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Authigenic clay minerals in volcanic ash layers from
ODP Site 808 in the Nankai Trough, and their formation
condition estimated from those oxygen isotope ratios
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Mineralogy and oxygen isotope ratios of <0.1 um authigenic clay minerals were deter-
mined for the nine volcanic ash layers in the sediment column from 580 to 1255 meters below
sea floor at ODP Site 808 in the Nankai Trough. Seven of 9 samples comprise of monomineralic
smectite, and 2 samples from 922.2 and 998.6 mbsf comprise of R=1 illite—smectite mixed-
layered clay minerals. Assuming that oxygen isotope compositions of the clay minerals are
equilibrated with those of the coexisting porewater, of which composition is the same as that of
sea water, formation temperature of the clay minerals was estimated to be ca 50°C regardless of
burial depth. It means that the smectite was formed most actively when the temperature of
sediments rose at ca 50°C during burial, and no distinctive change of oxygen isotope composition
occurred after its formation. Three samples from 775.6, 812.3 and 1253.8 mbsf gave the high for-
mation temperature of ca 75°C, probably due to the simultaneous formation of clinoptilolite and/
or analcime. R=1 illite—smectite mixed-layered clay minerals may be formed at the same tem-
perature as smectite but under different condition(s) of water/rock ratio and/or porewater chem-
istry.

Key words: smectite, [-S mixed-layer minerals, zeolite, illite, diagenesis, volcanic ash layers,
accretionary prism sediment
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Fig.1 (a) Map showing the locality of ODP Site 808 (modified from Masuda et al.,
1996). (b) Cross-section of the toe of Nankai accretionary wedge and trough
along Muroto transect showing drilling sites, based on seismic reflection data

(modified from Moore et al., 2001).
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Table 1 Major-element chemistry of studied volcanic ashes in ODP Site 808,

Nankai Trough (from Masuda et al., 1993).

Sample mbsf Si0, TiO,  ALO; Fe;0;  MnO MgO CaO K0 Na,0O P,Os Total IL*
(Wi%)

30R-5, 119-120 585.5 57.26 0.58 19.25 8.80 0.07 291 375 093 262 0.16 9633 698
43R-2, 115-117 7059 63.87 0.68 1829 6.64 0.08 266 175 268 205 0.10 9879 762
50R-5,2-4 7756 62.31 0.53 17.11 737 0.05 235 342 235 194 070  98.11 6.76
54R-3,15-17 8123 63.48 041 17.34 562 0.03 201 295 0.71 3.50 0.12  96.16 79
57R-4, 142-144 8440 58.10 048 2011 10.96 0.01 221 1.78 1.02 118 006 9590 9.58
73R-1, 11-13 9222 64.78 0.73 17.34 6.51 0.14 252 0.80 347 1.16 007 9751 6.15
73R-5, 4648 998.6 50.96 0.56 298 2828 0.05 1.78 0.72 279 1.11 005 9926 867
75R-1, 67-68 1012.0 61.84 034 2335 547 0.06 3.65 1.56 0.63 212 010 99.12 11.92
101R-2,12-14 1253.8 72.82 020 14.76 1.60 0.05 0.77 094 1.55 494 0.18 9781 622
*IL is ignition loss.
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Fig. 2 X-ray diffraction patterns of fractions with
size <0.1 um, served for the oxygen isotope
analysis. S: Smectite, I-S: Illite—smectite
mixed-layer, Ch: Chlorite, I: Illite.
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Fig.3 (a) X-ray diffraction patterns of air-dried
and ethylene glycolated <0.1 um fractions
from 844.0 mbsf. The peak of d(001) shifted
from 12.80 to 17.0 A and 2 peaks of Illite
(001)/Smectite(002) and Illite(002)/Smectite
(003) appeared by ethylene-glycol treat-
ment. (b) and (¢) X-ray diffraction patterns
of ethylene glycolated <0.1 um fractions
from 922.2 and 998.6 mbsf, respectively.
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a : chemical composition of chemically untreated sample at 810.4 mbsf.

6 LT R R o I B S O G vt =
Table 2 Representative chemical compositions of authigenic <0.1 um smectites in
ash layers at Site 808.
Sample 30R-5, 43R2, SO0R-5, 54R-3, S7R4, 73Rl 73RS, TSR, 101R-2, 54R-1,
119120 115117 24 15-17  142-14411-13 4648 6768 12-14 125-128
Depth 5855 7059 7756 8123 840 922 9986 10120 12538 8104
(mbsf) a b
(Wt%)
Sio, 54.5 54.0 556 56.5 55.1 495 518 54.9 563 588 587
ALO; 166 168 16.0 15.1 186 228 194 189 209 156 155
Fe,Os* 62 66 100 8.1 53 79 110 38 26 87 92
MgO 30 29 26 30 29 43 4.1 34 30 34 32
Ca0 0.1 00 00 00 00 04 03 00 0.1 0.5 01
Na,0 4.1 4.1 24 28 28 19 20 26 31 24 25
K0 02 0.1 00 02 06 43 41 04 05 02 02
Total 84.7 844 86.6 856 854 91.0 9.8 839 86.5 898 897
Numbers of cation on the basis of 20 oxygens and 4 (OH)
Si 779 774 779 796 775 682 7.06 778 172 793 794
Al 279 234 264 251 3.08 370 312 315 338 248 248
Fe 067 071 1.06 086 0.56 082 113 041 027 089 093
Mg 064 062 0.54 063 061 0.8 0.84 072 061 069 064
Ca 002 0.00 0.00 0.00 0.00 0.06 004 0.00 002 008 002
Na 114 114 065 077 0.76 051 0.53 071 082 062 065
K 004 002 0.00 0.04 0.11 0.76 0.70 007 0.09 003 005
* All iron assumed as Fe,Os.

b : chemical composition of sample at 810.4 mbsf dispersed in pH 8 NH," solution after chemical treatment.

Table 3 Illite contents of smectite with size <0.1 um and their oxygen isotopic compo-

sition.

Sample Depth llliteinI-S  I-S ordering 5'%0 Std dev
(mbsf) (%) ® (%0) (%0)

30R-5, 119-120 5855 0 0 21.0 - (1)*
43R-2, 115-117 705.9 0 0 192 0.54 2)
50R-5, 24 775.6 0 0 172 0.25 )
54R-3, 15-17 8123 0 0 17.1 0.21 “)
57R-4, 142-144 844.0 0 0 19.7 0.27 2)
73R-1, 11-13 9222 80 1 188 - 1)
73R-5, 4648 998.6 75 1 202 0.19 )
75R-1, 6768 1012.0 0 0 204 - 1)
101R-2, 12-14 12538 0 0 170 0.06 )
* Numbers of measurements.
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Table 4 Material assemblage of the studied ash samples.

Sample Depth Clay Cp Anal Qz Feld Hor LE
(mbsf) (wt %)* (vol %)y**
30R-5, 119-120 585.5 40 4 0 20 16 60 0
43R-2, 115-117 7059 20 0 0 25 21 0 53
S0R-5,2-4 7756 20 51 0 10 39 0 0
54R-3,15-17 8123 45 81 0 7 8 4 0
57R-4, 142-144 8440 45 0 0 50 46 0 0
73R-1,11-13 9222 5 0 0 20 5 0 75
73R-5, 4648 9986 10 0 0 30 0 67
75R-1,67-68 1012.0 80 0 0 68 32 0 0
101R-2, 12-14 1253.8 20 0 47 48 4 0 0

Cp: clinoptilolite, Anal: analcime, Qz: quartz, Feld: feldspar, Hor: horblende, L.F.: lithic fragment.
* Weight percent of clay minerals in the ash samples (from Masuda ez al., 1993).
** Volume percent of minerals and lithic fragment within the particles separated from the ash samples by removing clay minerals.
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Fig.5 SEM photomicrograph of authigenic smec-
tite in the ash from 585.5 mbsf (untreated
sample), showing characteristic curled edges
and fluffy and cellular texture.
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Fig.6 (a) Weight percent of clay minerals (smec-
tite and I-S) (from Masuda et al., 1993) and
(b) volume percent of zeolites in the studied
ash layers at ODP Site 808 in the Nankai
accretionary prism (this study).
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Fig.7 Oxygen isotope equilibrium temperatures
calculated using the equation (1) and (2)
from the 0"0 of <0.1 um fraction and the
sea water (0%o). Solid lines are temperature
gradient for conductive heat flows of 126
and 129 mW/m* at ODP Site 808 (Taira et
al., 1992).
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