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14. MAJOR-ELEMENT CHEMISTRY AND ALTERATION MINERALOGY OF VOLCANIC ASH,
SITE 808 IN THE NANKAI TROUGH!

Harue Masuda,? Hiroaki Tanaka,? Toshitaka Gamo,3 Wonn Soh,* and Asahiko Taira?

ABSTRACT

Mineralogical and major-element compositions of 72 samples of volcanic ash, recovered from Site 808 at Nankai Trough
during Leg 131, were analyzed in relation to the early diagenetic alteration. Alteration products are first observed at the following
depths: smectite, 200 mbsf; clinoptilolite, 646 mbsf; and analcite, 810 mbsf.

Glass decomposition dominates over authigenic mineral formation between 200 and 550 mbsf in the sediment column,
whereas mineral formation becomes dominant below 550 mbsf. Based on the X-ray diffraction patterns, a broad and asymmetric
peak of 15A suggests a presence of illite/smectite (I/S) mixed-layered minerals in a sample from 646 mbsf. I/S mixed-layered
mineral formation, however, rarely occurs even at the bottom of the sediment column (1290 mbsf) at 120° C. This is possibly
because zeolite (especially clinoptilolite) formed in the ash interferes with illite formation in the smectite.

The formation of alteration minerals affects the major-element chemistry of the ash and the interstitial waters. H,SiOy
concentrations in interstitial waters increase during glass decomposition and decrease with smectite and clinoptilolite formation.
K is removed from interstitial water into smectite and/or clinoptilolite. Mg is fixed into smectite (and/or chlorite).

INTRODUCTION

The alteration of volcanic ash is considered to be an essential
process in the diagenesis of marine sediments. For example, Weaver
(1958) suggested that most of the expanded clays in marine sediments
were derived from volcanic glass, and that potassium was fixed into
expandable clays and later illite from the coexisting pore water. In
several studies of chemical variations of interstitial water, previous
workers have suggested that low-temperature alteration of ash af-
fected interstitial water chemistry (e.g., Lawrence et al., 1979;
Gieskes and Lawrence, 1981; Gieskes et al., 1990a, b). Matsuhisa and
Matsumoto (1986) attributed the variation of §'30 and Mg content of
interstitial waters recovered from the Nankai Trough during Leg 87
to ash alteration. From the onboard chemical analyses of interstitial
waters retrieved from Site 808, Leg 131 (Fig. 1), Shipboard Scientific
Party (1991) also pointed out that the chemical variations of intersti-
tial water were partly affected by the alteration of ash.

In his report on the lithology and physical properties of sediments
in subduction zones, Vrolijk (1990) discussed the importance of smec-
tite-rich sediments. He suggested that smectite-rich strata derived from
alteration of volcanic ash are structurally weak and that décollement
zones may be preferentially formed in the smectite-rich layers.

The alteration of ash is also thought to be an important process in
the geochemical cycle of oceanic sediments. However, little is known
about the mineralogical and chemical variations of volcanic ash itself,
because it is difficult to obtain a suite of pure volcanic ash samples
from the same sediment column.

The continental slope of Nankai Trough (Fig. 1) is a well-docu-
mented modern accretionary prism in the Pacific Ocean, We selected
72 samples of volcanic ash from Site 808, where a complete sediment
column was obtained from the ocean floor, through the décollement,
to the underlying basalt. Because these samples originally have a high
volcanic glass content, they provide a good opportunity for estab-
lishing a model of ash alteration at the early stage of diagenesis,

In this paper, we present the alteration mineralogy and major-ele-
ment chemistry of the ash samples and discuss the effect of ash
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alteration on the chemistry of interstitial fluids. The chemistry of bulk
samples demonstrates that the decomposition of ash and the sub-
sequent formation of authigenic smectite and zeolites play important
roles in controlling interstitial water chemistry.

SAMPLES

Site 808 is located at the toe of the Nankai accretionary prism. The
sediments at Site 808 (0 to 1290 mbsf) can be broadly classified into
two groups; clastic material transported by turbidity currents (domi-
nating the upper portion of the sediment column above ca. 600 mbsf),
and hemipelagic sediments deposited on the oceanic crust of Shikoku
Basin in the lower portion (Shipboard Scientific Party, 1991). The
facies association reported by the Shipboard Scientific Party, with
location of 72 ash samples, is shown in Figure 2. The age of the basal
sediment is between 13.6 and 15 Ma (Shipboard Scientific Party,
1991). Ash layers are especially concentrated in the interval from 557
to 824 mbsf. This interval corresponds to the trench-to-basin transi-
tion and the upper Shikoku Basin facies (Fig. 2A); the age of these
sediments is between (.28 and 2.65 Ma (Shipboard Scientific Party,
1991). The décollement zone extends from 945 to 965 mbsf in the
lower Shikoku Basin facies. Only five samples of ash were recovered
from this interval.

The 13 ash samples between 1245 and 1275 mbsf are apparently
different from the ash above 1245 mbsf. These 13 ash samples are
white and contain quartz grains about 1 mm diameter, based on optical
observation, They were collected from various locations within the
same ash layer of 45 m thickness. This ash layer was silicified and
well consolidated, and the original glass is completely altered.

ANALYTICAL METHOD

Mineralogical compositions were determined by X-ray diffraction
using a Ni-target CuKot radiation at 30 kV and 10 mA. Randomly
mounted air-dried bulk samples of ca. 200 mg were used for this
purpose. For identification of illite/smectite mixed-layered minerals
(I/S), glycolated samples were also scanned. The illite content in the
I/S, however, was not determined in this study. The weight % of clay
minerals was estimated from the peak height of the (001) reflection.
Pure smectite diluted by powdered quartz glass was used for calibra-
tion. Reproducibility of clay contents for duplicated samples was
within £5%.
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Figure 1. Location of Site 808, Leg 131.

For major chemical analyses, the samples were ultrasonically
stirred with ultrafiltrated water to remove dissolved salts, and the
residues were collected by centrifugation and sedimentation. This
procedure was repeated at least four times and the ash was dried for
24 hr at 110° C. The dried samples were ignited at about 900° C for
| hr. After ignition the ash samples are regarded as free from organic
matter and volatile components such as carbonate and water. Lithium
borate and a heat-treated, powdered sample (10:1) was fused ina 5%
Au-containing platinum crucible for 8 min. at 1200° C to make a glass
bead for quantitative analysis by X-ray fluorescence (XRF). The
elemental analyses performed by XRF are Si, Al, Ti, Mg, Ca, Fe as
Fe**, Mn, Na, K, and P. All elemental compositions are expressed as
weight % of the oxide form. Accuracy and reproducibility of meas-
urement were checked by standard rock samples supplied by the
Geological Survey of Japan. Measurement error of each element is
within +2%.

RESULTS AND DISCUSSION
Mineralogy

Minerals identified by the X-ray diffraction pattern of bulk ash
layers are listed in Table 1. As noted before, the weight % of the
constituent minerals except for total clay was not estimated. Thus, the
mineral abundances are uncorrected intensities of characteristic peaks
of each mineral.

Because the studied ash layers are ocean floor deposits derived
from subaerial volcanism, the samples also contain detrital minerals.
All ash samples contain quartz, feldspar, chlorite, and calcite. Most
of the calcite must be originally of biogenic origin. The intensities of
X-ray diffraction peaks of quartz, feldspar, and chlorite are slightly
greater in the uppermost 556 mbsf of the sediment column, where
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most sediments were affected by turbidity currents, in contrast to the
lower portion, below 556 mbsf. Illite of 2M, polytype, indicating a
detrital origin, is also a component of the uppermost 557 mbsf of
sediment, though its concentration decreases with depth. Hornblende
was frequently observed in the interval from 580 to 850 mbsf, which
supports the possibility of a volcanic origin.

Figure 2B shows the alteration mineral assemblage of the ash
layers. The relative concentrations of the alteration minerals estimated
from X-ray diffraction data are plotted as a function of depth in
Figures 2C-2E. The first downhole appearance of smectite recog-
nized as the appearance of a 15-A peak, was detected in the bulk
sample from 200 mbsf. Below 557 mbsf, the concentration of clay
minerals drastically increases with depth. A broad and asymmetric
peak of the (001) clay mineral reflection suggests the occurrence of
mixed-layered I/S in ash from 645 mbsf, where the temperature is
about 60° C. From the on-board analysis, I/S formation was indicated
by X-ray diffraction patterns of samples from the sediment column at
ca. 530 mbsf (Shipboard Scientific Party, 1991). Underwood et al.
(this volume) observed that I/S was detected in shales from 550 mbsf.
They also reported that the illite composition in I/S increased with
depth, with the illite content in I/S reaching almost 80% at the base
of the sediment column at about 120° C. Both of the reported depths
of I/S appearance are shallower than its possible appearance in ash.
The X-ray diffraction peak of (001) clay mineral reflection in the ash
samples becomes sharper and more symmetric with increasing depth,
and illite formation in mixed-layered 1/S does not occur even in the
samples from the base of the sediment column, where smectite is still
the most abundant phase of the authigenic clay minerals.

Mixed-layered I/S is widely recognized as a transition mineral
phase in the transformation of smectite to illite during diagenesis
(e.g., Weaver, 1958; Dunoyer de Segonzac, 1970). For the sedimen-
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Figure 2, Facies association, alteration mineral assemblage of the sediment column, and occurrence of alteration minerals in layers of volcanic ash. Facies association
(A) and temperature gradient (B) are from Taira, Hill, Firth, et al. (1991). Weight % of clay minerals (C) is calculated from X-ray diffraction intensities of (002)
reflection. Relative intensities of clinoptilolite (D) and analcite (E) are expressed by the peak intensities (%) of the most intense peaks of X-ray diffraction.

tary basin along the coast of the Gulf of Mexico, Perry and Hower Major-Element Chemistry
(1970) stated that the position of the smectite-to-illite transition zone
is independent of geologic age and formation boundaries. They also The analytical data pertaining to the major chemical constituents

determined that temperature is more important for the transition than of the bulk ash samples are given in Table 2, and some important
pressure, and suggested that the transition starts at approximately constituents are plotted in Figure 3. The range of observed TiO,/Al,O,4
55° C. The appearance of mixed-layered I/S in Site 808 shales is in ratios (0.01 to 0.05; Fig. 3B) is within the expected range for ash with

accordance with their observation. However, the incomplete forma- an andesitic torhyolitic composition derived from the Japanese Islands.
tion of I/S in volcanic ash suggests that temperature is not the only For example, andesites from Sakurajima, one of the biggest and most
control on I/S formation during diagenesis. active volcanos in Japan, have TiO,/Al,0, ratios of 0.03 to 0.08 (Oba

Tri-octahedral smectites are known to form in volcanic ash, with et al., 1980), while the ratio for pumice from Asama volcano is about
the tri-octahedral smectites being more stable than di-octahedral 0.035 (Sato et al., 1989). Rhyolitic rocks have a smaller ratio than the
smectites at higher temperature (Anjos, 1986). This is not the case, andesites (e.g., 0.02 to 0.03 for volcanic glass tephras from Aso
however, because 1.5 A of (006) reflection indicates that the clay volcano; Machida and Momose, 1985). The apparent ratio of TiO,/
mineral formed in the studied ash is di-octahedral. Al,O; of bulk ash may be higher than that of pure glass because of the

In the sediment column studied, two zeolites were also observed contamination of basic minerals such as chlorite and amphiboles. The
as products of diagenesis. As shown in Figure 2D, clinoptilolite higher TiO,/Al,0; ratio in the upper portion of the Site 808 sediment

appears at about the same depth as possible mixed-layered I/S. column as compared to the lower portion is concordant with the higher
Another zeolite, analcite, occurs below 810 mbsf where the tempera- intensities of chlorites and amphiboles in the upper portion. If chemical
ture is greater than about 75° C (Fig. 2E). Altaner and Grim (1990) analysis of pure glass were to be performed, the ash samples would
reported clinoptilolite and smectite formation during diagenetic al- become more rhyolitic than the present estimation.

teration of vitric tuff in Miocene formation in eastern Oregon. They Although decrease of the TiO,/Al,O; ratio with depth indicates a

observed that the smectite coexisting with K-rich clinoptilolite is more rhyolitic ash composition, the Si0,/Al,0; ratio also generally
depleted in K. It is plausible that K-rich clinoptilolite formation decreases with increasing depth (Fig. 3). This is due to a higher
interferes with the transformation of smectite to illite. Further infor- solubility of Sirelative to Al in the interstitial water. SiO, is generally
mation on I/S in volcanic ash and the chemical compositions of each released to interstitial waters when volcanic glass decomposes,
separated mineral phase will be necessary to clarify the different whereas Al and Ti tend to remain in the solid phase.

formation mechanisms of I/S mixed-layered minerals between vol- In Figure 4, the relation of MgO/Al, O, and K,0/Al,0; to SiO,/
canic ash and shales. ALOj; are shown for ash from five depth intervals defined by the
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Table 1. Peak intensities by X-ray diffraction of minerals in volcanic ash from Site 808.

Sample mbsf Qz Feld m Chl Cal Ho Clay cp Anal
131-80BA-

IH-1,71-73 cm 37 1000 778 153 228 0.0 0.0 0.0 0.0 0.0

2H-1,77-79 74 100.0 565 315 397 62.5 0.0 0.0 0.0 0.0

3H-2,41-43 176 1000 910 217 259 127 0.0 0.0 0.0 0.0

131-808B-

2X-1,80-82cm 1214 1000 38.1 4.2 57 209 0.0 0.0 0.0 0.0

9X-4,92-94 1936 100.0 508 100 152 35l 0.0 0.0 0.0 0.0
10X-2, 142-144 2003 1000 49.2 6.6 111 249 0.0 28 0.0 0.0
10X-3, 52-54 200.9 378 38 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HX-1,115-117 208.0  100.0 729 608 818 315 0.0 0.0 0.0 0.0
20X-2, 32-33 289.7 1000 80.7 63.1 5LI 0.0 0.0 28 0.0 0.0

131-BOBC-

BR-1. 17-19cm  366.1 100.0 38.6 57 94 235 0.0 0.0 0.0 0.0
I5R-3. 62-63 4373 1000 564 11O 160 0.0 0.0 4.3 0.0 0.0
I5R-4, 33-34 4385 1000 653 365 383 0.0 0.0 1.8 0.0 0.0
17R-1.73-75 4534 79.6 337 1.2 8.8 64.1 0.0 39 0.0 0.0
22R-3. 122-124 5052 1000 426 122 149 18.6 0.0 4.8 0.0 0.0
27R-6, 32-33 557.1 0.0 96.8 0.0 0.0 N7 0.0 215 0.0 0.0
29R-6, 38-39 575.0 0.0 1000 0.0 0.0 19.1 0.0 25.1 0.0 0.0

30R-4, 99-100 5838 54.6 354 31 0.0 21.2 0.0 31 0.0 0.0
30R-5. 119-120 5855 1000 88.0 0.0 40 206 514 474 0.0 0.0
32R-1. 128-130 598.6 46.9 50.0 0.0 2.6 0.0 0.0 31 0.0 0.0
32R-1, 142-144 598.7 38.0 42.6 7.7 T 0.0 0.0 4.1 0.0 0.0
32R-1. 147-149 598.8 974 8.2 0.0 0.0 0.0 0.0 2.1 0.0 0.0

32R-2,82-84 599.6 38 63.6 0.0 0.0 0.0 4.6 3.0 0.0 0.0
33R4. 4-6 611.4 28.7 424 0.0 0.0 0.0 7.8 62.1 0.0 0.0
34R-4. 126128 622.3 69.5 3.2 8.1 7.1 100.0 0.0 20 0.0 0.0
3A5R-CC 630.0 TL4 289 0.0 3z 17.3 0.0 6.8 0.0 0.0
35R-6, 60-62 634.3 62.3 212 0.0 37 204 0.0 6.3 0.0 0.0
37R-1, 30-32 6458  100.0 96.9 0.0 0.0 0.0 0.0 654  13.0 0.0
38R-2, 67-68 657.1 100.0 429 0.0 0.0 24.2 0.0 508 0.0 0.0
38R-5, B3-85 661.7 64.7 529 128 187 0.0 0.0 15.0 8.0 0.0
38R-6, 69-71 663.1 0.0 99.1 0.0 0.0 0.0 0.0 40.2 0.0 0.0
38R-6. 76-78 663.2 239 66.3 0.0 0.0 0.0 0.0 27.2 0.0 0.0
39R-1, 4749 6650  100.0 431 9.0 6.9 45.7 0.0 223 181 0.0
39R-3.31-33 667.8 33 100.0 0.0 0.0 0.0 0.0 906 100 0.0
39R-3.52-54 668.0 42.1 316 0.0 0.0 23.0 0.0 552 218 0.0
42R-2, 90-92 6959  100.0 63.0 69 11.0 419 0.0 364 179 0.0
42R-4, 15-17 698.2 44.6 38.6 0.0 0.0 0 0.0 72.8 0.0 0.0
43R-2. 115-117 7059 100.0 807 346 110 .0 0.0 219 161 0.0
45R-3.7-9 725.1 50.3 100.0 0.0 5.1 202 46.0 438 287 0.0
45R-3, 35-37 725.6 358 63.7 0.0 0.0 246 0.0 548 145 0.0
45R-3, 61-63 725.6 0.0 100.0 0.0 0.0 198 375 65.1 12.0 0.0
45R-6. 26-28 729.8 722 36 0.0 0.0 19.3 0.0 737 216 0.0

46R-5, 126-129 739.0 478 91.8 0.0 0.0 17.6 55 313 0.0 0.0
46R-5, 135-137 739.1 49.5 78.8 0.0 0.0 19.6 8.2 38.6 0.0 0.0
47R-2, 114-116 743.8 100.0 67.4 0.0 0.0 140 355 523 1Ll 0.0
48R-6. 139-140 T58.5 100.0 79 14.7 14.2 196 0.0 20.2 12.5 0.0
50R-5. 24 7756 100.0 62.6 4.8 59 364 0.0 16.6 9.1 0.0
5IR-3.123-126 T84.3 25.7 684 (48 148 779 0.0 7.1 13.6 0.0
53R-2, 120-122 802.1 0.0 99.2 0.0 0.0 0.0 422 543 296 0.0

53R-6, 4749 8074 67.0 93.0 0.0 0.0 17.8 0.0 49 389 32
54R-1. 60-62 809.7 25.8 64.2 0.0 0.0 0.0 0.0 426 353 2.1
54R-1. 65-67 8098 228 54.5 0.0 0.0 0.0 0.0 419 393 9.9
54R-1. 125128 810.4 92.0 39.6 39 0.0 00 148 324 195 33
54R-3, 15-17 8123 252 99.7 0.0 0.0 8.9 0.0 47,1 308 0.0
55R-2, 122-124 8229 719 98.3 0.0 0.0 216 0.0 503 175 0.0
S6R-1,70-72 829.1 92.7 259 6.8 0.0 1000 0.0 4.4 0.0 0.0
57R-4, 142144 844.0 85.8 100.0 53 4.1 0.0 0.0 54.4 0.0 6.5
T3R-1, 11-13 922.2 100.0 60.1 00 230 169 0.0 7.7 0.0 0.0
73R-5, 46-48 9986  100.0 43.7 00 118 0.0 0.0 10.6 0.0 0.0
75R-1, 67-68 1012.0 321 29.1 140 0.0 0.0 0.0 77.6 0.0 0.0
100R- 1, 58-60 1243.6 30.8 22.6 0.0 3.0 1000 0.0 1000 0.0 0.0
100R-CC, 20-22 12454 100.0 250 34 6.4 0.0 0.0 7.8 0.0 554
101R-1, 22-24 12524 100.0 29.7 0.0 64 574 0.0 7.9 0.0 79.2
10IR-2, 12-14 1253.8 100.0 26.2 0.0 29 1.1 0.0 19.4 00 1000
101R-2, 92-94 12546 100.0 35.1 18.1 13 9.3 0.0 12.7 0.0 1000
101R-3, 41-43 12556 1000 549 379 0.0 0.0 0.0 589 504 17.5
101R-4, 2-4 1256.7 100.0 100.0 0.0 0.0 25.0 0.0 0.0 931 99.1
102R-2, 30-32 1263.3 100.0 56.4 0.0 0.0 41,1 0.0 495 352 267
102R-3, 40-42 12649 1000 40.9 39 0.0 212 0.0 13.0 375 51.0
102R-3, 118-120 1265.7 100.0 488 138 0.0 0.0 0.0 172 453 473
103R-3, 39-41 1271.3 100.0 315 230 105 17. 0.0 850 155 320
103R-3, 45-47 1274.4 63.2 0.0 0.0 0.0 01 0.0 0.0 168 0.0

103R-3, 98-100 12749 1000 0.0 0.0 0.0 0l 0.0 00 488 0.0

Abbreviation of minerals and peaks measured for intensities are as follows. Q . quartz (3.34A); Feld: feldspar (3.20A);
111: illite (9.8A); Chl: chlorite (7.6A); Cal: calcite (3.04); Ho: hornblende (8.6A); Clay: clay minerals (154); CP:
clinoptilolite (9.0A); Anal: analcite (5.6A).
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Table 2. Analytical data of major-element chemistry of volcanic ash from Site 808.
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Si0,
Sample mbsf  (wi%) TiO, ALO, Fe,0; MnO MgO CaO K0 Na,O0 PO; Toul  IL*
131-808A-

IH-3,71-73 em 37 6758 058 1616 504 009 216 191 284 275 00 9921 Sl

2H-1,77-79 71 5653 063 1521 530 008 339 1154 293 183 024 9767 1352

3H-2, 41-43 176 6329 076 1658 793 053 269 1 321 041 015 9709 59

131-BOBB-

2X-1,80-82cm 1214 6278 075 1620 780 052 264 155 318 199 016 9756  6.82

9X-4, 92-94 1936 6637 068 1554 552 009 217 292 284 200 012 9823 612
10X-2.142-144 2003 6620 062 1362 739 021 207 346 257 214 018 9845 7.5
10X-3, 52-54 2009 6695 072 1647 408 011 130 299 380 371 023 10035 422
IX-1.15-117 2080 6485 077 1696 699 020 263 243 293 174 011 9961 706
20X-2,32-33 2897 6891 058 1454 397 0l 138 259 28 Al 014 9817 496

131-808C-

BR-1.17-19em 3661 6880 055 1523 493 0.4 178 347 286 274 025 10045 657
I5R-3. 62-63 437.3 5632 066 1513 1173 116 332 407 284 152 161 9836 952
I5R-4, 33-34 4385 5967 071 1587 978 080 306 2.8 303 182 08 9841 854
17R-1.73-75 4534 6368 060 1383 680 019 189 739 162 251 046 9897 103
22R-3.122-124 5052 7320 028 1393 255 006 074 1.8l 255 371 006 9888 638
27R-6, 32-33 5571 6398 094 1761 654 008 206 362 102 356 010 9949 697
29R-6. 38-39 575.0 63.29 0.76 16.58 7.93 0.53 2.69 1.54 k]| 3.67 015 100.35 1.03
J0R-4, 99100 §83.8 6925 050 1487 432 01l 152 209 300 257 021 9844 660
J0R-5. 119120 5855 5726 058 1925 880 007 291 375 093 262 016 9633 698
32R-1.128-130 5986 7261 040 1401 238 006 276 200 227 358 009 9814 604
JR-1.142-144  S9BT 7432 033 1445 266 007 097 147 237 345 005 10012 592
32R-1.147-149 5988 7556 0I5 1275 146 006 236 122 243 396 003 9797 583
32R-2, 82-84 599.6 6861 036 1609 243 007  LI3 372 191 365 011 9809 52
33R-4. 4-6 614 6282 052 1751 972 005 254 233 095 178 013 9834 919
34R4.126-128 6223 6402 032 1242 355 046 098 1289 187 285 025 9961 1329
35R-CC 630 7204 035 1399 365 007 LIl 203 199 278 005 9804
35R-6. 60-62 6343 7283 032 1365 332 007 95 217 194 276 004 9805 681
37R-1, 30-32 6458 6257 049 1977 725 005 287 270 072 292 0I5 9948 831
38R-2. 67-68 6570 6210 031 2092 759 027 234 193 040 28 004 9870 649
3BR-5. 83-85 6617 6395 075 1733 591 009 273 160 333 166 010 9745 685
38R -6, 69-71 663.1 6493 076  1BO8 541 010 255 392 121 336 029 1006 589
38R-6, 76-78 663.2 6231 099 1747 771 011 301 349 104 327 019 9927 657
39R-1,47-49 6650 6202 028 1846 991 006 306 162 040 244 004 9779 766
39R-3, 31-33 667.8
39R-3. 52-54 6680 5934 027 1750 1175 005 261 197 072 269 004 9693 8.6
42R-2,90-92 6959 6260 058 1837 681 042 280 374 208 187 0.0 9906 798
42R-4, 15-17 6982 6250 026 1842 800 007 359 183 059 249 005 9781 151
43R-2.115-117 7059 6387 068 1829 664 008 266 175 268 205 010 9879 762
45R-3,7-9 7251 5608 061 2389 510 003 336 822 050 165 010 9954 367
45R-3, 35-37 7256 6198 049 1869 7.1 005 120 609 060 264 012 10095 85I
45R-3, 61-63 7256 5780 063 201001 448 005 .17 621 064 372 DIS 9684 376
45R-6, 26-28 7298 6257 024 1946 854 004 49 144 LI14 213 005 9808 805
46R-5,126-129 7390 6637 028 1793 540 006 07 232 101 373 008 9924 595
46R-5, 135-137 739.1 66.77 0.29 17.93 5.83 0.06 244 233 0.75 3.62 0.08 100.09 8.30
47R-2,114-116 7438 6063 041 1900 819 005 19 369 066 255 008 9745 540
48R-6,139-140 7585 6471 066 1693 58 060 47 212 284 213 009 9837 646
S0R-5, 2-4 7756 6231 053 17011 737 005 135 342 235 194 070 9811 676
SIR3.123-126 7843 6387 064 1621 480 006 212 542 273 184 01l 9780 848
S3R-2.120-122 8021 6296 048 1901 582 006 250 434 064 397 010 9998 615
53R-6, 4749 807.4 68.76 0.45 15.96 499 0.03 1.50 232 1.01 3.20 0.13 98.33 9.47
SAR-1, 60-62 8097 6704 056 1635 355 002 143 296 060 380 016 9649 844
S4R-1. 65-67 809.8 6159 058 1736 731 005 229 273 149 405 009 9752 694
54R-1,125-128 8104 6384 041 1726 565 004 196 295 073 278 012 9573 552
S4R-3, 1517 8123 6348 041 1734 562 003 200 295 071 350 012 9616 799
SSR-2,122-124 8229 5552 087 2201 967 003 196 553 096 180 014 9849  BO6
56R-1,70-72 820.1 3364 027 878 397 235 151 4062 173 067 008 9362 2058
STR-4, 142-144 8440 5810 048 2041 1096 00l 221 178 102 118 006 9590 958
73R-1, 11-13 9922 6478 073 1734 651 014 252 080 347 LI6 007 9751 615
73R-5, 46-48 9986 5096 056 1298 2828 005 178 072 279 LIl 005 9926 867
75R-1, 6768 10120  61.8¢ 034 2335 547 006 365 156 063 212 010 9912 1192

100R-1, 58-60 12436 8090 026 1077 230 009 099 056 19 075 006 9866 19.19
I00R-CC.20-22 12454 8044 025 1069 233 010 103 056 206 250 006 10001  3.66
101R-1,22-24 12524 7546 025 1299 235 080 093 072 265 299 014 9927 489
101R-2, 12-14 12538 7282 020 1476 160 005 077 094 155 494 018 9781 622
101R-2,92-94 12546 7408 025 1396 154 006 €57 091 LI3 545 017 9812  9.89
I0IR-3, 4143 12556 7222 034 1573 213 007 102 352 109 237 020 9868  9.79
101R-4, 24 12567 7209 041 1649 070 005 022 274 164 571 009 10004 212
102R-2, 30-32 1263.3

102R-3, 40-42 12649 7571 008 1339 109 016 093 263 132 319 003 9852 665
102R-3, 118-120 12657 7169 012  i508 137 047 118 221 196 350 004 9730 64
103R-3, 3941 12713 6456 021 2149 368 0.8 344 251 L4 232 009 9962 1364
103R-3, 4547 12744 7307 038 1488 082 003 060 279 061 418 005 9741 957
103R-3,98-100 12749 7673 029 1352 047 002 033 238 074 356 007 9809 572

*IL is ignition loss.
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Figure 3. Variation of major chemical constituents of volcanic ash with depth.
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mineral assemblages shown in Figure 2B. The plots of MgO/Al,0;
vs. Si0,/Al,0, for samples shallower than 646 mbsf show a negative
correlation, although coexisting basic detrital minerals such as chlo-
rite and hornblende obscure this relation. This negative correlation
indicates the mixing of andesitic ash and felsic detrital minerals.
Below 646 mbsf, the SiO,/Al,0, and MgO/Al,O; ratios of the same
ash are positively correlated, suggesting the possibility that a single
process is affecting the SiO, and MgO concentrations of ash in the
deeper portion.

Above 1200 mbsf, the K,0/Al, 0, ratio has a less-clear relation to
the Si0,/Al,0; ratio than the case of MgO/Al,0,. The presence of
detrital minerals, such as quartz, K-feldspar, K-mica, and hornblende
may hide the simple mixing relation observed between Si0,/Al,0,
and MgO/Al,O,. However, the plots of K,0/A1,0; vs. SiO,/Al,O, for
samples below 1200 mbsf, where the ash samples are strongly altered,
show a weakly positive correlation similar to that between MgO/
Al,O, and SiO,/Al,0;. This means that K behaves in a similar way
to Si and Mg in this depth range.

The Fe,0,/Al,0; ratios of all ash samples are positively correlated
with the MgO/Al, O, ratios (Fig. 5). The positive correlation is much
better in the samples above 810 mbsf, with more scatter in data from
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Figure 5. Relation between weight ratios of MgO/Al,O4 and Fe,04/Al,0;.
Symbols are the same as those in Figure 4.

deeper samples, Iron is not abundant in interstitial waters, while Mg
is one of the major cations there. The data plotting above the general
correlation trend in Figure 5 may indicate the incorporation of excess
Mg in the solid phase from coexisting interstitial water. An increase
of the Mg concentration of the solid phase with depth is consistent
with the Mg depletion of coexisting pore fluids (Shipboard Scientific
Party, 1991). This indicates that Mg of the pore fluids is fixed in
smectite during diagenetic alteration,

Interaction Between Ash And Interstitial Water

There appears to be a close relation between the chemical compo-
sitions of interstitial water and volcanic ash as a function of depth at
Site 808 (Shipboard Scientific Party, 1991). In Figure 6, the H,SiO,
concentration and K/Cl and Na/Cl ratios of the interstitial waters
analyzed during Leg 131 are plotted as a function of depth. H,SiO,
gradually increases from 500 UM just below the seafloor to 650 uM
at 180 mbsf, and then rapidly increases to more than 800 LM between
180 and 200 mbsf. The concentration of H;SiO, remains high to a
depth of 550 mbsf and then sharply decreases to about 200 pM. The
K/CI ratio of the interstitial waters is characterized by an overall
decrease between 0 and 650 mbsf with deflections in this trend near
200 mbsf and 550 mbsf (Fig. 6). The Mg/Cl ratio of the pore waters
(not shown in this paper) varies in a similar manner to the K/Cl ratio.

As noted earlier, smectite starts to appear at 200 mbsf and the
smectite content drastically increases below 550 mbsf (Fig. 2). Clinop-
tilolite and analcite first appear in the sediments at 650 and 810 mbsf,
respectively. The first occurrence of smectite and the decrease of the
K/Cl ratio of the interstitial water in the uppermost 200 mbsf indicate
that smectite formation is associated with the removal of K from the
interstitial waters. Smectite contains 45 wt% SiO, in its structure, while
andesitic glass contains 60 to 65 wt% SiO,. When smectite is formed
from andesitic glass, SiO, is released to the interstitial water. This also
occurs in the uppermost 200 mbsf at Site 808.

The decrease in the K/Cl ratio of the interstitial waters at 550 mbsf
corresponds to the first occurrence of mixed-layered I/S in shales
(Underwood et al., this volume). Below 646 mbsf, where clinop-
tilolite (and maybe I/S) in the ash first appear, the H,SiO,4 concentra-
tion and K/CI ratio of the interstitial waters vary little compared with
waters between 550 and 646 mbsf.

As described earlier, the SiO,/Al,04, MgO/Al,0;, and K,0/ALO;4
ratios of bulk ash layers illustrate the mixing between andesitic glass
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and detrital minerals in the sediment column above 657 mbsf. By
comparing the chemical characteristics of interstitial waters and ash,
we suggest that glass decomposition exceeds smectite formation
above 646 mbsf. The decrease of the H,SiO, concentrations of
interstitial waters between 550 and 650 mbsf is probably due to
clinoptilolite formation. However, quartz overgrowths precipitating
on detrital quartz may occur after illitization of smectites in sedimen-
tary cements (Boles and Franks, 1979). Although an increase of the
quartz content of the ash was not observed by X-ray diffractometry
in the interval between 550 and 810 mbsf, the precipitation of quartz
is also a possible sink for dissolved SiO,.

Analcite is considered to be the major reservoir of Na in this
sediment column. The relative intensity of X-ray reflection patterns
of analcite tends to increase with the Na content of bulk ash layers
(Fig. 7). Because Na is the most abundant cation in interstitial waters,
a small variation (in the concentration of dissolved sodium) is hard
to detect. In this sediment column, analcite occurs below 810 mbsf,
Sodium fixation into analcite is not obvious in the interval between
810 and 1200 mbsf because of the low content of analcite and rare
occurrence of ash layers. The decrease of the Na concentration of the
interstitial water below 1200 mbsf (Fig. 6C) can be explained by the
abundant formation of analcite at these depth (Fig. 2C). Thus, mineral
formation by ash alteration also appears to affect the Na content of
the interstitial water at the base of this sediment column.

SUMMARY AND CONCLUSIONS

The mineralogy and major-element chemistry were determined for
72 volcanic ash samples recovered from the sediment column between 4
and 1275 mbsfat ODP Site 808 in the Nankai Trough. The firstoccurrence
depths of crystalline by-products of ash alteration are smectite, 200 mbsf;
clinoptilolite, 646 mbsf; and analcite, 810 mbsf. Although I/S formation
seems Lo occur in the sample from 646 mbsf, I/S formation rarely occurs
even in the samples from the basement of the column.

In the sediment column above 550 mbsf, glass decomposition
occurs faster than mineral formation in terms of component mass
balance, but mineral formation becomes more dominant below that
depth. During the alteration of ash, Fe is preserved in the solid phase
as well as Al and Ti. The concentration of H,Si0, in interstitial waters
is affected by the initiation of smectite formation at 200 mbsf (increase
in H;Si0,) and clinoptilolite formation at 646 mbsf (decrease in
H,Si0,). A sharp decrease of the K concentration of the interstitial
water is associated with the formation of clinoptilolite (and/or illite).

VOLCANIC ASH CHEMISTRY, MINERALOGY

Clinoptilolite formation probably interferes with the formation of
illite in I/S in the sediment column below 646 mbsf. The Mg content
of ash layers increases over the same interval, probably as a result of
smectite and/or chlorite formation. Analcite forms below 810 mbsf
(and particularly below 1240 mbsf), which may cause the observed
decrease in the Na concentration of the interstitial water. Thus, the
alteration of volcanic ash has a major influence on the chemistry of
interstitial waters at Site 808.
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