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Abstract

Rare earth element (REE) patterns play a key role in understanding the provenance
of mudrocks. However, there is uncertainty about the extent to which REE are
mobile in sediments, and the effect this has on the provenance signal. This study
focuses on Miocene to Pliocene hemipelagic mudrocks from Ocean Drilling
Program (ODP) Site 808, drilled in the toe of the Nankai accretionary prism, SE
Japan. A second mudrock suite from the Amatsu Formation, Boso Peninsula, Japan,

was studied as a comparison.

Mudrocks from the Nankai accretionary prism all have intermediate provenance,
while those from the Amatsu Formation on the Boso Peninsula trend from
intermediate provenance in the lower part of the sequence to mafic provenance in
the upper part. There is a correlation between REE fractionation and provenance,
which holds for both mudrock suites. Mudrocks with intermediate provenance have
more fractionated REE patterns and higher concentrations of the light REE than
those with mafic provenance. Some samples do not conform to this trend. Those

from the Boso Peninsula appear to have had mixed sediment sources.

The anomalous samples from the Nankai accretionary prism are related to fluid-
rock interactions at the décollement zone, which have altered the provenance
signature. Most have REE, trace and major element concentrations similar to the
other hemipelagic mudrocks, despite being brecciated. However, there is a heavy
REE enrichment in some samples from the décollement that are close to breaks in
core recovery. They are associated with an enrichment in calcium, in the form of
calcite. The enrichment of heavy REE in otherwise typical mudrocks suggests that
they have been transported to the décollement in fluids, where they were co-
precipitated with calcite. A potential source for these REE is a series of umbers and

hydrothermal deposits, from where heavy REE may be preferentially leached.
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Chapter 1. Introduction

1.1 Aims and objectives

Rare earth element (REE) patterns play a key role in understanding the provenance
of mudrocks (McLennan, 1989). Shales from around the world have very similar
REE patterns, with little fluctuation through time since the end of the Archaean.
This is a result of recycling and mixing of source rocks on the continents. However,
in active tectonic settings, where source rocks are much younger, a variety of REE
patterns are present in sediments (McLennan, 1989; McLennan et al., 1990). These
patterns represent the variable chemical composition and maturity of the source

rocks, and allow the provenance of mudrock suites to be determined (Bock et 4l.,

1994).

There is, however, uncertainty about the extent to which REE are mobile in such
mudrocks. They can be redistributed during weathering, early diagenesis,
hydrothermal activity, burial diagenesis or metamorphosis (Hemming ez al., 1995).
The mobility of each element is determined by a combination of factors, including
pore fluid complexation, mineral precipitation and adsorption of REE to mineral
surfaces. The relative importance of each process varies depending on temperature,
pressure and chemical conditions, and may lead to a fractionation between heavy
and light REE (Ronov et al., 1967). The original provenance signal may therefore be

masked or distorted.

This study focuses on REE associated with hemipelagic mudrocks from the Ocean
Drilling Program, Leg 131, Site 808, drilled in the toe of the Nankai accretionary
prism (Figure 1; Shipboard Scientific Party, 1991a). This area was chosen as
previous work indicated anomalous REE patterns associated with the décollement
zone (Pickering et al., 1993a; see Section 1.2.1). Mudrocks of similar age and
composition, from the Boso Peninsula, were also studied for comparison (Figure 1).

The geology of these areas is discussed in detail in Chapters 3 and 4.
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also applicable to other situations. REE associations with clay minerals were not as
important as originally expected in controlling REE content and fractionation
within the mudrocks. Mineral precipitation from pore fluids was found to have a
much greater influence. The effects of pH/Eh and chemical species on REE
mobility were modelled (see Chapter 3). Although there were no pore fluids
available for analysis to confirm these predictions, the REE concentrations
measured in the mudrocks support the conclusions derived from the modelling.
Analysis and leaching of sediment samples enabled the differences in mobility of

light and heavy REE to be determined.

Further to these initial aims, the influence of provenance on the REE patterns of
mudrocks was investigated. A correlation between REE fractionation and
provenance is clear for mudrocks from both the Nankai Trough and the Boso
Peninsula (see Chapter 5). The chemical composition of umbers and metalliferous
sediments from both localities was studied, as those from the Nankai accretionary

prism are a potential source for the heavy REE enrichment at the décollement (see

Chapter 5).

1.2 Previous work

1.2.1 Nankai Trough mudrocks

Ocean Drilling Program (ODP) Site 808 was drilled in 1990 in the toe of the
Nankai accretionary prism (Figure 1). The site was chosen as a good modern
example of a clastic accretionary prism, being dominated by turbiditic and
hemipelagic sediments (Shipboard Scientific Party, 1991b). The décollement is
shallow when compared with other prisms (~1000 mbsf), and drilling was able to

penetrate this zone. The main themes to be investigated during drilling were:

“The influence of pore fluid and the hydrogeology of the accretionary prism;
The mechanical state and physical properties of deformed sediments;

The fabrics and structural styles of sediments before and after accretion”
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