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Occurrence of Huge Mountain Collapse and its Sediments Developing
in Niigata - Nagano Prefecture border, Central Japan ; Pleistocene
Epoch Events
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This study proposes a new method to evaluate the diversity of ichnofossils from the outcrop records.
Ichnofossils are records of responses of benthic animals to marine environmental conditions. Therefore,
detailed analyses of ichnoassemblages provide information of the paleoenvironmental conditions on
ancient seafloor. Activities of benthic animals affect superficial to subsurface sediment on seafloor. For
instance, burrowing or grazing by infauna may rework sediment and destroy sedimentary structures.
These behaviors may raise pore water oxygenation level, and may result in accelerated decomposition of
the organic matter in sediment (Aller, 1994). Thus, it is important to evaluate ichnoassemblage in
quantitative way from various aspects (e.g. diversity, abundance, disparity, and bioturbation intensity) to
reveal the paleoenvironmental conditions from geologic records. Particularly, ichnodiversity (defined here
as number of ichnogenera in an ichnoassemblage) is regarded as an important parameter that
characterizes sedimentary environments (e.g. Cummnings and Hodgson, 2011). However, numbers of
ichnogenera observed in outcrops reflect not only actual diversity in activities of benthic animals but also
exposed area of observed outcrops. Even though there are several established methods for correcting
such sample size biases in studies of paleobiodiversity, such as rarefaction (Sanders, 1968) or shareholder
quorum subsampling (SQS; Alroy, 2010), these methods cannot be applied to analyses of ichnodiversity
because number of individuals of ichnofossils is difficult to identify due to their morphological
characteristics. For instance, an individual specimen of planar-formed regular network graphoglyptids that
may be preserved in fragments cannot be defined in observation on outcrops.
To this end, this study proposes a new method to evaluate the ichnodiversity independent of exposed
area of outcrops by using of image-resampling technique with application of the SQS method. The
procedures of our method are following. First, the line-of-interest for data resampling is randomly set in
the acquired outcrop image. The number of ichnogenera on the line is then counted. As the length of the
line-of-interest increases, the number of counted ichnogenera increases. Repetition of this resampling
process derives the relationship between the observed length and number of ichnogenera, which can be
approximated by the non-linear function fitted to the resampled data. The obtained curve can be
regarded as the equivalent of “rarefaction curves” of the biodiversity. Next, the ichnodiversity (the
expected number of ichnogenera) of the examined outcrop image is calculated at a given value of the
“coverage” of the actual diversity, which is estimated from the slopes of the tangential lines of
“rarefaction curves” (Chao and Jost, 2012). Consequently, fluctuation of the ichnodiversity in the
outcrop image data at any given “coverage” is obtained independent of differences in the exposed area
of outcrops. This method was applied to artificial data of ichnoassemblages to verify the methodology
particularly on effects of distribution patterns of ichnofossils on bedding planes. Ten kinds of artificial
ichnofossil images were allocated on the virtual bedding planes to generate artificial outcrop images
showing ichnoassemblages. In these series of experiments, two types of spatial distribution pattern of
ichnofossils were examined: uniform and patchy distributions. Our method indicated that the distribution
patterns did not affect ichnodiversity at sufficiently high “coverage.”
This method was also applied to the field data of deposits of the submarine channel-levee complex in the
Izaki olistolith of the Nichinan Group distributed on the southeastern part of Kyushu, southwestern Japan

©2017. Japan Geoscience Union. All Right Reserved. - HCG30-P05 -



HCG30-P05 JpGU-AGU Joint Meeting 2017

(Sakai, 1987). Our method revealed that the ichnodiversity of the successions in the lzaki olistolith is
relatively high in channel deposits and is low in levee deposits.
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The submarine Bengal Fan is the largest submarine fan system on Earth. The changes in the mineral
assemblages of fan sediments record the uplift history of the Himalayan orogenic system.

IODP Expedition 354 drilled seven sites in an E-W transect along the 8°N latitude in the Bengal Fan
(France-Lanord et al., 2015). The deepest site U1451 A and B recovered a complete sequence of fan
deposits. The sediments drilled at this site consisted of mica and quartz-rich sand, silt, and clay, with the
exception of the lower Oligocene-Eocene section. In this study, we examined the chemistry of detrital
garnets in the sediments in Bengal Fan and Siwalik Group in Nepal in order to compare both provenance
characteristics. The garnet compositions plotted are shown on the Py-Sp+Alm-Gro-And triangular diagram
with discriminant fields by Mange and Morton (2007). The data of mineral assemblage in the Siwalik
Group is after Yoshida et al. (20186).

It is already reported that the heavy mineral assemblage of the Late Oligocene silt-sands mainly consists
of tourmaline and rutile assemblage with rare garnet and amphibole by Yoshida et al. (2016). At the early
part of the Middle Miocene sequence, amphibole and garnets increase rapidly, and there are frequent
occurrences of aluminosilicate and staurolite. In the Middle Miocene sediments, the assemblage of heavy
minerals becomes diverse, and metamorphic minerals, such as staurolite, chloritoid, aluminosilicate,
amphibole, and garnet, are normally included in the sediments. The detrital garnets show the derivation
from crystalline schist and amphibolite facies metamorphic rocks in the Early Miocene period and
granulite facies metamorphic rocks in the Middle Miocene period.

In the lower Siwalik Group, foreland basin deposits, the mineral assemblage is characterized by the
predominance of zircon and tourmaline. The heavy mineral assemblage was changed in the middle part of
the lower Siwalik Group. The sediments include a large amount of blue-green amphibole and
aluminosilicates (kyanite and sillimanite) with staurolite and chloritoid. In the end of Early Miocene, the
detrital garnets were shed mainly from amphibolite facies metamorphic rocks. The detrital garnets were
derived from granulate and amphibolite facies metamorphic rocks in the Middle Miocene time. These
changes seem to have been occurred around 13-10 Ma in western Nepal and 9-7 Ma in central Nepal
(Yoshida et al., 2016).

These measurements of heavy minerals demonstrate wide exposure and sediment production from a
metamorphic terrane in the Himalayas during the Middle Miocene period, though these high-grade
metamorphic minerals are occasionally included in Early Miocene sands. Also the above mentioned
metamorphic mineral grains of Early Miocene and Late Oligocene sands may record exposure history of a
metamorphic terrane, consists of amphibolite facies, prior to the period of high sediment production
during the Middle Miocene. The chemistry of detrital garnet, records the gradual change of source
terranes, from low-grade metamorphic facies and amphibolite facies to high-grade metamorphic facies.
This change is similar to the provenance transition recorded in foreland basin deposits.
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Currently Northeast Java Basin contains the sixth largest oil reserve in Indonesia, but the complexity and
heterogeneity of carbonate reservoir increasing the exploration risk. Sedimentology and diagenesis
process are the most fundamental aspects for appropriate exploration. Accurate knowledge of these
parameters for hydrocarbon reservoir is required for increasing performance of the oil and gas field. Thus,
sedimentology as well as diagenesis aspect must be studied as detail as possible. This should be done
along with microfacies analyses and stable isotope analyses.

The Miocene carbonate rocks of 283m thick were deposited in a high energy shallow marine settings in a
rifting basin. The carbonate succession can be divided into 3 main units from base to top: fine grain
limestone, dolostone, and coarse grain limestone. Fine grain limestone, wackestone and mudstone, was
interpreted as fore-mound carbonate likely derived from pre-existing limestone, characterized by the
abundances of intraclasts. Dolostone unit was a diagenetic product from marine dolomitization process.
The planar structure with polymodal fabric of dolostone suggest that dolomitization process was worked
on single nucleation from homogenous parental rocks under uniform growth at low temperature (Sibley
and Greg, 1987). While coarse grain limestone, packestone and grainstone, is interpreted as terrigenous
carbonate in which its fossil components show different responses to fluctuation of silisiclastic influx.
Negative values both of & '*C and & %0 on limestone and dolostone unit suggest a marine diagenesis
process followed by an intensive meteoric diagenesis that was likely related with tectonic uplift activity. In
detail, the dolostone unit showed higher & '80 value than limestone unit, most likely associated with
different fractionation factors between dolomite and calcite. Between two limestone units also showed
different values both & '*C and & '®0. The coarse grain limestone unit showed lower both & '*C and & '®
O values than fine grain limestone. This suggests that meteoric diagenesis works very effectively on
coarse-grained and permeable limestone in which meteoric water easily go through into the rocks, then
change its constituents.
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