthur and Schlanger, 1979) covering various
geochronological intervals of the Cretaceous.

Late Cretaceous (middle Cenomanian-late Maas-
trichtian). The sedimentological significance of an mid-
dle Cenomanian-middle Turonian hiatus remains ob-
scure. According to some modifications of the model
describing the northward movement of the Pacific Plate
(Lancelot and Larson, 1975; Lancelot, 1978; van Andel,
1974), the southern region of Hess Rise during the
Cenomanian-Coniacian was in the equatorial zone of
high biological productivity. Such a location of the re-
gion (if the accepted model proves true, as for many
areas of the northwestern Pacific) could have resulted in
accumulation of considerable amounts of carbonate
sediments. It should be emphasized that during the
whole Meso-Cenozoic history of sedimentation the
southern part of Hess Rise was situated above the CCD.

It is believed that the development of this hiatus in
the region is related to activation of Late Cretaceous

analogues of equatorial currents and their northwestern
branches (Luyendyk et al., 1972).

During the Santonian, the accumulation of nanno-
fossil and foraminifer-nannofossil oozes with an admix-
ture of siliceous components took place. Relatively de-
creased thicknesses of these sediments and low rates of
their accumulation enable us to regard them as residual
after the early Campanian hiatus.

An early Campanian hiatus is the highest of the Late
Cretaceous hiatuses of similar nature (Fig. 5).

The final phase of Late Cretaceous sedimentation,
during which nannofossil and foraminifer-nannofossil
oozes accumulated was the late Campanian-late Maas-
trichtian. These sediments are characterized by contents
of major components and heavy metals characteristic of
carbonate pelagic varieties. Worthy of attention are
rather high rates of sedimentation and accumulation of
major components during the late Maastrichtian (Fig. 5;
Table 7). As mentioned above, these data evidence that
late Maastrichtian sediments were not affected by ero-
sion, and accordingly they adequately reflect the sedi-
mentation rates of that time. At the same time we can
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Figure 5. Distribution of average rates of sedimentation and accumulation of components in a section of post-Jurassic deposits of the central

north-western Pacific, southern Hess Rise, DSDP Site 465.

assume that during the late Maastrichtian the southern
region of Hess Rise had not yet passed across the north-
ern boundary of the sub-equatorial zone of high bio-
logical productivity. Only in the latest Maastrichtian
was the region displaced into the northern ologotrophic
zone of the Pacific Ocean. However, the relatively in-
creased thickness (rate of sedimentation) of the Maas-
trichtian deposits may also have been caused to a certain
extent by the local supply and redeposition of sediments
from blocks upraised at this time.

Early Tertiary (early-late Paleocene). The beginning
of the Tertiary was characterized by accumulation of
nannofossil oozes, with a small admixture of radiola-
rians and siliceous remains transformed into chert
nodules. The composition of major components and
heavy metals of these deposits differs slightly from that
of typical biogenic carbonate pelagic oozes of the open
ocean. Worthy of attention are somewhat higher rates
of Mn and P accumulation (Table 7; Fig. 5), the nature
of which can be due to the appreciable amounts of fine
volcaniclastic material of basaltic composition. The
available geochemical data, as well as data on mineral-
ogy and lithology of these sediments, show that in the
region the transition from Mesozoic to Cenozoic was
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not marked by well-pronounced changes of geochemical
parameters of sedimentation.

Tertiary-Quaternary. During the Eocene-Pliocene,
the sedimentation phases appeared to alternate with
numerous hiatuses. This finally resulted in accumula-
tion of residual redeposited materials, with sharply de-
creased thickness (Site 465 report, this volume).

During the late Pliocene and Pleistocene, the ac-
cumulation of foraminifer-nannofossil oozes with a
slight admixture of siliceous remains and basaltic hyalo-
pelitic-silty (up to 10-15%) material (Pleistocene) took
place, The contents of major components and heavy
metals in the sediments under study and rates of their
accumulation differ slightly from those typical of bio-
genic carbonate pelagic oozes of the open ocean.

CONCLUSIONS

Study of specific features of distribution of major
components and heavy metals in the section of Meso-
zoic and Cenozoic deposits of southern Hess Rise
(DSDP, Site 465), analysis of forms of their occurrence
on the basis of processing of analytical data by the
factor-analysis method, interpretation of results of min-
eralogic-lithologic studies, and evaluation of distribu-



tion of average contents of components and rates of
their accumulation for the major geochronological sub-
divisions enable us to outline the main stages in the
geochemical history of sedimentation of the region.

Late Albian-Early Cenomanian (early oceanic)

Accumulation of shallow-water carbonate sediments
of turbiditic origin took place. The sediments were en-
riched with sapropelic organic matter, basaltic volcani-
clastic material, and to a lesser extent with hydrother-
mal and exhalation products. Volcanogenic components
resulted in relatively high concentrations of Fe, Mn,
SiO,, AlO,, and associated heavy metals, present
mostly in the form of basaltic volcaniclastics and ma-
terial of their post-sedimentary transformations: smec-
tite-illite, Mn-Fe-Mg-carbonates. The rates of sedimen-
tation and accumulation of components were maximal
for the post-Jurassic history of the region.

Late Cretaceous (middle Cenomanian--
late Maastrichtian)

This stage is characterized by sedimentation, the
results of which were considerably destroyed by the ma-
jor hiatuses (middle Cenomanian-middle Turonian; late
Coniacian-early Campanian). According to a model of
the northward movement of the Pacific Plate (Lancelot
and Larson, 1975; Lancelot, 1978; van Andel, 1974),
the region under study could have been situated during
the Cenomanian-Coniacian in the zone of high biologi-
cal productivity. Only relatively high rates of sedimenta-
tion and accumulation of components for the late Maas-
trichtian enable an approximate evaluation of the final
phase of sediment formation near the northern bound-
ary of this near-Equator zone. However, the local con-
tribution and redeposition of sedimentary materials
from upraised blocks at this time may somewhat in-
crease the values of the sedimentation rate of the Maas-
trichtian.

On the whole, the sediments of this stage are similar
to biogenic carbonate pelagic oozes of the open ocean,
when judged by the known characteristics.

Early Tertiary (early-late Paleocene)

The beginning of the Tertiary was characterized by
accumulation of carbonate nannofossil oozes, admixed
with siliceous remains. The available geochemical data
do not speak of somewhat abrupt changes of geochem-
ical parameters of sedimentation at the Maastrichtian-
Paleocene boundary.

Tertiary-Quaternary

In the Eocene-Pliocene, biogenic carbonate sedimen-
tation is interrupted many times by hiatuses. This re-
sulted in accumulation of redeposited residual sedi-
ments of much-reduced thickness. In the late Pliocene
and Pleistocene, deposition of foraminifer-nannofossil
pelagic sediments with normal geochemical characteris-
tics was proceeding.

Thus, in the geochemical history of post-Jurassic
sedimentation of southern Hess Rise, four stages are
established. They reflect the evolution of sedimentation

POST-JURASSIC SEDIMENTATION, SITE 465

from the environment of a relatively shallow-water
basin (late Albian-early Cenomanian) to the open ocean
(Late Cretaceous-Pleistocene). In our previous works
on geochemistry of sedimentation in the region of the
western Mid-Pacific Mountains (Site 463) and northern
Hess Rise (Site 464), geochemically similar stages of
post-Jurassic sedimentation were identified. However,
their geochronological duration (for the Cretaceous pe-
riod particularly) differed significantly, a well-pro-
nounced evolutionary tendency being common.
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