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Project Objective

This project will participate to the IODP Expedition 317 ¿ Canterbury Basin¿s objec- tive entitled ¿Date clinoform seismic sequence boundaries
and sample associated facies to provide information for estimation of eustatic amplitudes.¿ I intend to reconstruct high-resolution paleodepth
estimates via benthic foraminifera assemblages and a sequence- stratigraphy model of foraminiferal assemblages, and combine the results with
detailed facies and lithology analyses over a complete Late Quaternary transgressive-regressive sequence. Site U1352-B provides a stratigraphic
record of depositional cycles through the Holocene and late Quaternary across the slope, a depositional environment affected by relative sea level
change. This core is suitable for high-resolution study of recent glacial cycles in a continental slope setting, allowing to estimate the timing and
amplitude of global sea level change and to document the sedimentary processes that operate during sequence formation. I have attached a PDF
that explains in greater details what the research will be.
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High resolution foraminiferal constraints on paleobathymetry

during a Late Quaternary transgressive-regressive sequence,

Canterbury Bight, New Zealand

Mathieu Richaud
Dept. of Earth and Environmental Sciences

Fresno State

1 Introduction

This project will participate to the IODP Expedition 317 – Canterbury Basin’s objec-
tive entitled “Date clinoform seismic sequence boundaries and sample associated facies
to provide information for estimation of eustatic amplitudes.” I intend to reconstruct
high-resolution paleodepth estimates via benthic foraminifera assemblages and a sequence-
stratigraphy model of foraminiferal assemblages, and combine the results with detailed
facies and lithology analyses over a complete Late Quaternary transgressive-regressive
sequence.

Site U1352-B provides a stratigraphic record of depositional cycles through the Holocene
and late Quaternary across the slope, a depositional environment affected by relative sea
level change. This core is suitable for high-resolution study of recent glacial cycles in
a continental slope setting, allowing to estimate the timing and amplitude of global sea
level change and to document the sedimentary processes that operate during sequence
formation.

Furthermore, corresponding to the sequence overlying seismic sequence boundary U19,
the upper sedimentary sequence on the Canterbury slope almost certainly correspond to
marine isotope Stage (MIS) 1–5 (Expedition 317 Scientists, 2010).

If the vertical movements of a basin floor can be reconstructed from the sedimentary
record, these movements can be more accurately constrained when information from the
sedimentary history is combined with paleodepth estimates derived from fauna (Hayward,
1986; Murray, 1991; van Hinshergen et al., 2005).

2 Settings and Methods

I offer to reconstruct paleodepth estimates during a complete transgressive-regressive
sequence using Site U1352-B. This site, located on slope within the Canterbury Bight
would provide optimal paleowater depths from benthic foraminiferal biofacies (Expedition
317 Scientists, 2010). Also, I will identify critical bounding surfaces using the sequence-
stratigraphic model for primarily shelf siliciclastic sequences proposed by Leckie and Olson
(2003).
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2.1 Reconstructing paleowater depths

Focused on the sediment encompassing U19, the paleodepth estimates (40 cm sampling
step) will be undertaken by (1) analyzing benthic and planktonic foraminifera assemblages
and their ratio as paleobathymetry estimates following a modernized conventional method
described by van Hinshergen et al. (2005) and (2) using a novel approach to calculate pa-
leobathymetry using the Modern Analog Technique (MAT) described by Hayward (2004).
Indeed, Hayward (2004) strongly advocates for the combined use of MAT and conven-
tional methods on the same sample to provide the most robust paleoenvironmental and
paleobathymetry interpretations.

� Estimates of paleobathymetry using a conventional method

I propose to calculate the percentage of planktonic foraminifera with respect to the total
(planktonic and benthic) foraminiferal association. As mentioned by van Hinte (1978),
the ratio between planktonic and benthic foraminifera (P/B ratio) can be used as a tool
to reconstruct paleodepths. The reason is that the abundance of benthic foraminifera gen-
erally reaches a maximum on the outer shelf and the upper slope. Planktonic foraminifera
are virtually absent in neritic environments and their abundance generally increases with
increasing water depth.

Because the oxygen level of bottom waters has a profound effect on the abundance of
benthic foraminifera, and therefore upon %P, the fraction of benthic foraminiferal species
that indicate an effect of oxygen stress on the biotic system will be counted as well. The
effect of sea–floor oxygenation can be assessed by %S and included in the paleobathymetric
equation: %P = 100 × (P / (P + B - S)).

� Estimates of paleobathymetry using Modern Analogue Technique

Hayward (2004) compiled a dataset of 371 modern analogue faunas strongly representa-
tive of inner–shelf (0–50 m) environments and outer-shelf and greater depths (>100 m)
environments found in New Zealand. This is a definitive asset for the depth of U1352 (344
m water depth).

Hayward (2004) shows that MAT based on generic categories of benthic foraminifera
can provide more objective estimates of paleobathymetry that are consistent, but at the
present time no more precise, than those obtained by conventional methods. However, oxy-
gen level in the conventional method used by Hayward (2004) did not take into account
oxygen level of bottom waters and its influence on benthic foraminifera assemblages.
Therefore, applying Hayward’s method (2004) and van Hinsbergen’s method (2005) on
the same sample should allow to test the validity and internal consistency of both meth-
ods. To my knowledge, this has yet to be done.

3 Sediment Request

We would like to request 63 samples of marine sediment from IODP317-U1352B (see Excel
file for precise sample information). We estimate that 10cc will be enough material to do
the foraminifera count.
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4 Role of the Investigator

Mathieu Richaud will supervise a Masters student at Fresno State that will

� clean, sieve and prepare the sediment samples,

� count the benthic and planktonic foraminifera,

� calculate the paleowater depths using the methods outlined above,

I was awarded a PEA on May 14, 2010 to fund a Masters student for that project
explained above.

5 References

Browne, G., and Field, B. (1988) A review of Cretaceous-Cenozoic sedimentation and tectonics,
east coast, South Island, New Zealand, In: Sequences, Stratigraphy, Sedimentology: Surface and
Subsurface (Eds. D.P. James and D.A. Leckie), Can. Soc. Petrol. Geol. Memoir, 15, 37–48

Carter, R. and Gammon, P. (2004) New Zealand maritime glaciation: millennial-scale southern
climate change since 3.9 Ma, Science, 304, 5677, 1659–1662, doi:10.1126/science.1093726

Expedition 317 Scientists, 2010. Canterbury Basin Sea Level: Global and local controls on conti-
nental margin stratigraphy. IODP Prel. Rept., 317. doi:10.2204/iodp.pr.317.2010.

Hayward, B. (1986) A guide to paleoenvironmental assessment using New Zealand Cenozoic
foraminiferal faunas, New Zealand Geological Survey Report, 109, 73 pp.

Hayward, B. (2004) Foraminifera–based estimates of paleobathymetry using Modern Analogue
Technique, and the subsidence history of the early Miocene Waitemata Basin, New Zealand Journal
of Geology & Geophysics, 47, 749–767

Leckie, R. and Olson H. (2003) Foraminifera as proxies for sea-level change in siliclastic margins,
SEPM Special Publication, 75, 5–19.

Murray, J. (1991) Ecology and paleoecology of benthic foraminifera, Longman Group, 397 pp.

van Hinsbergena, D., Kouwenhovenb, T., van der Zwaanb, G. (2005) Paleobathymetry in the
backstripping procedure: Correction for oxygenation effects on depth estimates, Palaeogeography,
Palaeoclimatology, Palaeoecology, 221, 245–265

van Hinte, J. (1978) Geohistory analysis–application of micropaleontology in exploration geology,
AAPG Bulletin, 62, 201–222

Wakefield, M. (2003) Bio-sequence stratigraphic utility of SHE diversity analysis, Society of Eco-
nomic Paleontologists and Mineralogists Special Publication, 75, 81–87.

3


