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Abstract

Since the initiation of the Ocean Drilling Program, ocean—floor gabbros have been recovered
from deep drilling holes in the Pacific (ODP Hole 504B), Atlantic IODP Hole U1309D) and Indian
(ODP Hole 735B) oceans. Recently, ODP-IODP Hole 1256D in the East Pacific, opened during
ODP Leg 206 and deepened through IODP Exp. 309 and Exp. 312, successfully penetrated into
gabbros and provided a complete and intact section of the upper oceanic crust (Wilson et al.,
2006). The chance of having plutonic rock specimens from the ocean—floor in our hand will
increase rapidly in the next decades by the operation of “Chikyu”.

In this paper, we briefly review the mode of occurrence of U-bearing minerals, ages and
geothermal gradients estimated from deep—sea drilling holes and ophiolites. Dikes recovered
from the 15 Ma Hole 1256D crust exhibit an interesting feature; titanite (sphene) concentration in
hydrothermal veins and glassy fillings in the matrix of dike-margin breccias. Complex cross
cutting relationships of hydrothermal veins and ubiquitous occurrence of dike-margin breccias
imply that they were formed just after the dike intrusions. Recently, zircon crystals were
separated from the Indian ocean gabbros (Schwartz et al., 2005) and dikes and gabbros of the 6
Ma Taitao ophiolite (Anma et al., 2006), which contains ~40 to 80 ppm Zr. U-Pb ages of such
minerals must represent the age of magma crystallization, whereas fission track ages present
cooling ages (below ~250°C).

The U-Pb ages for the Indian ocean gabbros (Schwartz et al., 2005) show striking consistency
with age estimated from the paleomagnetic records. The U-Pb and fission track ages of the
Taitao ophiolite that formed nearby the Chile ridge show good agreement within error range (0.4
Ma to 0.1 Ma depending on U contents), implying rapid crystallization and cooling (Anma et al.,
2006). Thus, both dating methods yield reliable and consistent ages with reasonable accuracy
even for young basic rocks.

Difference between temperatures estimated using oxygen isotopes of hydrothermal minerals

and current geothermal gradients measured along the 6 Ma Hole 504B (~100°C /km; Alt, 1999)



indicates that the sheeted dikes in 504B cooled down below the closing temperature of zircon

fission track after the hydrothermal alteration. In contrast, geothermal gradient measured along
the 15 Ma Hole 1256D was ~60°C /km (Expedition 312 Scientists, 2006), much lower than the 6

Ma crust. This implies a possibility to measure cooling rate of ocean floor in low temperature

range by comparing U-Pb and fission track ages of igneous zircons and hydrothermal titanites.

Such basic data will be useful to deduce the locale of ophiolite genesis; an interesting research

target for the Japanese Fission-Track community.
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Rock

Separated zircons

doleritic dikes M-grained

Unit Sample | e Comments (grains/kg)
Estero Cono |TPD217 |dolerite  [PI, CPx, Hb 8 (16 grains/kg)
-, ,, | dike complex [TPD225 |dolerite | pi, CPx, Hb 8 (8 grains/kg)
Do
B & | Mitford-Rees | TPG262 |dacite Phenocryst: Hb & P! 40 (120 grains/kg)
® 2| dike complex Groundmass: Pl, K-fel, Qz, Hb & opq
jo g Myrmekite
» o TPG385 |dolerite  [PI, CPx, Hb 2 (6 grains/kg)
Gabbros with [TPG244 |gabbro | F,5% % CPx 40 % * opq ~200

CPx -—> Hb & Ac rims
apatite grains

(400 grains/kg)

Plutonic
complex

serpentinite aralned

. bbro Pl: 70 %, CPx: 20 % + o
TPB268 |92 ‘ °+opq
Gabbro with C/M- CPx —> Hb
2 zircons recognized under microscope

over 500 grains fr.
500 g specimen
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