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In recent years, seafloor massive sulfide (SMS) deposits have been attracting attention from
the viewpoint of metal resource development. For the development, detailed information on
the scale and grade of deposits is required and also, it is urgent to establish advanced survey
and exploration methods. At present, a wide area survey by geophysical exploration is
underway in seafloor hydrothermal vent areas. However, the information obtained by
geophysical exploration is limited to several physical properties, and the shape of the
seafloor hydrothermal deposit, especially the scale in the depth direction (thickness of the
deposit), and metal grade distribution have not yet been sufficiently clarified. The current
situation is that geophysical exploration alone cannot reach the stage of resource quantity
evaluation. On the other hand, drilling surveys that can directly obtain information on
materials under the seafloor are expensive, and the core recovery rate of subseafloor drilling
is generally low.

This PhD dissertation aims to develop technology that acts as a ‘bridge’ between rock
physical properties and metal-resource distribution on and beneath the seafloor. For this
purpose, rock samples were obtained in a seafloor hydrothermal activity area at the middle
Okinawa Trough, and their physical properties and chemical components were measured and
analyzed by several methods. For evaluating the metal resource compositions, the
electromagnetic properties of the rocks containing sulfide minerals were mainly targeted.
The physical formula that links the electromagnetic properties of rocks and the content of
sulfide minerals were newly constructed by this study. The rock electromagnetic model of
the preceding studies and the rock model of this study were compared with the measured
data to verify the consistency. Quantification of the base-metal amounts through applying
the developed rock model to the cross-sectional area of electrical conductivity structure
obtained by a geophysical exploration, seafloor electric survey, conducted in the seafloor
hydrothermal activity area was implemented.

Chapter 1 is an introduction to summarize the content of this research with an overview of
preceding, unsolved problems, and motivation for understanding the rock physics and
chemical compositions of the deposits.

Chapter 2 is a review of previous studies that consists of geology of SMS deposits, physical
explorations, and physical properties of sulfide minerals.

Chapter 3 provides a new measurement protocol and various measurement data with high
value. Despite global demand of clarification and development of seafloor mineral deposits,
the physical properties and chemical composition of massive sulfide ore are very
complicated and it is not realistic to simplify the correlation between the physical properties
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and the chemical composition. From the characteristics of the physical properties and
components of the rock samples obtained, this study revealed that it is appropriate to treat
them as rocks in areas where hydrothermal activity occurs on the seafloor, especially in
areas where hydrothermal alteration is actively generated. No effective law was found
between the electrical conductivity, which was expected to have the highest correlation, and
the metal element content. This is because the electrical conductivity is a secondary
physical quantity calculated from various factors.

Chapter 4 provides the newly constructed rock physics model which combines electrical
conductivity and metal-related properties. The models of previous studies were inadequate
for the purpose of fully explaining the physical properties of rock samples obtained from the
seafloor hydrothermal activity areas and accurately predicting their metal composition. This
chapter proposed a new rock physics model for the conductivity of rocks by effectively
integrating the two types of physical models constructed by previous studies. Not only did
this new model reproduce the measured electrical conductivity well, but also a clear positive
correlation was found between one of the parameters of the new model and the concentration
of metal elements contained in the rocks.

Chapter 5 develops a new estimation technology for metal resources and suggested the
existence of subseafloor metal resources. The total amount of base metals in the Iheya North
hydrothermal activity area was estimated from the results of seafloor electric survey by
assuming various lithology and thermal structure of the seafloor geology and giving various
parameters to the rock physics model. Consequently, this study succeeded in suggesting and
quantifying the existence of sulfide deposits under the seafloor by theoretical physical
analysis.

Finally, Chapter 6 summarizes the concluding remarks, including the most important results
from each chapter. Besides, essential future works to metal resources exploration researches
are proposed.




K 4 KHE I

(R LEEOHBEOET)
GREWROTRENETETHML TV DHIERITE W T, EEUKIER O BB BN E

EFNTWVD, ZOLDICHKOBAE L MALICBET 23 M2 BB RN LT L2 D03, [

IR THETCOR—V V" I7RAEBEEIRETH D720, WESAHAZILIRICH L M TE

LMBEREOCIEH N AR TH D, Lo LBEEMFZE TIE, WMEE L AR R SN 2 B

BEOICEEMS T O Ty, BETOMEBESI AL OE&RBEEZP L NI TERIE,

WEBKIEDOELHOKE L RHEBICKELSERTE S, ZOMEEMIET 20

i, AL ERIBEZ S WKEE CBEMT A2H - a AT T LV OMEN N

HCThHDH, KETIE, AAMEO—>THIBEXGHEEICERL, BEXEHEENL &

BIREZMHMETE 25 AMHEET VOMBE, BLIUOEARE EMARETHE L NTWHE

EROODWETOEBERELHECELIFEOMBEZEMNE Lz, ERKEITIRD 3

RIZBED N D,

DB N7 7oEKOEEBKEHE O REGLEZAEaREBEZHAY, TOEZEER
GEELZERICHETED FEEZMY L, TRICEI2HBAERNE e balr &
M ET — &1L, EHKEHIRICE T 28 AR OEESIT FiEE L TASIERE
NHZENMECTCED, T, BPMEKEERTHEREONE LTV, ThbEXR
CEELOMBEBRERDZEZAS, BRI OBRBEE L &R THERE L
OREIFH, RKOEAMBEET NV TIIZOMEEELZRT Z LI TE RV L3N
O bz,

2) A A DREIBRAKDELAGEE & A AFHEROBEMR, WAL OEBEES, BBK Lt
Dy TV TR DEABRAREE O BRBKAME, BLOHEA T O
MRAKNMOXEH COBRFCEEL2EET LI LT, AAOEFEBELRCEEICHET 2 H
EREAYHETLVERELLZ, COETNMITIEARBOBHEELR CEEORMK LY X
KHHLTEY, SHIZET AT ORALEY OREE G L EAT OB ITHEREEOM
B2 EOMBEMERAE LN, ZoBFEEEELT 2EIFRICEINIE, ERKOE
AVBETNVICESS FEIVLEELRRBREOHERE NGV ERDLNsTtD
T, KETNVOHMMEZ EFETE I,

NMWEE FOREMELZIEL, Fir DT A =X EBWUNIHRETDHZ LT, FTHMHE
T THELNT-HEEEREEOMIMERICH L CAMEBICLI I EaWEETT VEHE
ML, METEXBEESMPOEBCRIBREICER L, TOMKE, WBIET O
WOLE ORE, ML, MMM EHETE, =X AR EOEHEE LM TE D
Eoichmol, FFICEXKBEEDO A TR REIZIBEBHK TH =03t L, $HiEFHIC
BT DAYy 7 U= ROBEBERL NI TE -, 5%, WAL OFIETRED %
WCHSLSETARIA—ZOELOXEBETHLELHIC, BEHRESCHEREA
EORMBEL TR RIYHBEETFERICILDIT X L0oME, TRk B8HOBEET
— 2 OHBICE T, EBRLRBEOHERELZILICH EIEDLZ EAWFFTE
5




K 4 KHE I

b, KX CRESNEZEGDHEET T VORBE G IEE L, 2B EHEFHIC
LbEBTE 2 ZENFEIESNT, ZOHEAME T T VI ELERER R O BRI M LI
LICHTE, @BEROAL L FAMSOHMBR O 2L F —FHREA, KLXHEEE
B OEREEEMA RSO ETLHMEL LT, #itk, EBELFLGT DL 508070
<72, XoT, Kigidit (L) oFfMmX e LTMELL LD RO D, £,
TAMBE2H 2R, MXHAELEZNICHELZFHIZOWTHMEZITY, HEEHENHE
BRI RGEEZ WL TNWD I LA L, AR,

ks, AmICiE, RERKFEMBEE 14 XE 2 HICEKATL500 LB L, AR
BRLTIE, EXAEXHETOM CRE), Hkm XOEXICRATEONEZERN L
bDETDHILEBDD,

FES/ABTAEHN . 2021 4 3 H 11 HU







