
Supplemental File 2: STATISTICAL ANALYSIS AT THE SCALE OF THE BOREHOLE  

 The iterative nonhierarchical cluster analysis (INCA) clusters (C1–C10) for M0027, 
M0028, and M0029 are plotted against depth in meters below seafloor, and shown both as a 
column and as individual clusters. Each cluster is colored to loosely correspond to lithology (see 
Table 2). Thus, cluster C1 is yellow (sand); clusters C2, C3, C5, C6 and C10 are in shades of 
brown and/or red (silts and clays); and clusters C4 and C7–C9 are shades of green or purple 
(glauconite-containing sediments), where the purple indicates higher U. Note that there are small 
intervals where the gamma-ray log was at the lower limit of its resolution with data points at 
these depths removed prior to the statistical analysis. This is apparent from a small gap (white 
space) in the INCA column; in the separated clusters, intervals of highest density appear black 
due to the outlining used around clusters. Lithological units and subunits are shown to the far 
left, with upward of 40 within the Miocene sequences (Mountain et al., 2010) that generally 
correlate with statistically identified boundaries (Table 4 and as shown in more detail by “INCA 
divisions and subdivisions within this Supplemental File). As lithological boundaries are only 
defined where core was recovered, accordingly where core recovery is low in the upper 200 m 
slight differences are apparent between lithological boundaries and the clearest INCA subunits in 
M0027 (0.5–3 m) with occasional larger differences in M0029 (see contrast between statistical 
and sedimentological boundaries, “INCA divisions and subdivisions,” M0029 within 
Supplemental File 2). Where boundaries do not correlate, this can also reflect the fact that 
lithological units attempt to group genetically correlative sediments; this is rarely possible from 
analysis of spectral gamma ray alone. The lithology column, estimation of glauconite content 
(0%–90%), and the inferred depth of seismic reflectors are shown to the right of the depth scale 
(Mountain et al., 2010; Miller et al., 2013b). The logs input into the statistical analyses (K, U, 
and Th) are displayed to the far right with the location of the examples shown in Figures 5 and 6 
(gray bars) and Figure 3 (asterisks) indicated. The text column describes selected cluster 
characteristics and variations within INCA divisions (gray text). Distinctive cluster patterns 
(brown text) and selected cluster changes at sequence boundaries (red text) and flooding or 
transgressive surfaces. 
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LOW CORE RECOVERY: INCA clusters aid in identifying key variations.
Refer to Fig. 7 for layers indicated to laeft (primarily based on occurrences

of cluster C10)
[S7.2]

SUBDIVISION BOUNDARY: Cluster C5 disappears uphole [S5]

LOW CORE RECOVERY: Clusters help characterize lithological changes
and precisely locate surfaces [S7.1]

SUBDIVISION: Characterized by cluster C1 (shoreface sands below
clinoform rollover) [S4]

GRADATIONAL CHANGE: Very clear cluster change across division
boundary (sediments grade from river-influenced offshore silts that become
increasingly sandy to river-influenced shoreface-offshore sands containing

silt laminae uphole) [S8.1]

DIVISION D4: C5 significant throughout (silts of clinoform foresets) [S4]

SUBDIVISION BOUNDARY: Cluster C5 disappears uphole [S5]

SUBDIVISION: Characterized by variation between relative dominance of
clusters C5/C7 (reflecting glauconite concentration variation in apron

sediments)

No gamma ray log below 605 m

(m5.7, m5.47, m5.45): Uphole change from C1 (sand) to C2/C3/C4/C6
(gamma increase) [S7.1]

(m5.8): Change in cluster C7/C8/C9 proportions [S6.1]
(m6): Isolated appearance of C9 in low core recovery [S7.1]

(unnamed): Appearance of C8 indicating increase in U [S8.3]

(o1): Appearance of C8 indicating increase in U [S8.3]

(?): Isolated occurrence of C9 [S6.2]

MFS: small gap in C4 below surface [S6.2]
TS: interval of C1 (transgressive lag) [S6.3]

MFS: gap in C4 below surface [S6.2]

Cluster pattern: C2/C5/C10 (clay with high magnetic susceptibility) [S5]

Cluster pattern: C1/C4 (sand containing glauconite) [S5]

Cluster pattern: C1/C4 (sand containing glauconite) [S5]

Cluster pattern: C5 occurs without C4/C7/C8/C9 in subdivision
(river-influenced mica rich glauconite free offshore sediments) [S5]

Cluster pattern: C4/C9, C9 grades to C4 uphole across D5/D4 boundary
(glauconite decrease in toe-of-slope sediments) [S5]

Cluster pattern: C7/C8 indicating high-U (glauconite sands) [S5]
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NO CORE RECOVERY: INCA clusters aid in identifying key variations.
Refer to Fig. 7 for layers indicated to left (primarily based on occurrences

of cluster C10).
[S7.2]

SUBTLE CHANGE: Not clear from clusters as characterized by C3/C6
throughout but subtle increase in C10 uphole (Lithologic subunit boundary)

[S8.1]

SUBDIVISION: Characterized by cluster C1 (shoreface sands below
clinoform rollover) [S4]

GRADATIONAL CHANGE: Clear cluster change across division boundary
from C2/C3/C4/C6 (silty sands) replaced by C1 uphole (clean sands) [S4]

SUBDIVISION: C5 significant (lower clinoform foresets) [S4]

LOW CORE RECOVERY: C3/C4/C6 throughout subdivision but C1/C10
less dominant (siltier sands than those above and Th-depleted compared

to underlying division) [S4, S7.1]
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(m5.3 and m5.2): uphole gamma increase across surface, clusters place
m5.3 1 m above current placement [S7.1]

(m5.8): C7/C8 glauconite-filled burrows just below cemented interval
[S6.1]

(m5.32): Appearance of clusters C3/C6 (increase in gamma ray at inferred
MFS/TS) [S6.2]

(m5.34): Appearance of cluster C5 [S6.2]

(m5.35): C5 disappears uphole, gap in C4 below [S6.2]

Cluster pattern: C2/C5/C10 (clay with high magnetic susceptibility) [S5]

Cluster pattern: C1/C4 (sand containing glauconite) [S5]

Cluster pattern: C5/C10 but absence of C4/C7/C8/C9 (mica rich glauconite
free silts and sands of the clinoform foreset) [S5]

Cluster pattern: C4/C9, C9 disappears uphole across D5/D4 boundary
(decrease in glauconite) [S5]

Cluster pattern: C7/C9 in cemented interval (intensely bioturbated
glauconite mud, large burrows) [S5]

Cluster pattern: C1/C4 (glauconite containing toe-of-slope sands
deposited by turbidite flows)

Cluster pattern: C2/C3 (river-influenced tan clays deposited in an offshore
environment) [S5]

Cluster pattern: C7/C8/C9 disappear uphole across division boundary
(glauconite change) [S5]
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LOW CORE RECOVERY: INCA clusters aid in identifying key variations.
Refer to Fig. 7 for layers indicated to left (primarily based on occurrence of

cluster C10)
[S7.2]

DIVISION BOUNDARY: Gradation from clusters C2/C3/C4/C6/C10 to cluster
C1 over a few metres (finer-grained sediments grade to sand uphole) [S4]

SUBTLE VARIATION: Only subtle changes in C5 dominance (Lithologic
subunit boundary) [S6.4]

SUBDIVISION: C5 gradually decreases in dominance uphole [S6.4]

SUBDIVISION BOUNDARY: C5 reappears uphole [S5]

SUBDIVISION: Interval where C2 decreaes in dominance and appearance of
C1 (sands containing glauconite deposited as debris flows on apron/lobe).

C1 absent from borehole below this interval [S4]

SUBDIVISION BOUNDARY: C5 disappears uphole (no corresponding
sedimentary subunit identified) [S5]

DIVISION: Characterized by clusters C4 and C9 and notable absence of
cluster C1 (sands containing glauconite and glauconite sands deposited by

debris flows on toe-of-slope) [S4]

LOW CORE RECOVERY: C3/C4/C6 significant throughout subdivision (silts
of Lithologic Unit III) [S7.1]

Lowered dominance of C2/C10 indicates relative Th depletion [S4]

DIVISION BOUNDARY: C5 decreases significantly in dominance uphole [S5]

(m4.1): Appearance of clusters C1 and C9 (transgressive lag then glauconite
increase at surface) [S6.1]

(m5): mica decreases up to surface (Mountain et al., 2010) [S8.3]

(m5.8): 2 alternative positions (Miller et al., 2013) [S7.1]
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MFS: single occurrence of C9 [S6.2]

MFS: single occurrence of C9 few metres above surface [S6.2]

MFS: single occurrence of C7 in cemented interval [S6.2]

MFS?: single occurrence of C7 in cemented sediments [S6.2]
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Cluster pattern: C5 without C4/C7/C8/C9 in subdivision at 558-568 m (silts
deposited in an offshore environment) [S5]

Cluster patter: C4/C9, C9 disappears uphole across D3/D2 boundary
(glauconite decrease) [S5]

Cluster pattern: C4/C9, C9 increases uphole across D4/D3 boundary
(glauconite increase) [S5]

Cluster pattern: C7/C8 correlates with glauconite-filled burrows [S5]

Cluster pattern: C7/C8 correlates with bioturbated contacts [S5]

Cluster pattern: C2/C3 (river-influenced silts deposited in a dysoxic prodelta
environment) [S5]


