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28. DATA REPORT: PHASE CHEMISTRY OF VOLCANIC ASH FROM SITE 949!

Peter A. Cawood? and Evan C. Leitch?

INTRODUCTION

Inthis paper wereport compositional datafor anumber of ash lay-
ersrecovered at Ocean Drilling Program (ODP) Site 949 (Fig. 1). We
have selected eight samples ranging in age from early Miocene to
early Pleistocene (Table 1) that provide areconnai ssance of ash com-
positions and of the nature of preserved important pyrogenic phases.
Previous investigations of marine tephra deposits adjacent to the
Lesser Antilles arc have been mostly concerned with late Quaternary
deposits (e.g. Sigurdsson et al., 1980; Carey and Sigurdsson, 1980).
The data presented here thus extend the stratigraphic record consid-
erably. The new data compliment the compilation of Natland (1984),
who summarized the distribution of volcanic ash-fall layersin cores
from Deep Sea Drilling Project (DSDP) Sites 541, 542, and 543,
showing that ash was concentrated in sediments of middie Miocene,
late Miocene, early Miocene, and Pleistocene-Holocene age. Be-
cause of the limited intervals over which coring was attempted on
Leg 156 and low core recovery, our sampling has been incomplete.
We have, however, analyzed phases from each of the major eruptive
pulsesidentified by Natland (1984), who did not present any analyt-
ica data

SAMPLES

Ash concentrations recovered at Site 949 are characterized by a
coarser grain size and darker color than the surrounding claystones.
Most ash is of coarse silt grade, but scattered sand-sized grains are
present. The ash rangesin color from light gray to almost black, with
some having a greenish hue. Crystal fragments make up between
about 1% and 30% of the total volcanic debris, but most samples con-
tain between 5% and 15%, consistent with a primary fal origin for
the ash layers (Natland, 1984). Layers of mass-flow origin tend to be
either depleted (<1 vol%) or enriched (30-50 vol%) in phenocrysts
(Bednarz and Schmincke, 1994). Although turbidite emplacement
might account for the abundant phenocrysts (~30%) in Sample 156-
949-1H-1, 75-77 cm, it isunlikely because the drill siteis protected
fromtheinflux of mass-flowsfrom the Lesser Antillesarc by the Bar-
bados Ridge (Natland, 1984).

Undisturbed ash layers, which rangein thicknessup to 5 cm, have
sharp bases and tops and may be internally laminated. Much ash,
however, has been disturbed subsequent to deposition and intermixed
with the adjacent claystone to varying degrees, mainly by burrowing
organisms. Mild disturbance is marked by the bioturbation of the up-
per part of ash layers and the production of a highly irregular upper
contact. Commonly, the whole layer has been bioturbated and both
top and bottom of the bed areirregular. More intense bioturbation ac-
tivity hasresulted in the dispersion of the ash in small blebs through-
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out adjacent claystone, and, in its extreme manifestation, has given
riseto ashy claystonein whichindividua ash grains, or aggregates of
a few grains, are dispersed through highly bioturbated claystone.
Zones of dispersed ash range up to 40 cm in thickness.

Information concerning the eight samples for which we have ob-
tained analytical datais summarized in Table 1. All samplesarefrom
Site 949, drilled into the accretionary subduction complex of the
northern Barbados Ridge, 2-km west of the deformation front and
about 240-km east—northeast of Martinique (Shipley, Ogawa, Blum,
et al., 1995). Site 949 is located on the northwest tip of the Tiburon
Rise, in the same area as was investigated during DSDP Leg 78A
(Sites 541543) and ODP Leg 110 (Sites 66I6; Fig. 1).

The age of the samples has been established from biostratigraphic
data derived from closely associated rocks. Uncertainty concerning
the age of Samples 156-949B-3X-1,-56 cm, and 156-949B-3X-5,
53-54 cm, derives from the presence of a stratigraphic inversion be-
tween Cores 156-949B-2X and 7X. It is likely that the responsible
fault occurs in Core 156-949B-6X, and hence the samples are proba-
bly late middle Miocene (Shipley, Ogawa, Blum, et al., 1995).

PETROGRAPHY

Plagioclase is the most abundant phenocryst mineral and is
present in all samples. Other pyrogenic minerals include quartz,
hornblende, orthopyroxene, clinopyroxene, opaque oxide minerals,
and potassium feldspar. Quartz was observed in all samples except
156-949A-1H-1, 7577 cm, and is relatively common in 156-949B-
3X-1, 56-57 cm, and 156-949B-3X-5, 584 cm. The presence of
quartz phenocrysts suggests some silicic volcanic activity at the time
of deposition of the ash samples. Potassium feldspar is restricted to
Samples 156-949B-19X-4, $01 cm, and 156-949B-7X-2, 684
cm. Hornblende and pyroxene occur in Samples 156-949A-1H-1,
35-37 cm, 156-949A-1H-1, 747 cm, 156-949A-1H-CC,& cm,
and 156-949B-19X-4, 11 cm. Neither olivine nor biotite were ob-
served in any sample.

Ubiquitous volcanic glass ranges from optically unaltered color-
less shards, indicative of a high silica content, to highly altered devit-
rified clays, the latter widespread in Samples 156-949B-3X-15566
cm, 156-949B-3X-5, 5364 cm, 156-949B-7X-1, 14142 cm, and
156-949B-7X-2, 63—-64 cm. Shards are mainly of cuspate and pumice
types (Fisher and Schmincke, 1984).

PHASE CHEMISTRY

Mineral and glass analyses were carried out at Macquarie Univer-
sity, NSW, Australia, using a Cameca SX50 electron microprobe fit-
ted with five wavelength dispersive spectrometers. Operating condi-
tions for mineral analyses were an accelerating voltage of 15 KV,
beam current of 20 nanoamps (measured in Faraday cup), beam di-
ameter of 2 um, and count times of 20 s. To minimize alkali loss for
volcanic glass analyses (Nielsen and Sigurdsson, 1981), the micro-
probe beam was defocussed to 10 um, beam current reduced to 6
nanoamps, K and Na were analyzed first on their respective spec-
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Figure 1. Location of deep-sea drilling area, north Barbados Ridge. The stippled zone outlines the extent of the accretionary subduction complex.

Table 1. Ash samples analyzed, Site 949.

Core, section,
interval (cm) Age Sample character
156-949A-
1H-1, 35-37 early Pleistocene Disrupted layer
1H-1, 75-77 early Pleistocene Disrupted layer
1H-CC, 5-7 early Pleistocene Disrupted layer
156-949B-
3X-1, 56-57 ? late middle Miocene Dispersed ash
3X-5, 53-54 ?late middle Miocene Dispersed ash
7X-1, 141-142 late Miocene Discrete layer
7X-2, 63-64 late Miocene Discrete layer
19X-4,10-11 early Miocene Disrupted layer

trometers, and the peak was measured before the two background
measurements. All analyses were corrected using the online correc-
tion procedures outlined by Pouchou and Pichoir (1984).

Some 550 analyses of feldspar, pyroxene, amphibole, opaque ox-
ide minerals, and volcanic glass were carried out on the eight ash
samples. Analyses were mostly restricted to the core region of grains
as the fragmental nature of the rocks and the broken nature of many
grains prevented accurate determination of original grain rims. Rep-

Table 2. Plagioclase compositional rangesin ash samples, Site 949.

Core, section, Plagioclase
interval (cm) compositional range
156-949A-
1H-1, 35-37 Ang,~Ang,
1H-1, 75-77 Ang—An,;
1H-CC, 5-7 Ang—Any,
156-949B-
3X-1, 56-57 Ang—An;
3X-5, 53-54 Angz—An,
7X-1, 141-142 Anzg—An;
7X-2, 63-64 Anz-Ang
19X-4, 10-11 Angs—An;,

resentative analyses are presented in Tables 2—-6 and plotted in Fig-
ures 2-8.

Feldspar
Feldspar is largely of plagioclase composition, but potassium

feldspar is a minor component of Samples 156-949B-19X-4110
cm, and 156-949B-7X-2, 684 cm (Tables 2, 3). The compositional



Table 3. Selected microprobe analyses of feldspar grainsfrom Site 949 volcanic ash samples.
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Core, section:

949B-3X-5 949B-3X-1 949B-3X-5 949B-19X-4949A-1H-CC 949B-7X-2 949B-7X-2 949A-1H-CC 949B-7X-2 949A-1H-CC

Interval (cm): 53-54 56-57 53-54 10-11 5-7 63-64 63-64 5-7 63-64 5-7
Analysis: 1 2 3 4 5 6 7 8 9 10
Sio, 69.13 61.96 58.12 56.38 55.18 54.64 53.97 53.65 53.80 53.34
Al,O3 19.55 23.91 24.97 25.98 27.17 27.93 28.51 28.22 28.26 28.45
FeO 0.17 0.24 0.79 0.71 0.42 0.53 0.45 0.50 0.66 0.31
CaO 0.00 5.68 8.11 9.45 10.64 11.05 11.53 11.76 11.88 12.04
Na,0 11.56 8.01 6.67 5.97 5.60 5.21 5.18 4.78 4.82 4.72
K,0 0.03 0.64 0.44 0.39 0.17 0.12 0.08 0.25 0.08 0.10
Total 100.45 100.44 99.10 98.88 99.17 99.48 99.72 99.16 99.50 98.96
Core, section: 949B-7X-1 949B-3X-1 949B-7X-1 949A-1H-1 949A-1H-1 949B-19X-4 949A-1H-1 949B-19X-4 949B-7X-2 949B-19X-4
Interval (cm): 141-142 56-57 141-142 35-37 75-77 10-11 75-77 10-11 63-64 10-11
Analysis: 11 12 13 14 15 16 17 18 19 20
Sio, 53.08 52.22 51.06 50.94 48.98 48.72 48.60 46.50 64.16 65.86
Al,O3 28.52 29.44 30.10 30.68 31.81 31.38 32.40 33.10 20.90 19.25
FeO 0.73 0.53 0.51 0.36 0.45 0.54 0.36 0.55 0.39 0.24
ca0o 12.33 12.83 13.71 14.35 15.73 16.28 16.36 17.15 2.82 0.97
Na,0 454 4.03 3.74 3.46 2.58 2.52 2.20 1.85 8.21 553
K,0 0.24 0.17 0.08 0.07 0.09 0.03 0.07 0.01 2.14 7.98
Total 99.44 99.21 99.20 99.87 99.64 99.47 99.99 99.15 98.62 99.83
Note: Analyses 1-18 are of plagioclase grains and analyses 19 and 20 are of potassium feldspar grains.
Table 4. Selected microprobe analyses of pyroxene grains from Hole 949A volcanic ash samples.
Core, section: 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-CC
Interval (cm): 35-37 35-37 35-37 35-37 75-77 75-77 75-77 75-77 75-77 5-7
Analysis: 1 2 3 4 5 6 7 8 9 10
Sio, 51.67 52.17 51.35 50.98 50.75 51.08 50.95 51.35 51.45 51.74
TiO, 0.16 0.09 0.15 0.15 0.10 0.23 0.14 0.14 0.13 0.14
Al,04 0.57 0.53 0.80 0.51 0.47 1.65 0.95 1.00 0.61 1.09
FeO 27.75 26.81 27.08 26.90 30.50 26.75 28.97 28.75 28.90 23.78
MnO 1.00 1.15 0.96 1.11 1.36 0.85 1.44 1.16 1.37 1.36
MgO 18.28 18.86 18.31 18.55 16.19 18.48 16.92 17.31 17.38 21.15
CaO 1.08 1.04 1.20 1.04 0.94 1.44 0.89 0.85 0.85 0.68
Na,0 0.01 0.06 0.02 0.05 0.02 0.02 0.04 0.02 0.01 0.00
K,0 0.01 0.03 0.02 0.01 0.02 0.01 0.00 0.01 0.00 0.01
Total 100.53 100.73 99.90 99.30 100.33 100.51 100.30 100.59 100.71 99.94
Core, section: 1H-CC 1H-CC 1H-CC 1H-CC 1H-CC 1H-1 1H-1 1H-1 1H-CC 1H-CC
Interval (cm): 5-7 5-7 5-7 5-7 5-7 35-37 35-37 75-77 5-7 5-7
Analysis: 11 12 13 14 15 16 17 18 19 20
Sio, 53.21 52.70 54.44 50.82 52.34 52.16 51.74 52.07 50.25 51.70
TiO, 0.13 0.13 0.15 0.20 0.13 0.22 0.16 0.24 0.51 0.36
Al,O3 0.82 0.64 0.71 3.31 1.14 1.09 1.01 1.14 3.29 1.68
FeO 18.98 22.95 14.52 18.84 21.54 11.63 11.97 11.70 10.31 10.22
MnO 0.60 1.17 0.66 0.73 1.06 0.54 0.49 0.49 0.44 0.55
MgO 24.45 21.61 26.87 23.76 22.32 13.00 12.74 13.23 13.54 14.01
CaO 1.58 1.06 1.32 1.58 1.61 21.19 21.19 20.90 20.98 21.44
Na,0O 0.01 0.05 0.15 0.02 0.01 0.25 0.25 0.29 0.24 0.26
K,O 0.01 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.02
Total 99.80 100.30 98.86 99.27 100.19 100.07 99.55 100.06 99.55 100.25

Note: Analyses 1-15 are of orthopyroxene grains and analyses 16—20 are of clinopyroxene grains.

range of plagioclase analyses from all samples extends from Ang, to
An,, but with a more restricted range for individual samples (Fig. 2;
Table 2). The content of Or increases with increasing Ab. The major-
ity of the plagioclase analyses (61%) are labradorite and over 97% of
analyses fall in the andesine to bytownite range (Fig. 3). Albite and
oligoclase constitute less than 3% of analyzed grains. Albite is re-
stricted to Samples 156-949B-3X-1, 56-57 cm, 156-949B-3X-5, 53—
57 cm, and 156-949B-7X-1, 141-142 cm, where it is accompanied
by altered glass, indicating it is probably of diagenetic origin.

FeO is a minor component in volcanic plagioclase (Gill, 1981).
Contents of up to 1.2% were measured in the sample set, but the com-
position in Samples 156-949A-1H-1, 35-37 cm, 156-949A-1H-1,
75-77 cm, and 156-949A-1H-CC, 5-7 cm, ranges between 0.2% and
0.6%. Sample 156-949B-7X-1, 141-142 cm, has values between
0.2% and 0.8%, and Samples 156-949B-19X-4, 10-11 cm, 156-
949B-3X-1, 56-57 cm, 156-949B-3X-5, 53-54 cm, and 156-949B-
7X-2, 63-64 cm, have contents up to 1.2%, although most analyses
in this last group fall in the 0.4%—-1.0% range. In all samples,

0.25%, although in Sample 156-949A-1H-CG,75cm, oligoclase
has an FeO content of 1.2%.

Potassium feldspar occurs in Samples 156-949B-19X-41110
cm, and 156-949B-7X-2, 684 cm (Fig. 2), and both samples in-
clude grains of anorthoclase and sanidine. Sanidine compositions in
the two samples are similar with Ab:Or around 50:50 and An con-
tents of <5 mol%. The FeO content of the analyzed potassium feld-
spar grains is low (<0.4%). In Sample 156-949B-19X-4,110cm,
potassium feldspar is accompanied by abundant low-K silicic glass,
suggesting a mixed source for this ash.

Pyroxene

Pyroxene occurs in Samples 156-949A-1H-1-35cm, 156-
949A-1H-1, 7577 cm, and 156-949A-1H-CC;3 cm, and includes
orthopyroxene and scarce calcic clinopyroxene (Table 4). On the py-
roxene quadrilateral plot, clinopyroxene analyses from all samples

Fe@luster in the augite field close to the augite/salite boundary at around

content is independent of An composition for contents greater tha@a,Mgs,Fe, (Fig. 4). The overall high Ca and moderate Fe values of
around 0.2% FeO. Albite and oligoclase mostly have FeO less thahe analyzed clinopyroxene grains are similar to those from magmat-
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Table 5. Selected microprobe analyses of amphibole grains from Hole 949A volcanic ash samples.

Core, section: 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-1 1H-CC 1H-CC 1H-CC
Interval (cm): 75-77 75-77 75-77 75-77 75-77 75-77 75-77 75-77 5-7 5-7 5-7
Analysis: 1 2 3 4 5 6 7 8 9 10 11
SO, 47.73 46.06 47.45 46.69 47.46 47.97 45.86 4591 47.60 47.14 47.83
TiO, 1.42 171 1.35 1.59 141 131 1.63 114 1.06 1.33 1.10
Al,O3 7.08 8.14 7.06 7.37 6.97 6.62 7.62 8.54 6.81 7.06 6.89
FeO 16.68 17.68 18.07 17.01 16.38 17.62 17.47 14.83 14.86 14.29 14.84
MnO 0.35 0.40 0.49 0.41 0.34 0.42 0.37 0.52 0.74 0.41 0.56
MgO 12.73 11.89 11.85 12.26 12.89 12.40 11.59 13.90 14.06 13.83 14.20
Ca0 11.03 10.90 10.37 11.03 11.09 10.81 11.00 9.82 10.20 10.88 10.33
Na,0 1.18 137 1.18 1.27 1.24 1.19 1.32 141 1.08 1.16 112
K0 0.26 0.44 0.33 0.36 0.24 0.35 0.43 0.19 0.16 0.21 0.22
Total 98.47 98.57 98.16 97.99 98.02 98.69 97.28 96.27 96.59 96.31 97.10

Table 6. Selected microprobe analyses of glass from Site 949 volcanic ash samples.

Core, section:  949B-19H-4 949B-19H-4 949B-19H-4 949B-19H-4 949B-19H-4 949B-19H-4 949B-19H-4 949A-1H-CC 949A-1H-CC 949A-1HCC

Interval (cm):  10-11 10-11 10-11 10-11 10-11 10-11 10-11 5-7 5-7 5-7
Andysis 1 2 3 4 5 6 7 8 9 10
Sio, 65.17 66.81 69.38 69.65 70.33 70.64 71.05 69.60 70.42 71.05
TiO, 0.59 0.52 0.33 0.36 0.34 0.41 0.29 0.02 0.08 0.33
Al,0, 12.96 1251 12.06 1227 12.22 11.79 12.05 17.33 15.97 11.17
FeO 5.07 459 373 373 357 3.97 365 1.02 0.81 323
MnO ou o1 0.04 0.20 o1 0.04 0.05 0.08 0.1 0.20
MgO 0.72 0.65 0.28 0.30 0.25 0.27 0.30 0.14 0.14 154
Ca0 359 3.14 253 2.47 231 2.35 2.35 431 3.90 3.16
Na,0 322 3.84 412 434 4.16 3.76 418 4.24 4.33 3.26
K,0 0.77 0.7 0.90 0.90 0.93 0.93 0.83 155 1.65 2.09
P;0s 0.16 0.16 0.00 0.00 0.00 0.09 0.00 0.00 0.10 0.00
Total 92.35 93.09 93.36 94.22 94.21 94.25 94.74 98.30 9751 96.04
Core, section: 949A-1H-CC 949A-1H-CC 949A-1H-CC 949A-1H-CC 949A-1H-CC 949A-1H-CC 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1
Interval (cm): 5-7 5-7 5-7 5-7 5-7 5-7 75-77 75-77 75-77 75-77
Anaysis: 1 12 13 14 15 16 17 18 19 20
Sio, 7114 7131 72.80 73.20 73.70 74.05 67.76 71.61 73.29 73.88
TiO, 0.33 0.20 0.20 0.25 0.14 0.15 0.22 0.24 0.20 0.1
Al,0, 16.17 10.86 12,50 1251 11.98 11.95 16.81 11.12 12.36 11.55
FeO 116 122 148 2.03 1.05 1.46 125 173 172 161
MnO 0.00 0.01 0.12 0.08 0.00 0.17 0.02 0.10 0.00 0.02
MgO 0.03 0.28 0.33 0.30 0.25 0.21 0.15 0.22 0.27 0.23
ca0 395 1.60 181 255 1.82 153 4.80 171 2.16 175
Na,0 398 3.08 3.87 378 3.70 354 373 3.20 2.27 323
K;0 122 259 2.03 2.01 2.10 2.44 174 2.74 2.47 252
P;0s 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00
Total 97.98 91.15 95.14 96.72 94.82 95.50 96.48 92.67 94.75 94.91
Core, section:  949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1 949A-1H-1
Interval (cm):  75-77 75-77 75-77 75-77 35-37 35-37 35-37 35-37 35-37 35-37
Anaysis: 21 22 23 24 25 26 27 28 29 30
Sio, 74.27 74.57 75.30 77.56 70.96 73.19 73.72 74.39 74.87 75.08
TiO, 0.15 0.15 0.24 0.15 0.17 0.24 0.28 0.23 0.14 0.25
Al,O, 11.76 1157 12.41 11.99 11.34 11.93 12.00 11.40 11.56 11.56
FeO 123 155 1.86 143 1.54 154 179 1.60 1.60 1.63
MnO 0.08 0.00 0.05 0.07 0.14 0.00 o1 0.03 0.00 011
MgO 0.21 0.21 0.25 0.20 0.22 0.25 0.23 0.23 0.22 0.24
Ca0 152 1.82 2.14 161 159 178 1.69 1.80 175 177
Na,0 3.46 3.18 354 1.19 337 3.56 3.40 3.40 347 3.46
K,0 2.89 257 255 1.90 2.66 2.78 2.83 2.68 2.69 2.65
P,0s 0.00 0.12 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.03
Total 95.56 95.74 98.33 96.10 92.05 95.27 96.05 95.76 96.30 96.78
ic arc systems showing moderate K enrichment, and contrast with cli- sistent with the observation of Gill (1981) that orthopyroxene phe-
nopyroxene grains crystallized from alow-K magma, which tend to nocrysts have more variable and higher Fe/Mg values than coexisting
show somewhat lower proportion of Ca at similar Fe values (Ewart, augite grains. The calcium content of the orthopyroxenes is around
1979, 1982; Gill, 1981). 1-3 mol%.
Orthopyroxenegrainsareiron-rich enstatiteswith analysesfalling
largely in the hypersthene compositional field. In Sample 156-949A - Amphibole
1H-1, 75-77 cm, analyses extend to the boundary with the ferrosilite
field (Fss). One analysis from Sample 156-949A-1H-CC, 5-7 cm, Amphibole compositions were determined from Samples 156-

contains arelatively high Mg/Fe value and fallsin the bronzite field. 949A-1H-1, 7577 cm, 156-949A-1H-CC,& cm, and 156-949B-
Samples 156-949A-1H-1, 35-37 cm, and 156-949A-1H-1, 75-77 19X-4, 16-11 cm (Table 5). All are calcic amphiboles with (Ca +
cm, show a restricted range of Mg/Fe values with Fs values of 42-90a); > 1.34 and Na< 0.67 and belong to the hornblende series. In
mol%, whereas orthopyroxene grains in Sample 156-949A-1H-CQgerms of the classification scheme of Leake (1978), analyses fall in
5-7 cm range between Fand Fg mol%. The Fe content of the or- the magnesio-hornblende field with (Na +,K) 0.50, Ti < 0.50,
thopyroxenes is higher than that of the clinopyroxenes from the sanMg/(Mg + Fe) > 0.50, and Si between 6.50 and 7.25. All analyses
samples (Fig. 4). Although the fragmental nature of the samples prehow a restricted range of Mg:Fe ratios (Fig. 5) with Sample 156-
vents establishment of co-existing mineral assemblages, this is coB49A-1H-1, 7577 cm, having Fe values of 30-36 mol% and Sam-
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Figure 2. Composition of feldspar grains in volcanic ash samples from Site 949. n = number of analyses.

ples 156-949A-1H-CC, 5-7 cm, and 156-949B-19X-4, 10-11 cm,
falling in the narrow compositional range between 27 and 28 mol %
Fe. The higher Mg:Fe ratio of Sample 156-949A-1H-CC, 5-7 cm,
relative to 156-949A-1H-1, 75-77 cm, is consistent with relations
observed in orthopyroxene compositions. Amphibol e analyses from
these two samples, (excluding outlier compositionsin Sample 156-
949A-1H-CC, 5-7 cm), lie aong the clinopyroxene-orthopyroxene
tielinein terms of Wo-En-Fs (Fig. 5). Although, as with the pyrox-
ene data, it is not possible to determine primary coexisting mineral
assemblages, the intra-element compositional relationships of the
ferromagnesian phases are consistent with their being in equilibri-
um and having been derived from the same magma source.

Na+ K and Al contents of the amphiboles are relatively low at
around 0.4 and 1 mol% respectively, and they are characterized by
relatively high Si to Caplus akalisand low Al relative to Mg + Fe +

Mn. These characteristics are those of continental margin rather than
intra-oceanic island-arc hornblendes, and indicate that the source
magmawas likely of high silicacomposition and had interacted with
relatively thick crust (Jakes and White, 1972; Ewart, 1979).

Volcanic Glass

Volcanic glass compositions were determined for Samples 156-
949A-1H-1, 35-37 cm, 156-949A-1H-1, 75-77 cm, 156-949A-1H-
CC, 5-7 cm, and 156-949B-19X-4, 10-11 cm (Table 6). Analytical
totalsare generally low, falling between 91.1% and 98.3%. This sug-
gests that, although the glass appears optically “fresh,” it has under-
gone some degree of alteration to which it is particularly susceptible
because of its amorphous character and high surface area to volume
ratio. The analyses preserve inter-element variation characteristic of
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Figure 3. Histogram of plagioclase feldspar compositions from Site 949 vol-
canic ash samples. Ab = abite, Olig = oligoclase, And = andesine, Lab =
labradorite, Byt = bytownite, and An = anorthite. n = number of analyses.
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Figure 4. Wo-Fs-En plot of pyroxene grains from Site 949 volcanic ash sam-
ples. n = number of analyses.
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Figure 5. Wo-Fs-En plot of amphibole grains from Site 949 volcanic ash
samples. In lower diagram, the open circle is an analysis from Sample 156-
949B-19X-4, 10-11 cm, and thefilled circles are analyses from Sample 156-
949A-1H-CC, 5-7 cm. n = number of analyses.

igneous rocks (Figs. 6, 7) and alteration was probably mainly simple
hydration as has been demonstrated by earlier studies of deep-seate-
phra(e.g., Cadet et d., 1981, 1982; Pouclet et ., 1985, 1986, 1990).

SiO, ranges from 65% to 78%, covering the compositional range
of dacite and rhyolite. Individual samples show a more restricted
range: Sample 156-949B-19X-4, 10-11 cm, 65%—71%; 156-949A-
1H-1, 7577 cm, 68%—78%; 156-949A-1H-1,-3%7 cm, 69%—75%;
and 156-949A-1H-CC,%& cm, 70%-75%. These data add weight to
the conclusion of Sigurdsson and Carey (1981) that rhyodacites are
the dominant products of volcanism in the Lesser Antilles, despite the
mainly andesitic composition of igneous rocks exposed in the arc
(Bouysse et al., 1990). This is partly accounted for by the highly ex-
plosive mode of eruption of silicic magmas and resultant wide distri-
bution of silicic tephra, compared with the generally less violent py-
roclastic eruption, and hence more local distribution, of the products
of more mafic magmas. It is also contributed to by the more silicic
composition of volcanic glass compared with bulk rock composi-
tions.

Figures 6 and 7 outline trends of selected major elements with re-
spect to SiQ Sample 156-949B-19X-4, #1 cm, shows a pro-
nounced decrease in FeO, MgO, and CaO, with increasinga8tD
constant to slightly increasing Maand KO. Other samples, in con-
trast, show constant values of FeO and MgO with increasing &iO
though with some scatter, and no clear trend igONend KO with
change in SiQcontent. Samples 156-949A-1H-1,-74 cm, and
156-949A-1H-CC, 57 cm, show considerable scatter of individual
analyses on these plots, suggesting derivation of these tephra from
more than one magma source, whereas the restricted compositional
range of glass (and pyroxene) argues against any mixing of magma
sources for Sample 156-949A-1H-1-3% cm.

Sample 156-949B-19X-4, +21 cm, is characterized by uniform-
ly low K,O values (<1%), indicative of derivation from a low-K mag-
ma (Fig. 7). KO values of Sample 156-949A-1H-CCG;7/5cm, range
from 1.2% to 2.7% and extend from the low-K into the medium-K



field onthe K,O vs. SiO, classification diagram. Analyses from Sam-

ple 156-949A-1H-1, 75-77 cm, are divisible into two groups on the
basis of K,O content. One group, consisting of only three analyses, is
characterized by K,O contents of 1.7%-1.9% and plots in the lower
part of the medium-K field. A second group, containing the bulk of
the analyses, has® values of 2.4%-2.9%. Glass from Sample 156- 5
949A-1H-1, 3537 cm, is characterized by a uniformly highCK
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Figure 6. Variation diagrams of selected major elements with respect to SiO, for glass analyses from Site 949 volcanic ash samples. Open sgquares = Sample
156-949A-1H-1, 35-37 cm; solid squares = Sample 156-949A-1H-1, 75-77 cm; open circles = Sample 156-949A-1H-CC, 5-7 cm; and solid circles = Sample
156-949B-19X-4, 10-11 cm.
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Figure 7. Plot of K,O vs. SiO, for glass from Site 949 volcanic ash samples. Fields are those defined by Peccerillo and Taylor (1976) as modified by Le Maitre
(1989). n = number of analyses.
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Figure 8. AFM (Na+K:FeO*:MgO) plot of glass from Site 949 volcanic ash samples. Line separates tholeiitic field (above) from calc-alkaline field (below)
after Irvine and Baragar (1971). n = number of analyses. FeO* = total iron expressed as FeO.
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