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A View of Sea-Floor Mapping Priorities in Alaska From the

Mining Industry

Mark A. Bronston
Western Gold Exploration and Mining Company

INTRODUCTION

The shallow waters off the coast of Alaska, which are
defined as water depths of less than 100 m, represent a
tremendous potential resource for the exploitation of hard
minerals from the seabed. The Exclusive Economic Zone
(EEZ) Proclamation of 1983 provides the framework for
exploring and commercially developing potential marine
placer ore bodies.

The vast extent of the metalliferous regions known to
be glaciated makes the task of focusing on the most
prospective areas a difficult problem for industry. Although
it is not the intent of this paper to suggest thar Federal
agencies should take an active role in proving ore reserves,
it is in the interest of the United States to inventory the
hard-mineral resources within the EEZ. In this regard, the
mapping and the evaluation of potential offshore placer
deposits within the EEZ should be a priority for the U.S.
Geological Survey (USGS) and the National Oceanic and
Atmospheric Administration (NOAA). )

This paper outlines the criteria pecessary for the
ohning industry to prioritize those areas in the Alaska EEZ
in which to conduct sea-floor mapping programs. Three
specific high-priority areas are outlined, and recommenda-
tions regarding geophysical and drilling equipment, data
processing, and resource evaluation also are discussed.

CRITERIA FOR EXPLORATION PRIORITIES

For the purposes of hard-mineral exploration within
the Alaska EBZ, the areas of greatest economic interest
have been selected by using the following criteria:
® Areas adjacent to known mineralized terrains on land.
@ Areas where Quatemnary glaciation would be the princi-

pal mechanism for offshore sediment transport.
® Areas that have water depths of less thaa 100 m,

The areas of primary interest, which fulfill the criteria
outlined above are as follows, in order of priority:
® Offshore Nome on the southern coast of the Seward

Peninsula.
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® Offshore northeastern Gulf of Alaska from Cape Suck-
ling to Cape Fairweather.

: @ The shelf area south of Kodiak Island and east of the

Shelikof Strait.

AREA 1—OFFSHORE NOME

Near Nome, the area within a 6-mi radius of Anvil
Mountzin has produced approximately 5 million oz of gold
from glaciofluvial and glaciomarine placers (Nelsor and
Hopkins, 1972; Cobb, 1984b). Glaciated areas east of
Nome near Solomon and Bluff also have recorded signifi-
cant gold production from placer deposits onshore. Figure 1
itlustrates the known occurrences of lode and placer gold
and platinum in the coastal regions of Alaska. :

Since 1985, mining activity by Western Gold Explo-
ration and Mining Company, Limited Partnership (West
Gold), has verified the existence and the viability of
glaciomarine gold placers offshore Nome within lands
administered by the State of Alaska (Bronston, 1990). In
excess of 100,000 oz of gold has been recovered from the
seabed by the Mining Vessel Bima during the first full 3
production years of the West Gold operation.

The presence of economic gold concentrations in the
offshore environment within the 3-mi State limit¢ and the
favorable potential for additional deposits in the adjacent
EEZ make the Nome area from Cape Rodney on the west to
Cape Darby on the east (fig. 2) the first priority for ses-floor
mapping and exploration within the Alaska EEZ.

AREA 2—NORTHEASTERN GULF OF ALASKA

The presence of gold on the beaches from Cape
Yakataga to Yakutat Bay has been documented since the
early 1900's. Although relatively unexplored, regional
bathymetric studies by NOAA indicate the area possesses a
broad continental shelf that extends well jnto the EEZ, The
adjacent coastal regions have been heavily glaciated during
the Quaternary. Figure 3 illustrates the maximum extent-of
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Figure 1. Coastal occurrences of gold and platinum. Modified from Cobb (1960, 19844, b).

Quaternary glaciations in Alaska superimposed on the gold
and the platinum occurrences in figure 1. The area from

Cape Suckling on the northwest to Cape Fairweather on the-

southeast (fig. 4) is of particular interest for gold and
heavy-mineral placers.

AREA 3 ~SOUTHERN SHELF OFF KODIAK
ISLAND

This area is located on the Continental Sheif south of
Kodiak Island and within the 100-m isobath (fig. 5).
Although thiz area is virtually unexplored for its marine
placer potential, it is included because of its: proximity to
potential epithermal lode sources in heavily glaciated ter-
rain. Gold in beach sands has been reported in the Trinity
Islands south of Kodiak Isiand.

The high-energy sea state and tidal forces may
represent efficient physical processing conduits for the
concentration of precions-metal and heavy-mineral placers.
However, this area is known for itz difficult sea conditions,
which could make exploration and mining activities diffi-
cult logistically.

EXPLORATION METHODOLOGIES

In any sea-floor mapping program, the primary tools
are geophysical; these are supplemented by drills and other
sea-floor sampling devices for verification. The use of
modern digital recording and signal processing equipment
and techniques for high-resolution sea-floor mapping appli-
cations (Graul and others, 1989; Matthias and Newton,
1990) should become the ruainstay of future USGS and
NOAA mapping efforts. The following geophysical instru-
mentation should be utilized:
® Two- and three-dimensional, multichannel, high-resolu-

tion, digital, seismic surveys.
® Digital swath bathymetry.
® Digital sidescan sonar (Q-Mips).
® Digital 3.5- to 7.0-kHz subbottom profiling.
® Digital marine magnetometer.

All systems should be recorded in the appropriate
industry standard format on media, which can be readily
utilized by the public, such as nine-track magnetic tape,
floppy disk, and CD-RQOM., Line spacing should be regional
in scope, and the emphasis should be placed on evaluating
large aress of potential mineral-bearing sca-floor sediments.
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Figure 2. Nome priority exploration areas.

DRILLING AND SAMPLING

Following geophysical evaluations, prospective areas
should be evaluated to determine the areal size, the grade,
and the mineralogy of potential placer deposits. Sea-floor
sampling programs may be reconnaissance in natuce if a
pipe dredge ar a bottom grab sampling technique is used.
Althongh these techniques do not provide a reliable point-
specific grade-of the deposit (s they are restricted to the
relatively unconsolidated surface sediments), they do give a
relative indication of the abundance of the mineral of
interest in & given area. These techniques are quick and
relatively inexpensive 'compared to offshore drilling pro-
grams,

In areas where sea-floor surface sampling indicates
that a placer of consjderable economic imporiance may
exist, a drilling program is the most effective means of
determining the three-dimensional distribution of the
resousce. Drill types that have been shown to be effective in
sampling marine placers are as follows:
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® The Becker hammer drill is used off the ice and jn
relatively calim, shallow water (Daily, 1969; Bronston,
1990). The Becker drill is particulacly effective in
glacial terrains that have indurated sediments and
coarse sedimentary lithologies.

® The remote placer drill is used for reconnaissance and
development drilling in rough seas and rocky -sub-
strates to a maximum of 6§ m depth (Woolsey and
Noakes, 1989).

® The vibracore is used in well-sorted sediments in deep
water.

@ The vibrahammer is used in coarse sea- ﬂoor sediments in

deep water.

SAMPLE PROCESSING

Sea-floor samples collected during bottom sampling
and drilling programs should be processed by using mining
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Figure 3. Maximum extent of Quaternary glaciations superimposed on gold and platinum occurrences. Modified from

Cobb (1960, 1984) and Pewe (1975).

industry standard procedures. [n particular, precious-metal-
bearing placer sediments should be concentated by using
gravity scparation techniques, and the gold particles
counted, amalgamated, and weighed. Other analysts tech-
niques, such as fire assay and atomic absorption, should be
avoided because they do not accurately represent the grades
that would be recovered by gravity methods on a mining
vegsel. Ore grades should be reported as metal content per
standard unit volume; for exampls, i milligrams per cubic
meter or ounces per cubic yard.

BULK SAMPLING

If a potential mineral deposit is discovered during
exploration and resource evatuation programs and f it is of
major economic significance, then a bulk sampling program
may be invaluatls jn verifying the drill-indicated grades and
the physical nature of the deposit. Bulk samples may be
1aken by using a hydraulic clam shell excavator mounted on
a barge or by a robotic underwater miner; the latter is
similar to the alluvial mining “tramrod™ tested at Nome by

West Gold in 1989. Bulk sampling programs, though
expensive, will confirm the horizontal and the vertical grade
distmbutions of the deposit and may be useful as protofype
mining tests. A bulk sampling system should be interfaced
with a gravity separation system similar to those used on
commercial mining vessels so that accurate metal recovenies
may be calculated.

CONCLUSIONS

The EEZ adjacent to Alaska represents a large poten-
tal resource for hard minerals that are concentrated in
maripe placer deposits. The mapping and the cvaluation of
these deposits should be a prioriry for the USGS and
NOAA. :

Geophysical and bottom sampling surveys should be
conducted in areas adjacent to known mineralized terrains
where water depth is less than J00 m and where glaciation
would be the agent for the trapsport of metal-bearing
sediments offshore. On the basis of these criteria, the areas
offshore Nome, the northeastern Gulf of Alaska, and the
shelf south of Kodiak Island should be of particular interast,
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State-of-the-art, digital, geophysical, acquisition
hardware should be utilized for reconnaisance surveys and
followed by bottom sampling for verification. Deposits of
potential economic importance should be drilled to define
the extent of the resource and bulk sampied to verify
drill-indicated grades. Bvaluation of the resources discov-
ered should be completed to standard mining industry
specifications.

Following the criteria stated in this paper, a sea-floor
mapping program in Alaska would establish an inventory of
hard-mineral resources within the Alaska EEZ and would
benefit the United States by expediting the development of
hard minerals from the seabed, thereby d.ecn:asmg our
dependence on foreign supplies.
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Mapping Requirements for Planning the Outer Continental
Shelf Mining Program Norton Sound, Alaska, Lease Sale

trven F. Palmer, Jr.
" Minerals Management Service

Abstract

Preparations are being made by the Alaska Outer
Continental Shelf Regional Office of the Minerals Manage-
ment Service to conduct the first Outer Continental Shelf
Miping Program lease sale to be held anywhere in the
United States —in Norton Sound. Past gold mining activity
and the present prelease process, which is being coordinated
with the State of Alaska, are discussed. The various
mapping and graphics products used in preparation for the
Norton Sound mining sale are emphasized. Future mapping
needs along the Alaskan coast that would delimit the
State-Federal boundary are presented.

INTRODUCTION

More than 4.5 million troy oz of gold have been
recovered from onshore placer deposits in the Nome District
since 1899. Most of the recovery was from strandline
depasits, such as the modern beach at Nome or the ancient
beaches further inland. The gold was initially eroded from
lode deposits on the Seward Peninsula and reworked by
fluvial, glacial, and marine processes. During the Pleisto-
cene, advancing glaciers moved coarse gold particles onto
the Continental Shelf of Norton Sound. Enrichment factors,
such as marine scour and fluvial erosion, have reworked
some of the gold from the glacial deposits into minabie
placers. Since 1986, gold ore has been dredged in State
waters within the area covered by glacial deposits. The
maximum annual recovery to date was 36,700 troy oz in
1987.

In the Federal Outer Continental Shelf (OCS), sub-
merged beach ridges occur on the seabottorn at depths of
21, 24, and 27 m. Buried aocient channels also are
recognizabie on seismic profiles. It is possible that enriched
placer depogits similar to those mined onshore may exist io
Federal waters. The distribution of glacial deposits is based
ov the mapping of surficial sediments and the interpretation
of seismic profiles. Because subsurface samples from the
OCS are sparse, there is little information on ore grade and
ore-body volume in Federal waters.

On thie basis of aveilable data, the highest potential
blocks in the proposed sale area are those closest to the
gold-bearing glacial deposits offshore Nome. The 21- and
24-m beach ridges occur within these blocks, as well as
buried chanmnels that may contain gold eroded from the
nearby glacial deposits. Following Inspiration Gold, Inc.’s,
very successful 1987 offshore gold dredging season in State
waters, it was a natural followup for them to begin planning
the acquisition of more leases. '

PRELEASE PROCESS

The process was initiated in November 1987 when
Inspiration Gold, Inc., wrote a letter t0 the Assistant
Secretary for Land and Minerals Management of the
Department of the Interior requesting a leasing program for
gold mining in the OCS near Nome, Alaska. (Since 1987,
West Gold has succeeded Inspiration Gold, Inc., through
reorganization of the company.) West Gold (and its prede-
cessor companies) have conducted offshore gold-dredging
in State waters near Nome since 1985. In anticipation of an
OCS mineral sale, the Governor of Alaska, in a letter of
November 1987, requested that the Secretary of the Interior
establish a joint Federal-State tagk force similar to the one -
astablished in the State of Hawaii for similar pirposes. The
Governor requested a task force:

...to evaluate the feasibility of development of min-
eral resources in waters adjacent to our coast and to
develop techmical guidelines and procedures for the
safe, effective, and environmentaily sound explora-
tion and mining of such resources...review of eco-
nomic feasibility and look at information needs for
EIS development. ..{and} identify renewable and non-
renewable resources that are present in Norton Sound
and possible use conflicts.

The Secretary of the Interior responded to the Gov-
ernor’s request by agreeing to establish a Federal-State task
force. The Secretary of the Interior designated the Director
of the Minerals Management Service (MMS) to implement
the program. The presale process bears some resemblance
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to that for oil and gas sales, but there are some substantive
differences io the leasing process and in the postlease
operations as set forth in new regulations.

A Request for Information and [nterest and a Notice
of Intent to prepare an Environmental Impact Statement
(EIS) was published. Nominations were received, and an
area was identified on which to prepare an EIS, a draft EIS
was published, and a public hearing was held. The remain-
ing steps include 8 rewrite of the EIS after acquisition of
pew water-quality data, a proposed leasing notice, a review
by the State of Alaska, the leasing notice, and the sale,
probably in the first quarter of 1991.

STATE COORDINATION

Implementation of the program began with a meeting
between the MMS and the State Division of Governmental
Coordination staff to work out details for the Federa}-State
task force. It was agreed that the task force would be called
the “Coordination Team,” or CT. The membership list for
the CT was finalized in February 1988 ~—31 members from
Federal, State, and local agencics and jnterest groups.

An agreement was signed between the MMS and the
State of Alaska to transfer $120,000 to the State to cover
expenses of staff from several State agencies attending 8ix
proposed meetings through the course of the prelease
process and for time to review documents. From the
beginning, the MMS envisioned the CT primarily as a
forum for the exchange of information and a channel for
comments on offshore mining policy formulation. The CT
has been integrated into all major steps of the prelease
process, including scoping, review of the draft EIS, review
of the EIS rewrite, and so forth. The coordination process is
continuing, and it is working.

MAPPING AND GRAPHICS

As stated above, prepamations for the first OCS
mining sale bave proceeded along steps similar to prepara-
tion for an OCS oil and gas sale. The Federal Register
Notice on the Request for Information and Interest and the
Notice of Intent 10 Prepare an BIS was accompanied by a
map of the Norton Sound area that was based upon Official
Prowaction Diagrams (OPD). The OPD maps depict a
rectangular grid of potential leasing blocks approximately 3

mi on a side, On the basis of the Universal Transverse -

Mercator projection, the maps are at a scale of 1:250,000.
These lease block diagrams are sold to the public for
common planning purposes and are extensively used in all
planning docurmnents by the MMS (fig. 1). In addition, these
OPD maps, which show the proposed sale outline, are used
extensively as illustrations for all comments received and
for correspondence.
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Concurrently with the Request for Information and
Interest, an in-house assessment of the potentisl miners! '3
resource lease was being made by using available geologi- -
cal and geophysical information. In this case, seismic and 4
borehole data from proprietary and U.S. Geological Survey 3
sources were used. Figure 2 shows a submerged. strandline 4
and a subsea channel. - 3

After the assessment, subbottom geomorphic features
were mapped in relation to distribution patterps of particu- A
late gold derived from sea-floor sediment samples. These 3
maps were constructed to be compatible with the OPD’s 3
used to depict the proposed lease sale area (fig. 3).

During the scoping meetings, maps of the proposed
sale area are used to portray known oceavographic and
biological dats and to record areas of special concern to -
local residents. During the writing of an EIS, these maps are
refined and published as part of the EIS and provide the
reader with essential information needed to clarify the rext.
Figures 4 through 6 are examples of maps in the draft EIS.
The scale of the maps is adjusted so that the resource can be
shown in relation to the proposed sale area and to accom-
modate the normal 8- by 1l-in. EIS page size. Other
examples of graphics used to supplemeant the EIS maps and
text are shown in figures 7 and 8.

The MMS bage map requirements are largely being
met internally. The OPD maps are penerated by the MMS''s
offshore survey group in Denver. The geological and
geophysical data are generally received from OCS permit-
tees at a scale of 1:96,000, or | in. = 8,000 ft. The various
divisions and regiops withio the MMS then use a number of
different computer mapping systems ¢o change scales and
manipalate the data. Computer-assisted design graphics
applications are also in wide usc within the organization.

Future plans call for the MMS to standardize its
general-purpose mapping needs by adopting a geographic
information system. Also planned are evaluations and
feasibility studies for utilization of interactive computer
work stations for manipulation of geological and geophys-
ical data. Cartography and drafting throughont the organi-
zation are being upgraded 1o utilize the new computer-
assisted design programs, such as AUTOCAD.

FUTURE MAPPING NEEDS

The State of Alaska and the MMS regutarly conduct
oil and gas lease sales along the coastal zone of Alaska. In
addition, the State has ongoing offshore mining, and the
MMS has an offshore mining sale in progress. At many
places along the Alaskap coast, especially to the west and
the north, nautical charts either are out of date or have
inappropriate scales. A vigorous coastal zone mapping
program to delimit selient points for establishing the State-
Federal boundary would be of grear help to the State of
Alaska and the Department of the Interior. Present and

o




OCS Mining Program LEGEND
Norton Sound Lease Sale

Propossd Sale Area

Otflcial Protrsction Disgram
o Number

L
113 [ 793
: N
LY AR 1
ort | &
) a 10 Sizwine Moy
[ a 10 Kilematen L2 EZY)
99 | 980
e
1L Al 03 31034 | TOIX|TOI3 [T 7 1S40 TSI 1 T[T6a3TBRTYTSTI 10T [TOTY[Tota [TOT7 [YOVE | TS [16ad | TBT T2 [ {023 1024 IR D
i T
. MMOC?R-.HM
Figure 1. Lease block locations for the Norton Sound area,
N S
L ONE XILOMETER
L] o
to-] Buried Erosionat Backsnorg Berm Foreshore -0
Channet Searp :
Mn--—————_____x -mg
P = S ———— g R §
b e iy, S S e TeE e~ —
e —a = H&W:—%‘”
- "’_’:—/”;’-—-—“« . = __—:_:}1\“__;-5— :_ —J—j_/‘?-/—_— :/—/___/ \_—"_:——-
40~ - =TT - |

Figure 2. Line drawing of seismic profile across the 24-m beach from the survey conducted in 1976 by the U.S. Geological
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futuee offshore lessing schedules should be used w set  Alaskan shoreline areas should be surveyed in priority
priorities for this work. At this fime, it appears that the  order, as depicted on figure 9.
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movement? in the deeper, more exposed waters of the lease sale area. 8, Operations.
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Figure 8. Activities and significant mineral deposlts in the Nome area that are included in the cumulative case.
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Figure 9. Recommendations for National Ocean Service 10-yr plan, survey priorities for Alaska Federal-State boundary
needs. '

REFERENCES CITED eds., The eastsrn Bering Sea Shelf —Ocemnography and

resources: U.S. Departmeat of Commerce, v. J, p. 247-261.

Bray, R.N., 1979, Dredging—A handbook fot engineers: Lon- National Oceanic and Atmospheric Administration, 1983, Nome

don, Arnold Publishers, Ltd., pagination not available. bathymetric map: National Ocean Service, NQ 3-7, scale
Bundzen, T.K., Green, C.B., Deagen, J., and Daiels, C.L.. 1:250,000.

{987, Alaska's Mineral Industry, 1988: Department of Nat- Nelsop, C.H., and Hopkins, D.M., 1972, Sedimentary processes

ural Resources, Division of Geological and Geophysical = “ynq distribution of perticulate gold in the northern Bering

Surveys, Special Report 40, pagination not avalisblo, Sea: U.S. Geological Survey Professional Paper 689, 27 p.

Cruiksbank, M., Flapagan, J.P., Holt, B., and Padan, J.W..  qp.e of Alaska, Department of Nanural Resources, 1966, Offshore

1987, Marine mining on the Oum Continental Shelf— prospocting permits proposed, grid nos. K14—7, K14-6, and
Bavironmental effects overview: Mirerals Management Ser- 8. and K13-12- ent of N Reso sgination
vice, OCS Report 87- 0035, pagination oot available.  availible. Departm atural Resources, p

Freely. R.A., Massoth, G.J., apd Paulson, A.J,, 1981, The -
A " . 1987a, Offsbore mining lease, lease no, ADL/LAS 22618:
bution and el ti f s ded partic- '
distri n and elemental composition of suspended paric Auric Offshore Miging Co Y, pagination available.

ulate manter in Norton Sound and the northéasrern Bering .
Sea—Implications for Mn and Zn recycling in coastal 19875, Offshore mining lease, lease no. ADL/LAS 22618,

waters, in Hood, D.W., aad Calder, J.A., eds,, The castern September 7, 1987: Department of Natural Resources, Divi-

Bering Sea Shelf —Oceanography and resources: U.S. sion of Mining, pagination not available.

Department of Commerce, v. 1, p. 321-337, Tagg. A.R., and Greene, H.G., 1973, High-resolution saismic
Labelle, J.C., Wise, J.L., Voelker, R.P., Schulze, R.H., and survey of an offshore area near Nome, Alaska: U.S. Geolog-

Wohl, G.M., 1983, Alaska marne ice atlss: Alaska Envi- ical Survey Professional Paper 759-A, 23 p.

ronmental Information Data Conter, unpaginated. Zimmerman, S.T., editor, 1982, Proceedings: Synthesis Meeting,
Larsen, M.C., Nelsop, C.H., and Thor, D.R., 1981, Sedimentary Norton Sound Eavironment and Possible Consequence of

processes and potential geologic hazards on the sea floor of Planoed Oil and Gas Development, Anchorage, 1980, pagi-

the northern Bering Sea, in Hood, D.W., and Calder, J.A., _ oation not available.

Mapping Requirements for Planning the Outer Continental Shelf Mining Program Norton Sound, Alaska, Lease Sale 105



