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Abstract

This report describes the mineral assemblages from four sites in
the Canterbury Basin, eastern South Island, New Zealand. Coring
was completed during Expedition 317 of the Integrated Ocean
Drilling Program. A total of 838 unlithified samples of continen-
tal margin lithologies (mud, sand, shell hash, and marl) were ana-
lyzed by X-ray diffraction (QXRD) using random powder mounts
of bulk samples. Sample analyses primarily targeted seismic se-
quences S16-S19 at all four sites (U1351-U1354), with secondary
emphasis on samples with complementary downhole petrophysi-
cal data. The primary minerals observed above analytical confi-
dence limits (3% by weight) were, in order of relative abundance,
plagioclase (albite + oligoclase + labradorite; ~25 wt%), illite +
muscovite (~24 wt%), quartz (~17 wt%), chlorite (~13 wt%), and
calcite + aragonite (~7 wt%). Also observed above detection limits
were K-feldspar (orthoclase + microcline), epidote, amphiboles
(hornblende), and biotite. Total carbonates vary the most at all
four sites, ranging in relative abundance from 0 to 77 wt%, with
the largest variability at Site U1352. Comparison of carbonate
concentrations measured by coulometer and gXRD on co-located
samples resulted in an R? value of 0.96 (n = 194) over the full range
of values. Spatially, the feldspars (plagioclase and K-feldspar) and
quartz were on average the most abundant at the innermost shelf
Site U1353 (~50 wt%) but were still significant components at the
upper slope Site U1352 (~47 wt%). Average illite + muscovite +
chlorite concentrations were highest at Site U1352 (~44 wt%) but
were still a significant component (~35 wt%) at Site U1353. Prom-
inent changes in mineralogy were not observed across lithostrati-
graphic unit boundaries, attesting to the gradual transition in
lithofacies during progressive seaward margin development.
Within lithostratigraphic units, notable changes in mineralogy,
primarily between siliciclastic and carbonate minerals, are ob-
served at the projected depths of seismic sequence boundaries.
Transitions in the relative abundances of each mineral are often
seen within seismic sequence intervals and are the largest in the
uppermost two to four sequences (S16-S19).

Introduction

The primary objective of Integrated Ocean Drilling Program
(I0DP) Expedition 317 to the Canterbury Basin, South Island,
New Zealand, was to sample and date clinoform seismic sequence
boundaries and sample associated facies to establish eustatic

Proc. IODP | Volume 317

{} doi:10.2204/iodp.proc.317.205.2014


mailto:jmjaeger@ufl.edu

T. Villasefnor and ). Jaeger

Data report: quantitative powder X-ray diffraction analysis

amplitudes (see the “Expedition 317 summary”
chapter [Expedition 317 Scientists, 2011a]). Recogni-
tion of seismic sequence boundaries within core
requires integration of lithostratigraphy, biostratigra-
phy, sediment composition, physical properties, and
geochemistry, as key surfaces (unconformities, maxi-
mum flooding surfaces, etc.; Catuneanu, 2006) can
only be identified through a multiproxy investigation.
Shipboard analyses indicated that shelf and upper
slope strata at all sites contained recurring hetero-
lithic facies assemblages in the uppermost strata that
transitioned downcore into a more homogeneous
strata (see the “Expedition 317 summary” chapter
[Expedition 317 Scientists, 2011a]). Additionally, the
margin seismic stratigraphy reveals a strongly along-
margin transport in the Miocene-Pliocene that
gradually becomes strongly across-margin during the
higher amplitude eustatic cycles of the Pleistocene
(Fulthorpe and Carter, 1991; Lu and Fulthorpe, 2004;
Lu et al., 2003). The regional geology of South Island
changes systematically along-margin, providing a
means by which to petrologically differentiate (fin-
gerprint) dispersal pathways active during different
stages of stratal formation (Fig. F1). The Clutha River,
which drains the Otago region south of the study area,
has a dominantly schist provenance, with arkosic
sand mainly composed of quartz, albite, muscovite,
biotite, chlorite, and epidote sourced from the schist
(Mackinnon, 1983; Mortimer and Roser, 1992; Shap-
iro et al., 2007). The major rivers west and north of
the Expedition 317 drilling transect drain mainly
Torlesse terrane, which is composed of graywacke-
dominated turbidite sequences with quartzofelds-
pathic (both K-feldspar and plagioclase) sandstone,
with some argillite and conglomerate and lesser
amounts of lawsonite, prehnite, and pumpellyite
(Adams and Kelley, 1998; Mortimer, 1993). We have
conducted quantitative X-ray diffraction (qXRD)
analysis on samples from the four sites drilled during
Expedition 317 to provide constraints on sediment
composition, which influences the observed litho-
stratigraphy, sequence stratigraphy, physical proper-
ties, and geochemistry. Because there is a strong
contrast in the lithology of the potential sediment
sources (Torlesse vs. Haast [Otago] schist), quantita-
tive mineralogy also may provide insight into the
sediment dispersal processes during margin forma-
tion (Andrews and Eberl, 2007; Andrews et al., 2010).

Methods

Quantitative methods in powder X-ray
diffraction analyses

Sediment mineralogy can be easily studied in the
coarse fraction by petrographic analyses (Tucker,

1988). However, quantitative mineralogy of the bulk
fraction (sand- to clay-size material) can be analyzed
with a range of methods (Omotoso et al., 2006; Ortiz
et al.,, 2009; Tucker, 1988), with powder gXRD
analyses considered more robust (Moore and Reyn-
olds, 1997; Tucker, 1988). Yet this method poses
challenges primarily associated with producing a
sample that has small and homogeneous grain size
and is randomly orientated (Eberl, 2003, 2004; Klee-
berg et al., 2008; Omotoso et al., 2006; Srodon et al.,
2001).

Here we use a gXRD method (RockJock; Eberl, 2003)
that uses an internal corundum standard with a sam-
ple preparation technique by Srodon et al. (2001)
that homogenizes the sample and minimizes pre-
terred orientation (Eberl, 2003). This sample prepara-
tion, analysis, and data reduction techniques have
been used for several sediment provenance studies
(Andrews and Eberl, 2007, 2011, 2012; Eberl, 2004;
Ortiz et al., 2009). The procedures that we followed
for this work incorporate several changes in sample
preparation and data analysis (i.e., RockJock revision
11) that have been implemented by D. Eberl from
earlier versions (Eberl, 2003), improving the random
orientation of the sample grains as well as the analy-
sis of the diffraction pattern.

The method was implemented and tested before the
analysis of sediment samples from the expedition.
We prepared several standards of known mineralogy
(Table T1) that contained different ratios of the min-
erals expected to be most abundant in the sediment
from Canterbury Basin. Because the presence of mus-
covite and chlorite in the sediment has shown to be
key in identifying sediment sources within the basin
(Adams and Kelley, 1998; Mortimer, 1993; Shapiro et
al., 2007), sample standards were created containing
these minerals. Average accuracy errors for individ-
ual minerals using this method are, after normaliza-
tion, 3 wt% for quartz, 2 wt% for albite, 2 wt% for
labradorite, 2 wt% for orthoclase, 5 wt% for biotite,
6 wt% for chlorite, 3 wt% for muscovite, and 2 wt%
for calcite (Table T2). An overall average error from
all standard analyses of +3 wt% is the same as that
observed by Eberl (2003) and is considered robust
enough for comparison with other data sets (e.g.,
geochemistry, downhole petrophysics logs).

Precision of the method was tested by the analysis of
three different splits of a particular sediment sample
(Table T3). Each split was taken from an individual
sample that went through all steps of sample prepa-
ration. Standard deviation between the three repli-
cates’ mineralogy show that average errors are <1 wt%
(after normalization), except in the case of illite, in
which precision error is slightly higher (Table T3).
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Sample preparation

Our sample preparation methods follow those of
Eberl (2003; RockJock revision 11), and the reader is
directed there for additional specifics and sources of
standards/chemicals used. The method used 1 g of
bulk freeze-dried sediment sample that is mixed with
0.25 g of a corundum standard (nominal grain size =
3.5 pm). The sample was mixed with 4 mL of etha-
nol and ground in a McCrone micronizing mill (ZrO
cylinders) for 5 min. The sample was then oven
dried for 48 h at 40°C, after which it was mixed with
Vertrel (SPEX CertiPrep) and shaken in a plastic vial
with three plastic balls in a vertical vortex for 10 min
to homogenize the sample and minimize the poten-
tial for a preferred mineral orientation. The sample
was sieved through a 250 pm mesh and side-loaded
by tapping into a round aluminum sample holder
mounted against 600 grit sandpaper. This mounting
technique minimizes a preferred mineral orientation
(Eberl, 2003; Srodon et al., 2001).

X-ray diffraction parameters
and data analysis

Side-packed samples were loaded onto a sample-
holder carousel and were analyzed in a Rigaku
Ultima IV X-ray diffraction system operated at 45 kV,
35 mA, in which the incidence angle spanned from
5° to 85°26 at 0.02°26 step size with a scan speed of
0.5 s/step, resulting in 4000 data points (Fig. F2).
Sample holders were rotated at 10 rpm during a scan.
Each sample was analyzed three times to improve
the signal-to-noise ratio, and the combined scans
were then imported into the Microsoft Excel
RockJock macro program (Eberl, 2003). This program
uses stored XRD patterns of mineral standards to re-
create the measured diffraction pattern. After select-
ing the minerals that may be present in the sample
(Table T4), the diffraction pattern was analyzed using
tull-pattern fitting in the 19.0° to 64.5°26 range to
find integrated intensities for the minerals, which
were determined from the proportion of each of the
mineral standard pattern that results in the best fit.
The process utilizes the Solver function in Excel to
minimize the degree of fit parameter between the cal-
culated and measured pattern, with values <0.1 con-
sidered optimal (Eberl, 2003). Our average degree of
fit was 0.097, with a standard deviation of 0.011
(Table T4). The integrated intensities of the mineral
standards were used as a reference to determine the
weight percentages of the minerals in the sample.
The output of this program included a list of miner-
als studied with their corresponding weight percent
and degree of fit (Table T5).

In describing concentrations, mineral groups were
presented in the report. Some minerals considered in

the diffraction pattern analysis were included to ac-
count for variability in the shipboard observed min-
eralogy of Expedition 317 sediment. This was the
case for biotite, which generally was not observed in
pattern analysis (Table T5) but was observed visually
in smear slides (see the “Expedition 317 summary”
chapter [Expedition 317 Scientists, 2011a]). Conse-
quently, the biotite content of the analyses samples
may have been reflected in the combined concentra-
tions of biotite, phlogopite, which has a similar dif-
fraction pattern to biotite, and glauconite (only
observed in samples from Hole U1351B), which may
be a product of biotite alteration. Several polytypes
of illite were included in the RockJock analysis, but
to be conservative we combined them with musco-
vite because of the similarity in patterns (Moore and
Reynolds, 1997), although it is reported as separate
phases in Table T5. Plagioclase feldspars are reported
as a total amount, and the most abundant phase ob-
served was albite, with lesser amounts of oligoclase
(~25% of total plagioclase feldspars), and trace
amounts of labradorite. K-feldspars are reported as a
total amount with roughly equal amounts of ortho-
clase and microcline, when present.

Results

The sampling strategy for quantitative mineralogy
analysis was to collect one sample from each major
lithology in each 10 m long core, with as many as
three samples taken per core shipboard and addi-
tional samples taken at the repository after the expe-
dition as necessary to capture the range in lithology
per core. The primary sample taken shipboard was
co-located with a smear slide sample and as close as
possible to samples collected for clay mineral analy-
ses and bulk carbonate analyses, the latter of which
was done shipboard. Shipboard bulk-powder XRD
analyses were performed on the primary sample
taken in each core and are described in the site chap-
ters (see the “Site U1351,” “Site U1352,” “Site
U1353,” and “Site U1354” chapters [Expedition 317
Scientists, 2011b, 2011c, 2011d, 2011e]). Results of
postexpedition gXRD are tabulated in Table T5. The
primary focus of postexpedition analyses described
here was to determine the mineralogical composi-
tion of unlithified samples collected at all four loca-
tions that spanned the uppermost four seismic
sequences (S16-819), as core recovery was highest in
these sequences (see the “Expedition 317 sum-
mary” chapter [Expedition 317 Scientists, 2011a]). A
secondary priority was to analyze unlithified samples
from depth intervals that had corresponding down-
hole logging data. This was done to allow for further
interpretation of downhole logging data in terms of
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sediment mineralogy; the primary sites for accom-
plishing this were Sites U1351-U1354. Additional
unlithified samples from Hole U1352B below the
logging depth (Subunit IIA) were analyzed to vali-
date visually observed mineralogy trends. A brief
synopsis of spatial and temporal variations in min-
eral abundance is presented below by site and litho-
stratigraphic unit.

Comparison with shipboard carbonate
analyses

To evaluate the accuracy of the sample preparation
and data processing technique, carbonate mineral
abundances determined by gXRD wusing the
RockJock technique were compared with shipboard
measurements of total carbonate based on coulome-
ter measurements (see the “Expedition 317 sum-
mary” chapter [Expedition 317 Scientists, 2011a]).
Carbonates are a common choice for evaluation of
the sample preparation and data analysis techniques
used here (Andrews and Eberl, 2007; Eberl, 2004).
Comparison of the two methods resulted in an R?
value of 0.96 (n = 194), indicating considerable cor-
relation between the two methods (Fig. F3). The
agreement between the two methods holds over the
entire range of carbonate mass percentages deter-
mined with the coulometer (5%-25%; Fig. F3). The
maximum offset in terms of slope is 5% (slope =
1.05) for samples <10% carbonate (coulometer), with
coulometer results higher than gXRD results by
~2.5% (Fig. F3). This magnitude of difference may
simply reflect lithologic/compositional heterogene-
ity between samples used for gXRD and coulometry.

Site U1351

The main objectives of coring at Site U1351 were to
sample facies landward of but proximal to clino-
formal rollovers of progradational sequence bound-
aries U8-U19; to sample slope facies of boundaries
U4-U7 to provide age control; and to generally char-
acterize facies, paleoenvironments, and depositional
processes associated with the sequence stratigraphic
model and correlate with seismic stratigraphic mod-
els (see the “Site U1351” chapter [Expedition 317
Scientists, 2011b]). Recovery was hampered by the
presence of two problematic lithologies: (1) beds of
presumably unlithified shell and sand in Unit I,
some of which was recovered, and (2) likely high
concentrations of silt in Unit II. Two lithostrati-
graphic units were identified that reveal downhole
changes in margin sedimentation processes and
paleoenvironments from an inner middle shelf set-
ting (Unit I) to an outer shelf-upper slope setting
(Unit II). The primary lithologies of Unit I are fossil-
iferous mud and sandy mud, very fine to medium

well-sorted sand, muddy sand, mud (high clay con-
tent), and shell hash (Fig. F4A) that spans from mod-
ern to early Pliocene. Visually identified sand- and
silt-size grains are dominated by quartz and feldspar,
with common to rare mica (biotite and muscovite),
chlorite, ferromagnesian minerals (various amphi-
boles), other dense minerals (zircon, clinozoisite,
epidote, tourmaline, and others), and glauconite.
Shipboard XRD analyses support these observations.
Postexpedition analyses revealed that the most
abundant minerals (median value) in Unit I are illite
+ muscovite (26 wt%), followed by plagioclase
(albite; 24 wt%), quartz (15 wt%) and chlorite
(15 wt%), total carbonates (5 wt%), and K-feldspar
(4 wt%) (Table T5; Figs. F4, F5). Minerals that are oc-
casionally observed above the 3 wt% minimum con-
centration include biotite. The carbonate minerals
aragonite and calcite show the greatest variability
within this unit (Figs. F4B, F5). Other mineral phases
that could be characteristic of a Torlesse source (i.e.,
prehnite) were not detected above the 3 wt% thresh-
old in this or any other lithostratigraphic unit in the
expedition (Table T5). Mineralogy often changes
noticeably (especially from carbonate to siliciclastics)
across depths that corresponded with seismic se-
quence boundaries, and the greatest variability in
downhole mineralogy is in the intervals correspond-
ing to seismic sequences S16-S19 (Fig. F4).

Unit II is early Pliocene to late Miocene in age and is
composed of mud and very fine sandy mud, both oc-
casionally shell bearing, with minor amounts of very
fine muddy sand (Fig. F4). Incipient to well-developed
authigenic carbonate cementation is observed as
cemented intervals (nodules and concretions). Re-
covery in this unit was poor, so lithologic trends
with depth are ambiguous, but the lowermost part of
Unit II contains slightly more calcareous sandy mud.
The composition and mineralogy of Unit II is similar
to that of Unit I, but the visually described carbonate
content is less variable in Unit II; glauconite is less
concentrated in this unit; and quartz, feldspar, and
illite + muscovite as seen in shipboard XRD analyses
are less variable. Postexpedition gXRD analyses sup-
port these observations (Table TS5; Figs. F4, F6). The
most abundant mineral (median value) in Unit II is
quartz (26 wt%), followed by plagioclase (25 wt%),
illite + muscovite (20 wt%), chlorite (11 wt%), and
total carbonates (8 wt%). Minerals that are occasion-
ally observed above the 3 wt% minimum concentra-
tion include K-feldspar, epidote, and biotite. Quartz
shows the greatest variability within this unit (Figs.
F4, F6).

The boundary between Units I and II is a transitional
interval between 247 and 300 meters below seafloor
(mbsf) in lithofacies, biofacies, and downhole logging
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data. Postcruise qXRD results cannot definitively
place a single transition point, although quartz con-
centrations are higher below this transition (Fig. F4A).

Site U1352

The main objectives of coring at Site U1352 were to
sample slope sediments basinward of clinoform
breaks of progradational seismic sequence boundar-
ies that can provide sequence boundary ages; to pen-
etrate the Marshall Paraconformity and the top of
the underlying Amuri limestone; and to describe sed-
imentary processes in an slope-basin setting where
contour currents are active but where obvious sedi-
ment drift geometries observed in seismic data are
absent (see the “Site U1352” chapter [Expedition
317 Scientists, 2011c]). Recovery at the site varied be-
tween holes, with a reduction in intervals that repre-
sented a transition between lithified and unlithified
lithologies. The site contained three lithostrati-
graphic units. Unit I spans the Holocene to middle
Pliocene and is composed of three subunits. Subunit
IA is primarily muddy facies composed of calcareous
sandy mud; interbedded sand, mud, and clay; mas-
sive sand; mottled sandy mud; homogeneous mud;
shelly mud; and marl (Fig. F7A). Visually identified
sand- and silt-size grains are quartz, feldspar, rock
fragments, mica (mostly muscovite), ferromagnesian
minerals (hornblende), and dense minerals (epidote
and zircon). Authigenic minerals include pyrite in
the upper part of the subunit and microcrystalline
carbonate in the lower part of the subunit and in ce-
mented zones. Shipboard XRD data support these
observations with the exception of a lack of the mi-
nor authigenic phases such as pyrite. From postexpe-
dition qXRD analyses, the most abundant mineral
(median value) in Subunit IA is illite + muscovite
(28 wt%), followed by plagioclase (27 wt%), quartz
(20 wt%), chlorite (14 wt%), and K-feldspar (4 wt%).
(Table TS5; Figs. F7A, F8). Minerals that are occasion-
ally observed above the 3 wt% minimum concentra-
tion include total carbonates and show the greatest
variability within this unit (Figs. F7B, F8). In con-
trast to the shelf site, mineralogy does not change
noticeably across depths that corresponded with
seismic sequence boundaries, and no downhole
trends in mineralogy are observed within the inter-
vals corresponding to seismic sequences (Fig. F7).

Subunit IB is primarily mud, sometimes rich in shell.
Secondary lithologies include calcareous very fine to
fine sand, sandy mud, and muddy sand intercalated
with the mud. Visually identified minerals are simi-
lar to Subunit IA but with a greater concentration of
carbonates, and shipboard XRD analyses support
these observations and include a noticeable decrease
in quartz deeper in this subunit. From postexpedi-
tion gXRD analyses, the most abundant mineral

Data report: quantitative powder X-ray diffraction analysis

(median value) in Subunit IB is illite + muscovite
(29 wt%), followed by plagioclase (25 wt%), quartz
(16 wt%), chlorite (16 wt%), K-feldspar (4 wt%), and
total carbonates (4 wt%) (Table TS5; Figs. F7, F9).
Minerals that are occasionally observed above the
3 wt% minimum concentration include amphibole.
Total carbonates show the greatest variability within
this unit (Figs. F7, F9). As in Subunit IA, mineralogy
does not change noticeably across depths that corre-
sponded with seismic sequence boundaries, al-
though the boundaries tend to be relatively enriched
in carbonates and deficient in siliciclastics. As in
Subunit IA, no downhole trends in mineralogy are
observed within the intervals corresponding to seis-
mic sequences (Fig. F7).

Subunit IC is comprised of homogeneous mud, cal-
careous sandy mud and sandy marl, and sandy marl-
stone (Fig. F7), and mineralogy observed visually
and in shipboard XRD is similar to the two other
subunits but has an obvious higher degree of vari-
ability within the subunit. From postexpedition
gXRD analyses, the most abundant mineral (median
value) in Subunit IC is illite + muscovite (29 wt%),
followed by plagioclase (23 wt%), quartz (17 wt%),
chlorite (14 wt%), total carbonates (8 wt%), and K-
teldspar (4 wt%) (Table T5; Figs. F7, F10). Minerals
that are occasionally observed above the 3 wt% min-
imum concentration include epidote and amphibole.
Total carbonates show the greatest variability within
this unit (Figs. F7, F10). As in Subunits IA and IB,
mineralogy does not change noticeably across
depths that corresponded with seismic sequence
boundaries, although the boundaries tend to be rela-
tively enriched in carbonates and deficient in silici-
clastics. As in Subunits IA and IB, no downhole
trends in mineralogy are observed within the inter-
vals corresponding to seismic sequences (Fig. F7).

The lithologic transition between Units I and II is in-
distinct, reflecting a gradual transition to deeper
slope depositional environments. Postexpedition
gXRD analyses supports this observation, with no
remarkable changes in composition at this break,
although chlorite and illite + muscovite concentra-
tions increase and total carbonates decrease upsec-
tion across this transition (Fig. F7). Unit II spans the
middle Pliocene through early Miocene and is com-
prised of hemipelagic to pelagic lithologies of calcar-
eous sandy mud, sandy marls, chalk, sandy marl-
stone, and sandy limestone, with minor amounts of
calcareous mudstone and sandstone. A noticeable
trend in Unit II is a gradual downhole progression
from uncemented bioturbated calcareous sandy mud
and marl (Subunit ITIA) to lithified marlstone and
limestone (Subunit I1IB) with a greater abundance of
glauconite and dark muddy intervals, current-gener-
ated structures, and laminated sandstone beds in Sub-

Proc. IODP | Volume 317 ‘p 5



T. Villasefnor and ). Jaeger

unit IIC. Within Unit II, mineralogy that was visu-
ally identified and from shipboard XRD minerals is
similar to Unit I, but with a reduction in ferromag-
nesian minerals and quartz deeper in the section.
From postexpedition gXRD analyses, the most abun-
dant mineral (median value) in Subunit IIA is total
carbonates (24 wt%), followed by plagioclase (21
wt%), quartz (20 wt%), illite + muscovite (16 wt%),
and chlorite (10 wt%) (Table T5; Figs. F7, F11). Min-
erals that are occasionally observed above the 3 wt%
minimum concentration include K-feldspar. Total car-
bonates show the greatest variability within this
unit.

Site U1353

The main objectives of coring at Site U1353 were to
sample facies landward of clinoformal rollovers of
seismic sequence boundaries U5-U19 to estimate
paleowater depths in order to evaluate eustatic
amplitudes and to investigate the facies, paleoenvi-
ronments, and depositional processes at the most
landward shelf setting occupied during Expedition
317 (see the “Site U1353” chapter [Expedition 317
Scientists, 2011d]). Core recovery varied at Site
U1353 as a function of drilling technique (higher
recovery with the advanced piston corer [APC], and
very low with the extended core barrel [XCB]) and
lithology (coarser lithologies were more difficult to
recover with considerable downhole contamination
by cave-in). The site contained two lithostratigraphic
units that transition from a heterolithic upper sec-
tion with abrupt contacts (Unit I) to a more sedi-
mentary featureless mud-dominated section with
depth (Unit II), suggesting a gradual transition in
depositional environments during the Pliocene-
modern period represented in these cores. Unit I is
Holocene to early Pliocene in age, and the primary
lithologies are heterolithic facies dominated by a
homogeneous mud with trace amounts of very fine
sand (Fig. F12A). Secondary lithologies include beds
of sandy shelly mud, shell layers to shell hash mixed
with abundant bioclastic and siliciclastic materials;
well-sorted, very fine, highly micaceous sand; and
micaceous, homogeneous sandy marl. The visually
determined sediment composition of Unit [ is quartz
and feldspar, with lesser dense minerals (epidote,
amphibole, and zircon), sheet silicates (biotite, mus-
covite, and chlorite), and rock fragments. Authigenic
components include pyrite and other opaque miner-
als. Mineralogy determined from shipboard XRD
analyses is in general agreement with the visually de-
termined composition. From postexpedition qXRD
analyses, the most abundant mineral (median value)
in Unit I is plagioclase (24 wt%), followed by illite +
muscovite (23 wt%), quartz (18 wt%), chlorite

Data report: quantitative powder X-ray diffraction analysis

(13 wt%), total carbonates (6 wt%), and K-feldspar
(5 wt%) (Table TS5; Figs. F12, F13). Minerals that are
occasionally observed above the 3 wt% minimum
concentration include epidote and amphibole. Total
carbonates show the greatest variability within this
unit, although illite + muscovite and quartz also
have large (~30 wt%) variability (Figs. F12A, F13). As
at Sites U1351 and U1354, mineralogy often changes
noticeably (especially from carbonate to siliciclastics)
across depths that corresponded with seismic sequence
boundaries. The greatest variability in downhole
mineralogy is within the intervals corresponding to
seismic sequences S16-S19, and there is a trend of
high carbonate mineral concentration just above
seismic sequence boundaries and enrichment in sili-
ciclastics upsection with the sequences (Fig. F12).

The Unit I/II boundary is noted by a transition from
heterolithic facies to more homogeneous lithologies
below the transition at 151 mbsf, and no distinct
changes in mineralogy from postexpedition qXRD
analyses are apparent (Fig. F12). Unit II is early
Pliocene-middle to early Miocene in age and is char-
acterized by its general lithologic uniformity, lacking
the clay-rich and marl-rich beds seen in Unit I. The
primary lithology of Unit II consists of homoge-
neous mud with varying amounts of micaceous very
fine sand (Fig. F12). The visually documented sedi-
ment composition of Unit II is similar to Unit I, with
comparable mineralogy, but with noticeably less
amounts of hornblende and green ferromagnesian
mineral concentrations in the uppermost part of
Unit II, which are not observed below 365 mbsf in
XRD data. From postexpedition gXRD analyses, the
most abundant mineral (median value) in Unit II is
quartz (27 wt%), followed by plagioclase (26 wt%),
illite + muscovite (23 wt%), chlorite (12 wt%), and K-
feldspar (4 wt%) (Table TS5; Figs. F12, F14). Minerals
that are occasionally observed above the 3 wt% min-
imum concentration include total carbonates and
epidote (Fig. F14). Total carbonates show the greatest
variability within this unit, although as in Unit [,
illite + muscovite and quartz also have large
(~30 wt%) variability (Figs. F12, F13). Core recovery
was reduced in this unit, so it is difficult to discern
any obvious compositional changes within or at seis-
mic sequences and boundaries, although coarser sed-
iment at the boundaries are enriched in quartz and
carbonates.

Site U1354

The main objectives of coring at Site U1354 were
similar to those at Site U1353: to sample facies land-
ward of clinoformal rollovers of seismic sequence
boundaries U5-U19 but at an intermediate position in
the shelf portion of the transect to estimate paleowater
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Data report: quantitative powder X-ray diffraction analysis

depths in order to evaluate eustatic amplitudes, and
to investigate the facies, paleoenvironments, and
depositional processes at the most landward shelf
setting occupied during Expedition 317 (see the
“Site U1354” chapter [Expedition 317 Scientists,
2011e]). As at Site U1353, core recovery varied as a
function of drilling technique (higher recovery with
APC and very low with XCB) and lithology (coarser
lithologies were more difficult to recover). The site
contains two lithostratigraphic units, with Unit I be-
ing further divided into two subunits. Postexpedi-
tion gXRD analyses at this site focused on the S16-
S19 sequences as sampled primarily in Hole U1354B
(Fig. F15). Unit I spans the Holocene to early Plio-
cene and is distinguished by a very heterogeneous
assemblage of muddy facies. Subunit IA is mostly cal-
careous mud and calcareous sandy mud, shelly marl,
and sandy marl (Fig. F15A). Minor lithologies in-
clude very fine to fine sand, calcareous silty very fine
to fine sand, and clay-rich mud. The visually deter-
mined composition is largely quartz and feldspar,
micas (including chlorite, muscovite, and occasion-
ally biotite), rock fragments, ferromagnesian miner-
als (hornblende), and dense minerals (zircon and
epidote). Authigenic components include varying
amounts of opaque minerals, carbonate, and glauco-
nite. From postexpedition XRD analyses, the most
abundant mineral (median value) in Subunit IA is
plagioclase (23 wt%), followed by illite + muscovite
(22 wt%), quartz (15 wt%), chlorite (13 wt%), total
carbonates (12%), and K-feldspar (4 wt%) (Table T5;
Figs. F15, F16). Minerals that are occasionally ob-
served above the 3 wt% minimum concentration in-
clude epidote (Fig. F16). Total carbonates show the
greatest variability within this unit, although illite +
muscovite and quartz also have large (~30 wt%) vari-
ability (Figs. F15, F16). As at Sites U1351 and U1353,
the mineralogy often changes noticeably (especially
from carbonate to siliciclastics) across depths that
corresponded with seismic sequence boundaries.
Boundary U17 was not observed in Hole U1354B,
but a change in composition at ~51 mbsf is similar to
other sequence boundaries and could represent the
depth of boundary U17 in this hole (Fig. F15B). The
greatest variability in downhole mineralogy is within
the intervals corresponding to seismic sequences
S16-S19, and there is a trend of high carbonate min-
eral concentration just above seismic sequence
boundaries and enrichment in siliciclastics upsection
with the sequences (Fig. F15).

Hole U1354C is offset 20 m from Hole U1354B and
was drilled to advance the hole after severe weather
precluded drilling in Hole U1354B. From postexpedi-
tion gXRD analyses, the most abundant mineral
(median value) in Subunit IA is illite + muscovite

(25 wt%), followed by plagioclase (23 wt%), quartz
(15 wt%), chlorite (15 wt%), total carbonates
(11 wt%), and K-feldspar (4 wt%) (Table TS5; Figs.
F17, F18). Minerals that are occasionally observed
above the 3 wt% minimum concentration include
amphibole (Fig. F18). Total carbonates show the
greatest variability within this unit, although illite +
muscovite and chlorite also have large (~20-30 wt%)
variability (Figs. F17, F18).

Subunit IB lithology is less varied than in Subunit 1A
and is characterized by a more repetitive succession
of facies including homogeneous greenish gray mud
and greenish gray to gray calcareous sandy mud to
sandy marl. Smear slide observations suggest that
composition of this unit is similar to Subunit IA but
with decreased concentration of ferromagnesian
minerals and glauconite. From postexpedition gXRD
analyses, the most abundant mineral (median value)
in Subunit IB is illite + muscovite (33 wt%), followed
by chlorite (25 wt%), plagioclase (22 wt%), quartz
(16 wt%), and K-feldspar (4 wt%) (Table TS5; Figs.
F17, F19). Minerals that are occasionally observed
above the 3 wt% minimum concentration include
total carbonates (Fig. F19). Total carbonates show
the greatest variability within this unit, followed by
illite + muscovite, although quartz and chlorite also
have large (20 wt%) variability (Figs. F17, F19).

The Unit I/II boundary is noted by a transition from
heterolithic facies to more homogeneous lithologies
below 250 mbsf, and no distinct changes in mineral-
ogy from postexpedition qXRD analyses are appar-
ent (Fig. F17) except for decreased variability in total
carbonates. Unit II is early Pliocene in age and is
characterized by its general lithologic uniformity,
dominated by gray, homogeneous silty mud with
rare scattered shells. Unit II contains fewer calcare-
ous beds than Unit I (Fig. F17). The visually docu-
mented sediment composition of Unit II is similar to
Unit I, with comparable mineralogy, but with notice-
ably less amounts of carbonate. From postexpedition
gXRD analyses, the most abundant mineral (median
value) in Unit II is plagioclase (26 wt%), followed by
quartz (25 wt%), illite + muscovite (23%), chlorite
(14%), and total carbonates (4 wt%) (Table T35; Figs.
F17, F20). Minerals that are occasionally observed
above the 3 wt% minimum concentration include K-
feldspar and epidote (Fig. F20). Illite + muscovite
show the greatest variability within this unit al-
though quartz also has large (~20 wt%) variability
(Figs. F17, F20).
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Figure F1. Study area along South Island, New Zealand, Expedition 317. Significant fluvial drainage basins (sed-
iment sources) are highlighted. Predominant sediment transport patterns are shown by coastal currents and
Southland Front. R. = River.
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Figure F2. Comparison of measured X-ray diffractogram and calculated best-fit curve obtained from RockJock
on two representative samples, Hole U1351B. A. Mica rich. B. Carbonate rich.
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Data report: quantitative powder X-ray diffraction analysis

Figure F3. Comparison between X-ray diffraction and coulometer methods for determining carbonate mineral
contents in samples, Sites U1351-U1354. A strong correlation with minimal offset (i.e., a slope close to 1) is
seen for a range of carbonate concentrations indicating the validity of the RockJock method. Regression per-
formed on data only from that range of concentrations and outliers were not used in the regression, as they
likely represent heterogeneity in sample composition (e.g., shell fragment). Coulometer data from

sedis.iodp.org.
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Figure F4. Summary of core recovery, lithology, lithologic units, depositional age, and mineral composition, Hole U1351B. Lithostratigraphic unit
boundaries and seismic sequence boundaries from the “Site U1351” chapter (Expedition 317 Scientists, 2011b). A. Primary minerals and mineral
groups. Msc = muscovite. (Continued on next page.)
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Figure F4 (continued). B. Carbonate minerals.
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Data report: quantitative powder X-ray diffraction analysis

Figure F5. Box plot of the possible primary minerals in Unit I, Hole U1351B. Boxes represents 25% to 75% of
the population; the horizontal line in the box represents the median value. Lines extending outward from the
boxes include the expected normal ranges. Outliers are shown by red crosses (Davis, 2002). Green dashed line
is the analytical threshold considered for a valid concentration (3 wt%). See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger

Data report: quantitative powder X-ray diffraction analysis

Figure F6. Box plot of the possible primary minerals in Unit II, Hole U1351B. See Figure F5 for explanation of
figure. See Table T4 for mineral abbreviations.
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Figure F7. Summary of core recovery, lithology, lithologic units, depositional age, and mineral composition, Hole U1352B. Lithostratigraphic unit
boundaries and seismic sequence boundaries are from the “Site U1352” chapter (Expedition 317 Scientists, 2011c¢). See Figure F4 for explanation
of lithology patterns. A. Primary minerals and mineral groups. Msc = muscovite. (Continued on next page.)
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F7 (continued). B. Carbonate minerals.
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F8. Box plot of the possible primary minerals in Subunit IA, Hole U1352B. See Figure F5 for explanation
of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger

Data report: quantitative powder X-ray diffraction analysis

Figure F9. Box plot of the possible primary minerals in Subunit IB, Hole U1352B. See Figure F5 for explanation
of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F10. Box plot of the possible primary minerals in Subunit IC, Hole U1352B. See Figure F5 for expla-
nation of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F11. Box plot of the possible primary minerals in Subunit IIA, Hole U1352B. See Figure F5 for expla-
nation of figure. See Table T4 for mineral abbreviations.
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Figure F12. Summary of core recovery, lithology, lithologic units, depositional age, and mineral composition, Hole U1353B. Lithostratigraphic
unit boundaries and seismic sequence boundaries are from the “Site U1353” chapter (Expedition 317 Scientists, 2011d). See Figure F4 for expla-
nation of lithology patterns. A. Primary minerals and mineral groups. Msc = muscovite. (Continued on next page.)
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F12 (continued). B. Carbonate minerals.
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T. Villasefior and ). Jaeger

Data report: quantitative powder X-ray diffraction analysis

Figure F13. Box plot of the possible primary minerals in Unit I, Hole U1353B. See Figure F5 for explanation of

figure. See Table T4 for mineral abbreviations.
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Data report: quantitative powder X-ray diffraction analysis

Figure F14. Box plot of the possible primary minerals in Unit II, Hole U1353B. See Figure F5 for explanation
of figure. See Table T4 for mineral abbreviations.
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Figure F15. Summary of core recovery, lithology, lithologic units, depositional age, and mineral composition, Hole U1354B. Lithostratigraphic
unit boundaries and seismic sequence boundaries are from the “Site U1354” chapter (Expedition 317 Scientists, (2011e). See Figure F4 for expla-
nation of lithology patterns. A. Primary minerals and mineral groups. Msc = muscovite. (Continued on next page.)
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F15 (continued). B. Carbonate minerals.
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T. Villasefior and ). Jaeger

Data report: quantitative powder X-ray diffraction analysis

Figure F16. Box plot of the possible primary minerals in Subunit IA, Hole U1354B. See Figure F5 for explanation

of figure. See Table T4 for mineral abbreviations.
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Figure F17. Summary of core recovery, lithology, lithologic units, depositional age, and mineral composition, Hole U1354C. Lithostratigraphic
unit boundaries and seismic sequence boundaries are from the “Site U1354” chapter (Expedition 317 Scientists, 2011e). See Figure F4 for expla-
nation of lithology patterns. A. Primary minerals and mineral groups. Msc = muscovite. (Continued on next page.)
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F17 (continued). B. Carbonate minerals.
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T. Villasefior and ). Jaeger

Figure F18. Box plot of the possible primary minerals in Subunit IA, Hole U1354C. See Figure F5 for expla-

Data report: quantitative powder X-ray diffraction analysis

nation of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger

Figure F19. Box plot of the possible primary minerals in Subunit IB, Hole U1354C. See Figure F5 for expla-

Data report: quantitative powder X-ray diffraction analysis

nation of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Figure F20. Box plot of the possible primary minerals in Unit II, Hole U1354C. See Figure F5 for explanation

of figure. See Table T4 for mineral abbreviations.
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T. Villasefior and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Table T1. Composition of standard samples and their mineralogy after analysis in RockJock, Expedition 317.
Sample number is internal lab designation.

Prepared Rockjock
concentration results  Difference

Sample  Mineralogy (%) (%) (Wt%)
12 Biotite 20 19 1
Quartz 40 42.3 23
Albite 20 21 1
Calcite 20 17.9 2.1
15 Biotite 50 41.7 8.3
Quartz 50 58 8
17 Biotite 30 34 4
Chlorite 40 33 7
Albite 20 21 1
Quartz 10 12.3 23
18 Biotite 30 31 1
Chlorite 30 25 5
Albite 30 32 2
Quartz 10 11.8 1.8
19 Biotite 40 48 8
Muscovite 10 12.6 2.6
Chlorite 40 27.1 12.9
Albite 10 12.6 2.6
20 Biotite 40 47 7
Muscovite 10 12 2
Chlorite 40 30 10
Albite 10 11 1
27 Muscovite 40 47.6 7.6
Chlorite 40 30.1 9.9
Quartz 20 223 2.3
26 Muscovite 40 38.8 1.2
Biotite 40 38 2
Quartz 20 23.2 3.2
Test 1 Orthoclase 2 4 2
Labradorite 30 27 3
Quartz 50 53.9 3.9
Chlorite 18 13.2 4.8
Test 2 Orthoclase 4 4.9 0.9
Labradorite 30 29 1
Quartz 50 53.8 3.8
Chlorite 16 12.3 3.7
Test 3 Orthoclase 8 9.6 1.6
Labradorite 30 28.4 1.6
Quartz 50 52.5 25
Chlorite 12 9.4 2.6
Test 4 Orthoclase 10 10.2 0.2
Labradorite 30 27.8 2.2
Quartz 50 51 1
Chlorite 10 11 1
Test 5 Orthoclase 30 33.6 3.6
Labradorite 30 26.4 3.6
Quartz 30 28.2 1.8
Chlorite 10 11.7 1.7

Proc. IODP | Volume 317 " 35



T. Villasefnor and ). Jaeger Data report: quantitative powder X-ray diffraction analysis

Table T2. Average accuracy errors for individual minerals, Expedition 317.

Average
difference  Minimum Maximum

Mineral (Wt%) (%) (%)
Quartz 3.0 1.0 8.0
Albite 1.5 1.0 2.6
Labradorite 23 1.0 3.6
Orthoclase 1.7 0.2 3.6
Biotite 4.5 1.0 8.3
Chlorite 5.9 1.0 12.9
Muscovite 3.4 1.2 7.6
Calcite 2.1 2.1 2.1

Average: 3.0

Table T3. Sediment sample splits for method precision testing, Expedition 317.

Sample Sample Sample  Standard
1724811a 1724811b 1724811c deviation

Mineral (wt%) (wt%) (wt%) (%)
Nonclays
Quartz 18.3 18.5 171 0.8
K-feldspar (orthoclase, microcline, and feldspar) 4.2 4.3 4.7 0.3
Plagioclase (albite, oligoclase, and labradorite) 24.6 24.6 25.2 0.3
Calcite 0.8 0.8 0.8 0.0
Aragonite 0.4 0.5 0.3 0.1
Dolomite 0.2 0.1 0.2 0.0
Halite 0.3 0.3 0.5 0.1
Pyrite 0.5 0.6 0.6 0.1
Epidote 1.2 1.0 1.1 0.1
Hornblende amphibole 0.0 0.0 0.0 0.0
Prehnite 0.1 0.3 0.3 0.1
Clays

Kaolinite (disordered, ordered, and dry branch) 0.2 0.0 0.5 0.2
Smectite (Na- and Ca-Kinney montmorillonite) 0.0 0.0 0.0 0.0
lllite (1Md, 1M, 2M) 3.4 4.2 5.7 1.2
Muscovite (2M1) 26.8 26.2 25.8 0.5
Glauconite 5.5 5.2 4.3 0.6
Biotite (1M) 0.0 0.0 0.0 0.0
Phlogopite (2M1) 1.1 0.4 0.0 0.6
Chlorite (Cca, CMM, Fe rich, and Mg rich) 12.4 12.9 12.7 0.3

Total:  100.0 100.0 100.0

Full pattern degree of fit: Sample 1724811a = 0.0856, Sample 1724811b = 0.0944, Sample 1724811c = 0.0845.
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Table T4. List of minerals used in the diffraction pattern analysis in RockJock, Expedition 317.

Standard
Average deviation Minimum  Maximum
Mineral Abbreviation (wt%) (Wt%) (Wt%) (Wt%)
Nonclays
Quartz Qz 18.8 6.4 0.0 43.4
K-feldspar (orthoclase microcline and feldspar) ~ K-spar 4.1 1.1 0.0 8.8
Plagioclase (albite, oligoclase, and labradorite) Plg 23.9 3.8 4.4 36.2
Calcite Carb, Carbonates 6.9 9.8 0.0 76.2
Aragonite Carb, Carbonates 2.5 4.4 0.0 47.8
Dolomite Carb, Carbonates 0.4 0.4 0.0 4.4
Halite Hal 0.2 0.2 0.0 3.0
Pyrite Py 0.5 0.3 0.0 2.4
Epidote Ep 2.4 0.7 0.0 4.6
Hornblende amphibole Amp 1.0 0.9 0.0 7.0
Prenhite Pren 0.6 0.4 0.0 1.9
Hematite* Hem 0.0 0.0 0.0 0.3
Clays

Kaolinite (disordered, ordered, and dry branch) Kao 0.2 0.4 0.0 4.0
Smectite (Na- and Ca-Kinney montmorillonite) Smec 0.2 0.8 0.0 9.2
lllite (1Md, 1M, 2M) 1ll/Musc, lllite/Musc 1.8 2.7 0.0 15.8
Muscovite (2M1) 1ll/Musc, lllite/Musc 22.3 7.2 2.4 42.1
Glauconitet Bio 1.7 1.6 0.0 5.8
Biotite (1M) Bio 0.0 0.2 0.0 1.9
Phlogopite (2MT1) Bio 0.3 0.4 0.0 3.7
Chlorite (Cca, CMM, Fe rich, and Mg rich) Chl 13.5 3.6 1.6 21.7

* = only in Site U1352 samples, T = only in Site U1351 samples. Full pattern degree of fit: average = 0.097, standard deviation = 0.011,
minimum = 0.071, maximum = 0.200. Statistics apply to all samples analyzed from four sites. Full pattern degree of fit parameter between the
calculated and measured pattern for all samples are included, and values <0.1 are preferable (Eberl, 2003). Abbreviations of minerals used in the
report are noted.
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Table T5. Mineral content and degree of fit, Sites U1351-U1354.

Content (wt%)

= b
Depth CSF-A - L g 2 S . s e £ £, &
. (m) g 2 =2 g 5 E 4 4 % 8 % E E B g 2 % % 3§
Core, section, IS s s © =i 2 = = £ he} =3 c 5 @ 9 2 S Rs) oS 2 Degree
interval (cm) Top Bottom Text ID 3 ° ° S z 2 £ > £ S g £ N & = o 2 £ S s of fit
317-U1351B-

1H-1, 78-79 0.78 0.79 CYL1703321 176 6.2 243 170 72 03 06 0.6 25 20 05 09 00 00 22 00 02 80 99 0.088
TH-1, 107-109 1.07 1.09 CYL1703381 173 73 237 152 56 03 06 0.6 22 21 02 06 00 00 19 00 08 11.0 108 0.083
1H-2, 66-68 2.16 2.18 CYL1413142 241 7.2 279 65 40 02 05 0.7 23 19 06 11 05 00 27 05 04 79 11.0 0.082
1H-2, 125-127 2.75 2.77 CYL1413152 178 55 220 74 225 03 03 09 19 11 07 03 00 00 15 02 05 6.6 107 0.083
1H-2, 143-147 2.93 2.95 WDGE1512012 16.2 50 206 84 244 03 02 03 1.8 25 08 08 00 00 00 00 0.0 85 101 0.096
1H-3, 25-27 3.25 3.27 CYL1413162 16.7 53 243 32 37 04 05 03 26 09 02 03 00 17 33 00 00 145 222 0.094
1H-3, 122-124 4.22 4.24 CYL1413172 194 42 271 41 58 05 03 06 3.1 1.3 06 00 00 00 22 00 0.0 122 187 0.091
TH-5, 67-69 6.67 6.69 CYL1413182 133 38 221 14 0.7 04 03 0.6 22 10 05 00 00 00 34 00 03 175 325 0.095
1H-6, 26-28 7.26 7.28 CYL1413192 135 45 233 23 13 05 03 05 22 06 04 00 00 00 29 00 00 177 30.1 0.109
2H-1, 71-73 8.51 8.53 CUBE1705681 14.2 31 236 00 00 00 0.0 0.7 27 00 00 00 0.0 35 00 00 194 329 0.107
2H-2, 89-91 10.19 10.21 CYL1413202 13.7 34 224 36 16 04 03 06 26 06 03 00 00 00 31 00 05 16.8 303 0.108
2H-3, 25-27 11.05 11.07 CYL1413212 148 43 226 53 30 04 02 05 28 09 04 00 00 00 32 00 00 155 26.1 0.109
2H-3,120-122 12.00 12.02 CYL1413222 166 45 244 95 91 03 02 04 26 18 08 00 00 00 00 00 06 132 16.0 0.096
2H-4 13.31 13.32 CYL1706461 190 79 26.2 13.7 48 0.1 0.2 0.7 26 18 02 07 00 00 26 04 00 84 108 0.094
2H-5,13-15 13.93 13.95 CYL1413232 19.2 6.7 247 116 33 02 03 0.7 29 27 10 11 00 16 00 00 14 114 11.6 0.080
2H-5, 139-141 15.19 15.21 CYL1413242 187 73 229 89 154 04 04 0.7 .5 11 00 00 00 00 00 00 0.0 123 104 0.088
2H-6, 53-57 15.83 15.85 WDGE1512022 7.5 43 136 124 365 03 0.1 0.6 10 19 09 06 00 00 00 00 0.0 102 102 0.127
2H-6, 73-75 16.03 16.05 CYL1413252 184 47 258 20 05 03 04 05 29 17 10 00 00 01 00 00 06 170 240 0.098
3H-1, 52-54 17.22 17.24 CYL1413262 140 36 239 16 25 05 02 04 24 06 08 00 00 00 38 00 00 176 282 0.101
3H-1,110-112 17.80 17.82 CYL1413272 199 54 286 51 27 03 02 0.6 29 16 05 00 00 00 29 00 02 112 177 0.091
3H-2, 40-42 18.60 18.62 CYL1648262 145 34 227 10 03 05 02 0.2 32 13 06 00 00 00 00 00 1.0 189 322 0.108
3H-2 19.22 19.22 CYL1707771 147 44 235 09 00 09 05 0.6 32 14 02 00 00 00 20 00 00 17.7 299 0.109
3H-3, 47-49 20.17 20.19 CYL1648272 157 50 260 12 12 02 02 0.7 29 36 07 00 00 01 00 00 15 159 250 0.103
3H-3, 145-147 21.15 21.17 CUBE1707191 154 4.7 250 09 00 04 0.2 0.6 24 16 10 00 0.0 40 00 10 176 253 0.101
3H-4, 7-9 21.27 21.29 CYL1413282 199 58 302 3.1 1.5 03 02 06 32 23 10 03 00 00 20 00 1.2 120 165 0.09
3H-4, 81-83 22.01 22.03 CYL1413292 167 40 273 12 01 04 01 03 29 14 07 00 00 00 24 00 00 16.1 26.5 0.09
4H-1, 40-42 22.50 22.52 CYL1709991 159 49 281 17 04 03 02 05 25 05 03 00 00 00 29 00 00 141 277 0.099
4H-1, 50-52 22.60 22.62 CUBE1709101 170 34 290 00 00 00 0.0 0.5 39 00 00 00 00 1.5 00 00 176 272 0.102
4H-1, 139-142 23.49 23.51 WDGE1512032 18.2 54 271 9.0 233 04 00 05 16 16 00 00 00 00 00 00 00 56 73 0.095
4H-2, 40-42 24.00 24.02 CYL1413302 122 48 207 164 79 03 0.1 09 26 23 05 08 00 00 27 00 04 122 151 0.086
4H-3, 50-52 25.60 25.62 CYL1413312 10.7 3.6 173 239 122 03 03 05 24 12 06 00 00 00 09 00 00 101 160 0.111
4H-4, 101-102 27.61 27.62 CYL1710841 189 55 238 192 125 02 05 0.7 1.8 24 02 00 00 00 00 00 0.0 83 6.0 0.090
5H-1, 120-122 29.40 29.42 CYL1413322 203 46 245 136 82 03 03 05 27 15 06 05 00 00 17 00 03 84 119 0.085
5H-2, 26-27 29.79 29.80 CYL1711801 38.7 48 317 06 00 02 03 0.1 16 06 08 00 00 00 21 00 04 47 135 0.09
5H-3, 26-27 31.23 31.24 CYL1712111 146 40 195 214 114 04 04 0.7 23 07 01 00 00 00 15 00 02 95 143 0.099
5H-3, 41-43 31.41 31.43 CYL1648282 144 40 179 223 92 03 02 05 23 17 03 02 00 09 00 00 07 98 152 0.09
6H-1, 73-75 3293 3295 CYL1413332 274 50 282 04 09 00 00 03 27 00 00 00 00 00 29 00 00 122 199 0.098
6H-2, 25-27 33.95 33.97 CUBE1713081 244 42 275 04 00 00 02 03 27 07 07 00 00 0.0 00 00 145 245 0111

Concentrations over 3 wt% exceed threshold for analytical certainty of presence in sample. Only a portion of the table appears here. The complete table is available in ASCII.
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