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We propose a program to assess the low temperature geothermal energy

resources of Alaska.

As envisioned, this would be a multi-phase, multi-

agency program involving principal investigators from the Geophysical

Institute with cooperation and support from the Alaska State Division of

Geological and Geophysical Surveys, the U.S. Geological Survey and the

Alaska Department of Energy and Power Development.

The objectives of this program are (1) to extend the inventory of

~geothermal resources in Alaska to include the Tow temperature reservoirs

(35° < T < 90°C) most suitable for direct heat applications and (2) to

stimulate reservoir confirmation studies at sites with an apparent but

unquantified potential for direct heat applications development.

The proposed program would be implemented in two phases; the first

dealing with a statewide survey of available data, and the second

concerned with site-specific reservoir confirmation studies. Phase one
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would involve the preparation of a preliminary report summarizing and
synthesizing the available Tow-temperature data. This report would
emphasize the known geographic distribution and geologic, geochronologic
and geochemical data for the resources which appear suitable for direct
heat applications. Phase one studies will also identify candidate sites
for reservoir confirmation activities.

Phase two would involve field and Taboratory studies designed to
fi1l in gaps in geothermal resource information identified in phase one,
as well as site-intensive studies of promising sites using geologic,
~ geochronologic, geochemical and geophysical techniques.

INTRODUCTION

Alaska has more than 80 late Cenzoic volcanoes and at least 94 thermal
springs. Most of Alaska's volcanoes have been active within the last million
years and more than 40 have erupted during historic time. In spite of this
obviogs evidence for a substantial geothermal energy resource, almost no
utilization of Alaska's geothermal resources has occurred to date. A major
factor in this lack of utilization is the lack of public knowledge concekning
the location, extent and quality of geothermal reservoirs. The proposed
study is designed to stimulate public interest in the geothermal resource

as a viable energy option for Alaska.

PREVIOUS WORK

Early Alaskan Geothermal Inventories

The earliest contribution to the geothermal framework of Alaska

was G. A. Waring's "Mineral Springs of Alaska" (1917), a pioneering work with
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included data on the geologic setting, chemistry, and thermometry of Alaskan
hot springs which were known to the author in 1917. This work, and its ac-
companying spring location map, was the authoritative reference on Alaskan
~geothermal resources for over 50 years.

In 1971 Ms. Norma Biggar, Geophysical Institute, University of Alaska,
compiled a revision of Waring's map under the direction of R. B. Forbes,
which showed the Tocation and température range of known Alaskan
thermal springs as of that time. Subsequently, Biggar's updated thermal
springs map, accompanied by tables of relevant data on thermal spring water
temperatures and chemistry, was incorporated as an appendix in her M.S.
thesis, "A Geological and Geophysical Study of Chena Hot Springs, Alaska"
(Biggar, 1973). In those cases where adequate chemical data were available
Ms. Biggar calculated estimated reservoir temperatures for the hydrothermal
systems, using the silica and alkali geothermometers as developed by Fournier
and Truesdale (1970) and White (1970).

T: Miller, Branch of Alaskan Geology, U. S. Geological Survey, had also
been collecting data on previously known and newly discovered thermal springs
during his widespread geological mapping activities in Alaska. Miller com-
piled an updated map of the thermal springs of Alaska, which was supplemented
by additional data on the chemistry of spring waters as contributed by I.
Barnes of the U. S. Geological Survey (Miller, ]973).

‘A'National Geothermal Program

Interest in geothermal resources as alternate energy sources began to
increase in 1972, when unfavorable fossil fuel consumption vs. production
curves began to attract national attention. In August 1972, a report entitled

fAssessment of Geothermal Energy Resources" (1972) was produced by the
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Department of the Interior which summarized the state of knowledge of geo-
thermal resources and potential in the United States. The report contained a
preliminary outline of a national geothermal energy program and incTuded
funding recommendations.

Subsequently, the RANN program of the Natioﬁa] Science Foundation awarded
a grant to the University of A1aska to organize a geothermal resources re-
search conference chaired by Walter J. Hickel, former Secretary of the Interior.
The purpose of the conference was to produce the outline of a ten-year geo-
thermal resource research program, including recommended funding parameters,
to be presented to the Congress of the United States. The conference was held
in September 1972, and "Geothermal Energy - A National Proposal for Geothermal
Resources Research" was presented to the Congress that year (Hickel, 1972).
This proposal, which is now known as the "Hickel Report", was the catalyst
that activated the current national geothermal energy program. Alaska, due
to jts active volcanoes and numerous thermal springs, received early attention
from U; S; Geological Survey and the Geophysical Institute researchers under

the aegis of the national program.

The U. S. Geological Survey's Alaskan geothermal reconnaissance program
was initiated in 1974. This program has concentrated on thermal springs,
volcanic geothermal systems and downhole heat flow measurements in available
drill holes. To date, results from these investigations include a report on
the "Geologic Setting and Chemical Characteristics of Hot Springs in West-
Central Alaska" (Miller, et al., 1975) and U. S. Geological Survey Circular
#726, "Assessment of Geothermal Resources of the United States - 1975", which
contains the most current data on Alaska's geothermal resource potential, with
particular attention to hot-water, vapor-dominated and igneous-related (volcanic)

systems. 1
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Based on the U. S. Geological Survey geothermal reconnaissance program, we
have a preliminary understanding of the location and potential of hydrothermal
systems which are related to thermal springs, and a good insight as to which of
Alaska's volcanic fields and calderas may offer the best exploration targets.
To date, however, no geothermal steam fields have been discovered in Alaska,
and based on water chemistry, only four thermal springs (Geyser Bight, Hot
Springs Cove, Shakes Springs, Hot Springs Bay) have reservoir temperatﬁres
high enough to produce economically significant steam at the well head.

The Geophysical Institute has been involved in several geothermal pro-

Jects over the last seven years, as documented by the following publications:

Published Papers:

(1) Forbes, R. B., and N. Biggar, Alaska's geothermal resource potential,
The Northern Engineer, Vol. 5, No. 1, p. 6-10, Geophysical Institute,

University of Alaska, Spring 1973.

(2) Forbes, R. B., L. Leonard, and D. H. Dinkel, Total energy utilization
potential of Alaskan thermal springs, Selected papers from the
Proc. of the United Nationals Geothermal Symposium, San Francisco,
California, May 1975, pp. 2209-2215, 1975.

(3) Forbes, R. B., The energy crunch...Alaska style, Proc. of the Public
Meeting on a National Plan for Energy Research, Development and
Demonstration; Transcript of the Proc., U. S. Energy Research and
Development Administration, Washington, D. C., December 1975.

(4) Leonard, L. E., What's old in geothermal energy?, The Northern Engineer,
Vol. 6, No. 4, Geophysical Institute, University of Alaska,

Winter 1974-75.

Reports:

(5) Biggar, N. E., A geological and geophysical study of Chena Hot Springs,
Alaska: Geophysical Institute (unpublished M. S. dissertation),
University of Alaska, Fairbanks, Alaska 1973.

(6) Forbes, R. B., L. Gedney, D. VanWormer, and J. Hook, A geophysical
reconnaissance of Pilgrim Springs, Alaska, Geophysical Institute
Report, University of Alaska, UAG R-231, 26 pp., 1975.

(7) Forbes, R. B., L. Leonard, and D. H. Dinkel, Utilization of geothermal
energy resources in rural Alaskan communities, Geophysical Institute
Report, University of Alaska, UAG R-232, 83 pp., 1975.

5
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(8) Forbes, R. B. (Editor), Geothermal energy and wind power...alternate
““enerqy sources for Alaska, Final Report to the National Science
Foundation, Geophysical Institute, University of Alaska, April 1976.

Reports (7) and (8), above, are of special importance to the assessment
of Alaskan geothermal resources. In 1975, through a contract from the Atomic

Energy Commission, we completed a study entitled "Utilization of geothermal

Cenergy resources in rural Alaskan communities" (Forbes, et al., 1975). In

this report we concluded that geothermal energy resources including thermal
springs were potentially more important to the rural communities than to the
1arger'cit1es, and that geothermal power was not presently competitive with
electricity generated by natural gas, coal or hydroelectric facilities,

unless a geothefma] steamfield could be discovered near a major city. At that
time, however, we did not consider the possible direct heat applications from
hot water aquifers which might exist in the subsurface, in areas with thick
sedimentary sections and normal geothermal gradients.

An Alaskan Geothermal and Windpower Planning Conference was held in
Anchorage in July 1975. The conference was co-sponsored by the 0ffice of the
Governor, State of Alaska, and the Geophysical Institute, supported by a
conference and planning grant from the RANN program of the National Science
Foundation. 150 conferees from Federal and State Agencies and the private
sector met for three days to define Alaskan energy problems as they existed at
that time, and to explore the possible applications of geothermal énergy and
windpower to the more urgent of these problems.

Several recommendations from that conference have led to actual research
programs including salmon aquaculture experiments, utilizing hot water from
thermal springs and industrial outflow (State of Alaska, Division of Energy

and Power Development); and a study to determine the feasibility of
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extracting hot water from deep reservoirs in normal geothermal gradient terranes,
as a source of heat for six Alaskan towns and villages (Pacific-Sierra Research

Corp.). Both of these studies are being funded by the Geothermal Energy

Division of ERDA.

Previous assessments of Alaska's geothermal potential have concentrated
on a search for relatively high temperature resources including vapor dominated
and hot water systems. U. S. Geological Suvey Circular #726, "Assessment of
Géotherma] Resources of the United States - ]975", identifies and discusses
three types of hydrothermal systems:

(1) Vapor dominated systems with probable subsurface temperatures ex-

ceeding 200°C.

(2) Hot water convection systems with indicated subsurface temperatures

above 150°C.

(3) Hot water convection systems with indicated subsurface temperatures

‘between 90 and 150°C.

There is presently a need to extend the jnventory of Alaskan geothermal
resources to include the Tow temperature reservoirs (35° 2 T < 90°C) most
suitable for direct heat applications.

Hot water, ranging in temperature from 60 to 90°C, can be used directly
for space heating of towns and Targe buildings complexes, if sufficient volume
is available, and pumping costs are not too high. The Icelandic models are
well known, but we are more interested in the Paris Basin examples, where hot
water is extracted from permeable sandstone aquifers in the underlying Tertiary
basin sediments to heat hotels and building complexes. In this case, the

~ geothermal gradient is a little higher than normal, but it may be economically

feasible to extract hot water from such aquifers in sections with a normal
7
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thermal gradient, if they can be found under Alaskan communities.

To date, only a few heat flow determinations have been published for
Alaskan locations. Heat flow measurements have been made by the U. §. Geo-
Togical Survey in test wells and exploratory drill holes provided by industry.
Field data are being processed by the U. S. Geological Survey, and we expect
to acquire many new heat flow determinations for Alaskan sites during the next
two years. Downhole temperature measurements are made in all petroleum test
wells, and these data are available from the logs whfch are on file with the
Alaska Division of 0i1 and Gas.

There are several Tertiary and/or Mesozoic basins in Alaska which may
contain hot water (or brine) bearing aquifers at reasonable depths. Although
geothermal drilling has not yet occurred in Alaska, there is a vast amount of
available subsurface information on these basins which can be extracted from
the exploratory well logs and drilling reports which have been filed with the
State of Alaska Division of 0il1 and Gas by the petroleum industry.

GEOCHRONOLOGY AND GEOTHERMAL PROSPECTING

Geochronology can play an important role in the search for geothermal
resources, as geothermal anomalies are often associated with very young vol-
canic edifices including calderas and silicic domes, as well as with late
Cretaceous to early Tertiary granitic plutons (Miller and others, 1975).
Potassium~argon and fission-track dating techniques are the most effective
methods for determining the age of volcanic and plutonic rocks, and these
techniques can thus be used as prospecting aids in the search for geothermal
resources.

Moreover, the technique of comparing age differences obtained by the
apatite fission-track and K-Ar methods appears to hold great promise as a
geothermal prospecting tool in crystalline terranes, where recent deformation

(epeirogenic uplift, block faulting, rifting) has exposed crystalline rocks




GI 78-52

which have been overprinted by recent thermal perturbations. Figure 1 illustrates

the concept, and presents a model of one of the tectonic settings where anomalously
young apatiterfission—track ages may be the signature of subsurface geothermal
anomalies.

We know of at least one area where anomalously young apatite fission-
track ages from surface samples are related to recent perturbations in the
thermal gradient, in a setting similar to that shown in Figure 1.

" 'The Geophysical Institute Geochronology Laboratory

During the past seven years we have been using the K-Ar facilities of the
Geochronology Laboratory of the Geophysical Institute in a coordinated study
of Alaska's igneous and metamorphic terranes. During this time a substantial
geochronologic data base has been developed for Alaska (e.g., Turner, 1974;
Turner and Smith, 1974; Turner and others, 1975; Wilson and Turner, 1975a-3;
Kienle and Turner, 1976; Forbes and others, 1977; Turner and others, 1977,
1978). There is much work, however, which is yet unpublished. Moreover,
certain on-going dating programs are currently inactive due to a present lack
of funding. Several of these dating programs are relevant to the proposed
~ geothermal assessment in that they provide information on the time of emplace-
ment and cooling of plutons and on the time of eruption of volcanic systems,
both of which are important sources of geothermal energy.

An additional program of dating volcanic ash falls contained within
Tertiary coals of the Cook Inlet basin is providing age control for the Kenai
Group sedimentary section of this basin--a major petroleum reservoir rock, in
addition to its potentia]lfor a geopressured geothermal energy resource

(Triplehorn, Turner and Naeser, 1977).
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Figure 1. Highly generalized bleck diagram, illustrating a geothermal
anomaly which could be signaled by anomalously young
(partially anncaled) apatite fission track ages. Events
portrayed in the diagram arc as followvs:

(1) Précesbrian basement rocks, with a thin veneer of
sedimentary deposits.  K/Ar and apotite fission track
ages ranging from 1.k b.y. to 400 m.y. represent cool-
ing ages folluwing regionzl Precambrian thermal event.

(2} A late Tertiary pluton (10 m,y.) rises to shallow
depths in the subsurface, generating a thermal pertur-
bation which locally displaces the 100°C isotherm
upward to a new equilibrium,

(3) Apatite at lJocality () shown on fault scarp is exposed
to temperalures averaging 135°C for approximately
9 m.y., duc to displaced isotherns.

(&) High anglc block faulting comnences about 500,000
years augo, with a displacement rate averaging 1 cdycar,
Rapid rate of upiift of fault block depresses isothares
and steps the apatite fission track anncaling process.

(5) Apatite from rock sampled at fault scarp locatity (@)

gives FT oage of 60 m.y., but horeblonde and biotite
vill give the same K/Ar ages as those determined for
rocks samplad at locality (5).
(6) rnomalously yeung apatite I'T age is surface signature

of geothermal anomaly,

Hote: leotherass will adjust to new surface profile of fault

block topugraphy, buc so atteapt has been made (o

i1testiate this new cquilibriua,
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PROPOSED ASSESSMENT PROGRAM

General Description of Proposed Work

We propose a two-phase, interdisciplinary multi-agency, cooperative
program involving principal investigators from the Geophysical Institute with
the full cooperation and support of the Alaska Divison of Geological and
Geophysical Surveys, the U. S. Geological Survey and the Alaska State Division
of Energy and Power Development. The program may be expanded as appropriate
to include direct participation by the Bureau of Land Management and/or Alaskan
Native Regional and Village Corporations, depending on the status of sites
nominated for phase two studies.

The proposed program would be implemented in two phases: the first
dealing with a statewide survey of available data, and the second concerned
with site-specific reservoir confirmation studies.

" 'Spécific Output for Phase One

Phase one of the proposed program is to be accomplished during the period
January 1 - September 30, 1978. During this time, data describing Tow- and
moderate-temperature resources in the state of Alaska will be assembled from
existing U.S.G.S., University of Alaska, Alaska Divison of Geological and
Geophysical Surveys, and Alaska Division of 0il1 and Gas reports and well log
files; as well as from petroleum company sources, unpublished Geophysical
Institute work and other geothermal data sources. Relevant Geophysical
Institute geochronologic Jaboratory studies which have already been initiated,
but are not completed due to lack of funding, will be completed during phase
one and the results incorporated into the phase one data base.

These data will be pubTlished in a Geophysical Institute report designed
for the use of energy planners, energy companies and potential users of non-
electric geothermal energy. The report will emphasize the known geographic

11
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distribution and the geologic, geochemical,; geochronologic and geophysical
data for the resources which appear suitable for direct heat applications.

The report will include a map of the state of Alaska showing the geo-
graphic distribution of these resources. Specific items to be included on the
map are: population centers, thermal springs, granitic plutons, Tertiary and
younger volcanic fie]ds,sedimentary basins having potential for geopressured
reservoirs and wells in which hydrothermal fluids were encountered during
petroleum exploration. Temperature and radiometric age data will be shown in
the cases where the appropriate data are available.

The report will also identify candidate sites for reservoir confirmation
activities to be carried out in phase two,las well as sites for which basic
geothermal data are lacking. Pertinent data from the report will be turned
over the U. S. Geological Survey for incorporation into the U.S.G.S. Geotherm

Data Base.

Radiometric dating programs to be completed and reported on during phase

ohe are:

1. "~ 'Geochronology of the Yukon-Tanana uplands, to include emplacement

and cooling ages of the Chena Hot Springs, Cache Mountain, Mt.
Prindle and other plutons, as well as K-Ar cooling ages from the
enclosing metamorphic basement terrane. These results will be
integrated with the radiometric data produced in our recent
ERDA-supported Eielson deep basement drill hole study (Forbes and
others, 1977).

The Eielson drill hole, located near Fairbanks, pénetrates schists
of the Yukon-Tanana Complex to a depth of 9,774 ft. The measured
geothermal gradient in this hole ranges from 34 to 41°C km. The

radiogenic age/depth data we have obtained from the Eielson core

12




GI 78-52

have led to a better understanding of the inter-relationship between
cooling ages and the retreat of geotherms in response to the erosion
of crustal cover. The Eielson model is thought to be representative
of the geothermal history accompanying regional metamorphism, the
emplacement of post-kinematic granitic plutons and the subsequent
uplift and erosion of the overlying crust.

Geochronology of volcanism in Katmai National Monument. Our initial
results on this project suggest that dated volcanism and intrusive
activity in this area extends from 1912 to perhaps as far back as 2
million years ago. Many of our dated samples appear to fall in the
0-500,000 year range and have given us severe analytical problems
due to their very high percentages of absorbed atmospheric vs.
radiogenic argon.

We believe, however, that an ERDA-suppored upgrading of our argon
mass spectrometer which we have recently completed will make it
possible to obtain much more reliable age measurements on rocks in

this very young age range.

Geochronology of Granitic Intrusive activity along the southern

margin of Alaska. Previous work by Kienle and Turner (1976) has

documented a Paleocene series of granitic plutons extending from
northeast Sanak Island to the Shumagin and Semidi Islands, on the
Pacific side of the Alaska Peninsula. Radiometric dating studies
now in progress suggest that the on-trend series of plutonic bodies
on Kodiak Island and the southern Kenai Peninsula may be cogenetic
with the previously dated Paleocene intrusives. K-Ar dating of
these intrusive bodies will be completed under the proposed program,
yielding emplacement and cooling ages for this important continental
margin granitic intrusive system.

13
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Specific Output for Phase Two

Phase two will involve fie]d and laboratory studies designed to
fill in gaps in geothermal resource information identified in phase one,
as well as site-intensive studies of promising sites using geologic,
geothermal, geophysical and geochronologic methods. This work will be
accomplished during FY 1978-79, beginning October 1, 1978.

Following the inventory conducted in phase one, the most promising
Alaskan sedimentary basin will be selected for detailed analysis. This
study will include subsurface 1ithofacies relations, structural analysis
and reservoir studies in addition to surface geology. Deep drilling
costs are extremely high in Alaska, and any exploratory drilling for
deep hot water aquifers must be preceded by a careful subsurface study
of this type. Due to these extremely high costs, any deep drilling
proposed for phase two would have to be funded by a supplemental appropriation
to the enclosed budget.

Reservoir confirmation studies involving shallow drilling will also
be carried out at a promising hot spring site, such as Manley Hot Springs,
located about 90 air miles northwest of Fairbanks. These hot springs
have been under study by the Geophysica} Institute since 1973. They are
of particular interest because they have supported commercial vegetable
farming since the early 1900's (Leonard, 1974). Planning is underway at
the Geophysical Institute for the installation of an experimental Rankine-
Cycle Tow temperature unit for the generation of small amounts of electricity
in a total utilization experiment at Manley. The springs are surrounded
by a large expanse of warm ground, which has also been used for truck
farming in addition to the greenhouses which have been constructed on

the site. We propose to drill a grid pattern of test holes with a small

14
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drill rig, to measure ground temperatures and gradients; and one 500 ft.
hole to explore the shallow levels of the conduit system to see if exit
water temperatures have been Towered by mixing with ground water.

In addition to the above studies we will carry out a regional
program of dating selected Alaskan intrusive bodies and volcanic fields

which are potential geothermal resources, but for which our phase one

assessment shows that there is no radiometric age information available.

An environmental fmpact statement will be prepared if required by
any of the projects discussed above.

Details of the budget for phase two will be negotiated with DOE
upon completion of phase one and based on the recommendations of that
study. It is understood that the total figure for the phase two budget
(exc]uding possible deep drilling costs) will not exceed $175,000.

Coordination with other DOE Geothermal Programs

We anticipate that other DOE funded studies being conducted concurrently
with phése one of the study proposed here will be of great assistance in
helping to define the developmental potential and economic viability of
sites selected for field investigation in phase two. A small project to
assess the economic parameters of geothermal development in Alaska has

been proposed by Leonard and Goldsmith of the Geophysical Institute and the

Institute of Social and Economic Research, respectively. This project
will begin in February, 1978, and will refine and supplement information
being gathered on a regional basis by the Oregon Institute of Technology.

We plan to make every effort to coordinate our work with these and other
ongoing geothermal programs in order to assure the most cost-effective use

of available funds. We have held preliminary discussions with Don Markle,

0IT coordinator for Alaska; Dr. Ross Schaff, Alaska State Geologist;

15
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Dr. Thomas Ovenshine, Chief of the USGS Branch of Alaskan Geology; and

Dr. Robert Christiansen, USGS Geothermal Program Manager. A1l of these
individuals have promised the full cooperation of their respective agencies
with our proposed geothermal assessment program.

Research and Reporting Responsibilities

Dr. Turner will be principal investigator and overall coordinator
for both phases of the proposed project. He will be responsible for
all geochronologic work, and all data compilation excluding the sedimentary
basin studies. He will participate in the reservoir assessment studies
in phase two, together with Dr. Bob Forbes and Mr. Lee Leonard, a
Geophysical Institute Engineer, who will act as a collaborating scientist
for shallow dri1Ting and temperature profiling in phase two.

Dr. Bob Forbes will be responsibie for all sedimentary basin and
heat flow research and reporting in phase one. He will also conduct the
sedimentary basin evaluation and participate in the reservoir assessment

studies in phase two. He will co-author the final reports for both

phases with Dr. Turner.

16
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Budget - Phase I
January 1978 - Sept. 30, 1978

Salaries
Principal Investigator, D. Turner, Assoc.

Prof. of Geology, 4 mo. @ $3,537 14,148
Prof. Lab Technician, 4 mo. @ $2,296 9,184
Laboratory Assistant, 2 mo. @ $1,178 2,356
Electronics Tech., 1 mo. @ $2,130 2,130
Student Assistant, 2 mo. @ $1,178 2,356
Draftsman, 1/2 mo. @ $2,058 1,029
Labor for preparation of reports and

publications, 1 mo. @ $1,777 1,777

Subtotal 32,980
10% salary increment 3,298
Subtotal ' 36,278
Reserve for annual leave 12% 4,353
Holiday and sick leave 9.5% 3,446
Total Salaries 44,077

Staff Benefits
Hospitalization, Social Security, Retirement

12% of total salaries 5,289
Overhead
64.7% of total salaries 28,518
Laboratory Supplies
Liquid nitrogen, heavy Tiquids for
mineral separations, ultra-high vacuum
valves, and other miscellaneous expend-
ables 6,500
Travel
1 round trip (Turner) to Miami for Spring
AGU meeting, including 7 days subsistence
@ $30/day 926
1 round trip, Lopez-Menlo Park, Ca. (Forbes)
including 5 days subsistence @ $30/day 364
1 round trip (Turner) Fairbanks - Lopez, Wa.-
Menlo Park, including 5 days @ $30/day 630
1 round trip (Turner) Fairbanks - Idaho Falls -
. Menlo Park, Ca., including 7 days @$30/day 707
2 round trips (Forbes) Lopez - Fairbanks,
including 5 days subsistence each @$30/day 912
4 round trips, Fairbanks - Anchorage, including
5 days subsistence each @ $30/day 988
, 4,527
Other Direct Costs
Co-Principal Investigator/Consultant,
R. Forbes, 2 mo. @ $4,393/mo. 8,786
Communications 800
Freight 453
Xeroxing 450
Computer usage 600
11,089

LA SR Mt )

Total Budget - Phase I 100,000




Budget - Phase II
- Oct. 1, 1978 - Sept. 30, 1979

The detailed budget for phase 2 will be negotiated with the DOE upon completion
of phase 1, and based on the recommendations of the phase 1 study. It is under-
stood that the total figure for the phase 2 budget will not exceed $175,000.

Budget - Phase I - $100,000
Budget - Phase II 175,000

Total Budget $275,000
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:j . NAME OF OHLROR . SUPPLILS AND’()I’ SR ICES 1O 8L TR T T T "
e Geophysical Institute : :
N HOME OITICE ADDRESS . i
University of Alaska . '
Fairbanks, Alaska 99701 j F

TIVISTON 1 AND LOCATION{S) VIHERE WOPX 15 10 BE PERFORMED TOTAL AMGUAHT OF PROPOSAL TOVT SOVCH ATON R0

Fairbanks _ s 100,000

DETAIL DESCRIPTION OF COST ELEMENTS

o TOTAL REFER-
b ODIRECT MATERIAL £ remsre o Exhibu 4) EST COST ($)] go1 cost® ENCE

‘ u. ";JR(;«IAVS‘{VD}’ARIS - 6,500 e "

i

b, SUBCONIRACTLD HEMS

[ O"IER'—I 1} RAW MATERIAL - ; L i
{2) YOUR STANDARD COMME“C'Al 1TEMS ;
M—“—_“ﬁ;‘ _.mEEES.;JcSL‘;i‘RXLZHus_ {11 other than cort) B _” . . r |
T TOTAL DIRECT MATLRIAL 6,500 Budget
2. MATERIAL OVERHEAD' (Rute AN} bute=) .
. » ESTIMATED RATE/ ESY
3 DIRECT LABOR (Specify) HOURS HOUR COST (5}

TOTAL DIRECT 1ABOR RN R 44,077; Budget i

4 LADOR OVERHEAD {Spevafy Depurtment ar Cont Center O H. RATE X BASE = | EST COSi (5)
647% 144,077 28,518
- J——
FOL AL LABOR OVERREAD R 128,518
s X'"K X%K‘X huidiuding field wark at Gorernment lutlull.llmm) ESY COST 1§ ‘

Staff Benefits.12% of total salaries N _

Staff Benefiis
. o KRR 5,28

8 SPECIAL [OUU‘MENV (1f direct .bnrgf; [quuu R
trec rh.uxr) l(,n: detath on ./Il.lJml ESY COSY ()
K @ TRANSPORIATION ) 2 s 907
i’% : h. PER DIEM Ok SUBSISTENCE 1. 620
'J" T 3 M i ok |
; é\ FOTAL IRIVIT 4.527 'Budaet
o 8 CONSULTANIS (Llentify ~purpore~rute) ES1 COST 1 §)
s
Tt . o ! INALLTANTS
. 4 OUAL CONNULT AN
; ?"\i‘
,T 9 OTHER DIRECT COSIS. (ltemite on I\lnlul T ) '] ] OSQ..BLLngI
IO FOUAL IDURICT COSE AND OVERHE D
l‘\ﬂ, 11 QtNERAl AND ADMIISTRATIVE UP[Nst { Rute nf vost element Nay,
4
5 3 ’ YRS VLR IRy :
ot V4 FEE OR PROFT
o 1 CTORAL ISIIMATED CONE AND N DR PROLT .

This praposal o submurted for use i connection wath 2odd i response o (Derthe REP, ol j

m\! e flects vur best estimstes 3y of thiy |hn in ateorndaove wath the Instrucoons to Oflcron and the Footnotes » hah tollow

lV?[() PIALAE AMD TITLE SIGHATURE

Neta Stilkey
~__Business Manager

NAME Ol HRM

Geophysical Institute, University of A1aska
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12720777
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EXHlBﬁ_{\;»~SUPFORT§NG SCHEDULE (Spectfy. If riore spece is needed, use rererse) .
COST EL NO. e 1TEM DESCRIPTION (See fontnote S ) EST COST (§) N

See Attached Budqet

Q_] YES [j 1O (If yes, identsfy below.)

b MAS ANY EXECUTIVE AGENCY OF IHE UMHTED STATES GOVERIMINT PERFORMED AMY RIVIEW OF YOUR ACCOUMTS OR RECGCROS IN CONNECTION WiTI{ ANY OTHER
GOVERNMENT PRIME COMHIRACT OR SUBCONTRACT WITHIN THE PAST TWELYE MONTHS?

MAME AMD ADDRESS OF REVIEWING OFFICE AND INDIVIOUAL

TELEPHONE NUMBER/EXTENSION

D VES m HO  (1f vee tdentify an reverse or sepurdie page)

DCAA, Suite 400, 2525 C_St.. Anchorage, Ak.99503 9071276:4566‘Ext;284

1, WILL YOU REQUHRE THE USE OF ANY GOVERNMENT PROPERTY 1N THE PERFORMANCE OF 1115 PROPOSED CONTRACT?

WL, DD YOU KEQUIRE GOVERHMENT CONTRACT HINANCING 10 PERFORM THIS PROPOSED COMTKACT?
[ ves [ no c1f v sdensiy g [] movance pavments {7 rroceess pavments 02 { ] sunranicen 1oans

PROPOSED CONTRACT?

[T ves [Jno of ver. sennfes:

. 0D YOU HOW HOLD ANY CONIRALT {Ur, ds you hare any indipendently financed (IRED ) pinpects) FOR THE SAZAE OR SIMILAR WORK CALLED FOR BY THi$

m YES D NO  [Uf a0, explain ow rerense or separate page)

V. DOES 1HIS COST SUMMARY CONFORM WITH TIiE COST PRINCIPLES SET FORTH 1N AGENCY REGULATIONS?

t. The purpose af this form 1s to provide a standard formet by which
the ofleror subnuts o the Government 2 summacy of sncurred 2nid
esumoted costs fand uthaihed yuppurting ixformation } surable for de-
tziled vevien and analyws Prior 1o the sward of 3 contrect resuliing
from this proposal the offeror shall, under the conditions stated 1
FPR 1-3.H07-3 be required to subant a Certificate of Current Cost or
Pacing Dats See FPR 1-3 ®07-3(h) and 1-3.807-4).

2. In addition to the specific infacmation required by this form, the
offeror is expected, 10 good fanh, 4 incorporate in and subma with
this form any addinonal data, sopportanyg schedules, or substsntiation
which are ressonahly required lor the conduct of an appropriate re.
view and analysis in the light of the specific facts of this procurement.
For ¢ffective negotiations, w iy essential thag there be 2 clear under.

standing of:

2. The existing, verifiable dats

b. The judgmentat factors applied 10 projecting from knuen dau
to the estintate, and

¢. The convingenciry uved by the affcror in his proposed price,

ta shore, the ofleror's estnnating process itselfl needs (o be disclosed,

Vo Fwrer i thas colinn thase wecesnrry and reasenahble cotty whbnh ju the
padgrient af the afferar will properly he fucurved sn the efhisent perfarviance
nf the vontroct. When uny of the cmnv 1w this wolumy bare already been
masrred (e . on v lertes crntrat or vhunge order ). describe them on an
wttacked supporting suheasle Lennify ull soles and teanfery benveen yonr
Phosts. divuon or erganitetnas wider o inmmon sontrof. whih wre -
chaled wt nther than the louer af et o the orginal transfercor ar urrent
wnardet prue.

2 Whew apuce i adidution o that wradable e Exbibit 4 0 veguried, at
bk separate pages v weeevary wnd adentfy in thes  Referanie” wolumn
the sttt hovent 1 whnk the tnfor wative supparting the ipefe cort elpment
mry be found Na atunidurd farnat 0 prerched: boucier, the it v pra.
INg thrbs naust he auiwrete replete amd anccent axd the pidpsent fastart
saed a Yregecting from the @aty de the ctvmates vt be wated i wsflocnt
detodd te owanle the Contruaiting ihoae tn cialuate the proporad For en.
woniple. provide the o wcwd [or peociny smatesnals such v by ceader yuo
Eitinns shop pufimater. ar puis e privee the reasan for wie of nicrbesd rute
whih deport pgmifiantds fram oxperiesied vata (reduied sdome, o
Plasvied wmupar ve arrvugeuent b ) e pushifoatone for an ot i
lahar vates fontnapated wage wnid sclavy ivvcaren, b ) ldentfy anid oy
Plamn any contingemiier whah wer suddsdid s the propored Frie. vuh o
anticpuited qoste of repects wnad JSefective work, o canttrpoted technpad
diphindioes

' INSTRUCTIONS TO OFFERORS

X When attachrsent of supportine cost or pricing «dxt o this lorm i
unpracncahle, the date witl be desertbed funth schadnder us upproprusiey,
and made availsble to the contractung ofhicer or his representatise upon

request.

4. The formats for the “Cos Flement’” and the " Proposed Conteact
Estimate™ are not intended 28 nigrd tequrcments These may be pre-
sented st dibierent format with the prior approval of the Contrating
Oificer ¥ required fur more efective and efhcsent prosentanon. Ia ul1
other respects this form will be completed and submitted without
change

$. By submivsion of this proposal the offczor grants ta the Contracting
Otlicer, or his authorized representative, the right (o exarmne, for the
purpose of venfying the cost or pracing data subnited, thase bouk,
records, dovuments and other supportng date which wil pernnt ade.
quate evafuation of such cost ur priciog dats, atong wath the computs-
tiony and projections used thervin Thas right may be exercised i con-
ficttion with any negotations poor to conteact awsrd.

FOOTNOTLS 3 .

v Indivate the rates weed and procudy an appropriate esplonation W bore
mgreevent Fas keen roached wath Gorerwment representatsves an the e of
forward proveng tater, desciihe the watnre of the ugreement. Procnte the
method of computatons wund application of yaue arerhesd oxpence, pndinding
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pake the following information on eorh geparate tev of royalty ar fnense
fir. mame wrd wdidvens of Iicenvor: date vf hoesie wgreement. purient sin-
beer, patead application verval wiothers, or pther hasn on whih the rnvalty
0 payahle. brief devriptiny, onduding wny part or maded namher of eorh
enutradd stem ar somponend wa bl the coyalty v pavable, pevientige e
dailyr rate af rovalty per wndd. wnit prace of vitradt vtem, nuviher af
ynits, and toral dollar aoannt of voyalttor In adiitson, of pecifoaihy v
guevied by the contracting officer a capy of ihe cwirant lucnse ugreceent
witd pdentifcation of applivalde hawms of speapy patents shall be prasnded.

S Praende u it of provoapal eteny wathiy each categnry mudiating kanue
ar wninapated wonrie, guaitidy, it prrce, competstnn obiupnrd. snd b
of extabinding yourie wand yomvonahlenea af cori
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Appendix E e .

. . - UNITED STATES EITRGY RESFARCH AMD DIVETOPMINT FOMIN '1"'\.\”‘"(.\‘1 .

OPERNTINNG, [NVISION OF PRdCURiNEy

VR,

= LTIy

TGFEFAOR REDTEDE e TO0S o) (e irigas

THE O~I~;BOQ EIPPSSIIES AND CERTIFIES AS PRRT OF HIS CFFER THAT: (Creck or camlete AL epplicable boves oz‘ R
blanks. The term "offer” means bid where the procurement 1*; advertised, and progosal where the procursment

is recotiased.) '

1. &Ly UsnhEss C‘C‘:.’CE"’\! .
He / /7 is, X7 is mor, a zmall busziress concern. If offaror

amifactuver the suzolies offored, he also reoprasents thas
/ /7 will rot, ctured or produced b/ & ewall businoss
© ox Puerto RPico. inition of “srall haginsse ooncern”,

es
61 and (i1} the “*'m‘l Busiress Corcemn

if any.) . )

INTERPRISE . :
s rot, a minority business enterprise. A mirority busiress enterprise is c,e“‘.ed as a
*business, 3¢ 50 percent of which is owned by ninoricy g*“up resoavs, or in caze of publicly werned
businesses, at least 51 percent of the swxck of which is aomed mirority group rethers,” For the purpose
of this c.“::uhom minority croun wexbars are Negroes, Scanis! "Sy”c(l_'” Exerican persons, Axerican-Qri €-.1:..ls,

Arerican-indians, rmrlc.m—.‘isuros, and Arerican-Alesuts.

3. IABCR SUPRILS IIEA CONCERN .
Eo /7 /is,X‘sxc a :

suz
ral I‘cmﬁa icns, Title 41, Su

Oocde of Fade

-

MAFACTCPFR (Prplicable

faed <
Fe is a ,}(rm plar dealer in, /7

5. TYPE . CREMNTZATION (Check 211

™

lrooiporaea

&S
6. AFFILIATTION 20D IDENTIFYING D3TA {(Apolicshle only to advertised solicitations. For further clarificaticn,

jofe)

sea I}“““”““Zr‘” 16 end 17 On Standard Form 237, )

(a) =s /—_7 is ."}(

B RO
ey,

i

(inclade 2io Code) " : .

I, YNo.j
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»arson (other

Teensd
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n

(a) iz 2 s rot, erployed o
&'.‘p,cr;'»:‘c W R s for tha of .F"O"‘

vaid or WSS ARA Rt Tl e Tl

FACOMELN

o osear TR
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10.

“he offcror certifies as fcllows:

' O“o;v*wn:y ciause Terein or the clause origi

00, or tha Contractina Officer las determined that orders

n ens year will eroced $106,000, or a Jacility to ke uscd has
(c) (i))or the Federal Vater
oy :

s
the Clean Air ket (42 U.5.C. 2B570-8
c)land is listed by EPA, or is not otherwize exerpt.)

(a) Any facility to be utilized in the performance of this preposed centract has /) / + has not @ .. .
been listed on thé Envircnmental Pro&ectlon Lgency List of Vivlating Facilities. -
(b) He w 11‘ promptly notify the Contracting Officer, prior to award, of the receipt of ary commmnication

, Envircrmental Protsction Rgency, indicatirg that any

:, C"‘wra of -ef‘“ al hotivities
lowmanose of the contract 1c under consicderation co ke risted

. List of "101 ing Faciliues.
{cY B will dncluds m.::st:n‘ially this certificztion, including this pazagragh {c), in evexy n exeh
srhoontract. .

5URL Y
Be ".r'/ }'35, ,’ /h 3¢ rre
nally contaired in secticn 35) of Dwacutive Order No. 10325,
or the clzuse containgd in section ,\,7/' s, /7 has rof, filed
21} requived compliance roports; and that repressntations indicating submissich of recuirsd corpliznce
reports, sicrs crososed subcontractors, will b2 oblainsd orior to suboontract awards.  {The above -
t be suzmdeted in connection with contyacts or subeenitrzcrs which are exesp: frenm

- 2 el Eiby
ropresanta D gD TOC

a5 rot, participated in a previous contvact or sthcontract S’..b_)”"t eit! *mr to the Fgual
2

21 of Becuiive Ordar ¥o. 11134; that he

MESICH4

¥
‘..

the clause.. ) . .

ies that '.«’*ze"e he or v ¢f his subcontractors have 50
13

» g¥a 5§$39,003 or more, eaw. such oreznizavicn vi

rooran for each ¢f their estzblishments
id p"..rauant to 4) (TR 60.) arnd 60.2, unless

not have cn file, &b eant

-y RY-a h=~ yor de v o,
not previcusiv had conlra

re the of

-

ik

oors! ,ng, a:':l

hewvise exarpt

e

(2} svhoontracts, and (3) agreoments with applicants who are themselves
t fram the provisions

~

{3} ceneraces, T
p"I;O"I‘&::‘. fegarally assisted constructicn contrects, exceading $10,000 which are not enoss

of the Foual Coportunity clavse.) _

rot paintain
coes ot

dicant, or s:bccnt:aﬂ‘-c* ce i‘ies

ties at anv cf hic

—— - .t b 'l oy
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owid
\I-_."i‘_ h)‘s
Jacilities , a;*nll::”t. or suboontracic certification
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13.

DISCLOSURE: STATENEIIN = CUST ROUCATIONN PPACTICES AND CEZTIFICHIION

Any contract in excess of $100,000 resulting from this solicitation except (1) vhen the price recotiated is
based on (a) established catalog or market prices of commercial iters sold in substantial quantities to
the general public, or (D) prices sct by law or regulation, or (2) CI)'\tAU\"t.; which &re ctherwies oxenpt
(see 4 CFR 331.30() and FPR £1-3.12035{a) (2)) shall ke subiect to the rogquircuients of the Cost Accounting
Standazds Board. any offevor svurmitting a proposal, which, if accepted, will result in & contract

subiect to the requirements of the Cost Pcrxa unting Stendarxds Poard rmust, as a condition of contracting,
ru}mt a Disclosure Statement as required by regulations of the Board. The Disclosure Statenent must
be submitted as a part of the offeror’s proposal under this solicitation (see (I) below) unless (i) the
offeror, together with all divisions, subsidiaries, and affiliates under ocuwon control, did not receive
net avards exceeding the ronetary exerption for disclosure as esteblishzd by the Cost hccounting Standaxds
Board (soe (II) below); (ii) the offeror evceodod the reonotary exerpticn in the I'ederal ~xscz.u. Yoo
Jrmediately preonding the year in which this progosal was submitted but, in accordance with the ragulations
of thea Cost Accounting Standards Poard, is rot yet required to suimit a Disclesure Statevent (see (II )
below); (1ii) the offaeror has already subinitted a Disclosure Statement disclosing the practices used in-
connaction with the pricirg of this proposal (see (V) kelow); o or (lV) rost award sukbmission nas kean

‘authorized by the Centracting Officer. See 4 CFR 331.70 for submission of a copy of the Disclosura

Staterent to the Cost Accounting Stand 1:-55 Ecard,

“CAUTION: . A practice disclesed in a Disclcsure Statement shall rot, bv virtue of_ such diszleosure, be
dacrred to ke a proper, epproved, or agroed to prchlce ,{o* pricing prot)oaalo oxr accunulating .ard

) repo*tmg oontrac*- g&rfome.r% cost data. N ) ,

hecX the approrriate box below:

/ /7 I. CERTIF ICATE OF CONCUPRENT SUBMISSION OF DISCIOSURE STATEENT (S)

The offeror hereby ‘certifies that he has submitted, as a part of his proresal under this solicitation,
copies of t:m Dizclesuxe Steberdni(s) as follows: (i) criginal ard one «opy to the cognizant
Contracting Cfficer; and, -(ﬁ)/c&\ ocopy to the cognizant contract auditor, -
. .
Date of Disclosure Rzme(s) and 22dress{es) of Cognizant:
tatoerent(s) “ontractirg Officex(s) whare filcd
he offercr further certifies. thdt practioes vsed in estimating costs in pricing this proposal arze corsistent

with the cost acoounting practices disclosed in the Disclosure Statement(s).

/7 II. CERTIFICATE OF MUTIARY EXETION

qhe offeror herchw cert \\‘r ,thqt he, toyether with all divisions, subsidiavies and affiiiates wifer comen
1 . ) Ay~ Sy
oontrol JiZ robt rewolve jniak wa"cz:. of nagotiated ‘naticnal delensa LIine ntracks totaling $3% millicn or
more durira Fedoral fL.,cal woar 12371; and &id not receive ret awards of negotiated rational defense prime
the Fedeval fiscal

contracts subject to Cost Arcouing Standards totaliny rore than $10 willion in eny of &&
years 1972, 1973, 1374, or 1975; and net awards c* negotiated national daf e~se prime centr
subcontracts stbiject to Cost Acocounting Stapdands tOJLl,pU’"“ rora than $10 rillicn in Federa
1976, or in any subsequent Federal fiscal year precaeding the year in vhich this prorosal wasz

"CAUTION: Offerors who submitted or who cu:*eptl) are ohligated to subwit a Disclosure Staten
£iling threshold esteblished by the Cost Accounting Stardards Board for a Federal fiscal year prior to the
one Jn‘cx.l:uely preceding the’ 3031 in which this pro».ual was submithed o eligible to cladm this

fic shance sle fters on all tholx

exerption 1f they have received rotificaticn of finmal ac
Prime contyacts and suboontracts conteining the Cost hccounting Standard

I AR oy

/_/III. CERTIFICATE CF INYERIM ENY

The offeror
a»,o.... in the Feds
{i1) . accordansy with Ll.~: lL:_[lIl Lror [\v“/“ ;

yet myplrad to subndt a Disclosure ‘)uJ(lJf AN The ofrerer fu(h-‘r cc:t ific
this proyesal has nat beon rade by Mazch 3) ¢ s\ne current Foderal Finscal
revised cortifoote to the Controcting CIUicer, in the f soocifZed w
agpropriate, to verily his suolszion of a ampleted Disclosure Stalursnc,

Pagr 3 of 8 -
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AR Clhana il

The offercr hereby certifies that the Disclosure Staterernst’s; were
Date of Disclosurs | T — es) of Cognies
Statzrent(s) AT i (s} vhore {iled .

Ths offeror furthsr certif
with tha cost accownting b

14, J‘.D.):TIO."L COST ATCGIATING

{a) Cost accoumting Jar
Bozrl to cnyw awaxd 25 prcvid
has oz

rw-nc—,v'n"'lv
eomlicable
is awarged

D gulh '_:."..f.a».i..J 'x .::.-.c:: ;. TASTOCL .
on cr &fter the off : ? z e tha cifercr's
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PERSONAL DATA
NAME : Robert B. Forbes
DATE OF BIRTH: March 14, 1924
PLACE OF BIRTH: Aberdeen, Washington

EDUCATION:

University of Oregon, Eugene, Oregon, 1941-1942
1946-1948
B.S. Geology, University of Washington, Seattle, Washington
1948-1950
Graduate work, University of Washington, 1950-195]
Ph.D. Geology, University of Washington, 19857-1959

POSITIONS HELD & EXPERIENCE:

Geologist and Executive Officer, Juneau Ice Field Research
Project, (spring-summer) 1949-1950.

Consultant, Mountain Environment Project, Department of Army,
Washington, D.C., 1951-1953.

Chief, Field Observation Branch, 0QMG, Department of Army,
Washington, D. C., 1952-1953.

Department of Army Expeditions Project Supervisor, 1953-1955.

Assistant and Acting Chief, Research Branch, Office of Research
Development, OQMG, Washington, D. C., 1955-1957.

Research Associate, Department of Geology, University of Washington,
1957-~1959.

Assistant Professor, Geology Department, University of Alaska,
1959-1961.

Associate Professor of Geolegy, Geophysical Institute and Geology
Dept., University of Alaska, 1961-1963.

Visiting Research Professor in Petrology, Geophysical Institute,
University of Tokyo, Tokyo, Japan. (NSF Science Facultly
Fellowship), 1963-1964.

Associate Professor of Geology, Geophysical Institute and Geology
Department, University of Alaska, 1964-1965.

Professor and Head, Geology Department, University of Alaska
Geology Dept. and Geophysical Institute, 1965-1969.

Visiting Research Geologist, Alaskan Geology Branch, U.S.G.S., Menlo

" Park, California, 1969-1970. (Temporary appointment; Sabbatical
Leave academic year 1969-70).

Professor of Geology, Geophysical Institute and Geology Department,
University of Alaska, 1970-1976.

Senior Geologic Consultant, Geophysical Institute, University of
Alaska, 1976-present.




Personal Data of Robert B. Forbes (Cont'd) Page 2

HONORS:

Department of Army Outstanding Performance Award (Special award
for Antarctic research), Jan., 1957,

National Science Foundation Science Faculty Fellow in Geology
(Geological Institute, Tokyo University, 1963-1964).

Vice President, Section of Volcanology, Geochemistry and
Petrology, American Geophysical Union, 1970-1972,

PROFESSIONAL ORGANIZATIONS:

Fellow, Geclogical Society of Americe

Fellow, Arctic Institute of North America

Fellow, American Association for the Advancement of Science
Member, American Geophysical Union

Member, American Association of Petroleum Geologists
Member, Sigma Xi

Member, American Polar Society

RESEARCH INTERESTS:

Petrology and geochemistry of igneous and metamorphic rocks,
with current emphasis on andesitic volcanism and the petro-
Togy of blueschist and eclogite facies metamorphic rocks;
volcanology, including geophysical and geochemical studies
of Alaskan volcanoes; exploration and utilization of Alaskan
geothermal and uranium resources.

PUBLICATIONS:

Published Papers

Forbes, R. B., Field research and expeditionary mountaineering,
American Alpine Journal, 1954.

Forbes, R. B., Operation Deepfreeze I1: Parts I, II, III, IV, The
Quartermaster Journal, May-December, 1957.

Forbes, R. B., Ultrabasic inclusions from the basalts of the Hut Point
area, Ross Island, Antarctica, Bull. Volcanologique, 26, 13-21,

1963.

Forbes, R. B. and D. W. Ester, Glaciation of Observation Hill, Hut
Point Peninsula, Ross Island, Antarctica, J. Glaciol., 5, 87-92,

1964.

Forbes, R. B., The comparative chemical composition of eclagite and
basalt, J. Geophys. Res., 70, 1515-1521, 1965.

Forbes, R. B. and H. Kuno, The regional petrology of peridotite
inclusions and host basalts, Upper Mantle Volume; Selected
papers from the Proceedings of the 22nd International Geological
Congress, New Delhi, India, 161-179, 1965.
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PUBLISHED PAPERS (Cont'd)

Forbes, R. B. and S. Banno, Nickel-iron content of peridotite
inclusions and cognate olivine from an alkali-olivine basalt,
American Mineralogist, 51, 130-140, 1966.

Foster, H. L. R. B. Forbes and D. M. Ragan, Granulite and perido-
tite inclusions from Prindle Volcano, Yukon-Tanana Upland,
Alaska, U.S. Geological Survey Prof. Paper 550-B, B115-119,
1966. .

Wilson, C. R., S. Nichparenko and R. B. Forbes, Evidence of two
sound channels in the polar atmosphere from infrasonic ab-
servations of the eruption of an Alaskan volcano, Nature, 211,
163~165, 1966.

Forbes, R. B. and H. Kuno, Peridotite inclusions and basaltic host
rocks, Ultramafic and Related Rocks, 238-337, Ed., P. J. Wyllie,
John Wiley and Sons, 1967.

Forbes, R. B., D. K. Ray, T. Katsura, H. Matsumoto, H. Haramura,
and M. J. Furst, The comparative composition of continental
versus island arc andesites in Alaska, International Upper
Mantle Project Scientific Report #16, State of Oregon Dept.
of Geology and Min. Indus. Bull., 65, 111-120, 1969.

Forbes, R. B. and R. J. Barsdate, Trace metal zonation in a native
copper nugget from the McCarthy district, Alaska, Econ. Geol.
64, 445-458, 1969.

Forbes, R. B., R. C. Dugdale, T. Katsure, H. Matsumoto and H.
Haramure, Dredged basalt from Giacomini Seamount, Nature, 221,

849-850, 1969,

Wilson, C. R. and R. B. Forbes, Infrasonic waves from Alaskan volcanic
eruptions, J. Geophys. Res., 74, 4511-4522, 1969.

Forbes, R. B. and C. M. Hoskin, Dredged trachyte and basalt from
Kodiak Seamount and the adjacent Aleutian Trench, Alaska,
Science, 116, 502-504, 1969,

Forbes, R. B. and J. C. Engels, K[m/AR40 age relations of the Coast
Range Batholith and related rocks of the Juneau Icefield area,
Bull. Geol. Soc. Amer., 81, 579-584, 1970.

Forbes, R. B. and H. L. Foster, Hisashi Kuno (Memoriam), E0S, 51,
246-247, 1970.
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PUBLISHED PAPERS (Cont'd)

Gedney, L., C. Matteson and R. B. Forbes, Seismic refraction
profiles of the ash flow in the Valley of 10,000 Smokes,
Katmai National Monument, Alaska, J. Geophys. Res., 75,
2619-2624, 1970.

Forbes, R. B. and J. Kienle, Mount Saint Augustine--restless
volcano, Pacific Search, 6, 3-4, 1971.

Forbes, R. B., T. Hamilton, I. L. Tailleur, T. P. Miller and W.
W. Patton, Tectonic implications of blueschist facies meta-
morphic terranes in Alaska, Nature (Physical Science), 234,
106-108, 1971. -

Forbes, R. B., D. L. Turner, J. Stout and T. E. Smith, The
Denali Fault offset problem, U.S. Geol. Sur. Circular 683,

46, 1973.

Forbes, R. B. and M. J. Lanphere, Tectonic significance of
mineral ages of blueschists near Seldovia, Alaska, J.
Geophys. Res., 75, 1383-1386, 1973.

Forbes, R. B. and N. Biggar, Alaska's geothermal resource poten-
tial, The Northern Engineer, Vol. 5, No. 1, p. 6-10, Geophysical
Institute, University of Alaska, Spring 1973.

Turner, D. L., R. B. Forbes and C. W. Naeser, Radiometric ages
of Kodiak Seamount and Giacomini Guyot in the Gulf of Alaska;
Implications for circumpacific tectonics, Science, 182, 579-

581, 1973.

Foster, H. L., F. R. Weber, R. B. Forbes and E. E. Brabb, Regional
' geology of the Yukon-Tanana upland, Alaska, "Arctic Geology",
AAPG Memoir 19, 388-395, 1973.

Bunder, C. M., C. A. Bush and R. B. Forbes, Radioelement distri-
bution in the Birch Creek basement complex, Eielson Deep
Test Hole, Alaska, J. Res. U. S. Geol. Survey, 1, No. 6,
659-663, 1973.

Subbarao, K. V., G. S. Clark and R. B. Forbes, Strontium isotopes
in some seamount basalts from the northeastern Pacific
Ocean, Canadian J. Earth Sciences, 19, No. 10, 1479-1484,

1973.

Forbes, R. B. and R. Swainbank, Garnet clinopyroxenites from Red
Mountain Pluton Alaska, Bull. Geol. Soc. Am., 85, 285-

292, 1974.

Forbes, R. B., D. L. Turner and J. R. Carden, Age of trachyte
from Ross Island, Antarctica Geology, pp 297-298, June 1974.
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PUBLISHED PAPERS (Cont'd)

Forbes, R. B. and F. R. Weber, Progressive Metamorphism of Schists Recovered
from a Deep Drill Hole Near Fairbanks, Alaska, J. Res. U. S. Geol. Survey,
Nov.-Dec. 1975. .

Swainbank, R. and R. B. Forbes, Petrology of eclogitic rocks from the
Fairbanks district, Alaska, Geol. Soc. Am. Special paper 151, p. 77, 1975.

Forbes, R. B. (contributing author and editor), Exploring Katmai
National Monument, Chapter 3 (History) and Chapter 4 (Geology), Alaska
Travel Publications, Inc., Anchorage, Alaska, 276 pp. 1975.

Forbes, R. B., L. Leonard and D. H. Dinkel, Total energy utilization
potential of Alaskan thermal springs, Selected papers from the Proc.
of the United Nations Geothermal Symposium, San Francisco, California,
May 1975, pp. 2209-2215, 1975.

Forbes, R. B., "The Energy Crunch...Alaska Style", Proceedings of the
‘Public Meeting on a National Plan for Energy Research, Development and
Demonstration; Transcript of the Proceedings, U.S. Energy Research and
Development Administration, Washington, D. C., December 1975.

Forbes, R. B. Investigation of Alaska's Uranium Potential: Part 2, Map of
the granitic rocks of Alaska; and Regional Distribution and tectonic
setting of Alaskan alkaline intrusive igneous rocks. GJO-1627, State
of Alaska Division of Geological and Geophysical Survey, June 1975.

Forbes, R. B. and J. Kienle, Augustine Eruption Damages University
Research Facilities, Now in the North, 6(2), 6-7, April, 1976.

Pewe, Troy L., Jdohn W. Bell, Rebert B. Forbes and Florence R. Weber,
Geological map of the Fairbanks D-2 SW quadrangle Alaska, U.S. Geol. Surv.

Miscellaneous Investigations Series Map 1-829-A, 1976.

Carden, J. R. and R. B. Forbes, Discovery of blueschists on Kodiak Island,
Short Notes on Alaskan Geology, Alaska State Div. of Geol. and
Geophys. Surveys Geological Report 51, pp. 19-22, 1976.

Pewe, Troy L., John W. Bell, Robert B. Forbes, and Florence R. Weber,
Geological map of the Fairbanks D-2 SE quadrangle, Alaska, U. S.
Geological Survey, Miscellaneous Investigations Series Map 1-942,

1976.

Jones, B. K. and R. B. Forbes, Investigation of Alaska's Uranium
Potential: Part 2, Uranium and thorium in granitic and alkaline rocks
in western Alaska. GJ0-1639, State of Alaska Div. of Geol. and Geophys.

Surveys., February, 1977.

Pewe, Troy L., John W. Bell, Robert B. Forbes, and Florence R. Weber,
Geological map of the Fairbanks D-2 NW quadrangle, Alaska, U.S.
Geol. Surv. Miscellaneous Investigations Series Map 1-829-A, 1977.
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PUBLISHED PAPERS (Cont'd)

Carden J. R., Wm. Connelly, R. B. Forbes, and D. L. Turner, Blueschists of
the Kodial Islands, Alaska: and extension of the Seldovia schist terrane

(submitted to Geology).

Reports

Forbes, R. B., A preliminary report on the bedrock geology of
the Juneau Ice Field, Scientific observations of the Juneau
Ice Field research project, 1949 field season, JIRP Rept.
#6, Pmerican Geophysical Society, 1952.

Forbes, R. B., The effect of Antarctic environment on operations
in the Ross Sea Region, Spec. Rept. 0QMG Research and Develop-
ment, July, 1955.

Forbes, R. B., The effect of Antarctic environment on operations
in the Ross Sea Region, Spec. Rept. OQMG Research and Develop-
ment, July, 1955.

Forbés, R. B., The bedrock geology and petrology of the Juneau ice Field
area, Southeast Alaska, Final contract report, Research and Development,

Department of the Army, Washington, D. C., 1959.

Forbes, R. B. and J. M. Brown, Preliminary geologic map of the Fairbanks
Mining District, Alaska, State of Alaska Div. of Mines and Minerals,

Rept. 194-1, 1961.

Forbes, R. B. and L. Hanson, Preliminary geologic map of the
Rainbow Mountain area, Alaska, State of A]aska Div. of Mines

and Minerals, Spec. Rept., 1964.

Forbes, R. B., H. D. Pilkington and D. B. Hawkins, Gold gradients
and anomalies in the Pedro Dome~Cleary Summit area, Fairbanks
District, Alaska, U.S. Geol. Surv., Open File Rept. #324, 1968.

Stevens, D. L., R. B. Forbes and D. B. Hawkins, Gold anomalies
and magnetometer profile data Ester Dome area, Fairbanks,
Alaska, U.S. Geol. Surv., Open File Rept. #384, 1969.

Pilkington, H. D., R. B. Forbes, D. B. Hawkins, R. M. Chapman
and R. C. Swainbank, Preliminary investigation of gold
mineralization in the Pedro Dome-Cleary Summit Area, Fairbanks
District, Alaska, U.S. Geol. Surv., Open File Rept. #383, 1969.

Hawkins, D. B. and R. B. Forbes, Investigation of gold minerali-
zation along a part of the Elliott Highway, Fairbanks District,
Alaska, U. S. Geol. Surv., Open File Rept. 485, 1971.
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REPORTS (Cont'd)

Forbes, R. B., L. Gedney, D. VanWormer and J. Hook, A Geophysical
reconnaissance of Pilgrim Springs, Alaska, Geophysical
Institute Report, University of Alaska, UAG R231, pp. 26, 1975.

Forbes, R. B., L. Leonard and D. H. Dinkel, Utilization of Geothermal
Energy Resources in Rural Alaskan Communities, Geophysical Institute
Report, University of Alaska, UAG R-232, pp. 83, 1975.

Jones, B. K. and R. B. Forbes, Geology and mineral resources of the
St. Lawrence Island Reserve, Alaska, Final report to the U.S.
Dept. of the Interior, Bureau of Indian Affairs, Contract Ho.

EQ0C14201203, February 1976.

Forbes, R. B. (Editor), Geothermal Energy and Wind Power. ..Alternate Energy
Sources for Alaska, Final Report to the National Science Foundation,
Geophysical Institute, University of Alaska, April 1976.

Forbes, R. B. and B. K. Jones, A preliminary assessment of the mineral
resources of the Norton Bay Native Reserve, Alaska, Final Report to
the U. S. Dept. of the Interior, Bureau of Indian Affairs, Contract

No. E00C14201203, June 1976.

Forbes, R. B. and C. L. Carver, A preliminary assessement of the
mineral resources of the Venetie Reserve, Alaska, Final
Report to the U.S. Dept. of Interior, Bureau of Indian
Affairs, Contract No. E00C14201203, July 1976.

Forbes, R. B., H. Pulpan and L. Gedney, Seismic risk and the Denali fault;
Part 1. Tectonic history, seismicity and the development of design
earthquakes and computer models: Prepared for Gulf Interstate
Engineering Company, October 1976.

Forbes, R. B. and C. L. Carver, A preliminary assessment of the
mineral resource potential of the Tetlin Reserve, Alaska,
Final Report to the U.S. Dept. of Interior, Bureau of Indian
Affairs, Contract No. N00C14201203, November 1976.

Pulpan, H., and R. B. Forbes, Seismic risk and the Denali Faults
Part II. Seismic response analyses and simulated earthquake motion:
Prepared for Gulf Interstate Engineering Company, April, 1977.

Forbes, Robert B., John R. Carden, and J. Mark Zedpski, The origin
of low-level airborne radiometric anomalies in the Copper River
Basin region, Alaska: Prepared for the Bendix Field Engineering

Corporation, May, 1977.

Brookins, D. G., R. B. Forges, D. L. Turner, A. W. Laughlin,
and C. W. Naeser, Rb-Sr, K-Ar, and Fission-Track
Geochronological Studies of Samples from LASL Dritl
Holes GT-1, GT-2, and EE-1, Los Alamos Scientific
Laboratory Informal Report No. LA-6829-MS, dune 1977.
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PUBLISHED BOOKS
Published Books

Forbes, R. B. (Editor), Contributions to the Geology of the Bering Sea
basin and adjacent regions, Geol. Soc. Am. Spec. Paper 151, 1975.

Papers Read at Professional Meetings

Forbes, R. B., The bedrock geology and petrology of the Juneau
Ice Field area. Southeastern Alaska, Geol. Soc. Amer. Bull.,
70, 1959 (Abstract).

Forbes, R. B., Progressive regional metamorphism and migmatization
of the Cairn Ridge Crystalline schists near Juneau, Alaska,
Geol. Soc. Amer. Bull., 70, 1959 (Abstract).

Forbes, R. B., The petrology and structure of the Coast Range
Batholith near Juneau, Southeastern Alaska, Proceedings on
Fifth Annual Mining, Minerals and Petroleum Conference, AIME,

April, 1960.

Forbes, R. B., Preliminary report on the structure and petrology
of the Birch Creek schist in the Circle and Fairbanks districts,
Alaska, Geol. Soc. Amer. Bull., 71, 1960 (Abstract).

Forbes, R. B., A microphotometric method for the determination of
absorption in pleochroic minerals, Geol. Soc. Amer. Bull., 72,

1961 (Abstract).

Forbes, R. B., Ultrabasic inclusions from the basalts of the Hut
Point Area, Ross Island Antarctica, Proceedings of the IAY¥
Symposium. Tokyo, Japan, 1962.

Forbes, R. B., Ultramafic inclusions in basaltic rocks, Hut
Point Peninsula, Ross Island, Antarctica, Geol. Soc. Amer.,
Cordilleran Section, Los Angeles, Calif., 1962,

Forbes, R. B., Worldwide occurrence of olivine nodules in alkaii
basalts, their origin and petrogenetic significance, Invited
paper, Symposium on the Origin of Basaltic Rocks, University
of California, San Diego, October 1964.

Forbes, R. B., H. Matsumoto and H. Harmura, Eclogitic rocks in the
Fairbanks District, Alaska, Geol. Soc. Amer., National Meeting,
San Francisco, California, November, 1966.

Foster, H. L., R. B. Forbes and D. M. Ragan, Granulite and peridotite
inclusions from Prindle Volcano, Yukon-Tanana Upland, Alaska,
Geol. Soc. Amer., Cordillian Section, Reno, Nevada, April, 1966.
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PAPERS READ (Cont'd)

Ray, D. K., R. B. Forbes, H. Matsumoto and H. Haramura, The geo-
chemistry and petrology of Trident Volcano, Alaska, Pacific
Science Congress, Tokyo, Japan, August, 1966.

Forbes, R. B. and D. M. Ragan, Mafic and ultramafic inclusions from
the basalts of the Hut Point area, Ross Island, Antarctica,
Symposium on the Mantle as a Source of Magma, AGU Annual
Meeting, Washington, D.C., 1967 (Abstract).

Forbes, R. B.. Genesis of continental versus island arc andesites in
Alaska, Symposium on the Origin of Andesites, Eugene, Oregon,
July, 1968.

Forbes, R. B., and R. C. Swainbank, Geochemistry and petrology of
ecologitic rocks near Fairbanks, Alaska VIII Conference on
Experimental and Technical Mineralogy and Petrography.
Academogorodak, Novosibirsk, U.S.S.R., June, 1968.

Forbes, R. B., R. C. Swainbank and D. C. Burrell, Structural setting
and petrology of eclogite bearing terrance near Fairbanks,
Alaska, AGU Annual Meeting, Washington., D. C., 1968 {Abstract).

Forbes, R. B. and R. C. Swainbank, The petrology of eclogitic rocks
near Fairbanks, Alaska, Bering Sea Symposium, University of Alaska,
June, 1970.

Forbes, R. B. and D. M. Ragan, Mafic granulite inclusions as possible
samples of the lower crust, AGU Annual Meeting, Washington, D.C.,

1971 (Abstract).

Forbes, R. B. and J. Kienle, Petrology of pre-1912 pyroclastic deposits
“in the Valley of 10,000 Smokes, Alaska, IUGG - IAVCEI Symposium on
Acid Volcanism, Moscow, USSR, August, 1971 (Abstract).

Forbes, R. B., J. Kienle and D. Harlow, Microseismicity of Augustine
volcano, Alaska, IUGG - IAVCEL Symposium on Acid Volcanism, Moscow,
USSR, August 1971, (Abstract).

Kienle, J., R. B. Forbes and D. H. Harlow, Recent microearthquake
swarm-.activity at Augustine Volcano, Alaska, Trans. Am. Geophys.
Union, 52(11), p. 925, 1971 (abstract).

Forbes, R. B. and R. C. Swainbank, Garnet clinopyroxenite from Red
Mountain, Pluton, Alaska, AGU Annual Meeting, Washington, D.C.,
1972 (Abstract).

Forbes, R. B., D. L. Turner, J. Stout and T. E. Smith, Cenozoic offset
along the Denali Fault, AGU Annual Meeting, Washington, D.C.,
1973 (Abstract).
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PAPERS READ (Cont'd)

Turner, D. C. and R. B. Forbes, Radiometric ages of Kodiak Seamount
and Giacomini Guyot in the Gulf of Alaska: Implications for
circumpacific tectonics, AGU Annual Meeting, Washington, D.C.
1973 (Abstract).

Turner, D. L., T. E. Smith and R. B. Forbes, Geochronology of offset
along the Denali fault system in Alaska (abs.), Geol. Soc. Amer.
70th Annual Cordilleran Section Meeting Program, Las Vegas, Nev.,
1974.

Forbes, R. B., T. E. Smith and D. L. Turner, Comparative petrology
and structure of the Maclaren, Ruby Range and Coast Range belts:
implications for offset along the Denali fault system (abs.)
Geol. Soc. Amer. 70th Annual Cordilleran Section Meeting Program,

Las Vegas, Nev., 1974.

Turner, D. L., R. B. Forbes and C. W. Naeser, Geochronology and genesis
of the Kodiak-Bowie seamount chain in the Gulf of Alaska (abs.) EOS,

V. 56, No. 12, p. 1186, 1974.

Forbes; R. B., L. E. Leonard and D. H. Dinkel, Total Energy Utilization
Potential of Alaskan Thermal Springs, United Nations Geothermal
Symposium, San Francisco, Calif., May 1975.

ForbegG R408.5 D. L. Turner and C. W. Naeser, Downhole fission track-
K/ "“Ar age determinations and the measurement of perturbations

in the geothermal gradient (abs.), Int. Conf. on Geothermometry and
Geobarometry, Penn. State Univ., Extended Abstracts Volume, 1975.

Forbes, R. B., J. R. Carden-and W. Connelly, The Kodiak-Chugach-
Chichagof Terranes ---A newly defined Alaskan blueschist belt
(abs. V95), EOS Transactions, AGU, 57(4), 351, April 1976.

Turner, D. L. and R. B. Forbes, K-Ar studies in two deep basement
drill holes: A new geologic estimate of argon blocking tempera-
ture for biotite (abs. V108), EOS Transactions, AGU, 57(4), 353,

April 1976.

Naeser, C. W. and R. B. Forbes, Variation of fission track ages with
depth in two deep drill holes (abs. V109), EOS Transactions, AGU,

57(4), 353, April 1976.



PERSONAL DATA
NAME : Donald L. Turner
DATE OF BIRTH: December 21, 1937
PLACE OF BIRTH: Richmond, California

EDUCATION:
A.B. University of California, Berkeley, 1960, Geology
Ph.D. University of California, Berkeley, 1968, Geology -

POSITIONS HELD AND EXPERIENCE:

Research Assistant, K-Ar Laboratory, University of California,
Berkeley, 1963-1965.

Teaching Assistant, University of california, Berkeley, 1965-1966.

Research Assistant, K-Ar Laboratory, University of California,
Berkeley, 1966-1967; President of Earth Sciences Club

Post-doctoral Research Associate, Isotope Geology Branch, U.S.
Geological Survey, Denver, Colorado, 1967-1968.

Post-doctoral Research Associate, Isotope Geology Branch, u.s.
Geological Survey, Menlo Park, California, 1968-1970.

Associate Professor of Geology, Geophysical Institute and Solid-
Earth Sciences Program, University of Alaska, College, Alaska;
in charge of development and operation of Geochronology Labora-

tory, 1970-present.
PROFESSIONAL ORGANIZATIONS:

American Geophysical Union
£Xi

HONORS AND AWARDS:

National Research Council Post-doctoral Research Associateship in

Isotope Geology
Geological Society of America Penrose Research ‘Grant
Honorary Membership in Society of Economic Paleontologists and

Mineralogists
Graduate Thesis Research Grants from Standard 01l Company of

california, Union 0i1 Company and Atlantic Richfield Company.

1974 Penrose Conference on Linear Volcanic Chains and Plate
Motions-invited paper. ‘

1975 Penrose Conference on Plio-Pleistocene Geochronology-invited
paper. ~

1976 Pgnrose Conference on Geochronology of Metamorphic Systems-
invited paper.

PRESENT RESEARCH INTERESTS:

Geochronology, regional tectonics, radiometric calibration of time
scales based on fossils, radiometric studies of geothermal gradients.
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PUBLICATIONS:
Published Articles

Hall, C. A., D. L. Turner, R. C. Surdham, Potassium-argon age of the
Obispo Formation with Pecten lompocensis Arnold, southern Coast
Ranges, California, Geol. Soc. Amer. Bull., V. 77, 443-446, 1966.

Turner, D. L., Potassium argon datihg of Pacific Coast Miocene
foraminiferal stages, in Geol. Soc. Amer. Spec. Paper 124,
Paleontologic Zonation and Radiometric Dating, 91-129, 1970.

Turner, D. L., R. B. Forbes and C. W. Naeser, Radiometric ages of
Kodiak Seamount and Giacomini Guyot in the Gulf of Alaska:
implications for circumpacific tectonics, Science, V. 182,
No. 4112, 579-581, 1973.

Smith, T. E. and D. L. Turner, Geochronology of the Maclaren metamorphic
belt, south-central Alaska: a progress report, Isochron West,
No. 7, 21-25, 1973.

Huffman, 0. F., D. L. Turner and R. N. Jack, Offset of late Oligocene-
early Miocene volcanic rocks along the San Andreas fault in central
California, Proc. Conf. on Tectonic Problems of the San Andreas
Fault System, Stanford Univ. Publication in Geol. Sci., 13,
368-373, 1973.

Forbes, R. B., D. L. Turner, J. Stout, T. E. Smith and F. Weber, The
Denali Fault Offset problem, in, United States Geological Survey
Alaska Program, 1973: U. S. Geol. Survey Circular 683, p. 46, 1973.

Forbes, R. B., D. L. Turner and J. R. Carden, 40K/40Ar age of trachyte
from Observation Hill, Hut Point Peninsula, Ross Island, Antarctica,

Geology, V. 2, No. 6, 297-298, 1974.

Hoare, J. M., R. B. Forbes and D. L. Turner, Precambrian rocks in
Southwest Alaska, in, U. S. Geological Survey Alaska Program, 1974:
U. S. Geol. Survey Circular 700, p. 46, 1974.

Wahrhaftig, C., D. L. Turner, F. R. Weber and T. E. Smith, Nature
and timing of movement on the Hines Creek strand of the Denali
fault system, Alaska, Geology, 3, No. 8, 463-466, 1975.

Turner, D. L., D. Grybeck and F. H. Wilson, Radiometric dates from
Alaska: a 1975 Compilation, State of Alaska Department of Natural
Resources, Div. of Geol. and Geophys. Surveys, Special Report 10,
64 p., 1975.

Kienle, J. and D. L. Turner, The Shumagin-Kodiak Batholith-a pa]eocené
magmatic arc? 1in Short Notes on Alaska Geology, Alaska Div. Geol.
and Geophys. Surveys, Geologic Report 51, 9-11, 1976.
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PUBLISHED ARTICLES (Cont'd):

Carden, J. R., W. Connelly, R. B. Forbes and D. L. Turner, Blueschists
of the Kodiak Islands, Alaska: an extension of the Seldovia schist

terrane, Geology , V. 5, 529-533, 1977.

Forbes, R. B., D. L. Turner and J. M. Hoare, The Kanektok Complex....
The oldest rocks in Alaska?, Science (manuscript being revised
after U.S.G.S. review).

Gilbert, W. G., V. Ferrell and D. L. Turner, The Teklanika Volcanic
formation in the central Alaska Range, Alaska, Alaska Div. of
Geol. and Geophys. Surveys, Geologic Report 47, 16 p., 1976.

Triplehorn, D. M., D. L. Turner and C. W. Naeser, K-Ar and fission-track
dating of ash partings in coal beds from the Kenai Peninsula, Alaska:
a revised age for the Homerian Stage~Clamgulchian Stage boundary,
Geol. Soc. Amer. Bull., V. 88, p. 1156-1160, 1977.

Hudson, T., G. Plafker and D. L. Turner, Metamorphic rocks of the
Yakutat-St. Elias area, south-central Alaska, Jour. Research U. S.
Geol. Survey, vol. b, no. 2, p.173-184, 1977.

Herreid, G., D. L. Turner, and T. Bundzten, Geology and mineral deposits
of the Craig A-2 Quadrangle and vicinity, Alaska, Alaska Div. Geol.
and Geophys. Surveys, Geol. Rept. (in press).

Turner, D. L. and R. H. Campbell, Radiometric and paleontologic ages
from the Conejo Volcanics, in Stratigraphic Nomenclature of the
Central Santa Monica Mountains, Los Angeles County, California, .
Bull. U. S. Geol. Survey (in press).

Weber, F. R., and D. L. Turner, A late Teritary thrust fault in
the central Alaska Range, in U.S. Geol. Survey in Alaska during 1976
accomplishments, U. S. Geol. Survey Circular, 751B, p. 1367-1377, 1977.

Forbes, R. B., J. R. Carden, D. L. Turner and Wm. Connelly, Regional
tectonic implications of Alaskan Blueschist terranes, in The
Relationship of Plate Tectonics to Alaskan Geology and Resources
Alaska Geol. Soc. Symposium (in press).

Turner, D. L. and R. B. Forbes, Geochronology of the southwestern Brooks
Range, in The Relationship of Plate Tectonics to Alaskan Geology
and Resources, Alaska Geol. Soc. Symposium (in press).

Turner, D. L., G. Herreid and T. Bundzten, Geochronology of Southern
Prince of Wales Island, Alaska, Ak. Div. of Geol. and Geophys.
Surveys, Short Notes on Alaskan Geology, Geolgoica Report 55, p. 11-16,

1977.

Swainbank, R. C., T. E. Smith and D. L. Turner, Geology and K-Ar age of
mineralized instrusive rocks from the Chulitna mining district,
Central Alaska, Ak. Div. Geol. And Geophys. Surveys, Short Notes on
Alaskan Geology, 1977. Ak. Div. Geol. and Geophys. Surveys, Geological

Report 55, p. 23-28, 1977.
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PUBLICATIONS (Cont'd)

Turner, D. L., Early Jurassic plutonism in the western Kenai peninsula: an
extension of the Kodiak-Afognak-Barren Islands plutonic trend?, Ak.
Div. Geol. and Geophys. Surveys, Short Notes on Alaskan Geology, 1978,

(in press).
Reports

Turner, D. L., Potassium-argon dates concerning the Tertiary foraminiferal
time scale and San Andreas Fault displacement, Ph.D. thesis, University
of California at Berkeley, 99 p., 1968. :

Pessel, G. H., R. F. Garland, I. L. Tailleur, G. R. Eakins, R. B. Forbes,
T. Mowatt and D. L. Turner, Preliminary geologic map of the south-
eastern Ambler River and part of Survey Pass quadrangles, Alaska, State
of Ak., Dept. of Nat. Res., Div. of Geol. and Geophys. Surveys
Open File Report No. 28, 1973.

Smith, G. W., E. Busby, L. Garrison, D. Hawkins, D. Holleman, W. Reeburgh,
D. L. Turner, W.Witaker, D. Williams, University of Alaska Safety
Handbook, Univ. of Alaska, 52 pp., 1973.

Turner D. L., Geochronology in Alaska-1973, in State of Alaska Dept.
of Natural Resources, Division of Geological and Geophysical Surveys,

1973 Ann. Rept., p. 25-30, 1974.

Forbes, R. B., D. L. Turner, W. G. Gilbert, and J. R. Carden, Ruby Ridge
traverse, Southwestern Brooks Range, Op cit, p. 34-36, 1974.

Turner, D. L. and T. E. Smith, Geochronology and generalized geology
of the central Alaska Range, Clearwater Mountains and northern
Talkeetna Mountains, Alaska, Div. of Geol. and Geophys. Surveys,
Open File Report No. 72, 1974.

Turner, D. L. and R. B. Forbes, Geochronology and genesis of the
Kodiak-Bowie seamount chain in the Gulf of Alaska, Final Tech-
nical Report to National Science Foundation on Grant GA-40162,

1975.

Wilson, F. H. and D. L. Turner, Radiometric age map of Alaska - south-
eastern Alaska, Alaska Div. Geol. and Geophys. Surveys Open File
Report 82, 1 map, 11 p., 1975.

Wilson, F. H. and D. L. Turner, Radiometric age map of Alaska - Aleutian
Islands, Alaska Div. Geol. and Geophys. Surveys Open File Report 83,

1 map, 10 p., 1975.

Wilson, F. H. and D. L. Turner, Radiometric age map of Alaska - south-
western Alaska, Alaska Div. Geol. and Geophys. Surveys Open File
Report 84, 1 map, 12 p., 1975.

Wilson, F. H. and D. L. Turner, Radiometric age map of Alaska - south-
central Alaska, Alaska Div. Geol. and Geophys. Surveys Open File

Report 85, 1 map, 12 p., 1975.
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Wilson, F. H. and D. L. Turner, Radiometric age map of Alaska - northern
Alaska, Alaska Div. Geol. and Geophys. Surveys Open File Report 86,
1 map, 11 p., 1975.

Turner, D. L., Geochronology of the southwestern Brooks Range, Alaska,
Report to U. S. Bureau of Mines, 38 pp., 1976.

Forbes, R.4B.,48. L. Turner, C. W. Naeser and D. B. Hawkins, Downhole fission
track-""K/ “Ar age determinations and the measurement of perturbations
in the geothermal gradient, Geophysical Institute progress report
RDL-229-T11-1 to ERDA under contract No. #(45-1)-229, Task Agreement
No. 11, 37p., appendix, 1977.

Brookins, D. G., R. B. Forbes, D. L. Turner, A. W. Laughlin and C. W. Naeser,
Rb-Sr, K-Ar and fission-track geochronological studies of samples from
LASL drill holes GT-1, GT-2 and EE-1, Los Alamos Scientific Laboratory

Report LA-6829MS, 27pp. 1977.

Turner, D. L., R. B. Forbes, and C. F. Mayfield, K-Ar geochronology of the
Survey Pass, Ambler River and eastern Baird Mountains Quadrangles,
southwestern Brooks Range, Alaska, U. S. Geological Survey
Open File Report (in press).

Papers

Berry, F. A., 0. F. Huffman, D. L. Turner, Post-Miocene movement
along the San Andreas Fault, California (abs.) Geol. Soc. Amer.
Spec. Paper 101, Abstracts for 1966, 15-16, 1966.

Turner, D. L., Review of radiometric dates pertaining to the Miocene-
Pliocene boundary problem (abs.), Geol. Soc. Amer. Spec. Paper
115, Abstracts for 1967, 356-357, 1967. -

Turner, D. L., K-Ar dating of Tertiary foraminiferal stages and
their correlation with North American mammalian ages (abs.),
Geol. Soc. Amer. 8lst Ann. Meeting Program, Mexico City, Mexico,
p. 300, 1968. '

Turner, D. L., Potassium-argon dates concerning the Tertiary fora-
miniferal time scale and San Andreas Fault displacement, (abs.)
Dissertation Abstracts, V. 29, No. 12, p. 4718-B, 1969.

Turner, D. L., K-Ar ages of California Coast Range volcanics impli-
cations for San Andreas fault displacement (abs.), Geol. Soc.
Amer., Cordilleran Sec. 65th Ann. Meeting Program, Eugene,

Oregon, 1969.

Yeats, R. S., D. L. Turner, Age relationships between eastern Pacific
magnetic anomalies and volcanic rocks in the Califonia Coast Ranges
(abs.), Geol. Soc. Amer. 82nd Ann. Meeting Program, Atlantic City,

New Jersey, 243-244, 1969.
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Surdham, R. C., D. L. Turner, C. A. Hall, Distribution and
genesis of authigenic silicates in the Obispo Formation
(abs.) Geol. Soc. Amer. Cordilleran Section Meeting Program,
Hayward, Calif., 151-152, 1970.

Turner, D. L., G. H. Curtis, F. A. F. Berry, R. N. Jack, Age
relationships between the Pinnacles and Parkfield felsites
and felsite clasts in the southern Temblor Range, California -
implications for San Andreas fault displacement (abs.),

Geol. Soc. Amer. Cordilleran Section Meeting Program, Hayward,
Calif., 154-155, 1970.

Turner, D. L., R. C. Surdham, C. A. Hall, The Obispo formation and
associated volcanic rocks in the central California Coast Ranges -
K-Ar ages and biochronologic significance (abs.), Geol. Soc. Amer.
Cordilleran Section Meeting Program, Hayward, Calif, 155, 1970.

Turner, D. L., New K-Ar dates from the marine Tertiary of California
and Oregon (abs.), Pacific Section, Amer. Assoc. Petroleum Geolo-
gists, 47th Ann. Meeting Abstracts, Bakersfield, Calijfornia, 1972.

Turner, D. L., R. B. Forbes and C. W. Naeser, Seémount ages from the
Gulf of Alaska (abs.), EOS, V. 54, No. 4, p. 240, 1973.

Forbes, R. B., D. L. Turner, J. Stout and T. E. Smith, Cenozoic offset
along the Denali Fault, Alaska (abs.), EOS, V. 54, No. 4, p. 495,
1973. :

Turner, D. L., T. E. Smith and R. B. Forbes, Geochronology of offset
along the Denali fault system in Alaska (abs.), Geol. Soc. Amer. 70th
Annual Cordilleran Section Meeting Program, Las Vegas, Nev., 1974.

Smith, T. E. and D. L. Turner, Maclaren metamorphic belt of central
Alaska (abs.), Geol. Soc. Amer. 70th Annual Cordilleran Section

Meeting Program Las Vegas, Nev., 1974.

Forbes, R. B., T. E. Smith and D. L. Turner, Comparative petrelogy
and structure of the Maclaren, Ruby Range and Coast Range belts:
implications for offset along the Denali fault system (abs.) Geol.
Soc. Amer. 7-th Annual Cordilleran Section Meeting Program, Las Vegas,

Nev., 1974.

Wahrhaftig, C., D. L. Turner, F. R. Weber and T. E. Smith, K-Ar age of the
Buchanan Creek pluton, central Alaska Range, and its bearing on
movement on the Hines Creek strand of the Denali fault system
(abs.) EOS, V. 56, No. 12, p. 1192, 1974.

Turner, D. L., R. B. Forbes and C. W. Naeser, Geochronology and genesis of
the Kodiak-Bowie seamount chain in the Gulf of Alaska (abs.) EOS,

V. 56, No. 12, p. 1186, 1974.
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Forb&@, 80 B., D. L. Turner and C. W. Naeser, Downhole fission track-
K/ "Ar age determinations and the measurement of perturbations

in the geothermal gradient (abs.), Int. Conf. on Geothermometry and
Geobarometry, Penn. State Univ., Extended Abstracts Volume, 1975.

Turner, D. L., D. M. Triplehorn and C. W. Naeser, Radiometric dating of
volcanic ash partings in coals from the Kenai Peninsula, Alaska,
(abs.) EOS, 56(12), 1072, 1975. _

Turner, D. L. and R. B. Forbes, K-Ar studies in two deep basement
drill holes: a new geologic estimate for argon blocking tempera-
ture for biotite (abs.) EOS, 57(4), 353, 1976.

Carden, J. R., W. Connelly, R. B. Forbes and D. L. Turner, Jurassic
blueschists of the Kodiak Islands, Alaska: an extension of the
Seldovia blueschist terrane (abs.), Geol. Soc. Amer. Cordilleran
Section mtg. Program with Abstracts, 1977.

Turner, D. L. and R. B. Forbes, Geochronolgy of the southwestern Brooks
Range, (abs) Alaska Geol. Soc. Symposium on the Relationship of
Plate Tectonics to Alaskan Geology and Resources, Program and Abstracts,

p. 42-43, 1977.

Forbes, R. B., J. R. Carden, D. L. Turner and W. Connelly, Tectonic implications
of Alaskan blueschist terranes, (abs.) Alaska Geol. Soc. Symposium on the
Relationship of Plate Tectonics to Alaska Geology and Resources,

Program and Abstracts, p 21-22, 1977.
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