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Alteration of oceanic crust at the Tonga-Kermadec subduction front and its controlling factors
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Abstract: Altered oceanic crust is the significant source of the materials subducting into the mantle and cause of volcanisms.
The variations in mineral and geochemical compositions that caused by the alterations are crucial for understanding the
chemical cycles of the solid earth. IODP Site U1365, located in the subduction slab in front of the Tonga-Kermadec subduc-
tion zone, is selected as an ideal place for study of the basalts to reveal the subduction process of the Tonga-Kermadec zone.
We analyzed the major elements of alterated products of 9 basalts with electronic probe. Combined with bulk rock geochemi-
cal data, we investigated the influencing factors of low temperature alteration, and discussed the control of alteration prod-
ucts on bulk rock geochemical variations. The major products of alteration are recognized as saponite, celadonite, beidellite,

zeolite, chlorite, palagonite, phyrite, calcite, and Fe-oxide/hydroxide, which represent a typical type of low-temperature
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alteration. From the lava boundary and/or vein edge to the center of the rock, a progressive sequence of dominant secondary
mineral assemblage has been identified, which changes from Fe-oxide/hydroxide to celadonite, to saponite + phyrite, indi-
cating a transition from oxidizing condition to reducing condition. The types of alteration include mineral replacement, vent
filling, and vein filling. Based on the mineral compositions and intercalating relationships, the alteration processes could be
divided into four stages, characterized respectively by palagonitization of basaltic glass, formation of oxidizing minerals
(celadonite and Fe-oxide/hydroxide) , formation of reducing minerals (saponite and phyrite) sand the closing of fractures by
calcite veins. The chemical changes of oceanic basalts during the alteration are mainly marked by rising in K,O and Fe,O; ,
and losing of FeO, CaO and Na,O. The alteration becomes intensified when it closes to the lava boundary, as the minimum
water-rock ratio rising up. As the result, it will lead to stronger chemical variations. Electronic Microprobe data analyses
show that, K,O is mainly reserved in celadonite and zeonite; Fe,O; in Fe-oxide/hydroxide, palagonite, and celadonite; and
CaO in calcite vains but significantly low in other alteration products. This result can explain the chemical variations of the
basalts of Site U1365, for instance, the samples, which suffered stronger sea water oxidation, may have more oxydic altera-

tion products ( such as Fe-oxide/hydroxide, palagonite, and celadonite) enriched in K,O and Fe,O;, indicating the control

of alteration types on oceanic basalt compositions.

Key words:altered basalt; low temperature hydrothermal alteration; Site U1365; alteration products
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(After references [28,29])
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Fig.2 Well log section of Hole E, Site U1365
Core section is modified based on references [30,31]; P refers to numbers of thin sections, A refers to numbers of bulk rock samples; minimum

rock-water ratios are calculated by the formula in part 4. 1; mbsf: meters below sea floor

R1 UI36S i EXKEH R
Table 1 Sample list of altered basalts from Site U1365

5 Fe b 1D TR /mbsf JETR / mbst HT S X IE A R
1 329-U1365E-3R-3-W 33/37 83.54 83.58 P1
2 329-U1365E-4R-1-W 24/25 85.74 85.75 P2 A4
3 329-U1365E-4R-2-W 137/142 88.24 88.29 P3 A5
4 329-U1365E-7R-3-W 2/4 102.37 102.39 P4 A9
5 329-U1365E-8R-1-W 41/47 105.41 105.465 P5 All
6 329-U1365E-8R-2-W 117/119 107.07 107.11 P6 Al2
7 329-U1365E-8R-4-W 8/10 108.62 108.64 P7
8 329-U1365E-11R-2-W 89/93 117.96 118 P8

9 329-U1365E-12R-3-W 128/132 123.59 123.63 P9
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Fig.3 Classification triangle of alteration products
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Fig.4 Microscopic photos of samples (under polarizing microscope)
Pl, plagioclase phenocryst;Gl,basaltic glass;Sap,saponite;Cel, celadonite; Zeo,zeolite;

Chl, chlorite; Bei, beidellite; Pyr, pyrite; Cal, calcite; Pal, palagonite; Fe-oxy,iron oxide/hydroxide
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Table 3 Basalts alteration characteristics at Site U1365
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Fig.5 Variations in TiO, during alteration
(The correlation coefficient between the data and the line is

r=1.09. Data from Zhang &. Smith,2014'7)
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Fig.6 Major element enrichment factor of altered samples
(R, represents the enrichment factor of element X, A4, Al2, A5,
A9, Allrepresent the altered samples which are corresponding to

rock sections respectively. Grey lines represent other altered samples)
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Fig.7 Comparison of major elements of

alteration products with bulk rocks

(a) TFe; 03/ Ti02-MgO/TiO; ; (b) Na; O/ Ti02-K, O/ TiOz ; ()

Ca0/Ti0O2-Na; O/ TiO;. Red arrows represent the variations in ma-

jor element ratios from fresh samples to altered samples. Data of

bulk rocks are from Zhang & Smith,2014[1
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