Découvrez les publications récentes de I'lfremer dans le catalogue en ligne du service des éditions.
Découvrez également un ensemble de documents accessibles gratuitement dans Archimer

Marine mineral occurrences and deposits of
the economic exclusive zones

Jean-Pierre Lenoble
Claude Augris
Régis Cambon
Philippe Saget

Marmin
A data base

Ifremer



The book

MARINE MINERAL OCCURRENCES AND DEPOSITS
OF THE ECONOMIC EXCLUSIVE ZONE

MARMIN : a data base

was realised by

Jean-Pierre LENOBLE (1), Claude AUGRIS (2), Régis CAMBON (3), Philippe SAGET (2)

(1) IFREMER - PDG/CNOD
Technopolis 40
155, rue J.-J. Rousseau
92138 I1S5Y-LES-MOULINEAUX CEDEX - FRANCE

(2) IFREMER - Département Géosciences Marines
BP 70
29280 PLOUZANE CEDEX - FRANCE

(3) Géologue Consultant
11, square Esquirol
94000 CRETEIL - FRANCE

Ackowledgment - Thanks are due to A. Chalm (IFREMER - Bureau des Opérations Commerciales)
for translation correction and to all those persons having contributed information and data.

Editions IFREMER
BP 70 - 29280 PLOUZANE
| Tél. 98 22 40 13 - Télécopie 98 22 45 86

ISBN 2-905434-59-7

© Institut frangais de recherche pour I'exploitation de la mer (IFREMER) - 1995



IFREMER Data Base of Marine Mineral Occurrences

CONTENTS
PRESENTATION OF THE DATA BASE : MARMIN .......ccecevueunnnn. 1
DESCRIPTION OF THE "OCCURRENCE" FILE .......ccccoviieiennnnns 2
GLOSSARY ..cuccciciicniccsciscceccaccscnsascesscnssecssssssacsossescccsnes 4
MAPS AND OCCURRENCE LOCATIONS...cccititittienreeeceacannnnnns 5
COUNTRY INDEX 250 s e simis s = steis orm a5 /058 s 2925 .08 81016 ©810 7970 9858 1058 8w Wk & 13
CONTINENT' INDEX ... oo sivm snioso aiwm siuin wew oin o oin s ocn 6 058 orwin sisis sowi wisia s 8 #/is s 19
MARINE AREA INDEX.....cttcitetteesecrcrerssnsesscssssssasecsssssassnss 21
COMMODITY INDEX..iuiso05uesuenacssaseessosnesnenwanves wasnessssses s 23
NOTES AND OBSERVATIONS. ccsues s anisisnannsnssun ses o soms sinsans s 27

OCCURRENCES cccasccssersinssaasasssssennasssnssassesess B 1 10274




IFREMER Data Base of Marine Mineral Occurrences 1

PRESENTATION OF THE DATA BASE : MARMIN

During the last thirty years, many occurrences of hard minerals have been discovered on the
sea floor. Most of these discoveries were made by pure chance during academic surveys that were
not designed for mineral prospecting. Some of these occurrences have been prospected, mostly
during the nineteen sixties, but with inappropriate methods and equipments.

IFREMER, or its predecessor CNEXO !, participated in some of these surveys through a joint
venture named GERMINAL 2 grouping a dozen organisations: research institutions, bureau of mines,
dredging and mining companies and banks. The aim was to collect all available information on
marine minerals. An immense set of documentation was assembled year after year and two
international seminars were organised in France on this topic : 1977 in Orléans and 1984 in Brest.

Considering the technological improvements in made during recent years in positioning (D-
GPs), sea floor mapping (swath mapping with multibeam echosounder and side-scan sonar), sub-
bottom exploration (digitised high resolution seismic), dredging (deep-water dredge head), it
seemed valuable to reconsider these prospects.

In 1993, IFREMER started to build a data base of marine mineral occurrences from the
documentation collected by GERMINAL over several decades and from other sources. The
information was stored in a computerised data base, from which descriptive summary records are
now edited.

Aware of the deficiency of this information, due to the fact that for the past twenty years,
mining companies involved in offshore exploration have been in tight competition and did not
release information on their research pool, we tried to complete the data through an exchange
process with organisations in charge of the offshore mining management of all maritime countries.

Several organisations responded favorably by sending additional data. Many others were
interested, but asserted the lack of valuable knowledge on mineral assessment of their exclusive
economic zone (EEZ).

A similar enquiry was held with the companies that were involved in hard mineral offshore
exploration. Most companies did not reply, probably because they had shifted their activity and
were no longer interested. Many had moved or disappeared. Some still considered their knowledge

as proprietary.

In order to promote future offshore mineral development, IFREMER decided, at the end of
1994, to publish all the data available to them in printed form.

The present edition is the up-dated version as at the end of 1994. Additional information
continues to be poured in the computerised data base.

We are presently considering the edition of a compact disk readable by various computer
platforms. A "Mozaic" file could also be placed on the Internet network.

The mineral occurrences file lists all known occurrences and deposits.

e An occurrence is defined as a quoted presence of minerals in a determined location with
insufficient information to designate it as a deposit.

e A deposit is a well documented mineral occurrence that could be considered as a future
objective for mining. An ore deposit is a well known deposit that can be mined in the
present technical and economic conditions.

To facilitate access to the data, the records are presented by sequential numbers. Four
indexes, ordered by geographic location (country, continent, ocean) or by commodities, help to
find the sequential number of the corresponding mineral occurrence. The geographic indexes are
completed by maps.

1 CNEXO, the "centre national pour I'exploitation des océans”, merged in 1984 with the French “institut scientifique
et technique des péches maritimes" (ISTPM) to form IFREMER, institut frangais de recherche pour I'exploitation de la

mer.
2 GERMINAL : groupement pour 1'étude et la recherche des minéralisations au large
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DESCRIPTION OF THE "OCCURRENCE" FILE

1. Sequential n°: Sequential number in the file.
2. Deposit Name: Name of the deposit or occurrence, generally name of the locality.
3. Occurrence, Deposit, Deposit/file: Type of occurrence: simple occurrence or well documented
deposit. Existence of a special file for the deposit.
4. Commodities: List of contained commodities or substances (chemical symbol for metals).
5. Type of deposit: Deposit type determined from the information summarised in the "Typology”
section and established following a check list that is still open and must be revised.
6. Country: Neighbouring country. 6 bis. Country Code according to UN standard abbreviations.
7. District: Geographic or administrative area in the country.
8. Administration: Legal status following the division of the Law of the Sea Convention: Territorial
sea, Continental shelf, Exclusive Economic Zone (EEZ), or International Area.
9. Marine area: ocean, sea, bay, etc.
10. Typology: Key words describing succinctly the deposit according to proposed standards.
10.1. Zone type: Present geographic situation relative to the shoreline (See following
pages).
10.g2. Morpho. 1 and Morpho. 2: First and second descriptors of the morphology of the
sedimentary unit containing the ore, if the sedimentary unit is fossilised a prefix "paleo” is
added. A tentative list of descriptors is used as a guide-line (See following pages).
10.3. Petrography: Petrography of the rocks surrounding the ore.
10.4. Mineralogy: Minerals of the ore.
11. Coordinates: Geographic latitudes and longitudes in decimal degrees of the parallels and
meridians delimiting the ore deposit. The negative sign corresponds to Southern latitudes and Eastern
longitudes. The cardinal directions (N, S, E, W) are automatically computed depending on the sign of
the entered data.
11.1 Latitude 1: northern-most parallel
11.2 Latitude 2: southern-most parallel
11.3 Longitude 1: eastern-most meridian
11.4 Longitude 2: western-most meridian
11.5 Z: The elevation Z, given in metres, is the average (positive) altitude or average
(negative) depth.
12. Up dated: Date of up-dating: day/month/year
13. Mining rights: (Status of mining rights): Free, Under control, Unknown.
14. Stage: (Status of the works): exploration, mining, processing. Several stages can coexist.
15. Company: Company holding or mining the deposit.
16. Resources: Table showing estimation of resources or reserves, expressed in tonnage and grade of
(1) ore, (2) Heavy minerals), (3) Commodities.
16.1 Ore grade of one or several substances contained in the ore
16.2 Tonnage of the ore
16.3 Hleavy Minerals grade: grade of one or several substances contained in the heavy
minerals
16.4 Heavy Minerals tonnage: tonnage of heavy minerals
16.5 Commodity grade: grade of one or several substances contained in the concentrates or
final products (commodities)
16.6 Commodity tonnage: tonnage of concentrates or final products (commodities)
17. Description: Literal description of the occurrence or deposit. Normally subdivided into 5 items:
1) Geographic situation.
2) Climate: climatic zone, rain, dominant winds, air temperatures.
3) Hydrography: sea states, water temperatures, waves and swell, storms, tides, currents.
4) Works performed: bathymetric and geophysical surveys, sampling, mining processing.
5) Characteristics of the deposit: regional geology, nature of embedding formations,
tectonic structures, shapes and dimensions of the ore bodies, minerals of the ore and the
gangue, grades, tonnage, etc..
18. References: Bibliographic references.
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GLOSSARY

Main geomorphologic units

I' Morphology of the sedimentary
body enclosing the minerals

If fossilised, the prefix "paleo" is added.

on land, (on shore) a terre mound en relief
continental margin marge continentale bank (general term) banc
(from shore to
slope bottom)
continental shelf plateau continental || megaripple mégaride
(from shore to
slope edge)
shore rivage aeolian dune dune éolienne
beach plage sand bar, barrier island cordon littoral
backshore haut de plage hydraulic dune dune hydraulique
foreshore (tidal flat) estran submarine ridge ride sous-marine
upper shoreface spreading - epandage
(down to 1 m)
lower shoreface spreading épandage
(from 1 to 2 m)
inner shelf plateau interne beach plage
(down to 70 m)
upper offshore plateau interne supérieur || colluvial (weathering colluvion
(from 2 to 10 m) without transport)
lower offshore plateau interne inférieur coral table platier
(from 10 to 70 m)
outer shelf plateau externe hollow en creux
(from 70 m to 200 m)
shelf edge rebord du plateau channel chenal
outer edge rebord externe alluvial channel, stream | chenal alluvial, fluviatil

(isobath 150 to 500 m)
continental slope

pente continentale

continental rise glacis
laguna lagune
lagoon lagon
estuary estuaire
delta delta
fan éventail
flood plain plaine alluviale
supratidal zone de hautes eaux
subtidal zone de basses eaux
seamount mont sous-marin ||

channel
submarine channel
levee
gullies
valley
canyon
cracks or fractures of
the bed rock
lenticular

chenal sous-marin
levée
goulottes
vallée
canyon
fissures ou cavités du
substratum
lenticulaire
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MAPS AND OCCURRENCE LOCATIONS

The following maps are sketches established with exotic projection systems and are not
geographically accurate.

The occurrence locations are approximate and for rapid reference use only.

1. Map distribution

2. Africa

3. North and Central America
4, South America

5. Asia

6. Pacific area

7. Australia

8. Europe
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COUNTRY INDEX

[ Country Deposit name Substances Seq. Number |
Australia AUSTRALIA EAST phosphate 85
CASUARINA PROSPECT diamond 250
FORSTER TiZr 116
GOLD COAST TiZr 132
MINNINUP Ti 115
RINGAROOMA BAY Sn 32
TASMAN SHELF phosphate 84
TWEED HEADS TiZr 133
Bangladesh MAISKHAL ISLAND TiThZr 1
Burma, Myanmar HEINZE BASIN Sn'W 118
Brazil ARACAJU EAST phosphate 147
BAHIA COAST lime 263
CARAVELAS EAST phosphate 148
CEARA SEAMOUNT phosphate 143
NORTH BELEM phosphate 145
PERNAMBUCO SHELF phosphate 146
SOUTHERN BRAZIL phosphate 149
Canada AXIAL JUAN DE FUCA Zn Cu Fe 252
BAIE DE LUNENBERG Au Sn 52
CAPE BRETON ISLAND coal 139
DOME COUNTRY HARBOUR Au 266
ENDEAVOUR SEGMENT Zn Cu Ag Fe 270
MAGIC MOUNTAIN SITE Zn Cu Ag Fe 74|
PORT AU PORT Cr 40
Chile CHILE phosphate 248
PISAGUA phosphate 164
China Al Zr 183
A2 Zr Si 184
A3 Zr 185
Ad Si 186
A5 Zr Si 187
A6 Zr Si 188
A7 Zr TiFe Si 189
A8 Zr 190
A9 Zr TiFe Ti Si 191
Al0 TiFe 192
Al2 Zr TiFe Ti Si 193
Al3 Zr 194
Al4 TiFe 195
Al5 TiFe Zr Si 196
Al6 TiFe Si 197
Al7 TiFe Si 198
Al8 TiFe Zr Si 199
Al9 TiFe Zr Ti 200
A20 Zr Ti 201
A2] TiFe Zr 202

A22 Ti TiFe 203
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| Country Deposit name Substances Seq. Number |
China (continue) A23 CeTi 204
A24 TiZr 205
A26 TiZr 206
A27 TiZr 207
A28 Ti TiFe 208
A29 e 209
A30 Ce 210
A3l Ce 211
A32 CeZr 212
A33 Ce Zr 213
A34 e Zr 214
A35 Zr 215
A36 Zr 216
A37 Zr TiFe Ti 217
A38 Zr 218
A39 Zr 219
A40 Ti TiFe 220
A4l CeTiZr 221
A42 Zr 222
A43 Z1 223
Ad44 Zr Ti 224
A45 TiZr 225
A46 Zr Ce 226
A47 Zr Ce 227
A48 TiFe Zr Ti 228
A49 Zr'Ti 229
Bl TiFe Si 230
B2 Zr TiFe Si 231
B3 Fe Zr Si TiFe 232
B4 Fe Zr Si TiFe 233
BS Au 234
B6 TiFe 235
B7 Zr 236
B8 Zr 237
B10 TiFe Si 238
B1l Zr 239
B12 Zr TiFe Fe 240
B13 Zr TiFe Fe 241
B14 TiFe Fe 242
BI5 Zr TiFe Fe 243
B16 Zr TiFe Fe 244
B17 Zr 245
HAINAN ISLAND rubis saphir 2
Congo MAYUMBA Congo phosphate 249
POINTE NOIRE phosphate 86
Danemark THY Ti Zr Rare-Earth 3
Fiji BA Cr Au Fe 254
LAUCALA BAY lime 253
SIGATOKO SANDS Fe Cr 120
France CORSEN Sn 36
PENARAN U 136
PENESTIN Sn 37
POULDU COVE Fe Ti 137
SAINT QUAY PORTRIEUX Fe Ti 138
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| Country Deposit name Substances Seq. Number |
French Polynesia ANAA Co Mn 179
HARAIKI Co Mn 182
HENDERSON ISLAND phosphate 75
MATAIVA phosphate 73
MATAIVA N Co Mn 180
MATAIVA NW Co Mn 181
NIAU phosphate 74
NIAU COBALT CoMn 178
Gabon MAYUMBA phosphate 87
Germany FRISE ISLAND TiZr 131
Great Britain PAR Sn a3
ST AGNES Sn 35
ST IVES Sn 34
SUNDERLAND coal 140
Greece LARIMNA Cr Ni Fe 251
Iceland FAXA BAY lime 255
India CALICUT BEYPORE RIVER Au 117
CHATRAPUR TiZr Th 166
INDIAN ARABIAN SEA phosphate 167
KANNIYAKUMARI
MANAVALAKURICHI TiZr Th 165
QUILON TRAVANCORE Ti 119
RATNAGIRI Ti 6
VEMBANAD lime 256
Indonesia BELITUNG Sn 30
COPAT KELABAT BAY Sn 28
PAYA KUNDUR Sn Ti 8
KARIMUN EAST Sn 26
KARIMUN EAST Al Sn 10
KARIMUN EAST A2 Sn 11
KARIMUN EAST A3 Sn 12
KEBIANG LAUT / PENGA Sn 15
KOBIL VALLEY Sn 9
LAUT TEMPILANG Sn 29
SINGKEP Sn 16
SULAWESI Cr 257
TEMPILANG Sn 13
TIMUN VALLEY Sn )
TOBOALI Sn 14
Italy CAPO LINARO
& MONTE ARGENTARIO Fe 129
ILE DELBE Fe 128
TORRE DEL GRECO coral 268
Japan AKUNE Fe Ti 57
ARIAKE BAY TiFe 55
BEPPU Fe Ti 56
EI IRINO-BEPPU Fe Ti 59
ISUBUKI Fe Ti 61
NAGASAKIBANA Fe Ti 60
NAUKI-KUSHIMOTO Fe Ti 68
OHATA Fe Ti 66
SABISHIRO-HACHINOBE Fe Ti 64
SENDAI Fe Ti 58
TAKUYOU 5th SEAMOUNT Co Mn 176
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[ Country Deposit name Substances Seq. Number |
Japan (continue) TARUMIZU-ONEZIME TiFe 62
TIOKA Fe Ti 65
TOKYO BAY Fe Ti 67
VOLCANO BAY TiFe 63
YAMATO RISE phosphate 265
Korea ASAN MAN Au 168
CHUNSU Au 169
KANGWHA Ti 172
KOREAN OCCUR Ti 247
MOKPO Th RE 170
WANDO ISLAND ThRE 171
Madagascar FORT DAUPHIN Ti Th Rare-Earth Zr 124
Malaysia AREA OFF PERAK Sn 31
Morocco MOROCCO phosphate 76
Marshall Islands JEBRO SEAMOUNT Co Mn 175
LABIBJET SEAMOUNT Co Mn 173
SYLVANIA SEAMOUNT phosphate 77
SYLVANIA SEAMOUNT 2 Co Mn 174
Mexico BANCO RANGER phosphate 90
CEDROS ISLAND phosphate 142
SAN DOMINGO phosphate 91
SAN JOSE BANK phosphate 92
SAN JUANICO phosphate 89
Mozambique ZAMBEZI ESTUARY TiZr 130
Namibia CHAMEIS BAY diamond 108
CHAMEIS BAY to DIAZ POINT diamond 110
WALVIS BAY phosphate 150
New Caledonia PLOUM Cr 43
New Zealand CAMPBELL PLATEAU phosphate 83
CHATAM RISE phosphate 82
GILLESPIES BEACH Au 53
HOKITIKA Au 258
MOKAU RIVER TiFe 71
PATEA TiFe 72
WAIKATO RIVER TiFe 70
WHANGAEHU RIVER TiFe 141
North Korea SIN'AM-DONG KIBONG-DONG ThRE 122
Papoua New-Guinea EASTERN MANUS BACK-ARC  CuZn Au 269
LAE Cr 259
MOROBE Cr 42
Peru CHICLAYO phosphate 158
CHIMBOTE phosphate 159
HUARMEY phosphate 160
LIMA phosphate 162
PATIVILCA phosphate 161
PAITA phosphate 144
PERU phosphate 81
SAN NICOLAS phosphate 163
Philippines IMURUAN BAY TiZr U ThRE 123
LINGAYEN BAY Fe Ti 69
PILAR DANSOL Fe 152
Puerto Rico NORTH PUERTO RICO Fe Th 127
Réunion LA REUNION ISLAND TiFe 134
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[ Country Deposit name Substances Seq. Number |
Russia CHUKOTSKIY Au 261
VANKINA BAY Sn 260
Solomon BARAVALE Cr 41
MATEPANO RIVER Au 121
Saudi Arabia ATLANTIS I DEEP CuZnAgFeCoAu 267
Senegal NORTH DAKAR Ti 113
SOUTH DAKAR TiCr 114
Sierra Leone FREETOWN PENINSULA Pt Ti Au 54
Solomon SOLOMON ISLAND coral 264
South Africa AGULHAS BANK phosphate 88
BROADACRES MINING AREA diamond 111
GROEN RIVER diamond 109
RICHARDS BAY TiZr 112
Spain PONTEVEDRA Sn 153
VIGO Sn 154
Sri Lanka BERUWALA Ti Th Rare-Earth 7
PULMODDALI Ti 126
Tanzania ZANZIBAR Ti Zr Th Rare-Earth 125
Thailand AREA ABLOCK I Sn Ti Zr Rare-Earth 22
AREA B Sn 156
AREA C Sn 18
KAMMALA BAY Sn 19
RANON Sn 23
RAYONG Sn 17
SAMET ISLAND Sn 24
TAKUA PA Sn 25
THAI MUANG Sn 20
THAI S COAST diamond 157
TONGKAH HARBOUR Sn 21
USA BLAKE PLATEAU phosphate Mn 102
BLUFF SOLOMAN Au 45
CAPE BLANCO Cr 39
CAPE JOHNSON SEAMOUNT phosphate 78
CAPE PRINCE OF WALES Sn AuW 48
CASTLE ISLAND Ba 51
FORTY MILE RIDGE phosphate 95
CORONADO RIDGE phosphate 93
GOOD NEWS BAY Pt Au Cr 50
GRANTLEY HARBOR AuW 47
HAYWARD SAN LEANDRO lime 4
HESS SEAMOUNT phosphate 80
HORIZON SEAMOUNT phosphate 79
MAIN PASS S 5
NINILCHIK Au 46
NOME Au 44
NORTH CATALINA RIDGE phosphate 97
ONSLOW BAY phosphate 104
OREGON UN Fe Zr 246
PALMYRA SEAMOUNT Co Mn 177
POURTALES TERRACE phosphate 103
ROGUE RIVER cr 38
SAN NICOLAS RIDGE phosphate 100
SAN PABLO SEAMOUNT phosphate Mn 105
SANTA BARBARA HIGH phosphate 96
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[ Country Deposit name Substances Seq. Number |
USA (continue) SANTA MONICA BAY phosphate 98
SOUTH CATALINA RIDGE phosphate 99
TANNER CORTEZ RIDGE phosphate 101
TARPOON SPRING phosphate U 106
THIRTY MILE BANK phosphate 94
UMPQUA Cr 155
VENICE ENCLEWOOD phosphate U 107
VIRGINIA - GEORGIA Ti Zr Th Rare-Earth 135
YAKATAKA YAKUTAT Au 49
Vanuatu PORT PATTESON Fe 262
Yemen SOCOTRA ISLAND phosphate 151
International Area CLARION CLIPPERTON Mn Ni Cu Co 272
INDIAN CENTRAL BASIN Mn Ni Cu Co 273

PERU BASIN Mn Ni Cu Co 274
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CONTINENT INDEX

[ Continent ~ Country Seq. Number ]
AFRICA
AfricaE Saudi Arabia 267
Yemen 151
Africa N Morocco 76
Africa SE Madagascar 124
Mozambique 130
Réunion 134
Tanzania 125
Africa NW Senegal 113, 114
Africa S South Africa 88, 109, 111, 112
Africa SW Namibia 108, 110, 150
Africa W Congo 86, 249
Gabon 87
Sierra Leone 54
NORTH AMERICA
America NE Canada 40, 52, 139, 266
USA 4,5, 102, 103, 104, 105, 106, 107, 135
America NW Canada 252, 270, 271
USA 38, 39, 44, 45, 46, 47, 48, 49, 50, 51, 93, 94
95, 96, 97, 98, 99, 100, 101, 155, 246, 261
CENTRAL AMERICA
Mexico 89, 90, 91, 92, 142
Puerto Rico 127
SOUTH AMERICA
America SE Brazil 143, 145, 146, 147, 148, 149, 263
America SW Chile 164, 248
Peru 81, 144, 158, 159, 160, 161, 162, 163
ASIA
AsiaE China 183, 184, 185, 186, 187, 188, 189, 190, 191, 192
193, 194, 195, 196, 197, 198, 199, 200, 230, 231
232, 233, 234, 235, 236, 237, 238, 239, 240, 241
242, 243, 244, 245
Japan 55, 56, 57, 58, 59, 60, 61, 62, 63
64, 65, 66, 67, 68, 176, 265
Korea 168, 169, 170, 171, 172, 247
North Korea 122
AsiaN Russia 260, 261
Asia S Bangladesh 1
India 119, 165, 166

Myanmar, Birmania

Sri Lanka

118
7, 126
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[ Continent

Country

Seq. Number

Asia SE

Asia SW

AUSTRALIA
Australia

EUROPE
Europe N

Europe S

China

2, 201, 202, 203, 204, 205, 206, 207, 208, 209
210, 211, 212, 213, 214, 215, 216, 217, 218, 219
220, 221,222, 223, 224, 225, 226, 221, 228,229

Indonesia 8, 9, 10, 11, 12, 13, 14, 15, 16, 26, 27, 28, 29, 30, 257

Malaysia

Papua New-Guinea
Philippines
Solomon

Thailand

India

Yemen

Australia

Danemark
France
Germany
Great Britain
Iceland
Greece

Italy

Spain

INTERNATIONAL AREA

OCEANIA
Oceania

Fiji

French Polynesia
Marshall Islands
New Caledonia
New Zealand
Papua New-Guinea
Solomon

Marshall Islands
Vanuatu

31

42

69, 123, 152
264

17, 18, 19, 20, 21, 22, 23, 24, 25, 156, 157

6, 117, 167, 256
151

32, 84, 85, 115, 116, 132, 133, 250

3

36, 37, 136, 137, 138
131

33, 34, 35, 140

255

251

128, 129, 268

153, 154

272, 273, 274

120, 253, 254

73, 74,75, 178, 179, 180, 181, 182
77,173, 174, 175

43

53,70, 71, 72, 82, 83, 141, 258
259, 269

41, 121

78,79, 80, 177

262
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MARINE AREA INDEX

| Marine Area Country Seq. Number
ARTIC
Arctic, Chukchi sea Russia 261
Arctic, Laptev sea Russia 260
ATLANTIC
Atlantic E Congo 86, 249
Gabon 87
Senegal 113, 114
Atlantic E, Guinea gulf Sierra Leone 54
Atlantic N Iceland 255
Atlantic NE, North sea Danemark 3
Germany 131
Great Britain 140
Atlantic NE, Celtic sea Great Britain 34, 35
Atlantic NE, Channel Great Britain 33
Atlantic NE France 36, 37, 136, 137, 138
Morocco 76
Spain 153, 154
Atlantic NW Canada 40, 52, 139, 266
USA 102, 103, 104, 105, 135
Atlantic NW, Mexico gulf ~ USA 5, 106, 107
Puerto Rico 127
Atlantic SE Namibia 108, 110, 150
South Africa 88, 109, 111
Atlantic W Brazil 143, 145, 146, 147, 148, 149, 263
INDIAN
Indian N India 119
Sri Lanka 7, 126
Indian N, Aden gulf Yemen 151
Indian N, Arabian sea India 6, 117, 167, 256
Indian N, Bengal bay Bangladesh 1
India 166
Myanmar, Birmania 118
Indian N, Laccadive sea India 165
Indian N, Red Sea Saudi Arabia 267
Indian S International Area 273
Indian SE Australia 115
Indian SW Madagascar 124
Réunion 134
South Africa 112
Tanzania 125
Mozambique 130
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|  Marine Area Country Seq. Number
INDONESIA
Indonesia, Andaman sea Malaysia 31
Thailand 18, 19, 20, 21, 22, 23, 25, 156
Indonesia, Java sea Indonesia 13, 14, 15, 28, 29, 30
Indonesia, Malacca strait Indonesia 8,9, 10, 11, 12, 16, 26, 27
Indonesia, Molucca sea Indonesia 257
Indonesia, Sibuyan sea Philippines 152
Indonesia, Thailand gulf Thailand 17, 24, 157
Indonesia, Timor sea Australia 250
MEDITERRANEA
Mediterranea Greece 251
Italy 128, 129, 268
PACIFIC
Pacific central USA 78, 79, 80, 177
International Area 272
Pacific N USA 49, 51
Pacific N, Bering sea USA 44, 45, 47, 48, 50
Pacific N, Cook inlet USA 46
Pacific NE Canada 252, 270, 271
Mexico 89, 90, 91, 92, 142
USA 4, 38, 39, 93, 94, 95, 96, 97, 98, 99
100, 101, 155, 246
Pacific NW Japan 64, 65, 66, 67, 68, 176
Pacific NW, Yellow sea China 183, 184, 185, 186, 187, 188, 189, 190, 191
192, 193, 194, 195, 196, 197, 198, 199, 200
240, 241, 242, 243, 244, 245
Japan 55, 56, 57, 58, 59, 60, 61, 62, 63
Korea 168, 169, 170, 172, 247
Pacific NW, N China sea China 230, 231, 232, 233, 234, 235, 236
Pacific NW, Japan sea Japan 265
Pacific NW, Korean bay China 237, 238, 239
North Korea 122
Pacific NW, Korean strait Korea 171
Pacific S French Polynesia 73, 74, 75, 178, 179, 180, 181, 182
Pacific SE Chile 164, 248
Peru 81, 144, 158, 159, 160, 161, 162, 163
International Area 274
Pacific SW Australia 84, 116, 132, 133
New Caledonia 43
New Zealand 83
Pacific SW, Chatam rise New Zealand 82
Pacific SW, Coral sea Australia 85
Pacific SW, Tasman sea New Zealand 53,70, 71, 72, 141, 258
Australia 32
Pacific W, S China sea China 2, 201, 202, 203, 204, 205, 206, 207, 208, 209
210, 211, 212, 213, 214, 215, 216, 217, 218, 219
220, 221, 222, 223, 224, 225, 226, 227, 228, 229
Pacific W Philippines 69, 123
Marshall Islands 71, 173, 174, 175
Papua New-Guinea 42, 259, 269
Solomon 41, 121, 264
Vanuatu 262
Fiji 120, 253, 254
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COMMODITY INDEX

|  Substances Country Seq. Number

Barium, Ba
USA 51

Chromium, Cr
Canada 40
Fiji 120, 254
Greece 251
Indonesia 257
New Caledonia 43
Papua New-Guinea 42, 259
Solomon 4]

Coal

Cobalt, Co

Copper, Cu

Coral

Diamond

Gems:
Rubis, Saphir

Gold, Au

Senegal
USA

Canada
Great Britain

French Polynesia
Marshall Islands
Saudi Arabia
USA
International Area

Canada

Papua New Guinea
Saudi Arabia
International Area

Italy
Solomon

Australia
Namibia
South Africa
Thailand

China

Canada
China

Fiji

India

Korea

New Zealand
Papua New-Guinea
Russia
Solomon
Saudi Arabia
Sierra Leone

114
38, 39, 50, 155

139
140

178, 179, 180, 181, 182, 176
173, 174, 175

267

177

272, 273, 274

252, 270, 271
269
267
272, 273, 274

264
268

250
108, 110
109, 111
157

2

52, 266
234
254
117

168, 169

53, 258
269
261
121
267

54
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[ Substances _Country Seq. Number
Gold, Au (continue)
USA 44 45, 46, 47, 48, 49, 50
Iron, Fe
Canada 252, 270, 271
China 189, 191, 192, 193, 195, 196, 197, 198, 199, 200, 202
203, 208, 217, 220, 228, 230, 231, 232, 233, 235, 238
240, 241, 242, 243, 244
Fiji 120, 254
France 137, 138
Greece 251
Italy 128, 129
Japan 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68
New Zealand 70,71, 72, 141
Philippines 69, 152
Puerto Rico 127
Réunion 134
Saudi Arabia 267
USA 246
Vanuatu 262
Lime
Brazil 263
Fiji 253
Iceland 255
India 256
USA 4
Manganese, Mn
French Polynesia 178, 179, 180, 181, 182
Japan 176
Marshall Islands 173, 174, 175
USA 102, 105, 177
International Area 272, 273, 274
Nickel, Ni
Greece 251
International Area 272, 273, 274
Phosphate
Australia 84, 85
Brazil 143, 145, 146, 147, 148, 149
Chile 164, 248
Congo 86, 249
French Polynesia 73,74, 75
Gabon 87
India 167
Japan 265
Morocco 76
Marshall Islands 77
Mexico 89, 90, 91, 92, 142
Namibia 150
New Zealand 82, 83
Peru 81, 144, 158, 159, 160, 161, 162, 163
South Africa 88
USA 78, 79, 80, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102

Yemen

103, 104, 105, 106, 107

151
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[ Substances Country Seq. Number
Platinum, Pt
USA 50
Sierra Leone 54
Rare-Earth,
Cerium, Ce
China 204, 209, 210, 211, 212, 213, 214, 221, 226, 227
Danemark 3
Korea 170, 171
Madagascar 124
North Korea 122
Philippines 123
Sri Lanka 7
Tanzania 125
Thailand 22
USA 135
Silicium, Si
China 184, 186, 187, 188, 189, 191, 193, 196
197, 198, 199, 230, 231, 232, 233, 238
Silver, Ag
Canada 270, 271
Saudi Arabia 267
Sulphur
USA 5
Thorium, Th
Bangladesh 1
Danemark 3
India 165, 166
Korea 170, 171
Madagascar 124
North Korea 122
Philippines 123
Puerto Rico 127
Sri Lanka 7
Tanzania 125
Thailand 22
USA 135
Tin, Sn
Australia 32
Canada 52
France 36, 37
Great Britain 33, 34, 35
Indonesia 8,9, 10, 11, 12, 13, 14, 15, 16, 26, 27, 28, 29, 30
Malaysia 31
Myanmar, Birmania 118
Russia 260
Spain 153, 154
Thailand 17, 18, 19, 20, 21, 22, 23, 24, 25, 156
USA 48
Titanium, Ti
Australia 115, 116, 132, 133
Bangladesh 1
China 201, 204, 205, 206, 207, 221, 224, 225, 229
Danemark 3
France 137, 138
Germany 151
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| Substances Country Seq. Number
Titanium, Ti (continue)
India 6, 119, 165, 166
Indonesia 8
Japan 56, 57, 58, 59, 60, 61, 64, 65, 66, 67, 68
Korea 172, 247
Madagascar 124
Mozambique 130
Philippines 69, 123
Senegal 113, 114
Sierra Leone 54
South Africa 112
Sri Lanka 7, 126
Tanzania 125
Thailand 22
USA 135
Titano-magnetite,
TiFe
China 189, 192, 195, 196, 197, 198, 199, 200, 202, 217, 228
230, 231, 232, 233, 235, 238, 240, 241, 242, 243, 244
Japan 55, 62, 63
New Zealand 70, 71, 72, 141
Réunion 134
Tungsten, W
USA 47, 48
Myanmar 118
Uranium, U
USA 106, 107
Philippines 123
France 136
Zinc, Zn
Canada 252, 270, 271
Papua New-Guinea 269
Saudi Arabia 267
Zirconium, Zr
China 183, 184, 185, 187, 188, 189, 190, 191, 193, 194, 196, 199
200, 201, 202, 205, 206, 207, 212, 213, 214, 215, 216, 217
218, 219, 221, 222, 223, 224, 225, 226, 2272, 28, 229, 231
232, 233, 236, 237, 239, 240, 241, 243, 244, 245
Danemark 3
Germany 131
India 165, 166
Madagascar 124
Mozambique 130
Philippines 123
South Africa 112
Tanzania 125
Thailand 22
USA 135, 246
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NOTES AND OBSERVATIONS

Please find hereafter a sheet on which may be noted :

e any corrections or modifications,
¢ any new non-listed occurrences.

To be sent to :
Mr Philippe SAGET

IFREMER/DRO-GM

BP 70 _

29280 PLOUZANE CEDEX
FRANCE

Fax : (33) 9822 4570

Telex : 940 627

Phone : (33) 98 22 42.46
E-mail : psaget@ifremer.fr
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Sequential n®:
IFREMER MARINE MINERAL OCCURRENCE
Occurrence []
Deposit NAME:
Deposit/Fle H
Commodities: lType of deposit:
Country: | ‘Frlslrict:
|Mnrine area: l
ADMINISTRATION TYPOLOGY
Territorial “ome Lype
Contmental Shelf Morpho. 1
Exclusive Economic Zone ‘Morpho. 2
Intemational Zone
. Petrography
COORDINATES N TiReralogy
LAtide STAGE MINING RIGHTS —
(Decimal ©) Exploration: [] Free: D [U? :
Longimde Mining: | Under control: [T]
Processing:  [T] Unknown: O
Z (inm) ICornpany:
Ore Heavy minerals Commaoditles
Grades
Tonnage

Description:

References:

i
]
I
I
I
I
1
I
I
1
]
1
]
]
I
1
I
]
]
i
I
]
]
]
]
]
I
]
I
I
1
I
I
1
I
I
i
]
]
]
I
I
I
I
|
1
I
I
I
I
I
1
I
I
I
I
i
1
I
I
I
]
I
I
I
I
I
I
I
I
I
]
|
I
]
]
I
I
I
'
I
I
]
I
I
1
]
]
I
I
I
I
1
]
]
]
I
I
L]
I
1

To be sentto : Mr Philippe SAGET )
IFREMER/DRO-GM - BP 70 - 29280 PLOUZANE CEDEX - FRANCE
Fax : (33) 98 22 45 70 - Telex : 940 627 - E-mail : psaget@ifremer. fr
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IFREMER Sequential n°; 1
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit ] [NAME: MAISKHAL ISLAND

Deposit/File D
Commodities: Ti Th Zr Type of deposit: placer beach
Country: Bangladesh BD |District: Cox's Bazar
| Marine area: Indian N, Bengal bay I
ADMINISTRATION TYPOLOGY
x Territorial sea Zone type foreshore
D Continental Shelf Moroho. 1 beach
|:| Exclusive Economic Zone e =
[] International Area Morpho. 2
COORDINATES Petrography

N | 21600 Mineralogy | ilmenite monazite zircon
Lati 8l m
atitude 0,000 STAGE MINING RIGHTS
e 5 20 _ | Up-dated on: 3/2/95 |

E | -91.900 Exploration: E Free: D
Longitude Mining: [:l Under control: El

0.000 Processing: I:] Unknown: D
Z (in m) 0 Company: |
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) East Pakistan, south of Chittagong.

2) Climate: Tropical rain forest. Average annual rainfall 4000-5000 mm; maxi. during summer. Prevailing surface
winds, NE trades in January and SW monsoon in July. Tropical storm tracks from SW from May to November and S,
SE from November to May.

3) Hydro: From November to May North equatorial currents from east to west are dominant; these currents turn
clockwise in the Bengal Bay and follow the Bangladesh coast from north to south. From May to September the
dominant currents are from the west.

4) Works performed: Geology along the coast and sampling.
5) Characteristics of the deposit: Beach placers extend 185 km south-eastward along the Bay of Bengal from

Chittagong to the Burma border. Mineral concentrations occur in lenticular strips which in certain areas stretch from
some hundred to several thousand metres long and 30 to 300 m in width along both the mainland and the offshore
beach. The major concentration of HM was located on Moiskhal Island. The average HM content at the mainland
beaches ranges between 10-30% of the sand whereas it showed more than 25% at some places in the Island. The HM
values for Moiskhal Island are as follows: rutile 1.4%, zircon 10.3%, ilmenite 57.4%, magnetite 1%, leucoxene 0.3%,
monazite 1.78%. The grain size of individual minerals varies from locality to locality. In Moiskhal Island the
distribution of non magnetic minerals is as follow: >100 to 150 mesh zircon 10.22%, rutile 2.68%, leucoxene
10.10%. The HM are in layers that are most commonly about 30 cm thick, but layers as thick as 75 cm have been
measured. The rich placer layers on the open beach are probably formed almost entirely by wave action, perhaps during
a period of erosion of the beach. The placer on the higher beach appears to have been formed by a combination of wave
action, perhaps mostly by storm waves and wind sorting (Schmidt R. & al., 1962). An exploitation with an annual

production of 5 Mt could be considered (M.J. 1989).

References:
I) Aslam M., 1974. An appraisal of beach sands of Bangladesh, Geonews Pakistan, 4, 79-85. 2) M.]., 305 (7841),

415, Sept. 1989. 3) Schmidt R. & al., 1962.




IFREMER Sequential n®: 2
MARINE MINERAL OCCURRENCE

Occurrence g
Deposit I__-l NAME: HAINAN ISLAND

Deposit/File [_]

Commodities: gems rubis saphir Type of deposit: placer paleobeach

Country: China CN |District: Hainan Island
[Marine area: Pacific W, China S sea, Nanhai '

ADMINISTRATION TYPOLOGY

DX Territorial sea Zone type inner shelf

D Continental Shelf

. . Morpho. 1 paleobeach
[] Exclusive Economic Zone

|:| International Area Morpho. 2

COORDINATES Petrography

_ N | 18380 Mineralogy | rubis saphir
Latule 0,000 STAGE MINING RIGHTS —————————
(Decimal °) E |-110.000 Exploration: X Free: ] OISO
Longitude - ' Mining: D Under control: |:|

0.000 Processing: D Unknown: D
Z (inm) 0 Company:
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) South-East part of Hainan Island.
2) Climate: Tropical rain forest. Mean annual precipitation 2000 mm. Prevailing winds from NE in January and from

SW in July.
5) Characteristics of the deposit: 50% of the mineralised sand reserves are located in shallow water. A very well adapted

dredge would permit an increase in production from 43 to 56% and a drop in exploitation costs from 53 to 60 %.

References:
1.M., 257, 1989.




IFREMER Sequential n°: 3
MARINE MINERAL OCCURRENCE

Occurrence g
Deposit [ ] INAME: THY
Deposit/File ]

Commodities: Ti Zr Rare-Earth Type of deposit: placer beach
Country: Danemark DK | District: Jutland

| Marine area: Atlantic NE, North sea I
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type beach foreshore inner shelf

|:| Continental Shelf

Morpho. 1 aleobeach
|:| Exclusive Economic Zone P P

[[] Interational Area Morpho. 2
COORDINATES Petrography | sand
N 57 000 Mineralogy ilmenite zircon monazite
Latitude ~ ~ 5
TAGE MINING RIGHTS
o 0.000 STAG G | Up-dated on: 3/2/95 |
(Decimal °) - 8,400 Exploration: x Free: D
Longitude - Mining: D Under control: D
0.000 Processing: D Unknown: E
Z (in m) 0 to -20 [Company: ]
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) NW part of Jutland peninsula.
2) Climate: Marine west coast. Mean annual precipitation 800 mm.
5) Characteristics of the deposit: The Danish geological survey found mineralised sands which extend over 20 km2 and

to a depth of 20 m. The thickness is around 20 m on the beach following the coast nearby Thy.

References:
Anonymous, 1989. Mining journal, 313 (8046), Sept. 1989.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 4

Occurrence |:|

Deposit X [NAME: HAYWARD SAN LEANDRO

Deposit/File I:]

Commodities: lime

Type of deposit: beach

Country: USA US | District: California, Alameda City

[Erine area: Pacific NE, San Francisco bay
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type bay

ine helf
D Cjontlnt_,ntal—S 3 , Morpho. 1 lenticular
[] Exclusive Economic Zone
[] International Area Morpho. 2
COORDINATES Petrography | shelly & muddy sand & gravel
' N | 37660 Mineralogy | calcareous shell
Lanmde W00 STAGE MINING RIGHTS
S : ] Up-dated on: 3/2/95

(Decimal ©) w1 122.060 Exploration: [_] Free: []
Longitude - Mining: @ Under control: @

0.000 Processing: D Unknown: D
Z (in m) 0 LCompany: ]

Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) San Francisco Bay.

(Apr., Jul.-Oct.).

2) Climate: Mediterranean, dry summer. Mean annual rainfall 367 mm, maxi. during winter. Winds to S (Jan.), E-NE

3) Hydro: Mixed tide (maxi. 2-4 m). Cold surface currents in summer N to S (California current) 0-4 knots; warm

surface currents in winter S to N (Davidson current) 0-3 knots.
5) Characteristics of the deposit: The deposit is formed by the break up of marine shells and their concentration into

shell banks by hydrodynamic processes. The Oysters shell bed is overlaid by 0.3 to 1.5 m of mud.

References:




IFREMER

Occurrence I:I
Deposit
Deposit/File [_]

MARINE MINERAL OCCURRENCE

Sequential n®:

NAME: MAIN PASS

Commodities: sulphur

Type of deposit: diapir

Country: USA US | District: Louisiane
| Marine area: Atlantic NW, Mexico gulf j
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type shelf
[] Continental Shelf
M ho. 1 iapi
|:| Exclusive Economic Zone orpRo diapir
[] International Area Morpho. 2 dome
COORDINATES Petrography
N 29.500 Mineralogy salt
Latitude o ,_
E MINING RIGH
S 0.000 STA_G ,N G GHTS Up-dated on: 3/2/95
(Decimal ©) Exploration: 4] Free: ]
W[ 89.000 =
Longitude Mining: I:] Under control: E
0.000 Processing: D Unknown: |:|
Z (in m) 0 rCompany: Freeport Mc Moran
Ore Heavy minerals Commodities
Grades
Tonnage 68 Mt
Description:

1) Located 20 miles East of the Mississippi river mouth under an oil and gas deposit. The sulphur deposit will be
exploited with a rythm of 2 Mt/year.

References:

Anonymous, 1991. Sulphur, G.B.R., 217, 21-23.




IFREMER Sequential n®: 6
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] INAME: RATNA GIRI

Deposit/File
Commodities: Ti Type of deposit: placer paleobeach paleochannel
Country: India IN District: Maharastra, Konkan
rl\iarine area: Indian N, Arabian sea |
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type shelf
X Continental Shelf
] o Morpho. 1 channel paleobeach dune
[] Exclusive Economic Zone
[] International Area Morpho. 2
COORDINATES Petrography | siliceous sand
N 17.000 Mineralogy [ ilmenite magnetite
Latitud . ,
itude - STAGE MINING RIGHTS — ——————
X . ated on:
(Decimal °) E | 73250 Exploration: [ Free: ] a
Longitude : Mining: D Under control: D
0.000 Processing: D Unknown: g
Z (in m) -10to -13 Company:
Ore Heavy minerals Commodities
Grades 5 to 30%
Tonnage 2 Mt ilmenite
Description:

1) The Konkan coast, S Bombay, is marked by many arcuated bays, rocky promontories and cliffs of Deccan Plateau

basalts.
2) Climate: Tropical equatorial forest. Annual average rainfall 2500-3000 mm, maxi. from SW monsoon, June to

September. In January, NE monsoon.

3) Hydro: Tide (1-2 m). SW monsoon coincides with maxi. sea turbulence. Main wave direction is from SW, W-SW,
W, W-NW, with periods 5-14 s. For SW waves, sediment transport is mostly NE and for W-SW and W waves, several
directions. For W-NW, the transport is towards S.

4) Works performed: 2-phase surveys in Kalbadavi, Mirya and Ratnagiri Bays. 1) echosounding (Seafarer), magnetism
(spacing 200 m), bottom sampling (spacing about 200 m, Van Veen grab). 2) shallow seismic and sampling by
vibrocorers, surface covered 7.4 km2, 397 samples collected, 75.1 km echosounding.

5) Characteristics of the deposit: depth in the 3 bays 10-13 m. Sediments: sand (8-99%), silts (1-69%). HM 1-91%
(ilmenite 1-52%, magnetite, augite, diopside and hornblende). Proximity of Western Ghats suggests that sediments
derived from Deccan Traps. During SW monsoon sediment discharge and sea turbulence facilitate transport, sorting and
concentration of HM. Distribution of sand, silt and HM (magnetic, non magnetic and ilmenite) shows that HM are
concentrated with sand at stream entrances and with silts and silty sands in the centre of bays or offshore. HM
concentrations do not appear related to larger sediment input and catchment areas, but to direct entry of stream into the
bay (higher) or through a swamp or bar (lower ). Non magnetic minerals are associated with ilmenite, and not with
magnetite (guide for exploration). Due to the arcuated shape of the Bays, the northern parts are subjected to W-SW and
W monsoon waves, favouring sorting and concentrations of HM in the north. Thus, the sandy material is deposited
along the shore and the silts rich in HM are deposited in the centre of the bay or in offshore areas. The sediments with
over 5% ilmenite cover an area of 15 km2. Based on 1 m probable thickness, reserves are 2 Mt; increased to 12 Mt on

96 km2, 57% TiO2 in ilmenite.

References:
1) Siddiquie H.N. & al., 1979. Offshore ilmenite placers of Ratnagiri, Konkan Coast, Maharashtra, India, Marine

Mining, 2 (1-2). 2) Gujar A.R. & al.. 1985. Marine Mining, 7, 317-350.




IFREMER Sequential n°: 7
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit ] INAME: BERUWALA
Deposit/File D

Commodities: Ti Th Rare-Earth Type of deposit: placer paleobeach
Country: Sri Lanka LK |District: Sri Lanka S
| Marine area: Indian N [
ADMINISTRATION TYPOLOGY
Territorial sea Zone type shelf
4 Continental Shelf
ho. ]
|:] Exclusive Economic Zone w2l i
D International Area Morpho. 2
COORDINATES Petrography | sand

N 6.500 Mineralogy monazite ilmenite zircon garnet
A — STAGE MINING RIGHTS
(Decimal °) : i ] Up-dated on: 2/17/95

£ | -80.000 Exploration: x Free: D
Longitude Mining: D Under control: x

0.000 Processing: |:| Unknown: D
Z (in m) 0 Company: National aquatic resources agency (NARA) j
Ore Heavy minerals Commodities

Grades 031028 %
Tonnage
Description:

1) South-western Sri Lanka, offshore in front of Beruwala.

2) Climate: Tropical rain forest. Mean annual precipitation 2200 mm, two maxi. periods: May and October. Winds:
NE Monsoon (Jan.) SW Monsoon (Jul.).

3) Hydro: North equatorial current from E (Nov.-Mar). Monsoon current from W to E and NE (May-Sept.).

4) Works performed: 1985: 41 samples (Van Veen grab). 1989: Research realised with the help of UNDP (360,000
USS$).

5) Characteristics of the deposit: The heavy minerals content in the sediments range from 4 to 13% and monazite from
0.3 to 2.8%. The bottom sediments are predominantly fine to very fine sand and coarse silt that are poorly sorted and
negatively skewed. The poor sediment exhibits a bimodal distribution probably due to the presence of fine organic
debris. The sediments of the offshore areas have H.M compositions similar to those found in beach deposits and the
heavy assemblages are representative of the metamorphic and intrusive rocks of the adjacent hinterland. High
concentrations of monazite are associated with sandy silts. The fine grain size and rounded shape of monazite from
offshore sediments indicate a distant source for monazite compared to the predominantly localised source of monazite
for beach placers. Placer deposits onshore have been worked for many years in that area. HM occur on present day
beaches bordering barrier bars, near the mouth of rivers, in isolated bays and in raised beaches. Deposits of monazite
also occur beneath inter-barrier swamps that lie close to the coastline. The monazite rich concentrates of HM occur in
irregular bands either on the surface or under a layer of light-coloured barren sand. The deposit at Beruwala is formed
over a | km stretch of the beach; The deposit at Kaikawala is 1 km long, 10 m wide. These deposits average 4-20% of
monazite. Works performed offshore, with the help of UNDP in 1989 have delineated sub-economic deposits with a

commercial value of 300 M USS.

References:
1) Shanti Wickremeratne W., 1985, Preliminary studies on the offshore occurrences of monazite-bearing heavy mineral

placers south-western Sri Lanka, Marine Geology 72 (1986) 1-9. 2)Anonymous, 1989. Mining Journal, 312 (8003),
44, 1989.




IFREMER Sequential n°: 8
MARINE MINERAL OCCURRENCE

Occurrence I:]
Deposit X [NAME: PAYA KUNDUR
Deposit/File |:|

Commodities: Sn Ti Type of deposit: placer paleovalley
Country: Indonesia ID [District: KundurIsland W

| Marine area: Indonesia, Malacca strait I
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type shelf

E Continental Shelf

Morpho. 1 leovall
[] Exclusive Economic Zone rpho paleovalley

[] International Area Morpho. 2
COORDINATES Petrography | coarse siliceous sand
N 0.850 Mineralogy | cassiterite, ilmenite
s 0,000 STAGE MINING RIGHTS
_— : , | Up-dated on: 3/2/95
(Decimal ©) E |-103.360 Exploration: [X] Free: D
Longitude ‘ Mining: D Under control: &
0.000 Processing: D Unknown: [ ]
Z (in m) -7 LCompany: P.T. Timah
Ore Heavy minerals Commodities
Grades 250kg/1000m3
Tonnage 130 M m3
Description:

1) The deposit is localised on the west part of Kundur Island, 7 km offshore.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2830 mm; maxi. May to October.
Winds direction: East (April to October), West from November to March. Temperature 23-30° C.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-Apr.,
magnitude 6 m: frequency 10%; magnitude 1 m, frequency 90%.

5) Characteristics of the deposit: The cassiterite is found in deep hollows at the bottom of the alluvial valley. The
mineralization mixed with coarse sands and quartz fragments forms the lower part of a sedimentary bed which lies on
the basement (Kaksa type). The "Mincan" type, where the mineralization is disseminated or forms lenses in the middle
of a sedimentary unit, is rare, although mineralization found in the last 4 m of the sedimentary unit could be of that
type. Cassiterite (+48 to +100 mesh) represents 50 to 74% of the concentrates. Geometry: length 6,500 m, width 250
m, thickness 16.5 m. The primary deposits were formed during the hydrothermal pneumatolitic phase associated with
the set up of plutonic rocks. The mineralization is disseminated, segregated or in veins inside the granite and the
adjacent metamorphosed sedimentary rocks. Then, deep alteration of the granite by humid tropical climate (more than
250 m observed in Penali), transport by the different hydraulic systems and concentration by the mechanical action of
marine and fluviati] waters, allow the formation of placers.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n°: 9
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X [INAME: KOBIL. VALLEY
Deposit/File [_]

Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID |[District: Kundur Island W

I Marine area: Indonesia, Malacca strait I
ADMINISTRATION TYPOLOGY
|:| Territorial sea Zone type inner shelf

B4 Continental Shelf

Morpho. 1 leovall
[] Exclusive Economic Zone Epan palcovalley

[] International Area Morpho. 2
COORDINATES Petrography | coarse siliceous sand

N[ 0840 Mineralogy | cassiterite
Latitude 0.000 STAGE MINING RIGHTS : ]
(DbCImZ'I.I 0) Exp]()ra[ion' x Fraa: D Up—datﬁd on: 3/2/95

E |-103.360 o '
Longitude Mining: [:| Under control: x

0.000 Processing: I:] Unknown: |:|
Z (in m) -10 Company: P.T. Timah ‘
Ore Heavy minerals Commodities

Grades 200 kg/1000 m3
Tonnage 30 M m3

Description:

1) The deposit is localised on the west part of Kundur Island, 7 km offshore.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2830 mm, maxi. May to October.
Winds direction: East (April to October), West from November to March. Temperature 23-30° C.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6 m: frequency 10%, magnitude 1 m: frequency 90%.

4) Works performed: drilling.
5) Characteristics of the deposit: The cassiterite is found in deep hollows at the bottom of the alluvial valley. The

mineralization mixed with coarse sands and quartz fragments form the lower part of a sedimentary bed which lies on
the basement (Kaksa type). Some pebble of cassiterite are also found. The "Mincan" type, where the mineralization is
disseminated or forms lenses in the middle of a sedimentary unit, is not very well expressed here, although
mineralization found in the last 4 m of the sedimentary unit could be of that type. Cassiterite (+48 to +100 mesh)
represents 50 to 74% of the concentrates. Geometry: length 2 500 m, width 150m, thickness 8 m. The primary
deposits formed during the hydrothermal pneumatolitic phase associated with the set up of plutonic rocks. The
mineralization is disseminated, segregated or in veins inside the granite and the adjacent metamorphosed sedimentary
rocks. Then, deep alteration of the granite by humid tropical climate (more than 250 m observed in Penali), transport
by the different hydraulic systems and concentration by the mechanical action of marine and fluviatil waters, allow the

formation of placers.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n°: 10
MARINE MINERAL OCCURRENCE

Occurrence X
Deposit L] INAME: KARIMUN EAST A1

Deposit/File D
Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID |District: Karimun E

I Marine area: Indonesia, Malacca strait I
ADMINISTRATION TYPOLOGY
X Teritorial sea Zone type shelf

x Continental Shelf

; ; Morpho. 1 aleovalle
|:] Exclusive Economic Zone P P e

[] International Area Morpho. 2
COORDINATES Petrography | coarse siliceous sand

N 1.090 Mineralogy | cassiterite

Latit
Pitue 0,000 STAGE MINING RIGHTS

(Decimal ©) n : . Up—datcd on: 3/2/95

E |-103.400 Exploration: E Free: ]
Longitude : Mining: |:| Under control: x

0.000 Processing: D Unknown: I:l
Z (in m) -30 Company: P.T. Timah
Ore Heavy minerals Commodities

Grades [51 kg/1000 m3
Tonnage 1.5M m3 224 t Sn
Description:

1) The occurrence is localised 7.5 km offshore from the east coast of Karimun Island.

2) Climate: Tropical, humid, equatorial forest. Rain fall 2400 mm/y. T= 19-39°, humid season (May-Oct.), hot season
(Mar- Apr.), cold season (Nov.-Feb.). Winds from E (Nov.-Apr.) and from W (May-Oct.).

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6 m: frequency 10%, magnitude 1 m: frequency 90%.

4) Works performed: geophysical survey (acoustic profiling survey), drilling.

5) Characteristics of the deposit: The bedrock consists of 1) extension of the tin-bearing granite found on land and 2)
sedimentary formations older than Pleistocene. This bedrock is covered by two Pleistocene to Recent unconsolidated
sediments series: 1) alluvium worked by sea current and filling depression or valley; 2) stratified marine sediment
formed in calm water. Two sedimentary cycles due to Pleistocene eustatic sea level variations are detectable in large
valleys such as that found at 60 m depth in NE Karimun Island: young marine, young alluvial, old marine, old
alluvial. The cassiterite occurs in deep hollows at the bottom of the valley, mixed with coarse sands and quartz
fragments at the lower part of a bed lying on the basement (Kaksa type). The "Mincan" type, where the mineralisation
is disseminated or forms lenses in the middle of a sedimentary unit, is rare, although mineralisation found in the last 4
m of the sedimentary unit could be of that type. Tin is evenly distributed over the valley's basin and was not
encountered outside. It is regularly deposited from a point in the valley approximately 1 km off the coast, whereas,
closer to the shore, tin was present but unevenly distributed at poorer grade. Geometry of the deposit: surface: 68,750
m?2, thickness 21-54 m. Tonnage: 224 t Sn. The primary deposits were formed during the hydrothermal pneumatolitic
phase associated with the plutonic rocks. The mineralisation is disseminated, segregated or in veins inside the granite
and the adjacent metamorphosed sedimentary rocks. Deep alteration of the granite (> 250 m in Penali), transport by the
different hydraulic systems and concentration by the mechanical action of marine and fluviatil waters allow the

formation of placers.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n®; 1’1
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit ] INAME: KARIMUN EAST A2

Deposit/File I:l
Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID |District: Karimun E

| Marine area: Indonesia, Malacca strait l
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type shelf

X Continental Shelf
|:| Exclusive Economic Zone
[] International Area

Morpho. 1 paleovalley
Morpho. 2 kaksa

COORDINATES Petrography | coarse siliceous sand

N 1.090 Mineralogy cassiterite
—— 0,000 STAGE MINING RIGHTS :
(Decimal °) Exploation: E Free: I:l Up-dated on: 3/2/95

E |-103.400 ’
Longitude Mining: [:l Under control: x

0.000 Processing: D Unknown: I:l
Z (in m) -30 Company: P.T. Timah
Ore Heavy minerals Commodities

Grades 144 kg/1000 m3
Tonnage 1.5M m3 216t Sn
Description:

1) The occurrence is localised 10 km offshore from the east coast of Karimun Island.

2) Climate: Tropical humid, equatorial forest type. Annual average precipitation 2400 mm. T= 19-39°, humid season
(May-Oct.), hot season (Mar- Apr.), cold season (Nov.-Feb.). Winds E (Nov.-Apr.) and W (May- Oct.).

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6m: frequency 10%, magnitude Im: frequency 90%.

5) Characteristics of the deposit: The bedrock consists of 1) extension of the tin-bearing granite found on land and 2)
sedimentary formations older than Pleistocene. It is covered by two Pleistocene to Recent unconsolidated sediments: 1)
alluvium sedimented by sea current, filling up depression; 2) stratified marine sediment formed under calm water
conditions. Due to Pleistocene eustatic sea level variations, two sedimentary cycles took place: young marine, young
alluvial, old marine, old alluvial. This is clearly detectable in large valleys as that found at 60 m depth in NE of
Karimun Island. The cassiterite occurs in deep hollows at the bottom of the valley mixed with coarse sands and quartz
fragments at the lower part of a bed lying on the basement (Kaksa type). The "Mincan" type, where the mineralisation
is disseminated or forms lenses in the middle of a sedimentary unit, is rare, although mineralisation found in the last 4
m could be of that type. Tin is evenly distributed over the valley's basin and was not encountered outside. It was
regularly deposited from a point in the valley approximately 1 km off the coast, whereas, closer to the shore, tin is
present but unevenly distributed at a much lower average grade. The primary mineralisation was formed during the
hydrothermal pneumatolitic phase associated with plutonic rocks and is disseminated, segregated or in veins inside the
granite and the adjacent metamorphosed sedimentary rocks. Then, deep weathering by humid tropical climate (>250 m
observed in Penali), transport by the different hydraulic systems and concentration by the mechanical action of marine
and fluviatil waters allow the formation of placers. Geometry of the deposit: surface 505,000 m2, sediment thickness

29.7 m, tonnage: 216 t Sn.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n®: 12
MARINE MINERAL OCCURRENCE

Qccurrence x
Deposit D NAME: KARIMUN EAST A3
Deposit/File I:]

Commodities: Sn Type of deposit: placer paleovalley

Country: Indonesia ID |District: Karimun E

@rine area: Indonesia, Malacca strait I
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type shelf
X Continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 paleovalley

Morpho. 2 kaksa

COORDINATES Petrography | coarse siliceous sand
N 1.090 Mineralogy | cassiterite

ARG 2,000 STAGE MINING RIGHTS :
(Decimal ) . 300 Exp]oration: m Free: D Up-dated on: 3/2/95
Longitude ‘ Mining: I:I Under control: @

0.000 Processing: I:| Unknown: D
Z (inm) -30 Company: P.T. Timah

Ore Heavy minerals Commodities

Grades 115 kg/1000 m3
Tonnage 337 M m3 387 t Sn
Description:

1) Distance from the coast 10 km.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to Octaber.
Winds direction: East (March to Sept.), West (Sept. to March). Temperature 23-30° C.

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight,
semidiurnal, average 2.9 m. The direction and velocity of the sea currents are linked to the predominant winds but also
to the double tide. Swell is variable.

4) Works performed: geophysical survey (acoustic profiling survey), drilling.

5) Characteristics of the deposit: The bedrock consists of 1) extension of the tin-bearing granite found on land and 2)
sedimentary formations older than Pleistocene. It is covered by two Pleistocene to Recent unconsolidated sediments: 1)
alluvium sedimented by sea current, filling up depression; 2) stratified marine sediment formed under calm water
conditions. Due to Pleistocene eustatic sea level variations, two sedimentary cycles took place: young marine, young
alluvial, old marine, old alluvial clearly detectable in large valleys as that found at 60m depth in NE Karimun Island.
The cassiterite is found in deep hollows at the bottom of the valley mixed with coarse sands and quartz fragments at
the lower part of a bed lying on the basement (Kaksa type). The "Mincan" type, where mineralisation is disseminated
or forms lenses in the middle of a sedimentary unit, is rare, although mineralisation found in the last 4 m of the
sedimentary unit could be of that type. Tin is evenly distributed over the valley's basin and was not encountered
outside. Tin was regularly deposited from a point in the valley approximately |1 km off the coast, whereas, closer to
the shore, tin is present but unevenly distributed at a much lower average grade. The primary mineralisation was
formed during the hydrothermal pneumatolitic phase associated with the plutonic rocks and is disseminated, segregated
or in veins inside the granite and the adjacent metamorphosed sedimentary rocks. Then, deep weathering by humid
tropical climate (>250 m observed in Penali), transport by the different hydraulic systems and concentration by the
mechanical action of marine and fluviatil waters allow the formation of placers. Geometry of the deposit: surface:

130,250 m2, thickness 25-87 m, tonnage: 387.5 t Sn.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequentialn® 13
MARINE MINERAL OCCURRENCE

Occurrence El
Deposit X |INAME: TEMPILANG
Deposit/File I:]

Commodities: Sn Type of deposit: placer colluvial
Country: Indonesia ID |District: Bangka
| Marine area: Indonesia, Java sea I
ADMINISTRATION TYPOLOGY
% Teritorial sea Zone type on land
Continental Shelf
Morpho. 1 [luvial
D Exclusive Economic Zone el s i
I:I International Area Morpho. 2 periplutonic greisen
COORDINATES Petrography | granitic arena
S 22100 Mineralogy | cassiterite biotite
Latitude 0.000 STAGE MINING RIGHTS oo
(Decimal ) E |-105.540 Exploration: [ Free: ] Plec on
Longitude ' Mining: D Under control: E
0.000 Processing: D Unknown: |:|
Z (in m) 50 Company:P.T. Timah
Ore Heavy minerals Commodities
Grades 350 kg/1000 m3
Tonnage 17 M m3
Description:

|') Tempilang is located in North West Bangka Island, part of the Mentok district, Bangka strait.

2)) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to October.
Winds direction: SE (March to Sept.), SW (Sept. to March). Wind velocity during thes monsoon varies tfrom low (1-6
knots), medium (7-16 knots) to high (17-21 knots). Temperature 23-30° C.

3) Hydro: calm sea from September to April then rough from April to September. Tides slight, diurnal, average 1.8
m. Current direction and velocity (0.8 knots maxi) linked to predominant winds and tide. Variable swell.

4) Works performed: Geology, geophysical survey and drillings.

5) Characteristics of the deposit: The Tempilang onshore area is a nearly flat plain with small hills averaging 50 m
high (maxi. 174 m Pandan Hill) covered by bushy growth. The potential area presents 25% marshland and 20%
covered by digging remains. Geology: 1) Recent alluvial. 2) Quaternary deposits (conglomerate: gravel, pebble, sand
and clay, minerals). 3) Metasediments (quartz sandstone with intercalation of clay) contain a considerable amount of
ilmenite and goethite. 3) Biotite granite. The mineralisation is likely the result of pneumatolytic hydrothermal
process. At Tempilang, primary cassiterite is found in the granite at the contact zone and in the metasediment, which
have undergone strong weathering (50-80 m). The ore body consists of tin-bearing weathered rock on the granite as
well as the metasediment. In the weathered granite and greisen, the cassiterite is found disseminated, but more often in
the form of pockets (lenses 10-50 cm). Associated minerals: topaz, tourmaline, monazite. In the metasediments, the
mineralisation fills fissures or fractures with a N110°E-N120°E trend. Mineralised metasediments are marked by
abundant mica and weathered tourmaline which give a violet to reddish colour. Geometry: 2500x 1750 m (recognised
by drilling): grain size of cassiterite: +10-20 mesh (15%), +20-60 mesh ( 81%). +60-100 mesh (3%). Remark: there is
a large marine reserve in the offshore area of Tempilang with high Sn grade. This offshore deposit is undoubtedly the
result of erosion and transportation of mineralisation from the Tempilang granite.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S. World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n°: 14

MARINE MINERAL OCCURRENCE

Occurrence E
Deposit El NAME: TOBOALI
Deposit/File [_]

Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID |District: Bangka S

LMarine area: Indonesia, Java sea I
ADMINISTRATION TYPOLOGY
D Termitorial sea Zone type inner shelf

X Continental Shelf
[] Exclusive Economic Zone
El International Area

COORDINATES Petrography | siliceous sand

Morpho. 1 paleovalley

Morpho. 2 kaksa

‘ S 3,040 Mineralogy cassiterite
e 000 STAGE MINING RIGHTS

e o . . Up-dated on: 3/2/95
(Decimal °) E |-106.450 Exploration: D4 Free: ]
Longitude - : Mining: I:I Under control: x

0.000 Processing: ] Unknown:  []
Z (inm) -10 Eompany:P.T. Timah
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Distance from the shore 0.2 km.
2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to October.

Wind direction: SE (March to Sept.), SW (Sept. to March). Wind velocity during this monsoon varies from low (1-6
knots), medium (7-16 knots) to high (17-21 knots). Temperature 23-30° C.

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight, diurnal,
average 1.8 m. The direction and velocity of the sea currents are linked to the predominant winds but also to the tide,
in general low (0,8 knots maxi). Swell is variable.

4) Works performed: Geology, geophysical survey (acoustic: 570 km in 1978-79 then in 1980 220 km over 40 km?2).
Drillings: in 1978 (16 holes, 447 m), in 1979 (587 holes, 5647m).

5) Characteristics of the deposit: The extension of the mineralisation could be followed over 2 km but beyond that
distance the deposit is divided into small pockets which are perhaps the remains of the interior parts of the valley. The
other parts may have most probably been reworked during the transition from a terrestrial to a marine environment.

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequential n®: 15
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] [NAME: KEBIANG LAUT / PENGA
Deposit/File |:|

Commodities: Sn Type of deposit: placer paleobeach
Country: Indonesia ID |District: Bangka NW

| Marine area: Indonesia, Java sea I
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type inner shelf

I:] Continental Shelf

M ho. 1 aleobeach
D Exclusive Economic Zone Urpie paleobeac

[] International Area Morpho. 2
COORDINATES Petrography | siliceous sand
g 1,540 Mineralogy cassiterite

L T— STAGE MINING RIGHTS — ——————
(Decimal ©) E |-105.500 Exploration: D4 Free: ] p-cated on:
Longitude : Mining: J Under control: D]

0.000 Processing: ] Unknown:  []
Z (in m) -10 Company: P.T. Timah

Ore Heavy minerals Commodities

Grades
Tonnage
Description:
1) NW Bangka.

2) Climate: Tropical humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to October.
Wind direction: SE (March to Sept.), SW (Sept. to March). Wind velocity during this monsoon varies from low (1-6
knots), medium (7-16 knots) to high (17-21 knots). Temperature 23-30° C.

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight, diurnal,
average 1.8 m. The direction and velocity of the sea currents are linked to the predominant winds but also to the tide,
in general low (0.8 knots maxi). Swell is variable.

4) Works performed: Geology, geophysical survey (acoustic, profiles and traverses (200 m), 141 km in 1978); then in
1979 drilling of 560 holes 2151 m.

5) Characteristics of the deposit: The old and recent alluvial formations lie over the granite. In Penganak Laut where
the deposit is relatively thin (3 to 5 cm ) the tin mineralisation is redistributed either in the direction of the sea current

or in the direction of wave action.

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequential n®: 16
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit L] INAME: SINGKEP

Deposit/File [ ]
Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID [District: Singkep Island

[ Marine area: Indonesia, Malacca strait I
ADMINISTRATION TYPOLOGY
X Teritorial sea Zone type shelf

DX Continental Shelf

Morpho. 1 leovall
[] Exclusive Economic Zone P palcovalley

[] International Area Morpho. 2 kaksa
COORDINATES Petrography | coarse siliceous sand
S -0.400 Mineralogy | cassiterite
Latitude 000 STAGE MINING RIGHTS o —
(Decimal °) - ; p-dated on: :
E |-104310 Ex.pl.orauon. x Free ]
Longitude Mining: ] Under control: D
0.000 Processing: D Unknown: |:|
Z (inm) 0 lCnmpany: P.T. Timah |
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) Several occurrences at 5 km and 10 km off the coast in the NW Singkep Island and close to the E shoreline.

2) Climate: Tropical humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to October.
Wind direction: SE (March to Sept.), SW (Sept. to March. Wind velocity during this monsoon varies from low (1-6
knots), medium (7-16 knots) to high (17-21 knots). Temperature 23-30° C,

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight, diurnal,
average 1.8 m. The direction and velocity of the sea currents are linked to the predominant winds but also to the tide,
in general low (0.8 knots maxi.). Swell is variable.

4) Works performed: Acoustic profiles in 1956-58 then in 1970-72. Drilling in 1980 6 holes, 117 m.

5) Characteristics of the deposit: The tin mineralisation seems to be related specifically to the biotite granites.
Cassiterite occurs in small stockworks along the margins of the granite bodies or in veins which penetrated into the
older sedimentary series along faults and bedding planes. On the island of Singkep the granite is intrusive in a series of
micaschists, which are probably older than the sedimentary bedrock of the islands of Bangka and Billiton. The
schistosity of the mica-schists is sub-parallel to the east and west coast of the island. During the Tertiary these bedrock
formations were denuded to such an extent that the intrusive igneous bodies became exposed. During the Pleistocene
glaciations, the very pronounced sea level changes allowed a chemical weathering process of the rocks and caused the
rivers to incise channels and fill them again in several cycles. As a result of the combined chemical and mechanical
processes of erosion, eluvials are formed on the watersheds and on the valley terraces. The cassiterite is concentrated by

a process of selective removal of minerals of low specific weight.

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequential n°: 17
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit L] INAME: RAYONG

Deposit/File [_]

Commodities: Sn Type of deposit: placer beach

Country: Thailand TH |District: Thailand E
LMarine area: Indonesia, Thailand gulf l

ADMINISTRATION TYPOLOGY
E Territorial sea Zone type beach foreshore
E Continental Shelf Moroho. 1 beach
D Exclusive Economic Zone S x
|:| International Area Morpho. 2

COORDINATES Petrography | siliceous sand
N | 12.680 Mineralogy | cassiterite
Latitud -

SRS 0.000 STAGE MINING RIGHTS — r————— |
(Decimal ©) E |.101510 Exploration:  [X] Free: ] el -
Longitude - Mining: I:l Under control: D

0.000 Processing: D Unknown:  [X]
Z (in m) 0to-10 ’ampany: |
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) This area is located 200 km east of Bangkok.

2) Climate: Tropical. Savannah. Mean annual precipitation 1300 mm (maxi. during Sept.-Oct.). Prevailing surface
winds from NE (monsoon) in January and SW (monsoon) in July.

3) Hydro: From November to March, the NE trade winds cause the westward-flowing North Equatorial Current, with a
complementary eastward Equatorial counter current. From May to September, when the winds blow Southwest, the
north flow is reversed, and the North Equatorial Current then flows eastwards.

4) Works performed: Geophysical survey and drilling in 1983.
5) Characteristics of the deposit: Cassiterite occurs as small disseminated grains in beach sand and as coarse angular

fragments under a tidal zone in a region characterised by granitic batholiths and stocks occurring on land and in the sea.
In some areas, tin bearing beach sands contain up to 10% ore by weight; tin and heavy minerals occur in alternating
bands with sand which may reach 2 feet in thickness. Associated with tin are some other heavy minerals: zircon,
monazite, rutile, ilmenite and tourmaline. To verify the possible existence of tin bearing, offshore geophysical and
drilling surveys were carried out in 1983. 3 areas were investigated (8-110 km2). The results were disappointing, but
on the 1E area a strong magnetic anomaly remains to be checked. The possibility to discover gemstones is strong.

References:
Anonymous. 1989. CR 26eme session CCOP/AQ, 96-97.




IFREMER Sequential n°: 18

MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ ] INAME: AREA C
Deposit/File [ |

Commodities: Sn Type of deposit: placer paleovalley
Country: Thailand TH |District: Thailand W coast
LMarine area: Indonesia, Andaman sea |
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type inner shelf
Continental Shelf
] . Morpho. 1 aleochannel

EI Exclusive Economic Zone L4 e
|:| International Area Morpho. 2

COORDINATES Petrography | fine sand & sandy clay

N 8500 Mineralogy cassiterite

Latitude - T ¢ 100 STAGE MINING RIGHTS
(Decimal ) : ] ] | Up-dated on: 3/2/95

ecimal ) E | -98.100 Exploration:  [X] Free: X
Longitude : Mining: |:| Under control: D

E | -98.150 Processing: || Unknown:  []
Z (inm) -30 to -45 Company: Department of mineral ressources UNDP
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Distance from shore 5-10 km, surface 121 km2.

2) Climate: this area has a humid tropical climate (equatorial forest type); precipitation 2400 mm/year with a
maximum from September to January. NE wind direction from November to April then SW direction.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, average 2.5
m. The current direction and velocity are linked to the predominant winds. Swell is variable from 1 to 6 m.

4) Works performed: seismic, sonar. magnetometry along profiles and traverses 1 km apart. Drilling: 232; total length
in sediment: 1555 m; average penetration: 6.7 m maxi: 15.7 m; nbr of holes >10 m = 10; range of water depth: 16.5
to 45.6 m; average recovery 69.6%. PNUD offshore project research realised in 1980-1983 over areas where the water
depth was between 30-45 m.

5) Characteristics of the deposit:. The sedimentology defines two separated units, over granitic and metamorphic
basement rocks. The upper unit is formed by muddy sand and clean sand, with abundant shell and coral fragments.
Glauconite, barite, indicate a marine origin. The lower unit with sandy clay and clayey sand in its upper position. The
proportion of clay and rock fragments often increases downwards; thickness is variable. This lower unit seems to have
a continental origin. On the C area, fine and well sorted sand overlying bedrock may have aeolian origin.

Sampling shows some tin values but not of economic interest.

References:
Anonymous, 1987. Offshore exploration for tin and heavy minerals in the Andaman sea, West coast of Thailand,

Report UN/DTC THA 78/008 NY.




IFREMER Sequential n°: 19
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit L] |[NAME: KAMMALA BAY
Deposit/File D

Commodities: Sn Type of deposit: placer paleochannel
Country: Thailand TH |District: Phuket

| Marine area: Indonesia, Andaman sea |
ADMINISTRATION TYPOLOGY
& Territorial sea Zone type inner shelf
[] Continental Shelf e e

o. il
D Exclusive Economic Zone —>F paeochanne
[] International Area Morpho. 2
COORDINATES Petrography | coarse siliceous sand
‘ N 8. 000 Mineralogy | cassiterite
Latitude STAGE MINING RIGHTS
o 0.000 Up-dated on: 3/2/95

(Decimal ©) E | -98220 Exploration:  [X Free: ]
Longitude - Mining: D Under control: |:|

0.000 Processing: I:] Unknown: x
Z (inm) 0 Company:

Ore Heavy minerals Commodities

Grades
Tonnage 0.09 to 0.24 kg/m3
Description:

1)West of the island of Phuket. Distance off the coast 750 to 1000 m.

2) Climate: humid tropical, equatorial forest type. Precipitation 2400 mm/year with a maximum from September to
January. NE wind direction from November to April then SW direction.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, average 2.5
m. The current direction and velocity are linked to the predominant winds. Swell is variable from I to 6 m.

4) Works performed: Drilling (3).

5) Characteristics of the deposit: colluvial deposits which are frequent in Phuket island. The hill slopes are relatively
steep, no large rivers and river valleys exist and the weathering mantle of the granitic hills slides down into a number
of relatively small and often more or less rounded, kettle-shaped valleys. Selective transport and outwash is restricted
and the cassiterite content is largely determined by that of the local weathering mantle. The deposits of the west coast
of Phuket island are comparable and are characterised by successive layers of coarse sandy material, the cassiterite being
mostly distributed throughout the whole profile and not only concentrated in a bottom gravel.

References:
Aleva G.1., 1978. Exploration for placer tin deposits offshore Thailand, 11 CMMC (Hong Kong), 59-65.




IFREMER Sequential n°: 20
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X [INAME: THAI MUANG
Deposiv/File [

Commodities: Sn Type of deposit: placer paleobeach
Country: Thailand TH |District: Phang Nga

| Marine area: Indonesia, Andaman sea —l
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type inner shelf

[] continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 paleobeach

Morpho. 2 residual kulit skin

COORDINATES Petrography | coarse argilosiliceous sand
N | 8450 Mineralogy | cassiterite

Latinde — STAGE MINING RIGHTS _
(Decimal °) % | 5880 Exploration: [ Free: ] idaecon: S
Longitude ‘ Mining: x Under control: E

0.000 Processing: & Unknown: |:|
Z (in m) -10 [Company: Offshore Mining Organisation (OMO)

Ore Heavy minerals Commodities

Grades 0.446 kg/m3
Tonnage
Description:

1) West coast of Thailand, North of Phuket. Distance from the shore 900 m. The deposit is parallel to the shoreline.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2400 mm with maxi Sept.-Jan..
Winds from NE (Jan.) and from SW (July).

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6 m: frequency 10%, magnitude 1 m: frequency 90%.

5) Characteristics of the deposit: The cassiterite is associated with an argilaceous coarse sand (Holocene - Pleistocene)
lying over a granitic complex. The sedimentary formation is overlaid by a quite plastic argilaceous level, itself overlaid
by marine fine sediments. The geomorphology of the sea bed is remarkably flat, without any major valley. The west
declivity is 1/1000. The central area of the deposit has very rich mineralised pockets with cassiterite grain size diameter
>10mm. The grain size of the mineralization decreases towards the deposit limits. More than 25% of the concentrates
have a grain size over 1.7 mm. The percentage of the useful minerals is 0.446 kg/m3= 0.564 katies/cy. Geometry:
length 10 km, width 2 km, thickness 2 cm to 2 m. This area would have undergone intensive erosion following a
tectonic activity and the collapse of areas along the coast. The erosion would have permited the partial or complete
destruction of the primary deposit. The fluctuation of the sea during glaciation times (alternation between continental
alteration/erosion and dynamics of the water) would have allowed the cassiterite liberation and its accumulation. The
mineralization arrangement as narrow belts parallel to the coast line gives importance to the swell and marine current

actions.

References:
Aleva G.J., 1978. Exploration for placer tin deposits offshore Thailand, 11 CMMC (Hong Kong), 59-65.




IFREMER Sequential n°: 21
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X INAME: TONGKAH HARBOUR
Deposit/File D¢
Commodities: Sn Type of deposit: placer colluvial
Country: Thailand TH |District: Phuket

[Marine area: Indonesia, Andaman sea I
ADMINISTRATION TYPOLOGY
@ Territorial sea Zone type inner shelf

E Continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 colluvial

Morpho. 2 periplutonique

COORDINATES Petrography | coarse siliceous arena
N 7.900 Mineralogy cassiterite ilmenite zircon
LA — STAGE MINING RIGHTS e
(Decimal °) - 25450 Explora[i(‘]n: D Free: D Up— ated on: 3/2/95
Longitude ' Mining: X< Under control: x
0.000 Processing: I:l Unknown: [:l
Z (inm) -20 Rlompany: Aokhah Thai Co.
Ore Heavy minerals Commodities

Grades 0.4 kg/m3
Tonnage
Description:

1) West coast of Thailand, SE of the small Phuket island, 4 km offshore from the coast.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2400 mm. T= 19-39°, humid season
(May-Oct.), hot season (Mar- Apr.), cold season (Nov.-Feb.). Winds from NE (Nov.-Apr.) and from SW (May-Oct.).
3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6 m: frequency 10%, magnitude 1 m: frequency 90%.

5) Characteristics of the deposit: Host rock is a coarse sand (Holocene-Pleistocene). The sediments overlying the
mineralised formation are represented by argilaceous sands and sands. Sometimes, lateritic clays are present between
the sand unit and the mineralised level. Granulometry: cassiterite grain size > 100 mesh. Associated at the cassiterite,
some heavy minerals, such as ilmenite, monazite, zircon. The gangue is represented by quartz and tourmaline.
Geometry: thickness 4-6 m. Onshore the cassiterite showings are associated with pegmatites and quartz veins
appearing by the contact between granite and sedimentary formations.

References:
Callot F., 1977. Visite a la région de Phuket.




IFREMER Sequential n°: 22
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] [NAME: AREA A BLOCK 1
Deposit/File x

Commodities: Sn Ti Zr Rare-Earth Type of deposit: placer paleochannel
Country: Thailand TH |District: Phang Nga
I Marine area: Indonesia, Andaman sea j
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type inner shelf
E Continental Shelf Moroho 1 leoch :
0.
|:| Exclusive Economic Zone s paeoo anme
[] International Area Morpho. 2
COORDINATES Petrography | fine to coarse siliceous sand

N 8.850 Mineralogy cassiterite ilmenite zircon monazite

L( 1 al
s el sz STAGE MINING RIGHTS o )

(Decimal ©) Exploration: [X] Free: ] p-dated on: 3/2/9:

E | -98.000 B '
Longitude Mining: |:| Under control: |:|

E | -98.250 Processing: D Unknown: x
Z (in m) -30 to -40 ,E)mpany: D.M.R. Bangkok l

Ore Heavy minerals Commodities

Grades 109 g/m3 SnO2
Tonnage 225 637 t 90 343 t SnO2
Description:

1) Shore distance: 20 km
2) Climate: Humid tropical (equatorial forest type), precipitation 2400 mm/year with a maximum from Sep. to Jan,

NE wind direction from Nov. to April then SW direction.

3) Hydro: Sea is calm from Nov. to April then rough from May to Oct. The tides are slight, average 2.5 m. The
current direction and velocity are linked to the predominant winds. Swell is variable from 1 to 6 m.

4) Works performed: include geophysical survey (seismic and bathymetric methods) and drilling survey (2500 m).

5) Characteristics of the deposit: The mineralised areas are localised along a prevalent NE-SW tectonic direction
(Ranon fault system) associated with paleochannels or paleoripples. The sedimentology defines two separate beds with
relatively mellow soil over granitic and metamorphic basement rocks. The lower bed with sandy clay and clayey sand
in the upper part seems to have a continental origin; the upper bed with abundant shell and coral fragments have a
marine origin. Mineralization is present in the lower and upper beds associated with coarse and fine sand.

References:
Anonymous, 1987. Offshore exploration for tin and heavy minerals in the Andaman sea, West coast of Thailand.

Report UN/DTC THA 78/008 NY.




IFREMER Sequential n®: 23
MARINE MINERAL OCCURRENCE

Occurrence g
Deposit D NAME: RANON

Deposit/File El

Commodities: Sn Type of deposit: placer paleobeach

Country: Thailand TH |District: Ranon province
bﬂarine area: Indonesia, Andaman sea ]

ADMINISTRATION TYPOLOGY

X Territorial sea Zone type inner shelf

[] Continental Shelf

; Morpho. 1 aleobeach
D Exclusive Economic Zone orp paleobeac

[[] international Area Morpho. 2
COORDINATES Petrography | fine to medium siliceous sand
. N 9 700 Mineralogy cassiterite
Lo 0.000 STAGE MINING RIGHTS o
(Decimal ©) Exploration: E Free: D o e
E | -98.500 L ' o
Longitude Mining: D Under control;
0.000 Processing: I:] Unknown: I:l
Z (in m) -10 Company: Leighton Mining N.L..
Ore Heavy minerals Commodities
Grades 10%
Tonnage
Description:

1) The area is located 620 km south of Bangkok. Ranong mining district.

2) Climate: humid, tropical, equatorial forest type. Precipitation 2400 mm/year with a maximum from September to
January. NE wind direction from November to April then SW direction.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, average 2.5
m. The current direction and velocity are linked to the predominant winds. Swell variable 1 to 6 m.

4) Works performed: Drilling.

5) Characteristics of the deposit: Primary and secondary cassiterite deposits occur onshore in basins parallel to NS
biotite granite ranges for over 40 km. Primary deposits are in pegmatites, quartz veins, tin bearing aplite and
disseminated cassiterite in granite. Alluvial placers 2 to 12 m thick occur in a basin parallel to and W of the granite
range; high tin values are reported in several places. The coastal plain, 10 km wide, extends offshore by an intertidal
zone covered by mangrove forest followed westward by a gradually deepening sea. The area is flat and is an old
peneplain or abrasion plain with a few monadnock-like hills. The basement is Devono-carboniferous sedimentary
(Phuket group) intruded by a foliated granite. The tin mineralisation is located along the NE mylonitized and strongly
altered contact. Near the fault scarp granite blocks, cobbles and pebbles are mined for rich coarse-grained cassiterite.
This deposit thins out towards W, with a decrease in grain size. The cassiterite mine nearest to the shore has a
pay-streak, a few decimetres thick, composed of fine gravel with very fine-grained cassiterite in low concentrations.
Drilling in mangrove-covered estuaries and in offshore extension, shows 10 mm or less of gravels and only a few
flakes of cassiterite. This type of deposit is related to the slide in avalanche of the weathered granite, producing a
fan-shaped deposit on the low coastal plain. The fan has later been washed out, probably largely by wave action, which
transported the finer material downslope towards the ocean. The finer material was deposited west of the original fan.

References:
Aleva G. J., 1978. Exploration for placer tin deposits offshore Thailand, | 1th CMMC (Hong Kong).




IFREMER Sequential n°: 24
MARINE MINERAIL OCCURRENCE

Occurrence E
Deposit [] [NAME: SAMET ISLAND

Deposit/File
Commodities: Sn Type of deposit: placer paleovalley
Country: Thailand TH |District: Rayong province
I Marine area: Indonesia, Thailand gulf l
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type inner shelf
D Continental Shelf Moroho. 1 leoch I
0. . -
D Exclusive Economic Zone P s
[[] International Area Morpho. 2
COORDINATES Petrography
N 12.500 Mineralogy cassiterite rutile
L' [ 3 v
atitude 0.000 STAGE MINING RIGHTS
(Decimal ©) E 1-101.500 Exploration: [ Free: ] p-catec on: -
Longitude - Mining: D Under control: D
0.000 Processing: [ Unknown:  [X]
Z (in m) Company:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) Gulf of Thailand.

2) Climate: Tropical. Savannah. Mean annual precipitation 1300 mm (maxi. during Sept.-Oct.). Prevailing surface
winds from NE (monsoon) in January and SW (monsoon) in July.

3) Hydro: From November to March, the NE trade winds cause the westward-flowing North Equatorial Current, with a
complementary eastward Equatorial counter current. From May to September, when the winds blow Southwest, the
north flow is reversed, and the North Equatorial Current then flows eastwards.

4) Works performed: Geophysical survey (magnetometry) realised by DMR and private companies. Drilling (24).

5) Characteristics of the deposit: 3 types of bedrock were found, granites (25-60 m); orthoquartzite (40-80 m);
limestone ( 14-60 m). Four units of sediments were recognised, from top to bottom: 1) lateritic clay showing a
hard-ground morphology; 2) sandy clay (5-30 thick); 3) coarse sand with coarse granite pebbles (10-35 m thick),
continental deposit; 4) marine mud and sandy clay (2-24 m thick). Some tin mineralisation was found associated with

others HM (monazite, zircon).

References:




IFREMER Sequential n°: 25
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X [INAME: TAKUA PA
Deposit/File [X]

Commodities: Sn Type of deposit: placer paleobeach
Country: Thailand TH |District: Phang Nga

| Marine area: Indonesia, Andaman sea j
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type inner shelf

Continental Shelf
Morpho. 1 aleobeach
El Exclusive Economic Zone oe palooee
[] International Area Morpho. 2
COORDINATES Petrography | fine to medium sand
N 9.000 Mineralogy | cassiterite

Latitude P r

5,000 STAGE MINING RIGHTS
Decimal ) ‘ ] ‘ Up-dated on: 3/2/95
(Decima E | 98270 Exploration: [_] Free: O
Longitude - ‘ Mining: & Under control: E

0.000 Processing: x Unknown: |:|
Z (in m) Oto-18 Company: Southern Kinta Cons. Ltd —l

Ore Heavy minerals Commodities

Grades 0.7 to 1.2 kg/m3
Tonnage
Description:

1) West coast of Thailand, North of Thai Muang. Distance to the coast 100 m.

2) Climate: Tropical, humid, equatorial forest type. Annual average precipitation 2400 mm. T= 19°-39°, humid season
(May-Oct.), hot season (Mar.-Apr.), cold season (Nov.-Feb.). Winds from NE (Nov.-Apr.) and from SW (May-Oct.).
3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April,
magnitude 6 m: frequency 10%, magnitude 1 m: frequency 90%.

5) Characteristics of the deposit: The mineralised formations (Holocene) are represented by sand and clay lying over the
basement (altered shales). The recent detritic formations are not very thick and are composed of quartz, shales, reef
fragments. When the alluvium formations are not very thick, the basement appears sheared and holds some tin values
along cracks and deep fissures. The source of the mineralization is localised inside the cassiterite rich veins appearing
in the upper part of the granitic roof or the contact between shales and granite. The transport is in a practical way,
null. The mineralization concentration is due to recovery by the swell and the currents of the light minerals.
Geometry: surface 81 km2, thickness 0.30-0.60 m, overburden 0-1.5 m. The is parallel to the shoreline. NB: The tin
values calculated from suction dredging samples are overestimated, poor sediment recovery.

References:
Mc Donald, 1978. Exploration and development of shallow coastal deposit by suction dredging of Takua Pa,

Oceanology International 78 (Brighton).




IFREMER

MARINE MINERAL OCCURRENCE

26

Sequential n°:

Occurrence x
Deposit NAME: KARIMUN EAST
Deposit/File [X

Commodities: Sn

Type of deposit: placer paleovalley

Country: Indonesia

ID

District: Karimun Island

LMarine area: Indonesia, Malacca strait

=

ADMINISTRATION TYPOLOGY
g Territorial sea Zone type inner shelf
Continental Shelf
[] Exclusive Economic Zone s LR prne
[] International Area Morpho. 2 kaska
COORDINATES Petrography | coarse sand
_ N 1.090 Mineralogy | cassiterite
Latitude P STAGE MINING RIGHTS
S . . Up-dated on: 3/2/95
(Decimal °) E | -103.410 Exploration: [X{ Free: ]
Longitude - Mining: I:I Under control: E
0.000 Processing: [:l Unknown: D
Z (in m) -15 Company: P.T. Timah
Ore Heavy minerals Commodities
Grades 319 kg/1000 m3
Tonnage 65M m3
Description:

1) Distance from the shore of Karimun island 25 km.

2) Climate: Tropical humid, equatorial forest type. Annual average precipitation 2830 mm. Maxi. May to October.
Winds direction: East (March to Sept.), West (Sept. to March). Temperature 23-30° C.

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight,
semidiurnal, average 2.9 m. Direction and velocity of the sea currents are linked to the predominant winds but also to
the double tide. Swell is variable.

4) Works performed: geophysical survey (acoustic profiling survey), drilling.

5) Characteristics of the deposit: The bedrock consists of 1) extension of the tin-bearing granite found on land and 2)
sedimentary formations older than Pleistocene. It is covered by two Pleistocene to Recent unconsolidated sediments: 1)
an alluvial sediment sedimented by sea current, filling up depression; 2) a stratified marine sediment sedimented under
calm water conditions. Due to Pleistocene eustatic sea level variations, two sedimentary cycles have taken place:
young marine, young alluvial, old marine, old alluvial clearly detectable in large valleys as that found at 60m depth in
NE Karimun Island. From close grid drilling in this deep "offshore reserve” the presence of a tin layer in the form of
Kaksa, with a uniform distribution approximately 500m wide, shows a tendency of widening seawards. Geometry of
the deposit: surface: 197,500 m2, thickness 32 m, volume 6.5 Mm3, grade: 319 kg/1000 m3, grain size +60 to 100
mesh. The primary deposits were formed during the hydrothermal pneumatolitic phase associated with plutonic rocks.
The mineralisation is disseminated, segregated or in veins inside the granite and the adjacent metamorphosed
sedimentary rocks. Then, deep alteration of the granite by humid tropical climate (>250 m observed in Penali),
transportation by the different hydraulic systems and concentration by the mechanical action of marine and fluviatil
waters allows the formation of placers. The tin in this valley-like depression originates from extended transportation
from tin-bearing valleys of east Karimun, or from the north-eastern contact zone at the strait of Karimun Anak.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S.World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n°: 27
MARINE MINERAL OCCURRENCE

Occurrence |:]
Deposit X [NAME: TIMUN VALLEY

Deposit/File

Commodities: Sn Type of deposit: placer paleovalley

Country: Indonesia ID | District: Kundur Island W
[Marine area: Indonesia, Malacca strait I

ADMINISTRATION TYPOLOGY

DX Territorial sea Zone type on land

x Continental Shelf
D Exclusive Economic Zone
|:| International Area

Morpho. 1 paleochannel
Morpho. 2 kaksa

COORDINATES Petrography | coarse sand
N | 0860 Mineralogy | cassiterite

Latitude 0.000 STAGE MINING RIGHTS — —————
(Decimal ©) E |-103.360 Exploration:  D{ Free: ] pCafec on:
Longitude ' Mining: D Under control: @

0.000 Processing: [:l Unknown: E]
Z (in m) 0to0 40 [Company: P.T. Timah

Ore Heavy minerals Commodities

Grades 0.23kg/m3
Tonnage
Description:

1) The deposit is localised on the west part of Kundur Island, 7 km offshore.

2) Climate: Tropical humid, type equatorial forest. Annual average precipitation 2830 mm, maxi. May to October.
Winds direction: East (Apr. to Oct.), West (Nov. to March). Temperature 23-30° C.

3) Hydro: The sea is calm from November to April then rough from May to October. The tides are slight, semidiurnal,
average 2.9 m. The current direction and velocity are linked to the predominant winds. Swell is variable, Nov.-April:
magnitude 6 m: frequency 10%, magnitude 1 m: 90%.

5) Characteristics of the deposit: The cassiterite is found in deep hollows at the bottom of the alluvial valley. The
mineralisation mixed with coarse sands and quartz fragments forms the lower part of a sedimentary bed which lies on
the basement (Kaksa type). The "Mincan" type, where the mineralization is disseminated or forms lenses in the middle
of a sedimentary unit, is not very well expressed here. However, some showing of mineralisation found in the last 4
m of a sedimentary unit could be associated to that type. Cassiterite (+48 to +100 mesh) represents 50 to 74% of the
concentrates. Geometry: length 7000 m, width 250 m, thickness 2-15 m. The primary deposits are formed during the
hydrothermal pneumatolitic phase which is associated with the set up of plutonic rocks. The mineralization appears
disseminated, segregated or in veins inside the granite and the adjacent metamorphosed sedimentary rocks. Then, deep
alteration of the granite by humid tropical climate (more than 250 m observed in Penali), transported by the different
hydraulic systems and concentration by the mechanic action of marine and fluviatil waters allow the formation of

placers.

References:
Sujitno S. & Simatupang, 1981. Review of discoveries of new tin deposits in Indonesia, S.World conference on Tin,

Kuala Lumpur 19-23 Oct. 1981.




IFREMER Sequential n°: 28
MARINE MINERAL OCCURRENCE

Occurrence I:]
Deposit X INAME: COPAT KELABAT BAY
Deposit/File D

Commodities: Sn Type of deposit: placer colluvial paleovalley
Country: Indonesia ID |District: Bangka N

rﬂarine area: Indonesia, Java sea —I
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type inner shelf

D Continental Shelf

Morpho. 1 leovall
D Exclusive Economic Zone oL paleovalley

D International Area Morpho. 2
COORDINATES Petrography | sand

S| -1.600 Mineralogy | cassiterite
AR 0.000 STAGE MINING RIGHTS —[————
(Decimal °) ' T .. p-Cales o

E |-105.680 Ex.pl'oratlon. D Free El
Longitude Mining: x Under control: g

0.000 Processing: D Unknown: |:|
Z (in m) Oto-l Company: P.T. Timah
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) North of Bangka Island.
2)) Climate: Tropical humid, type equatorial forest. Annual average precipitation 2830 mm. Maxi. May to October.

Winds direction: SE (March to Sept.), SW (Sep. to March). Wind velocity during the monsoon varies from low (1-6
knots), medium (7-16 knots) to high (17-21 knots). Temperature 23-30° C.

3) Hydro: The sea is calm from September to April then rough from April to September. The tides are slight, diurnal,
average 1.8 m. The direction and velocity of the sea currents are linked to the predominant winds but also to the tide,
in general low (0.8 knots maxi). Swell is variable.

4) Works performed: Geology, geophysical survey and drillings.

5) Characteristics of the deposit: Lithology: Recent alluvia; Quaternary deposits (conglomerate: gravel, pebble, sand
and clay, minerals); metasedimentary rocks (quartz sandstone with intercalation of clay; contains a considerable amount
of ilmenite and goethite); biotite granite. The mineralisation is supposed to be the result of pneumatolytic
hydrothermal process. The bearing rocks have undergone a strong weathering (50-80m). The orebody consists of
tin-bearing weathered rock in the granite as well as the metasediment. Exploitation by gravel pumps "Kolong method"
in-the foreshore area ended in 1958 at 3 km offshore. The exploitation was done in 1966 by dredging with the
BANGKA | dredge (bucket: 9-20 cu/feet working 9-45 m under water. Production 32 Mm3).

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequential n°: 29
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X INAME: LAUT TEMPILANG
Deposit/File @

Commodities: Sn Type of deposit: placer paleovalley
Country: Indonesia ID |District: Bangka S
rMarine area: Indonesia, Java sea |
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type inner shelf
Continental Shelf
Morpho. 1 leoch
[] Exclusive Economic Zone ompo paleochannc]
D International Area Morpho. 2 kaska
COORDINATES Petrography | coarse sand
' S| 2180 Mineralogy | cassiterite
Latitude 0.000 STAGE MINING RIGHTS —[———
(Decimal ©) E |-105.680 Exploration: [_] Free: ] b s
Longitude ' Mining: & Under control: E
0.000 Processing: |:| Unknown: D
Z (in m) -10 [Company: P.T. Timah ]
Ore Heavy minerals Commodities
Grades 0.35 kg/m3
Tonnage 17 106 m3

Description:
1) The placer is located on the south west coast of the Bangka island, 3 km from the shoreline, and constitutes the

prolongation in the sea of a deposit located on the continent.

2) Climate: Tropical humid, rain forest type. Winds: East direction from April to October 3-5 km/h; West direction
from November to March. Rainy season from October to February; mean annual precipitation: 2830 mm/an.
Temperature: 23°- 30° C.

3) Hydro: Sea calm or rough depending on the monsoon. Tides are slight, semidiurnal, maxi. 2.9 m. Current direction
and velocity are linked to the predominant winds.

4) Works performed: Seismic profiles 141 km, grid 200 m, drilling 660 (1249 m).

5) Characteristics of the mineralised zone: Mineralization is associated with cenozoic to quaternary argilaceous sand and
gravel in a paleovalley fill up. The sedimentary detritic formation is overlying biotite granite and metasediments
(sandstone with argilite bed intercalations). The cassiterite mineralization granulometry is 10-20 mesh (16%), 20-60
mesh (81%), 60-100 mesh (3%). The source of the mineralization is the Tempilang granite which is well mineralised
on the Island. Granite (Cretaceous to Jurassic) has intruded Triassic sedimentary rocks constituted of sandstone and
argilite. Strong hydrothermal alteration (kaolinization) facilitated the erosion process and cassiterite preconcentration.
The Bangka primary mineralization is characterised by cassiterite in quartz veins, wolframite quartz veins, arsenopyrite,

pyrite, chalcopyrite, and galena.

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequential n°: 30

MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X INAME: BELITUNG

Deposit/File &
Commodities: Sn Type of deposit: placer paleovalley paleobeach
Country: Indonesia ID |District: Belitung E

rMarine area: Indonesia, Java sea —l
ADMINISTRATION TYPOLOGY
[ Territorial sea Zone type inner shelf

Continental Shelf
E ontimental She Morpho. 1 paleochannel paleoterrane

[] Exclusive Economic Zone

[] International Area Morpho. 2 paleobeach

COORDINATES Petrography | coarse sand
S | -3.000 Mineralogy | cassiterite
Lanude 0,000 STAGE MINING RIGHTS —[————
(Decimal °©) - _— : p-dated on:
E |-108.220 Exploration: [_] Free ]
Longitude Mining: @ Under control: E
0.000 Processing: I:] Unknown: D
Z (in m) -10 to -20 Company: P.T. Timah —l
Ore Heavy minerals Commodities
Grades 5 % by volume.
Tonnage 239 400 Mt
Description:

1) East side of the Belitung island, 10 km from shoreline.

2) Climate: Tropical humid, rain forest type. Winds: SE direction from April to September, 13-30 km/h - NW
direction from October to April, 31-39 km/h. Temperature: 26°.

3) Hydro: Sea calm or rough depending on the monsoon. Tides are slight, diurnal, maxi. 1.8 m. The current direction
and velocity are linked to the predominant winds.

4) Works performed: 1979 acoustic profiles 850 km, grid 200x200 m.

5) Characteristics of the mineralised zone: The Holocene sedimentation is caracterized by unconsolidated sands and
argilaceous formations containing corals. The mineralization is associated with quaternary valley fill, natural levee,
paleobackshores (-8, -10, -13, -18, -20, -30, -45, -50, -60, -67 and -90 m). Mineral concentrations are parallel to the
paleoshoreline. Heavy mineral sample shows the following mineral composition: cassiterite 20-150 mesh (67,8%),
monazite 48-150 mesh (2%), pyrite 65-150 mesh (11%), ilmenite 65-150 mesh (7%), zircon 100-200 mesh (5%),
tourmaline 65-150 mesh (4%), topaz 100-150 mesh (1%). The tin mineralization comes from the granitic
peribatholitic halo. These Permo-triasic granites were deeply weathered during the Miocene period. Preconcentration
and partial transport have been initiated by the mechanic action of meteoric and marine water (gravity process).

References:
Sujitno S., 1984. Exploration for offshore tin placer in Indonesia, 2nd int. seminar on the offshore mineral resources

(Brest), Ed. GERMINAL.




IFREMER Sequentialn®: 31
MARINE MINERAL OCCURRENCE

Qccurrence x
Deposit [ ] [NAME: AREA OFF PERAK
Deposit/File [X]

Commodities: Sn Type of deposit: placer paleovalley paleobeach
Country: Malaysia MY |District: Perak

I Marine area: Indonesia, Andaman sea l
ADMINISTRATION TYPOLOGY
[ Teritorial sea Zone type inner shelf

E Continental Shelf
[] Exclusive Economic Zone
D International Area

Morpho. 1 paleovalley

Morpho. 2 paleobeach

COORDINATES Petrography | siliceous sand
N 4.250 Mineralogy | cassiterite
Latitude 0.000 STAGE MINING RIGHTS o
(Decimal °) - : p-datec on.
E |-100.500 Exploration: x Free D
Longitude Mining: I:I Under control: E
0.000 Processing: ] Unknown: [ ]
Z (in m) 0 Eompany: Pernas Mining Co. Ltd |
Ore Heavy minerals Commodities
Grades 8 to 46 K/sqy
Tonnage
Description:

1) The area of interest covers 9 km2, 1,5 km offshore Perak.
2) Climate: Tropical, humid, rain forest type; Winds: East direction from April to October and west from November to

March. Rainy season, November to February. Mean annual precipitation 2830 mm/an. Mean annual temperature: 23
to 30 ° C.

3) Hydro: Sea calm to rough depending on the monsoon. Water temperature: 26 to 29°C. Tide are slight, semidiurnal.
Tide magnitude 2.9 m. Currents to W 2-3 ms and to E.

4) Works performed: 1975 seismic profiles 27 miles, Bangka drill (100).

5) Characteristics of the mineralised zone: The mineralization is associated with siliceous sand along a narrow strip
parallel to the outcropping granite and in paleovalleys appearing in front of 3 small streams. Grain size: 60 mesh.
Grade values changing from the source to the different geomorphologic systems: northern valley 12-27 Katies/cubic
yard (9.5-21 g/m3), central valley 8.5-23 K/cy (7.7-18.2 g/m3), southern valley 8-46 K/cy (6.3-35.4 g/m3). The area
nearby the granite is L: 900 m, 1: 100 m. The dipping is 7-27°. Erosion, and transport are the factors which allowed
tin reconcentration in paleovalleys. The wave mechanical actions have redistributed part of the mineralization along

some areas parallel to the shoreline.

References:
Arman M., 1978, Cassiterite distribution pattern in a nearshore area off Perak, Malaysia Peninsula, CCOP technical

report 12.




IFREMER Sequential n°: 32
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] [NAME: RINGAROOMA BAY

Deposit/File x
Commodities: Sn Type of deposit: placer paleovalley
Country: Australia AU | District: Tasmania, Lottah

I Marine area: Pacific SW, Tasman sea, Bass strait l
ADMINISTRATION TYPOLOGY
[ Territorial sea Zone type inner shelf

x Continental Shelf

Morpho. 1 leovall
D Exclusive Economic Zone p paleovalley

[] International Area Morpho. 2
COORDINATES Petrography | coarse siliceous sand

S | -40.800 Mineralogy | cassiterite
RaHtE e STAGE MINING RIGHTS = —
(Decimal °) 850 Exploration: E Free: I:I p-dated on: 3/17/95
Longitude : Mining: [l Under control: [X]

0.000 Processing: D Unknown: I:]
Z (in m) -40 Company: Ocean Mining A.G.
Ore Heavy minerals Commodities

Grades 130 gSn/m3
Tonnage 20 Mt
Description:

1) North coast of Tasmania, 5 km from the backshore.

2) Climate: Marine, west coast type - Mean annual precipitation 1000 mm, maxi. June, July, August.

4) Works performed: drilling (1x1.5 km grid).

5) Characteristics of the deposit: The mineralization is erratically distributed inside unsorted coarse gravel and
argilaceous sand. The fluviatil formation (thickness <13 m) represents on the continental platform and under 40 m of
water, the Ringarooma river prolongation. The source of the mineralization is Devono-carboniferous granites intruding
Precambrian and Cambrian volcanic and sedimentary formations. Cassiterite is localised in the apical part of the
granitic complexes along sheet structures parallel to the granitic roof associated with pegmatitic formation.

References:
Tixeron M. & Babot I., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,

BRGM 72 SGN 109 MAR, 193, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°:

33

Occurrence E
Deposit

NAME: PAR

Deposit/File [ ]

Commodities: Sn

Type of deposit: placer paleovalley

Country: Great Britain

GB | District: Cornwall

I Marine area: Atlantic NE, Channel —l
ADMINISTRATION TYPOLOGY
g Territorial sea Zone type foreshore inner shelf
I:] Continental Shelf

[] Exclusive Economic Zone
I:l International Area

Morpho. 1 paleovalley

Morpho. 2

COORDINATES Petrography | coarse siliceous sand
N 50.350 Mineralogy cassiterite
Latitude
STAGE MINING RIGHT
L 0.000 ‘ - Up-dated on: 2/20/95
(Decimal °) - 4.700 Exploration: X Free: Il
Longitude : Mining: O Under control: E
0.000 Processing: ] Unknown:  []
Z (in m) 0to -2 Company: English China Clay —l
Ore Heavy minerals Commodities

Grades 1.7 kg/m3
Tonnage >500 t
Description:

winter and West in the summer.
4) Works performed: Drilling (13) on the St Blazey river paleochannel in front of Par Harbour.
5) Characteristics of the deposit: Most of the drill holes (12/13) found the tin mineralised bed. The thickness ranges
from 0.60 to 3.4 m. Four of them gave grade values lower than 100 g/m3 and three grade values higher than 1.4
kg/m3. The highest value is 7.5 kg/m3 of cassiterite. The richest part of the deposit is represented by 500 t of
cassiterite with 1.7 kg/m3 with a bed thickness greater than 2 m. The last three drillings did not give as good results
(593 g/m3, 836 g/m3 and 42 g/m3). English China Clay Company decided to stop the exploration survey of this area.

1) South Cornwall. St Austell Bay. St Blazey paleochannel.
2) Climate: Marine west coast. Mean annual precipitation 1500 mm. Prevailing winds coming from SW during the

References:

Babot J., 1973. Possibilités d'existence de placers de cassitérite sur le plateau continental de Cornouailles, BRGM 73
SGN 296 MAR, unpublished.




IFREMER Sequential n°: 34
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ ] [NAME: ST IVES
Deposit/File [_]

Commodities: Sn Type of deposit: placer beach
Country: Great Britain GB | District: Cornwall

Ii\flarine area: Atlantic NE, Celtic sea —l
ADMINISTRATION TYPOLOGY
X' Territorial sea Zone type beach foreshore inner shelf
[] Continental Shelf Moroho, 1| boach ceiooteach

rpho. .
D Exclusive Economic Zone R i) sviidiiind
[] International Area Morpho. 2
COORDINATES Petrography | fine siliceous sand
N [ 50.200 Mineralogy | cassiterite
Latitud
<ltHge 0.000 STAGE MINING RIGHTS Un-dated on: 2/20/95

(Decimal °) w 5.400 Exploration:  [X] Free: ] poasCon
Longitude - Mining: D Under control: E

0.000 Processing: D Unknown: I:l
Z (in m) 0to-10 Company: Union Corporation Ltd —l

Ore Heavy minerals Commodities

Grades 0.2%
Tonnage 3000 t
Description:

1) Mineralization known on the beach to 1.5 km offshore in front of the Red river mouth.

2) Climate: Marine type west coast. Mean average precipitation 612 mm.

4) Works performed: Sparkler profiles. Drilling (1962-1965). Vibracore sampling (1966).

5) Characteristics of the deposit: The mineralization is localised in a 2-3 m sand formation covering the beach with a
concentration of tin higher at the limit of backshore and foreshore. Cassiterite is frequently associated with tourmaline
and quartz or chlorite and quartz. The mineralization origin is remnants from the old mining exploitation in a
Camborne area. Tin was found everywhere inside the bay sediments but the higher grade values were discovered at the
Red river mouth. As on the beach, the tin is distributed essentially in the upper part of the sand bed, but the lower part
also contains some mineralization. The potential tonnage of the deposit is 3000 t of cassiterite distributed on the

sediment's first 1.5 m.

References:
Tixeron M. & Babot J., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,

BRGM 72 SGN 109 MAR, 193, unpublished.




IFREMER Sequential n®: 35
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit L] INAME: ST AGNES
Deposit/File [_]

Commodities: Sn Type of deposit: placer beach channel
Country: Great Britain GB | District: Cornwall

| Marine area: Atlantic NE, Celtic sea I
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore inner shelf

I:l Continental Shelf

- . ; Morpho. 1 spreadi
[] Exclusive Economic Zone s prarne

El International Area Morpho. 2 beach top
COORDINATES Petrography | fine to medium siliceous sand
N | 50200 Mineralogy [ cassiterite
Latit
At - STAGE MINING RIGHTS :
(Decimal °) Explo[ation' x Bigie- D Up-dated on: 2/20/95 '
W| 5250 P ‘
Longitude Mining: ] Under control: D]
0.000 Processing:  [_] Unknown:  []
Z (inm) 0w -10 @mpany: Marine Mining Co. ]
Ore Heavy minerals Commodities
Grades 2 kg/m3
Tonnage 13 M m3
Description:

1) West Cornwall. St Agnes Head area. 1500 m off the coast.

2) Climate: Marine W coast. Rain 1500 mm/y. Winds coming from SW during winter and W in summer.

3) Hydro: High water mark is above the cliff base along much of the coast, except at the river mouths. Near high tide,
with a prevailing westerly wind, waves strike the cliff orthogonally or at steep angles, induce turbulence and cause
sediment entrainment, transported offshore along with the reflected ground swell rebounding off the cliff.

4) Works performed: 1965-69 offshore exploration by Marine Mining (Cornwall) Ltd. Sampling by Shipek grab
sampler, vibrocoring. Geochemistry and sedimentology.

5) Characteristics of the deposit: Between St Agnes Head and Portreath an offshore extensive sheet of medium to fine
grained sand is enriched in tin at the top. The offshore geology of the area is based largely on Sparker records and
vibrocores. The Devonian-Carboniferous rocks are similar to their counterparts on the hinterland and have been
intruded by granite plutons. Except for a few places close inshore, there is no sediment cover on St Agnes Head or
Portreath points. Towards the open sea, the thickness varies from 0 to 6 m. The tin concentrations, in the coarsest size
fractions of the superficial sediment, are generally insignificant in comparison with the finest fractions, although the
percentage of tin in the finest fractions is small compared to the entire sample. The higher concentration in the
coarsest size fraction from the traverses nearest to shore may be taken as an indication of an onshore source for tin.
Since however, the area along the present day low water mark shows consistently high tin concentration in the 60-85
mesh size fraction away from the tin mining onshore activity, there is probably a reworking of tin by selective sorting
and concentration processes related to high energy level of the surf zone environment. Another possible source is the
contamination from the land mines. However some bedrock mineralisation may be possible. Grade values are good
(average 1.7 kg/m3) and reserves around 27,000 t metal. Mining is diffficult because of strong swell and milling

because of the type of ore.

References:
Babot J., 1973. Possibilités d'existence de placers de cassitérite sur le plateau continental de Cornouailles, BRGM 73

SGN 296 MAR, unpublished.




IFREMER Sequential n°: 36
MARINE MINERAL OCCURRENCE

N
Occurrence | X

Deposit [] INAME: CORSEN
Deposit/File I:l

Commodities: Sn Type of deposit: placer beach
Country: France FR |District: Finistere

I Marine area: Atlantic NE |
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type beach foreshore

[] Continental Shelf

. Morpho. 1 beach
[] Exclusive Economic Zone s -

[] International Area Morpho. 2
COORDINATES Petrography | siliceous sand

N | 48450 Mineralogy | cassiterite
SEHES 0,000 STAGE MINING RIGHTS o)
(Decimal ©) - . p-dated on:

W 4810 Ex_pl.nrauon. E Free: g
Longitude Mining: |:| Under control: I:l

0.000 Processing: |:| Unknown: D
Z (in m) 0 LCompany: ]
Ore Heavy minerals Commodities

Grades 1.3%
Tonnage
Description:

1) Pays de L.éon (Nord Finistére). Pointe de Corsen en Plouarzel.

2) Climate: Marine west coast. Mean annual precipitation 500 mm. Prevailing winds from the west (Westerlies).

3) Hydro: Swell and tide currents control the repartition of the sediments.

4) Works performed: Sampling.

5) Characteristics of the deposit: Cassiterite from Corsen Beach heavy sands is associated with tourmaline
(predominant). ilmenite and garnet (subordinate), staurotide and apatite (accessory). The other heavy minerals are rare
and with a few exceptions <1%. Here, cassiterite has a proximal origin (essentially the destruction of the weathered
coastal cliffs from Saint-Renan stanniferous granite). These stanniferous micro-placers have been probably worked, on

a small scale, in a remote period.

References:
Chauris L., 1990. Sables lourds a cassitérite sur les gréves de Corsen en bordure du granite stannifére de Saint-Renan,

Bull. Soc. Sc. Nat. QOuest de la France, nouvelle série, tome 12, (3).




IFREMER Sequential n®: 37
MARINE MINERAL OCCURRENCE

Occurrence @
Deposit D NAME: PENESTIN
Deposit/File D
Commodities: Sn Type of deposit: placer beach paleobeach

Country: France FR [District: Loire Atlantique

[Marine area: Atlantic NE |
ADMINISTRATION TYPOLOGY
X Temitorial sea Zone type beach foreshore

[ ] Continental Shelf
[] Exclusive Economic Zone

Morpho. 1 paleobeach

[ ] International Area Morpho. 2
COORDINATES Petrography | fine siliceous sand

N | 47.480 Mineralogy | cassiterite
il 0.000 STAGE MINING RIGHTS 1 :
(Dccima] o) Bxsicratioi: x Free: D Up-datcd on: 2/20/95

W 2490 P ‘ ‘
Longitude Mining: D Under control: |:]

0.000 Processing: I:l Unknown: x
Z (in m) 0 Company:
Ore Heavy minerals Commodities

Grades 7.2 to 0.75 kg/m3
Tonnage 1.225t0 7.9 t Sn
Description:

1) Southern Brittany, Vilaine river mouth.

2) Climate: Marine west coast. Mean annual precipitation 500 mm. Prevailing winds from the W or WSW
(Westerlies).

3) Hydro: Swell associated with the prevailing winds. Tide currents.

4) Works performed: Geophysics (seismic), dredging and drilling (Kullenberg coring, 5 vibro-coring). Along the shore,
detailed prospecting with a Banka drill (1963) (grid 200 x 20 m then 100 x 20 m).

5) Characteristics of the deposit: The sedimentary cover of Recent or Actual age is generally thin. Cassiterite was
found in two drillings. The thickness of the sand over the argilaceous bedrock is 1.2 m. The cassiterite, showing
rounded shapes and sometimes angular shapes, is associated with the fine fraction of the sediment (less than 1 mm).
58% of the sediment particle-size is lower than 1.6 mm. The mineralisation distribution shows a strong concentration
at the foot of the cliff near the bedrock contact (1.3 m deep); the other part of the beach is weakly mineralised (1 to 10
g of tin/m3). The source of the cassiterite is veinlets inside the micaschistes, pegmatite, or Pliocene alluvial

formations which have reworked primary mineralisation.

References:
Tixeron M. & Babot J., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,

BRGM 72 SGN 109 MAR, 193, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 38

Occurrence E
Deposit [] I[NAME: ROGUE RIVER
Deposit/File g

Commodities: Cr

Type of deposit: placer paleobeach

Country: USA US | District: Oregon
b’larine area: Pacific NE
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type shelf
E Continental Shelf Moroho. 1 leobeach
] Exclusive Economic Zone ol e
[] International Area Morpho. 2
COORDINATES Petrography | medium siliceous sand
N [ 42.450 Mineralogy | chromite
SSHIGE 0.000 STAGE MINING RIGHTS
(Decimal ©) Exploration: [ Free: X poecs
W[ 124.580 i
Longitude Mining: |:| Under control: I:l
0.000 Processing: D Unknown: D
Z (in m) -100 Company: —l
Ore Heavy minerals Commodities
Grades
Tonnage 530 Mst
Description:

1) West coast of USA, Oregon State, Curry county, mouth of the Rogue River.

2) Climate: Marine, West Coast. Annual average rainfall 243 mm; maxi. from Oct. to Feb. Prevailing surface winds:
NW, 48 km/h from April to June; SW, 78 km/h Oct.; SE direction, 70 km/h Jan. T= 5-20°C.

3) Hydro: Sea calm in summer, rough in winter (tempest 16%). Water T= 10-15°. Tide slight, maxi. 1.8 m. Currents:
South California (0.25-1 m/s) in summer; North Davidson in winter (0.25-1 m/s) and up-welling in summer 0.01
m/s. Swell magnitude 3-6 m in winter, 5 m (16%) Nov. to March, 0.90 m in summer.

4) Works performed: Bathymetry 10 m interval. Low resolution seismic 675 km; high resolution: 300 km sparker,
250 km sparker and 50 km uniboom. Magnetism 60 km (Proton precession). Sampling 173 grabs and 73 box and
piston cores.

5) Characteristics of the deposit: platform 10-20 miles wide. Outer edge water depth 165-183 m. Submerged terraces
(probably wave-cut benches) identified near Rogue river at 35, 60, 70, 85, 100, 120 and 145 m deep. Some terraces
may correlate with brief sea level still-stands during Holocene transgression and acted as barriers to landward move of
HM. Three sediments facies: 1) transgressive sand facies of well-sorted fine sand; 2) a modern mud facies of silt and
clay; and 3) a mixed facies of sand and mud. The sand was deposited during Holocene transgression, and the modern
muds derived from coastal rivers. The mixed facies results from reworking of modern muds by benthic organisms into
the underlying basal transgressive sands. Distribution of sediments subparallel to the shoreline is patchy; thickness
changes from a few to >33 m. Well-defined HM concentrations in the unconsolidated surface and near-surface
sediments. The Rogue River accumulation is 37 km long, 19 km N and 18 km S of river mouth, from shoreline to 90
m depth; average thickness of sediment: 20 m; HM concentration 10-30% (maxi 43%). Tonnage: (LaVerne D.K. &
al., 1990) 29 Mt magnetite, 32 Mt ilmenite, 14.5 Mt chromite, 3.6 Mt garnets and 7.3 Mt zircon, gold (5-150 ppb).
Placers result from interaction between fluvial transport, tectonic uplift, rise and fall of sea level during Pleistocene

and Holocene (Bowman 1972, 1973).

References:
1) Kulm L.D. and Peterson C.D., 1990. Preliminary evaluation of heavy-mineral content of continental shelf placer

deposits off Cape Blanco, Rogue River and Umpqua River, Open File report 0-89-12. 2) Kulm L.D., 1988. Potential
heavy mineral and metal placers on the southern Oregon continental shelf, Marine Mining, 7, 361-395.




IFREMER Sequential n°: 39
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit | INAME: CAPE BLANCO

Deposit/File I:I
Commodities: Cr Type of deposit: placer paleobeach
Country: USA US | District: Oregon

l Marine area: Pacific NE —l
ADMINISTRATION TYPOLOGY
x Territorial sea Zone type shelf

@ Continental Shelf

. . . Morpho. 1 aleobeach
|:| Exclusive Economic Zone £ proey

D International Area Morpho. 2
COORDINATES Petrography | medium siliceous sand
‘ N 42 830 Mineralogy chromite
Latitude 0:000 STAGE MINING RIGHTS [
(Decimal °) ; . Fpaas p-dated on:
w | 124,580 l:.xvpl.orauon. E ree D
Longitude Mining: D Under control: D
0.000 Processing: D Unknown: E
Z (in m) -18 to -50 rCompany:
Ore Heavy minerals Commodities
Grades
Tonnage 165 Mst
Description:

1) West coast of USA, Oregon State, Curry county. Distance from the coast 35 miles.

2) Climate: Marine, West Coast. Annual average rainfall 243 mm; maxi. Oct. to Feb. Prevailing surface winds: NW
48 km/h from Apr. to June; SW 78 km/h Oct.; SE 70 km/h Jan.. T= 5-20°C.

3) Hydro: Sea calm in summer and rough in winter (tempest 16%). Water T: 10-15°. Tide slight, maxi 1.8 m.
Currents: South California (0.25-1 m/s) in summer ; North Davidson in winter (0.25-1 m/s) and upwelling in summer
0.01 m/s. Swell magnitude 3-6 m in winter, 5 m (16%) Nov. to March, 0.90 m in summer.

4) Works performed: Bathymetry 10 m interval. Low resolution seismic 675 km; high resolution seismic include 300
km sparker, 250 km sparker and 50 km uniboom. Magnetism 60 km (Proton precession). Sampling 173 grabs and 73
box and piston cores.

5) Characteristics of the deposit: Continental platform 10-20 miles wide. Outer edge water depth 165-183m.
Submerged terraces (probably wave-cut benches) identified that may correlate with brief sea level still-stands during
Holocene transgression. Such features were barriers to landward move of HM. Unconsolidated sediments can be
classified into three facies: 1) transgressive sand facies, well-sorted fine sand; 2) a modern mud facies of silt and clay;
and 3) a mixed facies of sand and mud. The sand deposited during Holocene transgression, and the modern muds derived
from coastal rivers. The mixed sediment facies results from reworking of modern muds by benthic organisms into the
underlying basal transgressive sands. Distribution of sediments, sub-parallel to the shoreline, are very patchy and
thickness varies from few meters to >33 m. Well-defined HM concentrations in the unconsolidated surface and
near-surface sediments. Cape Blanco HM accumulation 13 km long on 6 km wide in water depths between 18 and 55
m. The HM concentration 10-33%. Evaluation of tonnage: (LaVerne D.K. & al. 1990) 4.3 Mt magnetite, 9.2 Mt
ilmenite, 1.3 Mt chromite, 5.5 Mt garnets and 0.89 Mt zircon, gold 5-150 ppb. Placer result from interaction between
fluvial transport, tectonic uplift, rise and fall of sea level during Pleistocene and Holocene (Bowman 1972, 1973).

References:

1) Kulm L.D. and Peterson C.D., 1990. Preliminary evaluation of heavy-mineral content of continental shelf placer
deposits off Cape Blanco, Rogue River and Umpqua River, Open File report 0-89-12. 2) Kulm L.D., 1988. Potential
heavy mineral and metal placers on the southern Oregon continental shelf, Marine Mining, 7, 361-395.




IFREMER Sequential n°: 40

MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ INAME: PORT AU PORT
Deposit/File []

Commodities: Cr Type of deposit: placer paleobeach paleochannel
Country: Canada CA |District: New-Foundland
F\darine area: Atlantic NW, St Laurent gulf j
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type inner shelf
Continental Shelf
Morpho. 1 hannel paleobeach
|:| Exclusive Economic Zone ol s e
[] International Area Morpho. 2
COORDINATES Petrography | sand
N | 48520 Mineralogy | chromite rutile zircon
batide — STAGE MINING RIGHTS
(Decimal ©) Exploration: [ Free: ] : -
W | 59.230 i
Longitude Mining: I:l Under control: D
0.000 Processing: I:] Unknown: g
Z (in m) 916 -50 [Company:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) West part of Newfoundland.

2) Climate: Subarctic. Mean annual precipitation 500 mm. Prevailing winds from the SE (Westerlies).

4) Works performed: 1970, sampling (13 samples) with a dredge.

5) Characteristics of the deposit: The chromite occurrence inside the bay has been known for many years. The study of
the samples collected showed interesting chromite values, the presence of rutile and zircon associated with the
granulometric fraction of 350-125 pm. Onshore, chromite occurrences are also known north of Port au Port, in the
deformed serpentinite belts of central Newfoundland. Thin layers and bands of chromite are found in the relatively
undeformed, stratiform Bay of Islands complex. The chromite is concentrated in the upper horizons of the ultrabasic
rocks immediately below the overlying gabbro (Smith 1958).

References:
Anonymous, 1981. Economic geology, 96 (4), 961-970.




IFREMER Sequential n°: 41
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] INAME: BARAVALE
DeposivFile [_]

Commodities: Cr Type of deposit: placer paleobeach

Country: Solomon SB | District: San Isabel, San Jorg
bdarine area: Pacific W l

ADMINISTRATION TYPOLOGY

DX Teritorial sea Zone type shelf

D Continental Shelf

.1
I:] Exclusive Economic Zone Morpho palepteach chanel

[] International Area Morpho. 2

COORDINATES Petrography | sand
. S 8.360 Mineralogy | chromite
atitude ~

STAGE MINING RIGHTS

_— Hious ‘ . | Up-dated on: 312195
(Decimal ) E |-159.680 Exploration: E Free: ]
Longitude : Mining: I:i Under control: I:l

0.000 Processing: I:] Unknown: g
Z (in m) Eompany: ]
Ore Heavy minerals Commodities

Grades <1%
Tonnage
Description:

1) Solomon Island. Passage between San Isabel Island and San Jorge Island.

4) Works performed: A marine geophysical and sea bed sampling survey was undertaken in July 1982 around San
Jorge Island, Santa Isabel Province, Solomon Islands, by UNDP staff and Ministry of Land Energy & Natural
Resources of Honiara. Continuous seismic reflection profiling, echo sounding (Raytheon DE-719) and grab sampling
(Shipek and Van Veen grab samples and sampling winch)

5) Characteristics of the deposit: Ultrabasic rocks occur on San Jorge Island and on the southern part of the adjacent
Santa Isabel Island. Chrome rich sands have been identified in the alluvial and beach sands along the shores of San
Jorge. Heavy mineral sands might also have been brought down by the Kaipito river, which discharges on the Santa
Isabel Island coast opposite the northern side of the San Jorge Island, and concentrated on the sea bed by wave and tidal
action. The exploration surveys on the Baravale area show a sea bed surface sediment formed largely of sand of medium
grain size. Sorting is rather variable and poorly sorted samples occur in which the grain size ranges from very fine to
coarse. Very fine sand/silt occurs adjacent to the shore along the south side of Baravale passage. A large sand wave
occurs in the middle of the passage; it varies in width from about 100 m at the eastern end to 400 m near the western
end. The maximum height of sand wave observed here is about 1.6 m. The upper sedimentary formation can be
distinguished from a lower formation on the basis of the seismic structure, the two formations being separated by a
reflector. The lower formation exhibits channelling in places and may have been deposited in a higher energy
environment than that existing at the sea bed here today. Sediment samples were collected on the upper sedimentary
formations and analysed by AAS. Average values in the Baravale passage were: 4459 ppm Cr203 and 7.6 % Fe.
Mineralogical study of the samples shows few fresh euhedral chromite crystals and abraded grains <250-300 um
associated with magnetite, goethite. micas, amphiboles, pyroxenes, feldspars, chrysoprase.

References:
Anonymous, 1983. San Jorge Heavy Mineral sands survey, Solomon Islands, UNDP cruise report n°66.




IFREMER Sequential n°: 42
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit [] INAME: MOROBE
Deposit/File [_]

Commodities: Cr Type of deposit: placer paleobeach
Country: Papua New-Guinea PG |District:

| Marine area: Pacific W, Solomon sea |
ADMINISTRATION TYPOLOGY
Territorial sea Zone type foreshore inner shelf

D Continental Shelf

Morpho. 1 beach paleobeach
[] Exclusive Economic Zone al.s i i

D International Area Morpho. 2
COORDINATES Petrography | siliceous sand
S -7.680 Mineralogy chromite
Eeinge — STAGE MINING RIGHTS ,
(Decimal ©) Exploration: X Free: ] Hprdated ans S5
E |-147.680 A ’
Longitude Mining: D Under control: &
0.000 Processing: I:I Unknown: D
Z (in m) |E0mpany: CRA Exploration Pty —l
Ore Heavy minerals Commodities
Grades 081t 1.8 %
Tonnage 4,5 Mt

Description:

I) New Guinea eastern coast.

2) Climate: Tropical humid. Annual rainfall 2.5 to 5 m.

3) Hydro: Tide only 1 m. Little wave action on the beach. Prevailing winds from SE (trade winds) during summer and

also from SE (monsoon winds) during winter.

4) Works performed: sampling (more than 100 grab samples taken from the surface of the sand both offshore and

onshore). From these, 26 had a mineralogical and chemical analysis. Several mining companies carried exploration

surveys on these areas: CSIRO, AMAX Explo. Australia etc..

5) Characteristics of the deposit: Beach sands on the Morobe coast of N.G. contain significant amounts of chromite
associated with olivine, enstatite, tremolite, antigorite and feldspar. They were transported to the beaches by three
rivers: Paiawa, Saia and Sesimbai from the Papuan ultramafic belt (Bowutu Mt), which is a peridotite gabbro

basalt complex extending over 400 km (NW-SE) and 40 km wide on the NE side of the Owen Stanley Range (Davies
1971). From top to bottom the complex consists of a basalt zone 4 to 6 km thick, a gabbro zone 4 kin and an
ultramafic zone 4 to 8 ki and is likely an overthrust sheet of oceanic crust and mantle with tonalite intrusions. Local
topography is typical of a drowned coast line with locally prograding deltas. Deltaic swamps and old beach ridges are
common on-shore with coral reefs around peninsulas and offshore islands. Much of the coastal sand is detrital produced
from vigorous weathering and erosion of the mountains. The sand forms beaches 5 to 10 m wide that rapidly shelveto
to depth of 50 m at 0.5 to 0.7 ki from the coast. Sand size varies from sand to silt to mud when going offshore.
Highest chromite concentrations are on the shore line near river mouths with rapid drop-off with distance off-shore and
less rapid along the shore. Natural concentrates formed by wave are found near the water's edge. The depth of chromite
sands are only some 10 m. C.R.A. estimated chromite tonnage at 4.5 Mt. Amax indicated average chromite grade of
[.8% onshore and 0.8% offshore. The offshore and beach chromite are not currently economic due to low Cr/Fe ratio

(3:1) and granular nature when lump is preferred.

References:
Stephens J.F., 1973. Chromite and other ultramafic detrital minerals from the Morobe Coast, New Guinea.




IFREMER Sequential n”: 43
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit & NAME: PLOUM

Deposit/File &
Commodities: Cr Type of deposit: placer paleovalley paleobeach
Country: New Caledonia FR [District: New Caledonia SW

| Marine area: Pacific SW —l
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type estuary beach

D Continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 paleochannel

Morpho. 2 paleobeach

COORDINATES Petrography | medium siliceous & shelly sand
‘ S 222.330 Mineralogy chromite
Letitde P STAGE MINING RIGHTS — r——————
(Decimal ©) _— - p-dated on:
E |-166.330 Exploration: E Free D
Longitude Mining: |:| Under control: @
0.000 Processing: D Unknown: D
Z (in m) -20 @mpnny: G.LE. Austral Mine
Ore Heavy minerals Commodities
Grades 3.7%
Tonnage 46 M m3
Description:

1) The mining project is located in the southern part of New Caledonia.

2) Climate: Tropical savannah type. Dry season April to November; wet season Dec-March. Mean average
precipitation 3000 mm/y. Temperature 20-26°C. SE Trade winds.

3) Hydro: The basin is well protected from the swell and oceanic currents by the reef barrier located 30 km on the SW.,
4) Works performed: 1984-87 Seismic survey; 1985-86 Vibracore drilling, (195) 250 m grid.

5) Characteristics of the deposit: High grade mineralization is associated with quaternary alluvial coarse sediments
deposited in shallow water along four different bays localised 30 km south of Noumea. The fine sediments are poor in
chromite and the mineralization is very difficult to recover. The sedimentation inside the bay shows deltaic and marine
formations represented by pieces of ultrabasic rocks, red mud and carbonate shelly materials, carbonate mud. The
chromite presents different granulometric sizes from 500 to 30. Three zones (-5), (-10), (-15) corresponding to
paleoshore lines present high grade mineralization. The Cr203 content fluctuates from 3.7% to 5.3%. The chemical
composition is FeO: 21.4%, Cr203: 51%, Al1203: 18.7%, MgO: 8.9%. The sediments come from weathered and

eroded ultramafic rocks which are outcropping in the south of New Caledonia.

References:
Anonymous. Plum chromite project, preliminary feasibility study, Australmin report.




IFREMER Sequential n®: 44

MARINE MINERAL OCCURRENCE
Occurrence D
Deposit X [NAME: NOME
Deposit/File
Commodities: Au Type of deposit: placer paleomoraine paleobeach
Country: USA US |[District: Alaska

[ Marine area: Pacific N, Bering sea I
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type inner shelf
Continental Shelf
Morpho. 1 ale i
D Exclusive Economic Zone s sl
[J International Area Morpho. 2 paleobeach
COORDINATES Petrography | coarse siliceous sand
N | 64.500 Mineralogy gold
Latitude 5500 STAGE MINING RIGHTS o)
(Decimal ©) Exploration: D Free: ] preom
W | 165.400 i
Longitude Mining: X Under control: P
0.000 Processing: X Unknown: [}

Z (inm) -18 to -20 Company: Westgold ‘,

Ore Heavy minerals Commodities
Grades 0.55 to 0.89 g/m3 Au
Tonnage >25 Mm3

Description:

1) Along the coast NE from Nome

2) Climate: Polar (Tundra Type) with winds coming from SW to W from June to August and NNE to E from
September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters) Ice build-up begins at the end of October to December
and the break-up begins in April to the end of June.

4) Works performed: The gold rush workings at the beginning of the century were localised over the backshore or
along recent hydrographic channels. Around 1903, the upper shoreface was worked with a bucket dredger from the
shore. The 1986-1990 mining works were realised with the big BIMA dredge (45 m sling, 127 buckets of 0,9 m3, 26
buckets/min = 700 m3/h). Scrubbing was done by two trommels of 3-4 m diameter. The dredge was always assisted
by 50 m long boat. Gold particle sizes were over 100 wm. Production was 1120 kg in 1987, 1104 kg in 1988 and 953
kg in 1989. An attempt was also made to mine the near shore deposit using a submarine showel on caterpillar tracks
dumping in a barge (Alluvial Dredging).

5) Characteristics of the deposit: The Palaeozoic formations (gneiss, crystalline limestone, schists) have been intruded
during Mesozoic times by an important dioritic and granitic stocks frequently associated with hydrothermal alteration
(gold origin). These formations have been modified by plio-quaternery successive glaciations. The most important gold
accumulations are localised around areas where glacial formations have been reworked by the sea (wave and current
actions), but also, near shore, at the lower part of paleobanks. The mineralization is associated with the coarsest

sediment fraction.

References:
QOules L., 1989. Compte rendu de visite.




IFREMER Sequential n°: 45
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit [] [NAME: BLUFF SOLOMAN
Deposit/File D
Commodities: Au Type of deposit: placer paleobeach
Country: USA US |District: Alaska
I Marine area: Pacific N, Bering sea |
ADMINISTRATION TYPOLOGY
X Teritorial sea Zone type inner shelf

[:l Continental Shelf
[] Exclusive Economic Zone
D International Area

Morpho. 1 paleobeach

Morpho. 2 high energy beach

COORDINATES Petrography | coarse sand
N 64.560 Mineralogy gold
Latitude ~ s
0.000 STAGE MINING RIGHTS 7 YT
(Decimal ©) Exploration: X Free: ] Baleenn: ol
W[ 164.430 o '
Longitude Mining: x Under control: |:|
0.000 Processing: D Unknown: g
Z (in m) Oto-10 Company:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) 40 Miles east of Nome.
2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from

September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters). Ice build-up begins at the end of October to December
and the break-up begins in April to the end of June.

4) Works performed: Between 1939-1941 Auric Resources worked during the winter, one offshore placer using a small
dredge. In 1983, Phoenix Marine Inc. tried to develop the offshore potential using a small barge. but the bad weather

destroyed it and the operation was cancelled.
5) Characteristics of the deposit: The gold origin was found in the mountains near the beach. The detritic formation

which holds the gold increases in thickness on approaching the sea. Coarse gold appears in high energy beach and
near-shore placers.

References:
1) Cobb, 1981. Placer deposits of Alaska, USGS, 625-C. 2) Barker J. C., Marine placer development and

opportunities in Alaska, OTC.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 46

Occurrence x

Deposit [ ] [NAME: NINILCHIK

Deposit/File I:l

Commodities: Au

Type of deposit: placer paleovalley

Country: USA US |District: Alaska
lMarine area: Pacific N, Cook inlet |
ADMINISTRATION TYPOLOGY
% Zm?oriatl Slegh If Zomo fyps | <2
ontinenta €
M ho. 1 1l

|:| Exclusive Economic Zone o oy
[] International Area Morpho. 2

COORDINATES Petrography | sand

. N 60.500 Mineralogy gold
Latitude Py STAGE MINING RIGHTS

. : , | Up-dated on: 3/2/95
(Decimal °) wi 151670 Exploration: X Free: ]
Longitude ' Mining: I:] Under control: E

0.000 Processing: |:| Unknown: |:|
Z (in m) Eompany: Aspen exploration j
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Cook Inlet area.

September to May.

possible conflicts with fishermen.

2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters). Ice build-up begins at the end of October to December
and the break-up begins in April to the end of June.
4) Works performed: In 1980 Aspen exploration Inc. did some sampling.

5) Characteristics of the deposit: Some interesting concentrations of gold were found. Prospecting licence of 38,000
acres (154 km2) covering the Kenai peninsula by Ninichick were requested but rejected by the BLM of Alaska due to

References:




IFREMER Sequential n®: 47
MARINE MINERAL OCCURRENCE

Occurrence x

Deposit [] INAME: GRANTLEY HARBOR

Deposit/File D
Commodities: Au W Type of deposit: placer beach
Country: USA US | District: Alaska
| Marine area: Pacific N, Bering sea I

ADMINISTRATION TYPOLOGY
% Zcrri?orial S;ezh . Zone type beach foreshore

ontinental She
|:] Exclusive Economic Zone kel L beach
[] International Area Morpho. 2

COORDINATES Petrography | sand

N 65.180 Mineralogy gold
LA STAGE MINING RIGHTS
0.000 | Up-dated on: 3/2/95 |
(Decimal ©) v T Free: i . ~
w | 166.000 Lx_p]‘orauonA x ree: D
Longitude Mining: D Under control: El
0.000 Processing: I:I Unknown: E]
Z (inm) Company: |
Ore Heavy minerals Commodities
Grades 6.25to 16.25 ght
Tonnage
Description:

1) NW of Nome by Port Clarence and Grantley Harbor.
2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from

September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters). Ice build-up begins at the end of October to December
and the break-up begins in April to the end of June.

4) Works performed: 1974 sampling in the Tuksuk strait by the Dept of Marine Sciences of Wisconsin.

5) Characteristics of the deposit: Fine gold is associated with high energy shallow water placer. Sampling realised
offshore shows some gold value between 0.3 $/t and 83.2 $/t (base 160 $ gold/oz= 0.05 to 15 g/t) (Moore and Welkie,

1976).

References:
Anonymous, 1987. An economic reconnaissance of selected heavy mineral placer deposits in the US EEZ, Bureau of

Mines OFR 4-87.




IFREMER Sequential n°: 48
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit [ [INAME: CAPE PRINCE OF WALES
Deposit/File I:]

Commodities: Sn Au W Type of deposit: placer paleobeach
Country: USA US | District: Alaska

l Marine area: Pacific N, Bering sea |
ADMINISTRATION TYPOLOGY
B Territorial sea Zone type foreshore inner shelf

[] Continental Shelf

) . Morpho. 1 paleobeach
[ ] Exclusive Economic Zone

[] International Area Morpho. 2
COORDINATES Petrography | sand
N | 65610 Mineralogy | cassiterite gold wolfram
Latitude ~
e S0 STAGE MINING RIGHTS e
(Decimal ©) Exploration: [X] Free: ] —
W | 168.080 h
Longitude Mining: D Under control: I:]
0.000 Processing: I:] Unknown: E
Z (in m) Company: B
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from
September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters). Ice build-up begins at the end of October up to
December and the break-up begins in April to the end of June.

4) Works performed: Sampling. Recent studies of a reconnaissance nature have been undertaken through combined
efforts of the USBM and the USGS.

5) Characteristics of the deposit: Consists of high placers along a north trending shallow water reef and coastal beach
placers. Mineral concentrations probably extend further offshore. Total tin production, restricted to onshore lode and
placer production near coast between Wales and Teller mission is approximately 4,166 Mlb (1890 t, 1902-1967).
From the regional geology and oceanographic factors, deposition of marine placers in the vicinity seems probable. An
extensive EW belt of tin granites trend across the western Seaward Peninsula and the massif of Cape Prince of Wales
is part of this belt. Occurrences of HM containing cassiterite, wolframite, xenotime, ilmenite, zircon, scheelite,
monazite and others minerals were identified; however no concentrations of economic value have yet been delineated. .

References:
Barker J. C., Marine placer development and opportunities in Alaska, OTC.




IFREMER Sequentialn®: 49
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit ] INAME: YAKATAKA YAKUTAT

Deposit/File D
Commodities: Au Type of deposit: placer beach
Country: USA US |[District: Alaska

ﬁlarine area: Pacific N —l
ADMINISTRATION TYPOLOGY
X Teritorial sea Zone type beach foreshore

[C] Continental Shelf

. . : Morpho. 1 beach
[[] Exclusive Economic Zone

D International Area Morpho. 2

COORDINATES Petrography | sand

N | 59.550 Mineralogy | gold ilmenite grenat
Latitude 0 STAGE MINING RIGHTS
Besiinall® - : _ Up-dated on: 3/2/95 |
(Decimal ) w1 139730 Exploration: [ Free: ]
Longitude ' Mining: D Under control: E
0.000 Processing: D Unknown: D
Z (in m) Company: Cusac Resources, Alaska gold mines Inc. —l
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from
September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 m). Ice build-up begins at the end of October up to December
and the break-up begins in April to the end of June.

4) Works performed: small-scale hand mining has occurred along the beach since the beginning of the century. During
the 1980's there was further exploration of the Yakataga-Yakutat gold-bearing beach sands, both by industrial and
government groups. During 1986-1987, Cusac Resources operated a 500 yd/day twin Richert Spiral concentrator on a
onshore Yakataga strand line about 80 miles east of Coroova.

5) Characteristics of the deposit: Fine gold, ilmenite and abundant garnet were recovered from high and low energy
placers. The garnet was thought to have equal value to fine gold. Production history: beach placer gold production of
15,000 to 16,000 oz (440 kg, Yakataga) and >3700 oz (>105 kg, Yakutat).

———

References:
Anonymous, 1987. An economic reconnaissance of selected heavy mineral placer deposits in the U.S. EEZ, Bureau of

Mines OFR 4-87.




IFREMER Sequential n: 50
MARINE MINERAL OCCURRENCE

Occurrence IE
Deposit D NAME: GOOD NEWS BAY
Deposit/File [_|

Commodities: Pt Au Cr jType of deposit: placer paleovalley paleobeach
Country: USA US | District: Alaska

| Marine area: Pacific N, Bering sea I
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type shelf

[] Continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 paleochannel

Morpho. 2 paleobeach

COORDINATES Petrography | sand

_ N | 59.120 Mineralogy | platine gold chromite
Lanide 0.000 STAGE MINING RIGHTS
Decimal © d i ] Up-dated on: 3/2/95
(Decimal ©) W1 161580 Exploration: E Free: D
Longitude - Mining: D Under control: |:|

0.000 Processing: D Unknown: g
Z (inm) -15 |ampany: R. Hanson j
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Around Goodnews and Chagvan Bays.
2) Climate: Polar, Tundra type with winds coming from SW to W from June to August and NNE to E from

September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters). Ice build-up begins at the end of October up to
December and the break-up begins in April to the end of June.

4) Works performed: Onshore fluvial platinum-gold placers worked from 1926-1981. Platinum extraction restricted to
fluvial channels draining ultrabasic massifs from Red Mountain. From 1927 to 1934 only small companies were
working on the river channel; from 1934 to 1975, Goodnews Bay Mining Co. extracted 534, 000 oz of platinum (83%
Pt); Mine stoped in 1976; in 1980 R. Hanson re-opens the mine and makes a joint venture with Ahston Mining Ltd..
Sampling and magnetic surveys were carried out by USBM.

5) Characteristics of the deposit: Possible economic concentrations of platinum and gold in offshore sands. Favourable
environment for platinum, gold and chromite enrichment include: covered paleofluvial channels; younger paleofluvial
channels with less marine sediment overburden; beach deposits, particularly in the upper wash zone and near back
beach; paleo-strand lines; inside the mouths of Goodnews and Chagvan Bays; and the base of far offshore tidal ridges.
Reserve evaluation: 500,000 oz. (14 t) grade 0.8 to 1 g/m3 Pt. Hypothetical sub-economic resources in offshore

placers are estimated to be 5 million oz (142 t).

References:
Anonymous, 1987. An economic reconnaissance of selected heavy mineral placer deposits in the U.S. EEZ, Bureau of

Mines OFR 4-87.




IFREMER Sequential n®: 51
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X |INAME: CASTLE ISLAND
Deposit/File D

Commodities: Ba Type of deposit: stratiform
Country: USA US [District: Alaska
rMarine area: Pacific N —|

ADMINISTRATION TYPOLOGY
% Zerrimrial sle:h . Zone type inner shelf

“ontinental She
|:| E:cl;s?ve Economic Zone Morpho. 1 stratiform
[] International Area Morpho. 2

COORDINATES Petrography | rock

. N | 56.800 Mineralogy | barytine limestone
LA 0.000 STAGE MINING RIGHTS

imal © . . . Up-dated on: 3/2/95
(Decimal °) Exploration:  [_] Free: N

w | 132.960 B
Longitude Mining: x Under control: D
0.000 Processing: D Unknown: g
Z (inm) 0Oto-5 Eompany:
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Near Petersburg. Alaska.
2) Climate: subarctic with winds coming from SW to W from June to August and NNE to E from September to May.

3) Hydro: Sea frequently rough (wave size from 3 to 5 meters).

4) Works performed: between 1967 and 1979, barite was mined offshore in Castle island. The ore was drilled and
blasted underwater; the broken ore was then recovered by a clam shell and loaded onto a bottom-dump barge, which
was towed close to shore and opened; the rock was then pulled ashore with a drag line, crushed and stockpiled.
Originally the barite was loaded directly onto an ocean vessel in batches of 20,000 tons or more. Later a heavy media
cleaning circuit and bagging plant was added. About 100,000 tons of barite were mined each year.

5) Characteristics of the deposit: stratiform.

References:
Conwell, 1976. Progress and prospects in Marine mining in Alaska, Alaska Div. of Geol. & Geop. Survey, IC 22.




IFREMER —
EME MARINE MINERAL OCCURRENCE el

Occurrence E
Deposit D NAME: BAIE DE LUNENBERG

Deposit/File [_]
Commodities: Au Sn Type of deposit: placer paleomoraine
Country: Canada CA | District: Nova Scotia

l Marine area: Atlantic NW |
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type shelf

Continental Shelf
D i m?n o ) Morpho. 1 paleomoraine
[] Exclusive Economic Zone
D International Area Morpho. 2
COORDINATES Petrography | sand
N 44.340 Mineralogy gold cassiterite

Latitude r

0,000 STAGE MINING RIGHTS :

L ] Up-dated on: 3/2/95
(Decimal ) Exploration: E Free: ]
W | 64.280 i

Longitude Mining: |:| Under control: D

0.000 Processing: [:l Unknown: E
Z (in m) Eompany: l

Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Distance from the coast | mile.
2) Climate: Humid continental. Mean annual precipitation 1000 mm. Prevailing winds from NW (January) and SW

(July).
3) Hydro: NE Prevailing current direction (cold Labrador current extension), and SW warm Gulf stream current.

Semidiurnal tide (1.8 m maxi).
5) Characteristic of the deposit: Gold is associated with morainic glacial formations reworked by the sea. (4 $/cuyard)

References:
Manheim F.T., 1971. Mineral resources of North East Coast of United States, Proceedings of the conference on World

Ocean Resources, 20 Nov. 1971.




IFREMER Sequential n°: 53
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit X |NAME: GILLESPIES BEACH
Deposit/File |:|

Commodities: Au Type of deposit: placer beach paleobeach
Country: New Zealand NZ |District: South Island

[Marine area: Pacific SW, Tasman sea I
ADMINISTRATION TYPOLOGY
X' Territorial sea Zone type on land foreshore inner shelf

[C] Continental Shelf

) ) Morpho. 1 beach paleobeach
[[] Exclusive Economic Zone = P

[ ] International Area Morpho. 2
COORDINATES Petrography | sand
- S -43.43(0 Mineralogy gold
Latitude 5000 STAGE MINING RIGHTS [
(Decimal °) Exploration:  [X] Free: ] s
E [-169.840
Longitude Mining: X Under control: D
0.000 Processing: ] Unknown: [
Z (inm) 0,-9et-15 Company: CRA Exploration Pty ]
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) South Island.
2) Climate: Marine, West coast, hot and humid. Mean annual rainfall 1221 mm, maxi. during June, July and August.

Winds: North to East 18-147 km/h.

3) Hydro: Westland Current from the North-East 0.5 m/s. Urville current from East to Southeast 0,01-0,13 m/s. Swell
W-SW.

4) Works performed: Exploitation of beach placers.

5) Characteristics of the deposit: Primary deposits (gold veins) are located in Precambrian formations and volcanic
tertiary rocks. At Gillespies beach, gold is disseminated in Alpine schists which are outcropping in the area.

Gold has been transported to the coast or nearby, over several periods of time and through different host rocks, like
"Old man gravels" and Pleistocene glacial formations. The present beaches are not the only ones to be exploited; old
shoreline located 150 m and 50-60 m above sea level has also been worked to profit. Lagoon, located not far away
from the actual shoreline, have been dredged to recover sediments located 9 and 15 m below sea level and corresponding

to old shorelines. Gold is difficult to recover as it is too fine.

References:




IFREMER Sequential n°: 54
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] [NAME: FREETOWN PENINSULA

Deposit/File [

Commodities: Pt Ti Au Type of deposit: placer paleovalley
Country: Sierra Leone SL |District:

LMarine area: Atlantic E, Guinea gulf j
ADMINISTRATION TYPOLOGY
|:] Territorial sea Zone type inner shelf

DX Continental Shelf
[] Exclusive Economic Zone
[] International Area

Morpho. 1 paleochannel

Morpho. 2 ultrabasic

COORDINATES Petrography | coarse sand

N 8.250 Mineralogy platinum gold ilmenite
Latinde 0.000 STAGE MINING RIGHTS -
(DCClm'd.l c.) Explora[ion' E B D Up-dalcd on: 2/15/95

w| 18330 e '
Longitude Mining: |:| Under control: x

0.000 Processing: D Unknown: |:|
Z (in m) -10 to -30 Company: Cominco
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) The most immediate potential area is located from backshore to 5 km offshore.

2) Climate: Tropical humid, wet season from March to November. Mean annual rainfall 3640 mm.

3) Hydro: Sea clear. Tide slight. Dominant swell from the north. Slight currents.

4) Works performed: Geophysical survey (seismic and Magnetism), sampling (100x500 grid).

5) Characteristics of the deposit: The Freetown complex is a layered lopolith with a radius of + 30 km, largely
submerged in the Atlantic Ocean. The eastern rim form the Freetown peninsula which is composed of gabbros,
troctolites and anorthosites. The latter host the ilmenite and platinum. Between 1930 and 1950, 5000 oz (142 kg) of
platinum were recovered from small onshore alluvial placers. The lopolith has been dated to 180 My, which correlates
with the opening up of the Atlantic ocean. The marine seismic survey has indicated multiple channels several hundreds
of meters wide, 6 to 8 m and possibly even 12 m deep which represent a drowned paleo drainage.

References:
Anonymous. The offshore PUTi potential of the Freetown complex, Sierra Leone.




IFREMER Sequential n®: 55
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit E NAME: ARIAKE BAY
Deposit/File D4

Commodities: TiFe Type of deposit: placer paleobeach
Country: Japan JP [District: Kyushu

| Marine area: Pacific NW, China E Yellow sea Huanghai '
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type shelf

D Continental Shelf
[[] Exclusive Economic Zone
[] International Area

COORDINATES Petrography | medium siliceous sand

Morpho. 1 paleobeach
Morpho. 2

_ N [ 32.890 Mineralogy | titanomagnetite

Latitude P STAGE MINING RIGHTS
_— : _ | Up-dated on: 3/2/95
(Decimal °) E |-130.110 Exploration: X Free: ]
Longitude — Mining: D Under control: x
0.000 Processing: [:l Unknown: |:]
Z (in m) -20 @mpany: Ariake Steel Co.
Ore Heavy minerals Commodities

Grades 3.74%(1.81 to 6.34) concentrate 56% F
Tonnage 36.4 Mt
Description:

1) Located on the west part of Kyushu island. The area of interest is offshore 2 km from backshore.
2) Climate: Subtropical humid. Wet season September, October. Mean annual rainfall 1700 mm. Wind direction: N in

January and S in July.

3) Hydro: water temperature 2-24° C.

4) Works performed: Geophysical survey (sonoprobe, sparker, mag), drilling.

5) Characteristics of the deposit: discovered in the 1960's by the Ariake Steel Cy. The mineralization is located on
paleobeaches (-10 m), (-20 m) roughly parallel to the shore or in paleochannels. The quaternary lithologic succession
could be defined from top to bottom as follows: 1) sands and ooze with shell fragments; 2) sands and limy seaweed; 3)
gravels; 4) old alluviums (clay). The regional geology is represented by tertiary and quaternary volcanic rocks (basaltic,
andesitic, rhyolitic compositions). The origin of magnetic minerals is Aso and Hunzer volcano lavas. Erosion during
glacial cycle and transgression during interglacial periods allowed freeing, transport and reconcentration of magnetite.
Surface covered: rich deposit 79 km2, low grade one 97 km2., thickness 2.7-3 m. The average grade is 3,74% of
titano-magnetite (6,34%-1,81%). Chemical analysis: Fe++ 55.6%, TiO2 11.64%, Si0O2 3.80%, Al203 1.98%, S
0.29%, P 0.261%, Cu 0.002%, Ni traces, Cr 0.03%, V 0.20%. No exploitation due to environmental conflict with

fishermen syndicate.

References:
BRGM, 1973. Mission d'information en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n°: 56
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ ] I[NAME: BEPPU

Deposit/File D
Commodities: Fe Ti Type of deposit: placer paleobeach
Country: Japan JP | District: Kyushu

Iﬂarine area: Pacific NW, China E Yellow sea Huanghai |
ADMINISTRATION TYPOLOGY
Territorial sea Zone type on land backshore foreshore

D Continental Shelf

Morpho. 1 beach paleobeach
D Exclusive Economic Zone P 4ch paleobeac

[] International Area Morpho. 2
COORDINATES Petrography | sand
N | 33.290 Mineralogy | magnetite ilmenite

haliide Db STAGE MINING RIGHTS
BT : ; e Up-dated on: 3/2/95
(Decimal ©) E |-131.550 Exploration: [ Free: ]
Longitude - Mining: ] Under control: [_]

0.000 Processing: |:| Unknown: E
Z (in m) Company: ]

Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) NE of Kyushu island, Hayasui Seto.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 1000x1000 m; ore
dressing test.

5) Characteristics of the deposit: The geological formations existing around the area are represented by tertiary and
quaternary volcanic rocks. Magnetite and ilmenite are the predominant HM. Known onshore placer deposits: 1) Oita
deposit (plain diluvium, upland terrace); grades: low Fe 7.62% medium 31.44% wt% TiO2 low 2.02% medium
13.38% wt%; Ore tonnage reserves: 279,415 t. 2) Kunisaki deposit: (beach, backshore) grades: low 11.54% medium
31.29% high 50.44% wt%, TiO2 low 3.40%, 12.16% wt%. Ore tonnage reserves 66,773 t.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSIJ. 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n°: 57
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit ] INAME: AKUNE
Deposit/File [_]

Commodities: Fe Ti Type of deposit: placer beach
Country: Japan JP | District: Kyushu

I Marine area: Pacific NW, China E Yellow sea Huanghai |
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type beach foreshore

D Continental Shelf
[] Exclusive Economic Zone
[J] Intemational Area

COORDINATES Petrography | sand

Morpho. 1 beach

Morpho. 2

‘ N | 132.040 Mineralogy magnetite ilmenite
Latitude Py STAGE MINING RIGHTS

s ‘ . -dated on: 3/2/9°
(Decimal ©) E |-130.160 Exploration: [X] Free: | :
Longitude : Mining: ] Under control: [_]

0.000 Processing: |:| Unknown: E
Z (inm) [Company:
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) South east of Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging.
5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary rhyolites. Magnetite and ilmenite are the predominant HM. Known onshore placer deposit: Akune beach
deposit (beach, backshore); grades: low Fe 40.11% medium 54.05% wt% TiO2 low 15.82% medium 18.54 % wt%.

Ore tonnage reserves: 330 t.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 58

Occurrence @
Deposit

NAME: SENDAI

Deposit/File I:l

Commodities: Fe

Ti Type of deposit: placer beach

Country: Japan JP | District: Kyushu
LMarine area: Pacific NW, China E Yellow sea Huanghai
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type beach foreshore backshore
Continental Shelf
|:| Exclusive Economic Zone Morpho. 1 beacn
[] Intemnational Area Morpho. 2
COORDINATES Petrography | sand
| N 31.860 Mineralogy magnetite ilmenite
Latitude 0.000 STAGE MINING RIGHTS
L : ] Up-dated on: 3/2/95
(D@Clmal ) E |-130.160 Exp]{)ra“on: g Free: D
Longitude : Mining: D Under control: |:|
0.000 Processing: [ Unknown: D4
Z (in m) @mpany:
Ore Heavy minerals Commodities
Grades
Tonnage 1760 t
Description:

1) South east of the

(May-November).

Kyushu island.

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.
4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging.
5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
andesites Neogene. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende. Known
onshore placer deposits: Sendai beach deposit (beach, backshore); grades: low Fe 30.23% high 53.95% wt% TiO2 low

9.64% high 16.06 % wt%. Ore tonnage reserves: 1,760 t.

2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing
surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N

References:

1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information
en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 59

Occurrence D
Deposit
Deposit/File I:]

NAME: EI IRINO-BEPPU

Commodities: Fe Ti

Type of deposit: placer beach

Country: Japan

JP [District: Kyushu

I Marine area: Pacific NW, China E Yellow sea Huanghai

ADMINISTRATION

g Territorial sea

[C] Continental Shelf

D Exclusive Economic Zone
D International Area

TYPOLOGY
Zone type beach foreshore backshore
Morpho. 1 beach
Morpho. 2

COORDINATES Petrography | sand
N | 31.250 Mineralogy | magnetite ilmenite

Aime 0.000 STAGE MINING RIGHTS

o . . = Up-dated on: 3/2/95
(Decimal °) E |-130410 Exploration:  [X] Free: ]
Longitude : Mining: D Under control: D

0.000 Processing: D Unknown: g
Z (inm) IEompany:
Ore Heavy minerals Commodities

Grades
Tonnage 186 000 + 100 000 t
Description:

1) South of Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging.
5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine.
Known onshore placer deposit: EI beach deposit (beach, backshore); grades: low Fe 20.95% high 52.06% wt% TiO2
low 6.92% high 11.76 % wt%. Ore tonnage reserves: 186,000 t + 100,000 t (probable).

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n°: 60
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X |NAME: NAGASAKIBANA
Deposit/File D
Commodities: Fe Ti Type of deposit: placer beach
Country: Japan JP [District: Kyushu

[ Marine area: Pacific NW, China E Yellow sea Huanghai [
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore backshore

[:I Continental Shelf

Morpho. 1 beach
D Exclusive Economic Zone ali

[] International Area Morpho. 2
COORDINATES Petrography | sand
N | 31.150 Mineralogy | magnetite ilmenite

Ll - STAGE MINING RIGHTS — [————
(Decimal ©) E |-130.570 Exploration: [ Free: ] paaecon .
Longitude . : Mining: I:I Under control: D

0.000 Processing: D Unknown: E
Z (in m) Company:

Ore Heavy minerals Commodities

Grades
Tonnage 753 000 + 156 000 t
Description:

1) South Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging.
5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine.
Known onshore placer deposit: Nagasakibana beach deposit (beach, backshore); grades: low Fe 16.70% high 58.40%
wt% TiO2 low 2.74% high 10.40 % wt%. Ore tonnage reserves: 53,000t + 156,000 t (probable).

References:
Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSIJ, 19 (6).




IFREMER Sequential n®: 61
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] INAME: ISUBUKI

Deposit/File I:]

Commodities: Fe Ti Type of deposit: placer beach
Country: Japan JP | District: Kyushu

Blarine area: Pacific NW, China E Yellow sea Huanghai j
ADMINISTRATION TYPOLOGY
Terriforial sea Zone type foreshore backshore
D Continental Shelf Morpho. 1 beach

[] Exclusive Economic Zone
D International Area
COORDINATES Petrography | sand

Mineralogy magnetite ilmenite

Morpho. 2

N 31.150
CHRORE s STAGE MINING RIGHTS — ————
(Decimal ©) _—— : p-dated on:

E |-130.650 Ex‘pl.oratlon. X Free O
Longitude Mining: D Under control: D

0.000 Processing: D Unknown: E
Z (inm) Company: j
Ore Heavy minerals Commodities

Grades
Tonnage 5000t
Description:

1) South Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and Sto N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging.
5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine,
biotite. Known onshore placer deposit: Isubuki beach deposit (beach, backshore); grades: low Fe 19.79% high 55.75%
wt% Ti02 low 3.63% high 7.30 % wt%. Ore tonnage reserves: 5,000 t.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n®: 62
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X [NAME: TARUMIZU-ONEZIME
Deposit/File [_]

Commodities: TiFe Type of deposit: placer beach
Country: Japan JP |District: Kyushu

LMarine area: Pacific NW, China E Yellow sea Huanghai l
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore backshore

|:| Continental Shelf

M ho. 1 beach
D Exclusive Economic Zone o s

[] International Area Morpho. 2
COORDINATES Petrography | sand
N 31.500 Mineralogy titanomagnetite
LeRTig Py STAGE MINING RIGHTS
L : . . Up-dated on: 3/2/95

(Decimal ©) E |-130.630 Exploration: [X] Free: O
Longitude : : Mining: D Under control: D

0.000 Processing: I:l Unknown: x
Z (in m) |£ompany:

Ore Heavy minerals Commodities

Grades
Tonnage 3 000 t + 750 000 t
Description:

1) South of Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging
and drilling; mining.

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine,
biotite. Known onshore placer deposit: Tarumizu-Onejime beach deposit (beach, backshore); grades: low Fe
40.32-37.04% high 51.45-50.78%.wt% TiO2 low 5.31-8.05% high 11.22-12.00 % wt%. Ore tonnage reserves:

10,500 t.

References:
1y Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n°: 63
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X INAME: VOLCANO BAY
Deposit/File D4

Commodities: TiFe Type of deposit: placer paleovalley
Country: Japan JP | District: Hokkaido

LMarine area: Pacific NW, China E Yellow sea Huanghai l
ADMINISTRATION TYPOLOGY
x Territorial sea Zone type inner shelf

D Continental Shelf

Morpho. 1 aleochannel
D Exclusive Economic Zone pho paieochanne

[] International Area Morpho. 2

COORDINATES Petrography | medium siliceous sand

. N | 42140 Mineralogy | titanomagnetite
Lefiwe: =T iaman STAGE MINING RIGHTS

= & . ] Up-dated on: 3/2/95
(Decimal ©) E |-140.630 Exploration: X Free: L]
Longitude - Mining: ] Under control: D

E [-140.280 Processing: D Unknown: E
Z(m m) -10 to -30 [Con‘pa“y:
Ore Heavy minerals Commodities

Grades 3% concentrate 60% Fe
Tonnage 5.43 Mt
Description:

I) Volcano bay is located at the south-east of Hokkaido island. The area of interest is situated 1 km from the shore and

covers an area of 180 km2.

2) Climate: Continental

4) Works performed: 1965-67 Magnetometry 240 km2, drilling, vibrocoring (158) lines parallel to shore line or grid
(1x0.5 km).

5) Characteristics of the deposit: Regional geology shows tertiary and quaternary volcanic formations overlying
Mesozoic sedimentary sequence (alternation of detritic, carbonate, volcanic rocks). Volcanics are represented by basalt,
andesite and rhyolite. The unconsolidated sediments are constituted by gravels, sands and silts with near the surface
numerous pumice fragments. The thickness is variable, 5-30 m, with sometimes along NS and EW directions
thickenings which could represent paleochannel from concealed paleovalley. The percentage of useful mineral is around
3%. Magnetite (90%), ilmenite (3%) and hematite (3%) represent the heavy mineral composition. Chemical analysis:
Fe 10.83%, FeO 6.75%, Fe203 7.98%, TiO2 1.52%, A1203 0.02%, V205 0.14%, P205 0.11%, S 0.08%. The
deposit is represented by numerous lenses showing the following characteristics: L 4000-2000 m, 1: 1000-2000 m, e:

1.5-10 m.

References:
Shuji Maruyama, 1969. Iron sand ore exploration in the Volcano bay, Hokkaido, Japan, C.C.O.P (Bangkok), May

1969.




IFREMER Sequential n°: 64
MARINE MINERAL OCCURRENCE

Occurrence [:l
Deposit X |NAME: SABISHIRO-HA CHINOBE
Deposit/File I:]

Commodities: Fe Ti Type of deposit: placer beach
Country: Japan JP | District: Honshu N

I Marine area: Pacific NW —l
ADMINISTRATION TYPOLOGY
X Teritorial sea Zone type foreshore backshore

Continental Shelf
L] Con fental Shett Morpho. 1 | beach
D Exclusive Economic Zone
[] International Area Morpho. 2
COORDINATES Petrography | sand
N | 40620 Mineralogy magnetite ilmenite
Latituce P STAGE MINING RIGHTS
e : -dated on:

(Decimal ©) E |-141.520 Exploration: [X] Free: | 2
Longitude : Mining: |:| Under control: D

0.000 Processing: D Unknown: E
Z (in m) @mpany: j

Ore Heavy minerals Commodities

Grades
Tonnage 122 750 t
Description:

1) South of Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and Sto N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging
and drilling; mining.

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine,
biotite. Known onshore placer deposit: Tarumizu-Onejime beach deposit (beach, backshore); grades: low Fe
40.32-37.04% high 51.45-50.78%.wt% TiO2 low 5.31-8.05% high 11.22-12.00 % wt%. Ore tonnage reserves:

10,500 t.

—_—

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSIJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequentialn 65
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X |INAME: TIOKA
Deposit/File D

Commodities: Fe Ti Type of deposit: placer beach

Country: Japan JP | District: Honshu center

LMarine area: Pacific NW l

ADMINISTRATION TYPOLOGY
X Temitorial sea Zone type foreshore backshore
D Continental Shelf Moroho. 1 Sench
[J Exclusive Economic Zone e s
D International Area Morpho. 2

COORDINATES Petrography | sand

‘ N | 34.820 Mineralogy | magnetite ilmenite hematite
— p—— STAGE MINING RIGHTS ————0
(Decimal °) = |-130:850 Exploration: [ Free: ] L -
Longitude — Mining: D Under control: D

0.000 Processing: |:_| Unknown: x
Z (in m) Company: j
Ore Heavy minerals Commodities

Grades
Tonnage 983 729t + 3277208t
Description:

1) South of Kyushu island.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE,

4) Works performed: Geophysical prospecting (magnetic and sonic methods); sampling gridding 500x500 m dredging
and drilling; mining.

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite and ilmenite are the predominant HM. Waste: quartz, pyroxene, hornblende, olivine,
biotite. Known onshore placer deposit: Tarumizu-Onejime beach deposit (beach, backshore); grades: low Fe
40.32-37.04% high 51.45-50.78%.w1% TiO2 low 5.31-8.05% high 11.22-12.00 % wt%. Ore tonnage reserves:

10,500 t.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ. 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°:

66

Occurrence D
Deposit X INAME: OHATA
Deposit/File [_]

Commodities: Fe Ti

Type of deposit: placer beach

Country: Japan

JP District: Honshu N

l Marine area: Pacific NW

ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore backshore
D Continental Shelf
. L Morpho. 1 beach
[] Exclusive Economic Zone
I:l International Area Morpho. 2
COORDINATES Petrography | sand

N | 41410 Mineralogy | magnetite hematite ilmenite
Cae 0.000 STAGE MINING RIGHTS
Decimal © : . IUp—dated on: 2/20/95 |
(Decimal *) E |-141.160 Exploration: X Free: D
Longitude : Mining: ] Under control: [_]

0.000 Processing: ] Unknown: [
Z (in m) Company: l
Ore Heavy minerals Commodities

Grades
Tonnage 791 000t + 620 000t
Description:

1) North Honshu. Aomori Pref., close to the Ohata-Noushi beach placers.

2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing
surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods). Sampling (sand pump, diver) gridding
200x200 m.

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite, hematite and ilmenite are the predominant HM. Waste: quartz, feldspar,
hypersthene. Known onshore placer deposit: Ohata beach deposit (backshore); grades: low Fe 35.18% high 53.58%
wt% TiO2 low 3.57% high 9.63 % wt%. Ore tonnage reserves: 0.791 Mt + 0.62 Mt (probable).

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°:

67

Occurrence &
Deposit [:l
Deposit/File [_]

NAME: TOKYO BAY

Commodities: Fe Ti

Type of deposit: placer beach

Country: Japan JP | District: Honshu center

[Marine area: Pacific NW —l
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore

i i If
E] Comlm_enta She . Morpho. 1 beach
[] Exclusive Economic Zone
[J International Area Morpho. 2
COORDINATES Petrography | sand
N | 35530 Mineralogy magnetite ilmenite

Latitude ~

0.000 STAGE MINING RIGHTS

; & . : 0/9

(Decimal ©) E |-140.000 Exploration: E Free: [:| Up-dated on: 2/20/53
Longitude : Mining: D Under control: I:'

0.000 Processing: D Unknown: E
Z (in m) Company:

Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Honshu east side.
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods). Test mining and prospect . Sampling
(sand pump).

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite, hematite and ilmenite are the predominant HM. Grades: low Fe 3.49% high

10.25% wt% TiO2 low 0.48% high 1.61 % wt%.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequentialn: 68
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ ] |INAME: NAUKI-KUSHIMOTO
Deposit/File [ ]

Commodities: Fe Ti Type of deposit: placer beach
Country: Japan JP [ District: Honshu S
I Marine area: Pacific NW |
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type foreshore backshore
D Continental Shelf Moroho. 1 beach
rpho. ac
D Exclusive Economic Zone £
[] International Area Morpho. 2
COORDINATES Petrography | sand
. N | 133450 Mineralogy | magnetite ilmenite
b 0.000 STAGE MINING RIGHTS :
o ] — Up-dated on: 3/2/95
(Decimal °) E |-135.830 Exploration:  [X] Free: D
Longitude — Mining: ] Under control: [_]
0.000 Processing: |:| Unknown: E
Z (in m) Company:
Ore Heavy minerals Commodities
Grades
Tonnage Possible 1 100 t
Description:

I'} South Honshu
2) Climate: Subtropical humid. Average annual rainfall 1700 mm; maxi. during September-October. Prevailing

surface winds from NW to S or SE (January), from SE (July). Tropical storm tracks from the SW to NE and S to N
(May-November).

3) Hydro: Clockwise North Pacific current circulations, Kuroshio current flowing NE.

4) Works performed: Geophysical prospecting (magnetic and sonic methods). Sampling.

5) Characteristics of the deposit: The geological formations existing around the area are represented by basalts and
tertiary volcanic rocks. Magnetite, and ilmenite are the predominant HM. Waste: quartz, feldspar, pyroxene.
Nanki-Kushimoto beach and submarine deposit (backshore, foreshore); grades: low Fe 1.61% high 18.01% wt% TiO2
low 0.66% high 17.52 % wt%. Ore tonnage reserves: | 100 t.

References:
1) Okano T., 1968. Offshore detrital heavy minerals in Japan, BGSJ, 19 (6). 2) BRGM, 1973. Mission d'information

en Australie et au Japon, BRGM 73 SGN 019 MAR, unpublished.




IFREMER Sequential n°: 69
MARINE MINERAL OCCURRENCE

Occurrence |___|
Deposit X [NAME: LINGAYEN BAY
Deposit/File x

Commodities: Fe Ti Type of deposit: placer paleobeach

Country: Philippines PH |District: Luzon island
ﬁ’larine area: Pacific W, China S sea, Nanhai |

ADMINISTRATION TYPOLOGY

x Territorial sea Zone type foreshore inner shelf

|:| Continental Shelf

. . Morpho. 1 leobeach
[] Exclusive Economic Zone s i

D International Area Morpho. 2
COORDINATES Petrography | sand

N 16.200 Mineralogy ilmenite chromite titanomagnet
Latitude 5000 STAGE MINING RIGHTS ————
(Decimal °) I . p-dated.on-

E [-120300 Exploration: E Free: E]
Longitude Mining: D Under control: x

0.000 Processing: D Unknown: D
Z (in m) -8 Company:
Ore Heavy minerals Commodities

Grades Fe 58% Ti0O2 8% Fe 60 % TIO2 7.2 %
Tonnage 7.4 Mt
Description:

1) Located in the NW of Luzon island. 5 km from the shore.

2) Climate: Tropical, equatorial forest type. Maxi. rainfall:July-August. Mean annual rainfall 2160 mm. Temperature
20-30°C.

4) Works performed: Drilling (48) rope boring and pump boring.

5) Characteristics of the deposit: The magnetite sand deposit constitutes part of a submerged sand bar 4 km west of
Damortis Bay which is underlain by recent gravel and coarse sand mixed with a few shells. These sediments, including
the magnetite sand, were brought into Lingayen Gulf by the Bued and Agno rivers, with headwaters near Benguet, and
which cut through the volcanic, sedimentary and intrusive rock complexes of the Baguio Mineral district and the
sedimentary rocks of the Rosario formation in La Union. The topography of the area consists of a shallow undersea
hill or sand bar with an eastern landward side steep. It is believed that the sand bar was developed by along shore
currents which are still acetic in the area. The sand is composed mainly of quartz grains; pyroxene and hornblende are
common while andesite and chert fragments are sometimes included. In addition to the magnetite, other heavy minerals
included in the sand are ilmenite, chromite and rarely gold. Mineralised zone: parallel to the shore line, 7-8m below sea
level, dimensions: L 7-8 km, I: 0.5-3 km, e: average 2.6 m. Grade 9.4% magnetic minerals. The average content of
the concentrates is: 59.5-61.2% Fe and 7- 7.5% TiO2. Chemical analysis: Fe 58%, TiO2 8%, Al203 3%, SiO2 3%,
P 0.2%, H20 10%, granulometry 100 mesh <30%.

References:
Caguiat A. & al., 1971. Report on investigation of offshore magnetite sand deposits in Lingayen Gulf, Philippines,

Ecafe CCOP/AO.




IFREMER Sequential n®: 70
MARINE MINERAL OCCURRENCE

Occurrence g
Deposit [] [NAME: WAIKATO RIVER
Deposit/File [X]

Commodities: TiFe Type of deposit: placer paleobeach
Country: New Zealand NZ |District: North Island
LMarine area: Pacific SW, Tasman sea —I
ADMINISTRATION TYPOLOGY
E Territorial sea Zone type inner shelf
D Continental Shelf Moroho. 1 leobeach
orpho.
]:] Exclusive Economic Zone L, preoee
D International Area Morpho. 2
COORDINATES Petrography | sand
‘ s | 37370 Mineralogy titanomagnetite

LADtIKie i STAGE MINING RIGHTS

S | -36450 Up-dated on: 3/2/95
Decimal ©) < S - p-dated on:
( E |-174.700 Exploration: E Free: D
Longitude : Mining: El Under control: l:]

E [-174.110 Processing: D Unknown: E
Z (inm) -20 to -40 L(lompany: —|

Ore Heavy minerals Commodities

Grades 3-36% of Titanomag. Fe 55% Ti02 9%
Tonnage
Description:

1) On the North Island west coast, between Kalpara Harbour and Wangaehu River.

2) Climate: Marine, West coast, hot and humid. Mean annual rainfall 1221 mm, maxi. during June July and August.
Winds: North to East 18-147 kim/h.

3) Hydro: Westland Current from the North-East 0.5 m/s. Urville current from East to Southeast 0.01-0.13 m/s. Swell
W-SW,

4) Works performed: 1959-60 magnetometry, drilling: vibracores (23), sampling (103).

5) Characteristics of the deposit: The regional geology is represented by Tertiary volcanic formations overlying
Palaeozoic and Mesozoic graywacke formations. The shelf, 32 km wide in the north and 220 km wide by Cook
Straits, dips gently to the sea (0.1-0.5%). The continental slope starts at -170 m. The inner shelf (0-40 m) is covered
by recent terrigenous fine sands passing slowly to muddy sands (50-90% sands), sandy mud (10-50% sands) and finally
to mud (<10% sands) when on the mid shelf. This granulometric tendency is reversed through the outer shelf, with an
increase in coarse elements, biogenic sands and rocks fragments (hydraulic turbulence). The titanomagnetite (55% Fe,
9% TiO2) represents 3-36% of the heavy minerals (average 10%) and appears along 5 paleoshorelines. For the Waikato
river area, the mineralised sand forms a narrow belt parallel to the coast running from the Waikato river to Kaipara
harbour and lying 20-40 m below sea level. From 39% at the Waikato river estuary, the mineralisation grade decreases
slowly to the NW. No mineralisation was found towards the south or on the outer shelf. Paleoshoreline exists 27 m
below sea level. The titanomagnetite is derived from Taranaki andesitic rocks.

References:
1) Tixeron M. & Babot J., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,

BRGM 72 SGN 109 MAR, 193, unpublished. 2) Carter L., 1980. Iron sand in continental shelf sediments off western
New Zealand, a synopsis, NZ Journal of geology and geophysics, 23, 455-468,.




IFREMER Sequentialn®: 71
MARINE MINERAL OCCURRENCE
Occurrence @
Deposit ] INAME: MOKAU RIVER
Deposit/File x
Commodities: TiFe Type of deposit: placer paleobeach
Country: New Zealand NZ |District: North Island
[Marine area: Pacific SW, Tasman sea l
ADMINISTRATION TYPOLOGY
@ Territorial sea Zone type inner shelf
D Continental Shelf Moroho. 1 aleobeach
D Exclusive Economic Zone orpio. paleoncac
D International Area Morpho. 2
COORDINATES Petrography | fine to medium sand
‘ S | -39.060 Mineralogy | titanomagnetite
s B [ STAGE MINING RIGHTS 0
(Decimal °) E |-17a.050 Exploration: X Free: ] p-dated on:
Longitude ‘ Mining: |:| Under control: D
E |-174.000 Processing: El Unknown: &
Z (in m) -40 Company:
Ore Heavy minerals Commodities
Grades 3-36% of Titanomag. Fe 55% TiO2 9%
Tonnage
Description:

1) On the North Island west coast, between Kalpara Harbour and Wangaehu River.

2) Climate: Marine, West coast, hot and humid. Mean annual rainfall 1221 mm, maxi. during June July and August.
Winds: North to East 18-147 km/h.

3) Hydro: Westland Current from the North-East 0.5 m/s. Urville current from East to Southeast 0.01-0.13 m/s. Swell
W-SW.

4) Works performed: 1959-60 magnetometry, drilling: vibracores (23), sampling (103).

5) Characteristics of the deposit: The regional geology is represented by Tertiary volcanic formations overlying
Palaeozoic and Mesozoic graywacke formations. The shelf, 32 km wide in the north and 220 km wide by Cook

Straits, dips gently to the sea (0.1-0.5%). The continental slope starts at -170 m. The inner shelf (0-40 m) is covered
by recent terrigenous fine sands passing slowly to muddy sands (50-90% sands), sandy mud (10-50% sands) and finally
to mud (<10% sands) when on the mid shelf. This granulometric tendency is reversed through the outer shelf, with an
increase in coarse elements, biogenic sands and rocks fragments (hydraulic turbulence). The titanomagnetite (55% Fe,
9% TiO2) represents 3-36% of the heavy minerals (average 10%) and appears along 5 paleoshorelines. In the Mokau
river area, the mineralised zone forms a belt parallel to the coast, from Cape Egmont to Tirau point. The
titanomagnetite concentration is high off the coast of New Plymouth (65% maxi.) and Mokau river (36% maxi.) but
decreases towards the north. One paleoshoreline is located 27 m below sea level. A second belt, parallel to the first one
(depth 75-100 m) but less mineralised (1-5%) extends from Cape Egmont to Auckland. Paleoshoreline 91 m below sea
level. The titanomagnetite is derived from Taranaki andesitic rocks.

References:
1) Tixeron M. & Babot J., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,
BRGM 72 SGN 109 MAR, 193, unpublished. 2) Carter L., 1980. Iron sand in continental shelf sediments off western

New Zealand, a synopsis, NZ Journal of geology and geophysics, 23, 455-468.




IFREMER Sequential n®: g
MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] INAME: PATEA
Deposit/File E

Commodities: TiFe Type of deposit: placer paleobeach
Country: New Zealand NZ |District: North Island

[ Marine area: Pacific SW, Tasman sea 7
ADMINISTRATION TYPOLOGY
@ Territorial sea Zone type inner shelf

D Continental Shelf

Morpho. 1 al h
D Exclusive Economic Zone arp paleobeac

[J International Area Morpho. 2
COORDINATES Petrography | fine to medium sand
S | -39.600 Mineralogy titanomagnetite
Lagmde: L s STAGE MINING RIGHTS
(Decimal °) : . ‘ Up-dated on: 3/2/95
ecima E |-174.200 Exploration: [X] Free: ]
Longitude = : Mining: D Under control: D
E |-175.020 Processing: D Unknown: g
Z (in m) -20 to -40 [Company: |
Ore Heavy minerals Commodities
Grades 23 % titanomag. Fe 55%
Tonnage 12.25 Mt
Description:

1) On the North Island west coast, between Kalpara Harbour and Wangaehu River.

2) Climate: Marine, West coast, hot and humid. Mean annual rainfall 1221 mm, maxi. during June July and August.
Winds: North to East 18-147 km/h.

3) Hydro: Westland Current from the North-East 0.5 m/s. Urville current from East to Southeast 0.01-0.13 m/s. Swell
W-SW.

4) Works performed: 1959-60 magnetometry, drilling: vibracores (23), sampling (103).

5) Characteristics of the deposit: The regional geology is represented by Tertiary volcanic formations overlying
Palaeozoic and Mesozoic graywacke formations. The shelf, 32 km wide in the north and 220 km wide by Cook
Straits, dips gently to the sea (0.1-0.5%). The continental slope starts at -170 m. The inner shelf (0-40 m) is covered
by recent terrigenous fine sands passing slowly to muddy sands (50-90% sands), sandy mud (10-50% sands) and finally
to mud (<10% sands) when on the mid shelf. This granulometric tendency is reversed through the outer shelf, with an
increase in coarse elements, biogenic sands and rocks fragments (hydraulic turbulence). The titanomagnetite (55% Fe,
9% TiO2) represents 3-36% of the heavy minerals (average 10%) and appears along 5 paleoshorelines. A concentration
(22% max.) occurs off Patea in 20-40 m depth. Contents decrease gradually to the Southeast away from Cape Egmont,
but are locally high near Wanganui River. Further to the Southeast, iron sand again decreases, presumably because of
dilution by river sands (Finch, 1947). Paleoshoreline is 27 m deep. Numerous black sand ridges (2-4% by weight iron
sand) can be observed along that paleostructure. On shore titaniferous iron sand deposits at Patea occur in 3 distinct
ways: 1) as water sorted sands on beaches; 2) in the form of terraces along the NW bank of the Patea river, near the
mouth of that river; 3) as well-defined dunes running NW from the Patea river. A total tonnage of sand for the arca has
been evaluated at 12.25 M, that can produce a 23% titanomagnetite concentrate (53% Fe). The titanomagnetite is

derived from Taranaki andesitic rocks.

References:
1) Tixeron M. & Babot J., 1972. Gitologie prévisionnelle pour la recherche des placers des plateaux continentaux,
BRGM 72 SGN 109 MAR, 193, unpublished. 2) Carter L., 1980. Iron sand in continental shelf sediments off western

New Zealand, a synopsis, NZ Journal of geology and geophysics, 23, 455-468. 3) Finch, 1947.




IFREMER Sequential n°: 73
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X [NAME: MATAIVA
Deposit/File E

Commodities: phosphate Type of deposit: phosphorite coralian

Country: French Polynesia FR |District: Tuamotu archipelago

l Marine area: Pacific S I
ADMINISTRATION TYPOLOGY

& Territorial sea Zone type lagoon

D Continental Shelf
Morpho.
D Exclusive Economic Zone orpho. 1 ped kit

[J International Area Morpho. 2
COORDINATES Petrography | sand, ovoid pellets

S | -14.850 Mineralogy | phosphate carbonate

Latitude
STAGE MINING RIGHTS
N 2,000 . Up-dated on: 3/23/95

(Decimal ©) Exploration: D4 Free: ]

W | 148.700 P
Longitude Mining: D Under control: x

0.000 Processing: || Unknown: [ ]
Z (in m) -2 10 -30 lCumpany: G.LE. Raro Moana
Ore Heavy minerals Commodities

Grades 37.5 % P205
Tonnage 23.5 Mt P205
Description:

1) Inside the Mataiva lagoon.

2) Climate: Tropical (heavy rains, prevalent wind E to SE).

3) Hydro: Around the atoll, the sea, sometimes rough (strong swell associated with E to SE trade winds), allows
refilling of the lagoon. Inside the lagoon, the current velocity remains weak with a general water movement from the
south inlets to the NW outlets.

4) Works performed: Several drillings (714) and samplings (11500 ore tons). Feasibility study (Australmin, BRGM,
Cominco, Raro Moana) concluded to non economic project due to high cost environmental preservation and
construction of a warf outside the reef.

5) Characteristics of the deposit: The Mataiva Atoll is built up with coral colonies, set up over a volcanic basement.
Geological formations are represented by reef limestones, coquinoid limestones, chalky limestone. The phosphatic
beds are on the NW part of the atoll and overlie limy formations showing a karst morphology. The bed roof shape is
regular but the wall shape is very irregular. The average thickness of the mineralised bed is around 2.5 m.
Unconsolidated limy sediments cover the phosphatic bed (8.3 m average thickness). The phosphatic sandy portion of
the mineralization shows a polymorphism, disclosing a very complex origin: very few ovoid, astructured pellets seem
to correspond to a premonitory marine environment period; The phosphatic bone remains and bioclastic elements to a
concentration mechanism inside the lagoon. The final agglomeration by a concretionary phosphate is a typical

continental karstic evolution.

References:
BRGM, 1984. Projet d'exploitation des phosphates de Mataiva, BRGM internal report, unpublished.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°:

Occurrence E
Deposit D NAME: NIAU
Deposit/File [ ]

Commodities: phosphate

Type of deposit: phosphorite coralian

Country: French Polynesia FR |District: Tuamotu archipelago
| Marine area: Pacific S I
ADMINISTRATION TYPOLOGY
x Territorial sea Zone type lagoon
Continental Shelf

D on m‘n ¢ L Morpho. 1 bed karst
|:| Exclusive Economic Zone
|:| International Area Morpho. 2

COORDINATES Petrography | sand

_ S | -16.160 Mineralogy | phosphate carbonates
Latude STAGE MINING RIGHTS

S 0000 _ Up-dated on: 3/2/95 |
(Decimal ) Exploration: ] Free: ]

W | 146.330 i
Longitude Mining: D Under control: I:]
0.000 Processing: D Unknown: g
Z (inm) rCOmpany: |
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) Tuamotu archipelago

2) Climate: Tropical, heavy rains. Prevalent wind E to SE.
3) Hydro: Around the atoll, the sea, sometimes rough (strong swell associated with E to SE trade winds), allows
refilling of the lagoon. Inside the lagoon, the current velocity remains weak.
4) Characteristics of the deposit: The Niau Atoll is built up with coral colonies, set up over a volcanic basement.

Geological formations are: reef limestones, coquinoid limestones, chalky limestone. Phosphatic sands overlie coral
substratum formation. The atoll dimension is 6 km and the maximum altitude 8 m.

References:

Germinal, 1984. Inventaire des resources minérales sous-marines.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°: 75

Occurrence g

Deposit L] INAME: HENDERSON ISLAND

Deposit/File [_]

Commodities: phosphate

Type of deposit: phosphorite coralian

Country: Great Britain GB |District: Pitcairn archipelago
| Marine area: Pacific S |
ADMINISTRATION TYPOLOGY
X Territorial sea Zone type lagoon
D (.ontmt?nlal She]f. Morpho, 1 bed karst
[] Exclusive Economic Zone
[] International Area Morpho. 2
COORDINATES Petrography | sand
Latiue Py STAGE MINING RIGHTS
s : ] Up-dated on: 3/16/95
(Decimal °) Exploration: D Free: D
W | 128.320 o
Longitude Mining: I:] Under control: D
0.000 Processing: |___| Unknown: x
Z (in m) Company:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

P20S5 grade is 8-18%.

2) Climate: Tropical, heavy rains. Prevalent wind E to SE.
3) Hydro: Around the atoll, the sea, sometimes rough (strong swell associated with E to SE trade winds), allows
refilling of the lagoon. Inside the lagoon, the current velocity remains weak.

4) Characteristics of the deposit: The Henderson island is 8 x 4 km; high >30 m. The basement is coral formation.

References:

Germinal, 1984. Inventaire des resources minérales sous-marines.




IFREMER Sequential n®: 76
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit [] [NAME: MOROCCO
Deposit/File |___|

Commodities: phosphate Type of deposit: placer paleobeach
Country: Morocco MA |[District: Sahara S

LMarinc area: Atlantic NE I
ADMINISTRATION TYPOLOGY
g Territorial sea Zone type inner & outer shelf

E Continental Shelf

_ , Morpho. 1 aleobeach
[] Exclusive Economic Zone ! i

[:] International Area Morpho. 2
COORDINATES Petrography | massive phosphorite, sand

N | 33.150 Mineralogy | phosphorite
Latiude 0.000 STAGE MINING RIGHTS — ———
(Decimal ) - - . p-datec on. -

W 3730 Lx‘plhorauon. x Free ]
Longitude Mining: D Under control: D

0.000 Processing: ] Unknown: [ ]
Z (in m) -80 [Company:
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

I) Continental shelf from Rabat (Morocco) to the Mauritanian border.

2) Climate: Mediterranean, dry summer. Average annual rainfall 250mm. Dominant wind directions to the S and SW.
3) Hydro: sea clear. Swell depending on winds. Atlantic currents from North to South.

4) Works performed: Tooms and Summerhayes (1968) carried out a reconnaissance survey: 7 sparker and sampling
traverses with a combined length of 60 miles; 123 sediment samples were dredged from depths of 28-1300 m.

5) Characteristics of the deposits: Limestone, phosphatic limestone and phosphorite were the most prominent
lithologies found. Off Morocco, the phosphatic limestones and phosphorites are Upper Cretaceous, Eocene and
Miocene in age, whereas off the Spanish Sahara they are Lower Pliocene. The phosphatic superficial sediments are
always found adjacent to rock outcrops and the phosphate is commonly concentrated in sand-size detrital grains of
phosphorite which forms placer type concentrates. The highest mineralised samples are the ones collected on B and C
profiles which are located at the latitude of the large onshore phosphatic deposits. (B profile: grade between 19-26%
depth 80-113 m; C profile: grade 11-20% depth 126-500m). Summerhayes refers to the sands as relict sands formed
during low Pleistocene sea-stands. The sands have been partially buried off the coast of Morocco, by a later silt
blanket. While glauconite is locally being formed within the sediments, much of it is undoubtedly detrital. Off
Morocco, phosphate is enriched in an inner to mid-shelf belt. Isolated patches of phosphate enrichment were also
recorded on the inner shelf near shore. Within the main phosphate belt there are commonly discontinuous zones of
concentrated phosphate values of 1-3% P205 and in one case 7.9%. Off Spanish Sahara, on the uppermost slope off
Cape Judy, the maximum recorded phosphate levels were 5% P20S5, while on the outermost shelf off Cape Bojador,
the maximum value was 8.3% P205. Summerhayes and others assume a phosphatic sediment grade of greater than
0.5% P205, averaging 1% covering 3300 km2 with a thickness of 5 m. This would constitute a resource of some 4.3

x 18.8 t of P205 ?

References:
Tooms ].S., Nuttet and Summerhayes C.P., 1968. The distribution and origin of phosphate in sediments off

northwest Africa, Sediment Geol., 8, 3-28.




IFREMER Sequential n°: 77
MARINE MINERAL OCCURRENCE
Occurrence E
Deposit [] [NAME: SYLVANIA SEAMOUNT
Deposit/File D
Commodities: phosphate Type of deposit: phosphorite coralian
Country: Marshall Islands RM | District: Bikini Atoll
| Marine area: Pacific W l
ADMINISTRATION TYPOLOGY
% Territorial sea Zone type seamount
Continental Shelf
Morpho. 1 bed karst
[] Exclusive Economic Zone el b
[] International Area Morpho. 2
COORDINATES Petrography | brechia & tuf

N 12.000 Mineralogy phosphate

Latitude
TAGE MINING RIGHT
Decimal @ 0.000 STA S [Updatedon: 371695
(Decimal ©) E |-165.000 Exploration: D4 Free: []
Longitude — Mining: ] Under control: [_]
0.000 Processing: |:| Unknown: I:]
Z (in m) -1500 Company: —l
Ore Heavy minerals Commodities

Grades
Tonnage
Description:
1) Bikini Atoll.

2) Climate: Tropical, heavy rains. Prevalent wind E to SE.

3) Hydro: Around the atoll, the sea, sometimes rough (strong swell associated with E to SE trade winds, allows
refilling of the lagoon. Inside the lagoon, the current velocity remains weak.

4) Works performed: Expedition of the Scripps Institution of Oceanography in 1950. Dredging (Hamilton and Rex,
1959).

5) Characteristics of the deposit: The upper part of the sea-mount is flat and culminates at -1400 m. It is in connection
with the Bikini Atoll by a saddle located 1500 m below the water surface. The tuff breccias samples collected show
several cracks filed by phosphatic materials which contain a fauna of lower Eocene. A manganese film sometimes
covers the collected samples. The seamount has been eroded either at the end of Cretaceous times, or at the beginning
of the Eocene (flat top). The Bikini Atoll was at that time higher; a quick subsidence drowned the sea-mount and
allowed the set up of corals over the Bikini Atoll and the deposit of sediments with plankton foraminifera over the

sea-mount.

References:
Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR, unpublished.




IFREMER

Occurrence x
Deposit
Deposit/File ]

MARINE MINERAL OCCURRENCE

Sequential n°: 78

NAME: CAPE JOHNSON SEAMOUNT

Commodities: phosphate

Type of deposit: phosphorite coralian

Country: USA

US |District: Mid Pacific Mountains

[Marine area: Pacific central

ADMINISTRATION

D Territorial sea

E Continental Shelf
[:I Exclusive Economic Zone
[] International Area

TYPOLOGY
Zone type seamount
Morpho. 1 bank
Morpho. 2

COORDINATES Petrography | phosphatic limestone
N | 17.120 Mineralogy | phosphate carbonate
Latieas S STAGE MINING RIGHTS [—
I : _ | Up-dated on: 3/2/95
(Decimal °) Exploration: 4 Free: D
w | 177.250 .
Longitude Mining: ] Under control: |:|
0.000 Processing: ] Unknown: [ ]
Z (in m) lCompany:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:
5) Characteristics of the deposit: Collected samples showed fossiliferous limestone and phosphatic corals debris
covered up by a thin crust of manganese oxide. Chemical analysis gave: Ca, CO2 and anions 65.5 %; P205 28 %;
Si02 1.9 %.
References:
1) Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR, unpublished. 2) Hamilton, 1956.




IFREMER

MARINE MINERAL OCCURRENCE

Sequential n°:

79

Occurrence E

Deposit L] INAME: HORIZON SEAMOUNT

Deposit/File D

Commodities: phosphate

Type of deposit: phosphorite coralian

Country: USA US |District: Mid Pacific Mountains
[ Marine area: Pacific central l

ADMINISTRATION TYPOLOGY
L] Territorial sea Zone type seamount
g Conum.*.mal Shelf . Morpho. 1 bank
[:l Exclusive Economic Zone
[] International Area Morpho. 2

COORDINATES Petrography | phosphatic limestone

N | 19500 Mineralogy | phosphate manganese

Latitude 000 STAGE MINING RIGHTS -
(Decimal © - _ | Up-dated on: 3/2/95

ecim Exploration: x Free: D

W | 169.000 il
Longitude Mining: I:] Under control: D
0.000 Processing: |:| Unknown: E
Z (in m) |Company: |
Ore Heavy minerals Commodities

Grades
Tonnage
Description:

4) Works performed: dredging.
5) Characteristics of the deposit: collected samples showed volcanic rocks covered up by manganese dioxide. The crust

sometimes has a thickness greater than 35 mm. The manganese nodules, which have also been collected, have a centre
formed by either basaltic rock fragments or phosphatic limestone.

References:

Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR, unpublished.




IFREMER Sequential n°; 80

MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [ ] INAME: HESS SEAMOUNT
Deposit/File [_]

Commodities: phosphate Type of deposit: phosphorite coralian

Country: USA US | District: Mid Pacific Mountains
[Marine area: Pacific central j

ADMINISTRATION TYPOLOGY

D Territorial sea Zone type seamount

Continental If
X Continental She Morpho. 1 bank

[] Exclusive Economic Zone

[J International Area Morpho. 2 breccia nodule
COORDINATES Petrography | phosphatic limestone
) N 17.830 Mineralogy phosphate Mn
Latitude
0.000 STAGE MINING RIGHTS C
D Up-dated on: 3/2/95
(Decimal ©) A ;
w | 174250 Ex.pl‘oratlon. X Free ]
Longitude Mining: I:I Under control: [_]
0.000 Processing: D Unknown: D
Z (in m) Eompany: 1
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

4) Works performed: dredging.

5) Characteristics of the deposit: Dredging realised over the sea-mount brought to the surface phosphatized fragments
of corals and limestones and also manganese nodules. The centre of the nodules is formed by phosphatic globigerina
ooze. The phosphorite were formed at the top of the sea-mount by replacement of the carbonate by phosphate; the
existence of phosphorite over the abyssal plain nearby could be interpreted as slumping from the sea-mount upper part.
The formation of manganese crust and nodules is posterior to the phosphatic phase (rarely contemporaneous).

References:
Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR. unpublished.




IFREMER Sequential n°: 81
MARINE MINERAL OCCURRENCE

Occurrence X
Deposit ] |INAME: PERU

Deposit/File [X]
Commodities: phosphate Type of deposit: phosphorite upwelling
Country: Peru PE |District:

ll’larine area: Pacific SE |
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type outer shelf slope

D Continental Shelf
E Exclusive Economic Zone
[ ] International Area

Morpho. 1 sedimentary bed

Morpho. 2 nodule pellet

COORDINATES Petrography | diatom ooze
S -8.500 Mineralogy | francolite collophane apatite
Latiede: Vo1 te 00 STAGE MINING RIGHTS -
(Decimal °) Exploration: X Free: ] ey S0
W | 71.000 |
Longitude Mining: D Under control: |:]
W[ 79.000 Processing: D Unknown: g
Z (in m) -70 to -480 Company: Atlantic Richfield Co.
Ore Heavy minerals Commodities
Grades 17-35 % P205
Tonnage
Description:

1) Occurrences along the coast of Peru/Chile, parallel to the coast line on the ocean floor. The deposit is confined
along two narrow sedimentary strips located on the shelf edge and the upper continental slope (-70 -160 m) (-360 -480
m).

2) Climate: Desertic. Mean annual average rain fall 41 mm.

3) Hydro: Peru current.

4) Works performed: Sampling (24) for fundamental scientific research: see other Peru.

5) Characteristics of the deposit: The phosphorite occurs as scattered nodules in fine grained biogenic sediments
(chiefly diatom oozes) in an area where surface waters are said to be biologically highly productive due to upwelling of
coastal waters containing considerable organic matter. Burnett (1973, 74, 77) describes the phosphatic rocks as being
irregular in shape with a hackly and pitted surface. Many nodules are flattened in one dimension; others are roughly
equal in shape. The surfaces are dull with colors that vary from light to dark grey. Mineralization from Pleistocene to
interglacial period is represented by pellets, particles, nodules of francolite and collophane composition. All
investigators of the Peru/Chile deposits believe that the deposits are, for the most part, recent in origin. Manheim and
others postulate that the deposits are the result of replacement of carbonate tests in the interstitial waters of
organic-rich sediments. Burnett thinks that the apatite has chemically precipitated out of solution rather than replaced
previously existing materials. One onshore deposit in the Sechura Desert in northern Peru: bed 1-1.5 m thick with

20% P205.

References:
1) Garrand L., 1977. Ocean phosporite world occurrences. 2) Anonymous. Les phosphates sédimentaires sous-marins,

Ifremer internal report. 3) Burnett W.C., 1974. 4) Veeh H.H., 1973.




IFREMER Sequential n°: 82
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X |[NAME: CHATAM RISE
Deposit/File E

Commodities: phosphate Type of deposit: phosphorite upwelling
Country: New Zealand NZ |District: Reserve bank
| Marine area: Pacific SW, Chatam rise ]
ADMINISTRATION TYPOLOGY
E Territorial sea | Zone type Fea
Continental Shelf
Morpho. 1 lenticul
E Exclusive Economic Zone P10 e
D International Area Morpho. 2 nodule
COORDINATES Petrography | conglomerate

S -44.000 Mineralogy phosphate

Latitude
. STAGE MINING RIGHTS

o S 44000 G _ Up-dated on: 3/16/95 |
(Decimal ©) E |-177.000 Exploration: @ Free: D
Longitude : Mining: |:| Under control: @

E |-178.000 Processing: D Unknown: E]
Z (in m) -375to -410 Company: Fletcher Challenge Ltd B

Ore Heavy minerals Commodities

Grades 18.1 to 25.5% P205
Tonnage 25 Mt
Description:

I) The Chatham rise area is located east of New Zealand and appears like an underwater table-land between the
Canterbury coast and Chatham Rise island.

2) Climate: Marine west coast. Hot and humid. Mean annual rainfall 1221 mm; maxi. during June, July and August.
Prevailing surface winds from NW,

3) Hydro: Southland currents to the north and East cape currents to the south.

4) Works performed: 1950: discovery by R.V. Discovery Il oceanographic expedition. 1967-1968: sampling by Global
Marine Inc. (USA). 1975 NZ Oceanographic Institute: photography and close-spaced coring. 1978: evaluation by
Preussag and NZOI.

5) Characteristics of the deposit: Phosphorite occurs patchily, in water depths of 375-410 m along some 400 km of
the crest of Chatham Rise, as loose, superficial nodule gravels intermingled with and often overlain by fine,
unconsolidated sandy muds and muddy sands. The main phosphorite concentrations appear to be located between
longitudes 179°E and 180°. In this region the nodule layer is commonly 0.10-0.20 m thick, with a known maximum
thickness of 0.7 m and the frequency distribution of nodules often 40-50 kg/m2, attains values in excess of 80 kg/m2.
Phosphorite particle sizes vary from a few millimetres to a few hundreds of millimetres (10-40 mm). The phosphorite
nodules are, in fact, diagenetically altered and indurated pelagic limestones and chalks of two distinct ages:
Eocene-Oligocene (40-35 My) and Miocene (20-15 My). Individual nodules are almost invariably coated by a thin
greenish-black veneer of glauconite, deposited on the nodule surface after phosphoric replacement of the parent
limestone. Grade 18.10-25.4 % P20S5, average 21.5% P205. The layer containing the phosphorite nodules is
interpreted as a "lag" or "remanié” deposit created by processes that have involved dissolution of the underlying
calcareous formations and gentle winnowing away of the finer sediment fractions.

References:

1) Cullen D.J., 1984, Comments on the economic agronomic potential and the mining feasibility of the Chatham
Rise phosphate deposit, 2nd int. seminar on the offshore mineral resources (Brest), Ed. GERMINAL. 2) Kudrass H.R.
& Von Rad V., 1984. Geology and economic aspects of the Chatham rise phosphate deposit, 2nd int. seminar on the

offshore mineral resources (Brest), Ed. GERMINAL.




IFREMER Sequential n°: 83

MARINE MINERAL OCCURRENCE

Occurrence x
Deposit [J [NAME: CAMPBELL PLATEAU
Deposit/File [_]

Commodities: phosphate Type of deposit: phosphorite upwelling
Country: New Zealand NZ |District: New Zealand SE

| Marine area: Pacific SW |
ADMINISTRATION TYPOLOGY
[ Territorial sea Zone type rise

[] continental Shelf _
Morpho. 1 lenticular

E Exclusive Economic Zone

[] International Area Morpho. 2 nodule

COORDINATES Petrography | conglomerate
‘ S | -51.000 Mineralogy | phosphate
Latide T STAGE MINING RIGHTS
(Decimal %) Exploration:  [X] Free: ] p-cated on: -
E [-166.000 P '
Longitude Mining: D Under control: I:I
E |-177.000 Processing: El Unknown: E
Z (in m) Company:
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) Around Campbell Island, South of New Zealand and New Zealand plateau.

2) Climate: Marine west coast. Hot and humid. Mean annual rainfall 1221 mm; maxi. during June, July and August.
Prevailing surface winds from NW.

3) Hydro: Southland currents to the north and East, Cape currents to the south.

4) Works performed: Sampling 1967.

5) Characteristics of the deposit: Phosphatic occurrences are known inside the Snares depression and over the Pukaki
saddle. The phosphatization has been contemporaneous or slightly posterior to the deposit of the foraminifera oozes.
The physico-chemical conditions, controlling the nodule genesis changed after the Miocene because the glauconitic
sometimes very thick crust covers the nodules in the Snares depression. (Summerhayes, 1967). Higher temperature of
the water and volcanic activities could have created, during the Miocene, favourable conditions for the formation of

phosphate.

References:
Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR, unpublished. 2) Summerhayes C.P.,

1967.




IFREMER Sequential n°: 84

MARINE MINERAL OCCURRENCE

Occurrence E
Deposit [] |[INAME: TASMAN SHELF

Deposit/File I:I
Commodities: phosphate Type of deposit: phosphorite upwelling
Country: Australia AU | District: Tasmania NW

l Marine area: Pacific SW |
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type outer shelf

Continental Shelf
E ‘ontinental She Morpho. 1 bank

E Exclusive Economic Zone

|:] International Area Morpho. 2 nodule

COORDINATES Petrography | sand with phosphorite nodules
S | -40.500 Mineralogy phosphate
Lati
atitude 00 STAGE MINING RIGHTS
(Decimal ©) Exploration: E Free: I:l Up-dated on: 3/17/95
E |-144.000 . :
Longitude Mining: D Under control: D
E [-145.000 Processing: D Unknown: E
Z (in m) -65to -170 Company: Ocean Ressources N.L.
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) Continental shelf extending from South-West of King Island, off West Point, and near Macquarie Harbour.

2) Climate: Marine, west coast type. Mean annual precipitation 1000 mm, maxi. June, July, August.

4) Works performed: Aardverk cruise: dredge sampling (37) from depth between 68 and 132 m.

5) Characteristics of the deposit: Although most of the sea floor is relatively flat and sandy, rock crops out in some
areas. In good conditions these areas can generally be detected with the ship's echo sounder, but in marginal sea
conditions, when the efficiency of the echo sounder is reduced, areas of bedrock are not always obvious. From the
dredging programme, nodules were obtained from most of the 37 stations dredged, with nodules making up more than
25% of the sample by volume at 16 stations. The best material was obtained from depths between 100 and 128 m.
The results from seven P205 analyses show values between 18.7 % and 0.35 % P20S5. Further exploration surveys

were planned for this area.

References:
Le Lann F., 1972. Les phosphorites sous marines, BRGM 72 SGN 267 MAR, unpublished.
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MARINE MINERAL OCCURRENCE

o

Sequential n°:

85

Occurrence E
Deposit [] [NAME: AUSTRALIA EAST
Deposit/File I:l

Commodities: phosphate

Type of deposit: phosphorite upwelling

Country: Australia

AU

District: New South Wales

| Marine area: Pacific SW, Coral sea |

ADMINISTRATION TYPOLOGY
|:| Territorial sea Zone type shelf edge
x Continental Shelf Moroho. 1 oank
Morpho.
[] Exclusive Economic Zone e s a
[[] Intemnational Area Morpho. 2 nodule granule oolithe
COORDINATES Petrography | conglomerate

S | -29.000 Mineralogy | collophane carbonate

Latitude
STAGE MINING RIGHTS

Decima] 5 | O ‘ e | Up-dated on: 317795 |
(Decimal ©) E |-153.000 Exploration: 4] Free: D
Longitude — - Mining: W Under control: |:|

E 1-153.500 Processing: D Unknown: E
Z (in m) -210to - 385 Company: —I

Ore Heavy minerals Commodities

Grades 7.81t021.2 %
Tonnage
Description:

1) Upper continental slopes off northern New South Wales.

2) Climate: Marine West coast. Annual average rainfall 1200-1600 mm. Dry season during summer. Winds 110 kn to
NW (Jan.) to SE (July).

3) Hydro: From N and NE currents (East Australian currents: 2 kn). Swell from east.

4) Works performed: dredging.

5) Characteristics of the deposits: small (average 3 cm) dull grey, unpolished, irregular, phosphatic concretions and
"conglomeratic” nodules and slabs were dredged from depths of 210-385 m from the upper continental slopes. Abraded
quartzite pebbles, phosphatized bone fragments, solitary coral skeletons impregnated with collophane, weakly
phosphatized bivalve fragments, and sharks' teeth typically occur in association with phosphorite nodules elsewhere,
suggesting the existence of either condensed sedimentary sections or of an erosive winnowing of coarse material from
sediments. Borch regards the contained fauna within the concretions and nodules as an indication of Miocene, possibly
a Middle Miocene age. These concretions seem to have formed during diagenesis within what must have been
phosphorus enriched Cenozoic slope sediments. These occurrences along with rounded pebbles on what may be an
erosional bench (crusty surface generally covered by a dark crust of goethite of variable thickness, grey or black color)
suggest that the initial concretions at these depths may have been eroded from host sediments by wave action during
Tertiary or Pleistocene low sea level stands. P20O5 content from 7.8% to 21.2%. The most encouraging concentrations
and grades are likely to be found west of Tasmania and south and southwest of King Island. Nodules of 13% P205 and

13-26% were collected from depths of 65-165 m.

References:
1) Loughmann and Graig, 1962. 2) Borch, 1970. 3) Garrand L., 1977. Offshore phosphorite world occurrences.




IFREMER Sequential n°: 86
MARINE MINERAL OCCURRENCE

Occurrence I:I
Deposit X |INAME: POINTE NOIRE
Deposit/File [

Commodities: phosphate Type of deposit: phosphorite clastic
Country: Congo CG |District:
| Marine area: Atlantic E l
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type inner shelf
x Continental Shelf Morohs. i lenticul
r .
E Exclusive Economic Zone =F ——
[] International Area Morpho. 2 pellet
COORDINATES Petrography | argilaceous limestone
S -5.050 Mineralogy | collophane francolite carbonate
Lati \ p—
atitude 0.000 STAGE MINING RIGHTS e o)
(Decimal ©) E 11.800 Exploration: E Free: D p-dated on:
Longitude - Mining: ] Under control: [_]
0:000 Processing: || Unknown:  [X]
Z (in m) -35 to -50 Company: |
Ore Heavy minerals Commodities
Grades
Tonnage
Description:

1) The occurrence is located offshore 20 km south of Pointe Noire, 12 km off the coast line.

2) Climate: Tropical, equatorial forest type. Average annual rainfall 1200-1700 mm, maxi July-August. Winds to NE
(January), NW (July).

3) Hydro: Sea clear. Tide semidiurnal, maxi magnitude 2 m. Area of water mixing between the cold Benguela current
running north parallel to the coast and the warm South-Equatorial going south. Swell, with magnitude and directions
depending on wind directions.

4) Works performed: Geophysical survey 1982- 1983 (Gammametry, seismic reflexion); sampling (grab), drilling 142
vibracores 1982-83-85.

5) Characteristics of the deposit: Around the occurrences stratified sediments are not consolidated. The sampling
realised with a dredge or by coring shows: 1) debris of calcareous sandstone, phosphatic irony granules (Miocene) and
marl or marly limestone (Eocene). Also coprolite conglomerate. 2) biogenic fragments with fish bones, coprolites,
shark teeth. These remains showing a brown patina are from the conglomerate. The granulometry shows the following
distribution: <Imm = 60%; Imm< x<|0mm = 31%, >10mm = 9%. Only the fraction Imm-10mm is mineralised i.e.
31% of the sediments.The coprolites are 1-3 cm in length and 0.2 to 0.5 cm in diameter and a white color. Grade is
around 28% for the coprolites and 10% for the limestone with phosphatic granules. The concentrations are the result of
the mechanical action of the water during Holocene times over Miocene and Eocene underwater outcrops.

References:
1) BRGM, 1977-1988. Phosphates offshore du Congo, unpublished. 2) Giresse P., 1984. Les phosphates du Gabon:

nature géochimique et conditions mécaniques d'accumulation, 2nd int. seminar on the offshore mineral resources
(Brest), Ed. GERMINAL.




IFREMER Sequential n®: 87

MARINE MINERAL OCCURRENCE

Occurrence g
Deposit ] INAME: MAYUMBA
Deposit/File I:l

Commodities: phosphate Type of deposit: phosphorite clastic
Country: Gabon GA |District:
IMarine area: Atlantic E l
ADMINISTRATION TYPOLOGY
|:| Territorial sea Zone type outer shelf
X Continental Shelf ,
o . Morpho. 1 lenticular
[] Exclusive Economic Zone
[] International Area Morpho. 2 granule
COORDINATES Petrography | argilaceous limestone

S -3.660 Mineralogy phosphate carbonate
Latitud
adwde ST 4160 STAGE MINING RIGHTS — —————"——

imal ©) ] . Eree: p- on: :

(Decima E | -10.000 Exploration: E ree: D
Longitude : Mining: I:] Under control: D

E | -11.000 Processing: [ ] Unknown: [
Z (in m) -50 to -100 COmpany:

Ore Heavy minerals Commodities

Grades
Tonnage
Description:

1) The area covers 150 km offshore along the coast of Gabon from the Congo border. The investigated area is limited
offshore to the isobath 100-110m.
2) Climate: Tropical, equatorial forest type. Average annual rainfall 1200-1700 mm, maxi July-August. Winds to NE

(January), NW (July).

3) Hydro: Sea clear. Tide semidiurnal, maxi magnitude 2 m. Area of water mixing between the cold Benguela current
running north parallel to the coast and the warm South-Equatorial going south. Swell, with magnitude and directions
depending on wind directions.

4) Works performed: Geophysical survey 1979 (seismic reflexion: 1350 km); sampling (400) (grab); drilling 82
vibracores.

5) Characteristics of the deposit: Phosphatic coprolites were found near paleo-coastlines associated with outcrops of
Eocene and Miocene age. No accumulation of significant economic interest.

References:
BRGM, 1979. Recherche de gravelles phosphatées au droit des cotes du Gabon, BRGM 79 SGN 318 MAR,

unpublished.
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Sequential n°;

Occurrence x
Deposit [ ] INAME: AGULHAS BANK
Deposit/File X

Commodities: phosphate

Type of deposit: phosphorite clastic

Country: South Africa

ZA

District: Good Hope Cape

@arinc area: Atlantic SE

ADMINISTRATION TYPOLOGY
D Territorial sea Zone type outer shelf slope
x Continental Shelf Moroho. 1 lentasl
|:| Exclusive Economic Zone el o e
[] Interational Area Morpho. 2 cobble gravel
COORDINATES Petrography | calcareous & argilaceous sand
S | -30.000 Mineralogy collophane francolite apatite carbonate
i A P = STAGE MINING RIGHTS
(Decimal °) iy ] o . Up-dated on: 2/17/95
E | -18.000 Exploration:  [X] Free: ]
Longitude : Mining: I:l Under control: |:|
E | -26.000 Processing: D Unknown: E
Z (in m) -70 to -500 Company: —I
Ore Heavy minerals Commodities
Grades 16 to 32% P205
Tonnage 140 Mt
Description:

I) Continental platform south of Cap Agulhas, 20 km south off the coast.

2) Climate: Mediterranean, dry summer. Mean annual rainfall 615 mm, maxi during the winter. Winds dominant from
the W,

3) Hydro: Area of intense mixing of water. Surface currents depend on trading winds.

4) Works performed: Discovered in 1872 following H.M.S Challenger expedition cruise sampling survey - Murray and
Renard (1891) describe in detail the phosphatic concretions. Parker and Siesser (1972) and Summerhayes (1972-73)
re-evaluated the area and calculated the reserves.

5) Characteristics of the deposit: During the Challenger expedition, phosphatic concretions were dredged at many of the
shallower stations around continental shores, but never in such abundance or such typical development as at these
stations to the south of the Cape of Good Hope. The phosphatized limestones are well-consolidated rocks composed of
whole and fragmented sand-sized microfossils (40-65%) and macrofossil fragments (1-10%) set in a collophane micritic
matrix. Silt sized angular quartz and feldspar may be present in accessory (1-5%) amounts. Ferruginous varieties are
distinguished by their intimately mixed goethite, collophane and micrite cements with a general absence of
macrofossils. The rocks are irregularly tabloid in shape with a mean size in the cobble range (1-6 cm). The low iron
variety usually have a yellow-grey surface which is rough and pitted due to boring organism. The high iron variety
have smooth, sometimes glazed, unbored dark brown to black surfaces. Glauconite is more abundant in the low iron
variety. Summerhayes describes the phosphate as occurring principally in sand and gravel sized grains of phosphorite
(up to 10% P205) and glauconite, and states that they were mechanically weathered from outcrops of tertiary
phosphorite during late tertiary and Pleistocene regressions of the sea It appears that portions of the deposit could
benetficit from simple screening but not to grades in excess of the parent-rock (16%). Also noted is the advantage of

potash content found in glauconite.

References:

1) Garrand L., 1977. Offshore phosphorite world occurrences. 2) Dingle, 1977. Agulhas bank phosphorite, a review of
100 years of investigation, Trans. Geol. Soc. S. Af. Bul., 77 (3). 3) Summerhayes C.P., 1973. Distribution, origin
and economic potential of phosphatic sediments from the Agulhas bank, Trans. Geol. Soc. S. Af. Bul., 76.




IFREMER Sequential n®: 89
MARINE MINERAL OCCURRENCE

Occurrence x
Deposit ] INAME: SAN JUANICO
Deposit/File @

Commodities: phosphate Type of deposit: phosphorite clastic
Country: Mexico MX |District: Baja California
rMarine area: Pacific NE I
ADMINISTRATION TYPOLOGY
S Territorial sea Zone type outer shelf
Continental Shelf
M ho. 1 lenti
DX Exclusive Economic Zone e o enticular
D International Area Morpho. 2 pellet
COORDINATES Petrography | siliceous & calcareous sand

N | 26500 Mineralogy francolite apatite carbonate quartz

Latiude P21 aeoin STAGE MINING RIGHTS
; i Up-dated on: 3/2/95

(Decimal ©) ion: : P

wl 112250 Exploration: x Free: D
Longitude : Mining: I:l Under control: E

W 113.000 Processing: |:| Unknown: |:|
Z (in m) -65 o -110 LCompany: Minerales Submarinos Mexicanos S.A. j

Ore Heavy minerals Commodities

Grades 8.87 P205
Tonnage 773 Mt
Description:

1) Off the coast of Baja California. The San Juanico embayment is located 10 to 18 nautical miles off the coast. The
area of interest is approximately 120 km in length, varies in width from 12 to 25 km and covers about 1372 km2.

2) Climate: Mediterranean semi-arid. Mean annual rainfall 120mm during the summer. Winds to S-SE (18-22 km/h)
(Jan.) to the SE (54 km/h) the rest of the year.

3) Hydro: Sea clear. Mixed tide, maxi magn 2.40m. California current N to S cold (0.3 knots), Davidson current S to
N warm (0.4 knots). Swell magnitude 0.30 to 2m, 41.4% of the time; 2 to 3.6 m, 34% of the time.

4) Works performed: geophysics (gravity, bathymetry), core drilling (4 nautical miles grid with grid spacing reduced to
2 nautical miles in the most promising areas), drag bucket samples.

5) Characteristics of the deposit: The recent sediments are almost non existent on the platform. Lithology summary
from Baja samples is as follows: 1) undifferentiated rock fragments; 2) calcareous siltstone fragments; 3) aggregate
silt-particle fragments; 4) quartz grains; 5) colorless, platy to blocky grains (gypsum and/or feldspar); 6) fossil and
fossil fragments replaced by phosphate (collophane); 7) ooliths, mostly phosphatic; 8) fossils and fossil fragments
transported (rounded, abraded, polished etc.); 9) fossil and fossil fragments autochtonous; 10) glauconite. Two distinct
types of phosphate particles are recognised: 1) black-reddish brown ovoid structureless pellets are predominant in grain
sizes between 0.125 and 0.25 mm; 2) particles of biogenous origin are predominant in coarser fractions. The San
Juanito sands probably have some direct relationship to the onshore phosphorite occurrence known as the San Hilario
deposit. Could be the result of erosion, transport and deposit of phosphatic sandstone by the dynamics of the water
(swell, currents). Favorable aspects of the deposit are: shallow depths of occurrence, easy mining by suction dredging,

easy processing.

References:
1) Lenoble J.P., 1987. Note sur les gisements de phosphates sous-marins de San Juanico, Ifremer internal report. 2)

Garrand L., 1977. Offshore phosphorite world occurrences.




IFREMER Sequential n°: 90
MARINE MINERAL OCCURRENCE

Occurrence D
Deposit X |INAME: BANCO RANGER
Deposit/File E

Commodities: phosphate Type of deposit: phosphorite blocks
Country: Mexico MX | District: Baja California

I Marine area: Pacific NE l
ADMINISTRATION TYPOLOGY
D Territorial sea Zone type outer shelf

|:| Continental Shelf
X Exclusive Economic Zone
|:| International Area

Morpho. 1 bank

Morpho. 2 block nodule

COORDINATES Petrography [ massive phosphate
_ N | 28500 Mineralogy | phosphate carbonate
Ll STAGE MINING RIGHTS
0000 Up-dated on: 3/2/95
Decimal ©) - P . p-dated on: g
( wl 115.500 Exploration: g Free: D
Longitude ' Mining: D Under control: D
0.000 Processing: D Unknown: I:]
Z (in m) -112 0 -208 [Company: Minerales Submarinos Mexicanos S.A. J
Ore Heavy minerals Commodities
Grades 26 % P205
Tonnage 110 to 150 Mt
Description:

1) Off the coast of Baja California. Banco Ranger is located about 32 km NNW of Cedros Island. The bank is fairly
flat-topped with a gentle slope from the shallowest depth of 112m to the gentle slope at 208m. The flat top has a NS
length of 18 km and a maximum width of 6.5 km.

2) Climate: Mediterranean semi-arid. Mean annual rainfall 120mm during the summer. Winds to S-SE (18-22 km/h)
(Jan.) to the SE (54 km/h) the rest of the year.

3) Hydro: Sea clear. Mixed tide, maxi magn 2.40m. California current N to S cold (0.3 knots), Davidson current S to
N warm (0.4 knots). Swell magnitude 0.30 to 2m, 41.4% of the time; 2 to 3.6 m, 34% of the time.

4) Works performed: geophysics (gravity, bathymetry), photos, drag bucket samples. Pre-feasibility study by a French
joint venture in 1985 (Ifremer, Spie, Travocean) concludes to the need of additional survey (multibeam bathy, sonar,
photo tracks, sampling) but the project did not start due to lack of funds on the Mexican side.

5) Characteristics of the deposit: Isobath map shows irregular surface with small cliffs and canyon. Sediments
recovered by drag bucket are formed b