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INTRODUCTION
On. March 10, 1983, President Ronald: Reagan signed 4 proclamation that Funded in part by U.S. Department of the Interior,

_ . — o 71 ) B ﬁ“ RVl iR L LC established the Exclusive Economic Zone (EEZ) (Figure 1), an area that is con- Mmerals Management Service,
i ERRRT B Y R A \| L% Rt ] tiguous to the territorial sea of the United States and its territories and posses- Cooperative Agreement No. 14-12-0001-30115
AN 5 B G2 oo e § ¢ : o R BB sions, The EEZ extends 200 nautical miles (nmi) seaward from the coastal low-
@;‘, 52 e M i1 e e - Hat X S50 AT K water baseline* from which the 3-nmi width of the territorial sea is also measured
2] : Rpi i e CANSAPY L a - : ) / (Figure 2). The effect of the President’s action is to give the United States
Bl - ( - ' - Vil - : r jurisdiction over the vast biological and mineral resources that exist within the Explorer
3.9 billion acres of the EEZ. /By
The portion of the EEZ that lies off the coast of Oregon is approximately equal
in size to Oregon’s dry-land area and contains considerable real and potential
wealth in the form of biomass and minerals. Much of the renewable portion of
this resource, such as fisheries, has been and still is being studied and regulated.
SHELL OIL | | d ' Physical processes, such as ocean currents and sea-water chemistry, that affect
072-1ET Sl IR ; 3 75a the biomass and/or minerals are only partly understood and are now being
: ! . - - ] N : TR i studied. The mineral resources, however, are essentially unknown, unstudied,
and unexploited, and for that reason represent only potential wealth at this
time. Turning the potential wealth into real wealth will require capital, time,
and cooperative effort. The geologic history and size of the EEZ suggest that
exploitable mineral deposits probably exist within its boundaries. These deposits
could include oil and gas, hard-rock polymetallic sulfides (copper and zinc), gold
and other strategic metals in placers, and sand and gravel suitable for use in
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! DRESON 151, gNOS HER R \ N b . The Federal government, through the Department of the Interior, Minerals
BLACK SAND — MAGNETITE : T ‘1| Management Service (MMS), proposed the leasing of metallic mineral rights in
PRI TLER AL [ R g L] I part of the EEZ off Oregon. The proposed action focused the attention of the
in 1905, magnetite concentrates from geach D)y o= TENT T general public and various State agencies on Oregon’s offshore mineral potential.
a sand-spit deposit near Astona were f - - Tt Although several types of research had been conducted in this area, there were
electric-arc smelted at a plant in Port: i 2 : : i no published maps showing the current state of knowledge about the potentially
jand. The first two runs yielded a total \ : et valuable offshore minerals. To fill this need, major funding for producing such
of 90 Ib of wron from 300 Ib of l‘(’";"-';;' L x f e a map was made available to the Oregon Department of Geology and Mineral
tates (Kauffman and Baber. 1956 ; FT % G | Industries (DOGAMI) from MMS. Additional funding from DOGAMI was used
Exploration dnlling for magnetite was ! - Nk - R TS to compile energy-mineral data for this map. Although DOGAMI recently pro-
conducted at Clatsop Spit by Bunket ¥ S : 1 g duced a companion map at the same scale showing the onshore mineral resources
Hill Company in 1963. A senes of 31 _ y : - ale of Oregon (Ferns and Huber, 1984), onshore mineral resource data from the area
holes was drilled fo depths ranging from 1T Y DER [ S just east of the coastline are also included on this offshore map so that the data
40 1o 86 ft The top 10 ff of the holes  sswaio we P ey~ ) sAUL="" Lony, — - bases for offshore and onshore Oregon may be compared. The offshore map
contained the highest cuncentmrro:ﬂs af Ne i 4 g |5 & g presents a compilation of data available as of the end of 1983.
., bul the average conlent was | g \ )
E::gng’;mr; :on of sand (Chfton and ylein- ’ - br L. ACKNOWLEDGMENTS Map Area
Mason. 1969). The amounts of other Nehaldfr Ba) A — fay X ' " Formal reviewers were Robert W. Embley, National Oceanic and Atmospheric
black sand minerals such as iimenite [ , Administration (NOAA); Robert G. Paul and John Smith, MMS; R. Lawrence
were not recorded; | i I t L e Phillips, U.S. Geological Survey (USGS); and Joseph L. Ritchey, U.S. Bureau 100
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S 9 z CAL BOUNDAR]ES, ; Figure 1. Index map showing study area, the borders of the Exclusive Economic Zone
This map shows the relationship between the location of mineral resources (EE2), and major plate tectonic features. Modified from Koski and others (1984).

and political subdivision boundaries. All or portions of 11 of Oregon’s 36 counties
are included on the eastern part of the map. The territorial sea, over which
Oregon has sovereignty, extends 3-nmi offshore. The 12-nmi limit, which for- OREGON
merly was the next offshore political boundary, is not shown on the map because BASELINE
it has been superseded by the 200-nmi EEZ boundary. The 200-nmi limit of the
EEZ corresponds to the limits of NOAA’s 1981 Fishery Conservation Zone. The
status of ownership of and development rights to ocean-mineral resources outside
of the 200-nmi limit of the EEZ, including those on the Juan de Fuca Ridge, is
still undetermined.
The relative positions of each of the offshore political boundaries are shown

; schematically in Figure 2.
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The major physiographic provinces of the area covered by this map consist,
from east to west, of the continent (0 to 1,500 meters [m] above sea level), the
continental shelf (0 to 200 m below sea level), the continental slope (200 to 2,500
m below sea level), and the Cascadia Abyssal Plain (greater than 2,500 m below
sea level). Prominent offshore features include several seamounts such as the
Thompson Seamount to the north and the President Jackson Seamount to the
south; two seachannels — the Cascadia and the Astoria Seachannels; two ridges
— the Gorda and Juan de Fuca Ridges; and the Blanco Fracture Zone.

The bathymetric contours illustrate the contrast between the physiography
of the continental shelf (gentle slope), the continental slope (steep slope), the
Cascadia Abyssal Plain (low relief), the Gorda and Juan de Fuca Ridges (moder-
ate relief), and the Blanco Fracture Zone (high relief).

The deepest spot on the map is the Blanco Trough, which is part of the Blanco
Fracture Zone and which lies under 4,600 m of water. The greatest local relief,
2,700 m, occurs also on the Blanco Trough, dropping from 1,900 m below sea
level at the highest point to 4,600 m below sea level at the lowest point over a
horizontal distance of 7,600 m.

PLATE TECTONICS

According to plate-tectonic theory, the Earth’s surface is made up of a number
of large, rigid plates about 50 to 75 kilometers (km) thick. These plates may
consist of either continental or oceanic crust or combinations of both types of
materials. The boundaries of the plates include regions where the plates are
moving away from each other (spreading ridges), regions where the plates are
colliding with each other (subduction zones), and/or regions where the plates
are slipping sideways past each other (transform faults). All three types of plate
boundaries occur in the area covered by this map.

The plates move slowly (a few centimeters [cm] a year) relative to each other
on an underlying layer that is less rigid and that deforms under stress. Approx-
imate directions and velocities of the plates shown on the map have been calcu-
lated and are shown in generalized form on each plate. The Juan de Fuca Plate
is moving in a northeasterly direction relative to the North American Plate and
is being subducted obliquely beneath it at a rate of about 4.2 cm/yr at the location
shown on the map. The Pacific Plate is moving obliquely away from the Juan
de Fuca Plate at a rate of about 6.1 cm/yr. The relative rate of motion directly
across the Juan de Fuca spreading ridge is about 6.0 cm/yr. This means that
the distance between a fixed point on the Pacific Plate and a fixed point on the
Juan de Fuca Plate lengthens by 6.0 cm/yr. Two fixed points opposite each other
across the spreading Gorda Ridge separate at a rate of 5.8 cm/yr.

Relative lateral motion also occurs in the map area. If two points, one on the
Pacific Plate and one on the Juan de Fuca Plate, are set opposite each other
across the Blanco Fracture Zone, a right-lateral transform fault, they move apart
at a rate of about 5.8 cm/yr.

New ocean crust forms at the spreading Juan de Fuca and Gorda Ridges,
which along with the Blanco Fracture Zone mark the western boundary of the
Juan de Fuca Plate (Figure 1). As the new crust of the Juan de Fuca Plate moves
toward the North American Plate, it cools, becomes denser, gradually drops in
elevation, and is covered by sediments to form the Cascadia Abyssal Plain. As
the plate and its blanket of sediments move closer to the North American Plate,
they are subducted beneath the continental slope and shelf of the North American
Plate. Figure 3 shows the general configuration of the materials that comprise
the upper few kilometers of the Juan de Fuca Plate and the path it follows as
it dives beneath the North American Plate at the subduction zone. The internal
structure of the overthrusting North American Plate is complex, with tilted and
deformed layers of sediments and rocks. Sea-floor sediments that have been
deformed by the complex processes in operation at the subduction zone have
been photographed with a deep-towed camera (see photograph and discussion
on map).

ONSHORE MINERAL RESOURCES

Onshore mineral resource information has been generalized and included on
this map so it may be compared with information about the offshore mineral
resources. If an onshore mineral commodity has an offshore component, that
commodity is discussed in the appropriate section on the body of the map. For
example, the sediment thickness (shown by isopachs) is discussed along with

Figure 2. Schematic diagram showing the location of the Oregon baseline, the teritorial
sea, and the EEZ. Modified from Rowland and others (1983).

The first recorded mining of the Pacific Ocean off the Oregon coast occurred
in 1805, when the Lewis and Clark expedition used wood-fire to evaporate sea
water and produce salt. Undoubtedly, the Indians of the Pacific Coast had
obtained salt from the Pacific Ocean either by solar or woodfire evaporation long
before Lewis and Clark reached the mouth of the Columbia River.

Sand and gravel have been dredged commercially for harbor improvements
and used for construction fill. Beaches south of Coos Bay have been mined for
gold, platinum-group metals, and chromite. Continental-shelf exploration has
included drilling for petroleum and natural gas and sediment sampling for gold
and black sands containing heavy minerals such as magnetite, chromite, garnet,
rutile, and zircon.

The map contains discussions of black sand (magnetite and chromite), cobalt-
rich manganese crusts, glauconite and phosphorite, manganese nodules,
petroleum and natural gas, polymetallic sulfides, and sand and gravel. As more
offshore mineral studies are conducted, other mineral resources will undoubtedly
be discovered. Current research efforts of Federal and State agencies are focused
on polymetallic sulfides that are known to be forming on the Juan de Fuca Ridge
and that are believed to be forming on the Gorda Ridge.

SUMMARY

Numerous types of mineral deposits are known to occur within Oregon’s
offshore region. Other as yet undiscovered deposits undoubtedly also exist in
this area. These deposits could supply metallic, nonmetallic, and fuel minerals
to commercial markets. Very little mineral exploration has occurred over much
of the deep-water area shown on this map, and most of these efforts have been
focused on relatively small areas on the Juan de Fuca and Gorda Ridges. The
distribution of data on the map shows that much more is known about the
near-shore and onshore portions of the map because these areas are easier and
less expensive to study. Mineral deposits in these more accessible areas have
been and are still easier and cheaper to find, develop, and mine. The importance
of the possible, deeper water deposits over time, however, should not be
minimized. With further study, these deposits may prove economic. In addition,
they may provide clues for improved understanding of dry-land mineral deposits,
many of which are now known to have formed in the past in under-water envi-
ronments similar to those found off the Oregon coast today.

Future studies of the potential offshore mineral resources should include the
following steps: (1) Conduct more studies of the deep-water portion of the area,
with emphasis on the Juan de Fuca and Gorda Ridges; (2) initiate a search for
manganese and phosphorite nodule deposits; (3) drill through the heavy-metal
black-sand surface concentrations found on the continental shelf to determine
the subsurface causes of magnetic anomalies; (4) survey the aggregate markets
of metropolitan areas such as Portland, Oregon, and San Francisco, California,
to determine the time when offshore gravel deposits might become economic;
and (5) run magnetometer surveys of the area between water depths of 140 m
and the shoreline, with the survey lines oriented north-south to locate buried
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Map areas shown as mineralized zones contain concentrations of occurrences
and mines of the resources listed above.

The coal basin data are from Baldwin and others (1973). The stream gold-placer
data are from Ramp and others (1977), and locations of the generalized metallic
mineralized areas are from U.S. Bureau of Mines data (1983).

OFFSHORE MINERAL RESOURCES

Historically, the first marine mineral resource to be recovered was salt. Sea
salt production by solar evaporation is believed to have first occurred more than
4,000 years ago. Another mineral resource that was probably first recovered
almost as long ago may have been a bromine dye (purple) from the tiny marine
snail Murex. The snail was collected and crushed to yield the dye. Ocean and
sea resources that have since been utilized include amber, barite, bromine,
diamonds, gold, iron ore, magnesium, natural gas, oyster shells, petroleum, salt,
sand and gravel, sulphur, tin, and zircon sands.
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which case it is generally a straight line between headlands. The baseline
separates inland or “internal” waters of a state from the territorial sea.

CONVERSION FACTORS
To convert from to multiply by
centimeter (cm) inch (in.) 0.3937
meter (m) foot (ft) 3.2808
kilometer (km) mile (mi) 0.6214
kilometer (km) nautical mile (nmi) 0.540
inch (in.) centimeter (cm) 2.54
foot (ft) meter (m) 0.3048
mile (mi) kilometer (km) 1.6093
nautical mile (nmi) kilometer (km) 1.852
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Figure 3. Generalized cross section showing thicknesses of sediments and sedimentary rocks of the abyssal plain, subduction zone, continental slope and shelf, and continent.
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EXPLANATION OF MAP SYMBOLS

Offshore Metallic and Nonmetallic
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Gravel
Black sand (heavy minerals) concentration 10-30%
Black sand theavy minerals) concentration >30%

Gold anomaly area (=0.005 ppm gold)

Gorda Ridge dredge sample site
Number indicates sample discussed in text

Onshore and Offshore Energy
Dry hole

Dry hole with gas show

Dry hole with oil show

UNION OIL  Operator
130 Fulmar 1 Well name, number

Onshore Metallic and Nonmetallic
Dune and beach sand

Wave-cut terrace

- Mineralized zone

s Streams with gold placers

X3  Mine
1. Coos Sand Corp.

2. Whiskey Run
3. Eagle/Pioneer

1966, 12,285' Date, depth See Munger Oilogram (1984) for similar data onshore

m Coal hasin

00— Sediment thickness isopachs in meters
£ty Contour interval - 500 m east of subduction zone
- 200 m west of subduction zone

/(- ‘!‘\ Closed hachured isopach indicates an area of decreasing thickness. Dashed isopach contours indicate inferred sediment thickness
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Plate tectonics

A A_ Subduction zone (surface trace of leading edge of the overriding plate); barbs on overriding plate

ﬁ Relative plate motion across spreading ridges and transform faults in em/yr (Riddihough, 1984). Length of arrow

indicates distance plate moves per year

Plate motion relative to North American Plate in em/yr (Riddihough, 1984). Length of arrow indicates distance plate
moves per year
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