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PREFACE 

The decade of the 1970's has been marked by a sharply increased de-

pendence of the United States on foreign sources of petroleum. Although this 

dependence had been growing for the previous 20 years, it was made clearly 

visible to the American public by the oil embargo of 1973. Since then, various 

sources of energy and how to obtain them have remained topics of public discus-

sion and concern. 

The current imbalance between U. S. energy supply and demand and the 

generally recognized need to increase the domestic production of energy make 

it appropriate to review and expand the public's knowledge of U. S. mineral 

fuel resources - coal, oil, natural gas, oil shale, and uranium, as well as 

related mineral and hard- and soft-rock resources. This production increase 

warrants a description of federal research that is being done to improve our 

understanding of the availability and potential amounts of these resources 

and to determine the effects that the geo-environment will have upon the 

safety of their development. 

This is one of two reports describing the marine geology investigations being 

conducted by the Geologic Division of the U. S. Geological Survey to assess, 

with publicly available data, the Outer-Continental Shelf (OCS). These 

reports also describe the related and equally important studies pertaining to 

the energy and mineral resources and geo-environmental conditions on the 

continental margin and adjacent deeper water areas, and research on funda-

mental geological processes that operate on and below the sea floor. 

The Geological Survey's marine geology investigations in the Pacific-

Arctic area are presented in this report in the context of the underlying 

socio-economic problem of expanding the domestic production of oil and gas 



and other mineral and hard- and soft-rock resources while maintaining ac-

ceptable standards in the marine environment. This orientation toward a 

national mission especially characterizes each segment of the Survey's energy 

resource and marine geology programs. Readers who want information about the 

individual projects that make up the Pacific-Arctic marine geology program 

will find it in this report (Appendix A). 

It is hoped that this communication will give scientists, science adminis-

trators, and policy makers, both in government and in the private sector, as 

well as the general public, a better understanding of the national importance 

of the Survey's program of marine investigations. This program includes both 

long-term and short-term planning to carry out resource and environmental 

research on vital offshore energy, mineral and rock commodities. It is also 

intended that this report highlight and emphasize the scientific and advisory 

potential of the Pacific-Arctic Branch to assist a larger national program, 

a potential that cannot be realized or intelligently focused unless the 

Branch's scientific and operational framework are known (Figs. 1 and 2). 

ACKNOWLEDGEMENT 

In preparing this report the author was assisted by many members of the 

Pacific-Arctic Branch. Special thanks are due Tau Rho Alpha, who organized 

and prepared much of the illustrative material and oversaw the printing of this 

report, and Kimberly Bailey who supervised the typing and editing of the text. 
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FEDERAL INITIATIVES 

The basic mandate for this program is the Organic Act that established 

the Geological Survey in 1879. This Act (43 U.S.C. 31(a)) authorizes the 

survey to examine "the geological structure, mineral resources, and products 

of the national domain." More recent authorizations permit the Geological 

Survey to "conduct geological and geophysical exploration in the outer 

Continental Shelf" (43 U.S.C. 1340) and in areas outside the National 

domain "where determined by the Secretary (of the Interior) to be in the 

national interest" (43 U.S.C. 31(b)). 

Several reports commissioned by the President have given impetus to 

an expanded national program of energy resource assessment. In December 1973, 

Dixie Lee Ray, then Chairman of the Atomic Energy Commission, submitted to the 

President a report entitled "The Nation's Energy Future." One of the recom-

mendations in this report calls for improvement as rapidly as possible in 

"the knowledge level of domestic resources and economically available reserves 

of oil and gas, both onshore and offshore" (page 98). 
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The Federal government is also vitally interested in understanding 

natural processes that may be geo-environmental hazards to offshore explor-

ation and production activities. Many reports and legislative directives 

emphasize the critical need for an effective program of Federal and other 

public investigations to determine the impact of seabed processes on the 

safety of these activities. Insofar as they affect the Pacific-Arctic Branch, 

the directives of many of these documents are perhaps best summarized in 

the Background and Purpose statement of the Memoranda of Understanding signed 

between the Geological Survey and the Bureau of Land Management; these MOU's 

are commonly prepared prior to conducting joint offshore geo-environmental 

investigations. Language from an example of such a statement is included here: 

"A. Background and Purpose. 

1.In 1953 the Outer Continental Shelf (OCS) Lands Act (67 Stat. 462) 
was passed establishing Federal Jurisdiction over the submerged lands of the 
continental shelf seaward of state boundaries. The Act charged the Secretary 
of the Interior with the responsibility for the administration of the mineral 
exploration and development of the OCS. It also empowered the Secretary to 
forMulate regulations so that the provisions of the Act might be met. 

2.The National Environmental Policy Act of 1969 requires that all Federal 
agencies shall utilize a systematic, interdisciplinary approach which will 
insure the integrated use of the natural and social agencies in any planning 
and decision-making which may have an impact on man's environment. The BLM 
efforts in this direction are Environmental Impact Statements (EIS), Environ-
mental Assessment Teams, marine environmental data acquisition and analysis 
studies, literature surveys, socio-economic analysis studies, public con-
ferences and special studies (toxicity studies, spill trajectory analysis, etc.). 

3.The objectives of environmental studies program are: 

a. Provide information about the OCS environment that will enable the 
Department and the Bureau to make sound management decisions regarding the 
development of mineral resources on the Federal OCS. 

b.Acquire information which will answer questions about the impact of 
oil and gas exploration and development on the marine environment. 

c. Establish a basis for prediction of impact of OCS oil and gas activities 
in frontier areas. 
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d. Acquire impact data that may result in modification of leasing regu-
lations, operating regulations, or OCS operating orders to permit more efficient 
resource recovery with maximum environmental protection. 

5. The Bureau of Land Management plans to fund a series of contracts with 
Federal and State agencies, educational institutions, and private enterprise 
over an extended number of years to do laboratory studies, gather field data, 
and perform analysis of these and other data. The purpose of such studies shall 
be to gather information needed to fill gaps in the environmental data base and 
to detect and assess impacts from oil and gas exploration and production. Such 
gaps have been identified through literature searches, public conferences, 
meetings with Federal and State scientific personnel, and discussions with 
knowledgeable individuals." 

Basic Mission Responsibilities 

In keeping with legislative and initiative mandates, the primary mission 

of the Survey's Pacific-Arctic Branch of Marine Geology is to provide scientifi-

cally interpreted information about the (1) resource potential (2) geo-

environmental setting and (3) overall geologic characteristics of the continental 

margins (that is, the continental shelf, slope and rise) and adjacent deeper 

water and shallower coastal areas off California, Oregon, Washington, Alaska 

and Hawaii and also, where it is of interest to the U.S. Government, more remote 

deep-sea areas of the Pacific-Arctic realm. This mission is to be promulgated 

with data available for public scrutiny. 

The Pacific-Arctic Branch carries out these functions chiefly by 

conducting applied research in specific geographic areas (Fig. 1) utilizing 

the investigative techniques of marine geology, geophysics, and geochemistry. 

Applied research is oriented toward deriving scientific and technical results 

that contribute directly to the solution of recognized needs and problems of 

national and human importance. The Branch therefore continually shapes and 

directs its field and laboratory projects to address solutions to these issues. 

Timely identification of previously unidentified problems is also a major part 

of our applied responsibilities. 
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Basic research is also a vital part of the Branch's mission responsibil-

ties. The importance of this effort is underscored by the fact that much of 

our work takes place in geographic frontier areas where unfamiliar or new in-

terpretative concepts must be commonly called upon to explain observations. 

The Branch's scientific staff must therefore contribute to a continuing need 

for scientific advancement. These activities have a desirable pay-back in that 

they improve the ability of the entire earth-science community to interpret 

geological and geophysical data in terms of their resource and geo-enviromental 

implications. The exercise of individual and group curiosity, imagination, 

and innovation in marine geoscientific investigations is, accordingly, a major 

mission responsibility. 

Both the Geologic Division (Pacific-Arctic Branch) and the Conservation 

Division have mission responsibilities on the OCS. In general, the Geologic 

Division engages in the investigation of regional geologic framework, resource, 

or geo-enviromental problems that typically require the gathering of widely-

spaced (and publicly available) geophysical and geological data. In contrast, 

the Conservation Division prepares detailed resource and geo-environmental data 

analyses for specific tract (3 mile square) evaluations that require a much 

larger data base. Although some of their data are gathered by exclusive contract, 

much of the information needed by them is proprietary industry data. The com-

bination of regional geologic syntheses compiled by the Geologic Division and the 

detailed assessments conducted by the Conservation Division provides a 

comprehensive understanding of the oil and gas resource potential of an 

area and the geologic hazards related to exploration and production activities. 

An additional responsibility of the Pacific-Arctic Branch is to assist 

the Department of the Interior (BLM) in the selection of future offshore 

lease areas. Subsequently, and in close cooperation with the Conservation 

Division, the data and interpretations of the Pacific-Arctic Branch are used 
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in tract decisions relative to selection, deletion or stipulations, and by the 

Bureau of Land Management in the preparation of Enviromental Impact Statements. 

In a later stage of leasing actions the Branch participates with Conservation 

Division in summarizing existing data for the Secretary of Interior's Program 

Decision Option Document. After the lease sale the Branch's responsibilities 

continue in that geo-environmental data and interpretations are needed for 

offshore development stages, specifically in platform vertification, siting, 

and installation, and determining safe pipeline routes. 
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SERVING THE NEEDS OF USER GROUPS 

The written and tabulated documents produced by the scientific staff of 

the Pacific-Arctic Branch serve many user groups outside the U.S. Geological 

Survey. Principal among these within the Federal government are the Congress 

of the United States, the Secretary of Interior, the Assistant Secretary for 

Minerals and Resources, the Assistant Secretary for Lands and Waters, the 

Bureau of Land Management, the Bureau of Mines, the U.S. National Park Service, 

the Nuclear Regulatory Commission (NRC), the Department of Commerce's OCSEAP 

(Outer Continental Shelf Environmental Assessment Program) of NOAA, and the 

Department of State. The major user groups within the Geological Survey are the 

Office of Energy Resources of the Geologic Division, and the western regional 

offices of the Conservation and Water Resource Divisions. Public and private 

groups outside the Federal government who use our reports and data products 

include virtually every petroleum company involved in offshore exploration and 

the resource, environmental, and coastal management agencies of the Pacific 

coastal states. The private and academic earth-science community at large also 

represents an extremely wide and diverse user group- a group that the Branch 

attempts to stimulate to undertake resource and environmental investigations 

in key areas. 

Although the Pacific-Arctic Branch releases a variety of applied and basic 

scientific products, our most important user products are interpretative reports 

and maps. It is important to emphasize that the Branch does not engage in the 

collection of scientific data for the sole purpose of collecting, cataloging 

and storing them. Information is gathered principally to be analyzed for its 

scientific and practical implications relative to mission responsibilities. 
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Accordingly, two types of interpretative documents, applied and scientific, are 

released to user groups and the public at large. Our applied reports and maps an 

aimed principally at aiding regional resource and environmental analyses of the 

nation's continental margins and adjacent deep-sea areas. Many of these docu-

ments are issued as USGS Open-File Reports, Circulars, Miscellaneous Investigatio: 

Maps,oras administrative and special reports contributed directly to other 

Federal and governmental agencies. Scientific reports are prepared as contri-

butions to the earth-science community and typically are published in Survey or 

outside technical journals. Included in the Appendix of the report is a listing 

of these documents and maps. 

In order to serve the needs of most of our user groups, it is necessary to 

work with data that can be brought forth for public scrutiny. That is, the major: 

of our interpretative reports and maps cannot be based on proprietary or privileg: 

information if their intended wide usefulness to both the private and public 

sectors is to be preserved. Although there is no specific requirement in statute' 

for publicly available data, NEPA regulations stipulate that responsible govern-

ment agencies must be able to document the environmental impact of their pro-

posed actions. The Courts have therefore consistently ruled that supporting 

information, for example that used in resource and geo-environmental evaluations, 

must be disclosed or referenced to support the advocated actions. 

Also, early leasing decisions must frequently be made before industry has 

acquired all the necessary proprietary data. In general, public data collected 

by Federal, State and academic organizations is the most accessible data base 

for long-term planning. Publicly publishable data also permit the Geological 

Survey to stimulate and thereby focus the attention of the academic and 

industrial scientific community to resolve energy and environmental problems 

concerning the nation. Also, only in a climate of free exchange of information 
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and ideas can the government hope to attract the quality and quantity of 

scientists it needs to internally advise on these crucial issues - advice that 

is essential to properly arbitrate between legitimate but conflicting interests 

that advocate contrasting offshore land- and resource-use policies and actions. 

Also, in a related way, the Geologic Division's Pacific-Arctic Branch is able 

to assist the Department of State. This assistance is rendered by the 

preparation of maps and reports outlining the resource potential of the seafloor 

in the vicinity of international borders, treaty and convention lines. 
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COOPERATIVE INVESTIGATIONS 

The staff of this Branch, acting on its own, can only incompletely carry 

out its mission. However, by working closely with other Survey groups, govern-

ment agencies (BLM, NOAA, U.S. Navy and Coast Guard, Department of State), State 

agencies, and academic institutions, it can fully meet its obligations. For ex-

ample, various State agencies concerned with offshore resource and environmental 

studies have joined in cooperative OCS studies. Most often, these investigations 

involve joint work at sea aboard a USGS research vessel. However, both the State 

of California and the State of Alaska have provided cooperative funds and opera-

tional capabilities with the Pacific-Arctic Branch in order to initiate and 

complete essential field studies. 

Within the USGS our effectiveness to assist the Office of Energy Resources 

has been greatly strengthened by our close relationships with its Branch of Oil 

and Gas Resources (O&GR). Geologists and geophysicists of this Branch are 

tightly woven into our study teams for resource analysis. In this cooperation 

O&GR provides our area teams with expertise in data interpretation and techniques 

for energy resource appraisal. In turn the Pacific-Arctic Branch contributes its 

expertise in offshore operational techniques and interest in synthesizing regional 

structural and stratigraphic knowledge. The Branch also cooperates closely with 

other Geologic Division Branches, especially in those programs involving geo-

physical studies in lakes, inshore waterways, and over our continental shelves. 

These programs vary from the resolution of recent deformation in lake deposits to 

the tectonic setting of proposed nuclear reactor sites. Insofar as estuarine 

programs are concerned, our joint work with Water Resources Division is an 

exceptionally productive one. The program with WRD is conducted with great 

efficiency by a well-equipped support vessel, the R/V POLARIS, provided by the 

Pacific-Arctic Branch. The effectiveness of this study is therefore not 
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encumbered with the difficult and time-consuming task of outfitting charter 

ships (or ships of opportunity) for each of its numerous cruises. 

The Pacific-Arctic Branch also assists the Survey's Conservation Division, 

the division responsible for carrying out the regulatory functions of the 

United States Geological Survey. The Pacific-Arctic Branch provides investiga-

tive capabilities in support of their regulatory responsibilities. Assistance 

is extended in identifying new offshore areas potentially leaseable for the 

recovery of energy and mineral resources, and particularly in understanding the 

potential impact of geo-environmental hazards on the safety of recovering these 

resources. Joint field studies are conducted and authoritative reports are 

prepared for the U. S. Geological Survey, and the Bureau of Land Management 

relative to leasing decisions. 

Because NOAA has responsibility for physical and biologic oceanographic 

studies (i.e., water column parameters), and the Geological Survey for seafloor 

investigations, adequate preparation of Environmental Impact Statements by BLM 

requires close coordination between NOAA groups and the Pacific-Arctic Branch. 

As a consequence, the Pacific-Arctic Branch is engaged across a broad front in 

cooperative work with NOAA laboratories. For example, approximately forty 

percent of the funds needed to conduct geo-environmental studies off Alaska 

are supplied by BLM via a NOAA program (the Outer Continental Shelf Environmen-

tal Assessment Program--OCSEAP) administered by the Environmental Research 

Laboratories. Reports and data stemming from OCSEAP investigations are either 

contributed directly to BLM or through ERL in support of documentation needed 

for the preparation of environmental impact statements. We also respond to re-

quests from BLM to undertake special field studies or to prepare special 

documentation relevant to OCS leasing activities. 

Cooperative studies with many oceanographic and academic institutions 

are carried out frequently. In recent years the Pacific-Arctic Branch has 

11 



undertaken programs of cooperative investigations that involved university 

research vessels with the University of Alaska, the University of Washington, 

the University of Southern California and the Scripps Institution of Oceanography 

In addition, funds and equipment have been provided these institutions, as well 

as Stanford University and the University of California at Los Angeles, for re-

search projects aimed at improving offshore resource and environmental assess-

ments. Support is usually granted for help in resolving specific rather than 

general geologic problems and utilizes both university staff, student help, and 

associated laboratory facilities. 



PRINCIPAL PROGRAM ELEMENTS 

The mission responsibilities of the Pacific-Arctic Branch are met by direct-

ing the Branch's applied and basic research activities to three program areas: 

regional (1) resource and (2) geo-enviromental assessments of Pacific-Arctic 

continental margins and adjacent deep-sea regions, and (3) related topical 

investigations. The OCS related resource and environmental assessment programs 

each require approximately 40 percent (relative to all funding sources) of the 

Branch's effort (Fig. 1), similar studies in deep-sea areas occupy about 5 per-

cent and the remaining 15 percent is devoted to related topical studies. 

Although the bulk of the regional resource studies of continental margins 

is directed at energy deposits, investigations are also conducted to determine 

mineral resources, both hardrock and placer deposits, and the availability of 

construction materials such as sand and gravel, which may bear on energy resource 

development. Energy resource investigations are concentrated in areas proposed, 

or that have potential, for leasing activity. These investigations typically 

involve a combination of sophisticated geophysical data collection and the 

sampling of submarine outcrops by dredging or shallow drilling. A meaningful 

evaluation of the potential resource requires that the history of the structural 

and stratigraphic development of the continental margin be resolved as fully as 

possible. Because offshore areas of Alaska and the west coast of the United 

States are frontier areas (Fig. 1), where little structural and stratigraphic 

control is available, initial resource evaluations must be based on scientific 

insight into the geologic history of the margin. This can only be effected by 

field experienced geologists and geophysicists and only if systematic investiga-

tions are carried out over a period of time sufficient to provide the necessary 

data base. The Pacific-Arctic Branch has therefore assigned many of the 

Survey's most experienced scientists to guide its offshore resource assessment 

program. 
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The geo-environmental program involves seafloor characterization studies, 

analyses of processes active on the seabed, and geo-hazard assessments. In 

frontier areas, the studies are designed first to determine the regional 

relationships and then to focus on specific geo-hazards and the processes that 

fonnthem. Geo-hazards include active or recent faulting, seabed erosion, 

transportation, and deposition, slumping and related mass,-sediment movement, 

gas accumulations in the shallow subsurface, and ice-gouging of the seafloor. 

Identifying and determining the rates and magnitudes of the processes that 

contribute to these geo-hazards are the major roles of the geo-environmental 

research teams. Related geo-environmental studies will be carried out as 

needs are identified for platform verification, pipeline corridors, and shore-

line problems. 

Deep-sea resource and environmental investigations are principally aimed 

at understanding the processes that cause mineralization in deep-sea areas, 

and the geo-environmental conditions related to exploring for or recovering 

mineral deposits. Much of our efforts have been devoted to the investigations 

of manganese nodules and related deposits, especially those processes that 

cause them to form and those processes that enrich manganese deposits in other 

valuable commodities, for example copper, nickel and cobalt, Mineralization of 

igneous rocks also occurs on and below the deep-sea floor, especially in areas 

of hydrothermal activity. Studies and experimentation related to the alteration 

of oceanic crustal rocks are therefore stressed. Our deep-sea investigations are 

also concerned with understanding tectonic processes that uplift and emplace 

igneous oceanic crust in island arcs and continental areas. Massive deposits 
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of commercial grade copper and nickel and chrome have been exposed in this 

manner. Efforts are also devoted to developing advanced technological concepts 

to assist geological and geophysical studies of the deep-sea floor, for example 

deep-tow technology used in "flying" geophysical instruments a few meters above 

the deep-sea floor. The Branch's deep-sea environmental studies have been 

principally directed at nodule mining efforts. These efforts have been coordina-

ted with the DOMES (Deep Ocean Mining Environmental Studies) program of NOAA. 

Topical studies constitute that element of the Branch's investigations 

that are not areally delimitable. These studies involve basic or applied 

research needed to (1) improve our ability to either collect of interpret 

scientific data or (2) understand processes that shape or modify the seabed 

and its underlying rocks. The theoretical and technological results of these 

endeavors bolster our areal resource and geo-environmental programs as well as 

enrich the nation's storehouse of scientific knowledge. Although, as noted 

below, certain project scientists are classified as topical investigators, in 

fact the entire scientific staff of the Pacific-Arctic Branch participates in 

one or more topical investigations, especially those aimed at increasing their 

comprehension of the resource potential or geo-environmental conditions of 

geographic areas (Fig. 1) for which they are responsible. 
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