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Earth's Magnetic Field, Cosmic Ray
and Evolution
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Laboratory of Global Tectonics, Department of Life Science, Faculty of Science,
o Himeji Institute of Technology
(Shosha 2167, Himeji, Hyogo 671-2201, Japan)

(Received July 7, 1999; Accepred 21 July 1999)

ABSTRACT

Variation of the Earth's magnetic filed (geomagnetic field), which is seemed to be
one factor triggering mutation affecting the evolution of life, is introduced. The
Earth's magnetic field shuts out the inflow of cosmic ray (charged particles) such
as the solar wind to the Earth's surface. The inflow of charged particles relatively
increases with intensity decay of the geomagnetic field. Especially during the
reversal period of the geomagnetic field, the intensity temporarily becomes nearly
to zero, when a 10 % fraction of the cosmic ray inflow reaches to the Earth's
surface. The period of nearly zero geomagnetic field is estimated to be about 1000
vears. The relative increase of the inflow for the long period (1000 years) can
accelerate the mutation rate, that is the evolution of life. The intensity of the
geomagnetic field has reduced by half since 2000 years ago. This reduction has a
similar pattern to the intensity decay at the reversal time of the geomagnetic field.
If the geomagnetic field reduce the intensity at the equivalent rate, the intensity
becomes nearly to zero after 2000 vears, and then this condition lasts for 1000
years. We can know the direct relation between "variation of the Earth's magnetic
field" and "the evolution (mutation) of life", if we wait for the opportunity at the
future time.

Key words: Earth's magnetic field, mutation, evolution of life, cosmic ray,
geomagnetic field variation
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DEEP SEAFLOOR HYDROTHERMAL SYSTEMS: AN OVERVIEW
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ABSTRACT

Significant progress has been made in geochemical studies on submarine hydrothermal
activity at mid-ocean ridges since the first discovery of hot springs at Galapagos Rift in 1977. It has
been elucidated that hydrothermal flux between subseafloor and deep seawater plays an important
role in biogeochemical cycles in the ocean. In order to estimate the global hydrothermal flux
quantitatively, however, further observations of hydrothermal chemistry should be conducted both
on spatial variation associated with fluid-sediment interaction etc. and on temporal variation caused
by abrupt events such as volcanic eruptions. Hydrothermal plumes have been a subject of intense
investigation, not only because they give us useful information to locate active hydrothermal vents,
but because plume particles act as adsorbents for the removal of chemical components in seawater.
Hydrothermal vent communities based on chemosynthesis are also reviewed briefly.

KEY WORDS: Submarine hydrothermal activity, Geochemical ﬂu;é, Mid-oceanic ridge,
Hydrothermal plume, Water-rock interaction, Submarine eruption, Chemosynthesis
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Ridges) and other areas where hydrothermal systems have ever been located.
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Figure 3. A schematic hydrothermal circulation system (drawn in imitation of an original

illustration by G. Massoth)
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temperature during hydrothermal circulation [37,
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Table 2. Comparison of hydrothermal fluid chemistry between sediment-hosted ridges and
sediment-starved ridges. With regard to the data sources, see Gamo [44].

Sediment-hosted type Sediment-starved type
Name of site] Okinawa | Escanaba Middle Guaymas East Pacific | Mid-Atlanlic Normal
Trough Trough Valley Basin Rise Ridge seawaler
(JADE) 21°N (TAG)

Items )
Temp. (°C) 320 220 265-276 270-315 273-355 270-366 2-4
Mg (mM) 0 0 0 ¢ ] 0 52.7
80, (mM) 0 0.4 0 0-0.6 -3-0 28
Li (mM) 2.5 1.29 0.37-0.55 | 0.63-1.08 0.89-1.48 041 0.026
K {mM)} 72 404 14-19 3349 23-26 17-19 9.8
Rb (uM) 360 110 23-31 60-86 23-28 9-10 1.3
Mn (uM) 110 10-21 63-78 110-236 700-1020 670-1000 <0.001
Fe (uM) 2.8 0-10 10-20 8-180 650-2430 1640-5590 <0.001
8i0, (mM) 12.9 6.9 9.3-13.8 15.6-19.5 19-22 0.18
Cl (mM) 550 668-680 412-578 580-637 489-592 636-680 540
Br (UM) 1045 1050-1180 | 770-1070 | 1050-1120 800-950 1000-1100 860
I (M) 104 81-107 58-77 Q.5
pH 47 54 5.1-5.5 5.9 3.34.0 2.6-34 78
Alkalinity (mM) 1.9 3.1 1.4-20 2.8-10.6 -0.2--0.5 -3--0.5 2.3
NH, (mM) 5.0 5.6 2.8 11-16 <01 0.002
CH, (mM) 7.6 6.8 0.05-0.09 <(.000001
CO, (mM) 209 >0 4-12 16-24 5.7-8.0. 2.3
"He/*He (R/Ra) 6.1-6.9 53 7.0-8.0 78 7.5:0.9 1-1.2
8°C(CH.) (%0) -36- 41 -43~-51 -18--15
"BefBe x10"™ 8.4-8.7 3.8-23.0 0.3-3.8 0.9 670-1000
"B (%) -1.0 10.1-11.5 16.5-23.2 29-33 28-35 -39.5

Se™Sr 0.7089 0.7099  |0.7042-0.7044] 0.7052-0.7059 | 0.7030-0.7036 | 0.7029-0.7046 0.7092
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Incorporation of Rare Earth Elements into Molecular Fractions of
HeLa Cells Treated with 'Ce, **Tb and " Tm
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Research Reactor Institute, Kyoto University
Kumatori, Sennan, Osaka 590-0494, Japan
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Hela S-3 cells were treated with the mixture of '*'Ce, '“Tb and "Tm for 30 — 180 min at 0 or
37°C, and the radioactivities of these RI incorporated into the cellular fractions were
measured using a Ge-detector coupled to a multichannel analyzer.  The experiments
revealed that all rare earth elements (REEs) tested bound to proteins in preference to DNA
and RNA.  The rate of binding of REEs to proteins was so rapid that 30 or 60 min under
these conditions was enough to complete the process.  More than 90 % of Tb and Tm and
more than 80 % of Ce added bound to the protein fraction after a 60 min-incubation. It
should be noted that REEs seem to recognize their counterparts in their combinations.
Namely, Tb- and Tm-distribution in the protein fraction was higher than in the nucieic acid
fractions, while Ce tended to distribute in the DNA and RNA fractions.

Key words : HeLa cell, Rare earth element, “/Ce, Tb, T, protein fraction
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Schematic illustration showing the extraction process
Cells
add 3 ml Lysis sol. + 0.2 ml 10 % SDS
+0.5 ml Proteinase K(2 mg/ml)
overnight at 37°C (in water bath or incubator)
add 1 m} of 6 M NaCl

mix more than x 15

w 5pin 3200 rpm for 15 min

v v

ppt Supernatant (DNA, RNA)
(Protein) into 100 % Ethanol
spin 3000 rpm for 10 min
discard Ethanol
add 2 ml of TE sol,

add Rnase (final : 10 - 20 pg/ml)

incubate at 37°C, 2 hr

into 100 % Ethanol

v Spin

v v

ppt (DNA) RNA (Lysis sol.: 10 mM Tris - HCI,
400 mM NaCl, 2mM Na,EDTA)

(TE sol.: 10 mM Tris - HCL, 0.1 mM EDTA)
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Fig. 1-a, y ray spectrum of Rl-treated cells.
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