
Appendix C

Survey of Mineral Industry on
Techniques, Parties, Costs, Acreages,

and Times For Exploration,
Development, and Production of

Various Mineral Occurrence Types in
the Onshore United States

A. Introduction

During the conduct of the study, it became apparent that consideration of many
critical areas of the Federal onshore mineral laws, such as diligence requirements,
acreage limits, length of tenure, ability of industry to pay royalties, roles of pros-
pectors and small exploration groups, assessment work, and other areas, could be
greatly improved by collection and presentation of basic data on the techniques, par-
ties, costs, acreages, and times involved in exploitation of various types of mineral
deposits,

Such basic data were not available in the detail, completeness, and form required
for useful analysis. Therefore, with the assistance of the Advisory Committee for this
study, the Office of Technology Assessment (OTA) prepared a questionnaire and forms
to obtain such data from industry. The questionnaire is reprinted in edited form in sec-
tion B below. Summary tables for each of the four general categories of mineral oc-
currence types are presented in section C, followed by the completed forms for each in-
dividual mineral occurrence type (the forms are arranged in the same order as the
mineral occurrence types in the summary tables).

Each form was filled out by an active mineral explorationist knowledgeable on the
particular mineral occurrence type and employed by (or consultant to) one of the
larger companies exploring for such occurrences, under the overall direction of the
heads of the exploration groups of such companies. The companies involved were
AMAX Inc., Anaconda, ASARCO Inc., Homestake Mining Company, Mobil Oil Com-
pany, Occidental Minerals Corporation, and Texasgulf Inc. Ray E. Gilbert, a mineral
exploration consultant, also contributed data.

The Office of Technology Assessment greatly appreciates the cooperation of these
individuals and companies and is particularly appreciative of the efforts of Leo Miller
and George Erdosh of Texasgulf Inc., who coordinated the data gathering effort.

The forms were filled out under a very short time constraint and were meant to in-
dicate orders-of-magnitude rather than precise statistics.
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B. The Questionnaire
OTA Survey of Mineral Industry on Techniques, Parties, Costs,

Acreages, and Times for Exploitation of Various Mineral
Occurrence Types on Onshore U.S. Land

The office of Technology Assessment of the U.S. Congress is a research arm of the
Congress that is charged with providing accurate and objective information to the Con-
gress in areas designated by chairpersons of congressional committees or by OTA’S
bipartisan Congressional Board.

OTA is currently engaged in a study of the Federal onshore mineral and mining
laws for use by the Congress, particularly the Senate Committee on Energy and
Natural Resources and the House Committee on Interior and Insular Affairs. It is ex-
pected that the study will be relied upon heavily by those committees and by officials in
the executive branch in formulating and considering various proposed revisions to the
Federal onshore mining and mineral leasing laws.

Consideration of many critical areas of the laws, such as diligence requirements,
acreage limits, length of tenure, ability of industry to pay royalties, role of prospectors
and small exploration groups, assessment work, and other areas, could be greatly im-
proved by collection and presentation of basic data on the techniques, parties, costs,
acreages, and times involved in exploitation of various types of mineral deposits. This
survey is intended to gather such data.

1. The Forms

Table C. 1 lists the mineral occurrence types for which OTA would like to obtain
data. [Table C. I has been moved to section C.] Although data on each type is not
necessary, it is hoped that all of the more significant types, such as Marine Sedimen-
tary (Oil and Gas) and Vein and Replacement Deposits [Gold, Silver, Copper. Etc. ) will
be covered. Complete coverage, of course, would provide the best data source for
analysis and use.

The types are divided into four categories which appear to present different sorts
of problems in exploitation: surficial, stratabound-extensive. stratabound-discrete,
and discordant. A good sample of types from each category is essential to the success
of the data gathering effort. General descriptions of each category are:

Surficial—generally unconsolidated and unburied mineral deposits resulting from
weathering or deposition during late geologic time;

Stratabound-extensive—large laterally continuous mineral deposits confined to a single
stratigraphic unit;

Stratabound-discrete-randomly distributed and/or discontinuous mineral deposits,
essentially confined to specific stratigraphic units; and

Discordant-mineral deposits that transect strata and/or are related to intrusive rocks,
volcanic activity, etc.
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Form 1 is to be used to provide summary statistics for each of the mineral occur-
rence types listed in table C.1. Form 1 asks for data on the range (minimum. average,
maximum) of cost, acreage, and time required by different individuals and companies
for different deposits of the same type. Care should be taken to make sure the ranges
include the smallest as well as the largest type of operation. If there is a great variation
in cost, acreage, or time between larger and smaller participants, the variation and
the reason for it should be noted (e.g., in the Additional Comments column). Only data
for onshore mineral exploitation in the United States or similar areas (e.g., Canada)
should be used. If no U.S. data is available, foreign data can be used to estimate what
the costs, acreages, and times would be in the United States. (Indicate on form, in Addi-
tional Comments column, that foreign data was used as basis for estimate. )

The data used for form 1 should include data on failures as well as successes in
exploration, development, and production. This should be fairly easy to do since the
form is broken down into four exploration stages in addition to development and pro-
duction, and it is also broken down for each stage into the techniques used. Thus, data
can be listed by technique in each stage, whether the technique was successful or not
in a particular case, so that a larger sample of data is used which more accurately re-
flects the overall aggregate costs of a mineral exploitation program or project. (Note
that separate listing of the data for successes and failures is not requested; it is merely
desired that all available data be used to estimate the range of costs, acreages, and
times for a particular technique or stage of exploitation. )

Preferably, the ranges should be for mineral exploitation on Federal land in the
Western United States exclusive of Alaska. The Additional Comments column should
be used to indicate any substantial variations from this range for areas such as Alaska
or the Midwest (if appropriate, simply give percentage increase or decrease). If data is
only available for an area other than the Western United States, either estimate the
data for occurrences in the Western United States from similar deposits elsewhere or
give the data for the other deposits—in either case, explain in the Additional Co m-
ments column.

2. Detailed Instructions

OTA form 1 is merely an expansion of the mineral exploitation activities, methods,
costs, and times tables prepared by Paul Bailly of Occidental Minerals Corporation for
various conferences and workshops. An example of one of Bailly’s tables, listing 10 dif-
ferent ventures, is attached to this questionnaire [the table has been moved to section
C], and it should indicate the distinctions between the two stages of Target identifica-
tion and the two stages of Target Investigation on form 1. Form 1 also includes the de-
velopment and production stages, which have their traditional meaning. The Bailly ex-
ample also illustrates the sorts of techniques (activities or methods) that should be
listed and the use of O, F, or L to indicate whether the technique is an Office, Field, or
Laboratory method or activity. It is not necessary to list land acquisition as a separate
activity on Form I; however, if land acquisition costs are included, they should be listed
separately from all other costs in the appropriate stage.
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Explanations and instructions for each column heading on Form 1 are presented
immediately below. Form 1 usually calls for minimum, average, and maximum figures.

Main Activities and Methods: see Bailly example.
0.F. or L: Office, Field, or Laboratory—see Bailly example.
1.S. M, or L: Individual prospector or explorationist, Small firm or group of individuals,

Medium-sized firm, or Large firm. For Form 1, give percentage which each group
(I, S, M, or L) makes up of those performing each activity (or participating at each
stage) of the exploitation of the mineral occurrence type. Do not count, e.g., an in-
dividual as an I participant if he or she is funded by an S, M, or L participant. Ar-
bitrary definitions of I, S, M, and L are: I—no more than 2 people working
together spending less than $10,000 per year on mineral exploitation; S— no more
than 50 people working together spending less than $250,000 per year; M—ex-
penditures of less than $2,500,000 per year; L—expenditures of $2,500,000 or
more per year. [Note: Some respondents, instead of listing quantitative percent-
ages of participation, used an “X” to indicate participation by one or more of the
four categories of participants.]

Direct Cost; Cost exclusive of land acquisition cost, taxes, etc., which however can be
listed separately from all direct costs. Costs should be reported in 1977 dollars
(i.e., past costs should be adjusted to current equivalent 1977 figures). Overhead
should be reported, but separately from direct costs as either a dollar figure or a
percentage of direct costs.

Area Being Investigated, Area Covered: Area in square miles covered by activity or to
which technique is applied, which is usually distinct from:

Area Under Cluim, Option, Lease, Etc: Area in acres for which exploitation rights were
acquired or optioned prior to activity or use of technique.

Duration of Each Stage: Divided into three categories, each reported in months:
Without Any Delays: Time in months required for activity or method in the absence of

any delays due to economics, regulatory restrictions, etc. Includes time lost due to
normal climatic change in seasons, although any very significant climatic or
seasonal loss in time common in a particular geographic region (e.g. Alaska)
should be noted in the Additional Comments column, Also includes any normal
delay due to company’s inability to fund all possible projects simultaneously,

Delays Due to Economics, Technology (Nonregulatory): Delays in addition to normal
delays occasioned by, e.g., drop in metal prices, too low an ore grade, lack of tech-
nological development (rather than normal wait for delivery or manufacture of
on-the-shelf technology),

Delays Due Solely to Regulation; Delays in addition to normal and nonregulatory delays
which do not overlap such delays and are caused by governmental orders, restric-
tions, or refusals to act (e.g., on permit application).

Additional Comments: Any additional comments. Should be used to describe significant
variations in costs, times, or acreages resulting from geographic location (e. g.,
Alaska) or size of participant (e.g., individual prospector versus large firm),
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C. Tables and Forms

The following pages contain: (1) the Bailly table and the table of illustrative
mineral occurence types that were attached to the questionnaire, (2) summary tables,
one for each of the four general categories of mineral occurrence types, and (3) the
completed forms, one for each individual mineral occurrence type. The completed
forms, including comments, have not been edited by OTA beyond regrouping of
numbers where appropriate.
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SURFICIAL

Geologic Typical Ores
Environment

Aluminous Clays
and Latenites

Latentes

Stream Placers

Coastal Placers

Residual
Deposits

Brines in
Evaporites

Supergene
Enrichment

“Bauxite,
Kaolinite

“Nickel (Cobalt)

Gold, Silver, Platinum
Tin, Rare Earths, Iron,
Gem Stones

Titanium, Zirconium,
Chromium, Rare Earths,
Gem Stones

Bante, Iron, Manganese,
Titanium, Phosphate,
Columbium,
Vermiculite

“sodium, “ Potassium,
“Magnesium, “ Boron,
Lithium. Tungsten

Copper, Silver, Lead, Zinc,
Gold, Manganese

Table C.1 Illustrative Mineral Occurrence Types

STRATABOUND-EXTENSIVE

Geologic Typical Ores
Enironment

Bedded “Iron, Copper, Gold
Precambrian

Marine “ Phosphate, Iron, 011
Sedimentary Shale, Manganese

Marine “ Potassium “ Sodium
Evaporite “Sulfur, “ Gypsum, Lithium,

Mangesium

Continental “Coal, 011 Shale, “ Boron,
Sedimentary  Sodium

Continental Bentonite
Volcanic

Stratiform “ Iron Chromium Platinum
Igneous Group Metals Vanadium
Complexes

NONSURFICIAL

STRATABOUND-DISCRETE

Geologic
Environment

Marine
Sedimentary

Continental
Sedimentary
(Sandstones and
Fossil Placers)

Lacustrine
Evaporites

Fossil Laterites

Young Tuffs and
Related
Sedimentary

Shale Hosted
Massive Sulfides

Carbonate
Stratiform

Volcanogenic
Massive Sulfides

Metamorphic

Typical Ores

’011 and Gas, Bromine,
Bante

“ Uranium (Vanadium),
Gold, Titanium

“ Gypsum, “ Trona, “ Boron

Bauxite

Beryllium, Mercury,
Fluorite, Native Sulfur

‘Copper-Lead-Zinc-Silver

“Zinc-Lead-Bante-
Fluorine (Copper, Cobalt)

“Copper-Lead-Zinc-Silver
(Gold, Pyrite, Bante)

Garnet, Kyanite, Graphite

DISCORDANT

Geologic
Environment

Breccia Pipes

Porphyries

Pegmatites

Veinn and
Replacement
Deposits

Massive Sulfide
Pipes

Rhyolitic Volcanic

Mafic and Ultra
mafic Intrusive

Podiform
Ultramafic

Anorthosite
Complexes

Veins in
Ultramatic

Veins in Meta-
morphosed Dolomites

Salt Domes
Carbonate and
Alkalic Complexes

Typical Ores

“Uranium, Molybdenum,
Copper, Gold, Diamond

“Copper-Molybdenum,
Gold, Tin

Lithium, Fluorine, Beryllium,
Rare Earths, Mica,
Feldspar, Columbium,
Tantalum

“Gold, “Silver, Copper,
Alunite, Mercury, Lead,
Zinc, Bante, Fluorine,
Tungsten, Molybdenum,
Uraium. Iron, Graphite,
Gem Stones, Native Sulfur,
Gilsonite

Copper-Lead-Zinc-Silver
(Gold, Pyrite)

“Tin, Tungsten, Bismuth

Nickel-Copper, Olivine

Chromium, Copper, Iron,
Nickel, Asbestos

Titanium, Iron, Vanadium

Asbestos, Talc

Talc

“Sulfur

Phosphate, Rare Earths, Iron,
Titanium Columbium
Copper
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At the end of this period we
should have delineated the
area of land to be apphed
for or staked

Duration  dependent UWI
number of dr!ll  r(gs  used
Dlus  of course results

3
.-

,

I

+-“ I

=+

r, m

x

x

x

x xl
x

.,-



422 . Management of Fuel and Nonfuel Minerals in Federal Land

m
I I I
I l l

Hit
I I I

-1 I l l

1 J 1 I

___lLli

1

1

I

7



Appendix C—Survey of Mineral Industry ● 423

—

0 0

I 1 ,

0

.

—

x Xw  xxx xx



424 ● Management of Fuel and Nonfuel Minerals in Federal Land

—

—

—

—
Cu
m I z~ mul U3mm cuc.Jm( 3  :..*

+==+

N o -$ ~. m--$
m 0 N

‘<
0000

0 0
LOON

ON z
N

x x xx xxx  Xxxx



Appendix C—Survey of Mineral Industry ● 425

0 0 c 0

=+-f. . r’, -.. .

Y50 E- - -

I I
=----+II
N c-< I
* -i I

I
U3- - I

I

I

II I
1

,-
0 I o u I I LULL

I
I

i!L!d-



426 . Management of Fuel and Nonfuel Minerals in Federal Land

I
—

—

—

—

—

—

—

—

—

—

—

—

+--=--F
O c

——

Oc %---=
—

Do 0  la Oc

0 0 0 1°
0  000

0 c1 0  1°

+-=--E—
--

+----3—

30 ‘1 ac I cu-

-i-=--=

—

==7 Oa
- -

==T I . . . -
0 0 0 0--

— —

—

—aOm
0

r,
Lc

,W  CJ -4

r>  - w

—

—

—

—
—

—

U-)N;

— LLu.

5.-
aii
Da

?’%
5; -J



Appendix C—Survey of Mineral Industry . 427



428 . Management of Fuel and Nonfuel Minerals in Federal Land

z)
al

?5



Appendix C—Survey of Mineral Industry . 429

al
-$

c-d

0
.—

0 0 c
—

—

0 c—

—

—

—
a
u

—

:

rum- -

UJm.

—

—

—

—

—

—
Og
0
- -

0 0
0 ~ 0
u) u)-

-.
—
m

—

04

—

,0

—
a

—

0
0

mom

Og
0

c’?

0 ii(uN

m

—

—

—

0
.

—

— —
LL 1 - 1 000.

—
OU. LJ.



430 ● Management of Fuel and Nonfuel Minerals in Federal Land

.—

.—

.—

.—

.—

—

—

I

—

—
-f-l
Z z I 0-

3 I I00
—

—
I

I

<<
Z z I I

I I

t

4---= -, - - -J - -m

.“. I
‘ J

I
—

d

,
. .

. . q 7

I
<
z ,

1
1 , ‘ J -,

I I

,, ., -
—

—

—
- ,, 3LS

. .

-lb
I

—

1

===+



Appendix C—Survey of Mineral Industry . 431

All work beyond th!s stage
IS done on the  compan)  s
property  ur claIrns

—
I I ., -,

—
x

—
I I cc~. -

I

7?
-.  r’,

-,

I I

m -,

.,r

>

—

—
‘s
7

—
c-, r.

I
r- u-

z

—
I I

.L’C c -1 r,  -
-IT 5 *-s-Y- .J  - -!

-d
-,
u-

—
-, . -, w-  - . - -“ Is

,- -
J - .

I

I

I
— —

—

==--+
. . ..- ~ -..-

.
‘,-- I

7 I

——

— I—

..=

,, ,,- u-
-, -r< -J  r, I ‘J,,-. !;

“.-. .-.—
s

L
-!

.
—

5
7

—

-.
1

.’
.T. , u

,, , .

. .:,- ,7 u
. . J

,.1
T,xx

. . .Z

—

m

—

,. u . r- -1

-.



432 ● Management of Fuel and Nonfuel Minerals in Federal Land

—+
c
u

—
a
o

(-u

a

,

o

>
-u

-2
m
Q
CJ

—

x
n

o
0
0N
0
C$

0 0 0  g
OOU3 ~
“10 0

N

00

0
m

0:0
m m :1

0 0 0 0 c,----  - I
,
I



Appendix C—Survey of Mineral Industry . 433

L*s —

—

—

—

—

—

—
:,—
:

—
7

—

—

—

—

—

.

—

—

<

—

,:

-J

—

—

—

—

—

—

~

-0—

—

.

—

—

0

< I —

—

—

—

—

—

—
7 L

-, -—

—

—

—

—

—

—

—

—
TJ-4  - 7

—

—
03
., -

0
Lr-Cfl

—

—
—

—

—

—
Clca
-? w-?

c 000—
Quo LL



434 . Management of Fuel and Nonfuel Minerals in Federal Land

—

—

—

—

—
!?
4—

—

—

—

—

—

—

—

—

—

—
s
—
IA

—

—

—

—

—

—
—

—

—



Appendix C—Survey of Mineral Industry ● 435

)

—

—

—

—

—

.

—

—

—

——

—

—

—

—

w

—

—

—

-1


