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Industries, and funded by the Minerals Management Service, U.S.
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Opinions expressed are those of the authors and do not constitute
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publishing this paper because the subject matter is consistent
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EXECUTIVE SUMMARY

The Oregon Placer Minerals Technical Task Force commissioned a
reconnaissance-level field investigation of heavy mineral placer
deposits offshore southern Oregon, which was conducted during
September-October 1990. The objectives of the study were to: 1)
successfully identify the concentration, quality, and
distribution of placer minerals with depth in the sand section;
and 2) collect additional on living resources and geology that
would benefit further understanding if the potential for economic
placer deposits were to appear favorable. The report is based on
multidisciplinary data collected on the cruise and subsequent
laboratory analysis of the data and samples obtained.

Geophysical surveys were conducted west and south of Gold Beach
(mouth of the Rogue River) and west and south of Cape Blanco.
Magnetic anomalies in the Gold Beach area appeared related to
bedrock structures rather than concentrations of placer minerals.
None of the magnetic anomalies in the two target areas exhibited
the shore-parallel shape and orientation of the anticipated
drowned beach strand placer deposits. High-resoclution seismic
surveys were also conducted in the four areas, delineating
unconsolidated sediment thicknesses of between 0 and 50 meters,
but showing little internal structure within the sand section
with which to aid interpretation. Limited side-scanning sonar
coverage demonstrated the presence of extensive surficial gravel
patches in the vicinity south of Cape Blanco, indicating that the
modern sediment in this area is probably a thin veneer over older
sediments.

Geological sampling to depth in the sand section with the
vibralift/vibracore drill was largely frustrated by the
prevailing oceanographic conditions and equipment breakdowns.
Four vibralift stations were sampled to a depth of 6 meters south
of Gold Beach, and one shallow sample (<lm) was recovered west of
Cape Blanco. No vibracores were obtained. However, additional
geological sediment subsamples were obtained from each of the 68
surficial grab samples taken for the biology program.

The surficial samples exhibited some enrichment of heavy minerals
in the Cape Blanco area, but not the Gold Beach area. The
samples taken to depth offshore Gold Beach did not demonstrate
any increase in heavy mineral concentration with depth in the
sand section: the subsurface sand was texturally and
mineralogically similar to that at the surface. Extensive
mineralogical and elemental analyses were conducted on depth
fractions of all the vibralift samples. Only trace amounts of
gold, zirconium, and platinum group metals were found. Titanium
and chromium minerals were found in all samples, but only the
titanium-bearing ilmenite in the Cape Blanco sample was in
sufficient concentration (~3% Ti) to rival existing on-land
sources. Beneficiation testing conducted on vibralift subsamples
demonstrated that the Cape Blanco heavy mineral product could be
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improved by standard beneficiation techniques. The lack of core
samples to depth offshore Cape Blanco leaves the heavy mineral
potential there unknown. However, the geological resource
reconnaissance results as a whole fail to show the presence of an
appreciable heavy mineral resource in either target area.

The environmental portion of the reconnaissance was conducted
without difficulty. Environmental sediment chemistry analyses
were conducted on grab subsamples. Low organic carbon
concentrations and the lack of a large silt fraction indicated a
low potential for metals mobilization, but nickel and chromium
were of sufficient concentration to require possible future
bicassays.

The bioclogical sampling program demonstrated the existence of a
complex of productive and diverse habitats within the study area.
Sand and gravel substrates were sampled and exhibited similar
species composition, diversity and relative abundance to other
Oregon nearshore areas. Benthic grab samples showed that the
sand substrates were characterized by an infaunal assemblage of
worms, molluscs and crustaceans. Trawls caught species of
commercial interest including dungeness crab, English sole,
butter sole, sandsole and Pacific tomcod, as well as many forage
species. The complex of different habitats within a small
geographic area may be unique on the Oregon coast. Bird
observations conducted during the cruise showed the highest
densities inside Orford Reef.
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PREFACE

In September 1989, the Secretary of the Interior and the Governor
of Oregon annocunced the formation of the joint state-federal
Oregon Placer Minerals Technical Task Force. The purpose of the
task force is to define the extent of black sand deposits
offshore Oregon, evaluate their economic and strategic
importance, and examine the environmental aspects of their
development. The task force, with members and advisors
representing government, academia and industry, met four times
during the period October 1988 to January 1990 and subsequently
released a preliminary feasibility study (Open-File Report 0-89-
12). The group met again in March and July of 1990 to commission
a reconnaissance-level field study which was conducted during
September-October 1990. A cruise report detailing the
accomplishments of the field study was released in April 19891 as
U.S. Geological Survey Open-File Report 91-279. The present
report is a summary of field and laboratory data generated by the
1990 Placer Minerals Cruise.

Acknowledgement is due to many persons who participated in the
production of this report. The efforts of all the chapter
authors are gratefully acknowledged. Extensive word processing
of the draft and final versions of the report was performed by
Rhonda Marks. The 1990 Placer Minerals Cruise was originally
scoped by a technical committee comprised by Ed Clifton, Joe
Ritchey, Rick Starr, Brad Laubach, Mark Whitney, Jim Waldvogel,
Russ Peterson, and Bob Woolsey. Substantial parts of the plan
were provided by consultants LaVerne Kulm, Curt Peterson, Bill
Pearcy and Susan Ross. The cruise was led by co-chief scientists
Ed Clifton and Rick Starr with a scientific crew of fourteen and
ship's crew of ten aboard the M/V Aloha. In addition to the
chapter authors, data reduction was performed by Robert J. O'
Brien and Howard Jones.

The Oregon Placer Minerals Technical Task Force is supported by
the Department of the Interior, Minerals Management Service
through Cooperative Agreement No. 14-12-0001-30462 with the State
of Oregon, Department of Geology and Mineral Industries. Cash
and in-kind contributions for the 1990 Placer Minerals Cruise
were provided by the Minerals Management Service; the U.S. Bureau
of Mines; the Marine Minerals Technology Center, University of
Mississippi; the Oregon Departments of Environmental Quality,
Geology and Mineral Industries, Fish and Wildlife, and Land
Conservation and Development; the Oregon Division of State Lands;
the Oregon Sea Grant College Program; and Portland State
University.
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1.1.

1.2.

SECTION 1.0.

INTRODUCTION

Background

The 1990 Placer Mineral Research Cruise resulted from
recommendations by the Oregon Placer Minerals Technical Task
Force to conduct a field program in 1990 that would provide
needed information on the character of mineral resources on
the southern Oregon continental shelf and the ecoconomic,
strategic, and environmental aspects of any development of
these resources. The objective of the cruise was to
identify the concentration, quality, and distribution of
placer minerals with depth in the sand section in at least
two target areas on the southern Oregon shelf and
concurrently with this examination, collect information on
living resources and geology that would benefit further
understanding if the potential for economic deposits
appeared favorable. Thus, the cruise represented
reconnaissance level efforts related to both the resource
and the environment.

As a general strategy, the cruise focused on two areas, one
off Cape Blanco and the other off Gold Beach (Figure 1.1.),
that had been identified in previous studies as having
potential for placer mineral concentrations (e.g. Kulm and
Peterson, 1990). The goal was to collect a minimum of 4 to
6 cores or bulk samples through the upper 6 meters (20 feet)
of shelf sediment in each target area. The location of
these sample sites was to be established on the basis of
magnetic and high-resolution acoustical profiling data
collected in the initial phases of the cruise. The
identification of specific mineralogic targets was also to
provide locations for sampling of shelf biota in the
vicinity of any placer deposits and comparing it with the
biota in adjacent areas without mineral concentrations.
Mineralogical samples collected from the target sites would
receive preliminary examination on board the vessel to
assist with the field interpretation of the nature of the
deposit and the selection of additional sampling sites. The
bulk of the sample would be taken to shore-based
laboratories for detailed analysis following the cruise.

Report Organization and Contents

The purpose of this report is to present, within one cover,
the multidisciplinary results of the 1990 Placer Minerals
Cruise. The data range from at-sea observations (e.g. bird
and mammal counts) to results of laboratory analytical
procedures (e.g. sediment chemistry). The report is
arranged by discipline, with Chapters 2.0.-4.0. comprising
the resource reconnaissance and Chapters 5.0.-6.0.
comprising the environmental reconnaissance. Chapter 7.0.
summarizes the conclusions of the discipline-related

2
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chapters and Chapter 8.0. presents the recommendations of
the task force based on the data and conclusions in the
preceding sections.

1.2.1. Terminology

A variety of terms has been used in task force discussions,
the media, and elsewhere, to describe deposits of interest
offshore southern Oregon. The following definitions are
presented here to minimize confusion.

Mineral - A naturally occurring inorganic element or
compound having an orderly internal structure and
characteristic chemical composition, crystal form
and physical properties. Chromite and ilmenite are
minerals containing the elements chromium and
titanium, respectively.

Metal - An opaque, lustrous, elemental, chemical substance
that is a good conductor of heat and electricity,
and, when polished, a good reflector of light.
Gold, platinum, chromium and titanium are metals.

Heavy minerals - A mineral having a specific gravity higher
than a standard, usually 2.85. Examples of heavy
minerals are magnetite, zircon, rutile, chromite,
ilmenite and garnet.

Placer - A surficial mineral deposit formed by mechanical
concentration of mineral particles from weathered
debris. The mineral concentrated is usually a heavy
mineral.

Black sand - An alluvial or beach sand consisting
predominantly of grains of heavy dark minerals or
rocks, concentrated chiefly by wave, current or surf
action. Oregon black sands often containing a high
proportion of the dark mineral magnetite.

In this and earlier task force reports, the terms heavy
mineral, placer mineral and black sand deposits have been
largely interchangeable.

1.2.2. Citation
Proper citation for a chapter of this report is as follows:

Clifton, H.E., Peterson, C.D. and Connard, G., 1991,
Geology/Geophysics: in Oregon Placer Mineral Technical
Task Force (eds.), Preliminary Resource and
Environmental Data: Oregon Placer Minerals: Oregon
Department of Geology and Mineral Industries Open File
Report 0-91-2.



1.3. Cruise Activities

The cruise activities are described in detail in a previous
report (Clifton, et al. 1991). That report includes a
cruise data index which is essentially a computer log, with
time and navigation, of all activities conducted during the
cruise. The cruise report (Clifton, et al. 1991) may be
obtained from the USGS Open-File Report Section, P.0O. Box
25425, Federal Center, Denver, CO 80225. The following
paragraphs are largely excerpted from the cruise report and
are presented here for readers who do not have access to
that report.

1.3.1. Timing and Location

The cruise was scheduled for a 15-day period in the latter
part of September and early October 1990. This period was
selected in part because it provided the most likely
favorable weather for the cruise and also because it
followed the closure of commercial fishing seasons. The
general areas for sampling included two target areas in the
vicinity of Cape Blanco and two target areas in the vicinity
of the Rogue River mouth. The placer target sites are
summarized in Table 1.1 and Figure 1.2. Target area '"Cape
Blanco West'", about 15 km long and 5 km wide, lies west of
Cape Blanco in water depths that range from 15 to 60 m. It
included 5 specific target sites (Blanco 1 through 5) that
were identified on the basis of earlier studies. A smaller
secondary target "Cape Blanco South", containing target
sites Blanco 6 and 8 lay south of Cape Blanco in water
depths of 20 to 40 m. Its position east of the Orford Reef
provided some protection under the worst wind and wave
conditions. The target areas in the vicinity of the Rogue
River mouth included one ("Gold Beach South") about 12 km
long and 3-5 km wide in water depths of 20 to 60 m between
the mouth of the Rogue River and Cape Sebastian to the
south. This area included target sites Rogue 1, 2, 4, 5, 8,
and 9. A second target area ("Gold Beach West"), about 10
km long and 5 km wide, lay in deeper water (40 to 80 m)
seaward of the Rogue Reef and included target site Rogue 3.

1.3.2. Navigation

The navigational system used on the M/V Alcha cruise was an
80386 DOS based system using inputs from a DECCA 540 Del
Norte transponder ranging system and an Ashtech Model XII
GPS receiver. Del Norte was used for the majority of the
cruise because of its greater positioning accuracy. GPS was
used only when the ship was out of range of the land-based
transponder stations or in areas of poor station geometry,
(e.g. along baseline between staticns). The positioning
accuracy of the Del Norte system is about 5 meters when
three or more of the stations were used for the ranging
calculations. GPS accuracy for this cruise was calculated
by comparing 40,696 pairs of good Del Norte fixes with GPS
fixes. The mean difference was about 21 meters, with a

5



TABLE 1.1. PROPOSED TARGET SITES FOR THE CAPE BLANCO AND ROGUE RIVER AREAS

Prepared by LaVerne Kulm _and Curt Peterson, Oregon State University and Portland State University

Date:11/30/1989] [

Target sites (Blanco 1, 2,3) listed In order of priority (highest number) for each target area (Blanco, Rogue)
Area_ | Latitude® | Longitude® [Water** | Heavy*** | Gold# [Magnetic##| Sediments+ Topographic feature/ Targel++

(N) (W) depth | mineral |content| anomaly | thickness Mineral_source objective
: (m) (%) (ppb) | (qamma) (m)

(Cape Blanco Area ]

Blanco 1 | 42° 53.5' | 124° 35.3' 50 >30 20 15 0-15 N. side palnoheadland, Sixes R. | HM, MG, Au

Blanco 2 | 42° 53.9' [ 124° 34.7'| <36 10-30 | 5-20 50 16 N. side palecheadland, Sixes R. | HM, MG, Au

Blanco 3 | 42° 51.1' | 124° 36.1' 33 10-20 | >100 15 0-16 Bathymetric high headland | HM, MG, Au

Blanco 4 | 42° 49.4 | 124° 36.9 35 10-20 50 25-30 16-25 S. side paleoheadland HM, Au, MG

Blanco 5 | 42° 50.0' | 124° 36.0' 30 >30 50 NA 0-16 S. side palecheadiand, Ek R. HM, Au

Blanco 6 | 42° 46.5' | 124° 34.0° 33 10-20 NA NA 0-16__|S. side bathymetric high, Elk R. HM

Blanco 7 | 42° 43.0' | 124° 29.0 24 <10 50 NA 0-16 Paleo-shoreline/headland Au

Blanco B | 42° 46.5' | 124° 32.2' 18 <10 0-10 NA 0-16 Olishore Mouth Elk River Ay

|Roque River Area

Rogue 1 | 42° 23.5' | 124° 26.5' 16 10-20 | >100 125 16-20 | Proximity to Rogue R. source | HM, MG, Au

Rogue 2 | 42° 23.7' | 124° 27.8' 31 20-30 10 | 210-355 0-16 Proximily to Rogue R. source | HM, MG, Au

Rogue 3 | 42° 25.7' [ 124° 33.3' 67 20-30 5 200-255 20 Paleo-shoreline/river _channel| HM, MG, Au

Rogue 4 | 42° 19.6' | 124° 27.0' 25 20-30 NA NA 16-25 Paleo-shoreline, south drift HM

Rogue5 | 42° 20.3 | 124° 26.8 22 10-20 NA 125-140 | 16-25 Paleo-shoreline, south drift HM, MG

|Roque 6 | 42° 35.5' | 124° 25.5' 36 <10 10-20 40 _25 Paleo-shoreline, north_drift MG, Au__ |

Rogue 7 | 42° 34.4'|124° 28.1'] 51 10-20 NA 225 16 Paleo-shoreline, north drift HM, MG

Rogque B | 42° 22.9' | 124° 29.4' 45 10-20 NA 230 0-16 |S. side rocky reel/palecheadiand HM, MG

Rogue 9 | 42° 22.8' | 124° 29.5' 48 10-20 NA 205 _0-16__|S. side rocky reef/palecheadland HM, MG

Explanation_of Symbols | | [ ] | =

*Cenler of targel area. Navigation was old Loran A with errors up to 1-2 km. Latitude (and water depth) most accurate position,

“*Water depth in melers. Most reliable indicator of location In east west direction; target location best defined by water depth & latitude

***Heavy mineral concenirations In surface sediments at larget sile )

#Gold content from Clifton, 1968 analysis of surface sedimenls

##Magnelic anomaly measured in gammas (regional magnetic field subiracted)

+Sediment thickness in meters from sediment overburden map

++Primary objective for larget: HM=heavy mineral concentration; Au=gold content; MG=magnetic anomaly
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standard deviation of 17 meters. Loran C was also used
selectively.

Seven different Del Norte shore transponder locations were
used during the cruise. Three of them were located directly
on bench marks; two were within 33 meters of a benchmark and
were located by tape measurement and theodolite and cross-
checked by azimuth to a distant benchmark or feature;
another was located by resection with 5 other features; and
the last, a temporary station used only briefly, was
measured from a topographic quadrangle map.

The DOS computer system gave a real-time numerical and
graphical display that was used by the helmsman for line
following and station re-occupation. Most station keeping
was done by maneuvering the vessel about a temporary,
bottom-anchored buoy. Del Norte positions were calculated
by the computer program from the known locations of the
shore transponders and the ranges. GPS positions were
calculated by the Ashtech receiver and used by the computer
program without modification.

1.3.3. Data Collection/Sampling

Geophysics. Geophysical data were gathered via
magnetometry, high-resolution seismic profiling, and side-
scanning sonar systems. Six magnetic surveys were conducted
in the Cape Blanco area and two were run in the Gold Beach
area, resulting in a total of 384 km of trackline. Seismic
tracklines totaling 198 km were conducted in the study
areas; in addition, two longer transects were conducted
outside the study areas using LORANC navigation. These
transects were from Cape Arago (69.9 km). Side-scanning
sonar tracklines totalling 188 km were conducted in the Cape
Blanco West and Cape Blanco South areas.

Geology. Sediment samples for geological analyses were
collected both by benthic grab and vibracore/vibralift.
Surf%cial sediment samples were sub-sampled from all 68

0.1m# Smith-McIntyre grab samples with 10 cm square by 1.5
cm thick petri dish. Grab sample locations are shown in
figures 6.1. and 6.2. Due to technical problems, only
limited sampling was accomplished with the vibracore/
vibralift. The gear is described in detail in Section
2.2.4.; vibralift sample locations are shown in Figures 2.24
and 2.35.

Biology. Benthic infauna was sampled with the 0.1m? Smith-
McIntyre grab. Fish and benthic epifauna were sampled with
a 3 m beam trawl and a 7.3 m otter trawl. Sixteen tows
totalling 24 km were conducted. Adult Dungeness crab were
additionally sampled with crab pots. Seabird and marine
mammal observations were conducted over 351 km of trackline.
Locations of biology sampling stations are shown in Figures
6.1. and 6.2.
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SECTION 2.0

GEOLOGY/ GEOPHYSICS

Objectives

The objectives of the cruise were to successfully identify
the concentration, quality, and distribution of placer
minerals with depth in the sand section in at least two
targets (areas that show indications of containing mineable
quantities of black sand placers) on the southern Oregon
shelf, and, concurrent with this examination, to collect
geological information that will benefit further
considerations if the potential for economic placer deposits
appears favorable.

Methods

2.2.1. Magnetometer Surveys

Magnetic survey data were acquired at sea in eight separate
surveys during the cruise. Six of the surveys were in the
Cape Blanco area and two surveys were in the Rogue River
area near the town of Gold Beach. A magnetic base station
onshore at Sisters Rocks recorded time variations in the
magnetic field during the entire cruise. Figure 2.1
summarizes the location of the magnetic survey tracks and
the magnetic base station. The nominal trackline spacing is
300 meters in the Cape Blanco North area and 600 meters in
the other survey areas. Figures 2.2 through 2.5 show the
track locations in the four separate survey areas.

The magnetic data were acquired with a Geometrics G-811
magnetometer with a resolution of 0.01 nanotesla (nT) and
recorded at approximately one-second intervals on the USGS
data acquisition system. The navigation equipment and
techniques are described above under Navigation. The
magnetic sensor was towed approximately 180 meters behind
the ship (218 meters astern of the Del Norte Navigation
antenna) to reduce interference from the ship's magnetic
field.

Because of the relatively shallow water in the survey areas,
a large float was attached to the sensor. This limited the
sensor to a maximum depth of 15 meters. The Geometrics
acquisition system indicated that the sensor depth varied
from three to seven meters while underway on survey lines
and dropped to nine to ten meters during turns. Sensor
depth was not recorded digitally.

The magnetic base station was a Geometrics G-856

magnetometer with extended memory supplied and was operated
by Oregon State University. Magnetic base station values
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were measured every two minutes and recorded in the G-856
internal memory during the entire cruise.

Preliminary processing and analysis of the magnetic data
were accomplished onboard. After the cruise, the diurnal
magnetic variations recorded by the magnetic base station
were removed and the data reprocessed.

The onboard processing consisted of 1) editing the
navigation data to remove bad fixes, 2) merging the
navigation and magnetic data including sensor tow-distance
correction, 3) removing a regional field, and 4) plotting
profiles and contour maps.

The navigation data were checked by screening for unlikely
speed variations and plotting the ship tracks. Bad fixes
were removed by hand editing the navigation data. Only Del
Norte fixes were used for navigation. The latitude and
longitude of the fixes were converted to UTM coordinates.
The UTM coordinates of the location of magnetic measurements
were calculated by linear interpolation between fixes based
on time. The tow-distance correction was calculated by
loocking backwards along the ship's track the amount of time
equal to the ship's speed divided by the tow distance.
(Note that this technigque does not accurately recover the
sensor position during turns.) The UTM coordinates of each
magnetic measurement were converted to latitude-longitude.
Magnetic anomaly values were calculated using a regional
magnetic field correction from the IGRF-1985 (IAGA, 1986)
with the appropriate time terms. Profiles of magnetic
anomalies projected along the ship tracks were plotted at a
scale of 1:40,000. These profile plots provided both a
check on data quality and a useful preliminary
interpretation tool. The last step in the onboard
processing was to grid the survey data using minimum
curvature and plot contours at a scale of 1:40,000.

Five of the eight separate surveys cover the northern part
of the Cape Blanco area. More than a week elapsed between
the first and last surveys in this area. When the surveys
were combined, mis-ties between the separate surveys were as
large as 30 nT and caused spurious patterns in the contour
map commonly referred to as '"chevroning." Most of the mis-
tie between surveys was caused by diurnal variations which
were largely removed during the post-cruise processing using
the magnetic base-station data.

A total of 384.3 km of magnetometer survey lines was run
during the cruise. The distribution of these lines is shown
in Figures 2.1 through 2.5. The data derived from these
surveys indicate locations of magnetic anomalies. By
evaluating the intensity, size, and shape of the anomalies,
we can determine if they are produced by fossil beach or
other concentrations of magnetite in the sediment or by

11l
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magnetic minerals in the bedrock that underlies the sea
floor.

Following the cruise, John Bowers of CONMAR (Oregon State
University) extracted the magnetic base-station data,
plotted the values by days, and compiled statistics for the
entire period. The modal value (52718 nT) served as the
base reference value for calculating diurnal corrections. A
histogram showing the distribution of values recorded at the
base station (Fig. 2.6) indicates the largest diurnal
variation to occur during the first survey. Figure 2.7
shows the diurnal variation during each of the surveys. A
diurnal correction was calculated and applied to the
magnetic data using the base-station data.

The diurnally-corrected magnetic anomaly data were contoured
with a five nT contour interval along the survey tracklines
(Figs.2.8, 2.9, 2.10, and 2.11). The magnetic inclination
in the survey areas, approximately 65°, causes some shift
and asymmetry in the shape of the magnetic anomalies. The
"reduction-to-the-pole" filter (Blakely and Connard, 1989)
reduces this shift; it transforms observed anomalies that
would be caused by identical magnetic sources but with
vertical magnetization and with measurement in a vertical
magnetic field. Figures 2.12, 2.13, 2,14, and 2.15 show
magnetic contours after the magnetic data was reduced to the
pole. The general character of the data remained unchanged,
but individual anomalies were shifted by as much as a few
hundred meters by the reduction-to-the-pole filter.

2.2.2. High-resolution seismic profiling

A high-resolution seismic profiling system was employed
during the cruise (Fig. 2.16) to establish and record: (1)
bathymetry of shelf bottom (Fig. 2.17); (2) bottom
conditions of sediment or exposed bedrock (Fig. 2.17); (3)
thickness of unconsolidated sediment above bedrock (isopach)
(Fig. 2.17); (4) internal structures within unconsolidated
sediment package; (5) warps, faults and/or channel cuts
associated with the underlying bedrock wave-cut platform
(Fig. 2.17); and (6) folds and/or faults associated with
shallow basement rocks. As outlined above, all of the
seismic track lines within the Cape Blanco and Rogue River
target areas (a total of 198 km) were precisely navigated by
the onshore transponder system. Two longer seismic track
lines (Fig. 2.16) were run between Cape Sebastian and Humbug
Mountain and between Cape Blanco and Cape Arago to
constrain regional inner-shelf tectonic deformation adjacent
to the target sites. These two lines, 13.8 and 69.9 km long
respectively, were navigated by Loran C.

The equipment used for the seismic profiling included (1)

two Ferranti Ocean Research Equipment (ORE) Model 5210 A
GeoPulseR power source and receiver units, each producing a

17
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broad sonic pulse of 175 J at a 0.25 second repetition rate,
(2) one Datasonics Bubble Pulse System composed of a Model
BPS-530 Bubble Pulser Power Supply, a model BPV-520 Sound
Source producing a narrow sonic pulse of 30 J, centered at
400 Hz, at a 0.25-second repetition rate, and (3) a Model
BPR-510 Bubble Pulser Receiver.

The seismic power supply units were run on the ship's
electrical supply (220 and 110 v). The sound source plates
were deployed on a catamaran (ORE plates) and a modified
surfboard (Bubble Pulse) separated by about 5 m, at a towed
distance of 10 m behind the ship's stern. A Benthos
hydrophone, with 30 elements, over a 5 m active section, was
towed at a distance of about 30 m astern the ship, between
the sound sources. The incoming signal was filtered with
high and low band pass filters to include only frequencies
between 500 and 3,000 Hz. The incoming signal was recorded
digitally and by analog EPC recorders at 0.25 second sweep
rates. All records were annotated for time (generally at
5-minute intervals) and infrequently for the ship's position
from the navigation system display terminal in the ship's
lab.

The resulting seismic records are of high quality, allowing
for the completion of stated objectives above. Initial
interpretations of seismic profiles in the Cape Blanco
(Figs. 2.18 and 2.19) and Rogue River (Figs. 2.20 and 2.21)
target areas during the cruise contributed to the selection
of coring and biological trawl sites.

2.2.3. Side-scanning sonar surveys

The side-scanning sonar systems deployed from the M/V Alcha
included a Klein 531 system and an EEG 272 system as backup.
Each of these systems was used in different places to image
the sea floor to a distance of 100 m at either side of the
vessel

Side-scanning sonar surveys were conducted in the Cape
Blanco West (Fig. 2.22) and Cape Blanco South (Fig. 2.23)
areas to identify sea floor rock outcroppings and bottom
sediment texture in advance of biological trawling in these
areas. A total of 188 km of side-scanning sonar trackline
was completed on the cruise.

2.2.4. Geological Sampling

Sampling during the cruise included material from the
surface and from within the sediment column. Samples of
surficial sediment were collected using a 0.1 m4 Smith-
McIntyre grab sampler, primarily for examination of benthic
bioclogy, but also to provide samples for mineralogic
comparison with those taken previously in the same locations
and for heavy metals analysis. Small plastic square petri
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dishes, approximately 10 cm square and 1.5 cm thick,
inserted into the surface of the sand within the Smith-
McIntyre sampler provided small intact slabs of the sand
near the sea floor with could be used to identify active
depositional processes.

Both vibracore and vibalift systems were used in attempts to
sample the sediment column. The location of all samples
taken in the Cape Blanco West target area are shown in
Figures 2.24 through 2.31, in the Cape Blanco South target
area in Figures 2.32 through 2.34, and in The Gold Beach
South target area in Figures 2.35 through 2.38.

Technical support for the drill sampling program was
provided by the Marine Minerals Technology Center,
Continental Shelf Division (MMTC/CDS), University of
Mississippi. The MMTC/CSD considered several factors in
selecting the appropriate drill system for the sampling
phase of this project. These factors included the severe
sea conditions possible on the Oregon coast, the probable
sediment characteristics based on knowledge of onshore
deposits, and the characteristics of the project vessel M/V
Aloha. Limited funding was available for this drill
sampling program.

The system chosen for the project was a pneumatically
powered, convertible vibralift/vibracore drill, an MMTC/CSD
design equipped with a unique drill feed drive. The
vibralift/vibracore drill can be used in two different
modes, as either a vibracore device where a continuous core
of relatively undisturbed sediment can be recovered, or as a
vibralift system where a slurry of sediment and water over
discrete depth intervals is recovered. The drill feed is
able to assist in penetration in either configuration with
an available pulldown force of about 1,100 kg (2,500 1lbs.),
and, with the aid of vibration, it is also able to remotely
extract the barrel from sediment. This semi-remote
operation of the drill using the feed system permits use of
the vibralift/vibracore drill in rougher sea conditions than
is possible with most conventional sampling devices.

The vibralift/vibracore drill, capable cof sampling to 6
meters (20 feet), has a self-supporting frame and a NAVCO
BH-8 pneumatic vibrator mounted to the barrel as the
principal drive component for penetration of sediment. The
drill frame is constructed with a center guide beam mounted
to a heavy steel base (about 680 kg, 1,500 l1lbs.) and
supported by four guy wires (Fig. 2.39). Total weight of
the system is approximately 1,600 kg (3,500 1lbs.). The
guide beam consists of a modified feed system of an
Ingersoll-Rand Crawlair rock drill; this pneumatically
powered, chain driven feed system allows the
vibralift/vibracore barrel to be raised or lowered along the
guide beam with a force of about 1,100 kg (2,500 lbs.).
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In the pulldown mode, this force provides significant
assistance in penetration during vibracoring or
vibralifting. The feed system can also aid in the
extraction of the barrel from the sediment, although
vibration is additionally required since extraction loads
may reach as much as 3,600 kg (4 tons). As vibration is
detrimental to the recovery of unconsclidated samples, the
full capability for remote extraction exists only when
operating in a vibralift configuration.

A transducer from a Raytheon DE-719B recording fathometer,
mounted near the top of the barrel, aids in determining the
position of the barrel relative to the sea floor. As the
system rests on the sea floor prior to the commencement of
drilling, the fathometer registers a depth of approximately
6 meters (20 feet), the distance from the top of the barrel
to the sea floor. As drilling proceeds, the depth indicated
on the fathometer record decreases toward zero as full
penetration is approached.

When the system is configured to operate as a vibralift
drill, the vibrator is equipped with a dual-walled barrel
constructed of standard NW and HW drill casing, 7.6 cm (3
inches) and 10 cm (4 inches) I.D., respectively (Figures
2.39 and 2.40). Water is injected into the annular space of
the barrel and enters the interior of the inner barrel
through holes drilled in the wall of the inner casing near
the cutting shoe. The water flows upward, helping to slurry
the sediments and 1lift them toward the surface.
Simultaneously, air is injected into the inner casing
through a manifold near the top of the barrel (Figure 2.40).
The air rises rapidly upward creating an airlift effect,
which raises the slurry of sediment and water through an
eductor hose to the surface.

Once the vibralift drill system is lowered from the vessel
and reaches the sea floor, air and water pressure are
activated, and the feed system is engaged to apply a
downward force to the barrel. As the barrel penetrates the
subbottom, the slurry is propelled upward and is subsampled
at appropriate intervals. Once aboard the vessel, the
slurry flows into a dewatering cone where a 70-80% solid
sediment mixture can be sampled. The overflow from this
cone is directed into a smaller dewatering cone where finer
sediment can be sampled. Tests have shown that the dual-
cone system is capable of reliably recovering heavy minerals
to a size as fine as 200 mesh. Following completion of the
sampling, the feed system, with the aid of vibration, is
engaged to extract the barrel from the sea floor.

The vibralift drill can be converted for use as a vibracore

device in approximately one to two hours (Figures 2.41 and
2.42). The conversion is accomplished by removing the inner
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length of NW casing from the dual-walled barrel. The outer
length of HW drill casing is retained as the vibracore
barrel. A 9.27 cm (3.65 inch) 0.D. plastic tube is inserted
into the barrel as a core liner, and a core retainer is
inserted in its lower end. The liner and retainer are then
secured in place by screwing a cutting shoe onto the end of
the barrel. The final step is to replace the vibralift air
manifold with a ball valve to assist in core retention
(Figure 2.42). The vibrator and barrel assembly is attached
to the guide beam by means of a hinged plate. The hinge
allows the core barrel to be laid across the deck in order
to facilitate insertion and removal of core liners.

The pneumatic vibrator provides impact, vibration and weight
which combine to fluidize the sediment and assist in driving
the barrel downward. The feed system also provides a
significant downward drive component as noted earlier. Once
penetration ceases, the core retainer and ball valve help to
minimize sample loss during extraction and retrieval of the
drill system. The vibracore drill is retrieved from the sea
floor using shipboard winch power. After the drill is
secured to the deck, the core barrel retainer ring is
unlatched and the barrel is pivoted forward and lowered to a
near horizontal position on the deck. In this position the
cutting shoe can be unscrewed and the core retainer and
liner can be withdrawn.

The principal problems encountered during the sampling were
caused by the rough sea conditions prevalent in the area.
Although the vibralift/vibracore drill system is capable of
semi-remote operation, the drill ship must remain within a
10-m (30-foot) radius of the drill site. 1In calmer waters,
the ship was able to maintain its position over the site
using the bow thrusters and main engine. In harsher
weather, it is generally necessary to anchor into the
dominant vector of wind or current from the bow and use a
stern anchor or thruster to maintain position on the arc of
the bow anchor. Unfortunately, the M/V Alocha was not
configured for this mode of operation.

During the initial tests of the vibracore drill offshore of
the Rogue River, the vessel drifted off site and the lower
10-foot section of the vibracore barrel was broken off at
the joint. As the ship's crew became more familiar with the
drilling procedure, several sites in this area were sampled
using the vibralift drill. Two attempts were made to drill
in the rougher sea conditions and strong currents off Cape
Blanco, but on both occasions the ship was unable to hold
position. On the second attempt, the drill was able to
penetrate two meters, but the ship shifted off position and
the eductor hose parted.

A significant problem with the drill system design was the
large number of air supply and exhaust hoses required to
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operate the various drill functions (six hoses are needed to
control the vibralift and four are required for the
vibracore). In water depths greater than 15 meters (45
feet), the hoses became very difficult to handle. A
solution to this problem would be the use of a hose reel in
shallow water or conversion of the system to a remotely
operated electro-hydraulically powered system for deeper
operations.

An added difficulty was the necessity to mobilize and
demobilize the heavy drill to provide space for the other
research activities during the cruise. This resulted in
lost time and crew fatigue. Ideally, a drill of this size
is secured to the stern using chain binders so that the
forward edge of the base of the drill frame is wedged
between two pipe studs welded to the stern. As the drill is
retrieved, it is guided between the studs where it is wedged
into place and prevented from swinging. In this position,
the drill can be rapidly re-deployed by releasing the chain
binders and letting out the winch cable.

2.3. Results and Discussion

S TR 9 Magnetometer Surveys

Close examination of the profiles of the magnetic data shows
regular oscillations with a wave length of 20 to 60 meters
and peak-to-peak amplitudes of one to ten nT. Such
oscillations probably result from the movement within the
swell of the buoy attached to the sensor. The wavelength of
the oscillations changed when the ship changed course and
the oscillations were larger in the later surveys when the
seas were larger. The presence of these oscillations limits
the resolution of the magnetic data for detecting magnetic
anomalies of small-amplitude

The largest magnetic anomalies, with amplitudes as large as
500 nT were found in the Gold Beach South survey area at
approximately 42° 23' North, 124° 30' West (Fig.2.14). The
presence of such anomalies in prior surveys in this area had
been tentatively attributed to concentrations of magnetite
in the sediment beneath the sea floor. Seismic profiles,
however, show that some of these anomalies coincide with
nearsurface and outcropping rock on the sea floor,
suggesting that the source of the large magnetic anomalies
lies in bedrock at or near the sea floor. Moreover, a
subtle change in the magnetic fabric on the shelf in the
Gold Beach south area approximately coincides with the
contact between Jurassic volcanic/sedimentary melange and
Cretaceous sedimentary rocks (Jo and Ku, respectively, on
Figure 2.14). Most of the prominent magnetic anomalies in
the survey areas are accordingly interpreted as resulting
from near-surface bedrock.
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Earlier geological models considered some of the previously-
observed concentrations of heavy minerals on the sea floor
to be derived from fossil beaches. Comparison with modern
beaches provides a basis for estimating the thickness,
general geometry and grade of possible beach placer deposits
beneath the sea floor.

An absence, however, of apparent shore-parallel linear
trends of the magnetic anomalies, particularly in the Cape
Blanco area (Fig. 2.12) suggests that fossil beaches are not
the source for surficial heavy mineral concentrations. As a
consequence, other geclogic models for concentrating placer
minerals must be considered.

2.3.2. High-resolution seismic profiling

The thickness and distribution of unconsolidated sediment
on those parts of the southern Oregon shelf surveyed during
the cruise are shown on a set of sediment isopach maps
(Figs. 2.43-2.46). The data upon which the isopach maps are
based are presented in tabular form in the Appendix. 1In
most areas, the vertical distance from the sea floor to the
bedrock platform below ranges between 0 and 30 m (0-100 ft)
(Figs. 2.47-2.51). 1In the Gold Beach south area (Fig.
2.46), the unconsolidated sediment forms a prism, 20-30 m
thick at the maximum, trending more or less parallel to
shore about 4 to 6 km from the shoreline north of Cape
Sebastian. The prism results from the difference in slope
between the bedrock surface and the sea floor; close to
shore, the bedrock surface dips more steeply seaward than
does the sea floor, whereas on the shelf the seaward
inclination of the bedrock surface is more gentle than that
of the sea floor. The prism thickens to the south, probably
owing to increased tectonic subsidence in this direction.
In the Gold Beach west area (Fig. 2.45), the sediment
thickens seaward to 15-20 m west of a broad outcropping of
the bedrock platform.

In the Cape Blanco west area (Fig. 2.43), the unconsolidated
sediment forms a north-northeast trending prism, about 10-15
m thick. Local basins of sediment more than 30 m thick may
result from local tectonic activity here. 1In the Cape
Blanco south area (Fig. 2.44), the unconsolidated sediment
cover forms a blanket about 10 m thick over most of the
shelf surveyed. A thickening of this cover in the southern
part of the area may reflect neotectonic downwarping.

The seismic profiles provide little information about the
internal stratigraphy of the unconsolidated sediment above
the bedrock platform. The general absence of internal
reflectors within the package of unconsolidated sediment and
a lack of samples at depth within the substrate preclude a
detailed interpretation of the age and composition of this
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material. This sediment probably represents a complex
history, in which Holocene shelf sediment overlies
Pleistocene deposits of diverse origins. In a few places,
internal reflectors within probable Pleistocene deposits
appear on the profiles (Fig. 2.50).

In the Gold Beach west area, the seismic profiles delineated
a system of ancient channels beneath the sea floor (Figs.
2.17 and 2.52). These channels are cut into bedrock and
almost certainly represent pathways of the Rogue River
across the inner shelf at earlier lowstands of the sea. The
width of the channels ranges from 0.5 to about 2 km, and
their axes lie between 25 to 50 m below the present sea
floor. Most of the channels are capped by a horizontal
reflector that probably represents a wave-cut platform

This reflector is overlain by an additional 15 to 20 m of
sediment. These stratigraphic relations imply that the
channels were cut prior to marine transgression of the past
20,000 years, possibly during much earlier lowstands of the
sea. The configuration of the channels is complex and may
represent multiple episodes of incision. For example, about
8 km west of the mouth of the Rogue River, the channel
system bifurcates into north- and south-trending segments
(Fig. 2.52). It seems unlikely that both of these branches
formed during the same lowstand. More probably, the river,
during a lowstand, partly re-exhumed a pre-existing, filled,
east-west channel to the point of bifurcation, where it
turned to the north (or south) and incised a new channel.
The records do not indicate the sequence in which these
channels were cut.

2.3.3. Side-scanning sonar surveys

The side-scanning sonar provides an image of the sea floor
that can delineate rock outcroppings or the texture of the
bottom sediment. Waves and currents shape unconsolidated
sand and gravel into ripples and dunes. The size and shape
of these bedforms depends on both the nature and velocity of
the current and the grain size of the sediment. Waves, in
particular, generate relatively straight-crested ripples on
the shelf that are oriented with crests more or less
parallel to the shoreline. The size of these ripples
depends strongly on the size of the material moved by the
wave-generated currents. In fine sand, the ripples
typically have a spacing of no more than a few decimeters
and are no more than a centimeter or two high. Such ripples
are too small to be resolved with the side-scanning sonar
systems used in this cruise. In contrast, under the action
of waves, gravel typically is shaped into much larger
bedforms, spaced a meter or more apart and several
decimeters high. Ripples of this size are readily resolved
on a side-scanning sonar image (Fig. 2.53), and the
instrument can be used to delineate the distribution of the
coarser sediment, which has relevance not only to the

71



42° 30"

-124° 36'

| | -
PALEOCHANNEL OF ROGUE RIVER i
™ 2 +
N A #
ne * 4+
+ m. e
- +
+rpoue ;rcci "+
-+ '*réqun l*rn.!
} ++ h* 'h%
; /
— — —_
I |
42° 23"

FIGURE 2.52. SEISMIC LINES, GOLD BEACH WEST
AND LOCATION OF BURIED PALEO-CHANNELS

MAP SCALE 1:100,000

0 10 km
0 5nm

L ]

MERCATOR PROJECTION STANDARD PARALLEL = 42.5000°

72

-124° 25



-

\

-

100 m

FIGURE 2.53. PORTION OF A SIDE-SCANNING SONAR RECORD, CAPE BLANCO

SOUTH

T3



occurrence of placer minerals but also to the distribution
of bottom fauna.

A side-scanning sonar survey confirmed the earlier
observations that large patches of gravel cover the sea
floor in the Cape Blanco south area (Fig. 2.54). In parts
of the area, the gravel is continuous for a kilometer or
more; in other parts, it is more discontinuous, occurring in
patches less than 100 m wide. From the bathymetry recorded
on seismic and side-scanning sonar profiles (Figs. 2.51 and
2.53), the gravel appears to occupy shallow depressions on
the sea floor. Adjacent, slightly higher, parts of the sea
floor are mantled by a layer of fine sand; ripples on the
surface of this sand are too small to be resolved with side-
scanning sonar. Grab samples and collection from trawls
indicates that the gravel consists of well-rounded clasts
0.5 to 7 cm across. Abraded shell fragments are an abundant
constituent, and coarse to very-coarse sand was present in
some of the samples.

Several aspects of the gravel indicate that it is a relict
deposit that is rarely disturbed under present conditions.
Barnacles or barnacle scars typically occur on only one side
of the pebbles or shells, indicating that they were not
routinely rolled about. The distribution of the gravel far
from the present shoreline suggests that it accumulated at a
much lower stand of the sea. Much of it may have been
deposited near the mouth of the Elk River where it crossed
the shelf during the latest Pleistocene. If so, its
presence indicates that sand presently accumulates in this
area very slowly, and that the modern sand on this part of
the shelf forms only a thin veneer over older deposits.

The limited side-scanning sonar survey in the Cape Blanco

West area (Fig. 2.22) detected no large ripples indicative
of gravel.

2.3.4. Geological sampling

The samples collected during the cruise provide details of
geology not available from the geophysical records. Samples
were collected at four vibralift sites in the Rogue River
area and at one site off Cape Blanco (Fig. 2.55).
Mineralogic data reported in another section of this report
bears on the nature and origin of the substrate beneath the
shelf. The vibralift samples yield some stratigraphic
information that indicates the age and environment of
accumulation of the sediment penetrated. Small intact slabs
of the uppermost sand collected from the Smith-McIntyre
grabs document the nature of processes presently active in
the areas of sampling.
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Mineralogically, the vibralift samples showed no rich
concentrations of heavy minerals beneath the sea floor that
would suggest buried fossil beach deposits. Vibralift 04A
(Fig. 2.37) yielded shell fragments that were dated using C-
14 methods by the Portland State University Geology
Department. Three dates were obtained. The lowermost
sample, collected from the 17-20 foot (5-6 m) interval has
an age in the range of 5500 to 6000 years BP. An
intermediate sample, from the 9-12 foot (3-4 m) interval,
has an age in the range of 3700 to 4200 years BP, and the
uppermost sample, collected from the 1-3 foot (<1 m)interval
has an age of 2100-2500 years BP. These dates indicate a
middle to late Holocene age for the upper 20 feet(6 m) of
sediment in the Cape Sebastian area. Holocene sea-level
curves for the U. S. west coast suggest that all of this
sediment accumulated as a shelf deposit in water depths that
approached the present shelf values. The similarity of
grain-size distributions at depth in the vibralift samples,
as reported in another section of this report, supports the
conclusion that all of the sediment sampled at depth with
the vibralift system was deposited in a shelf setting.

Vibralift 03A (Fig. 2.35) encountered a layer of gravel at
the deepest penetration (20 feet) that probably represents
the base of the Holocene section at this location. 1In
sections of Pleistocene deposits exposed in uplifted
terraces onshore, as well as in cores taken from the inner
shelf in other areas, layers of gravel mark the surface of
transgression where the rising sea crossed the surface of
the land. Typically, deposits that accumulate along the
shoreline during a transgression are eroded, and inner shelf
sediment blankets the erosicnal surface as sea level
continues to rise. The nature of Pleistocene deposits
between this surface and the underlying bedrock surface is
unknown.

The absence of 3-dimensional sampling precludes analysis of
sediment beneath the sea floor off Cape Blanco. Small
subsamples of intact sediment from the Smith-McIntyre grabs
provides some insight into the geological processes
currently active in this area. The samples were taken by
inserting rectangular plastic containers into the surface of
the sand collected within the Smith-McIntyre sampler,
effectively providing small box cores about 9 cm wide, 1.5
cm thick and 7-8 cm deep. X-ray radiographs of these cores
show an upper, well-stratified layer of sand, 1-5 cm thick,
overlying bioturbated sand. The stratification, which is
unmarked by any faunal activity, almost certainly represents
very active reworking of the sediment by physical processes.
In one core (SMAC-08A, Fig. 2.24), the stratified sand is
enriched in heavy minerals. Although the other cores have
no similar surficial concentration of heavy minerals,
concentrations 1-2 cm thick, partly disrupted by faunal
burrowing occur sporadically in the underlying sand. It is

77



likely that these concentrations resulted from winnowing by
wave-generated currents during storms at some earlier, but
relatively recent, time.
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SECTION 3.0

MINERALOGY AND GEOCHEMISTRY

3.1. Objectives

The primary objective of this mineralogical investigation
was to assess offshore heavy placer mineral assemblages for
possible value to the Nation and to the State of Oregon.
The U.S. Bureau of Mines was involved with this
investigation to assess the potential for significant
resources of strategic minerals within the Nation's
Exclusive Economic Zone (EEZ). Bureau personnel functioned
as part of the research team by conducting microscopic
mineralogic characterization of samples on board the
research vessel to assist with on-site mineral evaluations
and to provide complete sample characterization by
performing in-depth mineralogic, chemical, and processing
tests in laboratories located at the Bureau's Albany, Oregon
and Salt Lake City, Utah Research Centers.

The mineralogical and geochemical evaluations in this study
are also intended for use by the State of Oregon in
developmeht of land-use policies for its offshore domains.
State and federal entities have the responsibility to manage
land under their control fairly. Most lands are managed to
provide multiple-use areas and mineral use data is required
to make informed decisions. Mineralogical characterization
and geochemical analyses of samples taken during the
research expedition (see Tables 3.1-3.4) helped to determine
the significance of potentially valuable mineral deposits
along the continental shelf of the western United States.

Previous research studies of on-shore beach terrace deposits
that contain heavy-mineral concentrations confirmed the
presence of notable amounts of ilmenite, chromite,
magnetite, zircon, garnet, gold, and the PGM-bearing
minerals along coastal areas of southwestern Oregon. (Binney
and Peterson, 1989, p. 130-134; Pardee, 1934, p. 23-30;
Martinez and others, 1981, 14 p.). Geologic interpretation
(Kulm and Peterson, 1989, p. 14-27; Peterson and others,
1987, p. 203-229; Smith, and Hopkins, 1972, p. 143-180; and
Twenhofel, 1943 p. 16-25) indicated that rich deposits of
similar mineralization could logically occur on the
adjoining continental shelf. As a result of that
information, this mineralogical study was performed in the
interest of the Nation and the State of Oregon to determine
if extensive deposits of these strategic, critical, and
precious minerals lie off the southwest coast of Oregon.
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Strategic minerals contain the critical metals titanium,
chromium, zirconium, and the platinum-group metals (PGM).
Titanium is the primary constituent of light-weight, high-
strength alloys used in the aerospace industry, and, in its
oxide form, is a white pigment that became particularly
important for use in paint when the use of lead was
restricted. Chromium, a widely used metal in the
metallurgical, chemical, and refractory industries, is a
component in stainless steels that makes the alloy resistant
to corrosion. Zirconium is a metal that is used in highly
corrosive environments such as those found in the chemical
industry. Zirconium is also used as a structural material
for nuclear reactors because it does not interact with
neutrons in the reactor environment. The platinum-group
metals are chemically inert at high temperatures and display
excellent catalytic activity. They are in demand for use in
automobile emissions catalysts as well as for their use in
the chemical, electrical, glass, and dental-medical
industries. The Nation now depends solely or significantly
upon imports for these strategic metals (U.S. Bureau of
Mines Bulletin 675, 1985).

3.2. Methods

3.2.1. Mineralogical Characterization

Mineralogical evaluation of the sediments was performed
aboard ship and at the Bureau's Albany Research Center
(ALRC) by binocular and optical polarized-light microscopy.
On the ship, samples were panned and microscopically
examined to obtain an estimate of valuable mineral
composition in order to evaluate on-site mineralization at
each sampling location. At ALRC, representative splits of
samples taken at 3-ft depth intervals by a vibralift
technique were panned to separate three weight fractions, a
heavy fraction, a mid-weight fraction, and a light fraction
to determine the presence of valuable mineral constituents.
The heavy fraction, with a specific gravity greater than
4.0, contained minerals such as chromite, ilmenite,
magnetite, garnet, zircon, rutile, monazite, gold, and PGM.
The mid-weight fraction, with a specific gravity less than
4.0 but greater than 3.0, separated pvroxenes and amphiboles
which are commeon minerals with varying amounts of calcium,
magnesium, iron, aluminum, and silica. The light fraction,
with a specific gravity less than 3.0, contained rock
fragments, shell fragments, quartz, feldspar, and muscovite.

At ALRC, selected representative sample splits were
screened, air-dried, and magnetically separated on a Franz
Isodynamic Separator+ to isolate constituents for

IReference to specific products does not imply endorsement by the
Bureau of Mines.
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characterization. All samples were examined using optical
and electron microscopy and by X-ray diffraction to
determine chemical and mineralogical composition. X-ray
diffraction analysis on selected gravity and magnetic
fractions verified optical interpretations of mineral
species. Scanning-electron microscopy (SEM) with energy-
dispersive X-ray analysis (EDX) using backscatter- and
secondary-electron imaging was used to determine the
physical and chemical nature of individual whole and cross-
sectioned minerals.

It is the intent of this study to determine the merit of the
minerals discovered which includes not only determining the
quantity of valuable elemental constituents, but also the
quality of the minerals in which the valuable elements are
found. Liberation, grain size, overall mineralogy,
processibility, and accessibility are major factors in
determining the value of a mineral deposit (Martinez and
others, 1981, 14 p.). Unique or economically pertinent
information on the chemistry of the individual minerals
found in this study are listed in Table 3.1.

3.2.2 Geochemical Analysis

Representative splits from unconcentrated samples were
analyzed at ALRC for their chemical content. Each element
was tested by the most appropriate method to insure accuracy
of the analysis. Additional confirming analyses of
strategic and precious elements were done by the Bureau's
Salt Lake City Research Center (see Section 4.0).

Samples were also solubilized using a sodium-peroxide fusion
for analyses of vanadium, lead, arsenic, zirconium, hafnium,
cerium, and lanthanum by inductively coupled plasma atomic
emission spectrophotometry (ICP).

Samples were also solubilized by a sodium-peroxide fusion
for analyses of chromium, iron, and titanium. Analysis of
these elements was done by classical volumetric methods.

For sodium, calcium, magnesium, potassium, and aluminum
analyses, samples were solubilized by acid digestion in a
closed teflon vessel heated with microwave energy. These
five elements were analyzed by flame atomic absorption
spectrophotometry. Mercury was determined by the U.S.
Environmental Protection Agency method for solids using
cold-vapor atomic absorption spectrophotometry.

Gold, silver, and PGM were analyzed by fire assay/ICP at the
Bureau's Reno Research Center.
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3.3 Results and Discussion

3.3.1 Mineralogical Characterization

Mineralogical characterization includes grade estimation,
mineral species categorization, grain-size analysis,
physical characteristics, liberation data, mineral
associations, inclusions, chemical variations and
contaminants, alteration products, hazardous material
evaluation, nonmineral constituent analysis, and commodity
classification. These determinations depict a deposit's
mineral nature, geologic history, processibility, economic
viability, strategic importance, and, in conjunction with
other studies done by the research team, profiles
environmental concerns and biological settingsz.

Optical and SEM-EDX characterization indicated that
sediments collected offshore of the Rogue River, Gold Beach,
and Cape Sebastian are predominantly composed of a few
percent heavy minerals, about 25 percent {pct)3 mid-weight
minerals, and the remainder light constituents. Analysis
indicated no significant change with depth, to 20-ft, in the
concentration of heavy minerals in samples taken from these
southern sites.

Samples collected to 3-ft penetrations west and north of
Cape Blanco contained greater proportions of heavy mineral
fractions (up to 15 pct) and mid-weight mineral fractions
(up to 50 pct) than samples from south of Cape Blanco.
Incomplete sampling at this site due to harsh sea conditions
and equipment failures precluded determination of changes in
concentration of heavy minerals with depth. The heavy
portions had higher concentrations of ilmenite, chromite,
zircon, and gold than those in sediments collected south of
Cape Blanco. Sand size, angularity, and alteration
characteristics of these sediments were comparable to those
of the sands collected south of Cape Blanco.

Although the mineral concentrations varied between
individual samples and sample sites, the minerals of
strategic or precious value were all found in the heavy
fraction and were limited to ilmenite, chromite, zircon, and
gold (Table 3.1). Abundant magnetite, small amounts of
garnet, and barely detectable traces of monazite and rutile
were also found in the heavy fraction in the majority of the
samples. No PGM minerals were detected.

<See applicable sections elsewhere in this report for
interpretative work using mineralogical data.

SAll reported percentages in this Section are based on weight.
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Table 3.1. Offshore sample mineralogy

Mineral Ideal formulal Chemical notes?

Ilmenite FeTiOq Contains 1-3 pct Mn,

Chromite FeCr,0, High Al and Mg, low
Fe,

Zircon Zrsio, No Th detected.

Native Gold Au No chemistry
available.

Magnetite Fe,0, No substitutions for
Fe noted.

Garnet FeAl,Si0;, Almandine variety.

Rutile Tio,

Monazite (Ce,La,Nd,Th)PQ, 5-8 pct Th, some Y
present.

Biotite K(Mg,Fe);(Al,Fe)Si;0,,(0H,F),

Muscovite KAl,(8i5A1)0,,(0H,F),

Hornblende Ca,(Mg,Fe), A1(Si;A1)0y,(OH,F),

Hypersthene (Mg,Fe),Siy0,

Serpentine (Mg,Fe)Siy0q

Plagioclase (Na,Ca)Al(Al,S1)Si,0g

Feldspar

Alkali (K,Na) (A18i50g)

Feldspar

Quartz §i0,

Rock Fragments schist, andesite/diorite

Shell Fragments CaCo,

Manmade Lead Pb or PbO No natural lead

Material compounds detected.

‘From Fleischer, M., 1987.

ZChemistry derived from SEM-EDX analyses of individual mineral grains.
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The highest concentration of ilmenite, approximately 9 pct,
was found in the Cape Blanco surface samples. Samples taken
south of Cape Blanco at the Rogue River, Gold Beach, and
Cape Sebastian study sites averaged 1 pct ilmenite.

Although ilmenite, an iron-titanium oxide, is sometimes
mined on land at a grade of 9 pct, it presents both economic
and environmental difficulties for the production of
titanium metal. It is found in dry-land domestic deposits
in sufficient quantities to relegate similar, but more
inaccessible, offshore deposits of ilemenite to a
nonessential-resource status. Only traces of rutile were
found in some of the samples. If rutile had been present in
large quantities, the deposit might have had strategic
significance for the Nation's needs for titanium (U.S.
Bureau of Mines Bulletin 675, Titanium Chapter.)

Chromite was also concentrated (up to 2 pct) in the Cape
Blanco surface samples. It averaged 0.3 pct in samples from
other sites. Chromite is the primary ore of chromium and is
one of the Nation's most important critical minerals. If
the Cape Blanco deposit has this mineral at depth in greater
quantities, the deposit could be classified as one of
possible strategic interest.

Zircon, when present, occurs only in very small to trace
amounts, and averages 0.02 pct in the Cape Blanco samples
and 0.04 pct in samples from the other sites.

Traces of gold were observed in panned concentrates from
surface samples collected from the Cape Blancc site. The
gold was near-micrometer in size and scarce enough to be
undetectable in a fire assay of unconcentrated material
splits.

Potentially toxic elements were also studied. Numerous
micrometer-size pieces of elemental lead and lead oxide were
noted in the SEM-EDX study of the heavy fractions. These
forms of lead do not occur in nature. No native minerals
containing mercury or arsenic were observed. The source of
trace amounts of arsenic detected in the chemical analysis
of the samples (see table 3.3) is unknown. A few grains of
the rare-earth- and thorium-bearing mineral, monazite, were
detected in highly concentrated fractions of the sand.
However, quantities of these elements were so low that they
could not be detected by standard analytical methods (table
A2y

Noneconomic or gangue minerals were concentrated in mid-
weight and light fractions which included significant
quantities of quartz; feldspar; amphiboles and pyroxenes;
muscovite and biotite (two varieties of mica); various sizes
of sedimentary, igneous, and metamorphic rock fragments; and
shell fragments.

85



The sand grains are sharply angular and relatively
unaltered, another indication that the material is of
primary and local origin. With the exception of the larger
rock fragments, the sand grains are composed of separate
minerals. The sand is fine-grained, with the bulk of the
sediments in the 70- by 140-mesh (212- by l06-micrometer)
fraction. Wave action, especially during the winter storm
months, and longshore currents actively disturb and
transport sediments at the 300- to 500-ft water depths
sampled (Smith and Hopkins, 1972, p. 143-180). There is
little sediment in the deposits that is less than 200 mesh
(75 micrometer), the size range of particles that tend to
remain in suspension (Table 4.2). However, the micas are in
the form of very thin flakes that remain in suspension, and
they are the primary concern as a source of water clouding.

3.3.2. Geochemical Analysis

Geochemical analysis pinpoints each sample's total elemental
makeup, thereby presenting a picture of the makeup of each
site sampled. With the exception of the Cape Blanco
location where only surface samples were collected, the
chemical makeup of samples at varying depths gave a three
dimensional view of each site. The analyses are used to
model the deposit's generalized stratigraphy and its overall
value as well as to predict potential environmental
concerns.

Chemical analyses of the samples correlate well with the
mineralogical findings. Tables 3.2-3.4 list the analyses
(see also section 5 results for confirmation of targeted
strategic element percentages). Sample numbers in Table
3.2-3.4 correspond to the sample numbers in Figure 2.55 with
the prefix "ME".

Titanium (Ti) is the most abundant element of interest. The
maximum percent of titanium attained in a near-surface
sample from Cape Blanco was approximately 3 pct Ti, which
calculates to approximately 5 pct TiO,. Samples from sites
south of Cape Blanco ranged from less than 0.01 to 0.75 pct
Ti and averaged 0.3 pct Ti, an order of magnitude less than
those taken at Cape Blanco. There was no relevant change in
Ti values with increases in the depth down to 20-ft.

Chromium (Cr) is second in quantity of the strategic and
precious metals present. As in the case of titanium,
chromium content was higher (averaging 0.5 pct Cr) in the
Cape Blanco near-surface samples. Cape Blanco chromium
content was four times higher than the chromium content in
samples from sites to the south, which averaged 0.14 pct Cr.
No change in chromium values was found to correspond with
changes in depth.
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Table 3.2. Primary metal analyses, percent
Sample Description/Depth Cr Ti Zr Hf Ce La
2321 Cape Blanco/1 ft .78 3.01 .06 <.01 .02 0.01 <0.01
2324 Cape Blanco/2 ft .28 1.15 .08 .02 .01 .01 <.01
2331 Gold Beach/3 fi;.r .10 T4 <.01 <.01 .01 <.01 <.01
2332 Gold Beach/6 ft .13 .67 .01 <.01 .02 <.01 <.01
2333 Gold Beach/9 ft 14 .50 .01 <.01 .02 <.01 ) <.01
2334 Gold Beach/12 ft <14 .60 .02 <.01 .02 .01 .02
2335 Gold Beach/15 ft .06 45 <.01 <.01 .01 <.01 <.01
2336 Gold Beach/16 ft «13 .39 .01 <.01 .01 <.01 <.01
2338 Rogue River/5 ft «12 «25 .01 <.01 .02 <.01 <.01
2339 Rogue River/10 ft .13 .54 <.01 <.01 .02 <.01 <.01
2340 Rogue River/15 ft 17 .69 <.01 <.01 .02 <.01 <.01
2341 Rogue River/20 ft +19 A1 .01 <.01 .02 <.01 <.01
2342 Cape Sebastian/1 ft .50 T4 .03 <.01 .02 <.01 <.01
2343 Cape Sebastian/3 ft .20 AT .01 <.01 .02 <.01 <.01
2344 Cape Sebastian/é6 ft .11 .24 <.01 <.01 .01 <.01 <.01
2345 Cape Sebastian/9 ft 14 .38 <.01 <.01 .01 <.01 <.01
2346 Cape Sebastian/12 ft 12 .56 <.01 <.01 .01 <.01 <.01
‘ 2347 Ca;:ie Sebastian/15 ft .08 43 <.01 <.01 .01 <.01 <.01
2348 Cape Sebastian/17 ft 22 .671 <.01 <.01 .02 <.01 <.01
2349 Cape Sebastian/20 ft -d3 .55 <.01 <.01 .02 <.01 <.01
2350 N Cape Sebastian/3 ft .23 «37 <.01 <.01 .01 <.01 <.01
2351 N Cape Sebastian/6 ft .15 .36 <.01 <.01 .01 <0.01 .01
2352 N Cape Sebastian/9 ft +d0 - | <.01 <.01 .01 <.01 <.01
2353 N Cape Sebastian/12 ft .12 A7 <.01 <.01 .01 <.01 <.01
2354 N Cape Sebastian/15 ft +13 .61 .01 <.01 .02 <.01 <.01
2355 N Cape Sebastian/20 ft .16 A48 <.01 <.01 .02 <.01 <.01
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Table 3.3.

Precious and toxic metal analyses

Sample | Description/Depth Aul agl P L pb2 As? B2
2321 | Cape Blanco/1 ft ND 0.3 <.002 0.06 0.02 <0.2
2324 | Cape Blanco/2 £t ND 1 <.002 .09 .03 <.
2331 | Gold Beach/3 ft ND T <.002 .11 .01 ]
2332 | Gold Beach/6 ft ND ND <.002 .11 .02 <.2
2333 | Gold Beach/9 ft ND 1 <.002 .06 .0k <.2
2334 | Gold Beach/12 ft ND ol <.002 .07 .03 g
2335 | Gold Beach/15 ft ND W <002 | <.o1 <.01 <.2
2336 | Gold Beach/16 ft ND 2 <.002 .03 .0k <.2
2338 | Rogue River/5 ft ND 3 <.002 <.01 <.01 <.2
2339 | Rogue River/10 ft ND ND <.002 .03 .03 <.2
2340 Rogue River/15 ft ND . o <.0(;2 <.01 <.01 <.2
2341 | Rogue River/20 ft ND ND <.002 .05 <.01 <.2
2342 | Cape Sebastian/l ft ND B <.002 <.01 .02 <.2
2343 | Cape Sebastian/ ft D ND <.002 <.01 <.01 <2
2344 | Cape Sebastian/é ft ND ND <.002 .07 .03 <.2
2345 | Ccape Sebastian/9 ft ND i <.002 <.01 <.01 <.2
2346 | Cape Sebastian/12 ft ND 2 <.002 a2 <.01 <.2
2347 | Cape Sebastian/15 ft ND 21 <.002 .21 .05 '
2348 | Cape Sebastian/17 ft ND .2 <.002 .01 <.01 <.2
2349 | Cape Sebastian/20 ft ND 1 <.002 Az <.01 <.2
2350 | N Cape Sebastian/3 ft R A <.002 <.01 <.01 <.2
2351 | N Cape Sebastian/6 ft D D <.002 .04 <.01 3
2352 | N Cape Sebastian/9 ft ND .2 <.002 <.01 .01 <.2
2353 | N Cape Sebastian/12 ft ND gl <.002 .07 .02 <.2
2354 | N Cape Sebastian/15 ft ND ND <.002 .06 <.01 <.2
2355 | N Cape Sebastian/20 ft D ND <.002 .09 .02 <.2

ND-Not detected.

-Trace

Includes Pt, Pd, and Rh.
jtroy ounces/short ton.

3percent.
milligram/kilogram.
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Table 3.4. Additional elemental analyses, percent

Sample Description/Depth Fe Na Ca Mg K Al
2321 | Cape Blanco/l ft 8.42 1.41 2.64 1.43 0.69 | 4.33
2324 | Cape Blanco/2 ft ] 4.68 1.61 1.87 1.19 1.08 | 4.66
2331 | Gold Beach/3 ft ' | .08 1.53 1.99 3.24 .81 | s.28
2332 | Gold Beach/6 ft 5,03 1.64 2.02 3.29 76 | 5.30
2333 | Gold Beach/9 ft 5.32 .61 | 2.11 3.10 71 | s.o1
2334 | Gold Beach/12 ft 5.11 1.55 2.03 3.01 .70 | s.01
2335 | Gold Beach/15 ft 4.22 1.62 1.76 2.93 .65 | u.87
2336 | Gold Beach/16 ft 4.82 1.48 1.78 3.02 .67 | 4.89
2338 | Rogue River/5 ft 4,97 1.50 1.96 3.09 .80 | 4.90
2339 VRague River/10 ft ) 7 4,74 1.50 ;.13 2.94 .70 4,83
2340 | Rogue River/15 ft 5.17 1.40 2.12 2.94 1| w7
2341 | Rogue River/20 ft 5.50 1.38 2.88 2.96 .61 | w.46
2342 | Cape Sebastian/1 ft 7.74 1.46 2.64 3.20 .65 | 4.54
2343 | Cape Sebastian/3 ft 4,98 1.36 2.32 2.52 61 | 4.26
2344 | Cape Sebastian/6 ft 4.29 1.64 2.03 2.14 .67 | 4.27
2345 | Cape Sebastian/9 ft 4.59 1.65 2.09 2.18 .66 | 4.27
2346 | Cape Sebastian/12 ft 5.05 1.61 2.07 | 2.20 .76 | 4.18
2347 | Cape Sebastian/15 ft 4.03 1.68 1.95 2.20 .83 | 4.25
2348 | Cape Sebastian/17 ft 6.60 1.58 2.53 2.48 R
2349 | Cape Sebastian/20 ft 5.79 | 1.86 | 2.6 2.80 .62 | 5.26
2350 | N Cape Sebastian/3 ft 4.91 1.62 2.04 2.56 66 | sk
2351 | N Cape Sebastian/6 ft 4.03 1.34 1.78 2.16 76 | 4.40
2352 | N Cape Sebastian/9 ft 3.66 1.55 1.35 1.56 .82 | s.01
2353 | N Cape Sebastian/12 ft .92 1.56 1.77 1.76 .60 | 4.21
2354 | N Cape Sebastian/15 ft 5.76 1.43 1.73 1.72 .56 | 4.21
2355 | N Cape Sebastian/20 ft 6.23 1.41 1.50 1.45 59 | w.27
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SECTION 4.0

MINERAIL PROCESSING

4.1. Objectives and Technical Approach

The U.S. Bureau of Mines, Salt Lake City Research Center,
conducted an investigation of 24 southwest Oregon placer
samples to assess the potential for recovery of titanium-,
chromium=-, and zirconium-bearing heavy minerals and gold,
silver, and platinum group metals (PGM) by mineral
separation techniques.

The samples received from the Bureau's Albany Research
Center were labeled Stations 1 through 5 and were collected
from five locations, as follows:

Station 1 - Near Cape Blanco
Station 2 - Near Gold Beach

Station 3 - Near the Rogue River
Station 4 - Near Cape Sebastian
Station 5 - North of Cape Sebastian

All samples were recovered from the sea bottom by vibralift.
The samples from Stations 2 through 5 were taken from
sediment depths of approximately 1, 2, 3, 4, 5, and 6
meters (3, 6, 9, 12, 15, and 20 ft). Because the samples
were collected by vibralift, some gold and platinum, if
present, may have been lost because of their high specific
gravities. Details of the sampling are provided elsewhere
in this report.

Each sample was quantitatively analyzed for titanium,
chromium, zirconium, and iron. Particle-size analysis was
conducted on each sample to determine the size wvariability
with regard to depth and location since this could impact on
choices for physical separation techniques. The individual
depth samples for each station were combined to form station
composites. Each station composite was subjected to gravity
concentration using a shaking table (Deister Tablel) to
recover the heavy minerals, e.g., ilmenite (FeTiO3), rutile
(Ti05), zircon (2rSiO4), chromite (Fe(Cr,Fe}204,, magnetite
(Fe304), hematite (Fe;03), etc, and heavy metals, e.g.,
gold, silver, and PGM. The table products were analyzed for
the elements of interest.

lReference to specific products does not imply endorsement by
the U.S. Bureau of Mines.
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Gravity concentration was selected as the primary means to
evaluate the potential for heavy mineral recovery from the
sands. Gravity concentration methods utilize the
differences in specific gravity between minerals to make the
separations. No reagents or chemicals are used in the
separation process. The heavier minerals usually contain
the more valuable metals such as titanium, chromium,
zirconium, gold, silver, and the PGM.

The shaking table is a bed-type gravity-separation machine
for treatment of relatively fine materials and may be
thought of as a mechanized continuous "gold pan" for
producing high-grade gravity concentrate. The table consists
of a rectangular or rhomboidal deck which is adjusted to a
slight slope. The table, operated by a motor-driven cam,
reciprocates in its own plane and imparts a pulsating action
to the minerals as they flow across the table in a film of
water. The heavy minerals gravitate toward the upper end of
the table while the lighter material, in this case sand, is
washed down and across the table and is removed as rejects
or tailings. An intermediate specific gravity fraction, or
middlings, is also commonly obtained which may be recycled
for additional recovery. Table separation is also
influenced by the size consistency of the mineral particles
as well as specific gravity. In general, tabling is quite
effective in concentrating heavy minerals down to about

270 mesh.

Recovery of titanium minerals usually involves separation of
the heavy titanium-bearing minerals from lighter minerals
such as quartz, feldspar, and mica by wet-gravity-separation
methods. Equipment used includes spirals and pinched sluice
separators of various designs, followed by tabling as
described above. Ilmenite is the most abundant titanium
mineral and has a specific gravity of 4.3 to 5.5. Pure
ilmenite concentrates contain about 53 pct TiO»; weathered
ilmenites may contain up to 70 pct TiO;. Rutile
concentrates generally contain 95 pct TiO, (Lynd, 1985).

Titanium concentrates, produced from sand deposits in the
United States, contain about 60 to 65 pct TiO,, and
concentrates produced from rock deposits in the United
States contain 45 to 50 pct TiO, (Lynd, 1985). An
approximate minimum requirement for an economic deposit of
titanium minerals in the southeastern United States is an
average grade (raw ore) of 1 pct TiO, and 3 to 4 pct total
heavy mineral content. The average depth of the ore is 15
ft. In western Australia, where the deposits are much
larger, the average grade of the ore is 0.5 pct TiO;. 1In
1983, world production of titanium metal came 37 pct from
rutile and 63 pct from ilmenite. Titanium dioxide pigment
was produced mainly from ilmenite with significant amounts
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produced from other materials such as rutile and other
nonmetal titanium-bearing products (Lynd, 1985).

Chromite is the major chromium-bearing mineral and has a
specific gravity of 4.3 to 4.6. There is no primary
production of chromium in the United States, and the United
States has no economic chromium ore reserves. However, the
United States has a reserve base and resources on land that
could be exploited (Papp, 1988). The Bureau has conducted
metallurgical tests on materials from these sources
containing 5.2 to 20 pct Cr;03. Gravity separation was able
to produce a market-grade concentrate containing greater
than 48 pct Cr;03 from these sources (McDonald, 1990).

Zircon is the major zirconium-bearing mineral. The high
specific gravity of zircon, 4.6 to 4.7, enables it to be
concentrated with other heavy minerals such as ilmenite or
rutile by gravity-separation methods. A clean zircon
concentrate is produced from heavy-mineral concentrates
using drying, screening, electrostatic, and electromagnetic
separation processes. Zircon is nonconductive and can be
separated from ilmenite, rutile, and other heavy minerals by
electrostatic methods. A 99-pct 2rSiO4 product is usually
obtained (Adams, 1985).

Gold is recoverable from land-based deposits containing an
average of 0.04 tr oz/st, and placer gravels yielding an
average of 0.03 tr oz/yd3 washed (about 0.02 to 0.04 tr
oz/st depending on the density of the gravel) (Lucas, 1988).

PGM deposits are mostly associated with magmatic intrusions
of mafic and ultramafic rock in which they occur in lode
deposits. Placer deposits are fewer. In most of the
deposits that are mined, the PGM values are co-recovered
with nickel, copper, and cobalt. The Stillwater mine,
located near Billings, MT, is the only PGM operation in the
United States, and the concentrates are smelted and refined
in Belgium (Loebenstein, 1985; Loebenstein, 1988).

4.2. Methods

The methods described in this section were used for
characterization of the samples to determine the chemistry,
mineralogy, size consistency, and beneficiation (physical
concentration of the mineral values) potential. 1In general,
the amenability of the sample to conventional mineral
processing can be assessed from the results of these tests.

4.2.1. Chemistry and Mineralogy

Inductively Coupled Plasma-Atomic Emission Spectroscopy
(ICP-AES) was used for titanium and zirconium analysis, and
Atomic Absorption Spectrophotometry (AAS) was used for
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chromium and iron analysis. Assays were completed on all
as-received samples and on table test products.

X-ray diffraction analysis was done on the table test
concentrates to aid in determining the minerals present in
the sands. The table test concentrates were assayed for
gold, silver, and PGM by fire assay.

4.2.2. Size Distribution of Samples

Screen analyses were performed to determine the size
distribution of each sample. A 200-g (wet weight) split of
each sample was first wet screened at 270-mesh (53 %m).
After drying the products, the plus 270-mesh fraction was
dry screened on a nest of standard Tyler mesh sieves. The
screen sizes were, in mesh size (in micrometers), 35 (420),
48 (297), 65 (210), 100 (149), 150 (105), 200 (74), and 270
(53). The minus 270-mesh (53 %m) products were combined,
and the individual weight distributions and cumulative
weight distributions were calculated.

The individual screen fractions for all depths at each
station were combined to provide a sized composite product
for each station hole. This was done because there was only
a slight variation in size and chemistry between samples
taken at various depths (for clarification, see discussion
in Section 4.3.1 Results and Discussion - Chemical Analyses
of Individual Samples), and because some of the screen
fractions (of each sample) contained too little material to
analyze separately. Chemical analysis was done on each
composite screen fraction. This showed if the heavy
minerals (metals) were contained predominately in specific
screen fractions.

4.2.3. Preparation of Samples for Beneficiation Testing

Composite samples for the Deister Table tests were prepared
by combining samples from all depths at each station to
produce station composites. These composite samples were
then split in half (Figure 4.1) for beneficiation testing.
One split was beneficiated using a laboratory shaking table
(Figure 4.2). The second split was reserved for potential
future flotation testing.

4.2.4. Table Concentration Testing

A laboratory-size Deister Table and the procedure shown in
Figure 4.2 were used to evaluate the potential for
separation of the heavy minerals by gravity concentration.
Approximately 14 kg (30 1lb) of material was fed to the table
in a water slurry for each test. A rougher concentrate
containing predominantly heavy minerals was obtained, along
with a middling fraction containing intermediate specific
gravity minerals and sand tailings containing the light
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FIGURE 4.1. Preparation of samples for processing.
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minerals. The rougher concentrate was repassed on the table
to produce a final heavy mineral concentrate product
(cleaner concentrate product), a cleaner middling product,
and cleaner tailings. The cleaner tailings and the rougher
middling were combined to form a middling product. 1In
practice, the middling products would generally be
recirculated back to the circuit for additional minerals
recovery.

4,2.5. Magnetic Separation

The potential of using low-intensity magnetic separation to
beneficiate the material was assessed by using the Davis
Tube. This device has an electromagnet which holds the
magnetic fraction in the tube. Water is passed continuously
through the tube. The tube agitates the sample in a
rotating and up-and-down action. The nonmagnetic fraction
is carried out of the tube with the water.

In this test work, a 10-g charge was placed in the tube.
The products, a magnetic and a nonmagnetic fraction, were
assayed for titanium, chromium, and iron.

Results and Discussion

This section gives the results of the physical and chemical
characterization of the samples and an assessment of their
amenability to mineral processing techniques.

4.3.1. Chemical Analysis of Individual Samples

Bulk assays for each sample, as received, are shown in Table
4.1. The only sample containing potentially commercial
amounts of heavy minerals is the Cape Blanco sample which
analyzed 3.3 pct Ti or 5.5 pct TiO,. All other samples have
much lower amounts of titanium with TiO, content ranging
between 0.33 to 0.63 pct. The chromium and zirconium
content are too low in all samples to be of interest.

In studying samples from Stations 2 through 5, there is
little variation in the analysis of TiO; with depth. The
largest variation was in samples from Station 4 with TiOj
ranging from 0.63 to 1.07 pct. It was concluded that the
samples representing various depths could be combined and
used as a single sample for the Deister Table separation
study.

It should be noted that the sum of the bulk assays for TiOj
reported in this chapter differ from those obtained on
separate sample splits which were reported in the Mineralogy
and Geochemistry chapter, Chapter 3. The reason is not
known at this time, but work is in progress to resolve the
discrepancies. However, the assays reported in Table 4.1
compare favorably with the calculated head assays in
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Table 4.1. Chemical Analysis of Oregon Placer Samples

Station 1: Cape Blanco

ID Depth, Analysis, pct Calculated analysis, pct

number ft Ti Cr Zr Fe Tio2 Cr203 Zr02 Fe203
ME-2321 2] 3.32 0.83 0.038 8.09 5.54 1.21 0.05 11.57 |
Station 2: Gold Beach

ID Depth, Analysis, pct Calculated analysis, pct

number ft Ti Cr Zr Fe Tio2 Cr203 Zr02 Fe203
ME-2331 3 0.49 0.15 0.011 5.6 0.82 0.22 0.01 8.01
ME-2332 6 0.42 0.12 <0.008 4.58 0.71 0.18 <0.01 6.55
ME-2333 9 0.47 0.15 <0.008 4.99 0.78 0.22 <0.01 7.14
ME-2334 12 0.41 0.15 <0.008 4.67 0.69 0.22 <0.01 6.68
ME-2335 15 0.34 0.08 | <0.008 4,06 0.57 0.12 <0.01 5.81
ME-2336 16 0.33 0.08 0.011 | 3.87 0.56 0.12 0.01 5.53
Station 3: Rogue River

ID Depth, Analysis, pct Calculated analysis, pct

Inumber ft Ti Cr Zr Fe TiO2 Cr203 Zr02 Fe203
ME-2338 5 0.42 0.14 0.008 4.09 0.69 0.20 0.01 5.85
ME-2339 10 0.46 0.19 <0.008 5.16 0.77 0.28 <0.01 7.38
ME-2340 15 0.50 0.22 0.008 5.39 0.84 0.32 0.01 YA
ME-2341 20 0.51 0.19 0.008 5.57 0.85 0.28 0.01 7.97
Station 4: Cape Sebastian

ID Depth, Analysis, pct ] Calculated analysis, pct

number ft Ti Cr Zr Fe Ti02 Cr203 Z2ro2 Fe203
ME-2343 3 0.44 0.19 <0.008 4.63 0.73 0.28 <0.01 6.62
ME-2344 6 0.38 0.12 0.01 3.96 0.63 0.18 0.01 5.66
ME-2345 9 0.50 0.16 <0.008 4.97 0.83 0.23 <0.01 7.1
ME-2346 12 0.45 0.12 <0.008 4.49 0.75 0.18 <0.01 6.42
ME-2347 15 0.38 0.12 <0.008 4.19 0.64 0.18 <0.01 5.99
ME-2348 17 0.63 0.17 <0.008 6.16 1.06 0.25 <0.01 8.81
[ME-2349 20 0.64 0.17 0.01 5.78 1.07 0.25 0.01 8.27
Station 5: North Cape Sebastian

1D Depth, Analysis, pct Calculated analysis, pct

number ft Ti Cr Zr Fe TiO2 Cr203 Zr02 Fe203
ME-2350 3 0.34 0.1 <0.008 3.83 0.57 0.15 <0.01 5.48
ME-2351 6 0.35 0.11 0.017 3.87 0.59 0.16 0.02 5.53
ME-2352 9 0.48 0.25 0.009 4.8 0.79 0.37 0.01 6.86
ME-2353 12 0.46 0.11 0.009 4.86 0.77 0.16 0.01 6.95
ME-2354 15 0.60 0.17 0.008 5.79 1.01 0.25 0.01 8.28
MEf2355 20 0.55 0.15 0.011 5.61 0.93 0.22 0.01 8.02
Note: Assays for Ti and Zr by inductively coupled plasma-atomic emission spectroscopy

assays for Cr and Fe by atomic absorbtion spectrophotometry
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subsequent tables, Table 4.3 and 4.4, and thus, the results
in this chapter appear to be internally consistent.

4.3.2. Size Distributions of Individual Samples

Each of the "as is" received samples was screened, and the
size distributions are given in Table 4.2. Figures 4.3
through 4.8 present the data graphically. These figures,
with the exception of Station 1 which was not sampled by
depth, show that the size distribution at each station
varies only slightly with depth. Further, Stations 2
through 5 have very similar size distributions with the bulk
of the material in the 48 x 200-mesh size range (see Figure
4.8). Typical heavy minerals in sands of this size
consistency would be ideally suited for gravity
concentration. All samples, as received, contained only
about 1 wt pct finer than 270 mesh. However, it is
conceivable that the fines may have been lost during
vibralift sampling. Because so little minus 270-mesh
material was present, the decision was made not to conduct
froth flotation testing for fine gold, silver, or PGM.

Figures 4.3 and 4.8 (Station 1 - Cape Blanco sample) show
that the size distribution of this sample is somewhat finer
than the samples from the other four stations with most of
the material being 65 x 200 mesh. This is still well within
the range where gravity-separation techniques should be
effective. Only 0.86 pct of the material is finer than 270
mesh.

4.3.3. Chemistry of Size Fractions

Analyses on the composite samples (depth samples were
combined for each station) show that the TiO, values are
concentrated in the 150 X 200-mesh and 200 X 270-mesh
fractions, Table 4.3. The assays of the 150 X 200-mesh
fraction for the Cape Blanco station were 16 pct TiO, and
4.1 pct Cr,03, and the assays of the 200 X 270-mesh fraction
for Cape Blanco was 25.2 pct TiOp, and 5.0 pct Crp03. These
assays were much higher than were the other four stations.
These stations ranged between 2.77 to 4.78 pct TiO,, and
1.17 to 4.07 pct Crp03. These results suggest that the Cape
Blanco sample could be beneficiated by sizing and gravity
concentration.

4.3.4. Gravity Concentration

Deister Table tests were performed on the Station 1 sample
and on composite samples from Stations 2 through 5. The
composite samples were made by combining the individual
samples taken at different depths from each station. The
results of the Deister Table tests are shown in Table 4.4.
Station 1 contained a larger quantity of heavy minerals than
the other four stations. The cleaner concentrate for
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Table 4.2. Size Distributions of Oregon Placer Samples

Station 1: Cape Blanco

[Sample No. | ME-2321 |
Screen size, Wt dist'n|
mesh Wt pct |pct finer
+35 0.01 99.99
35X48 0.07 | 99.92
48X65 0.92 | 99.00
65X100 32.46 | 66.54
100X150 49.78 | 16.77
150X200 | 13.99 2.78
200X270 1.91 0.86
-??0 ) 0.86 0.00
Station 2: Gold Beach
Sample No. ME-2331 ME-2332 ME-2333 ME-2334 ME-2335 ME-2336
Sample depth 3ft 6 ft 9ft 12 ft 15 ft 16 ft
Screen size, Wt dist'n Wt dist’'n Wt dist'n Wi dist'n Wt dist'n Wt dist'n
mesh Wt pct |pet finer | Wt pct [pct finer | Wt pct |pet finer | Wt pet |pet finer| Wt pet |pcet finer| Wt pet | pct finer
+35 0.81 99.19 | 0.44 | 9956 | 0.63| 99.37 | 0.71 | 99.29 | 0.51 | 99.49 | 0.36 | 99.64
35X48 0.15| 99.03| 3.20| 96.37 | 299 | 96.38| 3.03| 96.26 | 245 | 97.05| 1.75| 97.89
48X65 10.80 88.24 | 21.20 75.17 | 19.37 77.01 [ 20.79 | 75.47 | 18.67 | 78.37 | 15.79 | 82.10
65X100 48.19 | 40.05 [50.68 | 24.48 |49.84 | 27.17 [52.32 | 23.15 [55.839 | 22.99 | 55.59 | 26.51
100X150 32.54 7.52 | 21.28 3.20 | 22.30 4.87 | 20.66 2.49 | 20.51 2.48 | 23.05 3.46
150X200 6.13 1.39 | 2.49 0.71| 3.65 1.22 | 1.89 0.60 | 2.02 0.45 | 2.45 1.01
200X270 0.12 1.26 | 0.29 0.42 | 0.46 0.77 | 0.34 0.25 | 0.15 0.30 | 0.37 0.64
-270 1.26 000 042) 0.00) 0.77 0.00 | 0.25 0.00 | 0.30 0.00 | 0.64 0.00
Station 3: Rogue River
Sample No. ME-2338 ME-2339 ME-2340 ME-2341
Sample depth 5 ft 10 ft 15 ft 20 ft
Screen size, Wt dist'n Wt dist'n Wt dist'n Wt dist'n|
mesh Wt pct |pct finer | Wt pct |pet finer | Wt pct |pet finer | Wt pet |pet finer
+35 0.20 | 99.80| 0.16 | 99.84 | 0.51 | 99.49 | 1.53 | 98.47
35X48 046 | 99.34| 025 | 99.58 | 0.57 | 98.92 | 1.44 | 97.02
48X65 6.30 | 93.04 | 3.21 | 96.37 | 3.72| 9520 | 3.10 | 93.92
65X100 63.30 | 29.74 | 53.21 43.16 | 52.83 | 42.37 | 48.32 | 45.60
100X150 | 24.43 5.731 36.18 6.98 | 35.25 7.13 | 37.61 7.99
150X200 4.28 1.03 | 5.60 1.38 | 5.72 1.41 | 6.61 1.38
200X270 0.51 0.52 | 0.62 0.76 | 0.65 0.76 | 0.80 0.57
-270 0.52 0.00 | 0.76 0.00 [ 0.76 0.00 | 0.57 0.00
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Table 4.2. Size Distributions of Oregon Placer Samples

continued
Station 4: Cape Sebastian
Sample No. ME-2343 ME-2344 ME-2345 ME-2346 ME-2347 | 'ME-2348 ME-2349
Sample depth aft 6 ft 91t _ 121t 15 ft A7 ft 20 ft
Screen size, \Wt dist'n Wt dist'n Wt dist'n Wt dist'n| Wt dist'n| Wt dist'n Wt dist'n
mesh Wt pct |pct finer | Wt pct |pct finer | Wt pct [pct finer | Wt pet |pet finer| Wt pet |pet finer| Wt pet [pet finer | Wt pet |pet finer
+35 0.13] 99.87 [ 0.09| 99.91 0.07 | 99.93] 0.03| 99.97 | 0.04 | 99.96 | 0.18 | 99.82] 0.17 | 99.83
35X48 0.55 99.31 | 0.42| 99.49| 053 | 99.40| 057 | 99.40| 0.59 | 99.38 | 0.62 99.20 | 0.42 | 99.40
48X65 | 8.25 91.06 | 7.50| 91.99| 8.17| 91.23 | 9.42 | 89.98 | 9.76 | 89.61 8.65 90.54 | 5.26 | 94.14
65X100 54.88 36.18 | 55.69 | 36.29 | 51.79 | 39.44 |52.13 | 37.85 |55.74 | 33.87 |48.67 | 41.87 |45.90 | 48.25
100X150 30.51 5.67 | 31.07 5.22 | 33.31 6.13 31770 6.14 | 28.39 5.48 | 34.31 7.56 | 39.33 8.92
150X200 4.78 0.88 | 4.45 0.78 | 5.20 0.94 | 5.13 1.01 4.45 1.03 | 6.49 1.07 | 7.53 1.39
200X270 0.38 0.50 | 0.35 0.43 | 0.51 0.42 | 0.53 0.48 | 0.48 0.55 | 0.72 0.35 | 1.14 0.25
-270 0.50 0.00 | 0.43 0.00 | 0.42 0.00 | 0.48 0.00 | 0.55 0.00 | 0.35 0.00 | 0.25 0.00
Station 5: North Cape Sebastian
Sample No. ME-2350 ME-2351 ME-2352 ME-2353 ME-2354 ME-2355 |
Sample depth 3ft 6 ft 9 ft 12 ft 15 ft 20 ft
Screen size, Wt dist'n Wt dist'n Wt dist'n Wt dist'n Wt dist'n Wt dist'n
mesh Wt pet |pet finer | Wt pet |pet finer | Wt pet |pet finer | Wt pet [pet finer| Wt pet [pet finer| Wt pet [pcet finer
+35 0.15 99.85| 0.06 | 99.94| 0.21 99.79 ] 0.11] 99.89 | 0.08] 99.92 ] 0.17 99.83
35X48 0.48 | 99.37 | 0.32| 99.62| 0.80| 98.99 | 0.42 799.747 0.44 | 99.48 | 0.41 99.42
48X65 8.03| 91.34| 856 | 91.06|11.36| 87.63| 880 | 90.67| 7.66 | 91.82| 8.95 90.47
65X100 54.01 37.33 | 55.47 35.58 | 54.46 | 33.17 | 56.56 | 34.11 | 53.81 38.01 | 55.67 | 34.79
100X150 30.87 6.46 | 30.47 5.11 | 28.10 5.06 | 29.71 4.40 | 31.67 6.34 | 29.26 5.53
150X200 4.93 1.53 | 3.95 1.16 | 4.24 0.82 | 3.60 0.80 | 5.35 0.98 | 4.68 0.85
200X270 0.84 0.70 | 0.55 0.61 | 0.43 039| 037 043| 0.64 0.34 | 0.47 0.38
-270 0.70 0.00 | 0.61 0.00| 0.39 0.00 | 0.43 0.00 | 0.34 0.00 | 0.38 0.00
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Table 4.3. Chemistry of Size Fractions

Station 1: Cape Blanco

Sample No. ME-2321
Screen size, Analysis, pct Unit distribution,pct
mesh Wtpct | TiO2 [ Cr203 | ZzrO2 [Fe203 | Ti02 [ Cr203 | zrO2 | Fe203
35X65 1,00 0.21| 005| 0.00| 117| 0.06| 005| 0.00| 0.17
65X100 [ 3246 | 030| 004| 000 206| 257| 1.26| 0.00| 9.78
100X150 [ 49.78 | 1.89| 044 | 000 | 518 | 24.77( 24.10 | 0.00 | 37.69
150X200 | 13.99 | 16.03 | 4.09 | 0.07| 19.73 | 59.14 | 63.24 | 63.28 | 40.39
200X270 1.91 | 2522 | 5.02| 0.28] 39.04 | 12.71 | 10.61 | 34.91 | 10.92
-270 08| 331 | 077] 0.03] 834| 075| 074] 1.80] 1.05
Totals 100.00 [ 379 ] 0.90| 0.02]| 6.84 100 100[ 100] 100 |
Head assay 5.54 1.21 0.05| 11.57

Station 2: Gold Beach - Composite

Sample No. ME-2331 to ME-2336
Screen size, Analysis, pct Unit distribution,pct
mesh Wtpet | TiO2 [ Cr203 [ zrO2 [Fe203 | TiO2 [ Cr203 | ZrO2 [ Fe203
+35 057] 037] 006] 000] 3.83[ 034] 0.22] 0.00[ 045
35X48 226 038 0.07] 000| 406 139 104 0.00] 1.87
48X65 1777 036| 005 000| 360| 10.36]| 545| 0.00] 13.07
65X100 [ 52.00 [ 045 0.08| 0.00| 3.93| 37.56 | 25.91 | 0.00 | 41.74
100X150 | 2339 090 0.25| 0.00] 6.38]| 33.67| 38.10| 0.00| 30.45
150X200 311 279| 117] 0.00] 1487 ] 1388 ] 2381 | 0.00| 9.43
200X270 | 0.29 [ 372 | 234| 0.01] 3318 1.73| 4.44[100.00| 1.96
-270 061 111| 026] 000 822] 108] 1.05| 0.00] 1.02
Totals 100 [ 062 0.15[ 0.00 | 4.90 [100.00 [100.00 [100.00 [100.00 |
Head assay 067| 018 0.01] 6.42
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Table 4.3. Chemistry of Size Fractions

Continued

Station 3: Rogue River - Composite

Sample No. ME-2338 to ME-2341

Screen size, | Analysis, pct Unit distribution,pct

mesh Wtpct [ TiO2 | Cr203 | ZrO2 | Fe203 [ TiO2 | Cr2083 | ZrO2 [ Fe203
+35 060| 034| o0.18| 0.01| 433| 031| 038| 376| 037
35X48 068 | 045| 045| 0.00| 536| 045| 1.12| 0.00| 0.52
48X65 408| 038| 013| 0.00| 5.02| 229 194| 0.00| 293

65X100 54.41 0.42 0.05 0.00 479 | 3359 | 9.21 0.00 | 37.21
100X150 33.37 0.71 0.18 0.00 7.25| 3510 | 21.19 0.00 | 34.53
150X200 5.65 2.77 2.79 0.02 | 24.31 | 22.76 | 56.13 | 65.26 | 19.27
200X270 0.65 4.78 4.07 0.05 | 45.62 4.56 9.54 | 19.74 | 4.21

-270 065| 098] 020] 0.03] 1040| 094 ] 048] 11.24| 0.97
Totals 100 | 0.68| 0.28| 0.00| 7.01]100.00 [100.00 [100.00 [100.00 |
Head assay 0.78 0.27 0.01 il

Station 4: Cape Sebastian - Composite
Sample No. ME-2343 to ME-2349

Screen size, Analysis, pct Unit distribution,pct

mesh Wtpct | TiO2 | Cr203 | ZrO2 [ Fe203 | TiO2 | Cr203 | ZrO2 | Fe203
+35 010 | 043 020 0.02] 4.12] 0.00] 0.07] 1.24] 0.05
35X48 053| 033] 004| 004| 378| 0.01] 006 1262| 0.26

48X65 8.15 0.28 0.08 0.00 3.99 1.71 0.83 0.00 4.27
65X100 52.12 0.37 0.06 0.00 4.50 | 70.01 | 10.60 0.00 | 30.86
100X150 | 32.66 0.84 0.22 0.00 8.28 | 27.50 | 24.91 0.00 | 35.55
150X200 5.43 4.07 3.02 0.02 | 34.18 0.76 | 57.17 | 62.46 | 24.41
200X270 0.59 | 4.66 2.80 0.05 | 51.62 0.01 573 | 17.37 3.99

-270 043 1.09] 042| 0.02] 1064| 0.00[ 063| 6.31] 0.60
Totals 100 075| 0.29] 0.00] 7.61100.00 [100.00 |[100.00 | 100.00 |
Head assay 0.79 0.21 0.00 6.82
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Table 4.3. Chemistry of Size Fractions
Continued

Station 5: North Cape Sebastian - Composite
Sample No. ME-2350 to ME2355

Screen size, Analysis, pct Unit distribution,pct
mesh Wtpct [ TiO2 | Cr203 | 2rO2 [Fe203 | TiO2 | Cr203 | ZrO2 | Fe203
+35 013| 043| 0.04| 000| 456| 007| 002] 0.00| 0.08
35X48 048 | 037] 0.04| 001] 423] 023] 009] 9.38] 0.28
48X65 889 | 037 004| 000| 485 433| 1.68| 000[ 5095

65X100 55.00 0.41 0.03 0.00 4.85 | 29.80 7.41 0.00 | 36.77
100X150 | 30.02 0.87 0.22 0.00 7.18 | 34.52 | 30.31 0.00 | 29.71
150X200 4.46 4.7 2.69 0.01 | 39.04 | 27.69 | 55.22 | 63.62 | 24.00

200X270 0.55 3.7 1.87 0.02 | 34.03 2.69 4.73 | 17.63 2.58

-270 048 1.05| 025| 0.01| 965| 066| 055[ 9.36[ 0.63
Totals 100 0.76 | 0.22] 0.00| 7.25100.00 | 100.00 | 100.00 | 100.00 |
Head assay 0.77 0.21 0.01 6.83
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Table 4.4. Oregon Placer Tabling Product Analyses

Station 1: Cape Blanco

Wit. dist. Analysis, pct Distribution, pct
Product pct TiOZ | Cr208 Zr02 Fe203 Tio2 | Cr203 Zr02 Fe203
[Cleaner concentrate] 10.0 31.40 7.14 018 49.91 67.88 | 67.86| 54.77] 48.21
Cleaner middlings 2.0 21.21 8.67 0.09 32.32 9.17 16.49 5.31 6.24
Middlings 13.8 4.84 1.04 0.02| 13.48 1445 | 13.60 959 | 17.98 |
Final tailings 74.2 0.53 0.03 0.01 3.85 | 8.49 2.06 | 30.33| 27.57
Calculated head 4.62 1.05 0.03] 10.35 |
Analyzed head 5.54 1.2 0.05 11.57
Mass balance §3.42 | ©B6.82| 64.38| 89.48
Station 2: Gold Beach

Wi. dist. Analysis, pct Distribution, pct
Product pct [ TiOZ [ Cr203 Zr02 Fe203 TiO2 | Cr203 Zr02 Fe203
Cleaner concentrate 1.1 9.32 | 7.74 0.06 66.07 | 15.83 58.24 3.82 11.18
Cleaner middlings ~ 3.6 2.19 0.69 0.01 16.59 12.16 16.90 2.78 9.18
[Middlings 66.8 0.52 0.04 0.02 5.61 53.57 18.02 67.01 57.58
Final tailings 28.5 0.42 0.04 0.02 5.03 18.45 6.83 26.39 22.06
Calculated head ~ 0.65 0.15 0.02 6.50
Analyzed head 0.67 0.19 0.02 6.8

ass balance 96.00 77.00 71.99 95.34

Station 3: Rogue River

Wit. dist. Analysis, pct Distribution, pct
Product pct TiO2 | Cr203 Zr02 Fe203 TiO2 | Cr203 Zr02 Fe203
Cleaner concentrate 1.6 8.66 8.60] 0.05 69.07 | 20.12| ©55.95 4.84 16.06 |
Cleaner middlings 15 4.04 3.14 0.07 23.74 8.58 19.15 1.47 517
[Middlings 51.9 0.64 0.09 0.01 6.55 46.73 18.49 41.59 49.40
Final tailings 45 0.39 0.04 0.02 4.49 2457 6.41 52.09 | 29.37
Calculated head 0.71 0.25 0.02 6.68 |
Analyzed head 0.69 0.20 0.01 7.02
Mass balance 101.95 | 120.317 | 112.30 :
Station 4: Cape Sebastian

Wt. dist. Analysis, pct Distribution, pct
Product pct TiO2 | Cr203 Zr02 | Fe203 Ti0Z | Cr203 Zr02 Fe203
[Cleaner concentrate 2.2 9,29 7.18 0.03] 60.78| [ 2651 69.99 5.48 19.90
Cleaner middlings 41 2.25 0.70 0.01 16.16 12.00 | 12.73 4.08 9.86
IMiddlings 285 0.71 0.07 0.01 7.26 | 26.44 8.85 25.54 30.82
Final tailings 65.2 0.41 0.03 0.01 4.06 35.05 843 64.91 39.42
[Calculated head 0.77 0.23 0.01 6.72
Analyzed head 0.7 0.19 0.01 7.06 |
i’Mass balance 0.00 0.00 0.00 0.00
Station 5: North Cape Sebastian

W. dist. Analysis, pct Distribution, pct
Product pct TiO2 | Cr203 | Zr02 | Fe203 | TiOZ | Cr203 | ZrO02 | Fe203
Cleaner concentrate 25| 10.29 7.69 0.06 | 69.21 31.38 | 73.23 8.05| 24.40
Cleaner middlings 2.4 3.01 1.33 0.03| 16.88 880 124 344 6.39 |
'Middiings 31.7 0.74 0.07 0.02 7.36 28.68 8.99 29.50 32.91
Final tailings 63.4 0.40 0.02 0.02 4.06 31.14 5.64 59.01 36.30
Calculated head 0.82 0.26 0.02 7.09
Analyzed head 0.75 0.20 0.02 6.76
Mass balance 108.81 | 128.50 | 107.45 | 104.86
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Station 1 represented 10 pct of the total sample weight.

The cleaner concentrates for the other four samples ranged
from 1.1 to 2.5 pct of the sample weights. The concentrate
from Station 1 analyzed 31.4 pct TiOZ, and recovery was 67.9
pct. By repassing the middling fractions, recovery would
increase. The 31l.4-pct TiO, grade is reasonable for a table
concentrate. Concentrate grades and recoveries for
chromium and zirconium were low for Station 1.

The Deister Table results from the other locations were not
promising (Table 4.4). The best of these is Station 5 with
a concentrate containing 10.3 pct TiO,. Recovery was only

31.4 pct TiO;. Chromium and zirconium grades were also low.

The table concentrate samples were assayed for gold, silver,
and PGM. Table 4.5 shows that there is essentially no
silver or PGM. The highest gold assay was concentrated from
the Cape Blanco sample. The gold content of the concentrate
was 0.006 tr oz/st. From this result, the as-received
sample is estimated to contain only 0.0006 tr oz/st Au.

4.3.5. X-ray Diffraction Analysis of Table Concentrate Products

The heavy minerals of interest in all concentrates are
ilmenite, chromite, and zircon, as determined by X-ray
diffraction analyses. Ilmenite, the titanium-bearing
mineral, had stronger spectra than did chromite. The
spectra for zircon were quite small indicating that only a
trace was present. Other major minerals of high specific
gravity were magnetite and hematite. No rutile, anatase,
brookite, or garnet were detected. The X-ray data were
consistent with the analytical data in Table 4.3.

4.3.6. Magnetic Separation

Low-intensity magnetic separation testing was conducted
using the Davis Tube. Table 4.6 gives the results of the
Davis Tube tests on the table cleaner concentrates (heavy
mineral fraction). Both the magnetic and nonmagnetic
fractions were assayed for TiOp, Cr;03, and Fe;0j3.

Results from Davis Tube tests showed that the wvalue of
processing with low-intensity magnetic separation to be
questionable. The best results showed only small increases
in grade in the nonmagnetic fraction. The Cape Blanco
sample showed the lowest upgrading of the cleaner
concentrate from 31.4 (Table 4.4) to 31.9 pct TiO. The
Fe;03 content decreased from 49.9 to 40.8 pct. The biggest
increase in grade occurred from 9.32 (Table 4.4) to 16.37
pct TiOp with the Gold Beach sample. The Fe;03 content
decreased from 66.1 to 29.2 pct.

Since the TiO, values were concentrated in the nonmagnetic
fraction, it 1s likely that the TiOj-containing minerals are
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Table 4.5. Precious Metals Assays of Deister Table
Concentrates from Oregon Offshore Placer Samples

Assays, tr oz/st

[Sample Pt [ Pd | Rh | Au Ag

Station 1 - Cape Blanco <0.003 | <0.003 | <0.003 0.006 <.1
Station 2 - Gold Beach <0.003 | <0.003 | <0.003 0.003 <.1
Station 3 - Rogue River <0.003 | <0.003 | <0.003 0.002 <.1
Station 4 - Cape Sebastian <0.003 | <0.003 | <0.003 0.001 <
Station 5 - North Cape Sebastian <0.003 | <0.003 | <0.003 | <0.001 <1
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Table 4.6. Low-Intensity Magnetic Separation
(Davis Tube) Tests

Sample Total Analysis: Weight distribution, pct
1.D. magnetic Wt

Station No. | fraction, g pct | TiO2 [Fe203 [ Cr203 | TiO2 | Fe203 | Cr203

1 4,398 | 22.14 | 26.05 | 70.36 3.66 | 18.85 | 32.92 | 10.92
2 13.193 | 65.80 4.86 | 83.08 5.23 | 36.36 | 84.57 | 39.85
3 13.613 | 68.46 5.68 | 84.37 442 | 48.49 | 86.09 | 34.84 |
4 11.936 | 60.07 6.66 | 79.79 5.01 | 48.91 | 83.99 | 41.75
5 14.07 | 70.94 6.88 | 82.80 3.85 | 53.53 | 87.33 | 35.71
Sample | Total Analysis: Weight distribution, pct
1.D. nonmagnetic | Wt.

Station No. | fraction, g pct | TiO2 [Fe203 ] Cr203 [ Ti02 | Fe203 | Cr203

15.469 | 77.86 | 31.90 | 40.76 | 8.50 | 81.15| 67.08 | 89.08

6.856 | 34.20 | 16.37 | 29.17 | 15.18 | 63.64 | 15.43 [ 60.15

6.271 | 3154 | 18.09 | 29.60 | 17.96 | 51.51 | 13.91 | 65.16

7.935| 39.93 | 10.47 | 22.88 | 10.51 | 51.09 | 16.01 | 58.25

(SRR AR

5.765 | 29.06 | 14.58 | 29.32 | 16.94 | 46.47 | 12.67 | 64.29

il b




4.

low in iron. The Davis Tube also concentrated the Cr;03
values; however, the product grades were low. The
nonmagnetic Cape Blanco concentrate contained 8.5 pct Cr;03
with a recovery of 89 pct. The other four samples produced
higher concentrates ranging from 10.5 to 18 pct Cr,03 with
recoveries from 58.3 to 65.1 pct. The grade of these
concentrates were still much lower than the commercial grade
of 48 pct Cr,03.

Technical Assessment

Laboratory results suggest that ilmenite and chromite are
the only heavy minerals of potential interest in the five
samples. All samples also contained magnetite, hematite,
and a trace of zircon. The table tests and Davis Tube
results showed that only the ilmenite from the Cape Blanco
sands may be concentrated to reasonable levels. The TiOj
content of the Cape Blanco composite sample is 5.54 pct, and
this suggests that the Cape Blanco area is worthy of further
investigation as a possible titanium resource. Gravity
concentration produced a 31.4-pct TiO,; concentrate with a
67.9-pct recovery. Low-intensity magnetic separation (Davis
Tube) did not appreciably upgrade this gravity concentrate
product. The results of size-chemistry and gravity-
separation tests suggests that a higher grade TiO, product
could be produced from the Cape Blanco sample. A larger
sample of this material would be needed to run these tests.
Gravity concentrate grades and recoveries for chromium were
low for all five samples, and only a trace of zircon was
present in all of them.
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SECTION 5.0

ENVIRONMENTAIL. SEDIMENT CHEMISTRY

Andy Schaedel, Oregon Department of Environmental Quality
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5.1

S

Section 5.0

ENVIRONMENTAL SEDIMENT CHEMISTRY

Objectives

Sediment samples were collected at selected sites and
analyzed for selected chemical and physical parameters.
Given limited resources, screening level analyses were
performed on a subset of these samples. Data were utilized
as a means to screen for potential environmental concerns
and to identify future study needs in the case that leasing
and development activities are proposed in the black sand
deposits.

Methods

Sediment samples were collected from benthic grab samples at
the sites listed in Table 5.1. Three to five replicate
benthic grab samples were generally taken at each site. A
500 ml pre-labeled polyethylene bottle was filled with the
sediment and stored unpreserved in a cocler on ice. Date,
time, depth, location and general observations were recorded
on sample sheets developed for the cruise. Samples were
delivered to the Department of Environmental Quality (DEQ)
laboratory as soon as possible upon completion of the
cruise.

All samples were analyzed for Total Organic Carbon (TOC).
Due to financial constraints, one sample from each site was
analyzed for the following:

o Sediment Size (% gravel, % sand, % silt, % clay)
o Total Metals.

At two sites, an additional sample was analyzed to assess
variability for those sites.

Based on the results of sediment size and TOC analyses,
additional organic chemical analyses could be made for
selected pesticides, polyaromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs) using selection criteria
listed in "Region X Dredged Material Testing Guidelines"
(EPA, 1990). Based on this criteria, no additional organic
analyses were made due to the low percentage of silts/clays
(not greater than 20%) and low percentage of organic carbon
(as indicated by the total organic carbon data) found in the
samples. It should be noted that total organic carbon is
not the same as volatile solids but does provide an
indication of the organic content of the sediments.

Results and levels of detection are listed in Tables 5.2-
5.4. All methods followed Methods for Chemical Analysis for
Water and Wastewater, (EPA, 1991). All tests with the
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Table 5.1 Sediment Collection Sites for Chemical Analyses

Station lLatitude Longitude

1 42
42
42
42

2 42
42
42
42
42

3 42
42
42

4 42
52
42
42

5 42
42
42
42
42

13 42
42
42
42

14 42
42
42
42
42

17 42

1 Analysis:

51.19
51.24
51.28
51.29

23.70
23.77
23.56
23.54
23.56

23.94
24.05
23.74

20.22
20.23
20.27
20.29

19.58
19.57
19.57
19.57
19.53

50.41
50.41
50.41
50.40

50.48
50.48
50.54
50.56
50.47

45.70

=

n

n

124
124
124
124

124
124
124
124
124

124
124
124

124
124
124
124

124
124
124
124
124

124
124
124
124

124
124
124
124
124

124

_Date Water Grab # __ Analysisl
35.83 9/21/90 32 m 3 (1c) TMS
35.81 9/21/90 34 m 4 (1D) T
35.78 9/21/90 34 m 5 (1E) TMS
35.76 9/21/90 34 m 6 (1F) '.r
26.18 9/22/90 9 m 12 (2F) T™S
26.24 9/22/90 10m 13 (2G) T
26.28 9/22/90 12 m 14 (2H) T
26.37 9/22/90 12 m 15 (2I) T
26.36 9/22/90 13 m 16 (2J) T
27.78 9/23/90 27 m 23 (3B) ™S
27.74 9/23/90 27 m 24 (3C) T
27.88 9/23/90 0m 26 (3E) T
26.94 9/23/90 25 m 27 (4A) T
26.92 9/23/90 24 m 28 (4B) T™MS
26.91 9/23/90 24 m 31 (4D) T
26.94 9/23/90 24 m 32 (4E) T
26.79 9/23/90 25 m 33 (5A) TMS
26.82 9/23/90 25 m 34 (5B) T
26.87 9/23/90 26 m 35 (5¢€) b
26.86 9/23/90 26 m 36 (5D) T
26.87 9/23/90 26 m 37 (SE) T
8713 9/27/90 43 m 57 (13B) ™S
37.13 9/27/90 42 m 58 (13C) il
37.13 9/27/90 42 m 59 (13D) P
37.11 9/27/90 42 m 60 (13E) T
37.53 9/27/90 47 m 61 (144A) T
37.53 9/27/90 47 m 62 (14B) TMS
37.70 9/27/90 51 m 63 (14C) T
37.47 9/27/90 47 m 65 (14E) TMS
37.49 9/27/90 47 m 66 (14F) T
33.26 9/30/90 31m 67 (174) ™S

Total Organic Carbon
Metals

Sediment Size
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3

exception of percent solids, TOC, sediment size, mercury and
arsenic were made by Inductively Coupled Plasma (ICP)
analysis. Mercury and Arsenic analyses were made using
Graphite Furnace Methods. Total metal assays were made
after nitric and hydrochloric acid digestions.

Results and Discussion

5.3.1 Results

Results of the Department of Environmental Quality sediment
analyses are found in Tables 5.2 - 5.4. The State of Oregon
does not have sediment quality standards as a means for
assessing the quality of these results. Therefore, two
methods were utilized to evaluate these data: 1) screening
the data using dredge disposal guidelines and 2) screening
the data using potential biological effects guidelines.

5.3.2 Dredge Guidelines

The first method followed the guidance offered in "Region X
Dredged Material Testing Guidelines" (EPA, 1990). This
methodology utilizes a tiered approach to evaluating
sediment quality. This methodology utilizes technical and
policy guidance for the evaluation and management of dredged
material that was jointly produced by the Environmental
Protection Agency and U.S. Army Corps of Engineers in the
manual entitled, "Ecological Evaluation of Proposed
Discharge of Dredge Material into Ocean Waters'" (1978).

The three tiers of testing are: 1) physical characteristics
(sediment size, volatile solids, oil and grease, available
information); 2) chemicals of concern; and 3) biocassay
and/or bicaccumulation testing. Using this methodology,
samples are first screened based on physical/chemical tests.
Those meeting all of the following criteria are considered
acceptable for unconfined, open-water disposal (low risk)
without further testing:

o sediment size (less than 20% silt/clay)

o volatile solids (less than 5% dry weight)

o o0il and grease (less than 1,000 ppm by gravimetric
method)

o available information indicates that sources of
contaminants are low or absent.

Additional chemical screening (tier 2), consisting of metals
and organics of concern and other indicator inorganic
analyses, would be made based on concerns identified in tier
1. Several of the suggested chemicals of concerns were
analyzed: antimony, arsenic, cadmium, chromium, copper,
lead, mercury, nickel, silver, and zinc. Total Organic
Carbon and the percent solids were also recommended for
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