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PREFACE

“In response to a request by the South Pamﬁc Applicd Geoscience Commission (S()PAC) the
Government of }apan has undertaken manne geological and other studies relating to nineral prmpechng to
asséss the mineral resolirce potential of the deep sea bottom in the offshore regions of SOPAC member

‘countries. Implementation of the survey has been édnsigned to the Japan International Cooperation Agency

(JICA). Considering the technical nature of gealogical and mineral prospecting studies, JICA conm’_lissioned ‘
the Metal Mining Agency of _lapén (MMA]) to exccute the survey.

The suwey is planned to be undertaken over a penod of five years s!arbng from fiscal 1995, This is
the sccond year of thc project, and the target area is the exclusne economic zone of the Repubtic of the
Marshall Islands. MMAJ dlspatched the Hakurei Maru l\o. 2, a research vessel fitted for investigating deep
sea nuneral resources, to the sur\ey arca for a total of 69 ‘days from Julj 1, 1996 to Septembef 7, 1996,

succcssfﬁ]ly completing the survey as planned with the cooperation of the Government of the Republic of

. the Marshall Islands.

The present report sums up the results of this second year survey.

ftisa pleésure to record our deep gratitude to all persons concerned, pariicularly the staff of the

SOPAC Secretariat, the Government of the Republic of the Marshall Islands, as well as the Japanese

Ministry of Foreign Affairs, the Ministry of International Trade and Industry and the Japanese Embassy in

Fijt.
AL

Kimio FUJITA

President

March, 1997,

Japan International Cooperation Agency

Shozabure KIYOTAKI
President

Metal Mining Agency .of.]apan






“ ABSTRACT

The third p'nase of the coopcnatne suney for the de&elopment of resources of the SOPAC mem'ocr
countries is being scheduled for unptementahon durmg a period of ﬁ*.e years starlmg from 1995, and this is
the second year. The survey for this year was carvied out from July 1 to September 7, 1996 in an area of '
738,000 km® in the exclusive cconomic zone of the Republic of the Marshall Islands. The duration of the
survey was 69 days and the target mineral resources were seafloor manganese crust depos1ts '

The suncy area is characterized by two seamount chams namely the Rallk chain extendmg in the
northwest—southeast ditection on the western side of the area and the Ratak chain extending in Lhe

' NNW—SSE duectmn on the eastem slde Thc surveyed seamounts largely belong to these two seamou.nt

chains. These ‘seamotints were sclected after cons:dcnng, from charts and avaltablc data; the water depth of
the summits (1,000~2,000 m where the crusts are best deve! oped) the shape, size, and other relevant
factors. During the first half of the suney (Leg 1), four seamounts aligned east— west along the same
lat:tude and located to the west of long. 166°E., were studied. Durmg Leg 2, five seamounts with varying
features such as the water depth of the summits and size were surveyed. They are located in the eastern
part of the survey area. These scamounts are distributed nothwestward toward the northern edge of the
survey area from the vicinity of long. 171°E., lat. $1'N. IR R

_The major methods efnplo'yed were bathymetric cruise for clanfying the detailed :oorpholegy of
each seamounﬁ and sampling by large corer (LC) and arm dredge (AD) for confirming the mode of crust
occutences. Also seafloor observation and photography by FDC were carried out in order to study the
continuity of the depoeits the type, thickness, density, gmde exposure ratio, and other relevant features of
the manganese crusts. Important samples were stuched in laboratones on land by various methods
mcludmg, chemjcz! analysns X—ray dJ[Erachon ‘and nucrosaopy 'I‘hese labomtory “ork together with the
of— board analysn. pro'nded the bos;c data for the assessment of the dcpos:ts nSBP sursey together w1th
MBES was (:amcd out in order to clanfy the oondmons of thc sed;ments and for sonie of the seamountb

SSS survey was oonducted for unden,tandmg lhe lm(‘rotopogmphy of the seaﬂoor

Bathymetric suney was carricd out for all nine seamounts and detailed morphology was clarificd. Of

the nine seamounts, seven are flat topped, and two are pomted seamounts.

Acoustic reflection image _maps prepared from MBES acoustic pressure measurements are highly'
effective for understanding i_he areal extent and the distribution of crust exposures on the seamount
surfaces. With SSS survey, more de_iailed acoustic pressure distribution is available, and confirmation of
more detﬁﬂed topography became possible. These data fonned the basis of planning the track lines for

seafloor observation and sampling locations,



The mode of occurrence of the manganese crusts of each seamount was conﬁrmed by FDC
observation and seafloor photography Of particular importance was the clarification of the type and
distribution” of crusts, conditions of sediments, the relation between the micmtopography and crust

distribution, shape of the crusts, and other 51gmﬁcant mformatmn

Sampling was done at an average of 15 points per seamount by L.C and AD. At all seamounts,
- crusts with substrates, sur[ace crusts, and foraminifera sand were collected. The type, thickness, densﬂy,
grade, and other relevant features of the oollected samples were measured onboard, and it was clanfied that
manganese crust depos:tb exist throughout the survey area. FDC survey showed that manganesc crusts are
particularly de\eleped from the marginal parts of the summit to the slope Slrmlar results were obtained
from topographic maps and acoustic image maps Also in almo;:t all seamounts dear relations could not be
confirmed among,; charactenatlcx of the crusts, thxckness of the crusts, water depth :md the location of the

samplmg pomts

The average chemical cemposmon of the crust samp‘es co!lectecl at the nine seamotmts 1S Co 0.73,

. Ni 058 Cu 0.11, Mn 2308 Fe 13.89%. The average thickness is 21 mm with a maxmmm of 105 min. The

largest systematic dafference of chemical compésition is between the strahgraphlc honzons of the crusts -

' (outer and inner layers). And location of the seamounts, topography, dlfference of the substmtes do not
affect the composmon systematically. o Lo ’ ‘

. On the reserves of manganese crusts of each seamount, the dry tonnage of the ores of typical
seamounts (60 x 60 km) amount to 15 to 20 millien tons, Also comprehensive asses:.ment of each
seamnount including the metal content indicate that MSOI MS02, are the most prommng ‘seamounts for
future development. R

' Regardmg survey methods the strength and lmutamns of va.nous sun'ey methods have been'
danﬁed and the 1mportance of applymg the eptimum combmatlon of these methoda is recogmzed Asitis
expected from the results of the present suney that manganese crusts enst in all seamounts with sumn-uts-
shallower than 2 000 m of the survey area it is desirable to carry out sur\eys for clanfymg the areal extent
of the crusts distribution with high accuracy in the future.
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Chapter 1 Qutline of the Survey

1-1 Survey Title

- The Coopemtne Study Pro;ect on the Deepsea Mmeral Resou:ces in the Sea Area of the Repubhc
of lhe Marshall Istands. ’

1-2 Purpose of the Su;vey .

The purpose of the survey is to assess the potentlal of suhmanne mlneral resources within the ._

Exdusne Economic Zone of the Repubhc of the Marshall lslands a membcr of SOPAC through sub:mnne
topographxcal sur\ey, mp]nng and other sur\cyb '

1-3 Survey Ai‘ea:

The suwey area for l}us study is lhe area mthm the po!ygon obtamed by ]ommg the fallowmg
coordmates (?38000 km?, lga 1 3 1 and 2 1 1. ThlS area was selected in accordance with the
cooperatne s{udy pmgram for marine minerzl resources in the exduswe econormc waters of the SOPAC
member countries agreed upon by japanese executmg agency and South Pacnﬁc Apphed Geoscxence
Commmsmn (SOPAC) on 13 March 1995 )

The area within 200 nm radius of Kwaja]ein_' Istand and waters outside of the exelusiw'e economic

zone of the Republic of the Marshall Islands are excluded from the present survey area.

Latitude - o Longitude

No.

1. 15° 00N, 159 ° 00E.
2. 15° 00N, 165 ° OO'E.
3. 16 ° 30N, 165 ° O0'E.
. 19° 00N, 170 * OOE.
5. 15° 0O'N, 1727 30°E.
6. 10° 0O'N, 172° 30E.
7. 12° 30N,  165° 00E.
8. 12° 30N, 159 ° OOE.

B
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1-4 - Duration of the Survey

Survey cruise: July 1 to Septembcr_‘?; 1996 (69 days) -
* Analysis and other work: April 1 to March 31, 1997

© 1-5 Survey Participants

The staff who participated in the survey cmi_se were delegated by D()RD.{Deep Ocean Reéou;ees
Devc]opmeni Co., 1.td.) and OEDC (Ocean Engincering and Development Co., Ltd.).
Japahese ;ﬁarticipants

Supemsor at survey s:tes

Aldra USUL (Geo!oglcal Suney of _lapan) : Jﬁly lto 31 '

Mcmbers
Leader&Chlcf Gcophysmst R 5 Kiyosf:i KA\VAsAK[ .. (i)OlRD) -
ChlefGEOlOg]St ; Lo | _ 5 Kajunéri MATSU] '.(DORD).
...G_e(;ﬂogj'_st i : s Takumi ONUMA (DO.RD)‘ : | | @
Geologist -  Kenio KAWADA N _.(DORD_)'_
Geologist o : _l;(ajzuo I](EDA o (DORD) '
Geologist o Yutaka MATSUURA  (DORD) N
Geologist o Gsm.nu.ODA . (DORD)
Geologist -  Akio HAMANO {boﬁn'):' |
Geologist | | h - Shiﬁjcin'm YAMASAK! (OECD)
Geophysicist | o h{as@ro'_TAKEDA (_DO&]:)).
Geophysicist 7 o Takao_SEﬁ : | (DORD) o
ccpﬁhy;siast : o -.Ka.w:uhi.ko KASHM&SQ (D()‘RD)
Geophysicist _ L e uASH_[MO'rb | (DORb) .
Geophysicist . :7 o Kazuyoshi FURUYA ~ (DORD)



Geaphysicist TR . Michiharu OONO .- (DDRD)

Geophysicist : | Akihiro MIYAWAKI  (DORD)

Gedpﬁ?siCiSt - | : _ ' Shinichi KUSAKA iOEDC)
'.Geo.;.)};y;sifi-st - | ' Hisashi SUZUKI (0EDC)

Geophysicist R  Keiji SHIKAMA ' (OEDC) N

T

- Consigned Participants

o Trainces
: Mr Clyde James (Republic of Marshall Islands) co July 1 to August 1. -
- Mr Andﬁke Albeﬂ; {Republic of Marshall Istands) - August 2 to September 7

S 1-6 Appératlxs and Equipment for the Survey

_ MajOr? apparatus and equipment used during the ‘survey are shown in Fable 1-6—1 and Figure i'
1-6-1. . T T T S ' .

1-7 Survey Achievements

: _ S:urvey Operaﬁoné were accémplished as shov?h in Tablé,s 1-7—1and 1-7-2 (l‘), (2).



Table 1-6-1 Survey apparatus and eauipment

Survey Meihod Survey Apparatus and Sysiem |Abbre- |Remarks
vialion
Posilioning Satellilc naviga- [Global Posilioning Sysicm GPS
' Lion
Sca Bollom Acoustic Sounding [Multi-narrow Beam Echo MBES
Topography and |Balhymelry Sounder
Ceelogical Narrow Beam Echo Sounder NBS
Survey Subsurface Geolo- |narrow beam Sub-PBotlom nSBP
gical Structure [(Profliler
Side Scan Sonar $58 Towed Type
Seawater Survey |Conductivity, Temperalure CIDETD  [Yerlical
and Pressure measuring {vpe and
System Towed type
Sampling Large Gravity Corer LC
Ara Dredge AD
Analysis Sappie Treatmen! Equipmenl XRF
(brier and Crusher)
Scafloor Photograph and TV [Conlinuous Deep Sea Camera with CID
Observalion With Finder Towed Type
Photograph Deep sea Camera with LC
Data Recording {Un-Line Functions |Data Processing System DPS
and Prpcessing |Data Storage Fune-|Sensor CPU
tions File Server CPU
Off-Linc Funclions{lost CPU
1 Engincering Work Stalion
Track Line Maps (EXS)
Various Plan Maps Local Areal Network (LAN)
HCross Sections Persenal Computer (PC)
Data Analysis Intelligent Color Monilor
(ICM)




P -
L C7e W

Arm Dredge

Conductivily, Temperature and Depth.

Measurcmenlt System

Deep Sea Towed Catnera
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‘Table 1-7-1 Survey achievements

Survey Schedulc

Deparl Guam . TN
Atrive Survey Arca Jul. 05
Stact the Suivey

Finish the Survey Jul %
¢ Sailing
Arrive Majuro

16:00 Depact Majuro Aug. 03 {6: Bﬂ
Arcive Survey Area Aug. 04
& Start Lhe Survey
" Finish the Sutvey Auvg 3l
Saitling - Sep 01 13:25

" Jul. 31 03:00 Arrive Honolulu Sep. 07 09:06

Nusber of Seamount -

.9 Seamount:

MSU] N502. NS03. HS04. MS05. NSO6. NSOT. MSBB MS09

Amount of samples
Seamount AD LIC  Sasplingpoint Sampler
NSe1 1 T 14 ' AD:Afm Diedge
MS02 - 12 6 18 . |LC:Large Gra-
NS03 B T 12 - vity Corer
M$04 " c 4 15 I
NS5 9 4 13
MSOB 9 4 I
| NSO7 C3 B 3
MSO8 14 K I8
_ Msog 7 6 13
- Tolal 78 41 19
: _ fknlo'ullt of s ann;)l es S _
seagouni ~Crust - pebbly . nodule 0. - Rock . Sediwenis |
. : crusl ' - _—
MSOI . 6274 241. 10 oond 1549 5224
MS02 ST 11 2216 . 0.82 . 18.98 o 12.43
NSO03 31.98 1. 10 0.62 220 o
N304 T 4449 471. 70 - 4191 - 203.57 - 45,58
MS05 C28.91 332. 12 90 8T 0 120047 29. 41
MSO6  63.73 Coe6 71 147,00 - 0050 18. 09
MsoT 3.2 2.93 53. 10 2 18 1. 84
MSO8 - 547.09 23420 . - 8L59 . 2017 992
%509 .- 33.38 88.45 - 9277 - 64. 95 L4
[ Tolal 1, 082. 76 i

,467.66 . 52512 . 458.51 251, 46

Number of track 1line
Length df'traCK 1ine
Number of'phbtos

Tolal {ise

~ |seamount - No.of ~hcauired © - VIR Tapes
RN lines pho(ographs o miles
NSO - 1 - 310 3 53
Wsoz . 1 175 3 3.4
¥S03 1 0 3 5.3
MS04 - 2 ?56_ , . 1 14.2
MS05 2 55 a4 81
MS06 A - 593 6 1.9
- MS07 - o - o
. MS08 ¢ - 2 . 689 s 6 12,8
M509 | 435 -4 - 55
[ Jolal . 12 3, 353 35 " 66. 5

Analyzed elements

Nusber of analyzed sanples .

Total nueber of analyses -

Total:; 311 (MSO1:41, MSO2: 46 MS03: 18, MS04:43
M$05:30, NSO6:31, MSB? t7, MS08:52, NSO9:3D)

Ni. Co, Cu, Mo, Fe

£, 555 (31} samplesXb elemenls)

___7;_




Table 1-7-2{(1} Records of survey schedule(leg 1)

Month/Day ‘Survey ilems
ol 07/01 | Mo | 16:00 Deparlure fron Guam
02 07/02 ! Tu | Sailing (1, 020nm from Guam to the survey: area)
03 07/03 | ¥e | --ditto-—-
04 07/04 | Th | ——ditto--
05 {01 { 07705 | Fr | (MSO1}Asrival in Lhe survey atea -Sawpling (LCOY, CTD)
06 | 02 [ 07/06 |Sa | Bathymelele survey | |
07 [ 03 [ 07/07 | Su | Sampiing(LC0Z, 03,04,05,068)  Uathymetric survey
08 | 04 07/08 | Mo | Sampiing (ADD7, 08, 09, 10) } o
09|05 | 07/09 | Tu | Sampling (ADI1I, 12, 13, LC14) on
10|06 07/10 | ¥e | FDC survey, Moving to MS02 :
11 107]07/11 | Th| MS02} Sampling(LCO1, 02) Balhymelric suevey
12|08 | 07/12 | Fr | FDC sutvey, Saupling(LCO3,04) 2
13|09 | 07/13 | Sa | Sampling (LGOS, 06, ADOZ,08) "o
14|10 | 07/14 | Su | Saupling (AD0Y, 10, 11, 12) R "
15 { 11 | 07/15 |Mo | Sampling(ADI3, 14,16) + . . . . "
16 | 12 07/16 | Tu Sanpling(hblﬁ 17, 18}, Moving to 503 -
17113107717 | ¥e | MS03) Sampling{LCOI, 02) Bathynetrlc Survey |
18 | 14 | 07/18 | Th { Sampling (LCO3, 04, 05, 066} s o
19| 15[ 07/19 | Fr | FDC Survey = . _ . ;
20 | 16 | 07/20 | Sa | Saapling (ADO7, 08, 09) . . :
28 [ 17 | 07/21 | Su Sanpling(ﬂDlO 11, 12}, Movlng to uso4
22 | 18| 07/22 | Mo | [MS04] Sanpting{LCOI.OZ)_ Bathymelrlc Survey
23 | 19| 07/23 | Tu | SSS Survey, Sampling(L.CO3) BT B
24 1201 07/24 | ¥e | Sampling{(ARD4, 05, 06, 07) . o
25 [ 21 [ 07/25 | Th|Sampling{ADOS, 09,1C10) M' "
26 | 22| 07/26 | Fr | EBC Survey (01) . . : "
27| 23 | 07/27 | Sa | ¥DC Survey(02), Samp!lng(ﬂﬂil) e
28 124 07/28 | Su | Sampling (AD12, £3, 14, 15) [ Depariure from thc survcy arca
29 07/2% [Mo| --- Salllng to Majuro ——— (609nm [rom M504 to Ma]uro)
30 07/30 |Tu| -——— ditto -————-—
31 07/31 | ¥c [ 09:00 Artlval In uajuro
32 08/0f | Th| in Majuro

Date and Time arc shown inlLoca!'Tlme.




Table 1-7-2(2) Records of survey schedule (Leg 2)

Month/Day . S Survey lens .

331 108/02 |Fr|in Majuro |
a4 08/03 1Mo | 16:00 ﬂeparturé from Mjuro

36126 09/04' Su {MSDS] Arrival In the survey area Sampling (LCOL, CTD) -

- 36 | 26 1 08/05 | Mo | Sanpling(LC02,03,08) = Bathymeiric survey -
& 37127108/06 |Tu[FDC Surveyfo) . n |
38 | 28 | 08/07 | We | Samp1ing (ADOS, 06, 07, 08) e
39129 1 08/08 | Th | Sampting (ADOY, L0, 11) "
40 1 30 | 08/0% | Fr | Sampling{(AD12, 13), Moving fo MS05 o
41 [ 31| 08/10 |sa| MS06} Sampling (ADOL, 02, 03) Bathymetric survey

42 | 32 | 08711 | su | sampling(Lc03, 04, 05, 06)
43|33 | 08712 | Mo | FDC Survey (01)

44 |34 08/13 [ Tu Sanpllng(ADOT 08 09)

45 | 35 | 08714 ig SSS Survey

46 [ 36 | 08715 | Th | Sanpling (AD1O, L1, 12)

A7 | 37 | 08716 | ¥r | FDC survey{02), Saspling(AD13}, Moving to MSO7

48 |38} 08/17 | Sa ! Sanpling (ADOI, 02, 03) :

% m 3w 0w

iiE 49 1391 08/18 }5Su [MSUB] Balhylelrlc Su:vey _ ‘
50 | 40 08/19 Mo { Sampling (LCOI, 02, 03} Bathymetric Survey
51 ) 41{08/20 |Tu | Sampling(ADO4, 05, 06, 07) "
52142 08/21 |¥e | Sanpling(AD0S, 09, 10) n
53 |43 { 08/22 | Th | SSS Survey, Sampling (LCI1) "
54 {44 | 08/23 |Fr | Sanpling (AD12, 13, 14, 15) "
55 (45| 08/24 | Sa | Sanpling (AD16, 17, 18} n
56 | 46 | 08/25 | Su| FOC survey{0l1) n
57147 | 08/26 | Mo | FDC survey{02), Moving to MS0% ‘
58 | 18 | 08727 | Tu | [MSO8] Sampling(LCOL, CTD} Balhymetric Survey
+ |59 49| 08/28 | ¥We | Sampding (1,02, 03, 04, 05, 06) ”
foo|50|08/29 | Th|FBC Survey(01) | - n
61 [ 51 | 08/30 | Fr | Samp!ing {ADO7, 08, 09, 10) o o S
62| 52 | 08/31 | 5a | Sanpiing{ADIL, 12, 13) ‘Departure from the survey area
g§ ...........................................................................................................................................................
63 08/01 | Suj-- Saillng to Tisholuly (2014nm lrom M509 lo Honolulu)
64| [os/02 |Mo| -~ ditte ~-—o
65 09/03 [Tu| ----- - ditto -
66 09/04 |We| --—--—- ditto ——--—-
67 . |o08/05 |[Th| - ditto --—----—-
68| |09/06 |¥r| -——-—— dltto -~

69 09/07 |Sa|09:00 Atrival In lfonoluiu




Ch'apter.2 Survey Methods

In 1996, the sccond fiscal year of the Third Phase of the five year SOPAC Program, submarine
topographlca] survey and other suneyb relevait to the study of submarine mineral Tesources ekp!oratmn

were carried out, as planned, within the exclusne €COROINIC zone of the Republic of Mar:ahall 1 Istands (Fig.
2 l -1}

The survey was camed out in tv.o segments, 1he first and the second hatf \mh a call at Majuro in
between The ﬁrst half will be called Leg 1 and the second half Leg 2. The target of the survey was
cobalt— nch manganese crusts,

2*-':-1 Selection of Seameunts '

. In considering the seamounts, for the survey, ;.’.e"referred to the Bathymetric Map of Marshall
Is!ands FEZ, 1995, SOPAC and various charts, and more than a dozen seamounts were ﬁrst hsted The
most important criteria for consideration were the depth (manganese crust is believed to be best de'.elepcd
on seamour_}ts with summits at water depth of 1,000 to 2,000 m), and shape and_ 51_2(:_ of _thc_eegmounts.
Frc‘nu this long list, sclection was made considering the foceﬁon and the cruise plan incl.uding' the port of
call (Guam —suryey area—Majuro— survey area— Honelulu) so that the suney can be carried out effecmely
For Leg 1, four seamounts located to the west of long 166 ° E., were selected. Th&cc are ahgncd E-W
along the same latitude. For Leg 2, five seamounts w:th va:ymg chamctenshcb were selected from those in
the eastern part of the sun’ey area. The selected ﬁ‘,e mclude somewhat large seamounts a.nd those mth
deep summit. These seamounts oceur northv.eslward £rom 171 E ll N toward the northem penphery
of the suryey area.

The nine selected seamounts were numbered from M‘SOI to MSO9 aé_tiie suney pragressed :
2-2 Survey Methods

The survey of cach seamount consisted mainly of the following work' namely, beﬁh ﬂnetrie :'sur;ey
for clarifying the detailed seafloor topography, amphng by large corer or ann drcdge (AD) for 3ssessmg
the occurrence of the ores, and sca bottam observation by FDC for clanfymg the COnt:muly of the ore
deposxts and the cond:tmns of the seafloor. Also anP suney was camed out parallel with the hathymetnc
cruise for clanfymg the condm-:ms of the sediments and the suuctmre of the shallow zones below the
scaﬂoor And 558 survey was done for some seamounts in order to understand the nucro—lop()graphy and

lhe sediments of the seafloor. ' : _ N T e ;
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Thc duration of the survey for each seamount was five to nine days. The operatlon was planned so
that the dcgree of detail would be approxnmately the same for all seamounts. Thus the length of the survey
was dependent on the size of the seamount and the water depth of the sununit.

~ The details and the amount of the work carricd out are as follows.
a. Acoustic sounding

GPS and MBES were'used with cruise spéed of approxilmtely 10 knots. Line interval of two

miles was generally used, but awaliary lines of one mile interval were used in shallows areas around C

the scamount summits. Total length of the bathymetnc survcy line was 5133.8 miles.

b. Sampling

LC and AD were used. LC was used for sampling sediments, confirmation of the nianganes‘e

crust thickness, and the occurrence of the crust undcr sedlmcnts while AD was used mainly for

conﬁnnmg t.he exnslence of the crust within certain range and for samp!mg rocks. LC samplmg was
carried out at four to seven localitics mainly on the summit of each seamount while AD samplmg was -
done mzunly on the seamount slopes and partly on the summit, The tota] number of sampled Iocahtles
was 41 for LC and ?9 for AD :

c FDC survey

_ Seaﬂoor observation was mmed out over one or two lmes on each seamount A total of 12
lines and 65.5 miles were observed over ali eeamounts ’I‘he FDC hnes weré de51gned to, mamly
observe the flat summt toward the slope. '

d. SSS survey

5SS lines were estabhshed after comndenng the results of thc bathymetnc suney, MBES
acoustic infensity map, and the nSBP survey. The. objective of this wnrk was to comrelate the abme
data and to clarify the details of the exposed rocks. Also parts of thcse lines Were designed to comade
with the FDC ]mes to study the zone in detail. Thxee ]mes were estabhshed thh a total length 49
miles over three seamounts ' '

2—-3 Numbering

The numbenng system used is as foliows . 4
For sampling points: Year S~Seamount No. method sample No. o
!sxamples 968MSOILC01 LC survey :
QSSMSOIADOI AD survey
S denotes SOPAC samples numbered sequentnally

12—




|,
E.g.,-v

ForSSSsur_\"ey: Yeai’—S--SSS—No. S R T B T
Example: 96555501 :
S den_otes SOPAC, lines numbered sequentially

'For FDC SUFvey: Year—S seamount No -—FDC samp!e No.
" Example: 965MS01FDCO1
S denotes SOPAC, tines numbered sequentlally -

: For aoou.shc suney. I\ dmsnon a~i

Example: 16-0—a

" The number denotes that of thé main acoustic lines and are numbered consecutively from the noﬁh

~with 2.0 mile mterva} D:mon denotes thc number (scquenhal from 0) of the auxmeuy lines ‘where the

' 'mam surv ey lmes are sphL “The notation at the end corresponda to the seamount number 01 ~ 09

'~ 2—4 Position Locating

The position of the survey ship was determined by GPS, and that of the towed vehicles was
calculated from the water depth measured by the CTD sensor on the vehicle and the cable leng'th.

[‘he coordinate for the measurement was WGSS4 the ship time by 180 ° W local time (UTC+12

hours)
2—-5 Bathymeiric Survey

The hamymemc survey was dealgned to dan{y the shapc of the flat summit and the shallov.est
parts of the seameunts. The main track line mterva] was set at 2.0 miles. Auxiliaty lines were set between
the main lines for shallow (under 2,000 m) ZOTEs. It was planned to exclude extremely shallow zones from

the survey, but such zones did not exist in the survey area.

v ’l“ne shlp speed was approximately 10 knots with MBES sounding every 5~ 10 seconds and NBS

soundmg every 8 seconds.

* 'nSBP data were obtamed paral]el with the halhymetnc survey and a SSS survey line was set for

' thrce semnounts Tow speed was 2 ~ 3 knats, \'chlcle was towed 100 m abmc the seafloor and the data

were obtamcd for a width of lkm mcludmg both sides.



9-6 Seafloor Observation and Photography

Seafloor was observed by FDC equipment with still and TV cameras, and CTD. The observation
lines were set mostly at the peripheries and along the slopes (ridges, valleys) of seamounts, Real time
color TV observation was done at about 1 knot tow speed and interesting and distinctive features were
photographed in color. The seafloor images were remrdcd in video tapes. The length of observation lines
ranged from 0. 7 6.3 Hl!leb and the tow direction was decided considering the wind and current directions .

2--7 Sampling

LC and AD were used for salnpﬂng. The sa'mp-!ing' sites were dctcnﬁmd mainly on the hasis of
halhymé[ry, MBES acoustic reflection intensity map and aSBP results. Also sampling was designed to
represent the total seamoint by dispersing the sites as well as considering the water depth slope direction _

and other relevant factors.”
28 Sea Water Survey (CTD measureinents)

. MBES, requires water depth vs. sonic \'cloc:ly data and thus \erucal CTD measurement was
cammed out at thrcc points. This was done snmuitancously with LC samphng ‘The survey arca was largely
divided into three latitudinal zones and the measured valucs at one point in each zone represented the

water vs. sonic velocity of that zone.

Water depth was calculated from CTD vahues on the FDC for posiﬁoning the towed ieﬁide.
2--9 Processing and Analysis of Survey Data

The processing and analysis of obtained data were carried oilt"'as. shown in the f!ow sheét of Figﬁie
2-9-1. DPS and personal computers were used. Basu: data were proccssed and analyzed onboard and

cruise report was preparcd.

_ Later the present report was prepared on Jand mcorporahng the resuh‘.s of various laboratory tests
and rescarch work carried out on land. Collected manganese oxides samp!es v.ere analyzed chenucally, by

X—1ay dn[fractomctty and their mmeral COMposition was detcmuncd

Rock samples were chemically analyzed studied ophca]ly and the minerat composmon as wel! as
the textures were determined.

Microfossils were identified for the sediment samples.
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