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44. DATA REPORT: GEOCHEMISTRY OF VOLCANIC ASHES RECOVERED FROM HOLE 887A!
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ABSTRACT

Actotal of 25 samples from 82 ash layers interbedded with middle Miocene to recent diatomaceous (variably calcareous) oozes
and silty clays overlying Oligocene igneous basement was recovered from Ocean Drilling Program Hole 887A on the Patton-Mur-
ray seamount platform in the Gulf of Alaska, northeast Pacific. The ashes consist predominantly of elongate (=25 to =<150 um),
tubular, and bubble-wall fragments probably derived from plinian eruption cloud fallout. Major element compositions determined
by electron microprobe analysis of individual vitric shards are tholeiitic and bimodal, with predominant medium-K andesite and
medium- to high-K rhyolite groups. There is no evidence from this sample set for consistent temporal geochemical changes. High
Ba/Nb and Sm/Ti of these ash samples are similar to island-arc magmas in general. Chondrite-normalized La of 40 to 100, Yb of
15 to 30, and La/YDb of about 2 to 3 are similar to tholeiitic volcanic rock series of the Aleutian arc. A major increase in the number
of ash layers with depth in the core occurs interlayered with sediments younger than 2.7 Ma.

INTRODUCTION

Initial analytical results are presented here of an ongoing geo-
chemical study of volcanic ash layers interlayered with middle Mio-
cene to Quaternary sediments, which were recovered from Ocean
Drilling Program (ODP) Hole 887 A (54°22'N, 148°27'W) in the Gulf
of Alaska, overlying the Patton-Murray platform (Fig. 1). Hole 887A
is located ~=600 km from the Aleutian-Alaskan island arc. Although
the prevailing low-altitude winds are unlikely to have transported ash
to the south of this arc system, we know that major plinian eruptions
can distribute ash in directions that oppose the low-altitude wind
circulation (Carey and Sigurdsson, 1980). Furthermore, Cambray et
al. (1993) have shown that representative records of activity can be
obtained over time periods of 100 ka on either side of island-arc
systems, albeit moderated in terms of total thickness accumulations.
We note that the thickness of the individual ash layers at Site 887 is
generally <10 cm compared with €70 cm thick at Deep Sea Drilling
Project (DSDP) Site 183 (52°34’N, 161°12'W) (Creager, Scholl, et
al., 1973) in the western Gulf of Alaska, which is located at about 150
km from the active subaerial arc. At both sites, the maximum thick-
ness of individual ash layers is significantly less than the £250-cm-
thick layers recovered from the Detroit Seamount sites (882-884)
located some 600 km off the coast of Kamchatka.

We examine the first-order major and trace element compositional
changes represented by these ashes during some 15 Ma of arc history.
Unfortunately, drilling did not recover volcanic ashes bracketing the
period of consumption of the Kula Ridge at ~30 Ma beneath the
Aleutian arc.

PREVIOUS STUDIES

The petrogenesis of the Aleutian arc system has been the subject
of intensive investigations over the past 30 yr, since the pioneering
studies by Coats (1962). There have been vigorous debates concern-
ing the origins of the primary basalt (and andesite) magmas involved
(Marsh and Carmichael, 1974; Kay, 1978; Baker and Eggler, 1983;
Myers et al., 1985; Brophy and Marsh, 1986; Nye and Reid, 1986;
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Gust and Perfit, 1987; Myers, 1988; Brophy, 1989), the contributions
of different source components, parameters that might control the
occurrence of tholeiitic vs. calcalkaline fractionation trends (Kay et
al., 1982; Morris and Hart, 1983; Kay and Kay, 1985; Myers et al.,
1985; Singer and Myers, 1990; Miller et al., 1992), and the evolution
of individual volcanic centers (Nye and Turner, 1990; Romick et al.,
1990; Singer et al., 1992). The arc is composed for the most part of a
single, narrowly distributed but segmented (Marsh, 1979; Kay et al.,
1982; Geist et al., 1988; Singer and Myers, 1990) magmatic trace with
only minor development of across-strike, alkalic volcanism.

Studies of the distal record of volcanic activity of the Aleutian arc
have previously centered on DSDP Sites 178 and 183 in the Gulf of
Alaska (e.g., Scheidegger and Kulm, 1975; Scheidegger et al., 1980).
Previous studies have claimed that the composition of the volcanic
rocks erupted throughout the Alaskan Peninsula and Aleutians during
the Cenozoic, has changed through time (Scheidegger and Kulm,
1975; Edsall, 1976; Scheidegger et al., 1980). The primary observa-
tions are (1) that ashes become more silicic through to the Quaternary;
(2) an evolution claimed by Edsall (1976) from tholeiitic to andesitic
composition during the past 8 Ma, although the other authors cited
argue there is no evidence for consistent secular variations in compo-
sition; noting however (3), that there are periods when either calc-
alkaline or tholeiitic magmas predominate. In the case of Site 178, a
cyclic variation of SiO, content through time was noted.

STRATIGRAPHY AND LITHOLOGY

In Table 1, the summary of the stratigraphic and lithologic charac-
teristics of the ash layers from Hole 887A lists the occurrences of all
the ash layers reported in the Initial Reports volume (numbered from
shallow to deep), identifies the layers sampled for geochemical analy-
sis with a University of New England (UNE) number used in the other
tables to identify specific ash layers, and reports ages for the ash lay-
ers determined by interpolation of the shipboard micropaleontology,
magnetostratigraphy and the calculated sediment mass accumulation
rates from Rea, Basov, Janecek, Palmer-Julson, et al. (1993), thick-
ness of ash layers, dimensions of vitric shards, standard (Munsell)
color estimated by us for the clay-free, dried, analyzed ash samples,
Munsell colors (where reported by the shipboard scientists) for ash
layers in the wet cores, volcanic rock type based on our major element
analyses, and the nature of the lithologies bounding the ashes.

Rea, Basov, Janecek, Palmer-Julson, et al. (1993) identified a
major increase in the number and thickness of the ash layers in
sediments younger than about 2.7 Ma, a paucity of layers in sediments
between =5 and 7.5 Ma, and few ash layers in older sediments.
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Figure 1. Index map of the North Pacific Ocean indicating the general location of Site 887 and detailed local bathymetry (depths in meters).

ANALYTICAL PROCEDURES

Al the UNE, all of the samples were examined under a petro-
graphic microscope to determine the morphologies and sizes of the
shards, noting in particular those layers containing a sufficient num-
ber of shards large enough to analyze (at least 10 pm in diameter) by
electron microprobe (EMP) and any significant organic and clay
contamination. We did not sieve any of the samples. Ash samples
were carefully washed with distilled water and dried at 105°C, affixed
in an epoxy mounting ring, polished, and carbon coated.

The major element chemical compositions of individual vitric shards
were obtained at the UNE using a JEOL Model JSM35 EMP with a
KEVEX Si-Li energy dispersive spectrometer (EDS). Nine elements
(Si, Ti, Al, Fe, Mn, Mg, Ca, K, Na) were analyzed. The shards analyzed
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appear pristine, with no sign of hydration or clay formation. Standard
natural and synthetic glasses from the Smithsonian Institution were
analyzed concurrently, with excellent agreement between our analyses
and the published values. Furthermore, comparisons of ash analyses
obtained with this instrument and wavelength-dispersive EMP (Came-
bax) at the University of Michigan (Arculus and Bloomfield, 1992)
and the Australian National University are in excellent agreement,
although we prefer the EDS system for minimizing sample damage and
Na loss from hydrous, SiO,-rich glasses. Operating conditions were
15-kV accelerating voltage, 10-nA beam current, and 100-s count time.
We selected 16 of the 25 ash layers for bulk analysis of 36 trace
elements by inductively coupled plasma source mass spectrometry
(ICP-MS; using a VG PlasmaQuad PQ2+) at Monash University. Our
selection criteria for the application of this analytical technique were



Table 1. Stratigraphic and lithologic characteristics of volcanic ash layers from Hole 887A.

DATA REPORT

Size of
UNE Age Depth  Thickness vitric shard Color Color
number (Ma)  (mbsf) (em)  (0.01 mm) (dry sample) (shipboard estimate) Composition Lithology
0.01 1.5 1 — — — — Diatom clay and diatom ooze
155 0.02 1.8 5 1%5 Light gray (2.5Y 7/1) — Rhyolite Diatom clay and diatom ooze
0.03 3 6 — — — — Diatom clay and diatom ooze
0.04 35 3 — — — — Diatom clay and diatom ooze
0.04 59 3 — — —_ — Diatom clay and diatom ooze
0.05 6.8 5 — — — s Diatom clay and diatom ooze
0.09 10.5 1 — — — — Diatom clay and diatom coze
156 0.1 10.7 18 2x 10 Light gray (2.5Y 7/1) - Rhyolite Diatom clay and diatom ooze
157 011 1.1 9 2x3 Yellowish gray (2.5Y 4/1) — — Diatomn clay and diatom ooze
0.13 11.8 3 — — — —_ Diatom clay and diatom ooze
0.14 123 3 — — —_ — Diatom clay and diatom ooze
0.14 124 1 — —_ — = Diatom clay and diatom ooze
158 0.16 12.8 12 1x5 Light gray (2.5Y 8/1) — Rhyolite Diatom clay and diatom ooze
0.18 13.3 2 — — — — Diatom clay and diatom ooze
0.19 13.5 2 — —_ — Diatom clay and diatom ooze
0.22 13.7 3 — — — — Diatom clay and diatom ooze
0.29 14.7 2 — — — — Diatom clay and diatom ooze
0.31 16.4 13 —_ — — - Diatom clay and diatom ooze
0.32 17.2 3 — — — — Diatom clay and diatom ooze
0.33 19.5 4 — —_ — — Diatom clay and diatom ooze
0.35 20.7 2 —_ — —_ — Diatom clay and diatom ooze
0.36 23.5 1 — — —_ — Diatom clay and diatom ooze
0.37 24.5 3 —_ —_ — — Diatom clay and diatom ooze
0.38 25.5 3 — — —_ — Diatom clay and diatom ooze
0.39 26.6 1 — — — — Diatomn clay and diatom ooze
159 0.42 297 4 6312 Dark grayish yellow (2.5Y 4/2) — — Diatom clay and diatom ooze
0.5 343 3 — — —_ — Diatom clay and diatom ooze
0.52 344 1 — - - = Diatom clay and diatom ooze
0.58 37.2 2 — — —_ — Diatom voze with clay
160 0.6 38.8 4 05x%2 Light gray (2.5Y 7/1) — Rhyolite Diatom ooze with clay
161 0.61 395 3 Sx10 Yellowish gray (2.5Y 4/1) — Rhyolite Diatom ooze with clay
0.63 40.5 | — — —_ — Diatom ooze with clay
0.64 40.7 2 — — —_ — Diatom ooze with clay
162 0.76 46.3 2 3x7 Yellowish gray (2.5Y 5/1) — Rhyolite Clay and diatom ooze
163 0.78 48.7 7 lx6 Dark grayish vellow (2.5Y 5/2) — Rhyolite Clay and diatom ooze
0.79 497 1 — - — = Clay and diatom ooze
0.81 503 1 — — — —_ Clay and diatom ooze
164 0.85 52.5 1 fx8 Yellowish gray (2.5Y 5/1) — — Clay and diatom ooze
0.88 54.2 | — —_ — — Clay and diatom ooze
0.89 54.4 5 — — — — Clay and diatom ooze
0.91 56.4 1 — - — = Clay with quartz
092 566 2 = = Black (2.2GY 2.7/0.6) — Clay with quartz
0.93 56.9 4 — — Black (2.2GY 2.7/0.6) — Clay with quartz
165 1 61.2 6 — Yellowish gray (2.5Y 4/1) Black (2.2GY 2.7/0.6) —_ Clay with quartz
166 1.15 63 7 1x5 Yellowish gray (2.5Y 6/1) Black (2.2GY 2.7/0.6) — Clay with quartz
1.2 64.8 2 — — Brown (3.9Y 2.7/1.0) — Clay with guartz
1.3 63.6 3 - — Black (0.8GY 2.9/0.5) — Clay with quartz
1.4 66.3 2 — —_ Black (0.8GY 2.9/0.5) _ Clay with quartz
167 1.55 67.7 3 — Light gray (2.5Y 8/1) Black (0.8GY 2.9/0.5) — Clay with quartz
1.6 68.1 3 = — Light gray (2.2Y 4.8/0.8) — Clay with quartz
L7 70 — — Black (0.8GY 2.9/0.5) = Clay with quartz
1.8 T2.5 — — — — Clay with quartz
1.9 72.8 5 — — — = Clay with quartz
2 829 2 — — Black (0.8GY 2.9/0.5) — Clay with ash, clay and diatom ooze
168 23 84.1 6 ix5 Yellowish gray (2.5Y 4/1) Gray(3.8Y 4.0/1.2) Basaltic andesite Clay with ash, clay and diatom ooze
235 848 11 — —_ Black (4.8Y 1.8/0.7) — Clay with ash, clay and diatom ooze
24 86.5 3 — — Black (4.8Y 1.8/0.7) — Clay with ash, clay and diatom ooze
25 87.5 1 — — Brown (1.6Y 3.3/2.1) — Clay with ash, clay and diatom ooze
2.6 88.2 1 —_ _ Gray (3.8Y 4.0/1.2) —_ Clay with ash, clay and diatom ooze
2,65 88.5 5 — — Gray (3.8Y 4.0/1.2) — Clay with ash, clay and diatom ooze
169 2.7 89.1 5 1x5 Grayish yellow (2.5Y 6/2) Gray(3.8Y 4.0/1.2) Dacite-rhyolite Clay with ash, clay and diatom ooze
2791 89.7 6 —_ — Brown (1.6Y 3.3/2.1) — Clay with ash, clay and diatom ooze
272 90.3 4 - — Gray (3.8Y 4.0/1.2) — Clay with ash, clay and diatom ooze
170 273 90.7 4 05x%4 Light gray (2.5Y 7/1) Black (4.8Y 1.8/0.7) Dacite-rhyolite Clay with ash, clay and diatom ooze
2,79 93.5 7 —_ — Gray (3.8Y 4.0/1.2) — Diatom ocoze
171 286 987 3 1x7  Light gray (2.5Y 7/1) Black(1.1Y 3.3/0.6) Rhyolite Diatom ooze
172 2.87 99.1 3 1%5 Light gray (2.5Y 7/1) Brown(2.0Y 4.2/0.9) Rhyolite Diatom ooze
173 3.7 114.3 10 1x15 Yellowish gray (2.5Y 6/1) Brown(2.0Y 4.2/0.9) Rhyolite Diatom ooze
174 375 1167 2 Ix3  Light gray (2.5Y 7/1) Red(8.7R 3.1/0.8) Rhyolite Diatom ooze
4 1239 6 — — Brown(4.0Y 2.7/0.9) — Diatom ooze
175 4.1 124.7 11 2x3 Yellowish gray (2.5Y 6/1) Black(0.8RP 2.6/0.7) Andesite Diatom ooze
43 127.1 3 — — Black(0.8RP 2.6/0.7) — Diatom ooze
4.7 135.7 4 — — Black — Diatom ooze
176 4.85 142.9 4 1%5 Light gray (2.5Y 7/1) Light gray — Diatom ooze
177 4.88 143.8 4 | x4 Light gray (2.5Y 7/1) Dark brown (9.9YR 2.4/1.8) Dacite-rhyolite Diatom ooze
178 8.85 214.2 6 I1x5 Yellowish gray (2.5Y 6/1) Dark brown (9.9YR 2.4/1.8) Basaltic andesite Nannofossil ooze
179 10.4 230.7 9 2x10 Yellowish gray (2.5Y 6/1) — Andesite—rhyolite  Nannofossil ooze
180 14.5 256.9 15 25%x15 — Dark brown (9.0YR 3.2/1.7) Rhyolite Nannofossil ooze

to obtain a spread of ages of ash layers; to avoid clay, diatom, and
carbonate contamination as much as possible; and to concentrate on
those layers that appeared to be relatively homogenous in terms of
major element chemistry as resolved by EMP analysis.

Sample preparation involved digestion of 0.1 £ 0.03 g of distilled
water-washed ash sample for 24 to 48 hr in screw-top Teflon bombs at

100°~120°C in a mixture of distilled HF (4 mL) and distilled HNO; (2
mL). Sample solutions were slowly dried (with heat lamps) and con-
verted from fluorides to nitrates with additions of concentrated HNO,.
Samples were then taken into solution with 50 g of 2% HNO; (made
from sub-boiled, distilled concentrated HNO, and 18.2 MQ Millipore
H,0). Aliquots of this solution were run at a total dilution factor of
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Figure 2. A. K,0 vs. SiO, for individual vitric shards from Hole 887A. Fields
of low-, medium-, and high-K are from Gill (1981). B. Variation of (K,0 +
Na,0) vs. 8i0, for individual vitric shards from Hole 887A. Fields are from
Le Bas et al. (1986).

=2000. All samples were made up with 100 ppb In to serve as an
internal standard for drift correction. One analytical blank and five
standard solutions (based on U.S. Geological Survey standard rocks)
were typically prepared for each run. An initial calibration was per-
formed using synthetic standards and finalized with a set of laboratory
and international standards. Total analytical blanks are typically <20 ppb
for most elements except for Sc, Cr, Cu, and Ni (which are <500 ppb).
Errors are £15-20 relative% for Sc, Ga, Ge, Pr, Gd, Th, and U depend-
ing on abundances, £5-10 relative% for the other rare earth elements
(REE) and +3-15 relative% for all other trace elements analyzed.

RESULTS

Representative major element analyses of individual vitric shards
are listed in Table 2. The bulk analysis of selected ash layers based on
the ICP-MS trace element analysis and calculated in the case of major
elements from the average of the EMP analyses of individual shards
is presented in Table 3.

The composition spectrum of ash layers recovered from Hole
887A ranges from medium-K basaltic andesite to medium- and high-
Krhyolite (Fig. 2). No low-K samples were found. Almostall of these
samples are tholeiitic on the basis of Miyashiro's (1974) criterion
(Fig. 3). An apparent bimodality of compositional distribution of the
shards into either andesite or rhyolite groups is apparent in Figures 2
and 3, with minor occurrences of basaltic andesite and dacite compo-
sitions. It is not apparent from plots of composition vs. age (Fig. 4)
that any regularities of secular change exist, including any trend
towards increasingly silicic compositions with time.
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Figure 3. Variation of FeO*/MgO vs. Si0; of vitric shards from Hole 887A.
The discriminant line between tholeiitic and calc-alkaline series of Miyashiro
(1974) is shown.
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Figure 4. Variation of §iO; and K5O as a function of age of individual vitric
shards from Hole 887A. Ages were estimated from shipboard micropaleontol-
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Representative chondrite-normalized rare earth element abun-
dances are displayed in Figure 5. A more extended graphical compari-
son of the abundances of a range of trace elements of variable degrees
of crystalline phase compatibility is shown in Figure 6. We note that
the abundances of the REE in the majority of these ash samples are
similar to those of tholeiitic series volcanic rocks of the Aleutians
reported by, for example Kay (1977), with chondrite-normalized La
of 40 to 100, Yb of 15 to 30, and La/Yb of about 2 to 3. However, we
also note that the chondrite-normalized La/Sm of many of these ash
samples (=2) exceeds that of the tholeiitic rocks of the Aleutian arc
and is more similar to the La/Sm fractionation claimed for the cale-
alkaline series by Kay (1977). For two of the ash layers (UNE num-
bers 164 and 165), the REE abundances are similar overall to the calc-
alkaline series recognized by Kay (1977). Finally, we note that the
distinctively high Ba/Nb and Sm/Ti of the ashes from Site 887 (Fig.
6) are consistent with derivation from an arc magma source.

In summary, on the basis of major and trace element analysis of a
representative set of ash layers recovered from Hole 887A, no consis-
tent temporal changes in geochemistry of the sources involved can be
discerned for the past ~16 Ma. The range of major element composi-
tions is bimodal with predominant medium-K andesite and medium-
to high-K rhyolite groups. Almost all are tholeiitic on the basis of
Miyashiro’s (1974) criterion. Morphologies of the shards coupled with
distinctively high Ba/Nb and Sm/Ti indicate derivation through plinian
fallout from explosive eruptions of an island arc. A major increase in
the number of ash layers occurs in sediments younger than 2.7 Ma,
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Table 2. Representative analyses of vitric shards from Hole 887A.

UNE number: 155 155 155 155 155 156 156 156 156 156 156 158 158 158 158
Core, section: 1H-2 IH-2 1H-2 1H-2 1H-2 2H-3 2H-3 2H-3 2H-3 2H-3 2H-3 2H-5 2H-5 2H-5 2H-5
Interval (cm): 3637 3637 3637 3637 36-37  117-118 117-118 117-118 117-118 117-118 117-118 10-11 10-11 10-11 10-11
Si0, 75.04 7496  75.04 75.67 75.27 73.86 7433 7447 74.11 7403 7477 7948  79.14 79.36 80.05
TiO, 0.24 0.21 0.24 0.13 0.14 0.19 0.26 0.19 0.19 0.23 0.23 0.19 0 0 0
AlLOy 13.59 13.68 13.83 13.38 13.55 14.06 14.23 14.23 14,19 1396  13.99 1232 1239 12.22 12.02
FeO* 1.87 2 2,18 2,05 2 244 23 2.33 252 2.36 2.53 0.76 0.86 0.87 0.78
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MgO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1]
CaO 1.22 .16 1.19 1.13 1.16 1.41 1.26 1.28 1.29 1.36 1.2 0.81 0.83 0.89 0.89
K;0 3.55 159 34 349 3.64 374 3.81 372 38 381 374 2.87 296 2.88 2.81
Na,O 4.49 4.4 3.72 4,16 4.25 4.31 379 377 39 4.24 3.54 3.57 3.83 3.78 3.46
Total 98.28 104.2 99.15 10012  100.57 101.21 101.53  98.88 101.68 100.83  98.13 10172 97 97.36 95.1
UNE number: 158 158 158 158 160 160 160 160 160 160 160 160 160 160 161
Core, section, 2H-3 2H-5 2H-5 2H-5 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3 5H-3
Interval (cm): 10-11 10-11 10-11 10-11 6768  67-68 6768 6768 67-68 6768 6768 6768 6768 67-68 132-133
Si0, 79.98 79.43 79.15 79.32 76.14 75.1 75.06 75.38 75.29 76.17 7748 7682 78.26 71.27 71.88
TiO, 0 0 0 0 0.28 0.2 0.37 0.33 0.41 0.26 0.24 0.32 0.28 0.23 0.16
AlO, 12.23 12.34 12.2 12.2 13.98 14.07 14,09 14.09 13.28 13.35 13.51 13.81 13.38 13.56 17.07
FeO* 0.78 0.68 0.79 0.79 2.07 1.93 2.14 1.88 1.71 1.74 1.59 1.68 1.65 1.73 4.22
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MgO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.86
CaO 077 0.86 0.86 0.84 2.01 1.95 1.91 1.88 1.27 1.12 1.11 1.24 1.01 1.14 0
K,0 28 3.04 2.89 3.02 1.65 1.67 1.69 1.62 34 333 33 33 3.33 3.17 33
Na,O 344 3.65 4.11 3.83 3.86 5.09 4.75 4.82 4.63 4.02 277 2.83 2.1 29 1.11
Total 94.78 94.95 96,98 98.47 97.33 97.65 98.01 97.39 103.67 101.98 95.63  96.29 94.59 97.01 93.38
UNE number: 162 163 163 163 163 164 165 165 165 168 168 169 169 169 169
Core, section, 6H-2 GH-3 6H-3 6H-3 6H-3 6H-6 TH-3 TH-5 TH-5 10H-1 LOH-1 10H-5 10H-5 10H-5  10H-5
Interval {cm}): 8-9 98-99 9899 08-99 08-99  28-29 101-102 101-102 101-102 141-142 141-142 52-55  52-55 52-55  52-55
Si0, 69.34 68.93 69.23  69.52 70.83 61.81 704 794 74.62 61.18 53.48 70.42 7095 7175 72.26
TiO, 0.65 0.67 0.67 0.35 0.48 1.16 0.74 0.23 0.33 1.04 1.2 0.5 0.56 0.4 0.54
AlLO; 15.13 15.25 15.34 15.06 14,98 16.36 1566  11.67 14.19 16.34 19.88 15.2 14.7 14.74 15.12
FeO* 4.26 443 4.36 4.37 3.74 7.55 367 1.47 1.99 7.8 8.62 3.8 3.72 3.39 377
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MgO 0.27 0.37 0.35 0.39 0.16 1.44 0.44 0 0 1.87 217 0.18 0.21 1] 0.15
Ca0 242 2.62 2.73 247 1.95 5.13 238 1.4 1.22 5.21 10.34 2.26 1.96 1.7 1.82
K.0 2.85 2.87 2.85 2.76 3.63 2.06 2.87 3.17 4.4 1.9 0.87 294 3.23 3.26 312
Na,0 5.07 4.85 4.47 4.88 4.25 4.49 3.85 2.65 3.24 4.67 343 4.69 4.67 4.75 3.21
Total 99.42 99.89 100.31 95.89 97.34 100 100.01 99.99 100 103,13 10215 103.72 10425  96.73 95.33
UNE number: 169 169 170 170 170 170 170 170 171 171 171 171 171 171 171
Core, section, 10H-5 10H-5 |0H-6 10H-6 10H-6 10H-6 10H-6 10H-6 11H-3 11H-5 11H-5 11H-5 11H-5 11H-5 11H-5
Interval (cm): 52-55  52-55 4647  46-47  46-47 4647 4647 4647 4143 4143 4143 4143 4143 4143 4143
Si0, 78.95 69.47 74.32 66.7 67.54 7515 74.96 74.72 722 73.6 7241 72.16 73.63 74.96 72.13
TiO, 0 0.49 0.46 1.36 0 032 04 0.53 047 0.32 0.57 0.65 0.39 0.39 0.38
AlLO; 11.99 15.68 14.51 17.73 19.64 14.47 1453 14.64 15.15 14.65 14.84 14.85 14.51 14.01 15.03
FeO* 1.27 4.18 1.78 3.59 0.16 2.03 1.92 2.09 23 22 253 2.69 2.19 1.82 2.65
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MgO 0 0.36 0 0.74 0 0 0 0 0.16 0 0.26 0.27 0 0 0.28
CaO 0.2 2.56 1.51 5.55 1.18 1.53 1.58 1.56 2.13 1.76 1.95 2.18 1.76 1.33 2.18
K,0 4.57 275 312 2.34 4.32 3.14 39 3.23 2.89 2.81 276 2.75 291 3.09 2.65
Na,O 3.02 4.52 43 1.98 7.15 3.35 352 3.24 4.7 4.65 4.68 445 4.62 4.4 4.69
Total 95.1 98.05 95.72 95.24 10377 9549 96.86 96.29 96.99 96.31 99.59 99.04 97.37 97.52 99.25
UNE number: 171 172 172 172 172 172 173 173 173 173 173 174 174 174 174
Core, section, L1H-5 11H-5 11H-5 11H-5 11H-5 11H-5 13H-3 13H-3 13H-3 13H-3 13H-3 13H-4 13H-4 13H-4 13H-4
Interval (cm): 4143 89-91 89-91 89-91 89-91 89-91 7-8 7-8 7-8 7-8 7-8 97-98 97-98 97-98  97-98
Si0, 71.36 75.68 72.58 75.53 75.31 77.11 74.34 74.33 74.56 7184 73.84 7118 72.43 69.86 70.3
TiO, 0.56 0.39 0.58 0.33 0.52 0.28 0.18 0.24 0.2 0.35 0.38 0.41 0.26 0.55 0.49
AlLO; 15.32 13.43 14.34 13.56 13.77 12.92 14.69 14.32 14.63 14,53 14.44 15.23 15.25 15.59 15.55
FeO* 2.66 2.02 282 1.93 1.89 1.21 252 2.38 2.19 2.68 2.57 2.86 2.68 341 321
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 V] 0
MgO 0.34 4] 0.24 0 0 0 0 0 0 0 0 0.16 0 0.18 033
CaO 2.26 1.17 2.03 1.2 1.23 0.73 1.15 1.16 1.13 1.24 117 1.51 1.28 2.05 1.97
K,O 285 3.25 3.08 329 3.35 3.88 4.28 4.1 421 424 432 3.29 3.35 339 3.16
Na,0 4.66 4.06 4.31 4.16 3.93 3.87 284 345 3.09 313 3.29 5.37 4.74 4.97 5.01
Total 99.14 10255 98.7 96.52 97 95.44 96.93 95.97 96.92 98.18 95.87 93.95 95.44 95.94
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Table 2 (continued).
UNE number: 175 175 175 175 175 175 175 175 175 175 177 177 177 177 177
Core, section, ~ 14H-3  14H-3  14H-3  14H-3  14H-3  14H-3  14H-3  14H-3 14H-3 14H-3  I16X-3  16X-3  16X-3  16X-3  16X-3
Interval (em):  97-98  97-98 9798 97-98 97-98 97-98 97-98 97-98  97-98  97-98 104-105 104-105 104-105 104-105 104-105
§i0, 5848 5918 5816 6287  67.21 5722 5803 5995 597 5849 752 7529 7224 6531 7543
Ti0, 0.96 1.3 1.16 1.03 0.48 1.29 1.2 1.24 1.03 1.2 0.27 0.35 0.57 1.06 0.37
AlLO; 17.85 15.72 17.6 16.15 1873 16.03 1628  16.82 16.56 16.13 13.65 1378 147 15.74 13.78
FeO* 7.04 9.66 8.22 6.46 1.81 1031 9.84 791 8.47 9.34 229 232 3.36 5.56 24
MnO 0 0 0 0 0 0 0 i} 0 0 0 0 0 0 0
MgO 2.18 251 2.14 1.51 0 2.86 2.75 2.01 23 2.54 0 0 0.4 1.52 0
Ca0 7.99 6.64 7.44 4.93 4.19 727 7.02 6.11 6.63 6.79 1.55 1.54 2.65 4.64 1.73
K,0 0.95 1.46 1.3 209 2.24 1.28 1.33 1.56 1.44 1.46 3.72 373 3.29 2.37 333
Na,O 4.55 3.54 3.08 4.96 5.34 3.76 3.55 4.39 3.88 4.06 3.31 3 279 3.81 297
Total 104.66 10265 10109 10108 1013 10202 10234 101,84 100.34 10249  103.04 9552 9671 9958 9548
UNE number: 177 177 177 174 177 178 178 178 179 179 179 179 179 179 179
Core, section,  16X-3  16X-3  16X-3  16X-3  16X-3 24H-2 24H-2 24H-2 25H-6 25H-6 25H-6 25H-6 25H-6 25H-6 25H-6
Interval (cm):  104-105 104-105 104-105 104-105 104-105 24-25 24-25 24-25 9798 97-98 9798 97-98 9798 97-98  97-98
50, 75.92 76.19 75.74 74.96 75.77 65.52 64.01 53.82 72.25 7243 58.67 7089  71.82 73 72.49
TiO, 0.25 031 0.33 0.79 0.46 1.03 1.34 2.58 0.52 0.48 1.73 074 075 0.45 0.59
ALO, 13.68 13.79 13.93 12.8 13.7 15.4 1576 1636 1429  14.19 15.73 13.98 1397 14.33 14.4
FeO* 239 225 2.19 3.28 222 5.86 6.39 11.08 357 3.49 9.39 4.1 4.19 3.59 345
MnO 0 0 0 0 0 0.19 0 0 0 0 0 0 0 0 0
MgO 0 ] 0 0.17 0 0.89 1.56 372 0.3 0.33 293 059 034 0 0.21
Ca0 1.48 1.45 1.5 1.57 1.49 3.6 43 8.56 2.05 2.02 7.09 23 2.01 1.86 1.97
K,0 3.63 3.62 3.64 379 3.64 2.34 22 1 1.91 1.88 1.2 1.95 1.97 1.95 2
Na,O 2.65 24 2.67 2.64 272 5.18 4.44 2.87 5.12 5.19 3.25 545 495 4.83 4.89
Total 97 95.55 966 96.52  97.04 10342 10052 10404 10302 10104 10174 10061 9935  97.11 9752
UNE number: 179 179 180 180 180 180 180 180 180
Core, section, ~ 25H-6  25H-6  28H-5  28H-5 28H-5  28H-5 28H-5 28H-5  28H-5
Interval (cm):  97-98  97-98  22-23  22-23  22-23  22-23 22-23 2223 22-23
Si0, 7227 5614 7547 7346 7586 7584  76.13 7632 69.88
TiO, 0.55 1.87 0.26 0.37 0.24 0.21 0.31 0.38 L11
ALO, 1434 1554 1346 1482 13.83 1394 1364 1369 12.88
FeO* 3.58 11.16 1.8 25 1.87 1.78 1.71 1.7 6.82
MnO 0 0 0 0 0 0 0 0 0
MgO 0.3 2.72 0 0 0 0 0 0 0.69
CaO 2.08 8.74 0.87 1.7 1 0.99 0.94 091 1.22
K.0 1.86 0.91 4.18 371 4,04 4.09 407 4.18 249
Na,O 5.05 293 397 344 3.16 3.14 3.21 2.82 49
Total 98.38 100,01 9862 9659 9202 954 97.01 9564  101.46

Notes: Major elements reported as wit% oxides. UNE number = ash-layer number analyzed at the University of New England (see Table 1). Total = original analytical total. Individual
oxide values sum to 100%. Zero values indicate that the element abundances are less than the detection limit of EDS.
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Table 3. Bulk major and trace element analyses of ash layers from Hole 887A.

UNE number: 160 163 164 165 168 169 170 171 172 i?3 174 175 177 178 179 180
Core, section: 5H-3 6H-3 6H-6 TH-5 10H-1  10H-5 10H-6 11H-5 11H-5 13H-3 13H4 14H-3 16X-3 24H-2 25H-6 28H-5
Interval (cm): 67-68 98-99  28-29 101-102 141-142 52-55 4647 41-43  89-9I 7-8 97-98 63-64 104-105 24-25 121-122 22-23

Si0, 76.39 69.63 61.81 74.81 57.33 723 72.23 72.81 75.24 74.18 70.94 59.93 74.21 61.12 68.88 74.71
TiO, 0.29 0.59 116 0.43 1.12 0.42 0.51 047 042 0.27 0.43 1.09 0.48 1.65 (.85 0.41
AlLO; 13.7 15.16 16.36 13.84 18.11 14.57 15.92 14.8 13.6 14.52 1541 16,79 13.96 15.84 14,53 13.75
FeO* 1.8 4.23 7.55 2.38 8.21 3.36 1.93 2.38 1.97 247 3.04 791 2.83 7.78 5.17 26
MnO 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0 0
MgO 0 0.32 1.44 0.15 2.02 0.15 0.12 0.16 0.05 0 0.17 2.08 0.21 2.06 0.86 0.1
CaO 1.43 244 5.13 1.67 7.78 1.75 215 1,94 1.27 117 1.7 6.5 1.96 549 3.34 1.09
K0 2.69 3.03 2.06 348 1.39 331 3.21 2.84 3.37 4.23 33 1.51 3.48 1.85 1.74 3.82
Na,0 37 4.61 449 3.25 4.05 4.14 392 4.61 4.07 3.16 5.02 4.2 29 4.16 4.63 352
Sc 16 15 13 13 24 14 8 14 12 12 13 22 11 17 18 10

N RS 38 89 108 164 40 52 34 37 32 46 177 12 44 72 29

Cr 14 8 46 60 9 7 37 7 7 9 7 11 s
Co 3 7 11 17 17 5 4 3 5 7 37 5 8 8 5

Ni 9 12 25 32 16 6 10 7 10 11 28 2 11 8 5
Cu 22 24 14 13 40 27 13 30 47 16 40 7 22 16 11

Zn 36 56 29 34 72 48 45 42 37 48 60 30 58 54 31

Ga 14 19 12 13 21 18 4 17 17 17 17 18 15 19 18 15
Ge | 1 1 1 1 1 1 1 1 | | 1 1 1 1

Rb 26.8 59.7 39 38.8 332 58.3 233 56.3 62.7 91.3 46.6 228 69.7 41.1 20.7 68.9
Sr 259 2314 3439 3484 4003 201.5 2472 2238 197.5 1758 232 428.6 200.7 2447 254.5 161.5
X 35.6 544 14.7 16 42.1 53.2 54 47.9 477 489 41.2 30.6 44.3 48.5 427 34.7
Zr 145.6 295.7 47 533 177.8 294.7 122.3 252.1 271.1 362.9 2393 1422 3255 271.1 208.6 325.7
Nb 38 10.3 54 6.1 57 89 4.1 11.4 12.3 10.1 6.8 47 12.7 10.3 11.7
Cs 0.9 35 1.2 3 1.6 3.1 0.7 23 26 48 2 09 4 21 0.9 kN |
Ba 459.6 7439 602.9 576.2 629.9 862.3 292.3 7139 683.7 847.8 643.8 428 895.9 526.3 308.9 628.2
La 10.53 22,57 14.54 15.76 16.76 21.51 9.2 20.5 20.72 31.45 17.99 12.56 25.24 19.87 1545 22.04
Ce 2474 503 29.37 3151 384 48.25 25.51 45.05 45.33 66.42 41.02 29.41 54.26 44.19 35.34 473
Pr 3.39 6.8 3.59 3.76 5.48 6.97 293 6.38 6.11 8.44 5.88 4.26 1.57 6.51 5.3 6.36
Nd 16.12 31.83 15.15 15.63 26.55 30.65 8.16  27.58 26.58 3435 26.12 19.35 31.43 29.66 24.61 25.75
Sm 434 7.7 3.19 3 6.72 7.46 2.11 6.66 6.35 7.53 6.3 4.8 7.1 7.23 6.22 553
Eu 1.35 2.21 1.29 1.36 2.28 2.18 0.65 2.11 1.89 1.9 1.95 1.69 2.05 2,13 1.92 14
Gd 4.15 8.2 37 4.18 6.38 827 1.19 7.62 7.02 87 6.54 4.73 9.13 7.96 7 7.14
Th 0.75 1.25 0.44 047 1.06 1.23 0.17 1.1 1.05 1.17 0.99 0.77 1.14 1.16 1.02 0.84
Dy 4.64 T00 245 2.58 6.04 7.69 1.02 6.94 6.56 7.09 6.08 474 6.82 6.89 6.17 497
Dy 5.17 8.09 2.47 2.53 6.39 8.03 1.76 7.3 6.95 743 6.4 5.11 6.91 7.15 6.38 4.99
Ho 114 1.77 051 0.53 1.39 1.76 0.35 1.59 1.53 1.58 1.37 1.08 1.47 1.51 1.38 1.06
Er 3.02 4.63 1.35 1.43 36l 449 0.76 4.01 391 4.12 3.52 2.68 3.86 3.95 3.58 2.89
Tm 0.54 0.79 0.21 0.23 0.59 0.77 0.14 0.68 0.67 0.7 0.59 0.45 0.64 0.65 0.58 0.48
Yb 334 5.09 1.33 1.47 3.74 5.09 1.09 4.45 4.33 4.49 3.86 2.87 4.22 4.26 3.96 328
Lu 0.5 0.78 0.19 0.22 0.56 0.86 0.14 0.75 0.75 0.77 0.65 0.47 0.7 0.68 0.6 0.53
Hf 36 7.25 1.1 1.25 442 7.6 1.58 6.5 7.04 971 6.31 3.86 8.24 6.5 498 7.58
Ta 0.3 077 0.38 0.42 0.44 0.65 0.35 0.77 0.84 0.78 0.52 0.38 0.7 0.83 0.7 0.86
Ph 5.98 14.6 6.81 6.08 10.24 25.83 395 18.93 20.14 22,68 17.12 11.32 23.07 13 7.04 13.74
Th 1.33 592 2.74 277 1.95 6.19 0.5 5.58 6.35 14.91 5.66 2,03 9.67 397 1.62 6.63
u 0.55 2.32 0.83 0.79 0.52 3.68 0.58 323 3.64 7.03 314 1.1 4.72 1.76 0.8 2.88

Note: UNE number = ash-layer number analyzed at the University of New England (see Table 1). Major elements are averages of individual shard analyses from the same layer. Major
elements reported as wi% oxides and trace elements as parts per million, All Fe reported as FeO*,
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Figure 5. Chondrite-normalized rare earth element abundances for bulk sam-
ples of ash layers from Hole 887A. UNE numbers are shown for individual
layer symbols (see Table 1).

Figure 6. Primitive mantle-normalized trace element abundances for bulk
samples of ash layers from Hole 887A. UNE numbers are shown for individual
layer symbols. Normalizing values from Sun and McDonough (1989).



