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Abstract
The Tuaheni Landslide Complex is thought to have originated

through multiple slip events offshore the Hawke’s Bay region, North
Island (New Zealand). Cores were obtained from within and be-
neath the interpreted landslide complex to a maximum depth of
~188 meters below seafloor (mbsf ) in Hole U1517C during Interna-
tional Ocean Discovery Program Expedition 372. This data report
provides the results of 99 X-ray diffraction analyses of the clay-sized
fraction (<2 μm spherical equivalent); sampling focused on the
background lithology of hemipelagic mud. Normalized weight per-
cent values for common clay-sized minerals (where smectite + illite
+ undifferentiated [chlorite + kaolinite] + quartz = 100%) do not
vary markedly among the five lithostratigraphic units. Overall, the
mean and standard deviation (σ) values are smectite = 47.1 wt% (σ =
5.2), illite = 34.0 wt% (σ = 3.4), chlorite + kaolinite = 8.8 wt% (σ =
1.9), and quartz = 10.2 wt% (σ = 4.0). Mineral proportions within
the clay-sized fraction do change somewhat across the boundaries
between units and near inferred slip surfaces (e.g., at ~31 mbsf), but
those excursions are within the normal range of statistical scatter
for the site. Likewise, indicators of clay diagenesis are relatively mo-
notonous throughout the cored interval. The average value of illite
crystallinity index is 0.53Δ°2θ (σ = 0.027). Smectite expandability
averages 77.4% (σ = 4.9), and the average proportion of illite in il-
lite/smectite mixed-layer clay is 8.7% (σ = 5.6).

Introduction
International Ocean Discovery Program (IODP) Expedition 372

was implemented along the Hikurangi subduction margin, offshore
the Hawke’s Bay region, North Island (New Zealand) (Figure F1A).

The coring program at Site U1517 (Figure F1B) was designed to
groundtruth seismic reflection interpretations of an actively de-
forming landslide known as the Tuaheni Landslide Complex (TLC)
(Barnes et al., 2017). The apparent submarine slide is thought to
have initiated as a sudden failure, followed by slow, ongoing creep
(Mountjoy et al., 2014; Barnes et al., 2017). Creep seems to occur
where the base of gas hydrate stability pinches out at the seafloor
(Mountjoy et al., 2014), so one inference has been that gas hydrate
contributes to slope instability by reducing permeability in the host
sediment, which in turn might lead to buildup of overpressure and
hydrofracturing (Crutchley et al., 2010; Ellis et al., 2010). Another
possibility is that hydrate-bearing sediments are subjected to time-
dependent plastic deformation similar to the behavior of glaciers
(Mountjoy et al., 2014). These and other hypotheses were tested
during Expedition 372.

The cores recovered from Hole U1517C (Figure F1C) extend
from the seafloor to 188.5 meters below seafloor (mbsf ). The cores
pass across what had been interpreted on seismic profiles to be the
landslide’s décollement at ~37 mbsf, the base of landslide debris at
~59 mbsf, and the base of gas hydrate stability at ~162 mbsf (Barnes
et al., 2019; Screaton et al., 2019). Shipboard sedimentologists de-
fined five lithostratigraphic units (Figure F2) using information
from visual description of the split cores, smear slide analysis, digi-
tal color, and magnetic susceptibility logs (Barnes et al., 2019).
Overall, the common lithologies include discrete layers of fine sand,
silt, and volcanic ash in a background of hemipelagic mud (silty clay
to clayey silt). The depositional ages, based on calcareous nannofos-
sils and planktonic foraminifers, range from Holocene to Middle
Pleistocene (Barnes et al., 2019).

The bathymetric position of Site U1517, at a water depth of
~732 meters below sea level, is within a domain that is profoundly
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affected by a strong southwest-directed current known as the East 
Cape Current (Carter and Wilkin, 1999; Carter et al., 2002, 2004; 
Chiswell et al., 2015). Sediments agitated by such currents are typi-
cally remobilized into contourite drifts (e.g., Stow et al., 2002; Re-
besco et al., 2014). Recent interpretations of high-resolution seismic
reflection data from the Hikurangi margin classify the acoustic 
character of the upper slope domain (i.e., in the vicinity of Site 
U1517) as the “giant elongated mounded” type of contourite drift 
(Bailey et al., 2021a, 2021b).

According to the shipboard designations of Barnes et al. (2019), 
Lithologic Unit I (0–3.0 mbsf) is a thin Holocene mud blanket con-
sisting of structureless silty clay. Unit II (3.0–40.74 mbsf ) contains 
alternating layers of mud and very fine sand, with sand bed thick-
nesses up to 29 cm. In Unit III (40.74–66.38 mbsf ), hemipelagic 
mud alternates with laminated stacked couplets of silt and clay. Unit 
IV (66.38–103.16 mbsf ) consists mostly of structureless hemipe-
lagic mud, whereas Unit V (103.16–187.53 mbsf ) is more variable 
and has numerous interbeds of normally graded sand and hemipe-
lagic mud (Figure F2).

In addition to their division of lithologic units, Barnes et al.
(2019) provisionally assigned the upper ~67 m of strata (Units I–III) 
to the TLC (Figure F2). That collective interval of cores is somewhat 
perplexing, however, because it displays minimal internal deforma-
tion and no mesoscopic indicators of concentrated slip at the base 
(Barnes et al., 2019). The only mesoscopic indicators of gravity-
driven soft-sediment deformation are scattered patches in Unit III 
that display convolute bedding and/or intraformational mud clasts. 
On the other hand, post-expedition research has reinforced the idea 
that the TLC is made up of at least two discrete deposits. In one 
such study, numerical modeling of pore water chemistry data (Luo 
et al., 2020) supports the contention of two separate slip events, the 
more recent of which occurred as a coherent block that measures 
roughly 40 m in thickness and retains its initial pore water signa-
ture. If true, the décollement to the upper slide block coincides with 
the base of Lithologic Unit II (Figure F2). Adding to the complexity, 
however, is the identification of a weak layer at ~31 mbsf based on a 
pronounced drop in shear strength (Barnes et al., 2019); ongoing 
research is investigating microfabric associated with this weak layer 

Figure F1. A. Regional map of New Zealand and vicinity. B. Map of the transect area for Expeditions 372 and 375, offshore North Island (simplified from Barnes 
et al., 2019). Heavy black line indicates track line for seismic reflection profile crossing Site U1517. C. Seismic reflection profile crossing Site U1517. Interpreta-
tions of the Tuaheni landslide and gas hydrate stability are from Barnes et al. (2017). TWT = two-way traveltime.
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and the mechanisms that may control its anomalously low strength. 
Thus, uncertainties persist with regard to the number of discrete 
slip events, their dimensions, whether or not the slip events were 
“catastrophic,” and the influence of lithology and mineralogy in 
modulating slip. Moreover, shipboard data documented the occur-
rence of gas hydrate only at depths below 100 mbsf (Barnes et al., 
2019), so the role gas hydrates might play in controlling deforma-
tion in the TLC remains questionable. Those discoveries from drill-
ing necessitate a more holistic analysis of how lithology and 
mineralogy might contribute to slope instability.

This data report summarizes the results of X-ray diffraction 
(XRD) analyses of the clay mineral assemblages at Site U1517. The 
primary objective of our study is to test whether or not stratigraphic 
variations in sediment composition might have contributed to the 
dynamics and spatial extent of mass wasting. Of particular interest 
are the magnitudes of potential contrasts or excursions in clay com-
position across the unit boundaries and/or the inferred slip surfaces 
(Figure F2). A secondary objective is to provide constraints on in-
terpretations of detrital provenance and sediment dispersal on the 
upper slope, with potential implications for regional-scale recon-
structions of paleoclimate and paleoceanography (e.g., Petschick et 
al., 1996; Thiry, 2000; Gingele et al., 2001; Phillips et al., 2014). Such 
information will expand on provisional documentation of clay com-
position across the broader Hikurangi margin (Underwood, 2020,
2021).

Methods
Samples

A total of 99 specimens for XRD analyses were obtained from 
the working halves of split cores, covering all five lithologic units. 
Although the intent was to focus on the background lithology of 
silty clay to clayey silt (hemipelagic mud), some of the sampling may 
have inadvertently captured the muddy tops of turbidites and/or 
contourites. Most samples were colocated in “clusters” immediately 
adjacent to whole-round specimens. Some of those specimens were 
analyzed shipboard for interstitial water geochemistry (Barnes et 
al., 2019), whereas others were collected for shore-based tests of hy-
drogeological, frictional, and geotechnical properties (e.g., Dugan et 
al., 2018; Nole et al., 2018). The clusters also included specimens for 
shipboard measurements of moisture and density, carbon/carbon-
ate, and bulk powder XRD (see Wallace et al., 2019, for XRD meth-
ods).

Sample preparation
Several steps are required to isolate the clay-sized fraction (<2 

μm) for XRD analyses. First, a split of air-dried sediment is placed in 
a 600 mL beaker with 2% hydrogen peroxide to initiate disaggrega-
tion and remove organic matter. Next, the disaggregated sediment is 
suspended in ~250 mL of Na hexametaphosphate solution (4 
g/1000 mL distilled H2O). Beakers with suspended sediment are in-
serted into an ultrasonic bath for several minutes to promote dis-
persion and retard flocculation of the clays. Suspensions are washed 
of solutes by two passes through a centrifuge (8000 rpm for 20 min; 
~6000× g) with resuspension in distilled deionized water after each 
pass. Next, the suspensions are transferred to 125 mL plastic bottles 
and dispersed by vigorous shaking plus insertion of an ultrasonic 
cell probe for ~2.5 min. Clay-sized splits (<2 μm equivalent spheri-
cal diameter) are separated from the silt and sand by centrifugation 
(1000 rpm for 3.6 min; ~320× g). We prepared oriented clay aggre-
gates following the filter-peel method (Moore and Reynolds, 1989b) 
using 0.45 μm filter membranes and glass discs. Good preferred ori-
entation is beneficial because it enhances the intensity of basal re-
flections. To saturate the clay aggregates with ethylene glycol, clay-
covered discs are placed in a closed vapor chamber at room tem-
perature for ~48 h. This last step expands the interlayer of smectite 
to ~17Å, which minimizes overlap between the smectite (001) and 
chlorite (001) reflections (Figure F3).

X-ray diffractometer settings
The oriented aggregates were analyzed at the New Mexico Bu-

reau of Geology and Mineral Resources using a Panalytical X’Pert 
Pro diffractometer under the following parameters:

• Generator settings = 45 kV and 40 mA.
• Angular range = 2°–28.0°2θ.
• Scan step time = 1.6 s.
• Step size = 0.01°2θ.
• Sample holder = stationary.
• Slits = fixed at 0.5 mm (divergence) and 0.1 mm (receiving).
• Specimen length = 10 mm.

Raw data files were processed using MacDiff software (version 
4.2.5) to establish a baseline of intensity, smooth counts, correct 
peak positions offset by slight misalignments of the detector and 

Figure F2. Generalized stratigraphic column with identification of lithologic 
units and potential slip surfaces, Site U1517 (modified from Barnes et al., 
2019). The weak layer at ~31 mbsf is from Barnes et al. (2019), and the base 
of the anomalous pore water chemistry at ~41 mbsf is from Luo et al. (2020).
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sample holder (using the quartz 100 peak at 20.95°2θ), record peak 
intensities (counts/step), and compute integrated peak areas (total 
counts). Two representative diffractograms are shown in Figure F3, 
and diagnostic peaks for smectite, illite, undifferentiated (chlorite + 
kaolinite), and quartz are identified.

Computations of mineral abundance
Computations of relative abundance for each of the common 

clay-sized minerals are based on values of integrated peak area, us-
ing the smectite (001), illite (001), chlorite (002) + kaolinite (001), 
and quartz (100) reflections (Figure F3). As scrutinized in more de-
tail by Underwood et al. (2020), we employed three computational 
approaches: (1) Biscaye (1965) peak-area weighting factors, which 
are equal to 1× smectite, 4× illite, and 2× undifferentiated (chlorite 
+ kaolinite); (2) a set of regression equations that relate peak area to 
weight percent, where smectite + illite + undifferentiated (chlorite + 
kaolinite) + quartz = 100%; and (3) a matrix of singular value de-
composition (SVD) normalization factors (see Fisher and Under-
wood [1995] and Underwood et al. [2003] for a full description of 
the SVD approach), where smectite + illite + undifferentiated (chlo-
rite + kaolinite) + quartz = 100% (Table T1). When using SVD fac-
tors or regression equations, the sum of the four relative-abundance 
values is sometimes less than 100%, and that dampening of peak in-
tensities is usually caused by filter-peel transfers that are too thin 
(i.e., less than “infinite” thickness). Another contributing factor 

might be inclusion of additional minerals or amorphous solids 
within the clay-size fraction (e.g., feldspar, volcanic glass shards, or 
biogenic carbonate). To negate those artifacts of methodology, the 
four relative-abundance values were normalized to 100%.

XRD data from standard mineral mixtures were used to deter-
mine errors of accuracy (Underwood et al., 2020). The Biscaye 
(1965) weighting factors result in systematic overestimates of the 
proportion of chlorite + kaolinite and underestimates of the propor-
tion of illite (Underwood et al., 2020). In addition, the Biscaye 
(1965) approach does not account for clay-sized quartz; those val-
ues might be more important for assessments of frictional proper-
ties, but perhaps less so for studies of detrital provenance. To permit 
comparisons among all three sets of computational results, the 
weight percent values were recalculated to a three-component, 
clay-only assemblage, where smectite + illite + undifferentiated 
(chlorite + kaolinite) = 100%. Underwood et al. (2020) found that 
the average absolute errors of accuracy are smallest when regression 
equations are used for computations: illite = 3.0 wt%, undifferenti-
ated (chlorite + kaolinite) = 5.1 wt%, and smectite = 3.9 wt%. Errors 
using SVD factors are slightly larger. Errors are largest when the Bis-
caye (1965) weighting factors are used in computations (as high as 
18.6%). In spite of those shortcomings, we have tabulated the Bis-
caye-computed values in this report to permit direct comparisons 
with legacy data from previous studies in the Hikurangi region (e.g., 
Winkler and Dullo, 2002). All of the graphical plots in this report 
(e.g., Figure F4) use data computed from the regression equations. 
We consider compositional differences among individual speci-
mens and lithologic units to be geologically significant only if those 
differences are greater than the errors of accuracy shown above (i.e., 
>5 wt%).

To compute the normalized percentage of each individual clay 
mineral (e.g., smectite) in the bulk sediment, we multiplied the nor-
malized relative abundance of total clay minerals, as obtained from 
shipboard bulk-powder XRD (Barnes et al., 2019), by the computed 
weight percent value for that specific clay mineral (e.g., smectite) in 
the clay-only assemblage. A key assumption here is that most of the 
clay minerals reside in the clay-sized fraction. The bulk-sediment 
weight percent values for the clays are included in this report to help 
with assessments of potential compositional controls on frictional 
and geotechnical properties (e.g., Brown et al., 2003; Kopf and 
Brown, 2003; Ikari et al., 2018), especially as they apply to the 
whole-round specimens used in post-expedition laboratory experi-
ments.

Indicators of clay diagenesis
Given the relatively shallow burial depths of all samples ana-

lyzed (<186 mbsf ) and the projected in situ temperature of ~12°C at 
the bottom of Hole U1517C (Barnes et al., 2019; Screaton et al., 
2019), the common ways to assess clay diagenesis using XRD should 
be viewed as indicators of geologic conditions in detrital source ar-
eas. For example, the peak width at half maximum for the illite (001) 
peak is a common measure of illite crystallinity (units = Δ°2θ), oth-
erwise known as the Kübler Index (e.g., Kisch, 1991; Ferreiro Mähl-
mann and Frey, 2012; Warr and Ferreiro Mählmann, 2015). Those 
peaks narrow as the assemblage of illite plus white mica becomes 
more crystalline. The saddle:peak intensity ratio (Figure F3) can be 
used to compute the “expandability” of smectite plus illite/smectite 

Figure F3. Representative X-ray diffractograms for oriented clay-sized speci-
mens, Site U1517. Diagnostic peaks for computation of weight percent are 
indicated for smectite (001), illite (001), undifferentiated chlorite (002) + 
kaolinite (001), and quartz (100). Subsidiary peaks for individual clay miner-
als and quartz are also shown. The saddle:peak intensity ratio for smectite 
(001) was used to determine %expandability (Rettke, 1981). The °2θ position 
of the illite (002)/smectite (003) (I/S) peak was used to determine %illite in 
the I/S mixed-layer clay (Moore and Reynolds, 1989a). Weight percent values 
for minerals in each specimen were computed using regression equations 
(Table T1).
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(I/S) mixed-layer clay in the assemblage (Rettke, 1981). This 
method is sensitive to the proportions of discrete illite versus I/S 
mixed-layer clay; we picked the curve for a 1:1 mixture of I and S + 
I/S. To compute the percentage of illite layers in the I/S mixed-layer 
clay, we made a visual pick of the angular position (°2θ) of the com-
posite I(002)/S(003) peak (Figure F3). With progressive illitization, 
that peak shifts systematically to higher angles (Moore and Reyn-
olds, 1989a). A reliable determination of %illite is possible only 
when the intensity of the I/S peak is high enough to resolve a clear 
apex.

Results
Clay mineral assemblages

The results of 99 XRD measurements are tabulated in Table T2, 
and the computed values of relative and normalized weight percent, 
using the three computational approaches, are listed in Table T3. 
Overall, the stratigraphic section at Site U1517 displays consider-
able uniformity in clay mineral assemblages. Figure F4 shows the re-
sults plotted as normalized proportions in the clay-sized fraction 
(computed using regression equations). Proportions of smectite 
range from 26.5 to 57.0 wt% with a mean value (μ) of 47.1 wt% and a 
standard deviation (σ) of 5.2 wt%. Weight percent values for illite 
range from 27.2 to 47.1 wt% (μ = 34.0; σ = 3.4), and the proportion 
of undifferentiated (chlorite + kaolinite) ranges from 3.9 to 14.2 wt% 
(μ = 8.8; σ = 1.8). Careful examination of the overlapping chlorite 

(004) and kaolinite (002) peaks indicates that kaolinite occurs in 
trace amounts. The content of clay-sized quartz ranges from 4.8 to 
23.7 wt% (μ = 10.2; σ = 4.0). Variable quartz content in the clay-sized 
fraction is most likely an effect of grain size, with higher concentra-
tions in the muddy tops of turbidites and/or contourites.

Weight percent values among the clay minerals (i.e., where 
smectite + illite + undifferentiated [chlorite + kaolinite] = 100%) are 
tabulated in Table T3. Smectite is the most abundant clay mineral in 
all five lithologic units. Only one sample from Unit I was analyzed; 
its composition is smectite = 50.1 wt%, illite = 40.6 wt%, and chlorite 
+ kaolinite = 9.3 wt%. Statistics for Unit II are

• Smectite: μ = 55.0 wt%; σ = 2.6.
• Illite: μ = 34.1 wt%; σ = 2.1.
• Chlorite + kaolinite: μ = 10.9 wt%; σ = 1.0.

Values for Unit III are

• Smectite: μ = 48.3 wt%; σ = 2.3.
• Illite: μ = 40.2 wt%; σ = 2.3.
• Chlorite + kaolinite: μ = 11.5 wt%; σ = 0.5.

Figure F4. Generalized stratigraphic column with normalized relative-abundance values of minerals in the clay-sized fraction, Site U1517 (modified from 
Barnes et al., 2019). Weight percent values were computed using regression equations (Table T1). XRD results and statistics are tabulated in Table T3. Designa-
tion of the creeping slide interval (Units I–III) is from Barnes et al. (2019). The weak layer at ~31 mbsf is based on shipboard shear strength measurements 
(Barnes et al., 2019).
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Thus, relative to overlying strata, the results from Unit III reveal small 
but consistent decreases in the abundance of smectite that are balanced 
by small increases in the proportion of illite. Values for Unit IV are

• Smectite: μ = 50.9 wt%; σ = 4.8.
• Illite: μ = 39.0 wt%; σ = 4.1.
• Chlorite + kaolinite: μ = 10.1 wt%; σ = 1.3.

In Unit V, the statistics are

• Smectite: μ = 52.9 wt%; σ = 5.3.
• Illite: μ = 38.2 wt%; σ = 4.1.
• Chlorite + kaolinite: μ = 8.9 wt%; σ = 1.8.

On average, Unit II contains the most smectite and Unit III contains 
the least, but the magnitude of compositional differences across 
unit boundaries falls within the normal range of scatter for the site. 
We regard the relatively small shifts at key horizons of interest (e.g., 
~31 and ~41 mbsf) as geologically insignificant.

Bulk sediment composition
Figure F5 shows normalized concentrations of smectite, illite, 

and undifferentiated (chlorite + kaolinite) in the bulk sediment. 
These values are probably the most relevant for assessing how hydro-
geological, frictional, and geotechnical properties might change as a 
function of sediment composition. The average content of total clay 
minerals at Site U1517 is 39.7 wt% (from shipboard XRD analyses of 
bulk powders) but those values range considerably from 10.1 to 49.0 
wt% (Barnes et al., 2019). Typically, such variations in bulk XRD re-
sults are caused by changes in biogenic calcium carbonate and/or 
grain size distribution (i.e., less total clay in specimens with higher 
proportions of silt). Contents of total clay minerals are slightly lower 
than average in Unit II (μ = 36.2 wt%; σ = 3.6). Shifts among individ-

ual clay minerals across the unit boundaries fall within the range of 
scatter for the site as a whole (Table T3). The values of mean and 
standard deviation for the entire site are smectite = 20.8 wt% (σ = 
4.4), illite = 15.0 wt% (σ = 2.6), and chlorite + kaolinite = 3.9 wt% (σ = 
0.9). Statistical scatter clearly increases in Unit V (Figure F5), mirror-
ing that unit’s more erratic variability in total clay minerals (σ = 7.5). 
We do not recognize systematic depth-dependent trends in bulk 
mineralogy, nor do the data reveal marked compositional excursions 
at the slip surfaces inferred at ~31 and ~41 mbsf (Figure F5).

Indicators of clay diagenesis
Values of crystallinity index for the detrital illite assemblage fall 

between 0.44Δ°2θ and 0.62Δ°2θ with a mean of 0.53Δ°2θ and a stan-
dard deviation of 0.027 (Table T2; Figure F6). According to the cri-
teria of Warr and Ferreiro Mählmann (2015), that range of 
crystallinity values straddles the domains of advanced diagenesis 
and anchimetamorphism (i.e., incipient greenschist facies). Given 
the cool in situ burial temperatures in Hole U1517C (Barnes et al., 
2019; Screaton et al., 2019), these results should be viewed as indi-
cators of geologic conditions in detrital source terranes (e.g., Warr 
and Cox, 2016). Viewed similarly, the expandability of smectite and 
smectite-rich I/S mixed layer clay ranges from 67% to 90% with a 
mean value of 77.4% and a standard deviation of 4.9 (Table T2; Fig-
ure F6). For generic reference, lower values (less expandability) are 
consistent with higher proportions of detrital I/S mixed-layer clay 
in the assemblage, whereas higher values are indicative of more dis-
crete smectite from altered volcanic sources. Percentages of illite 
within the I/S mixed-layer phase range from 1% to 24% with a mean 
of 8.7% and a standard deviation of 5.6 (Table T2; Figure F6). We 
see no systematic variations in any of these diagenetic indicators as 
a function of burial depth or lithostratigraphic unit.

Figure F5. Stratigraphic distribution of normalized relative-abundance values of total clay minerals in the bulk hemipelagic sediment (from Barnes et al., 2019) 
and weight percent values for individual clay minerals in the bulk hemipelagic sediment, Site U1517. The weak layer at ~31 mbsf is based on shipboard shear 
strength measurements (Barnes et al., 2019). XRD results and statistics are tabulated in Table T3.
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Conclusions
XRD analyses of the clay-sized fraction of hemipelagic mud spec-

imens from Site U1517 reveal considerable monotony in clay mineral 
assemblages throughout the cored interval (0–188.5 mbsf). Propor-
tions of clay-sized smectite show the most variability, ranging from 
26.5 to 57.0 wt% with a mean value (μ) of 47.1 wt% and a standard 
deviation (σ) of 5.2 wt%. Weight percent values for illite range from 
27.2 to 47.1 wt% (μ = 34.0; σ = 3.4), and the proportion of undifferen-
tiated (chlorite + kaolinite) ranges from 3.9 to 14.2 wt% (μ = 8.8; σ = 
1.8). The content of clay-sized quartz ranges from 4.8 to 23.7 wt% (μ 
= 10.2; σ = 4.0). Spatially, the XRD results reveal small excursions in 
mineralogy at one inferred slip surface (~41 mbsf) and near a weak 
layer (~31 mbsf) as well as across the boundaries between lithologic 
units. The magnitude of those differences, however, falls within the 
normal range of scatter for the site as a whole. XRD indicators of clay 
diagenesis (illite crystallinity index, smectite expandability, and %il-
lite in I/S mixed layer clay) display uniformity versus depth. Their 
values should be viewed as diagnostic of geologic conditions in po-
tential detrital source regions rather than in situ burial conditions.
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