CIRCUM-PACIFIC MAP SERIES
MAP CP-46

Pamphlet accompanies map

b USGS U.S. DEPARTMENT OF THE INTERIOR
< U.S. GEOLOGICAL SURVEY

scisnce for a changing world Charles G. Groat, Director

100°E - 110° 120° 130° 140° 150° 160° 170°E 180° 170°W 160° W

LAND RESOURCES DESCRIPTION OF MAP UNITS

CIRCUM-PACIFIC MAPS .
This map is one in a series of maps covering the Pacific, Antarctic,

and Arctic regions. The maps have been compiled as part of the Circum- Deposit slze—By size of colored symbol. Limits in metric tons of metal

Commodities—Shown by shape and color of symbol
or mineral contained unless otherwise specified. Past production

CORRELATION DIAGRAM

Pacif'ic Map Project, a cooperative international effort to show the relnl.ion 1L - oW @ sn é snw $ Be © Nb(Ta)U and(ar) reserves totaled Ages in million years (Ma) after Sohl and Wright (1980)
of mineral and energy resources to such phenomena as geology, wcsomcs, ® Cu(AuAg) @ Mo & cuMo § CuZn(PbAgAuw) € CuNi
and crustal dynamics. The project is one of the activities of the Circum- O Au(Ag) O Ag(PbZnCuAu) O AuAg, AgAu { Precious gems <> Semi-precious gems Size o o] o Southwest Quadrant | oo | M onhwest
Pacific Council for Energy and Mineral Resources. @®S B Fes @ Nitrate L & B Large > Medium > Small Istands | Ausualia | Quadrant | Quadrant Age Ma
The Map Project is made up of six panels of Earth scientists from Arctic Sheet ®Cr @ Ni(CoCuPt) & Co(Ni) @ Pt group © Asbestos “Aluminum (bauxite) (A,O5) 100,000,000 1,000,000
countries in the Pacific region who contribute to maps of the Northwest, @ Na B K ¢ Gypsum-anhydrite € Magnesite Antimony (Sb) 50,000 5,000 o 1are m-N a QUATERNARY |,
Northeast, Southwest, Southeast Quadrants, and the Arctic and Antarctic @ Pb @ Zn @ PbZn, ZoPb @ PbZn(AgCuAu) Asbestos 10,000,000 100,000 N ™ ar ™| Pliocene | &
areas. Eight series of maps are already published or are being prepared for ® Hg @ sp éF é Ba & Sr Barite (BaSO,) 5,000,000 50,000 Tn Tn e | & t§) - 8
future publication: Geographic, Base, Plate-Tectonic, Geodynamic, : U : v : }rJV- VU € RETh < Al geryllium (B:0) 4 00(11% lmoég " Ce —~, - =15
E =k o Fe M i 3 & p* X X X 3 9T igocent w|E
CIRCUM-PACIFIC COUNCIL FOR ENERGY AND MINERAL RESOURCES Geol;’%lﬂ- Twmmf- mﬂ-RmmesﬁgEl?gfsyéRioném o c n i § FeTi(V) P o) -(.?.ﬁ’c)r,o,) g s = A" ] 5: HHED
. . . - - %3 l » ¥ X P ene o
Michel T. Halbouty, Founder __ JAIE IR GREAPRING IIePS:COver acilic;Dasin & : : *Reported occurrence of insular (guano-derived) phosphate indicated by *“p Cobalt (Co) 20,000 1,000 ™ L & o
h . . i million, and a seventh map covers the entire region at a scale c_»f 1..17 c ) 1,000,000 $0.000 " Pileocene | &
John A. Reinemund, Executive Director million. All are plotted on the Lambert azimuthal equal-area projection. Age of mineralization—Geologic age of mineralization shown by double ticks on some Hm (CaFy) 5,000,000 50,000 i J‘,g T T UTET Mo e 6
CIRCUM-PACIFIC MAP PROJECT The index map shows the boundaries of the quadrant maps and the Pacific Basin Sheet deposits. Age known only as “not younger than" or “not older than" indicated by a hook on Gold (Au) $00 25 . Tl K —{ |xs - o6
B " _ boundaries of the Arctic and Antarctic Sheets in the Pacific Ocean. the ape tick, . . 1.000,000 10,000 W™ . Early Cretaccous |
John A. Reinemund, Director p g 1. Precambrian 5. Late Cretaceous Grapliiia (L) t o " Lnal] | e = 2 s
- ’ - Geographic names are as recommended by the U.S. Board on ¢ . ! Gypsum-anhydrite (CaSO,) 100,600,000 5,000,000 " o sl Jurassic S
George Gryc, General Chair Geographic Names, taking into account the recommendations of the ¥ 8 12 2. Early Paleozoic 6. Paleogene Iron (ore) (Fe) 100,000,000 5,000,000 [ # || Late Triassic 2 ¥
Philip W. Guild, Adviser, Mineral-Resources Map Series Circum-Pacific Map Project panels. Names and boundaries on the maps do - N - 3 3. Late Paleozoic to Triassic 7. Neogene Lead (Pb) 1,000,000 50,000 — Sr
: not necessarily reflect recognition of the political status of an area by those Southwest Quadrant Southeast Quadrar g ! 4. Jurassic to Early Cretaceous 8. Quaternary lg:‘:“mﬂ-lz((a - = (l)gg.g “l)g.ggg Middle Triassic i
involved i tion and publication of these maps. DESIMICVBLNI Y, WA . Early Triassi
MINERAL-RESOURCES MAP R e e— e D e
- j . . : Mercury (flasks) (Hg) 500,000 10,000 |5 [Pormien L
S O R S \ y :g:::?AL lR}:ISOURC:‘.S. M.::P Sbl(?;zlflsd N ., ° Deposit type—Shown by tick(s) on basic symbol Molybdenum (Mo) 500,000 5000 WA N 290
aps o inerai-Kesources »>eéries show b and-bas an . . o ) . Nickel (Ni) 500,000 25,000 2 330
' seafloor deposits and resources of metallic and some nonmetallic minerals. Atartic Sheot ¢ Veins and shear-zone fillings Niobium. Tantslum (R ,0) 100,000 e o —| Eaty. Cartonifctous c_é .
Land-based deposita are shown without regard to their status of INDEX TO MAP SHEETS -0 Stratabound, including magmatic cumulates ((Nb-Ta),05) Devonian g
exploitation: therefore, some have been largely or entirely mined out, but _ e ) . Phosphate (P,05) 200,000,000 200,000 ] — 3t o
they are included as indicative of where elements have been concentrated by 0 Stockworks, including “porphyry” deposits Platinum group (PY) 500 25 z_ : | 438
geological processes to form ores in the past and thus may suggest X Magmatic and irregular massive deposits Pm;,,mm K;0) 10,000,000 1,000,000 e, Ordovician | soo
CIRCUM-PACIFIC REGION R - = B
Only nearshore marine deposits have been exploited to date; most are <> Skam or greisen deposits g’::’ Fep o l'ow'mo 1'000 e, L,, Lt g
concentrations of heavy minerals derived by erosion and transportation of ] i (RE,03) ! v = | = :: = ';i::lrozoic g | o0
onshore materials to the coastal zone. Known deep-sea mineral resources O Sandstone (red bed) deposits Sﬂ“v:r"(';:‘)“" e 10,000 50 e B g 2| P | e
NORTHWEST QUADRANT oy o the 1k coxis of (1) widesgread Torrommgancss oxide iy O Laterite deposits (surficial chemical concentrations) Sodium (salts) (Na) 10,000,000 1,000,000 & 3Pl e ¥ leg|  |Z| Early §
. and crusts that contain appreciable amounts of nickel, copper, and cobalt, ) ] ] Strontium (salts) {Sr) 1,000,000 10,000 : BA (& | Proterozoic = -
and minor amounts of other metals; (2) deposits of zinc, copper, and other ©  Placer deposits (surficial mechanical concentrations) Sulfur () 10,000,000 100,000 " « | & & 3
TOMOYUKI MORITANI, CHAIRMAN, NORTHWEST QUADRANT PANEL mctallic sulfices thar fem try hydrothienmi activity alng active apreading L 00,000 5000 :
g d ridges (and possibly elsewhere); and (3) accumulations of phosphorus- Tin (Sn) " ml&),g 003,000
. . . . bearing crusts, nodules, and finer grained material on the seafloor or in Eﬁms‘;“; ('OI;V) ) 10, 5 i 1. >
Compilers and Principal Contributors* near-bottom sediment. Ur:fium ) 10,000 A
LAND RESOURCES SEAFLOOR RESOURCES Vnmdmm (4] 10,000 500 )
Masaharu Kamitani, Geological Survey of Japan, Tsukuba, Ibaraki, David Z. Piper, U.S. Geological Survey, Menlo Park, Zinc (Zn) 1,000,000 50,000 Land geology — Colors and patterns show the essential nature of the rocks.
: - i Geologic ages are indicated, where feasible, by letters keyed to those in
305-8567 Japan California94025, USA BASE MAP e O oo Dty
Pow-Foong Fan, Hawaii Institute of Geophysics, Honolulu, Theresa R. Swint-Iki, U.S. Geological Survey, Menlo Park, - e Correlation Diagra
Hawaii 96822, USA California 94025, USA o " 20,— Bathymetric contours—Depth of water in meters Surficial deposits—a, mostly marine:b.mostly nonmarine
Keiichiro Kanehira, Chiba University, Yayoi 1-33, Chiba, 260 Floyd McCoy , University of Hawaii, Kaneohe, Hawaii 96744, &
Japan USA 2 . Oitige: 1, DANZRHNITH LR R Volcani ks (C ic to Paleozoic)—a, felsic; b, felsic
2 canic rocks €NOZol —d, > Dy
Shunso Ishihara, Geological Survey of Japan, Tsukuba, Ibaraki Frank T. Manheim, U.S. Geological Survey, Woods Hole, o T —— to intermediate; ¢, intermediate; d, intermediate to mafic; e,
305-8567 Japan Massachusetts 02543, USA : * ities 1ess e mafic: f, undifferentiated
Yoshihiko Shimazaki, Geological Survey of Japan, Tsukuba, Candice M. Lane-Bostwick, U.S. Geological Survey, Woods . . o ——
Ibaraki, 305-8567 Japan Hole, Massachusetts 02543, USA A7 Haphis nsmetory P'f,t,f,‘;:]'y",f;ﬁ; ﬁf‘iﬁé‘;if;’ﬁ‘;lfm“a?ﬂf”" Pratevafile)—=s,
Katherina Radkevich, Far East Geological Institute, Prospect Lawrence G. Sullivan, Lamont-Doherty  Earth  Observatory, s b,
Stoletia 159, Vladivosiok, 690022, USSR Palisades, New York 10964, USA Basinal and marginal deposits—a, mostly marine; b, mostly
W. David Palfreyman, Australian Geological Survey Organisation, Atsuyuki Mizuno, Geological Survey of Japan, Higashi 1-1-3, nonmarine
Canberra, A.C.T. 2601, Tsukuba, Ibaraki, 305 Japan Folded continental margin rocks (Phanerozoic and Late
Sadahisa Sudo, Geological Survey of Japan, Tsukuba, Ibaraki, 305- Gretchen Luepke, U.S. Geological Survey, Menlo Park, Proterozoic)—Unmetamorphosed to slightly metamor-
8567 Japan California 94025, USA phosed; a, mostly marine; b, mestly nonmarine
*Affiliations are at time of compilation Seafloor sediment—Character of surficial sediments ) .
shown by partern and(or) color Metamorphic complexes (Phanerozoic)
MAP PRODUCTION BY U.S. GEOLOGICAL SURVEY
Compilation coordinated by George Gryc and Warren O. Addicott Terrigenous silt/sand/gravel Crystalline basement rocks (Early and Middle Proterozoic
Cartography by Frank J. Sidlauskas, Jr., and Theresa R. Swint-Iki Clay, pelagic clay and Archean)—Plutonic. volcanic, and metasedimentary
SERLE 10BRDROE0 Biosiliceous ooze/clay*
250 S 250 500 750 1000 1250 1500 KILOMETERS %% Intrusive igneons rock—a, felsic; b, intermediate c, mafic; d,
° Calcareous ooze/clay™ alkaline
250 . . , 0 250 500 750 MILES *Coarser material indicated by stipple pattern
; I : 3 ] Ultramafic rocks
200 0 200 400 600 NAUTICAL MILES

Lambert Azimuthal Equal-Area Projection Contact

{Map center point: 35° N., 150° E.)

1999

Active plate boundaries—Dashed where inferred

Faulted contact

D,o o e Spl‘eading ridge

Transform fault —Dashed where inferred

b A_ Subduction zone—Sawteeth on
upper plate

= = Complex transform fault boundary—
With elements of dilation

SEAFLOOR RESOURCES

MANGANESE NODULES
Abundance data—Photograph station showing percent of

seafloor covered by nodules
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Photographs representative of those from which nodule
abundance data were derived. Photographs courtesy of
Lamont-Doherty Geological Observatory and Kennecoit
Explorations, Inc.

Occurrence data—Sediment cores used in conjunction
with bottom photographs to estimate seafloor coverage

% Nodules recovered
o Nodules not recovered

Abundance contours— Areas where seafloor coverage
GSOD is greater than 10 percent are indicated by diagonal
ruled pattern

Chemical data—Analytical data from dredge or core
samples of nodules or crusts. Data from these points were
not used in estimating seafloor coverage

+ 21.8% nickel plus copper

+ 1.0-1.79% nickel plus copper + 235% manganese

+ <1.0% nickel plus copper + 21.0% cobalt
Outline of area for which analyses average 1.8% or
more nickel plus copper

MANGANESE CRUSTS

Cobalt content—In percent. Cobalt data normalized to a
hydroscopic moisture and substrate- (detrital matter) free
basis. The algorithm to obtain these values is given by
Co* = Co x 51.23 / (Fe+Mn) (Manheim and Lane-
Bostwick, 1989)

* <0.5 * 1.0-1.5

* 0.5-1.0 * >L.5

POLYMETALLIC HYDROTHERMAL DEPOSITS

& Seafloor sulfide

ass » Sub-seafloor sulfide—Number refers to Deep
Sea Drilling Project (DSDP) or Ocean Drilling
Project (ODP) site number
o Submarine hot spring

NON-METALLIC DEPOSITS
< Phosphorite—Reported occurrence on seamount
or continental shelf
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