
THIN SECTION LABEL ID: 390C-U1557B-65X-1-W 15/17-TSB-TS7 Thin section no.: 7

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1

Thin section summary: aphyric basalt

Plane-polarized: 62633401 Cross-polarized: 62633381

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intersertal Minor groundmass Texture: intergranular

Sample domain name (if>1) 1 Domain relative abundance (%) 100

Groundmass Original
(%) Comment

Olivine 10 presence of olivine inferred from alteration style of groundmass, i.e. small equant 'patches' that have a similar style of
alteration to the larger phenocryst. Abundance estimated on the basis of these patches.

Plagioclase 15 elongate, acicular to tabular crystals, unaltered. Some skeletal, exhibiting "box" texture with acicular extensions on corners,
suggesting rapid crystallization

Clinopyroxene 50
exhibits plumose quench textures in between plagioclase microlites. Unaltered. Modal abundance based on the plumose
textures, but these may be a fine grained intergrowth between cpx and another mineral, so the modal abundance may be

over estimated.

Fe-Ti oxide 5 occurs as tiny equant crystals in clusters around the edges of cpx plumose quench crystals.

Mesostasis 20
Groundmass / mesostasis consists predominantly of cpx plumose quench textures in between acicular to tabular plagioclase

microlites. In patches, the groundmass is coarse grained enough that cpx and plag exhibit subophitic textural relationship
with one another.

Vesicle Original
(%)

Size Mode
(mm) Shape Comments

Vesicle 0.05 round round vesicles, <1% of the mode, observed, 100% filled by zeolites and/or smectite.

Alteration

Domain
number
(if>1)

1 Domain name Basalt background alteration Domain
comment

Pervasive speckled orange background altered (in core of large basalt clast from
breccia)

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 5 groundmass olivine plagioclase vesicles
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Alteration

Domain
number
(if>1)

1 Domain name Basalt background alteration Domain
comment

Pervasive speckled orange background altered (in core of large basalt clast from
breccia)

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

saponite 1 groundmass vesicles

Alteration

Domain
number
(if>1)

1 Domain name Basalt background alteration Domain
comment

Pervasive speckled orange background altered (in core of large basalt clast from
breccia)

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

zeolite 1 vesicle core
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THIN SECTION LABEL ID: 390C-U1557B-66X-2-W 5/7-TSB-TS8 Thin section no.: 8

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1

Thin section summary: Breccia consisting of altered glass (domain 1) and altered cryptocrystalline basalt
(domain 2) clasts in a microspar (recrystallized) carbonate sediment (domain 3). The
detailed description in the extrusive-hypabyssal tab for each domain is an amalgamation
of the various clasts observed.

Plane-polarized: 62633321 Cross-polarized: 62633361

Igneous Petrology
Lithology: . . 0 Rock texture: hypohyaline

Style of emplacement: breccia Groundmass grain size (avg.): glass

Major groundmass texture: glass Minor groundmass Texture:

Sample domain name (if>1) 3 Domain relative abundance (%) 45

Glass
Glass
present
(%)

Glass
replace
d (%)

Glass
original
(%)

Glass comment

Glass 0 100 100 Unusual concentric replacement texture, golden yellow brown outer layers
with a carbonate interior and spherulitic structures.

Igneous Petrology
Lithology: Rock texture: holocrystalline

Style of emplacement: Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 25

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: dike Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 30
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Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 25 glass veins

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 glass

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 5 glass

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

zeolite 20 glass

Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 groundmass

Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 50 groundmass
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Alteration

Domain
number
(if>1)

3 Domain name Sediment matrix Domain
comment Carbonate sediment + glass rich igneous fragments

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 100 groundmass

Igneous Petrology
Lithology: . . 0 Rock texture: hypohyaline

Style of emplacement: breccia Groundmass grain size (avg.): glass

Major groundmass texture: glass Minor groundmass Texture:

Sample domain name (if>1) 3 Domain relative abundance (%) 45

Glass
Glass
present
(%)

Glass
replace
d (%)

Glass
original
(%)

Glass comment

Glass 0 100 100 Unusual concentric replacement texture, golden yellow brown outer layers
with a carbonate interior and spherulitic structures.

Igneous Petrology
Lithology: Rock texture: holocrystalline

Style of emplacement: Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 25

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: dike Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 30

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 25 glass veins

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 glass
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Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 5 glass

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

zeolite 20 glass

Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 groundmass

Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 50 groundmass

Alteration

Domain
number
(if>1)

3 Domain name Sediment matrix Domain
comment Carbonate sediment + glass rich igneous fragments

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 100 groundmass

Igneous Petrology
Lithology: . . 0 Rock texture: hypohyaline

Style of emplacement: breccia Groundmass grain size (avg.): glass

Major groundmass texture: glass Minor groundmass Texture:

Sample domain name (if>1) 3 Domain relative abundance (%) 45

Glass
Glass
present
(%)

Glass
replace
d (%)

Glass
original
(%)

Glass comment

Glass 0 100 100 Unusual concentric replacement texture, golden yellow brown outer layers
with a carbonate interior and spherulitic structures.
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Igneous Petrology
Lithology: Rock texture: holocrystalline

Style of emplacement: Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 25

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: dike Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) Domain relative abundance (%) 30

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 25 glass veins

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 glass

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 5 glass

Alteration

Domain
number
(if>1)

1 Domain name Altered glass clasts Domain
comment Large glass clast with concentric zonation of alteration minerals

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

zeolite 20 glass
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Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

clay minerals 50 groundmass

Alteration

Domain
number
(if>1)

2 Domain name Altered basalt clasts Domain
comment Deep orange-brown altered cryptocrystalline basalt clasts

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

Fe oxyhydroxide 50 groundmass

Alteration

Domain
number
(if>1)

3 Domain name Sediment matrix Domain
comment Carbonate sediment + glass rich igneous fragments

Alteration mineral Mineral abundance (%) Replacing/filling 1 Replacing/filling 2 Replacing/filling 3 Replacing/filling 4

carbonate 100 groundmass
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THIN SECTION LABEL ID: 390-U1557D-2R-1-W 38/40-TSB-TS67 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1b

Thin section summary: Aphyric basalt: This is an aphyric basalt with very sparse microphenocrysts of olivine
(fewer than ~ 10 or 12 crystals in the TS) and plagioclase (1 crystal), The olivine
microphenocrysts are 100% altered to dark orange brown by iddingsite (smectite + Fe
oxyhydroxides) +/- calcite. The plagioclase microphenocryst is altered ~80% to a pale
green clay? The same clay mineral appears to fill some vesicles. The groundmass
consists of acicular skeletal plagioclase crystals that appear to be replaced in a manner
similar to the plagioclase microphenocryst, although it's difficult to assess at these fine
grain sizes. In between the plagioclase crystals is plumose quench growth of
clinopyroxene (inferred). It is pale brown and appears to be relatively unaltered.
Groundmass olivine is replaced by the same dark reddish brown smectite + Fe
oxyhydroxide that has replaced the olivine microphenocrysts. Small equant to elongate
masses of opaque minerals fill interstitial areas. The rock is sparsely vesicular with small
round vesicles. In some areas the plagioclase crystals show preferred orientations,
presumably flow alignment, but it is not consistent throughout the slide. This section
appears to show several mutually overprinting alteration minerals; crystalline carbonate;
pale brown saponite (radial/feathery to cryptocrystalline; <1st o. red/purple interference
colours); bright green clay (low relief, <1st order purple int. colours, mostly low 1st
order); and bright yellow to orange clay (very similar optical properties to green clay)
usually associated with red-brown Fe oxyhydroxides (likely a spectrum of compositions).
Saponite, red Fe oxyhydroxide mixture (incl. iddingsite after olivine) and calcite are seen
throughout the section. Fe oxyhydroxides are most common replacing groundmass
mesostasis and olivine. Saponite and calcite fill vesicles and occur as small scattered
patches in the groundmass . Green and yellow-orange clays are predominantly seen as
a halo around the edge of much of the section and rarely co-exist except as a
composition gradient e.g. across a small area (the impression overall being that one is
altered to produce the other). The remaining minerals all co-exist in various
combinations across the slide thought the order of formation is rarely simply apparent.
There is reasonable evidence of Fe oxyhydroxides overgrowing all the other phases.
Conversely saponite is rarely present when the other alteration mineral are abundant
suggesting it may be an early phase. Carbonate typically overgrows all phases but Fe
oxyhydroxide although it often fills vesicles alone without other minerals (two phases of
carbonate formation?).

Plane-polarized: 63075731 Cross-polarized: 63075711

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-2R-1-W 97/99-0-TSB-TS106 Thin section no.:

Piece no.:Observer: PDK

Thin section thickness: standard Unit/subunit: 1b

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D. Here,
it consists of angular to subangular clasts of cryptocrystalline basalt and palagonite in
pelagic sediment. The breccia is matrix supported and there is evidence for
recrystallization of the micritic limestone (original pelagic sediment) to a microspar. An
anhedral zeolite outlines the palagonite clasts adjacent to sparry calcite and cements
clasts that have been disrupted (by the calcite veining?) and incorporated into the
pelagic sediment. The palagonite is typical pale yellow. One clast has atypically large
spherules of plagioclase crystals and shows patchy alteration to brown ?saponite clays
within the yellow palagonite. Most of the basalt clasts show intense deep brown
alteration of groundmass and pervasive replacement of plagioclase by low birefringence
?zeolite. Bright yellow clays are common as vesicle fills or groundmass replacement in
several of these clasts. Opaque blebs, likely Mn/Fe oxides and disaggregated forams
are common in the fine grained pelagic sedient. A diffuse dark pinkish red band in the
sediment appears to be a concentration of fine grained amorphous Fe oxides, possibly
hematite (much redder in colour than typical Fe oxyhydroxide alteration of the basalts).

Plane-polarized: 63232371 Cross-polarized: 63232351

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-2R-2-W 34/36-TSB-TS68 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1b

Thin section summary: Aphyric basalt: This is an aphyric basalt (or possibly plagioclase olivine microphyric).
The groundmass consists of acicular needles to skeletal crystals of plagioclase that
appear to be replaced by clay minerals (?), although it's difficult to assess at these fine
grain sizes. In between the plagioclase crystals is plumose quench and skeletal growth
of olivine and/or clinopyroxene, now totally replaced by smectite + Fe oxyhydroxides. It
is brown to orangish brown in color, indicating complete alteration throughout.
Groundmass olivine is replaced by the same dark reddish brown iddingsite/smectite +
Fe oxyhydroxide that has replaced the olivine microphenocrysts. In some areas, olivine
(+ plagioclase) form the centers of the radiating quench growth, with a lighter brown
outer ring of a different mineral / different style of alteration This could be cpx
(pseudomorphs), which would be consistent with the crystallization sequence suggested
by the microphenocrysts present in the rock, i.e. olivine or plagioclase first, with cpx last.
The rock is sparsely vesicular with small round vesicles. Most of these have a thin rim of
pale brown clay overgrown by a clear mineral possibly silica, chalcedony (<1st o. white
int. colours) and are otherwise unfilled. There is also a large cpx xenocryst (unaltered) in
this thin section, which subophitically encloses plagioclase laths that are substantially to
100% replaced by fibrous or radiating, pale brown clays, possibly an illite(suggesting
this may also be what is replacing plagioclase in the groundmass).

Plane-polarized: 63075751 Cross-polarized: 63075771

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-3R-2-W 54/57-TSB-TS69 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1b

Thin section summary: Aphyric basalt: This is an aphyric basalt and the thin section was taken to capture an
alteration halo from grey-brown background alteration to more intense orange alteration
in the halo. Olivine microphenocrysts are 100% altered to iddingsite. The groundmass
consists of acicular needles to skeletal crystals of plagioclase in a sea of plumose
quench growth of olivine and clinopyroxene. Groundmass alteration is somewhat patchy
everywhere but varies in overall intesity across the slide with the more altered areas
defining the orange halo across one side of the slide (also extending along a halo). In
the less altered portion of the slide, the plagioclase appears to relatively unaltered,
although it's difficult to assess at these fine grain sizes. The olivine skeletal growth in
between plagioclase crystals is now totally replaced by smectite + Fe oxyhydroxides,
such that it is now dark orangish brown color, The cpx plumose quench growth is pale
brown and appears to be relatively unaltered. Tiny equant opaque minerals line the
boundaries between different dendritic masses. The rock is sparsely vesicular with small
round vesicles. Throughout the slide these are mostly filled by pale brown saponite or
carbonate, the latter commonly overgrowing a saponite rim. The front of the alteration
halo (and its extension along the vein) is marked by abundant bright yellow clay (low 1st
order int. colours) replacing groundmass and rimming or filling vesicles. Yellow clay rims
are overgrown by saponite or carbonate. In the most altered part of the rock the
feldspars are replaced by clay (and in one place by calcite). Within the halo groundmass
is intensely red-brown coloured although still patchy as outside the halo. This patchiness
may follow variation in the proportions of original groundmass phases; olivine is
replaced by the dark reddish brown smectite + Fe oxyhydroxides and the plumose cpx
appears to been replaced by a lighter brown mineral that is birefringent
(pseudomorphed cpx exhibits a sweeping extinction - this could be needles of
actinolite?) Vein material mostly lost during polishing, a very thin rim of low birefrigence
material (zeolite?) remains - could be detritus trapped during slide preparation.

Plane-polarized: 63076481 Cross-polarized: 63076501

Igneous Petrology
Lithology: Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100

390-U1557D-3R-2-W 54/57-TSB-TS69    Page 1 of 0

Site U1557 core descriptions Thin sections

12



THIN SECTION LABEL ID: 390-U1557D-3R-3-W 65/67-0-TSB-TS107 Thin section no.:

Piece no.:Observer: PDK

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D. Here,
it consists of angular to subangular clasts of cryptocrystalline basalt and palagonite in a
cement that ranges from sparry calcite to 'dirty' microspar + a zeolite. The zeolite
typically occurs as anhedral / cryptocrystalline masses that lines the edges of basalt and
palagonite clasts. It tends to cement the finest grained igneous detritus. It also occurs
intergrown within the micritic / microspar materials. The rock as a whole is cemented by
sparry calcite, which fills the centers of veins. Clast range in size from up to 2 cm to fine
silt (or even clay). No evidence for pelagic sediment was identified. The palagonite
shows typical pale yellow colours and relatively high interference colours (<2nd order
green) at the edges of clasts, typically transitioning to les crystalline material in the
centre. Some clasts have abundant quench spherules and these are typically altered to
brownish ?saponite clays (<1st order red int. cols., radial fibrous structure). Basalt clasts
mostly cryptocrystalline and intensely altered to deep red-brown Fe oxyhydroxide +
clays. Plagioclase appears 100% replaced by low birefrigence minerals likely clays
and/or zeolites. Olivine is 100% altered to iddingsite +/- minor clays/carbonate and
blends into the altered groundmass. Vesicles are mostly filled by radiating zeolites.

Plane-polarized: 63232391 Cross-polarized: 63232411

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-3R-3-W 108/110-0-TSB-TS108 Thin section no.:

Piece no.:Observer: PDK

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D. Here,
it consists of angular to subangular clasts of cryptocrystalline basalt and palagonite in a
cement that ranges from sparry calcite to 'dirty' microspar + a zeolite. The zeolite
typically occurs as anhedral / cryptocrystalline masses that cement the finest grained
igneous detritus. It also occurs lining the edges of basalt and palagonite clasts, where it
tends to form short, stubby blades that terminate against sparry calcite cement. The
sparry calcite and the zeolite are typically separated by a narrow band of microspar
calcite. The rock as a whole is cemented by sparry calcite, which fills the centers of
veins. Clast range in size from up to 2 cm to fine silt (or even clay). No evidence for
pelagic sediment was identified. Palagonite after glass shows typical yellow colour and
laminated botryoidal nucleation texture. There are thin rims of brown Fe oxyhydroxide
rich material on the outmost edges of the clasts and along cracks (first phase of
alteration or later addition?). Basalt clasts are highly altered; olivine phenocrysts and
stubby groundmass crystals are 100% replaced by red-brown iddingsite and plagioclase
by low birefrigence clays or zeolite +/- carbonate. The groundmass mesostasis is altered
to a very dark, almost opaque, dull brown, markedly less red than psueomorphs after
olivine (more saponite alteration?). There is some patchy replacement of groundmass
by bright yellow to orange clay (+ Fe oxyhydroxide).

Plane-polarized: 63232431 Cross-polarized: 63232451

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-3R-3-W 128/130-TSB-TS70 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Highly plagioclase olivine clinopyroxene phyric basalt: This is a highly plagioclase-
olivine-clinopyroxene phyric basalt. The plagioclase phenocrysts range from subhedral
equant to tabular. They exhibit the typical polysynthetic twinning. Larger crystals are
almost ubiquitously sieve textured. Smaller tabular phenocrysts don't show this feature;
they are also less altered. They are also highly altered; assessing the alteration style is
hampered by the thin section quality (it appears that either there are holes in the
plagioclase or whatever occupied the centers of some crystals has been plucked out). In
some places, calcite is observed replacing the plagioclase; in other places, it appears to
be zeolites. Olivines are replaced by dark brown iddingsite, typically with small domains
of carbonate, throughout. Cr spinel inclusions were observed in one olivine phenocryst.
Clinopyroxene occurs in subophitic relationships with plagioclase and it is largely
unaltered. The groundmass consists of small acicular to tabular plagioclase surrounded
by plumose textured quench growth. Mineralogy of the groundmass is difficult to
determine at these cryptocrystalline grain sizes, but it is assumed to be a mix of cpx and
olivine. Groundmass is substantially altered to red-brown Fe oxyhydroxides and dusty
clays giving a muddy overall appearance. Red colours are strongest towards the middle
of individual plumes likely picking out olivine-rich areas. Relatively abundant opaque
minerals line the boundaries between adjacent plumes of quench growth. The rock is
sparsely vesicular. Vesicles are partially lined by brown to orange smectite (+/- Fe
oxyhydroxides) and either unfilled or filled by calcite. There are thick dark circular rims
around several (carbonate filled) vesicles which appear to result from a lack of
phenocrysts in a well defined radius area around the vesicles combined with enhanced
alteration of quench groundmass (to dusty clays + Fe oxyhydroxides as elsewhere). A
circular patch of this same material may cut a similar zone without intersecting the
central vesicle. Two thin veins filled with bright yellow clays cross the section. Similar
yellow clay appears to be spatially associated with these veins, replacing groundmass
and filling vesicles. In some larger voids this is overgrown by brown Fe oxyhydroxides
and then carbonate. Throughout the section there are irregular patches of the
groundmass replaced by calcite, some with a botryoidal yellow-orange smectite partially
lining the edges. A brown to very pale green cryptocrystalline ?clay mineral occurs
across the slide, commonly in the core of altered plagioclase. This has very low
birefringence, appearing almost isotropic - possibly result of extremely fine grain size or
being preferential ground thin in many places, or both. In other respects this resembles
the pale brown clay described as saponite in other sections.

Plane-polarized: 63076261 Cross-polarized: 63076281

Igneous Petrology

Lithology: highly plagioclase-olivine phyric
basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-4R-1-W 28/30-TSB-TS72 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Aphyric basalt: This is a microcrystalline aphyric basalt. The overall alteration is very
similar to TS71 and consists of both light brown saponite and yellow-orange smectite +
Fe oxyhydroxides replacement distributed across the slide without any clear spatial
pattern or restriction to either. The groundmass consists of plagioclase and cpx in
subophitic textural relationships and at least 75% of the groundmass is occupied by
these microcrystalline textures. The plagioclase is slightly altered to clay minerals(?) but
the cpx appears to be relatively unaltered. Groundmass olivines are equant and
euhedral, now 100% replaced by light brown saponite . The remaining groundmass is
cryptocrystalline mesostasis that appears to be quite heavily altered to a dusty/slightly
opaque mixture of reddish brown Fe oxyhydroxides and clays throughout. Discrete
patches are replaced by light brown saponite and/or golden brown smectite + Fe
oxyhydroxide. Equant to acicular opaque minerals are restricted to occurrence in the
altered mesostasis. Round vesicles are typically concentrically filled with slightly darker
brown saponite lining the edges and a lighter paler yellow brown clay (with lower
interference colours) overgrowing towards the center. The outer rim is variably bright
yellow-orange (i.e. one section of the vesicle rim is a deep orange colour but this doesn't
wrap around the full circumference) but the pale yellow clay in the center is almost never
affected implying it grew later. Equally some vesicles do not follow this pattern and are
100% filled by pale brown saponite while others are entirely filled by bright yellow-
orange smectite + Fe oxyhydroxides. In rare examples there may be a thin lining of pale
green clay as the first layer at the rim. One vesicle has a small patch of carbonate but
otherwise carbonate is rare in the sample.

Plane-polarized: 63076321 Cross-polarized: 63076301

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intersertal

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-4R-1-W 124/127-TSB-TS71 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely olivine phyric basalt: This is a microcrystalline sparsely olivine phyric basalt.
Alteration to light brown saponite clay predominates with patches of more oxidative
alteration. The olivine phenocrysts are so heavily (and complexly) altered that it is
difficult to distinguish them from the altered groundmass in some places. In some areas
replacement is by light brown saponite only (sometimes with quite high intereference
colours, <2nd o. blue, possibly suggest a talc component). In areas of more oxidative
alteration olivines are replaced either by bright yellow-orange clay + Fe-oxyhydroxides
(commonly gradational with coexisting saponite) or by a chaotic mixture of brown
iddingsite, carbonate and saponite +/- ?talc. The order of events is unclear although is
one example saponite veins appear to cross-cut the iddingsite + carbonate replacement.
The groundmass consists of plagioclase and cpx in subophitic textural relationships and
at least 75% of the groundmass is occupied by these microcrystalline textures. The
remaining groundmass is cryptocrystalline mesostasis and is quite heavily altered to
reddish brown Fe oxyhydroxides and dusty brown. slightly opaque clay throughout.
Round vesicles are filled by pale brown saponite to dark golden yellow smectite / clay +
Fe-oxyhydroxide (or in one example, opaque Fe oxyhydroxides). Similar mixtures of
minerals form small patches replacing groundmass, some of these appearing to grow
out of originally round vesicles. The distinction between saponite and yellow clay is
commonly gradational and typically occurs laterally across a vesicle or patch, implying
that one forms as a secondary alteration product of the other rather than overgrowing it.
There is no obvious spatial pattern to the occurrence or lack of these golden yellow
clays and their appearance defines a macroscopic orange mottling to the rock.

Plane-polarized: 63076321 Cross-polarized: 63076301

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intersertal

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-5R-1-W 28/32-TSB-TS73 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Moderately plagioclase-olivine-clinopyroxene phyric basalt with breccia matrix: This thin
section consists of two domains. One is the chilled margin of a plagioclase phyric basalt.
The other is a small fragment of the breccia matrix in which the clast occurs. Basalt
description: This is a moderately plagioclase-olivine-clinopyroxene phyric basalt. The
plagioclase phenocrysts are subhedral tabular and are almost completely
pseudomorphically altered to carbonate. Identification of the alteration in all areas is
complicated by the quality of this particular thin section. The plagioclase phenocrysts
occur in glomerocrystic clusters with euhedral equant olivine and are 100% altered to a
mixture of iddingsite and carbonate. The high degree of alteration of the
cryptocrystalline matrix make identification of the olivines difficult in places, because
they merge with that alteration, but the presence of the carbonate in the olivine
alteration is distinct from the rest of the groundmass. Clinopyroxene occurs in subophitic
relationship with plagioclase in two of the glomerocrystic clusters; note, the interference
colors for the cpx are too high, indicating that the thin section is too thick. The glassy
portion of the clast, now totally altered to palagonite, starts with the zone of spherulite
growth, and spherulites in this rock are small (<0.1 mm); the zone transitions to
coalesced spherulites over a very short distance (<2 mm) and quickly transitions from
there into variolitic and plumose quench growth. Irregular growth of opaque
oxyhydroxides in both basalt and sediment mark interface between the two. The rock is
sparsely vesicular, with round vesicles now concentrically lined by clay minerals and
either partly unfilled or, in some cases, filled by opaque ?oxyhydroxides. The glass is
completely altered to yellow palagonite with a beautiful concentric laminar/spherulitic
texture around the clast margins and vesicles (indicating these formed the nucleation
sites for alteration). This shows higher birefringence (<2nd order green int. colours) than
in examples seen from Hole U1556B (typically <1st o. yellow and/or poorly crystalline)
even allowing for the slightly thick cut section, potentially suggesting a slight difference
in alteration mineralogy. Breccia matrix description: The basalt clast has cement / matrix
on two sides in this thin section. At one end, the cement is sparry calcite (relatively free
of inclusions) and there are small (0.1 to 0.6 mm) fragments of palagonite and
cryptocrystalline basalt 'floating' in the cement. At the other end, the matrix is more
congested with igneous detritus, predominantly palagonite clasts, but also
cryptocrystalline basalts. Clast sizes range from >3 mm to < 0.01 mm and the clasts are
set in a 'dirty' micrite to microsparry calcite. Locally the micrite has recrystallized to an
inclusion-free sparry calcite.

Plane-polarized: 63079581 Cross-polarized: 63079621

Igneous Petrology

Lithology: moderately plagioclase phyric
basalt Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture: glass

Sample domain name (if>1) 1 Domain relative abundance (%) 80
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THIN SECTION LABEL ID: 390-U1557D-5R-3-W 109/111-TSB-TS74 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely plagioclase-olivine phyric basalt with breccia matrix: This thin section consists
of two domains. One is a cryptocrystalline basalt clast. The other is a small fragment of
the breccia matrix in which the clast occurs. Identification of the alteration in all areas is
complicated by the quality of the thin section. Basalt description: This is a sparsely
plagioclase-olivine phyric basalt. The plagioclase phenocrysts are subhedral tabular and
highly altered to carbonate and brownish clay. The plagioclase phenocrysts occur in
glomerocrystic clusters with euhedral equant olivine, which is now 100% altered to
iddingstie +/- calcite except far from the sediment basalt contact where replacement by
100% light brown saponite is seen. The groundmass consists of acicular skeletal
plagioclase crystals embedded in plumose quench growth. It looks like the groundmass
plagioclase has been altered in a style similar to that of the phenocrysts. Most of the
'plumes' of ferromagnesian minerals (either olivine or cpx) are orange brown in color,
suggesting that they are highly altered. Along the sediment-basalt interface there is an
alteration halo in the basalt defined by abundant bright yellow clay (1st order
interference colours) filling/rimming vesicles and patchily replacing groundmass. In
some vesicles this is overgrown by thin layers of brownish ?saponite and finally by
colourless low birefringence ?zeolite (or chalcedony?) Yellowish brown clays occur
sparsely in the rest of the section but are less brightly coloured and less abundant than
in the halo. The rock is sparsely vesicular, with round vesicles, which (outside the halo)
are filled mainly by carbonate adjacent to the halo and mainly by pale brown saponite
(often overgrowing rims of red-brown Fe-oxyhydroxide) further away; where both occur
in a single vesicle, carbonate overgrows saponite (which itself overgrows yellow clays in
one vug where all three phases occur). The groundmass has also undergone patchy
replacement by carbonate, generally in distinct semi-connected patches often around
concentrations of vesicles. Around the carbonate patch the groundmass is mostly
altered to greyish brown, slightly dusty/opaque cryptocrystalline clays (?saponite) which
appears to overgrow the surrounding red-altered groundmass, though relative order is
not uncomplicatedly apparent. Breccia matrix description: The basalt clast has a
fragment of breccia cement / matrix on one side of the thin section. The clasts in the
cement/matrix are dominated by palagonite, which is concentrically zoned (with similar
moderate interference colours to palagonite in TS73) and contains two types of
spherulites, one is pale brown and has plagioclase microlites at their core; the other is
dark red and presumably olivine. Clast sizes range from 10 mm to < 0.01 mm. Clasts
are set in a carbonate cement that is predominantly sparry carbonate and rimmed by
low relief and very low birefringence zeolite. This crystallizes as elongate blades that
have a radiating growth habit (similar to zeolite cements in Hole 1556B which were
confirmed as phillipsite by XRD). Looking at the blades end-on, they look like they are
sector zoned. Likely the zeolite phillipsite (known to be associated with palagonite and
forms complexly sector zoned crystals). Zeolite also cements the very fine grained silt
and sand size fraction of igneous detritus. Essentially, where the silt and clay fractions
are higher, you get the unidentified mineral; elsewhere, you get sparry calcite.

Plane-polarized: 63079541 Cross-polarized: 63079561
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Igneous Petrology

Lithology: sparsely plagioclase-olivine phyric
basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 80
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THIN SECTION LABEL ID: 390-U1557D-5R-4-W 109/112-TSB-TS75 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Moderately plagioclase-olivine-clinopyroxene phyric basalt with breccia matrix: This thin
section consists of two domains. One is a moderately plagioclase-olivine-clinopyroxene
phyric clast. The other is a small fragment of the breccia matrix in which the clast
occurs. Identification of the alteration in all areas is complicated by the quality of the thin
section and section is cut slightly thin. Basalt description: This is a moderately
plagioclase-olivine-clinopyroxene phyric basalt. The plagioclase phenocrysts are
subhedral tabular and highly altered to a pale brown clay. The plagioclase phenocrysts
occur in glomerocrystic clusters with euhedral equant olivine, which is now 100% altered
to a mixture of clay +/- Fe oxyhydroxides +/- calcite. The clinopyroxene is not very
abundant; it occurs in some glomerocrystic clusters in subophitic relationship with
plagioclase, but not all. The glomerocrysts are more commonly plagioclase + olivine.
There is one large anhedral cpx macrocryst that is unaltered. The groundmass consists
of elongate skeletal plagioclase crystals embedded in plumose quench growth, which is
presumably dominated by cpx. In more coarsely crystalline areas the cpx is observed in
subophitic relationships with plagioclase. Opaque minerals are concentrated in the
mesostasis areas between the cpx 'plumes'. The rock is sparsely vesicular, with round
vesicles 100% filled, variously, by carbonate, zeolite and clays. Paralelling the
matrix–basalt contact there is an alteration halo about 10mm wide. Within this halo,
olivine is altered to dark brown iddingsite + carbonate + clays in a chaotic mixture. The
groundmass mesostasis is altered a greyish red-brown by alteration to Fe oxy-
hydroxides and clays and the intensity of the colour increases approaching the basalt
contact. Vesicles are mostly rimmed by brown Fe oxyhydroxides and filled by zeolites
(v. low birefringence; some radiating some more equantly crystalline) or carbonate filled.
Plagioclase is ubiquitously altered to very pale green or brown clay +/- calcite, typically
cryptocrystalline and polished thin and so appearing almost isotropic. Bright green clay
occurs in the groundmass and in the vesicles along the boundary of the alteration halo.
The green clay is overgrown by successive layers of dark brown Fe oxyhydroxide and
pale brown ?saponite in vesicles. Adjacent vesicles are filled by yellow clays with a hint
of green (secondary alteration of green clay or compositional gradient in a single halo?).
Beyond the alteration halo, pale brown and green clay (likely a variety of saponite
though slightly greener than typically seen in previous samples) predominates,
pseudomorphing olivine (iddingsite is rare) and filling many vesicles. Zeolite and
carbonate also occur as vesicle fill and vesicles with completely different filling can
occur immediately adjacent to one another. Plagioclase is altered similarly to within the
halo but to a lesser extent. The mesostasis is grey brown with much less Fe
oxyhydroxide, judging from the alteration colour. Breccia matrix description: The basalt
clast has a fragment of breccia cement / matrix on one side of the thin section. The
clasts in the cement/matrix are dominated by angular cryptocrystalline basalt fragments,
plus a clast of 'dirty' micrite in which angular clasts of predominantly basaltic glass /
palagonite are 'floating'. The micrite is partially recrystallized to microspar and in some
places to sparry calcite. No fossils or burrows were observed in the micrite, but there
may be some preferred alignment of some elongate clasts, suggesting a sedimentary
structure on deposition (maybe?). The micrite is being disaggregated and/or
recrystallized by the later sparry calcite veins.

Plane-polarized: 63079521 Cross-polarized: 63079501
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Igneous Petrology

Lithology: moderately plagioclase-olivine
phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 80
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THIN SECTION LABEL ID: 390-U1557D-5R-4-W 128/130-TSB-TS76 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D. Here,
it consists of angular to subangular clasts of cryptocrystalline basalt and palagonite in a
cement that ranges from sparry calcite to 'dirty' microspar + a zeolite. The zeolite
typically lines the edges of basaltic clasts at the interface with the sparry calcite. It also
occurs intergrown within the micritic / microspar materials Clast range in size from up to
2 cm to fine silt (or even clay). No evidence for pelagic sediment was identified. The
palagonite has yellow colour and concentric laminar texture in vein bounded domains,
similar to previous examples seen. The cores of some of the palagonite domains are
formed of light brown saponite and large patches of dark brown to opaque Fe
oxyhydroxides grow irregularly across the palagonite. The basalt clasts show typical
replacement of groundmass olivine by red-brown iddingsite and alteration of mesostasis
to a dull brown mixture of Fe oxyhydroxides and clays. Thin plagioclase lathes are
generally altered to zeolite which has no been the case in previous examples and may
relate to the abundance of glass and zeolite in the matrix. Vesicles are rimmed by
saponite and either zeolite filled or unfilled, except one example intersected by a thin
carbonate vein which is carbonate filled. Small irregular patches of clay replace the
groundmass (or may in some cases be filling small irregualr voids) and show a
compositional spectrum between pale brown saponite, bright yellow ?smectite clay and
brown Fe oxyhydroxide - smectite mixtures.

Plane-polarized: 63079461 Cross-polarized: 63079481

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-6R-1-W 34/36-TSB-TS77 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D, similar
to the sample 5R-4 128/130 Here, it consists of angular to subangular clasts of
cryptocrystalline basalt and palagonite in a cement that ranges from sparry calcite to
'dirty' microspar + a zeolite. The zeolite typically lines the edges of basaltic clasts at the
interface with the sparry calcite. It also occurs intergrown within the micritic / microspar
materials Clast range in size from up to 2 cm to fine silt (or even clay). No evidence for
pelagic sediment was identified. Palagonite is typical yellow colour and concentrically
zoned with low 1st order interference colours (possibly cut slightly thin) and no obvious
change in mineralogy/composition from rim to core. Largest basalt clast is
cryptocrystalline with plumous groundmass texture still discernible but pervasively
altered to intense red Fe oxyhydroxides + smectite. Plagioclase phenocrysts almost
completely altered to pseudomorphic carbonate and olivine to iddingsite + carbonate,
making the latter blend into the groundmass. Small vesicles quite abundant, mostly
rimmed by yellowish brown smectite clays and filled by dusty brown cryptocrystalline
clay or else unfilled.

Plane-polarized: 63079441 Cross-polarized: 63079421

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-6R-3-W 106/110-TSB-TS78 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D, similar
to samples 5R-4 128/130, and 6R-1 34/36. This thin section contains numerous large
(up to 2.5 cm) subangular clasts of cryptocrystalline basalt that have been highly altered
(they are orange brown in hand sample), presumably, prior to incorporation in the
breccia. The area in between the larger clasts is cemented by sparry calcite and a 'dirty'
microspar that is filled by mm- to sub-mm-size particles of igneous origin. The smaller
clasts are dominated by angular palagonite fragments but also some small, but still
recognizable, clasts of cryptocrystalline basalt. Zeolites encircle many of the basaltic
clasts and are intergrown with the micrite / microspar in some of the areas with high
igneous detritus. The zeolite abundance is highest in the areas with the highest silt and
sand-size igneous detritus. No evidence for pelagic sediment was identified. The margin
of the largest basalt clast is characterised by abundant irregular blebs of very dark -
opaque F oxyhydroxides overgrowing the groundmass, not obviously pseudomorphing
anything or growing along any particular features. These define the "fuzzy/dendritic"
halos recorded during vein logging. The basalt itself is almost completely altered with
groundmass replaced by a dense mixture of Fe oxyhydroxides and clays with little
remnant of any original igneous texture except for oriented needles of plagioclase.
These, and larger plagioclase phenocrysts are 100% altered to carbonate with
inclusions of brownish clay and Fe oxyhydroxide. Olivine phenocrysts are 100% altered
to iddingsite enclosing small domains of carbonate and would be indistinguishable from
groundmass if it were not for these. Vesicles are predominantly unfilled excpet for a thin
lining of yellow brown ?smectite and a few carbonate-filled vugs.

Plane-polarized: 63086381 Cross-polarized: 63086361

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-6R-4-W 101/103-TSB-TS79 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Highly plagioclase-olivine-clinopyroxene phyric basalt: This is a highly plagioclase-
olivine-clinopyroxene phyric basalt. The plagioclase phenocrysts range from subhedral
equant to tabular. They exhibit the typical polysynthetic twinning. Larger crystals are
typically sieve textured and overgrown on their rims by a later generation of plagioclase.
Even some of the smaller tabular crystals, often intergrown with cpx, appear to show
sieve textures (I don't think it is alteration, but some of it could be partial replacement by
clay or zeolites; slide quality makes it hard to say for sure). The plagioclase appears to
be largely unaltered though rare grains show incipient patchy replacement by carbonate.
Olivines are replaced by red brown iddingsite + / - carbonate throughout. Two large
equant Cr spinel crystals were observed adjacent to a pseudomorphed olivine
phenocryst. Clinopyroxene occurs in subophitic relationships with plagioclase and is
unaltered. Glomerocrystic clusters are common, both plag + cpx and plag + olivine. The
groundmass exhibits an intersertal texture consisting of small tabular plagioclase in
subophitic relationship with groundmass cpx, plus brown cryptocrystalline mesostasis in
between. The groundmass cpx and plag are largely unaltered although fine grained
plagioclase is in some examples partially replaced by carbonate as with the
phenocrysts. Groundmass olivine is 100% altered, mostly to iddingsite and but possible
to pale green brown ?saponite in patches (though these are difficult to distinguish
unambigously from groundmass replacement). Mesostasis areas are variably altered in
a similar manner, mostly to brownish Fe oxyhydroxides but also in places to pale
greenish brown saponite and patches of carbonate. Golden yellow clay also replaces
groundmass in a narrow band which appears to be a front to a halo which just cuts the
top left corner of the slide. Small opaque minerals occur in the interstitial areas between
plag + cpx subophitic clusters. The rock is sparsely vesicular. Vesicles are partially lined
by light brown saponite and then either unfilled or filled by carbonate. More rarely they
are filled by dark dusty amorphous clay. There are dark alteration halos around the
vesicles created by enhanced growth of some kind of dark Fe oxyhydroxide.

Plane-polarized: 63086401 Cross-polarized: 63086421

Igneous Petrology

Lithology: highly plagioclase-olivine-augite
phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intersertal Minor groundmass Texture: subophitic

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-6R-6-W 1/3-TSB-TS80 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D, similar
to samples 5R-4 128/130, and 6R-1 34/36. Here, it consists of angular to subangular
clasts of cryptocrystalline basalt and palagonite in a cement that ranges from sparry
calcite to 'dirty' microspar + a zeolite. The zeolite typically lines the edges of basaltic
clasts at the interface with the sparry calcite. It also occurs intergrown within the micritic
/ microspar materials. The zeolite abundance is highest in the areas with the highest silt
and sand-size igneous detritus. No evidence for pelagic sediment was identified. The
alteration of the basalt clasts is typical of similar samples: groundmass is highly altered
to red-brown Fe oxyhydroxides and clays with relicts of acicular plagioclase (altered,
possibly to carbonate) and plumose groundmass texture identifiable. Olivine
phenocrysts are altered to iddingsite + subordinate carbonate and blend in the altered
background. Plagioclase is 100% altered to carbonate. Bright yellow clay is relatively
abundant filling/lining vesicles and replacing small patches of groundmass. Vesicles and
voids otherwise predominantly filled by very low birefringence zeolite mostly consistent
with previous observations of phillipsite (radiating bladed habit), but a few more coarsely
crystalline possible another zeolite species. Slightly coarser grained basalt clast shows
alteration of mesostasis mainly to dull brown dusty looking clays with only olivine
(phenocrysts and in groundmass) altered to deep red-brown - this type of alteration
seen in several samples and likely defines the brownish oxidative alteration distinct from
orange halos described macroscopically. Glass is altered in a typical manner to bright
yellow palagonite with concentric laminae, moderate 1st order interference colours and
slight darker brown cores.

Plane-polarized: 63079381 Cross-polarized: 63079401

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-7R-2-W 85/87-TSB-TS81 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D, similar
to samples 5R-4 128/130, and 6R-1 34/36. Section is cut slight thick (e.g. carbonate
looks almost cream coloured). This thin section contains numerous large (up to 2.5 cm)
subangular clasts of cryptocrystalline basalt that have been highly altered (they are
orange brown in hand sample), likely at least partially, prior to incorporation in the
breccia. The area in between the larger clasts is cemented by sparry calcite and a 'dirty'
microspar that is filled by mm- to sub-mm-size particles of igneous origin. The smaller
clasts are dominated by angular palagonite fragments but also some small, but still
recognizable, clasts of cryptocrystalline basalt. Zeolites encircle many of the basaltic
clasts and are intergrown with the micrite / microspar in some of the areas with high
igneous detritus. There are whole patches of detritus that are cemented by just the
zeolites and in some areas it appears that the calcite veining is fracturing the zeolite-
cemented 'clasts'. The zeolite abundance is highest in the areas with the highest silt and
sand-size igneous detritus. No evidence for pelagic sediment was identified. Glass is
altered in a typical manner to bright yellow palagonite with concentric laminae, moderate
interference colours (<2nd order blue though section cut thick) and slight darker brown
cores. The alteration of the basalts is in most ways typical of intense orange alteration
halos at pillow margins with fine-grained plumose groundmass extensively replaced by
Fe oxyhydroxides. At the edges of the individual plumes the groundmass is a very dark.
Vesicles show unusual filling appearing to consist of granular particles of brown and
dark greenish clay forming discrete patches within the vesicle and the greenish clay
appearing slightly altered to brown along its edges. The presence of this mineral implies
another phase of ?celadonitic alteration though there is no clear evidence of relative
order in this section.

Plane-polarized: 63086441 Cross-polarized: 63086461

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-7R-3-W 52/56-TSB-TS82 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Highly plagioclase-olivine phyrice basalt with breccia matrix: This thin section consists of
two domains. One is the chilled margin of a highly plagioclase-olivine phyric basalt. The
other is a small fragment of the breccia matrix in which the clast occurs. Basalt
description: This is a highly plagioclase-olivine phyric basalt. The plagioclase
phenocrysts are subhedral tabular and highly altered to calcite. Some of them may have
exhibited sieve textures but it's hard to say with certainty, because the high degree of
calcite replacement could be filling the sieve holes or creating new ones. The
plagioclase phenocrysts occur in glomerocrystic clusters with euhedral equant olivine,
which is now 100% altered to a mixture of iddinsgite +/- calcite +/- ?zeolite (very low
birefrigence mineral integrown with iddingsite). The glassy portion of the clast, now
totally altered to palagonite, starts with the zone of spherulite growth, and spherulites in
this rock are small (<0.1 mm); the zone transitions to coalesced spherulites over a very
short distance (<2 mm) and quickly transitions from there into variolitic and plumose
quench growth. The spherulites start out dominated by plagioclase; moving inward, they
are joined by olivine spherulitic growth nucleated on plagioclase microlites. In the
crypstocrystalline interior, olivine quench growth dominates. The altered groundmass is
somewhat mottled between more and less intense red-brown colours, likely reflecting
variations in the nucleation of quench minerals and/or differential nucleation of alteration
on heterogeneities such as phenocrysts. The rock is sparsely vesicular, with round
vesicles which typically have a thin rim of light brown clay and are otherwise unfilled.
One thin vein cutting into the basalt from the glassy margin is filled by a poorly
crystalline mixture of zeolite, clay and Fe oxyhydroxide. Another is filled by opaque Fe
oxyhydroxides. Breccia matrix description: The basalt clast has cement / matrix on one
side adjacent to the glassy margin of the basalt clast. The glassy margin has been
fractured on one side. The palagonite is edged by bladed growth of calcite and/or
zeolites, oriented perpendicular to the clast edge. The breccia matrix is a mix of igneous
detritus (0.1 to 0.6 mm) fragments of palagonite and cryptocrystalline basalt 'floating' in
a mix of cements that include zeolite, microspar and sparry calcite.

Plane-polarized: 63086501 Cross-polarized: 63086481

Igneous Petrology

Lithology: highly plagioclase-olivine phyric
basalt Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture: glass

Sample domain name (if>1) 1 Domain relative abundance (%) 90
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THIN SECTION LABEL ID: 390-U1557D-8R-3-W 39/41-TSB-TS83 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Moderately plagioclase-olivine phyric basalt: This is a moderately plagioclase-olivine
phyric basalt. The alteration is typical of the hybrid brown alteration with both saponite
and yellow-brown smectite + Fe oxyhydroxide phases ubiquitous throughout the section.
The plagioclase phenocrysts range from euhedral (nearly) equant to tabular. They
exhibit the typical polysynthetic twinning. Larger crystals are typically sieve textured and
show complex zoning indicating multiple periods of growth. Even some of the smaller
tabular crystals, often intergrown with cpx, appear to show sieve textures (I don't think it
is alteration, but some of it could be partial replacement by clay or zeolites; slide quality
makes it hard to say for sure). Olivines are replaced by iddingsite / Fe oxyhydroxides +
calcite throughout and are notable dark brown (cf. red-brown) in this sample. Some may
have remnants of (or incipient alteration to) saponite along veins. Two large equant Cr
spinel crystals were observed adjacent to an olivine phenocryst (pseudomorph).
Groundmass texture is predominantly intersertal. Elongate plagioclase laths form the
framework with cpx forming relatively coarse-grained plumose structures in between.
Where grain sizes are large enough, the relationship between cpx and plag becomes
subophitic. Small opaque minerals, mostly equant in shape, occur in the interstitial areas
between plag + cpx clusters. Groundmass olivine is 100% altered in a style similar to
that shown by the phenocryst phases. Mesostasis areas are in many places quite fresh
with most of the alteration in discrete patches, variably altered to golden yellow clay,
calcite, light brown saponite and/or some mix of Fe oxyhydroxides. Some of these likely
represent filling of irregular porespace. The rock is sparsely vesicular. Vesicles are filled
by pale brown saponite, with some partially lined by golden yellow/brown clay and some
overgrown by a dark reddish brown Fe-oxyhydroxide +/- smectite. The relative order of
the saponite and yellow clays is hard to determine; the yellow clays are usually
outermost in vesicles but the two minerals do not form simple concentric layers. Yellow
could form from oxidative alteration of saponite as saponite or, equally, saponite could
overgrow yellow clays.

Plane-polarized: 63086521 Cross-polarized: 63086541

Igneous Petrology

Lithology: moderately plagioclase phyric
basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intersertal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-8R-3-W 103/106-TSB-TS84 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely plagioclase-olivine phyric basalt: This thin section consists of two domains.
One is the chilled margin of a sparsely plagioclase-olivine phyric basalt. The other is a
small fragment of the breccia matrix in which the clast occurs. Basalt description: This is
a sparsely plagioclase-olivine phyric basalt. Alteration of this clast is very high, so
assessing some aspects of the primary igneous features is compromised by this later
overprint. The plagioclase phenocrysts appear to be mostly anhedral to subhedral
tabular to subequant, but they are highly to completely altered to a pale brown ?clay.
They occur both in glomerocrystic clusters and as individual crystals. Euhedral equant
olivine, which is now 100% altered to a mixture of iddingsite +/- calcite, also occurs in
glomerocrystic clusters, but in general the plag and olivine form separate Clusters. The
glassy portion of the clast, now totally altered to palagonite, starts with the zone of
spherulite growth, and spherulites in this rock are small (<0.1 mm); the zone transitions
to coalesced spherulites over a very short distance (<2 mm) and quickly transitions from
there into variolitic and plumose quench growth. The spherulites start out dominated by
plagioclase; moving inward, they are joined by olivine spherulitic growth nucleated on
plagioclase microlites. In the crypstocrystalline interior, olivine quench growth
dominates, now replaced 100% by iddingsite. Groundmass plagioclase occurs as
acicular to elongate skeletal microlites; they are highly to completed altered to clay
minerals. Small equant euhedral olivine crystals also occur in the groundmass and they
are 100% altered in a manner similar to that shown by the phenocrysts. Tiny equant
opaque minerals line the edges of the plumose quench growth and in mesostasis areas.
The rock is moderately vesicular, with vesicles that are unusually irregular in outline and
show a distinctive and unusual fill sequence. They are concentrically lined by a coloress
mineral with low interference colors (<1st order white; quartz/chalcedony?) with a
second concentric lining of pale brown clay minerals with extremely low birefringence,
almost appearing isotropic. The same mineral also nearly isotropic is responsible for
much of the replacement of plagioclase phenocrysts (also observed previously e.g.
TS75) and commonly has a slight vermicular habit - unclear what this is, could be a clay
with very low birefrigence or a zeolite or some mixture thereof. Some vesicles then have
a 'dirty' looking fill of granular dark brown and black material (amorphous clays?); others
are unfilled (or this part of the filling was lost in thin section preparation). Less commonly
vesicles are lined by bright orange-brown clay which from it's appearance and habit
appears likely to derive from staining/mixing of the brown isotropic clay with Fe
oxyhydroxides. Breccia matrix description: The basalt clast has cement / matrix on one
side adjacent to the glassy margin of the basalt clast. The palagonite is edged by bladed
growth of zeolites, oriented perpendicular to the clast edge. The breccia matrix is a mix
of igneous detritus (0.1 to 0.6 mm) fragments of palagonite and cryptocrystalline basalt
'floating' in a mix of cements that include zeolite, microspar and sparry calcite.

Plane-polarized: 63086581 Cross-polarized: 63086561

Igneous Petrology

Lithology: sparsely plagioclase-olivine phyric
basalt Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture: glass

Sample domain name (if>1) 1 Domain relative abundance (%) 90
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THIN SECTION LABEL ID: 390-U1557D-8R-5-W 94/97-TSB-TS85 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Aphyric basalt: This is an aphyric or very sparsely olivine phyric basalt (one olivine
phenocryst identified in the thin section). The overall alteration is very similar to TS83
with disseminated brown iddingsite/Fe oxyhydroxides, pale yellow-brown saponite and
bright yellow clays mainly replacing groundmass and olivine. The olivine is equant and
euhedral and it is 100% altered to clays ranging in color from golden yellow/brown to
pale brown saponite with dark brown to opaque Fe oxyhydroxides. Saponite and
yellower clays (like mixed with Fe oxyhydroxides) typically co-exist as a
compositional/colour gradient across a single grain. Groundmass olivine is altered in a
similar manner. Groundmass plagioclase is elongate and skeletal, with horned
extensions on the ends of the elongate crystals; it is largely unaltered. The groundmass
textures involving cpx are unusual because they range from subophitic to plumose
quench in an apparently random fashion; this suggests two stages of cooling--one slow
enough to form the subophitic plag-cpx relationship and a faster cooling that led to the
plumose quench growth. Opaque minerals occupy the mesostasis areas in between
clinopyroxenes. The mesostasis is partially altered in patches to a dark reddish brown
color (Fe oxyhydroxides) with some dusty opacity, likely imparted by clay minerals.
There is also replacement of small patches of groundmass by golden yellow/brown clay,
across the sample without any clear spatial pattern. Replacement of the groundmass by
saponite is rarely seen. The rock is sparsely vesicular. The vesicles are filled by clays
ranging from pale brown saponite to golden yellow/orange (likely smecite + some Fe
oxyhydroxide) often co-existing across a single vesicle. As in other samples there is no
consistent sense of concentric layering to these minerals where they co-exist. A thin
cross-fibrous carbonate vein, lined by opaque amorphous ?clay/Fe oxyhydroxides cuts
the sample.

Plane-polarized: 63086601 Cross-polarized: 63086621

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture: subophitic

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-9R-1-W 42/43-TSB-TS86 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Aphyric basalt: This is an aphyric (or sparsely olivine microphyric) basalt. Alteration is
predominantly by pale greenish brown saponite, with minor Fe oxyhydroxide bearing
phases, and a well developed green halo front crosses the section. Olivine
microphenocrysts appear to have been equant and euhedral. They are 100% replaced
either by pale gresnish brown saponite (radial feathery habit, <1st o. red int. colours) or
dark reddish brown iddingsite, or both. Where iddingsite and saponite coexist there is no
clear evidence of order though some relationships suggest saponite radially overgrew
iddingsite. The groundmass consists of acicular skeletal plagioclase crystals intergrown
with clinopyroxene in an incipient subophitic texture, but the cpx crystals are too small to
fully exhibit the texture. Instead, they form a coarse-grained plumose texture. The
plagioclase appears to be partially replaced by pale brown saponite (or it may be that
the clay is replacing the mesostasis that occupies the centers of the skeletal plagioclase
crystals). The cpx appears to be unaltered. Small opaque minerals, mostly equant in
shape, occur in the interstitial areas. The rock is moderately vesicular. Vesicles are filled
by brown saponite, some of which shows a radial growth habit growing inward from the
vesicle walls. Crossing the middle of the section is a front of abundant green clay
(fibrous or cryptocrysatlline, low interference colours). This mainly occurs in vesicles but
also replaces small patches of groundmass and partially replaces olivine in places. It is
unambiguously overgrown by radial saponite in at least one vesicle. There is also an
olivine where saponite appears to overgrow the green clay and itself be overgrown by
iddingsite/Fe oxyhysdroxides. The narrow band in which the green clay occurs appears
to be a halo front but there is no obvious difference in the mineralogy to either side of
the front (i.e. inside or outside of the halo itself).

Plane-polarized: 63134001 Cross-polarized: 63133981

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intergranular Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-10R-1-W 122/124-TSB-TS87 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D from
an interval of dark green overall alteration characterised by dark green glass. Perhaps
the most notable thing about this section is how similar it is to ones from orange-altered
intervals despite the major difference in macroscopic appearance. The thin section
contains numerous large (up to 1 cm) subangular clasts of cryptocrystalline basalt that
have been highly altered (they are orange brown in hand sample), presumably, prior to
incorporation in the breccia. The area in between the larger clasts is cemented by sparry
calcite and a 'dirty' microspar that is filled by mm- to sub-mm-size particles of igneous
origin. The smaller clasts are dominated by angular palagonite fragments but also some
small, but still recognizable, clasts of cryptocrystalline basalt. Zeolites encircle many of
the basaltic clasts and are intergrown with the micrite / microspar in some of the areas
with high igneous detritus. There are whole patches of detritus that are cemented by just
the zeolites and in some areas it appears that the calcite veining is fracturing the zeolite-
cemented 'clasts'. The zeolite abundance is highest in the areas with the highest silt and
sand-size igneous detritus. It appears that zeolite formation precedes crystallization of
the sparry calcite. Compared the brown glass breccias the cement in this green breccia
appears to be more zeolite rich, as was suspected from its appearance during core
logging. No evidence for pelagic sediment was identified. The palagonite, although
green in hand specimen appears similar to previous examples (which are dark brown in
hand specimen); it is pale yellow, possibly slightly more intensely coloured, with
concentric laminae and first order interference colours. The only major difference
apparent from previous examples is that some of the larger glass clasts have a core of
pale greenish brown ?saponite. This is composed of spherulites/radial fans and in one
example is cemented in the centre of the clast by Fe-oxide rich (speckled bright in RFL)
opaque phase. In another there are unusual vermiform intergrowths of the brown clay
and a less coloured isotropic mineral which is abundantly included by fine blebs which
could be fluid inclusions or some very fine grained and weakly coloured amorphous
mineral. The basalt clasts are highly altered and distinctly brown in colour in comparison
to the intense orange-red to red-brown colours typical of other highly altered clasts.
Most are too fine grained to determine minerals but the impression is that red-brown
alteration (e.g. Fe oxyhydroxides) and some kind of green alteration mineral (most likely
a clay) are superimposed on one another.

Plane-polarized: 63134021 Cross-polarized: 63134041

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-10R-2-W 82/84-TSB-TS88 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely plagioclase phyric basalt: This is a microcrystalline sparsely plagioclase phyric
basalt. The overall alteration comprises abundant saponite replacement and very dark
almost opaque replacement of the groundmass mesostasis, possibly resulting from a
combination of saponite/clay and Fe oxyhydroxides. The plagioclase occurs as anhedral
crystals occurring in glomerocrystic clusters. The plagioclase is partially altered to pale
brown clay. In one place, a glomerocrystic cluster is replaced 100% by clay + calcite;
based on the crystal shapes, these may have originally been olivine, but it's hard to tell.
The groundmass consists of elongate plagioclase crystals in subophitic textural
relationships with cpx; at least 75% of the groundmass is occupied by these
microcrystalline textures. The plagioclase is slightly altered to clay minerals(?) but the
cpx appears to be relatively unaltered. Groundmass olivines are equant and euhedral,
now 100% replaced by Fe oxyhydroxides + clay. The remaining groundmass is
cryptocrystalline mesostasis that appears to be quite heavily altered mostly to a very
dark brown (likely Fe oxyhydroxides and clays) with smaller patches replaced by pale
brown saponite, or carbonate. Golden yellow clays also occur throughout the sample as
patches of replacement for groundmass and partially rimming vesicles, without any clear
spatial control (e.g. a halo). They often appear to be associated with, or any alteration
product of, saponite. A thin vein of this golden yellow brown clay also crosscuts the thin
section. Equant to acicular opaque minerals are restricted to occurrence in the altered
mesostasis. The rock is moderately vesicular, with round vesicles typically thickly lined
by pale brown saponite clay or, less commonly, nearly opaque Fe oxyhydroxides, and
filled with carbonate. Some vesicles have multiple linings, with clay forming the outer
layer, followed by Fe oxyhydroxides and then filled with carbonate.

Plane-polarized: 63134061 Cross-polarized: 63134081

Igneous Petrology
Lithology: sparsely plagioclase phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intergranular

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-10R-3-W 22/24-TSB-TS89 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D. The
thin section contains numerous large (up to 1 cm) subangular clasts of cryptocrystalline
basalt that have been highly altered (they are orange brown in hand sample),
presumably, prior to incorporation in the breccia. The area in between the larger clasts
is cemented by sparry calcite and a 'dirty' microspar that is filled by mm- to sub-mm-size
particles of igneous origin. The smaller clasts are dominated by angular palagonite
fragments but also some small, but still recognizable, clasts of cryptocrystalline basalt.
Zeolites encircle many of the basaltic clasts and are intergrown with the micrite /
microspar in some of the areas with high igneous detritus. There are whole patches of
detritus that are cemented by just the zeolites and in some areas it appears that the
calcite veining is fracturing the zeolite-cemented 'clasts'. and /or filling the middles of
veins. The zeolite abundance is highest in the areas with the highest silt and sand-size
igneous detritus. It appears that zeolite formation precedes crystallization of the sparry
calcite. No evidence for pelagic sediment was identified. The largest basalt clast is
highly plagioclase phyric. Plagioclase has been pervasively altered to carbonate. Olivine
is replaced by iddingsite. The groundmass is highly altered to a dark brown colour
similar to some other examples of "hybrid" alteration with overprinting orange + green
alteration colours (likely from Fe oxyhydroxides and green/ish clays respectively). Bright
yellow clay is moderately abundant replacing groundmass and rimming vesicles, the
latter mostly filled by carbnate. This clast has an unusual morphology with large
amounts of partially interconnected vuggy porespace which is filled by matrix and lined
by bright orange-red Fe oxyhydroxides.

Plane-polarized: 63134121 Cross-polarized: 63134101

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-10R-3-W 131/134-TSB-TS90 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Cryptocrystalline basalt clast with breccia matrix: This thin section consists of two
domains. One is a cryptocrystalline basalt clast that occupies ~ 25% of the thin section.
The basalt is completely altered, with ferromagnesian minerals (olivine and cpx)
completely replaced by dark orange brown Fe oxyhydroxides + clay. In a few patches
the groundmass is instead replaced by light brown ?saponite or yellow-orange smectite
+ Fe oxyhydroxides. These patches appear at their edges to be overgrown by the
darker red-brown groundmass (e.g. botryoidal laminae appear cut off by overgrowing
red-brown Fe oxyhydroxides in one patch) but it is hard to be certain. Groundmass
plagioclase microlites are acicular and completely replaced. The rock is moderately
vesicular, with vesicles either unfilled or filled by zeolites, carbonate or
amorphous/cryptocrystalline clay. A carbonate vein cuts the section and is associated
with blebs of opaque Fe oxyhydroxides replacing groundmass. Similar disseminated
growths of opaques occur throughout the section. The other domain in this thin section
is a fragment of the breccia matrix in which the clast occurs. The breccia matrix is a mix
of igneous detritus (0.1 to 0.6 mm), including fragments of palagonite and
cryptocrystalline basalt 'floating' in a mix of cements that include zeolite, microspar and
sparry calcite. There are several examples in this thin section that suggest some of the
zeolite-cemented detritus may

Plane-polarized: 63134141 Cross-polarized: 63134161

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-10R-6-W 138/140-TSB-TS91 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Cryptocrystalline basalt clast with breccia matrix: This thin section is similar to 10R-3
22/24. It consists of two domains. One is a cryptocrystalline basalt clast that occupies
about one-third of the thin section. The basalt is completely altered, with ferromagnesian
minerals (olivine and cpx) completely replaced by deep red-brown Fe oxyhydroxides +
clay. There are two olivine phenocrysts (now 100% altered to Fe oxyhydroxides and
calcite). Associated with the two olivine pseudomorphs is a large (0.3 mm) equant
crystal of Cr spinel that is dark reddish brown in color. Groundmass plagioclase
microlites are acicular skeletal and completely altered. The rock is moderately vesicular,
with vesicles filled by a pale brown saponite/smectite which exhibits a radiating habit
lining the vesicles. Equant olivine microphenocrysts are entirely replaced by iddingsite
and very dark brown/opaque Fe oxyhydroxides with a small proportion of saponite. It is
unclear if either saponite or iddingsite/Fe oxyhydroxide is overgrowing the other.
Another small clast of basalt is highly plagioclase phyric and shows very dark grey
brown (hybrid alteration - Fe oxyhyroxide + a green clay?) and abundant bright yellow
smectite filling vesicles and replacing groundmass. The other domain in this thin section
is a fragment of the breccia matrix in which the clast occurs. The breccia matrix is a mix
of igneous detritus (0.1 to 0.6 mm), including fragments of palagonite and
cryptocrystalline basalt 'floating' in a mix of cements that include zeolite, microspar and
sparry calcite (which retains a 2mm void in one area). There are several examples in
this thin section that suggest some of the zeolite-cemented detritus may be a 'clast'
itself, being outlined by rims of microsparry calcite and/or being crosscut by veins of
sparry calcite.

Plane-polarized: 63134201 Cross-polarized: 63134181

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-11R-1-W 91/93-TSB-TS92 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely plagioclase phyric basalt: This is a sparsely plagioclase phyric basalt. The
overall alteration style is a typical hybrid with pervasive saponite and more oxic
alteration co-existing across the slide. The plagioclase occurs as large anhedral isolated
crystals that exhibit sieve textures and contain melt inclusions; zoning is limited to very
thin rims around the crystals. Collectively, this suggests the crystals are xenocrysts or at
least macrocrysts rather than phenocrysts. Aside from the sieve textures, the
plagioclase is largely unaltered. The groundmass consists of elongate plagioclase
crystals in incipient subophitic textural relationships with cpx, but the cpx is too fine
grained and the texture is executed as more like plumose quench for the cpx. Olivine is
either limited to dendritic crystal growth in the groundmass or its alteration is just so
extensive and similar to that of the groundmass mesostasis that it's difficult to
distinguish the two. The groundmass is variably altered by reddish brown to grey Fe
oxyhydroxides + dusty clays. The intensity of alteration increases towards the bottom
edge of the slide and is paralleled by an increase in the abundant of bright yellow clays.
These occur throughout the sample, replacing patches of groundmass, in some cases
with botryoidal habit, and rimming/filling vesicles. Saponite, possibly mixed with a higher
birefrigence phase in places (talc?) occurs across the slide, mostly as rims on vesicles
but also replacing small patches of groundmass and olivines. It's abundance seems to
vary inversely to the yellow-orange Fe oxyhydroxide rich clays suggesting the latter may
replace saponite. Small equant opaque minerals are restricted to occurrence in the
mesostasis. The rock is moderately vesicular, with round vesicles filled by clay in
various shades of brown. There is a banding in the alteration from brown to darker
reddish brown, and this variation seems to be reflected in the vesicle fillings, which in
some areas are a strong golden yellow brown and in others a pale brown

Plane-polarized: 63134241 Cross-polarized: 63134221

Igneous Petrology
Lithology: sparsely plagioclase phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intergranular

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-11R-2-W 81/87-TSB-TS93 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Fault gouge: This thin section was made from a rubble clast from a bin of clasts
adjacent to the fault in Section 11R-2. In consists of clasts (up to 1.5 cm) of
cryptocrystalline basalt (now highly altered to Fe oxyhdroxides, clays and calcite) along
with smaller clasts of palagonite and zeolite-cemented silty particles, orange-brown in
color and probably of igneous origin. The clasts are embedded in a sediment / cement
of micritic to microspar calcite. There are veins and a very fine network of thin
recrystallized (?) zones that parallel the long axis of some particles, creating what
appears to be a preferred orientation. The basalt clasts are highly altered with
groundmass replaced by dark brown Fe oxyhydroxides and clays. In the largest clast,
plagioclase phenocrysts are 100% altered to carbonate, highly included by brownish
clays, while in another, smaller clast they are replaced by zeolite. Olivine phenocrysts
are pseudomorphed by iddingsite and carbonate + dark nearly opaque Fe
oxyhydroxides. In the larger clast a spectrum of clay compositions from pale brown
saponite to bright yellow smectite (likely including some Fe oxyhydroxide) are seen
replacing groundmass and filling vesicles.

Plane-polarized: 63134301 Cross-polarized: 63134321

Igneous Petrology
Lithology: . . breccia Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-11R-2-W 116/118-TSB-TS94 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Plagioclase-olivine phyric basalt with breccia matrix: This thin section consists of two
domains. One consists of several cryptocrystalline basalt and palagonite clasts that
occupy about 1/3 of the thin section and the other is the breccia matrix in which the
clasts occur. The basalts are completely altered. Equant and euhedral olivine
phenocrysts are 100% altered to iddinsgite and carbonate. Tabular plagioclase
phenocrysts are generally completely pseudomorphed by carbonate. The
cryptocrystalline groundmass is completely replaced by dark orange brown Fe
oxyhydroxides + clay and has become almost opaque. The rock is moderately vesicular,
with vesicles either unfilled, filled by zeolites or, in some cases, carbonate. The other
domain in this thin section is a fragment of the breccia matrix in which the clast occurs.
This breccia matrix is much more lithic rich and carbonate cement poor than previously
observed. Effectively, it is a calcite-cemented, poorly sorted, lithic sandstone or a lithic-
rich microsparite. The sand and silt-size clasts in the matrix include cryptocrystalline
basalt, palagonite, and fragments of zeolite-cemented sediments--plus a lot of dark grey
to reddish brown silt and clay size particles too small to identify. A big difference
between this and the matrix of breccias higher up in the hole is the absence of the
zeolite fringes around the mafic clasts.

Plane-polarized: 63134281 Cross-polarized: 63134261

Igneous Petrology

Lithology: sparsely plagioclase-olivine phyric
basalt Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-12R-3-W 61/63-TSB-TS95 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Plagioclase olivine phyric basalt: This is a sparsely plagioclase-olivine phyric basalt. The
plagioclase phenocrysts range from subhedral tabular to more equant and anhedral.
They exhibit the typical polysynthetic twinning and commonly occur in glomerocrystic
clusters. Most appear to exhibit sieve textures, although it is isn't entirely clear whether
the 'holes' are produced by alteration or the alteration is taking advantage of the pre-
existing sieve textures, as these tend to be filled by a pale brown clay mineral. This
mineral appears to have a slight micaceous parting in some examples and is very low
birefringence, commonly appearing isotropic. Overall it doesn't conform to typical
saponite in optical properties. Olivines phenocrysts are equant and euhedral. There is a
broad zonation (halo?) in olivine alteration across the sample. At the bottom of the
section, olivine is replaced by pale brown to yellow brown saponite (); at the top of the
section the halo olivine is replaced by iddinsgite + calcite (+/- saponite in the middle of
the section). There is a oxidative overprint which affects the saponite and has a different
spatial distribution to that of iddingsite, occuring mainly at the bottom of the section. This
is seen as irregular diffuse yellow to brown staining which cuts across domains of
saponite and does not appear to follow the microstructure of the clays. This appears to
be an oxidative overprint. The groundmass texture is predominantly intersertal. Elongate
to acicular to skeletal plagioclase laths form the framework with cpx forming plumose
structures in between. Alteration of the groundmass plag is hard to assess, given the
small grain size and quality of the thin section but it appears to be moderately to highly
altered. Groundmass cpx also appears to be partially altered, as much of it has an
orange-brown color that is atypical of fresh cpx plumose quench crystals. Opaque
minerals, mostly equant in shape, occupy the interstitial areas between cpx plumes.
Groundmass olivine is 100% altered in a style similar to that shown by the phenocryst
phases. Mesostasis areas are also an dark grey with a distinct orange brown color
suggesting that they are similarly altered, possibly by both clays and Fe oxyhydroxides.
The rock is sparsely vesicular and the vesicle fills follow a similar zonation as olivine
alteration. At the top of the section, many of the vesicles exhibit a concentric zoning in
the fill mineralogy, with rims that are pale yellow brown or very pale green clay, followed
by a darker brown clay, then a colorless layer that has very low interference colors
(zeolite?) and lastly an opaque slight dusty lining inside that (possibly Fe
oxyhydroxides). The centres of the vesicles are typically unfilled. Irregular patches in the
groundmass are filled in a similar manner. At the bottom of the section saponite more
commonly entirely fills vesicles without obvious zonation (though concentric zonation is
still seen) but with the same irregular reddening described above.

Plane-polarized: 63148821 Cross-polarized: 63148801

Igneous Petrology

Lithology: sparsely plagioclase-olivine phyric
basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intersertal Minor groundmass Texture: dendritic or skeletal

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-12R-6-W 50/53-TSB-TS96 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D from
an interval where macroscopic core description reports the breccia has undergone
deformation. In this thin section, the breccia matrix consists of densely packed mm- to
submm-sized clasts of igneous detritus cemented predominantly by carbonate. The
largest clasts (up to ~ 2 cm) are all angular to subangular fragments of cryptocrystalline
basalt. They range from aphyric to sparsely plagioclase-olivine phyric. The smaller
clasts include both angular palagonite fragments and small, but still recognizable, clasts
of cryptocrystalline basalt, along with a high proportion of silt to clay-size material that
creates the 'dirty' microspar cement. There are strong textural variations across the thin
section that reflect the deformation. Some areas appear similar to breccias view higher
up in the hole, where the igneous clasts are cemented by sparry calcite, zeolites and/or
microspar. In other areas, the zeolites appear to have been largely removed and the
sparry calcite appears as rounded clasts in a sea of 'dirty' micrite / microspar. Some
areas appear to consist almost entirely of silt or clay-size material with little to no
carbonate cement. In some areas there appears to be a preferential alignment of
elongate clasts parallel to the orientation of thin veins and broader areas where the
more coarsely crystalline matrix has been comminuted to the fine silt-clay size material.
Basalt clasts are highly altered with groundmass altered either to deep red-brown Fe
oxyhydroxides + clays or to darker brown colour. Reasons for the contrast in altered
colour are not obviously clear. Most primary minerals replaced by carbonate, clays or
possibly zeolites. Glass is all 100% altered to yellow to brown palagonite with concentric
growth laminae. Some of this appears to be undergoing incipient disaggregation.

Plane-polarized: 63148841 Cross-polarized: 63148861

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-12R-7-W 70/72-TSB-TS97 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D (i.e. the
'matrix' in between larger clasts). The thin section contains numerous subangular clasts
of cryptocrystalline basalt (up to ~1 cm) that have been highly altered and abundant
angular palagonite fragments. The area in between the larger clasts is cemented by
sparry calcite and a 'dirty' microspar + zeolites that is filled by mm- to sub-mm-size
particles of igneous origin. The smaller clasts are dominated by angular palagonite
fragments but also some small, but still recognizable, clasts of cryptocrystalline basalt.
Zeolites provide the cement for large areas that are detritus rich, with the sparry calcite
appearing more like veins that crosscut these patches. The zeolite is much finer grained
than in samples higher up in the hole, forming small indistinct masses rather than
coarse bladed crystals. The basalt clasts are almost all altered to a very dark brown
without much reddening (abundant clays?) One clast shows replacement of
groundmass and filling of vesicles by bright yellow clay. Olivine is pervasively replaced
by dark red-brown iddingsite. Plagioclase appears to be replaced by a very low
birefringence mineral, possibly a zeolite. Vesicles are mostly filled by zeolites +/-
carbonate or by concentric layers of yellow and brown clays + Fe oxyhydroxides.

Plane-polarized: 63148901 Cross-polarized: 63148881

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-13R-1-W 97/99-TSB-TS98 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Aphyric basalt with breccia matrix: This thin section contains an aphyric basalt clast with
a small fragment of breccia attached. This description pertains to the breccia material.
The breccia is dominated by angular clasts of palagonite, along with more subangular
clasts of cryptocrystalline basalt. Clasts range in size from a few mm to silt size. The
clasts are cemented by a mix of sparry calcite, 'dirty' (i.e. inclusion-filled) microspar, and
phillipsite. The largest basalt clast (described separately) is outlined by a layer of bladed
to sparry calcite. The phillipsite is commonly intergrown with the 'dirty' microspar in
areas where the igneous detritus is more fine grained. It also occurs as more coarse-
grained crystals with bladed and twinned habit where in proximity to palagonite. The
sparry calcite has a 'space-filling' look about it, i.e. it doesn't seem to be a vein that is
disrupting the textures. The palagonite is very pale green and shows radial laminations
and zonation with higher interference colours (<1st order white) in the centre (slightly
more crystalline structure?). It appears to be altering to clays in some patches at the
centre of clasts.

Plane-polarized: 63148921 Cross-polarized: 63148941

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intergranular Minor groundmass Texture: dendritic or skeletal

Sample domain name (if>1) 1 Domain relative abundance (%) 80

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 2 Domain relative abundance (%) 20

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intergranular Minor groundmass Texture: dendritic or skeletal

Sample domain name (if>1) 1 Domain relative abundance (%) 80
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Igneous Petrology
Lithology: Rock texture:

Style of emplacement: Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 2 Domain relative abundance (%) 20
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THIN SECTION LABEL ID: 390-U1557D-13R-2-W 34/36-TSB-TS99 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Aphyric basalt with breccia matrix: This is an aphyric basalt clast with a fragment of the
breccia matrix attached to one side of the clast. The basalt contains a single, anhedral,
highly resorbed plagioclase xenocryst. Aside from being highly resorbed, the plagioclase
appears to be only slightly altered. There is also one olivine phenocryst, 100% altered to
iddingsite/Fe-oxyhydroxides and brown saponite. The groundmass texture is
predominantly intersertal. Acicular skeletal plagioclase laths form the framework with
cpx forming plumose structures in between. The rock exhibits patchy alteration and in
areas of lower alteration both the plagioclase and the cpx appear to be relatively
unaltered. Elsewhere, both groundmass cpx and plagioclase appear to be partially to
totally altered. The plagioclase is replaced by a clay mineral (?) and much of the
groundmass cpx has an orange-brown color that is atypical of fresh cpx plumose
quench crystals, suggesting replacement by smectite. Groundmass olivine is replaced
by iddingsite / Fe oxyhydroxides / clay in a typical dark grey-brown color which suggest
both clay and Fe oxyhydroxide replacement. The alteration highlights the skeletal crystal
morphologies. Opaque minerals, mostly equant in shape, occupy the interstitial areas
between cpx plumes. The basalt has a 'vein' of carbonate material that intrudes it that
links to the breccia matrix, indicating that the two are linked. The 'vein' consists of a mix
of clay, sparry calcite and zeolites. The rock is sparsely vesicular. Vesicles fills define a
halo around the top edge of the clast and along a vein extending into the clast. Within
the halo vesicles are filled by bright green clay (radial to microcrystalline, low 1st order
int. cols.) which is patchily oxidised to yellow-brown colours and overgrown by red-
brown Fe oxyhyroxides + clays. These are in turn overgrown by fibrous pale brown
saponite and darker slight opaque clays which may be saponite or another clay mineral.
Away from this halo vesicles are mainly filled by saponite (+/- orange Fe oxyhydroxides)
or carbonate alone. A incongruent zone of particularly intense overprinting of green
clays by red-brown oxyhydroxides appears to extend from the lower right corner of the
slide and be unrelated to the halo in which the green clay appears to have formed.
There is patchy replacement of the groundmass by clay minerals of various colors that
range from yellowish green to pale brown, as well as calcite.

Plane-polarized: 63148981 Cross-polarized: 63148961

Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intergranular Minor groundmass Texture: dendritic or skeletal

Sample domain name (if>1) 1 Domain relative abundance (%) 80

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 2 Domain relative abundance (%) 20
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Igneous Petrology
Lithology: . aphyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: intergranular Minor groundmass Texture: dendritic or skeletal

Sample domain name (if>1) 1 Domain relative abundance (%) 80

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 2 Domain relative abundance (%) 20
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THIN SECTION LABEL ID: 390-U1557D-13R-3-W 7/9-TSB-TS100 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Plagioclase olivine phyric basalt: This is a microcrystalline sparsely plagioclase-olivine
phyric basalt. The plagioclase occurs as anhedral crystals occurring commonly in
glomerocrystic clusters, but also as isolated crystals. The plagioclase phenocrysts
appear to exhibit sieve textures, although it is difficult to determine whether the 'holes' in
the crystals are due to the sieve texture or a function of alteration, because they are
partially altered to pale brown clay. Olivine phenocrysts are euhedral equant and 100%
replaced by iddingsite and carbonate. The groundmass consists of elongate plagioclase
crystals in subophitic textural relationships with cpx; at least 90% of the groundmass is
occupied by these microcrystalline textures. The plagioclase is slightly altered to clay
minerals(?) but the cpx appears to be relatively unaltered. Groundmass olivines are
small and difficult to distinguished from altered mesostasis. They appear to be altered to
Fe oxyhydroxides and smectite. The cryptocrystalline mesostasis appears to be quite
heavily altered, mostly to a very dark brown mineral (likely Fe oxyhydroxides and clays)
with smaller patches replaced by saponite which ranges in colour from pale brown to
orange brown, likely reflecting variable staining by Fe oxyhydroxides. The rock is
moderately vesicular, with round vesicles typically filled by radially fibrous saponite
which shows a variable oxidative overprinted seen as irregular staining by Fe
oxyhydroxides cutting across the crystalline microtexture and results in a range of
colours from pale brown to orange-brown. In places the saponite overgrowns earlier
blebs of earlier Fe oxyhydroxides and in others there appear to be more than one
generation of saponite with concentric laters of slight different colour and birefringence.
A few vesicles are lined by brown saponite and filled by carbonate.

Plane-polarized: 63149001 Cross-polarized: 63149021

Igneous Petrology

Lithology: sparsely plagioclase-olivine phyric
basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intergranular

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-13R-4-W 28/30-TSB-TS101 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D (i.e. the
'matrix' in between larger clasts). The thin section contains one subangular clast of
cryptocrystalline basalt (~1 cm) and one subangular clast of palagonite of a similar size.
The remainder of the thin section consists of a high concentration of igneous detritus
that is of the mm- to sub-mm size range in a cement that is predominantly zeolite. The
smaller clasts are a roughly even mix of angular palagonite fragments and
cryptocrystalline basalt clasts. Carbonate is much more limited in its occurrence in this
thin section. It occurs as sparry calcite in a few patches and forms thin ribbon-like veins
that are parallel to one another, but the thick sparry calcite veins and sealing cement are
absent. Palagonite is yellow to brownish-yellow and shows concentric laminae around
edges and spherulites. Notably, the ribbon-like carbonate veins cut the clasts and
appear to postdate the alteration of the glass since they crosscut the growth laminae.

Plane-polarized: 63149061 Cross-polarized: 63149041

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-14R-2-W 26/29-TSB-TS102 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D (i.e. the
'matrix' in between larger clasts). The clasts are all less than 1 cm in size and most of
the thin section consists of a high concentration of igneous detritus that is of the mm- to
sub-mm size range. The clasts are a roughly even mix of angular palagonite fragments
and cryptocrystalline basalts. Modal abundance of cement overall appears to be low.
The cement is a mix of sparry calcite, zeolites and some inclusion-riddled microspar, in
roughly that order of abundance. There are palagonites with 'spongy' textures on their
margins that I hadn't really noticed before. Do these represent the breakdown of the
palagonite to provide the source of silica for the phillipsite? Basalt clasts show abundant
replacement of olivine and ?plagioclase by pale yellowish brown saponite (interesting
that this has not been overprinted within the breccia - or possibly it could have occurred
within the breccia). Pervasive replacement of plagioclase is unusual in the hole and its
occurrence in most of the clasts might suggest it represents in situ alteration.

Plane-polarized: 63149081 Cross-polarized: 63149101

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-14R-3-W 85/87-TSB-TS103 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Sparsely olivine phyric basalt: This is sparsely olivine phyric basalt. The olivine
phenocrysts are 100% altered to dark orange brown iddingsite (smectite + Fe
oxyhydroxides) and pale brown saponite. They are typically equant to elongate in shape
and they appear to have been partially resorbed (or skeletal) before being replaced by
iddingsite / clays. Some are associated with very large (up to ~ 0.15 mm), equant, dark
reddish brown Cr spinel crystals. The groundmass consists of acicular skeletal
plagioclase crystals that appear to be partially replaced by a pale brown clay mineral,
although it's difficult to assess at these fine grain sizes. In between the plagioclase
crystals is plumose quench growth of clinopyroxene (inferred). It is pale brown to slightly
orange-brown, suggesting that it is partially altered. Groundmass olivine is skeletal and
replaced by the same dark reddish brown smectite + Fe oxyhydroxide that has replaced
the olivine phenocrysts. Small equant masses of opaque minerals fill interstitial areas.
The rock is sparsely vesicular with small round vesicles with variable fillings. The
majority are completely or partially filled by pale brown saponite with radial fibrous
structure. Some of these show evidence for two generations of saponite with concentric
layers of slightly different texture. Slightly less commonly, vesicles are filled by
crystalline carbonate or by zeolite, in some cases overgrowing a thin rim red-brown Fe
oxyhydroxides. These two vesicle fills are very rarely seen together but in one example
saponite overgrows a brown Fe oxyhydroxide rim and in another zeolite appears to
overgrow a thin rim of saponite; the sequence is therefore Fe oxyhydroxides > saponite
> zeolite/carbonate. The rock is crosscut by anastomosing sparry calcite veins.

Plane-polarized: 63149141 Cross-polarized: 63149121

Igneous Petrology
Lithology: sparsely olivine phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): cryptocrystalline

Major groundmass texture: dendritic or skeletal Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-14R-4-W 110/112-TSB-TS104 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Breccia: This is an example of the finer grained portion of the breccia in U1557D (i.e. the
'matrix' in between larger clasts). The clasts are all less than 1 cm in size and most of
the thin section consists of a high concentration of igneous detritus that is of the mm- to
sub-mm size range. The clasts are a roughly even mix of angular palagonite fragments
and cryptocrystalline basalts. The middle/core of the palagonite clasts are variable in
their mineralogy; while some are the same pale yellow, laminated palagonite as the
rims, some have developed into multiple spherical accumulations of ?clays while others
are filled by crystalline carbonate. Modal abundance of cement overall appears to be
low. The cement is dominated by zeolites followed by 'dirty' (inclusion-riddled)
microspar; sparry calcite is the least abundant. The phillipsite shows some nice
examples of its bladed habit in this thin section. There are also examples of palagonite
with a 'spongy texture either appearing to disaggregate into the fine grained matrix or
with patchy replacement by zeolites.

Plane-polarized: 63149161 Cross-polarized: 63149181

Igneous Petrology
Lithology: Rock texture:

Style of emplacement: breccia Groundmass grain size (avg.):

Major groundmass texture: Minor groundmass Texture:

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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THIN SECTION LABEL ID: 390-U1557D-14R-6-W 2/4-TSB-TS105 Thin section no.:

Piece no.:Observer: PDK, EC

Thin section thickness: standard Unit/subunit: 1c

Thin section summary: Highly plagioclase-olivine-clinopyroxene basalt: This is a highly plagioclase-olivine-
clinopyroxene phyric clast. The plagioclase phenocrysts occur predominantly as
subhedral elongate crystals that are moderately to highly altered to pale brown saponite.
Larger, and less common, macrocrysts are more equant and typically have older,
partially resorbed cores with rim overgrowth that shows subtle zoning. The plagioclase
phenocrysts occur in glomerocrystic clusters with euhedral equant olivine - which is now
100% altered to variable combinations of iddinsgite + pale yellowish brown saponite +/-
carbonate - as well as clinopyroxene, which is typically unaltered. The clinopyroxene
and plagioclase exhibit a subophitic textural relationship in the glomerocrsts. Some
larger olivines contains equant inclusions of dark red-brown Cr spinel. The groundmass
is incipient subophitic, consisting of elongate skeletal plagioclase crystals, partially
altered (?) with small cpx crystals partially enclosing the plag. The cpx appears to be
largely unaltered. Groundmass olivines are small equant crystals that are 100% altered
to a dark reddish brown Fe oxyhydroxide + clay minerals. Opaque minerals are
concentrated in the mesostasis. The rock is moderately vesicular, with round vesicles
100% filled. Vesicle are predominantly fillined by pale yellow-brown saponite and some
are filled by carbonate. Partially rims of bright yellow-orange to brown smectite/Fe
oxyhydroxide are common and are mostly concentrated in a halo extending ~5mm from
the left hand edge of the section. Yellow-orange clays are commonly overgrows by a
thin concentric layer of Fe oxyhydroxide rich material and then by pale brown saponite.
Carbonate overgrows the yellow clays but rarely co-exists with saponite in vesicles. In
some cases adjacent vesicles show similar yellow clay linings but are filled entirely by
saponite or carbonate (replacement of saponite by carbonate?). There is also patchy
replacement of groundmass by saponite, carbonate and golden brown clay.

Plane-polarized: 63149221 Cross-polarized: 63149201

Igneous Petrology

Lithology: highly plagioclase-olivine-augite
phyric basalt Rock texture: holocrystalline

Style of emplacement: breccia Groundmass grain size (avg.): microcrystalline

Major groundmass texture: subophitic Minor groundmass Texture: intersertal

Sample domain name (if>1) 1 Domain relative abundance (%) 100
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