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Abstract

A selection of 30 indurated (cemented) sediment samples from In-
tegrated Ocean Drilling Program Expedition 317 sites were exam-
ined using various techniques to assess the nature and chemistry
of authigenic carbonate cements. Flatbed scanning of thin sec-
tions coupled with optical microscopy and scanning electron mi-
croscope/energy dispersive X-ray (SEM/EDS) mapping provides a
visual reference catalog that is presented here as supplementary
material. These techniques, along with X-ray diffraction, were
used to confirm the presence of calcite cement in 24 of the 30
samples, with the remaining 6 samples having either dolomite or
magnesian calcite cement. Carbon and oxygen isotopic analysis
was performed on a subset of samples to provide additional infor-
mation regarding the nature of the cements. Proportions of terrig-
enous and bioclastic components, matrix, cement, and porosity
were estimated by point-counting thin sections.

Introduction

In order to accurately reconstruct sea level history and subsequent
depositional environments, it is necessary to test these sea level
models against data from the geologic record. The occurrence of
carbonate cements provides a method of understanding sea level
history and the record of exposure because authigenic carbonate
precipitation occurs in a wide range of conditions from marine to
nonmarine. Outcrop studies would normally be used to study
stratigraphy; however, these studies are difficult to employ with
carbonate cements because of overprinting by burial and subaer-
ial diagenesis. In order to obtain samples that have not been over-
printed by later diagenetic events, material cored from modern
shelf areas is necessary. Only a few shallow-shelf coring expedi-
tions were carried out during the Deep Sea Drilling Project
(DSDP), Ocean Drilling Program (ODP), and Integrated Ocean
Drilling Program (IODP), and only one addressed the cementa-
tion history of siliciclastic shelf sediments. That study focused on
the New Jersey shelf (Malone et al., 2002).

Recent drilling during IODP Expedition 317 on the Canterbury
shelf provided important core records of shelf strata with local
carbonate-cemented zones that may relate to seismic reflectors,
including sequence boundaries (see the “Expedition 317 sum-
mary” chapter [Expedition 317 Scientists, 2011]). The purpose of
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this study is to further characterize the texture and
chemical composition of the most indurated zones
in the carbonate-cemented intervals in Expedition
317 cores. Understanding the conditions under
which these zones formed is critical to enabling a
more detailed interpretation of the seismic sequence
stratigraphy of the Canterbury shelf and will con-
tribute to additional testing of sea level models (Lu et
al., 2005).

Geologic setting and Expedition 317
background

The Canterbury Basin is located on a passive margin
that developed along the eastern portion of the
South Island of New Zealand, which is a part of a
continental fragment, the New Zealand Plateau, that
rifted from Antarctica starting at ~80 Ma (Fulthorpe
et al.,1996; Carter, 1998; Lu et al., 2005; see the “Ex-
pedition 317 summary” chapter [Expedition 317
Scientists, 2011]). The basin lies at the landward edge
of the continental fragment and underlies the pres-
ent-day onshore Canterbury plains and offshore
continental shelf. The depositional history of the
Canterbury Basin is a tectonically controlled trans-
gressive-regressive cycle. The Cretaceous to Oligo-
cene was a period of general transgression caused by
relative sea level rise accompanied by postrift subsid-
ence. Sequence boundaries suggest that the trend of
sea level rise was punctuated by periods of sea level
lowering or stillstand. In the Miocene, a regressive
phase was initiated in response to increasing sedi-
ment supply that began with the mid-Cenozoic de-
velopment of strike-slip motion along the boundary
of the Pacific and Australian plates, the Alpine fault.
Regression increased as the amount of convergence
at the boundary increased. Convergence along this
fault initiated the uplift of the Southern Alps around
8 Ma.

During Expedition 317 In 2009, four sites were cored
in the Canterbury Basin at three sites on the conti-
nental shelf (Sites U1353, U1354, and U1351, land-
ward to basinward) and one site (U1352) on the con-
tinental slope in water depths ranging from 85 to
344 m (Fig. F1) (see the “Expedition 317 summary”
chapter [Expedition 317 Scientists, 2011]).

Drilling was performed using the advanced piston
corer (APC), extended core barrel (XCB), and rotary
core barrel (RCB) systems. Three holes were drilled at
each of the three continental shelf sites (Sites U1351,
U1353, and U1354), and material was recovered
from the upper Miocene to the recent (Fig. F2). Drill-
ing initiated at Site U1351 located on the outer shelf
at a position thought to be near the historic low-

stand shoreline (see the “Expedition 317 sum-
mary” chapter [Expedition 317 Scientists, 2011]).
This would have placed Sites U1353 and U1354 on-
shore during the same lowstand. Four holes were
drilled at Site U1352, on the upper continental slope,
and the recovered cores represent a complete section
from modern slope sediment down to Eocene lime-
stone. Site U1352 was the deepest hole drilled in a
single expedition and the second deepest hole in the
history of scientific ocean drilling.

Methodology

Indurated intervals of Expedition 317 cores were
sampled shipboard for use in this study. Thirty sam-
ple billets thought to contain carbonate cements
were selected for analysis from the indurated inter-
vals and split with a saw at California State Univer-
sity Northridge (CSUN; USA). A portion of each billet
was impregnated with blue-dyed epoxy, and then a
thin section was prepared to a 30 pm thickness and
polished, prepared without the traditional coverslip
to facilitate chemical analysis via scanning electron
microscope (SEM). A second portion weighing ~2 g
was cleaved off of the remaining sample using a
hand-screwed steel guillotine and ground to a fine
powder using an agate mortar and pestle. The result-
ing powder was split to be analyzed by powder X-ray
diffraction (XRD) and isotopic analysis. Table T1 lists
the location and depth for each sample along with
the analysis techniques employed for each.

Thin section imaging and point counts

Documentation of the macro texture of each sample
was achieved by imaging the entire thin section on a
standard flatbed scanner. The thin sections were
scanned in transmitted light at a resolution of 3200
dots per inch, which resulted in a final image with
dimensions of 3366 pixels wide x 5605 pixels high.
In addition, the microtexture of each sample was
documented using polarized light microscopy (visi-
ble transmitted light, with and without polarizing
filters). These images assisted in describing the over-
all character of the samples in terms of components,
matrix, porosity, and cement content (see CORE-
IMAGES in “Supplementary material”). Estima-
tions of pore size and abundance of bioclastic mate-
rial were made using percentage diagrams (Table T2).

More detailed compositional analysis was provided
through point-counting the 30 thin sections using a
Leitz Labrolux 12 Pol petrographic microscope fitted
with an automated stage and counter. Three-hun-
dred points were counted per section, and counted
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categories included various sand, matrix, cement
and, porosity (Table T3).

X-ray diffraction analysis

XRD was carried out at the Getty Conservation Insti-
tute in Los Angeles, California (USA) using a Siemens
D500S diffractometer. Approximately 200 mg of
finely ground sample was placed on a zero-back-
ground quartz plate and flattened to an approximate
uniform thickness. Scans were performed using the
following conditions within the Bruker XRD Com-
mander software: locked coupled scan, 40 kV, 30 mA,
scan from 10° to 60°20, step size 0.01°26, and scan
speed of 1 s/step. The resulting raw files were im-
ported into the Bruker DiffracPlus software package
and transformed using a fourier noise filter. Mineral
peak identification was confirmed using an embed-
ded JCP2 PDF database file. Slight differences in the
thickness of the individual powdered samples were
noted as a shift in the position of the optimal quartz
peak position at 26.66°26 and were corrected by ad-
justing the X-offset of each pattern. The diffraction
peak position and relative intensity, measured as
counts per second for quartz and the identified car-
bonate minerals (calcite, Mg calcite, and dolomite),
were then calculated using the DiffracPlus software
(Table T4). Methodology for determining quantita-
tive percentages of components was not available
with this software package and are not reported here.

Scanning electron microscopy

Backscattered electron (BSE) imaging and energy dis-
persive X-ray spectroscopy (EDS) mapping were per-
formed on all 30 thin section samples to obtain ele-
mental composition and distribution of the cements
within the samples (see COREIMAGES in “Supple-
mentary material”; Table T5). The analysis was car-
ried out at the Getty Conservation Institute on a
Philips-FEI XL30 environmental scanning electron
microscope with field emission gun (ESEM-FEG). The
samples were imaged uncoated with a chamber pres-
sure of 0.8 torr, beam voltage of 20 keV, and spot size
of 3. X-ray EDS mapping was performed with an Ox-
ford X-Max 80 mm? detector and collected and pro-
cessed with the Oxford INCA software package. To
better facilitate the comparison of cemented zones
within the samples, area spectra of these zones were
reconstructed from the elemental map data set
within the INCA software. Three separate areas rep-
resenting the cemented zone were selected in each
map. The three resulting spectra were manually eval-
uated for maximum peak height in counts, divided

by the accumulation time, and averaged yielding a
value in counts per second.

Tabulated results of elemental analysis performed on
samples that are imaged uncoated while in low-vac-
uum mode of an environmental SEM need to be
carefully considered because of the physics of the
beam interaction with the sample. Numerical results
are generally considered to be qualitative because of
deflection of the electron beam as it passes through
water vapor in the chamber, which can lead to X-ray
signal generated from outside of the region of inter-
est. Relative peak intensities and peak ratios are usu-
ally more informative, such as the Ca/Mg ratio,
which when combined with XRD data can confirm
mineral identification.

Isotopic analysis

Previous studies have shown that using §'3C and
380 wvalues can aid in determining the origin (i.e.,
marine, brackish, or freshwater) of authigenic car-
bonate cements (Malone et al., 2002). The 30 study
samples were evaluated using optical microscopy
and SEM imaging to determine their suitability for
isotopic study. Only samples with minimal evidence
of bioclastic carbonate fragments were submitted for
isotopic analysis. This resulted in 15 of the original
30 samples being submitted to California State Uni-
versity, Long Beach, for analysis of the gas isotope ra-
tios of *C/12C and '80/'60. Sample analysis was car-
ried out using a Thermo-Finnigan Gas Bench II
online gas preparation and introduction system cou-
pled with a Finnigan DELTAplus XP stable isotope
mass spectrometer. Approximately 200 pg of each
sample, as well as three different standards (NBS-18,
NBS-19, and in-house Standard A), were placed in in-
dividual sample vials and heated to 72°C. The head-
space of each vial was flushed with helium for 5 min,
followed by automated dropwise addition of concen-
trated phosphoric acid. The samples were then al-
lowed to react for a minimum of 2 h for the evolved
CO, gas to reach equilibration within the vial. Mea-
surement of the '3C/2C and '80/'%0O ratios was then
performed sequentially for each standard and sam-
ple, during which 10 doses of each were evaluated.
Generated peaks were evaluated for their consistent
peak height and shape, and values deemed to be
nonrepresentative were rejected. The resulting §'3C
and 8'80 values were then corrected for linearity and
converted to their relative Peedee belemnite (PDB)
values using a calibration curve created from the
three standards. These results are presented in
Table T6.
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Results and observations

Lithologies

Imaging data for each sample including core photo,
thin section scan, optical microscopy (plane and po-
larized light), SEM-BSE, and X-ray elemental maps
were combined into one document to provide a vi-
sual reference that highlights sample features at dif-
ferent magnification scales (see COREIMAGES in
“Supplementary material”).

The results of general observations and more de-
tailed point counting of grains for each of the sam-
ples is presented in Tables T2 and T3. The lithology
naming scheme for the samples follows the method
adopted by Expedition 317 scientists, which was
modified from the “Expedition 317 summary”
chapter (Expedition 317 Scientists, 2011). The sam-
ples were separated into three categories: limestone,
marlstone, and sandy marlstone. Four samples (from
Cores 317-U1351B-12H, 19X, and 96X and 317-
U1354C-20X) were found to contain primarily bio-
clastic material. In contrast, samples from Cores 317-
U1352B-2H, 317-U1352C-10R, 317-U1353B-88X and
92X, and 371-U1352B-13H were found to contain
primarily siliciclastic sand. The remaining samples
showed mixed content, with variable bioclastic/sand
ratios.

Grain sizes are relatively uniform across all samples,
on the order of <100 ym for the siliciclastic particles.
These particles are generally poorly to moderately
sorted. Grain-to-grain contacts range from point to
floating, and grain shapes range from angular to sub-
angular. Dominant terrigenous sand constituents are
quartz, feldspar, and mica, and these total up to 87%
of the sample. Bioclasts range up to ~40% of the
sample and are mainly foraminifers and mollusk
fragments. Other carbonate components include cal-
careous micritic matrix (calcareous biogenic silt to
authigenic cement?) and fine pore-filling cement
ranging up to ~60% of the sample in fine micritic
concretions.

The samples exhibit three main types of porosity: in-
terparticle, intraparticle, and moldic. Porosity values
were first estimated using area percentage charts
ranging from <1% to 30% for the sample set (Table
T2). Point count results of porosity values were gen-
erally lower than those obtained using the estima-
tion charts and range from <1% to 22%. Samples
with the highest porosity contain the highest per-
centage of bioclasts. No significant correlation exists
between the remaining point count data and the ele-
mental, carbonate XRD, or isotope data.

XRD and SEM

The elemental composition of the cement and aggre-
gate components were examined in thin section us-
ing low-vacuum SEM-EDS mapping. The elemental
maps are located in COREIMAGES in “Supplemen-
tary material,” whereas tabulated values in counts
per second are provided for the cement in each sam-
ple and selected rhombohedral crystals in Table T5.

Results of XRD analyses are summarized in Table T4
and are presented as counts per second for quartz
and the carbonate phases that were detected. This
was done to simplify the data set, as the main focus
of this research is on cement identification.

All of the elemental maps contain calcium as a sig-
nificant element, and bulk XRD analysis confirmed
the presence of calcite at some level in all of the sam-
ples. Multiple samples (from Cores 317-U1352B-2H,
317-U1352C-10R, 317-U1353B-88X and 92X, 317-
U1354A-15H, and 317-U1354B-13H) were found to
contain magnesium as a major component of the ce-
ment correlated with calcium suggestive of magne-
sium-enriched phases such as dolomite or magne-
sian calcite. Evaluating the ratio of Ca/Mg signal
within the elemental maps in counts per second
from reconstructed spectra of the cemented zones
separates these samples into two groups. Samples
from Cores 317-U1352B-2H and 10R, U1354A-15H,
and U1354B-13H have ratios ranging from 1.4 to 2.0.
XRD analysis identified these samples as containing
ferroan dolomite. Samples from Cores 317-U1353B-
88X and 92X, which have ratios of 7.3 and 10.1, re-
spectively, were shown to contain magnesian calcite
via XRD. This link between Ca/Mg ratio and verified
mineralogic phase provides a way to identify the lo-
cation of these phases within samples where they oc-
cur in minor amounts. Samples such as those from
Cores 317-U1352B-52X and 317-U1352C-15R and
21R, which show small crystals containing magne-
sium and calcium, can be evaluated. In all three
cases, reconstructed spectra of the crystals show that
the Ca/Mg ratio falls in the same range as ferroan do-
lomite. A closer look at the XRD data table reveals
that there are counts related to the ferroan dolomite
peak for each of these samples.

Exceptions to these nice-fitting correlations exist.
Sample 317-U1351B-46X-CC, 1-5 cm, shows 41
counts per second for ferroan dolomite, yet looking
at the elemental maps, no correlation exists between
the magnesium and calcium maps. This might be
due to the fact that sample locations for thin section
and XRD samples differ slightly.
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Very minor (<1%) pyrite crystals were found in all 30
samples, noted by their characteristic high contrast
in the BSE images and their morphological structure
and confirmed through the correlation of Fe and S
intensities in EDS maps; a group of pyrite crystals
can be seen in Figure F3. Other minerals observed by
optical microscopy, such as micas, feldspars, and
quartz, were also easily observed using the SEM-EDS
maps and their characteristic structural features. For
example, a particle of mica interleaved with pyrite
can be observed in the lower left corner (see Fig. AF9
in COREIMAGES in “Supplementary material”),
where magnesium, aluminum, and iron are all pres-
ent in a single grain and the characteristic lamellae
of the mica can be observed in the BSE image
(part A).

Isotopes

The isotopic data are presented as a bivariate plot of

380 PDB (%o) vs. 8"3C PDB (%o0) in Figure F4 with
various grouping overlays including (A) arbitrary
grouping by clustering; (B) categories of deposi-
tional environments as modified from Nelson and
Smith (1996) following the work of Hudson (1977),
Bathurst (1981), Choquette and James (1987),
Moore (1989), Morse and Mackenzie (1990), and
Marsaglia and Carozzi (1990); (C) mineral classifica-
tion from Mozley and Burns (1993); and (D) color
coded with XRD identification. The results cluster
into four distinct groupings (labeled A-D). Groups A
and B have relatively similar §'3C values and could
potentially be grouped together; however, there is a
large enough gap between the §'80 values that two
separate groups were assigned. Group A consists of
three samples with 8'3C values ranging from —2.3%o
to —=3.5%0 and 3,50 values ranging from —-2.0%o to
—2.4%o0 and falls into a warm-water skeleton classifi-
cation. Group B consists of six samples with §'3C
values ranging from —1.2%o to —-3.9%0 and §'80 values
ranging from —-0.1%o to 1.4%o. Using the Nelson clas-
sification scheme, these materials are derived from
oozes (note that the relative percentage of calcare-
ous components in these ooze samples is not speci-
fied).

The remaining two groups diverge significantly from
the §'3C values that are observed in Groups A and B.
Group C contains three samples (317-U1352B-2H,
317-U1354A-15H, and 317-U1354B-13H) that have
813C values between —12%o and -24%o and 8'80 val-
ues between 1.9%o and 5.6%o. All three samples were
identified as containing ferroan dolomite by XRD.
The closest corresponding category in the Nelson
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and Smith identification scheme on the bivariate
plot would be for mixing zone dolomites.

Group D contains two samples (317-U1353B-88X
and 92X) that have §'3C values below —40%o; these
two samples stem from the same drill site and were
identified by XRD as containing magnesian calcite
(see above). The extremely low §'3C values comfort-
ably place these samples as being derived from a
methanogenic origin. Having such low §'3C values is
unusual but not unheard of for the region. Lawrence
(1991) reported 8'3C values below -30%o PDB in
concretionary dolomite deposits in Eastern Marlbor-
ough, New Zealand, on the South Island. Sample
317-U1354C-17X-CC, 3 cm, was originally assigned
to Group C; however, it is known to contain mainly
calcite from XRD and SEM analysis and could poten-
tially also be assigned to Group B. It appears that the
isotopic values could be transitional between the
two groups or this may represent sampling of a dolo-
mite-rich zone of the sample billet.
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Figure F1. Locations of Expedition 317 drill sites in the Canterbury Basin. Sites U1353, U1354, and U1351 are

located on the continental shelf, and Site U1352 is located on the continental slope (from Expedition 317 Sci-

entists, 2011).
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Figure F2. Summary of lithology and unit boundaries (modified from Expedition 317 Scientists, 2011). Blue
triangles = locations of shipboard thin sections (lithified core samples) examined, red triangles = locations of
thin sections newly produced during this study.
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D. Carson and K.M. Marsaglia Data report: investigation of carbonate-cemented zones

Figure F3. Backscattered electron (BSE) micrograph of fractured section for Sample 317-U1352C-10R-1W, 50
cm. White arrows = two of the numerous dolomite rhombohedral crystals in the sample. The shape of the
crystals and isolated nature indicate that they grew within the pore space of the sample. Circle = high contrast
pyrite cluster.
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D. Carson and K.M. Marsaglia

Data report: investigation of carbonate-cemented zones

Figure F4. Isotopic data. A. Arbitrary grouping based on clustering. B. Plot with literature values as modified
from Nelson et al. (1996). C. Plot with literature values from Mozley and Burns (1993). D. Plot based on phase
identification from XRD. Blue = calcite, red = dolomite, green = Mg calcite.
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Table T1. Sample identification and analysis checklist.

Thin
Interval  Depth section  Core Point Isotope
Hole Core  Section (cm) DSF(m) scan photo  count SEM EDS XRD ratio

317-

U1351B  12H 1w 115116  75.7 X X X X X X

U1351B 19X CcC 25-27 141.6 X X X X X

U1351B 22X cCc 10-12 170.4 X X X X X X X
U1351B 44X 1w 3-8 381.1 X X X X X X X
U1351B 46X cCc 1-5 400.2 X X X X X X X*
U1351B 96X CcC 5-8 831.8 X X X X X

U1351B 98X cCc 30-34 851.0 X X X X X

U1351B 100X 3 15-17 870.3 X X X X X X

U1351B 102X cc 4-8 889.6 X X X X X X X
U1351B 111X 1 4-7 975.9 X X X X X X

U1351B 113X 2 131-135 995.1 X X X X X X X
U1352B  2H 2w 32 8.2 X X X X X X X
U1352B 42X 5w 5 341.1 X X X X X X

U1352B 52X 7W 4 437.1 X X X X X X

u1352C 2R 1w 12 574.7 X X X X X X

u1352C 3R 1w 68 584.4 X X X X X X

U1352C  9R 1w 0 689.0 X X X X X X X
U1352C  10R 1w 50 698.7 X X X X X X X
U1352C  14R 1w 100 737.5 X X X X X X
uU1352C  15R 1w 131 747.2 X X X X X X X
U1352C 18R 1w 19 776.3 X X X X X X

u1352C  21R 2w 38 805.4 X X X X X X

U1352C  22R 2w 33 815.0 X X X X X X

U1352C  25R CcC 0 843.8 X X X X X X

U1353B 88X 1w 55-58 509.6 X X X X X X X
U1353B 92X Ccc 8-12 547.1 X X X X X X X
U1354A  15H cc 0 76.2 X X X X X X X
U1354B  13H 2w 74 62.5 X X X X X X X
U1354C 17X cc 3 192.6 X X X X X X X
U1354C 20X CcC 20 221.4 X X X X X

* = sample was run, but no result was obtained. SEM = scanning electron microscope, EDS = X-ray spectroscopy mapping, XRD = X-ray diffrac-
tion.
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Data report: investigation of carbonate-cemented zones

Table T2. Sample naming, porosity estimation, and bioclastic content.

Interval Porosity Bioclasts
Hole Core  Section (cm) Burrow (%) Pore type Name (undifferentiated) Microfossils
317-
U1351B  12H I\ 115-116 NA 25 IEP: C, IAP: C Limestone (packed to poorly C C
washed biomicrite)

U1351B 19X CcC 25-27 NA 20 Moldic: C, IEP: T Limestone (packed biomicrite) C T
U1351B 22X CcC 10-12 Burrowed <1 IAP: T Sandy marlstone T T
U1351B 44X w 3-8 Bioturbated <1 None visible Sandy marlstone — T
U1351B 46X CcC 1-5 Bioturbated <1 None visible Marlstone T T
U1351B 96X CcC 5-8 NA 20 Moldic: C Limestone (packed biomicrite) C T
U1351B 98X CcC 30-34 Bioturbated 1 Moldic: T Sandy marlstone C T
U1351B 100X 3 15-17 Burrowed 1 Moldic: T Marlstone T C
U1351B 102X CcC 4-8 Burrowed <1 Moldic: T Marlstone T

U1351B 111X 1 4-7 Burrowed 2 Interparticle Marlstone C T
U1351B 113X 2 131-135 Burrowed 2 Interparticle Marlstone T —
U1352B  2H 2W 32 Burrowed <1 Interparticle Marlstone (dolomicrite) — —
U1352B 42X 5W 5 Bioturbated 30 IAP: C Limestone (packed biomicrite) C A
U1352B 52X 7W 4 Burrowed 15 Moldic: C Limestone (packed biomicrite) C A
U1352C 2R w 12 Bioturbated 25 Moldic: C Marlstone C C
u1352C 3R W 68 Bioturbated 15 Moldic: C Marlstone C C
U1352C  9R w 0 Burrowed 1 Moldic: T Marlstone C —
U1352C  10R mw 50 Burrowed 10 IAP: C, IEP: C Marlstone T —
U1352C  14R w 100 Burrowed 10 IAP primary: T, Marlstone T C

IEP matrix: C
U1352C  15R W 131 Burrowed 15 IEP matrix: C Marlstone T T
uU1352C 18R w 19 Burrowed 1 IEP matrix: C Marlstone C C
u1352C  21R 2w 38 Burrowed Moldic: C Marlstone T T
U1352C  22R 2W 33 Burrowed 1 IEP matrix: T Marlstone T T
U1352C  25R CcC 0 Burrowed 2 IEP matrix: T Marlstone T T
U1353B 88X w 55-58 Bioturbated <1 IAP: T, Moldic: T Sandy marlstone T T
U1353B 92X CcC 8-12 Burrowed <1 IAP: T Sandy marlstone T —
U1354A 15H CcC 0 Burrowed <1 Secondary borings  Marlstone (dolomicrite)? — —
bored hardground
U1354B  13H 2W 74 Burrowed <1 Secondary borings  Marlstone (dolomicrite)? — —
bored hardground
u1354C 17X CcC 3 Burrowed <1 IAP secondary Sandy marlstone T
U1354C 20X CC 20 NA 15 IAP primary: T, Limestone (packed biomicrite) C C
Moldic: C

IEP = interparticle, IAP = intraparticle. T = trace (<5%), C = common (5%-30%), A = abundant (>30%).
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Table T3. Thin section point count data. (Continued on next page.)

Raw counts
Interval Quartz + Micrite
Hole Core  Section (cm) Feldspar Mica Bioclast Matrix cement IAPC IEPC  Porosity Opaque  Total
317-

U1351B  12H W 115-116 3 143 19 53 66 16 300
U1351B 19X cC 25-27 36 102 65 45 21 31 300
U1351B 22X CcC 10-12 136 11 7 2 139 2 3 300
U1351B 44X 1w 3-8 117 4 3 38 39 93 6 300
U1351B 46X CcC 1-5 144 8 8 23 102 15 300
U1351B 96X cCc 5-8 87 17 53 123 20 300
U1351B 98X CcC 30-34 132 18 19 16 7 97 3 8 300
U1351B 100X 3 15-17 89 14 45 94 8 45 5 300
U1351B 102X CcC 4-8 96 23 4 42 132 3 300
U1351B 111X 1 4-7 103 26 7 34 129 1 300
U1351B 113X 2 131-135 92 5 5 33 125 22 7 11 300
U1352B  2H 2w 32 78 21 10 178 13 300
U1352B 42X 5w 5 125 29 103 15 28 300
U1352B 52X 7W 4 21 1 36 91 22 19 300
u1352C 2R W 12 109 29 121 35 6 300
uU1352C 3R 1w 68 34 14 27 44 164 1Al 6 300
u1352C  9R W 0 99 3 5 33 16 134 1 9 300
U1352C  10R 1w 50 72 35 155 28 10 300
U1352C  14R 1w 100 65 24 18 158 24 11 300
U1352C  15R 1w 131 87 10 12 106 42 31 12 300
U1352C 18R W 19 54 12 58 34 103 12 19 8 300
uU1352C  21R 2w 38 73 17 22 43 101 25 19 300
U1352C  22R 2w 33 63 37 21 56 118 5 300
U1352C  25R cCc 0 116 4 33 47 48 12 3 300
U1353B 88X 1w 55-58 121 3 4 22 141 9 300
U1353B 92X cc 8-12 1 5 3 18 156 7 300
U1354A  15H CcC 0 54 60 186 300
U1354B  13H 2w 74 73 8 35 176 8 300
u1354C 17X CcCc 3 98 2 76 124 300
U1354C 20X cc 20 115 45 33 31 43 23 10 300

Matrix = (detrital silt/clay sized material). IAPC = intraparticle cement, IEPC = interparticle cement. Normalized point counts = 100 x point count/
300. % Carb = 100 x (micrite cement + IAPC + |EPC)/300. Terri = terrigenous.
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Table T3. (continued).

Normalized (%)

Interval Quartz + Micrite
Hole Core  Section (cm) Feldspar Mica Bioclast Matrix cement IAPC IEPC POR  Opaque Carb Terri

317-

U1351B  12H 1w 115-116 1.0 0 47.7 0 0 63 177 220 53 717 6.3
U1351B 19X  CC 25-27 12.0 0 340 217 150 7.0 0 10.3 0 560  33.7
U1351B 22X  CC 10-12 45.3 3.7 2.3 0 0 0.7  46.3 0.7 1.0 493 50

U1351B 44X 1W 3-8 39.0 1.3 1.0 127 130 0 31.0 0 20 450 550
U1351B 46X  CC 1-5 48.0 2.7 2.7 7.7 340 0 5.0 0 0 417 583
U1351B 96X  CC 5-8 0 0 29.0 5.7 0 177 41.0 6.7 0 87.7 5.7
U1351B 98X  CC 30-34 44.0 6.0 6.3 5.3 0 23 323 1.0 27 410 580
U1351B 100X 3 15-17 29.7 0 47 150 313 27 150 1.7 0 53.7 447
U1351B 102X CC 4-8 32.0 7.7 1.3 140 440 0 0 1.0 0 453 537
U13518 111X 1 4-7 343 8.7 23 113 430 0 0 0.3 0 453 543
U1351B 113X 2 131-135  30.7 1.7 1.7 1.0 417 0 7.3 2.3 3.7 507 470
U1352B  2H 2w 32 26.0 7.0 0 33 593 0 0 43 0 59.3 363
U1352B 42X 5W 5 0 0 417 9.7 343 5.0 0 9.3 0 81.0 9.7
U1352B 52X  7W 4 7.0 0 370 120 303 7.3 0 6.3 0 747 19.0
U1352C 2R 1w 12 0 0 36.3 9.7 403 0 0 11.7 20 767 117
U1352C 3R 1w 68 11.3 4.7 9.0 147 547 0 0 3.7 20 637 327
U1352C  9R 1w 0 33.0 1.0 1.7 11.0 5.3 0 44.7 0.3 3.0 517 480
U1352C  10R 1w 50 240 1.7 0 51.7 9.3 0 0 33 0 93 873
U1352C  14R 1w 100 21.7 8.0 6.0 527 0 0 0 8.0 3.7 6.0  86.0
U1352C  15R 1w 131 29.0 33 40 353 140 0 0 10.3 40 180 717
U1352C 18R 1w 19 18.0 40 193 113 343 4.0 6.3 2.7 0 640 333
u1352C  21R 2w 38 243 5.7 73 143 337 0 8.3 6.3 0 493 443
U1352C  22R 2w 33 210 123 70 187 393 0 0 1.7 0 463 520
U1352C  25R cC 0 387 137 110 157 160 0 0 4.0 1.0 270  69.0
U1353B 88X  1W 55-58 40.3 1.0 1.3 73 470 0 0 0 3.0 483 517
U1353B 92X  CC 8-12 37.0 1.7 1.0 6.0  52.0 0 0 0 23 530 470
U1354A 15H  CC 0 18.0 0 0 20 62.0 0 0 0 0 620  38.0
U1354B  13H 2w 74 243 2.7 0 1.7 587 0 0 0 27 587 413
U1354C 17X CC 3 32.7 0.7 0 253 413 0 0 0 0 413 587
U1354C 20X  CC 20 0 0 383 150 110 103 143 7.7 33 740 183
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Table T4. XRD analysis for quartz and identified carbonate phases.

Ferroan
Interval Aragonite Quartz Calcite Mg calcite Ankerite dolomite
Hole Core Section (cm) (cps) (cps) (cps) (cps) (cps) (cps)
317-
U1351B 12H w 115-116 6 109 864 — — 1
U1351B 19X CcC 25-27 7 65 813 — — 5
U1351B 22X CcC 10-12 — 642 914 — — —
U1351B 44X w 3-8 2 353 512 — —
U1351B 46X CcC 1-5 — 515 675 — — 41
U1351B 96X CcC 5-8 4 685 515 4 — —
U1351B 98X CcC 30-34 No sample No sample No sample No sample No sample No sample
U1351B 100X 3 15-17 1 708 737 — — 31
U1351B 102X CcC 4-8 — 467 440 1 — —
U1351B 111X 1 4-7 3 544 654 — — —
U1351B 113X 2 131-135 1 460 684 2 — 5
U1352B 2H 2w 32 — 542 4 1 — 331
U1352B 42X 5w 5 2 227 549 — — —
U1352B 52X 7w 4 3 282 698 — — 22
U1352C 2R 1w 12 1 288 1090 — — 6
U1352C 3R w 68 3 192 700 — — 1
U1352C 9R 1w 0 1 240 406 — — 27
U1352C 10R w 50 1 383 146 1 68 71
U1352C 14R 1w 100 10 619 339 — — 18
U1352C 15R w 131 — 363 442 — — 18
U1352C 18R 1w 19 — 357 705 — — 10
U1352C 21R 2w 38 — 387 418 — — 13
U1352C 22R 2w 33 2 334 414 — — 82
U1352C 25R CcC 0 — 378 340 — — 5
U1353B 88X 1w 55-58 — 392 — 164 — —
U1353B 92X CcC 8-12 — 885 — 144 — 5
U1354A 15H CcC 0 — 282 — — — 421
U1354B 13H 2w 74 — 175 — — 212 316
U1354C 17X CcC 3 — 1430 322 — — —
U1354C 20X CcC 20 No sample No sample No sample No sample No sample No sample
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Table T5. SEM-EDS elemental analysis of predominant carbonate cement phases.

Major elements (cps)

Interval
Hole Core  Section (cm) Na Mg Al Si K Ca Fe Mn Ca/Mg Mg/Fe
317-
U1351B  12H 1w 115-116  — 45.8 41.7 94.9 — 12069 123 — 27.0 3.7
U1351B 19X CccC 25-27
U1351B 22X CcC 10-12 47.8 58.3 1120 3593 39.5 17116 23.9 — 29.4 2.4
U1351B 44X 1w 3-8 35.7 48.8 126.0 450.8 39.4 9948  20.4 — 20.7 2.5
U1351B 46X CcC 1-5 0.0 77.1 0.0
U1351B 96X CccC 5-8
U1351B 98X CcC 30-34 39.2 541 103.6 341.8 41.7 16344  26.2 — 30.3 2.2
U1351B 100X 3 15-17 41.4 51.0 89.4 3439 — 16243  33.7 — 31.9 1.5
U1351B 102X  CC 4-8 453 52.5 109.1  338.6 36.8 1609.4 237 — 31.3 2.3
U1351B 111X 1 4-7 38.7 49.7 97.7 3137 37.9 16049  22.1 — 32.3 2.3
U1351B 113X 2 131-135 353 51.6 69.0 1953 — 1756.9  21.0 — 35.0 2.5
U1352B  2H 2W 32 49.8 558.2 1357 416.2 435 807.7 25.0 — 1.4 22.9
U1352B 42X 5W 5 25.7 38.5 49.4 138.0 — 901.0 — — 23.5 —
U1352B 52X 7W 4 26.2 53.8 551 1347 24.7  1263.1  17.6 — 23.6 3.1
U1352B 52X 7W 4 — 356.8 57.2 1403 — 891.9 — — 2.5 —
uU1352C 2R w 12 26.6 43.1 64.0 150.1 — 1230.0 128 — 28.6 3.6
U1352C 3R 1w 68 25.9 433 523 1335 23.0 1221.2 9.9 — 29.3 4.4
U1352C  9R w 0 32.8 42.1 76.0  268.9 245 11847 125 — 28.2 3.4
U1352C  10R 1w 50 46.9 375.6 1509 348.6 59.0 743.7  38.0 — 2.0 9.9
U1352C  14R 1w 100
U1352C  15R 1w 131 27.0 48.5 76.0 249.6 27.8 10729 133 — 221 3.9
U1352C  15R w 131 — 297.2 147.8 864.6 — 475.0 — — 1.7 —
U1352C 18R 1w 19 28.6 36.5 65.5 186.6 241 11828 125 — 32.7 2.9
uU1352C  21R 2w 38 253 34.8 64.6 173.1 24.2 783.6  13.1 — 23.9 2.7
uU1352C  21R 2W 38 23.9 2742 94.6  247.7 32.1 534.4 — — 2.0 —
uU1352C  22R 2w 33 21.0 29.3 62.2 186.7 21.4 763.3  11.2 — 26.1 2.6
U1352C  25R CcC 0 19.2 30.8 58.3  179.1 19.3 648.1  10.1 — 21.1 3.1
U1353B 88X w 55-58 38.7 1922 127.8 4443 49.4 14104 219 — 7.3 8.9
U1353B 92X CcC 8-12 358  154.2 78.3 3017 31.5  1561.0 13.2 — 10.1 11.7
U1354A 15H CcC 0 50.4 5243 1904 490.6 71.4 791.0 420 — 1.5 12.8
U1354B  13H 2W 74 453  519.7 1547 387.6 58.0 903.7 513 — 1.7 11.0
uU1354C 17X CcC 3 54.6 83.9 2253 7189 65.2 10689 26.0 — 12.8 3.2
U1354C 20X CcC 20 — 56.5 73.4  112.0 — 1691.7 18.0 — 30.2 3.2
Rhombohedral crystals
U1352B 52X 7W 4 — 356.8 57.2 1403 — 891.9 — 2.5 —
U1352C  15R 1w 131 — 297.2 147.8 864.6 — 475.0 — 1.7 —
uU1352C  21R 2w 38 239 2742 94.6  247.7 32.1 534.4 — 2 —
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Table T6. Results of stable isotope analysis.

Data report: investigation of carbonate-cemented zones

Interval  §'3C VPDB Standard &'80 VPDB Standard §'®0 SMOW Standard
Hole Core  Section (cm) (%0) deviation (%0) deviation (%0) deviation
317-
U1351B 22X CcC 10-12 1.33 0.21 -2.69 0.35 28.13 0.37
U1351B 44X 1w 3-8 2.32 0.11 0.02 0.08 30.93 0.08
U1351B 46X CcC 1-5 No signal No signal No signal
U1351B 102X CcC 4-8 0.49 0.05 -2.07 0.09 28.77 0.09
U1351B 102X cC 4-8 0.46 0.09 -1.98 0.05 28.86 0.05
U1351B 113X 2 131-135 0.46 0.06 -1.99 0.06 28.86 0.06
U1352B 2H 2w 32 -20.39 0.05 6.66 0.04 37.78 0.04
U1352C  9R 1w 0 0.55 0.09 -0.05 0.12 30.85 0.12
u1352C  10R 1w 50 2.83 0.08 1.92 0.05 32.89 0.05
U1352C  14R 1w 100 0.62 0.10 1.02 0.17 31.96 0.18
u1352C  15R 1w 131 0.57 0.04 0.93 0.05 31.87 0.05
U1353B 88X 55-58 -39.14 0.07 2.26 0.04 33.24 0.04
U1353B 88X 55-58 -39.22 0.03 2.65 0.08 33.64 0.08
U1353B 92X CcC 8-12 -56.82 0.10 2.88 0.19 33.87 0.20
U1354A 15H CcC 0 -19.37 0.03 6.42 0.11 37.53 0.11
U1354B  13H 2w 74 -13.52 0.06 5.83 0.04 36.91 0.04
U1354C 17X CcC 3 -7.85 0.05 1.75 0.03 32.71 0.03
u1354C 17X CcC 3 -7.72 0.05 1.78 0.06 32.74 0.06
Standard
Std A -39.75 0.04 -19.15 0.05
NBS-18 -5.01 0.03 -23.2 0.03
NBS-19 1.95 0.03 -2.2 0.04

VPDB = Vienna Peedee belemnite, SMOW = standard mean ocean water.
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