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THE SAN MIGUEL MINE

This is a report on a preliminary examination of the San
Miguel copper mine, 11 miles south east of Cube, in Sendoval County,
Horth-Central New Mexieo,

Sumnary spd Concluplon

The property in its present condition is an sxcellent prospect.
The ore exposed warrants construction of a small leaching plant, By
doing some exploratory drilling to arrive at an expanded ore estimate
@ larger plent might be indieceted, The present price of copper gives
more than a sufficient margin for return of capital plus a profit,
Legation and Title

The principal operations have been conducted on the San Miguel
claim, the sentral of the three which make up the patent group #1804,
in Section 24, T 19 N, R 1 W, NMPM, The others are the Palmer and the
Copper Queen; the three ocoupy a little less than 60 acres, This
group constitutes the principal workings in this San Miguel Distriect
of Sandoval County. The owner is J. B. Pope, of Pittsturgh, Pa. who
has 2/3 of the title and represents the remasining 1/3, a member of
his family, Taxes are paid to date, and no liens or mortgages are in
sight, He offers an ordinary lease with an option to tuy.

The early day production could be arrived at by going thru the
records at the State Bureau of Mines, These discoveries were made in
the 1880%s, and old slag piles soattered on the flate below attest to
orude smelting operstions, The patent to these claims was issued in



-3 -
1919, A tumble down structure that must have been a sorting plant is
on the San Miguel claim, One would judge the timbers of this structure
to be about that old, The patent plat shows two cross cut tunnels into
the formation, and a small amount of lateral drifting, No doubt this
was selective mining.

Later day open pits, doged out on the outerop in 1955-56

d4d not encounter any of the old underground workings. The portals
of the two tunnels are caved and filled with rubbish, They show ‘
evidence of being caved further in, and present a difficult job of
reopening. The level of these tunmels is at least 200 feet below the
pita,

This is known as "Red Beds Copper", a term describing ores
which are found in sandstones and conglomerates which lie above
certain red clays and shales. In this area the Red Beds are the
Chinle formation, of Triassic Age, which is widespread thruout the
Four Corners country., Immediately on top of the red beds lies the
Agua Zarcs sandstone, also of Triassic age. Here is where the copper
ore are found.

Two conditions are necessary for ore deposition: 1) a per-
meable host huk, as this coarse Agua Zarca sandstone and oconglomerste
is, and 2) a minersliser, which is generally a fault, the avemue
for the minmeral sclution to travel from the parent magma, Both
conditions are present at the San Miguel mine, The ore was dis-
covered on the top and flank of an anticline, vhich is the demonstrated
locale of copper and uranium ores, a form of trap.
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The copper minerals which entered the sandstone are now seen
as the green and blue cement material, malachite and asurite, between
thepebbles and grains, bmotmpmcnmmMndew
by the copper minerals, indicating that this was a low temperature
action, Very little secondary migration has taken place after the
original deposition, The impervious red shale beneath is a sharp
bottom to the ore, The lateral extent of the ore shoot is yet to be
determined,

The outerop of the sandstone going southerly is covered by
;muummmu-mdammAsmmnmsomm.
This wash was too deep for the early prospectors to dig by hand, and
the 1955 operators stripped onmly a small area around the known outerop.
S0 the extent of the mineral to the south is obscure, On the north
the limits ave established by a sharp gulley cutting ascross the strike
of the formation, The dip is 45 degrees westerly and the strike is
8SE, the sandstone being 30 or more feet thieck,

The region is noted for the Nacimiento Fault which extends
for 30 miles in a north-south direction, showing up-ended sedimentary
beds and scarps along the western front of the San Pedro and Nacimiento
Mountaine, It is only reasonable to believe that this tremendous
movement induced the mineral action along this fromt, Other promising
copper properties are along this faulted region, none of which have been
developed or worked out, The Pureka and O.L, & H, groups will undoubtedly
receive development in the near future,
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Ore Charagteristics
The last operators shipped crude ore which averaged 1.62%
copper, Their shipments suffered from dilution with waste. Smelter
records give a total of 1,500 tons, The best MMM&QM.
3.42%; the poorest was 63 tons @ 1,07, This average of 1,62% is
more than sufficient grade, since we kmow the operators in a similar
ore at Page, Arisona, are making a profit of 50¢ a ton on 0,60% ore,
Sulfurie acid in dilute solutions attacks and disintegrates
this ore, since the cement material is the copper mineral itself,
Experience with similar ores in the Southwest indicates a 95%
extragtion by the acid leach method. Copper is recovered as cement
copper by precipitation with serap iron, The results of a flotation
test by the State Bureau of Mines at Socorro are pending. The
metallurgist at this institution is of the opinion that this ore will
respond to this treatment successfuly. 4 copy of his leaching test is
tncluded. Cell Ueio &t Leasi ¢ooo loco
Jperation and Regommendatior M-£.6,
at 1-.-:/@57;» of ore are seattered in various piles about

{

the property. This could be screened and hand sorted to get a ocouple
carloads of crude shipping ore, probably going at 34% copper.

Or a leaching plant could be set up, with the feed generated
by these ore piles plus new ore from the open pits. Mining costs, unaing
rippers, dozers and loaders, should be well below §2,00 per ton,
Leaching costs would depend on the cost of the water used, tut would
less than $3.00 per tem.

041 drillers discovered an aquifer in Section 21, SE}, of this
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same township, vhichestablishes a water supply within reasonable
distance. 4 study would have to be made on the choice of pumping
water up to the nine, or hauling the water up, or hauling the ore
down to the well, either by truck or tram line, ZEither procedure would
Mgbmtluulofnvbmn&m, plus swamping out about a
mile of old pack trail,

Tt seems best to do sufficient exploratory drilling, which
sould be dome for less than $10,000,00, to evaluate the entire ore
body, and then plan an installation to suit, before establishing a
leaching plant for the new ore as well as the dump ore,

All this might entail a surface installation to leach the
easily taken ore on the dumps and in the pits, followed by a system of
leaching the mineral in place in the steeply dipping sandstone bed,
gathering the pregnant solution in a lower tunnel, The topography is
suited for this. Or the lower tunmel site could be utilised for entry
using conventional mining methods,

The present long road could be rehabilitated and used until
this preliminary work was dome. At that point the construetion of a
new road might be justified, The total expenditure depends upon the
decision resulting from the exploratory drilling,

ey G

Herry Goppin
New Mexico Registration 3352



GRESHAM GEOPHYSICAL CORPORATION

GEOLOGICAL RECONNAISSANCE OF THE
HASSAYAMPA PLAIN AND ADJACENT AREAS
MARICOPA COUNTY, ARIZONA

Geologist
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PROPOSED PLAN AND METHODS FFOR DILIGENT LXPLORATION

Re: A 9751, A 9752 & A 9754

Gary G. Smith, Frances D. Smith and Conrad D. Clement
propose to use the plan and methods described below in order
to evaluate acreage described in geothermal lease applications

as follows:
A 9751 - T. 5 N., R. 6 VI,, GSR Mer., Arizona

Seces 11, Allj}
Sec, 12, All;
Sec, 13, All;
Sec. 14, All.

totaling 2,560.00.acres
A 9752 - T 5 N., Re 5 W., GSR Mer,, Arizona

Sec., 18, Lots 1 thru 4, E4W, EX%
Sec. 19, Lots 1 thru 4, E%W4, E%
Ty 5 Ha,

Seec, 23, All:
Sec. 24, All.

totaling 2,599.92 acres

R. 6 W., GSR Mer., Arizona

A 9754 - ?. 5 N., R. 6 W., GSR Mer., Arizona

Sec, 26, All;
Sec. 34, All;
Sec. 35, All.

totaling 1920.00 acres

The methods described are in the approximate sequence
in which the methods will be used. However, each succeeding
step in the evaluation sequence depends upon favorable re-
sponces from the steps preceding it. In the event a number
of these methods indicate that a potentially economical re-
servoir is not present, further work will be terminated and
the leases will be surrendered,

THE EVALUATION PROCEDURE

1. Preliminary cgeologic and geochemical reconnaissance: This
will provide a broad look at the surrounding area acguaint-
ing survey personnel with the geology, hydrogeology, topo-
graphy, vegetation and access.




2. Passive seismic survey: This is a reconnaissance survey
~giving information on geology and hydrogecology of the area.

3. Detailed geochemical survey; A detailed study of the hydro-
geology and hydrochemistry of the area.

4, Gravity survey: This survey will be used to locate favor-
able geologic anomalies,

5. Resistivity survey: If previous steps show favorable in-
dications, this survey will be used in an attempt to loctate
potentially hot reservoirs.

6. Temperature gradient and heat flow survey: A detailed sur-
vey used to investigate anomalies indicated in previous
surveys.

7. Geothermal test well or wells: Should the preceding sur-
veys be positive, a geothermal test well or wells will be
drilled., FPFurther development will depend on the success
of the geothermal tcst well,

The time at which each of these surveys will be executed
depends upon weather, availability of contract crews, adminis-
tration difficulties, the speed of data processing, etc. Sur-
veys 1 thru 4 involves no disturbance to the environment and
are considered "casual use" (43CFR 3209,9-5 (d). Surveys 5
thru 7 may involve some disturbance where survey lines may
require off road travel.

7ith respect to 43CFR 3210.2-1(d) second paragraph, in
our exploration operations, we will comply with the terms and
conditions specified in the Hotice of Intent covering fire
preventionand control, soil erosion, water pollution, etc.
A copy of form 3200-9 containing these terms and provisions
is attachec. It should be noted that our Hotice of Intent
specifically excludes all drilling operations. o drilling
operations are contemplated until a lease has actually been
granted on the subject lands. ith respect to exploration
of a casual nature as described in 43CFR 3209.0-5(d), we will
use guidelines those terms and conditions in the Notice of Intent
which apply.

As a further effort to minimize disturbance in the sub-
ject area, we shall endeavor to complete surveys as rapidly
as possible.

Gary G. Smith

Frances D. 5Smith

Conrad D. Clement
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

A GEOTHERMAL STUDY

GEOLOGICAL RECONNAISSANCE OF THE
HASSAYAMPA PLAIN AND ADJACENT AREAS
MARICOPA COUNTY, ARIZONA

For:
Mr. Gresham R. T. Clacy, President
GRESHAM GEOPHYSICAL CORPORATION

By:
Silas. C. Brown, Geologist
Phoenix, Arizona
March 1976
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

A GEOTHERMAL STUDY

GEOLOGICAL RECONNIASSANCE OF THE
HASSAYAMPA PLAIN AND ADJACENT AREAS
MARICOPA COUNTY, ARIZONA

INTRODUCTION

At the request of Mr, Gresham Clacy, President,
Gresham Geophysical Corporation, a geological reconnaiss-
ance survey was made of the Hassayampa Plain and the ad-
jacent mountain areas. The primary purpose was to deter-
mine the extent of faulting and volcanism which might be
favorable for geothermal test wells,

The contact between the Quaternary-Tertiary
valley fill and the basement rocks was not shown on the
base map. please refer to the Geological Map of Maricopa
County if these data are needed.

LOCATION & ACCESSIBILITY
The area studied included the Hassayampa Plain,

the Vulture Mountains and the northeastern flank of the
Belmont Mountains. More specifically, the area covered
includes Townships 4 to 7 North, Ranges 5 to 8 West,
Maricopa County, Arizona. The approximate center of the
area of interest lies about 15 miles southwest of Wicken-
burg and is easily accessible by a well maintained gravel
road,

Two major power lines pass through the Hassa-
yampa Plain, 4



Elevations range from about 1600 feet above
sea level in the Plain to 3658 feet above sea level on
Vulture Peak.

GENERAL GEOLOGY

The mountain areas consist of a highly complex
series of Igneous and Metamorphic rocks of pre-Cambrian
age and Volcanic extrusives of Cretaceous-Tertiary and

Quaternary age.

In the Vulture Mine area,lwhich is highly fault-
ed, the contacts between the various réck types vary widely
in size and character., The most predominenf rocks consist
of hornblende schist, granite, gneiss, rhyolite and ande-
site. Near the Vulture Mine, granite (batholithic) has
intruded into the volcanic rocks.

Vulture and North Caballero Peaks are volcanic
centers from which the Laramide flows orginated. These
rocks are rhyolite and andesite in composition. Black
Butte, situated on the western end of the Vulture Moun-
tains, consists of Quaternary basalt flows over older
Cretaceous-Tertiary volcanics and basement rocks.

The Hassayampa Plain consists of Quaternary-
Tertiary sands, silts, conglomerates and clay beds that
vary widely in thickness laterally and makes correlation
of wells difficult. These sediments range from zero thick-"
ness at its contact with the basement complex in the moun-
tains to over 1200 feet thick in the southeastern part of
the Plain,

FAULTS & STRUCTURE

Several major faulté having over 300 feet of
displacement are present in the area. The two prominent
faults; Black Butte with + 600 feet of displacement to
the northeast and Talmage with + 700 feet of displacement

to the east, were projected under the Hassayampa Plain.

SHLAS , BROWHN




Many other faults are present and of sufficient size to:
help control geothermal concentration, particularly where:
they are closely associated with the volcanic centers in
the Vulture Mountains.

The Astor fault has a displacement of + 300 feet
with its downdrop side to the east and the East fault with
+ 550 feet of displacement to the west. The downdrop fault
block between the Astor and East faults forms a Graben. The
Schoolhouse fault is supposedly present in the Graben but it
was not observed on the surface.

Many smaller faults were observed having varying
amounts of displacement. At Black Butte, a fault having
about 150 feet of displacement with its downdrop side to the
east, trends N-S to N5°W. It intersects the larger Black
Butte fault on the northeast side of Black Butte.

The Coyote faults, on the northeastern flank of
the Belmont Mountains, have unknown displacements but the
downdrop side appears to be to the northeast. These faults
have a fairly wide disturbed zone and may prove of major sig-
nificance. Much more detailed field work would be necessary
to outline their magnitude and their real significance re-
lated to geothermal prospects.

The Talmage fault at the Vulture mine was pro-
jected S 10° E to intersect the projected S 60° E Black
Butte fault under the Hassayampa Plain. The intersection
point os these two faults lies less than a mile northeast
of the hot water well in Sec. 25-T5N-R6W. A straight-line
projection is most acceptable where surface data are lack-
ing, however, there is no assurance that the faults will
maintain the same trend over long distances. Geophysical
work in the vicinity of the hot water well indicates the
fault trends may have shifted southwestward of the straighﬁ-

line intersection point.

SILAS C. BROWN  GEOLOMGISY
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GENERAL

The hot water well in Section 25-T5N-R6W has a:
temperature of 135°F at the flow pipe. The aquifer was
reported at a depth of 419 feet immediately below a cép—
rock. The well apparently is fault related based upon
the data gathered. The caprock could also be travertine
deposits which formed around the vent of an old hot water
spfing to be later covered by valley fill sediments. The
old spring probably had its source along a deep-seated

fracture zone.

A third possibility is the presence of a volcanic
pPlug which did not reach the surface or was subsequently
covered by younger sediments. The aquifer being in sedi-
mentary rocks rather than volcanics tends to weaken this
theory.

The well was a significant discovery regardless
of its geological setting as it is indicative of a possible
geothermal field with economic potential in the area.

SILAS €. BROWN
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P. 0, Box 12h0

0, Colorado

March 28, 1956
GHIMNEY ROCK LEASE

SAN JUAN COUNTY, NEW MEXICO

INTRODUCTION

The Chimney Rock lease is situated in the Navajo Reservation about
gseven miles northeast of Shiprock, New Mexico. The lease contains 3360
acres in Township 31 North, Range 17 West, NMPM., San Jusn County, New
Mexico,

A detailed plane-table survey was made between March 17 and 22, 1956,

Four lensing, concretionary and limy sandstone horiszons in the Mancos
formation wers used during the mepping. The elevations were reduced to
8 common datua plane on the {inal map., No attempt was made to carry the
plane~table survey more than one mile south of the lease, this being
sufficient to evaluate the block,

STRUCTURE AND GENERAL GEOLOGY
The main structural high is situated about 1} to 2 miles south of

the lease. A low but broad high i1s indicated in sections 22 and 23. IDue
to the nature of the lensing sands no surface control was available on
the eritical part of the structure in section 26, Projections of strue-
tural elevations on the survey points all indicate the closure as out-
lined. No faults were observed in the Mancos shale or in the MHesaverde

sandstone which crops out to the east.



The trend of the structural high centering in sections 22 and 23
lies in the more favorable mt direction to conform with the old
line of folding, Ite position also lines up with the Blue Hill Paradox
gas production and the Mancos Creek oil of the Dakota and Mancos forma-
tions. This trend can also be extended to the southeast through known

Oretaceous production, The formation and the accumulation of oil and
gas took place during the time of deposition and subsequent folding

during Paleogzoic pericds. This northwest-southeast trend parallels
the Uncompahgre wplift which lies on the northeast side of the Paradox
salt basin,

Larsmide and younger folds have a north or northeast trend and are
eonsidered of secondary importance. These younger folds do not necessar~
ily reflect the oid.r structures in which the o0il had already formed and
migrated. It is apparent that very little migration took place from the
older to the younger traps,

Besides the Paradox and older objectives, the Dakota and lensing
sands of the Mancos [ormation are favorable for the accumulation of oil
and/or gas in commercial quantities. These horiszons are expected to be
only 5 to 10 feet in thickness with a sharp oil-water demarkstion line,
therefore, very careful drilling and completion methods are pertinent.

Porosity is a major problem in the Paradox horisen but any shows,
regardless of the amount of porosity should be treated with acid and
fracked, A study of other producing fields in the general area indicat-
ed that the porosity is situated along the north side of the anticlinal
structures. This fact should influence the loeation of a test well on
the Chimmey iock lease. |
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Based upon other wells in the immediate vicinity, the expected
formations, tops and potentislities are as follows:

Formation Expected Top 0il % gas potemtalities
Mancoe - Burface ee-cece- no
Tocito ————— 640! momewee 011l - frech water @670!
Dakota o 1300 wmnmmew (i1 - fresh water
Morrison e 180! —————— ne
Todilte - 265451 e no
wtﬂ“ e o e 25&0' - : 4
(Inel. 211 Jurassie)
QM‘ SN —— 3115’ - no
Qutler e Liks' -———— no
Rico ———— 7 F—— 9
Hermosa
Upper ——— 59151 mewewee Oil 7 & gas 7 € 6540
Faradox e 67901 wemmeme  Oil and gas
Lower B 7435 ———— '
Holas R — W0 o no
Hississippian e 7890 cmwmwee 041 7 & gas 7 - salt water

QENECRAL DISCUSSION

A study of the Three States #l-A Navajo well in section 27-31N-17W.,
indicated possible oil production in the Tocito at about 670 feet. The
top of the Tocito is picked at 2 depth of 638 feet., The oil sands are
thin but if proper water shut-off is possible, then small production can
be expected,

The Dakota top is picked at 1295 feet. Although Schlumberger electrical
log shows little or no development of the S.P, curve, it is believed
that commercial produetion is possible in the 5 to 10 foot porous gones
near its top. The problem again is getting a oroper water shut-off to
prevent the flooding of the oil sand.

The Three States well also had lost éimlation at 65L1 feet which
was not tested. This sone should be cored to check for shows and porosity.
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Many good shows were reported in the Paradox member of the Hermosa
formation, These shows should hsve been cored and tested and subse-
quently treated with acid and frack,

The Mississippian formation, whieﬁ was topped at 7890 feet, showed
good porosity but it made salt water on a drill stem test, A well on
structure should test the Mississippian formation despite the results

of the Three States well.

#ATER FUR DRILLING

Water for drilling purposes is available at the Continental # 1
well in section 3L-31N-17W,, about 2 3/L miles south of the proposed
location, This well flows in excess of 750 barreles per day from the
Tocito formation. An earth tank takes the overflow from the well and
its storage capacity is estimated at about 50 barrels. This is an In-
dian Service well and permission must be obtained prier to its use.

In the event this is impossible, water .il‘ebtgiuhlo at Shiprock from
the San Jusn River about il road miles to the south,

LOCATION AND HECOMKENUATIONS

Based upon the above facts and assumptions it is ﬂémdoﬁ that
a test well be drilled in the NE Nw NE Sec. 22-T31N-#lTW. Onmly minor
doger work willl be necessary to condition the existing roads suitable
for moving in hesvy drilling equipment. "
‘ It is further recommended that the test well penetrate the upper
100 feet of the Mississippian rocks. The depth of the well to test
that section would be about BO0O feet deep.

Silas C. Brown
(eclogist
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UTAH GEOLOGICAL AND MINERALOGICAL SURVEY

The Utah Geological and Mineralogical Survey was authorized by act of
the Utah State Legislature in 1931; however, no funds were made available
for its establishment until 1941 when the State Government was reorganized
and the Utah Geological and Mineralogical Survey was placed within the new
State Department of Publicity and Industrial Development where the Survey
functioned until July 1, 1949. Effective as of that date, the Survey was trans-
ferred by law to the College of Mines and Mineral Industries, University of
Utah.

The Utah Code Annotated 1943, Vol. 2, Title 34, as amended by chapler
46 Laws of Utah 1949, provides that the Utah Geological and Mineralogical
Survey ‘“‘shall have for its objects”:

1. “The collection and distribution of reliable information regarding the
mineral resources of the State.”

2. “The survey of the geological formations of the State with special ref-
erence to their economic contents, values and uses, such as: the ores of the
various metals, coal, oil, shale, hydro-carbons, oil, gas, industrial clays, cement
materials, mineral waters and other surface and underground water supplies,
mineral fertilizers, asphalt, bitumen, structural materials, road-making ma-
terials, their kind and availability; and the promotion of the marketing of
the mineral products of the State.

3. “The investigation of the kind, amount, and availability of the various
mineral substances contained in State lands, with a view of the most effective
and profitable administration of such lands for the State.

4. “The consideration of such other scientific and economic problems as,
in the judgment of the Board of Regents, should come within the field of the
Survey.

5. “Cooperation with Utah state bureaus dealing with related subjects,
with the United States Geological Survey and with the United States Bureau
of Mines, in their respective functions including field investigations, and the
preparation, publication, and distribution of reports and bulletins embodying
the results of the work of the Survey.

6. “The preparation, publication, distribution and sale of maps, reports
and bulletins embodying the reults of the work of the Survey. The collection
and establishment of exhibits of the mineral resources of Utah.

7. “Any income from the sale of maps and reports or from gifts or from
other sources for the Survey shall be turned over to the State Treasurer and
credited by him to a fund to be known as the Survey Fund to be used under
the direction of the Director of the Survey for publication of maps, bulletins
or other reports of investigation of the Geological and Mineralogical Survey.”

The Utah Geological and Mineralogical Survey has published maps, cir-
culars, and bulletins as well as articles in popular and scientific magazines.
For a list of such publications or for other information concerning the geo-
logical and mineralogical resources of Utah address:

Director, UTAH GEOLOGICAL AND MINERALOGICAL SURVEY

College of Mines and Mineral Industries
University of Utah
Salt Lake City, Utah

g s

Other Publications available through

THE UTAH GEOLOGICAL AND MINERALOGICAL SURVEY

Mines Building, University of Utah
Salt Lake City, Utah

BULLETIN 35:
HALLOYSITE OF AGALMATOLITE TYPE
Bull Valley District, Washington County, Utah
By Arthur L. Crawford and Alfred M. Buranek Price $ .10

BULLETIN 36:
Direglc}lr% Igf UTAH MINERAL RESOURCES AND CONSUMERS

By Alfred M. Buranek and C. E. Needham

For the convenience of those needing the Directory, we have
prepared and conveniently folded in a pocket inside the back cover
a Mineral Resource Map of Utah. All important producers and
consumers of Utah minerals, metals, and nonmetallics are classified
and listed in the bulletin under each respective product. Price $1.00

SYMPOSIUM VOLUME:

THE OIL AND GAS POSSIBILITIES OF UTAH
Compiled by Dr. George H. Hansen and Mendell M. Bell

This book has 350 pages, 46 tip-in maps and full page illustra-
tions, and 9 large plates and maps folded in a supplemental container.
It was written by eminent geologists and specialists in related fields

and is the latest and most complete volume on oil and gas in the
State of Utah. Price $5.00

BULLETIN 37:

THE GEOLOGY OF EASTERN IRON COUNTY, UTAH
By Dr. Herbert E. Gregory

This bulletin covers the geography, topography and geology of
Eastern Iron County, as well as much historical data of interest.
Because of its importance to Cedar Breaks and the National Parks
of Southern Utah, it is believed that this publication will be much in
demand by the tourists of this area. Price $1.50

A BULLETIN OF THE UNIVERSITY OF UTAH (Vol. 38, No. 20)
THE GREAT BASIN with emphasis on Glacial and Postglacial
times. This Symposium Volume is comprised of:

Part I—The Geological Background
By Eliot Blackwelder

Part II—The Zoological Evidence
By Carl L. Hubbs and Robert R. Miller

Part III—Climatic Changes and Pre-White Man
By Ernst Antevs Price $2.00

SCIENTIFICALLY PRODUCED COLORED RELIEF MAP OF UTAH,
Published in cooperation with the U. S. Geological Survey.
Photographic techniques developed during World War II, for

the preparation of secret maps, were utilized for this latest and
most accurate relief map of the state. Price $ .50

CIRCULAR 36:
FLUORITE IN UTAH. Its Occurrence, Extent, and Significance to
Utah Industry.
By Alfred M. Buranek Free Upon Request

REPRINTS of a summary by Arthur L. Crawford published by Chemical
and Engineering News (Vol. 27, p. 3017, 1949) on Utah Raw Ma-
terials of interest to the Chemical Engineer. Free Upon Request
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INTRODUCTION

For the decade 1937-47, the gist of the data set forth in
the following pages was originally presented by Mr. Buranek at
a hearing of the National Resources Economic Subcommittee on
Public Lands held in Denver, Colorado, February 3, 4, and 5,
1948, under the chairmanship of U. S. Senator George W. Malone
of Nevada.

Mr. Buranek was then one of the geologists for the Utah
Geological and Mineralogical Survey which at that time was a
part of the Raw Materials Divisionof the Utah State Department
of Publicity and Industrial Development. Dr. Needham, who col-
laborated in furnishing the data was then as now Supervising
Engineer, Salt Lake Section, Metal Economics Branch, United
States Bureau of Mines.

Continued demand for this information is justification for
its being brought up to date and published as acircular of the
Utah Geological and Mineralogical Survey.

Arthur L. Crawford,

Director.



METAL MIMIMG IN UTAH

A STATISTICAL SURVEY

GENERAL STATEMENT

During the period 1935-1949, metal mines in Utah declined from 235 in
1935 to 90 in 1946, rose to over 120 in 1947 and 1948, then dropped to
about 100 in 1949. Although the greatest decline has been in the number
of mines (both lode and placer) producing gold and silver ores, base-metal
mines also have declined markedly “in number, except for those producing
zinc-lead ores; these reached a high point in 1948 for the period

The decline in straight gold mining has been due largely to the clos-
ing of gold mines during World War II, followed in the postwar period by
shortages of labor and materials, high taxes, and increased costs of labor
and supplies, coupled with a fixed price for gold. The result has been a
pronounced reduction in the purchasing power of the gold ounce. This is
always a very strong factor in the rise or fall of gold output. Utah’s
high position as a gold-producing state is therefore due to the recovery of
gold as a by-product in the treatment of base-metal ores, and not to the
mining of straight gold ores.

The decline in the number of mines producing silver ore has not been
as great as in those producing gold ore. Following increases in the mint
price of silver in 1946 and 1947, the number rose appreciably in 1947-48,
but declined sharply in 1949. It appears, therefore, that a considerably
greater increase in the price of silver would be required to bring in mar-
ginal silver mines or to accelerate the production of silver from complex
lead-zinc ores. Consequently, silver in Utah, like gold, continues to be
principally a by-product of base-metal mining.

Declines in base-metal output from 1943 through 1946 resulted largely
from labor shortages, work stoppages, rising costs on virtually every item
used by the industry, increased wage scales, continued high taxes, and lack
of ore development during the war, even though prices trended generally

upward during the period.

e



During 1947, conditions became much more stable, and many factors aff-
ecting base-metal production were greatly improved. As a result, output of
base-metal ores rose to one of the highest figures in Utah history. The
number of lode mines (exclusive of manganese mines) operating in the State
rose from 88 in 1946 to 118 in 1947.

Expiration of the Premium Price Plan on June 30, 1947, caused only two
or three mines to close, but operations at some properties were curtailed or
shifted to different ore. Output of metals was not greatly affected.

Stimulated by further increases in the pricesof copper, lead, and zinc,
production of these metals in Utah in 1948 continued to rise. The record
production however was halted late in October, when the Utah Copper Mine,
of the Kennecott Copper Corporation, in Bingham Canyon was closed by a work
stoppage for the remainder of the year. As a result, 3€ate output of cop-
per for the year was considerably less than in 1947.

The Utah 1949 declines in the production of ore and in all five metals
were attributable to two main factors: the work stoppage at the Utah Cop-
per mine, in effect until February 7, and the sharp drop in base-metal
prices beginning in March and continuing well into summer. Unstable mar-
kets for base metals not only resulted in closing several mines but in cur-
tailing production at others through reductions in labor force or through

a reduction in the work-week from 48 to 40 hours.



TABLE I

MINES PRODUCING GOLD, SILVER, COPPER, LEAD, ZINC, AND MANGANESE IN UTAH, 1935-49
MINES PRODUCING YEAR
1035|1936/ 1037|1938| 1039|1940/ 1941|1942 1043 (1044 |1045 1046 (1047 |1048|1949

Gold ore. . . . . 59 44 42 50 41 33 24 19 11 9 10 11 10 8 5
Gold-silver ore. . 23 14 24 20 24 | .38 33 27 30 23 14 14 19 23 18
Silver ore. . . . . 43 48 32 29 30 36 34 21 28 24 23 18 31 32 19
Copper ore. . . . 17 9 23 14 15 12 19 16 10 14 15 13 19 13 13
Lead ore. . . . . 88 76 88 79 71 86 75 10 31 29 33 33 51 62 39
Lead-copper ore. . 2 .= .= -2 1 3 4 1 4 - - 4 = 1 -
Zinc . ore.. . . . . -- -- 1 1 - 1 4 7 T ] 8 (] 8 5 3
Zinc-lead ore. . . . 24 |25 32 31 30 40 31 41 37 31 28 30 36 45 38
Zinc-lead-copper ore -- “s .- = -- -- -- - -~ .- -- .- 4 1 3
Total, above mines 203%| 171%| 189%(183%|175%|181°%|18%*|123* (110*| 97* | 89* | 88* (118% |118%| 03+
PUBEBES .| o<l s & ol & 31 28 14 22 11 21 12 6 1 L ¥4 1 2 2 2
Manganese ore. . . . -- 1 1 o= 2 1 1 4 3 1 == - -- -- --
Manganiferous ore. 1 5 3 -- 5 1 6 1 1 2 3 1 4 2 4

¢ A mine producing more than 1 class of ore

is counted but once in arriving at total for all classes.
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TABLE II

AVERAGE PRICES OF GOLD, SILVER, COPPER, LEAD, AND ZINC, 1835-49.
(U. S. Bureau of Mines)

YEAR GOLD. SILVER COPPER® LEAD?* ZINC®

(ounce) (ounce) (pound) (pound) (pound)
19385 4in. $ 35.00 $0.71875 $0.083 $0.040 $0.044
1986 .34t ' 85.00 -1745, .092 .046 2050
1937..... 35.00 .7735 .121 .059 . 065
1938..... 35.00 .646 .098 . 046 .048
1939..... 35.00 .878 .104 . 047 .052
1940..... 35.00 J1LE .118 .050 .083
1941...%. 35.00° F14% .118 . 057 .075
1942..... 35.00 L <L .121 . 087 .003
1943..... 35.00 «T1as .130 . 015 .108
1944..... 35.00 L .135 .080 .114
1945..... 35.00 J11* . 135 . 088 .115
1946..... 35.00 .808 .162 .109 .122
1047 kb 35.00 s BO5F .210 . 144 .121
148,555 35.00 .905+ “E T .179 .133
1949..... 35.00 .905+ =187 .158 <124

* Yearly average 'weighted price of 'all grades of primary me'tals soldcby-.
Producers.

19042-1947
Price includes bonus payments by Metals Reserve Co. for over-quota production;

Premium Price Plan expired on June 30, 1047.




TABLE ITIL

YEARLY AVERAGE PRICES, 1935-=1949.
(Engineering and Mining Journal)

GoLD SILVER COPPER - LEAD, COMMON - zINe

YEAR |(PER TROY OUNCE) (PER TROY OUNCE) (PER’ POUND) (PER POUND) P?::: ;gg:gﬁ“

U. S. MINT U. S. MINT FOREIGN | DOMESTIC | EXPORT | NEW YORK | ST. LOUIS | ST. LOUIS

NEW YORK

1935 $35.00 0.71875 0.64273 | 0.08648 | 0.07538 | 0.04085 | 0.03915 0.04328
1038 35.00 .7745 45087 00474 | ..09230| .04710 . 04560 .04901
1937 35.00 .7735 .44883 . 13167 .13018 | .06009 .05859 .06519
1938 35.00 .8464+ .43225 .10000 .00695 | .04739 .04589 .04610
1939 35.00 L8787+ .390832 .10965 .10727 | .05053 .04903 .05110
1940 35.00 L7111+ .34773 .11206 10770 | .05179 . 05029 .06335
1941 35.00 T71114 .34783 | . .11797 .10901 | .05793 .05643 07474
1942 35.00 7111+ .38333 11775 .11684 | .06481 .06331 .08250
1943 35.00 LT111+ 44750 11775 11770 | 06500 .06350 .08250
1944 35.00 L7111+ 44750 .11775 11700 |  .08500 .06350 .08250
1945 35.00 T111+ .51928 11775 .11700 | .06500 .06350 ,08250
19486 35.00 .808 .80151 .13820 .14791| .08109 . 07057 .08726
1947 35.00 .905+ .71820 .20858 .21624 .14673 .14470 .10500
1948 35.00 .905+ .74360 .22038 .22348 | .18043 .17843 .13589
1049 35.00 .905+ .71930 .19202 10421 | .15346 15172 12144

e




TABLE 1V
MINERAL PRODUCTS OF UTAH
(a)
1935-1939
PRODUCTS 1935 1936 19317 1938 1039
*
Quantity Value Quantity Value Quantity Value 7| Quantity Value Quantity Value

Asphalt (Native), short tons 35,829 |$ 751,226 33,731 |$ 840,103 38,171 |$ 983,628 28,650 |$ 655,644 37,364 |$ 1,059,034
Clay

Products o e e a a anmmaes 567,624 |  ~------- 619,950 ceeee= 610,883 ceeces 668,717

Raw. . ateh s short tons 15,817 121,718 a a a a 21,419 90,780 29,468 111,414
GORE AL B e e short tons 2,946,918 6,091,000 3,246,565 6.619,000 3,809,476 8,648,000 2,946,951 6,875,000 3,284,904 7,019,584
Coke - . short tons 120,857 a 'y 129,063 [ S 4 156,316 a %y 140,181 a 197,526 a Y
Capper . e pounds | 129,515,217 10,749,763 | 252,434,000 23,223,928 (411,988,000 49,850,548 |216,252,000 | 21,192,696 (343,780,000 35,753,120
Fluorspar. . . . short tons 180 a 700 a 431 a 370 a 385 a
Gold e e Troy ounces 184,760 6,466,593 223,444 7,820,540 322,759 11,296,565 200,630 7,022,050 277,151 9,721,285
Gypsum (crude) short tons a . a 40,275 266,854 46, 197 46,197 43,144 45,823 58,146 65,269
Iron Ore, . . . . long tons 161,010 a 154,181 376,300 ~ 188,794 a 169,947 a 262,087 a
L e short tons 63,510 5,080,767 69,886 6,429,512 89,458 10,556,044 65,657 6,040,444 67.634 6,357,596
Lime < « « o« Short toms 15,957 152,586 30,986 272,431 46,670 319,517 25,748 184,390 38,437 268,557
NERGANGSS OO0 . o' SROFY SOBR | sansess., |  seasss  § . emses | F o seesies 32 @Y 1. rmErwm ] - Eeeees 50 a
Manganiferous Ores,short tons 190 a . 4,609 34,650 3,436 255, | - mSemmel L sebieas 262 1,550
Natural Gas . M cubic feet 98,000 22,000 92,000 19,000 2,366,000 471,000 4,277,000 .937,000 4,854,000 1,033,000

(estimated value at wells)
Natural Gasolene. FELTONR ' | ~=osmane L T L seesow o gl aesdeRT L S ediew 367.000 19,000 623.000 28,000 500,000 26,000
Ores (crude):

copper. . . . . .short toms 6,530,569 8 13,774,589 8 23,197,017 3 12,032,385 8 19,602,472 8

Gold amd Silver:. short tons 635,171 8 572,821 8 485,152 8 560,361 8 838,897 )
TSRl e ! 0 SBRORE” TONS 78,982 1 & LD 88,080 8 152,691 8 94,883 8 77,072 8

Lead-Copper. short tonms 11 I e e T T T e e 4,951 s

Zinc . . . . . . short toms | ------- | ce--en | cee-eo | aeen-- 173 8 83 L I P e

Zinc-Lead. . . . short toms 527,513 b 562,402 b 743,242 8 560,948 8 (570,705 (8

Zinc-Lead-Copper short tons soeppee | mesess ) L. sesesw ) sesews | sesses ) osewsse - i 0 sseses ] ) saswes
Pumice: . i ... . ShOFt TORS | ====-- R (TR L SRR el e L e e e T e R [ e e e 5 ) R SIS
Radium (refined) . milligrams a a a B e A ¥ e e g e = SRS IR =EReNT R R T e e
Shlt. . e ... Short tons 57,625 163,638 56.480 168,706 69,696 205,328 61,959 192,495 68,100 202,244
Sand and Gravel . short tons 1,811,105 1,030,687 2,267,808 1,352,296 2,345,451 11.158,3817 2,775,005 1,263,722 2,218,678 1,100,013
Silver. . . . . . Trby-ounces 9,206,329 6,617,049 9,997,645 7,743,176 12,869,117 9,954,262 9,682,732 6,259,544 10,758,657 7.302,846
Stone. . «:. . . - short tons 215,230 169,865 422,230 230,067 453,540 315,985 709,430 890,249 700,610 444,856
Sulphuric Acid. . short tons a Yy a vy a. Y a vy ay a vy a7y cal Yy a ¥y a Yy
Pigiikzon .t Lo . BRHOTY TORS |  sss=eo==-. | jgeeeae B Cewelee o o] L Semses a vy a_ Yy ay [ A & a.
Tungstem Ore short tons :

(G0 colcEREEREQBY SN RSN mmemama . UL semmam LIRS Smimsee st e easas 24 a 7 a 2 a
Vanadium . . % < PORBAS | . essmses ] eemsemic s leleeiaae HOEE s s € € € € € €
74 O SR e short tonms S O 2,737,399 36,192 3,619,200 48,001 6.240,130 33,658 3,231,168 34,526 3,590,704
Miscellansons. '« - - - - ) sescdeas 4,005,802 | @ -zse-= 4,390,617 i 8,186,541 | @ cece-- 7.046,700 |  -=-=---- 9,355,393
Total Values, Eliminating

Puplicationsy = - . i se=ssss 41,983,136 |  ~emem= 631,200,302 | @ o~--r- 105,652,422 | =~ ~=sse- 59,238,355 |/  aese== 80,127,521
a Value included inder “Miscellaneous’’; 2also included under “Miscellaneous’ are values for antimony, arsenic, bentonite, bismuth, bitumen, (natural sulphona=
ted), cement, diatomite, fuller’s earth, gems and precious stones, ragnesite, mercury, mica, molybdenum, petroleum .potash, sodium sulphate, sulphur,uranium.
"B Figures not available.
Y Value not included in total value for State.
3 Not valued as ore; value of recoverable metal content included under metals.
€ Included with uranium,
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MINERAL PRODUCTS OF UTAH

TAELE IV

(b)
1940-1944
1940 1941 1942 1943 1944
PRODUCT -
Quantity Value Quantity Value Quantity Value Quantity Value Quantity value
Asphalt (native) short tons ; 82,000 1S 776,171 36,476 |$ 856,966 40,078 |$ 912,163 76,987 |$ 1,390,485 a a
Clay: ;

Products. Pl gt el RN ] 630,523 sE - T58,000 . f :====== 1,000,000 | = -<=---- 1,000,000 |  ------ a

Raw. short tons 27,506 98,153 25,366 54,019 29,359 57,3985 17,905 43,465 26.152 |$ 65,208
Coal short tons 3,575,586 7,871,93¢2 4,076,779 9,509,973 5,516,849 14,271,221 6,665,936 19,977,743 7,119,261 ]| 22,032,130
Coke short tons 226,347 (- A 4 246,851 a’y 264,933 ay 3247,829 ay 760,874 (A
copper pounds |463,728,000 52,401,264 [533,676,000 62,973,768 |613,382,000 74,219,222 |647,978,000 §4,237,140 565,150,000 | 76,295,250
Fluorspar . short tons 142 a 748 a --1,018 a 51 a 3,466 a
Ggold v » v 4 a .Troy ounces 355,494 12,442,290 356,501 12,477,535 391,544 13,704,040 390,470 13,666,450 344,223 | 12,047,805
Gypsum (crude) short .tons 45,421 80,105 61,813 18,1417 48,574 60,259 a a a a
Iron Ore long tons 326,500 a 355,006 a- 319,834 S a : 911,839 a 1,540,594 1,742,876
Lead 4 . short tons ", 75,688 7,568,800 69,601 7,934,514 71,930 9,638,620 65.257 9.788.550 52.519 8,403,040
LERe o« e % s . short tons 49,413 306,357 56,221 352,306 57,609 392,912 59,811 407,753 51,202 379,550
Manganese Ore. short tons 217 a ‘43 a i - 970 21,650 81 3,083 30 a
Manganiferous Ore short tons 2,102 13,134 551 2,940 78 a 18 a 32,141 a
Natural Gas. M cubic feet -

(estimated value at wells) 5,124,000 21,083,000 5,562,000 1,145,000 5,163,000 1,079,000 4,464,000 262,000 6,223,000 1,535,000
Natural Gasoline gallons 722,000 28,000 808,000 45,000 195,000 39,000 666,000 35,000 924,000 50,000
Ores (crude):

Copper short tons 26,301,745 ) 30,442,402 8 33,611,061 8 35,999,656 3 29,930,659 b

Gold and Silver. short -toms 795,123 8 622,650 8 434,234 8 352,475 8 241,337 8

Lead short tons 65,072 8 77,879 8 75,758 8 48,658 8 15,926 8

Lead-Copper. short tons 8,510 8 5,276 & 41 8 53 S v y Wi S e i e i

Zime ." . . . ... short tons 26 8 2,302 ) 16,710 8 231,845 8 95,068 3

Zinc-Lead. short tons (768,870 (8 798,864 8 841,837 8 753,930 3 656, 065 &

Zinc-Lead-Copper,short tons 1,344 8 L3014 8 114 $ 250 S
T i A [ o il s AR s g possen. o  sEEssal { . deeswms . L. emsmesmdl L S emass
Radium by s i T ST ST RS T e e SR Tt B e i TR LG e S e ST e e ‘
B&IL..vonvr sis short tons 71,472 191,263 107,079 196,413 110,870 290,040 169,810 562,293 119,809 368,500
Sand and Gravel short tons 1,899,563 582,708 2,760,025 835,371 3,874,841 2,079,302 2,536,518 1,322,544 2,468,535 1,736,102
Silver . -. . .Troy ounces 12,172,299 8,655,857 11,395,485 8,103,456 10,574,955 7,519,968 9,479,340 6,740,864 7,593,075 5,399,520
Stone e e short tons 1,024,660 693,127 408,140 340,551 285,170 318,261 390,480 416,821 363,880 363,285
Sulphuric Acid short tons ay ay ay ay ay ay ay ay ay a y
Pig Iron short tons ay a y ay ay a?y L1 N ay (ol & GeL¥: LY
Tungsten Ore short tons |

(60 concentrates) 14 a 30 40,911 . 29 41,511 21 37,042 9 13,700

Vanadium . pounds € € 119,331 Sa 1,075,506 a 833,680 523,117 287, 045 261,765
ZEWCA ) o e e short tons 43,788 5,517,288 42,049 6,307,350 - 45,543 8,470,998 46,896 10,129,536 38,994 8,890,632
Elgchblsneots . . 5 wosls sie I mmmmEe 10,431,709 1 .. s-=eo= RB 088,885 § - senimws 18,136,720 | @ ------ 0,40 480 |- . c-eE=w 28,663,544
Total Value,

Eliminating Duplicatiomns. . | = =---- 104,302,088 1 " ==semws 32,380,878 | | ss=—t= 47003 ,938° 1 1 w—=a== 164 150,000 | ~siwe-= 149,558,000

|

cement, diatomite, fuller’s earth, gems and precious stones, magnesite, mercury, mica, molybdenunm, petroleum, potash, sodium suiphate, sulphur, and uranium.

Figures not av

ailable.

Y value not included in total value for State.

8§ Xot valued as ore; yalue of recoverable metal content included under metals.

€ Included with uraniunm.

value included under “Miscellaneous’; also included under “miscellaneous’’ are values for antimony, arsenic, bentonite, bismuth, bitumen (natural sulphPpnated),
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TABLE IV
MINING PRODUCTS OF UTAH
(c)
f1945*1949
1945 1946 | 1947 1948 1949
PRODUCT ¥ 5
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
; }
Asphalt (native) short tons 83,123 |§ 1,414,422 96,974 |$ 1,615,368 99,102 | $ 1,987,049 a a B B
Clay: f
Products . . . PP e R Y - 1 a | eee-- i a E ----- 1,210,000 a a B B
Raw. . short tons 55,395 90,295 105,621 | | 199,718 181_878 297,520 a L a B B
Coal . short tons 6.679,063 22,798,321 5,904,013 21,448,859 7.428,699 29,211,732 6,716,000 )530,130,000 %) B
Coke: & T . . short tons 735,511 ay 492,387 P ay 1,043,485 ay 1,247,087 a7y By By
Copper pounds | 452,752,000 61,121,520 |228,568,000 37,028,016 533,066.000( 111,943,860 | 454,014,000 88,520,038 |394,490,000 | $77,714,530
Fluorspar short tons 2,973 a 2,370 §oa 1,730 a 9,188 a B B
Gold .Troy ounces 276,979 9,799,265 178,533 6,248,655 421.662 14 758,170 368.422 12.894,770 314.058 10,992,030
Gypsum short tons a a a a a a a a a B
Iron Ore long tons 1,925,572 2,170,334 1,321,334 1,372,108 2,821,293 2,860,739 3,233,122 3,296,058 2,580,000 ¢)3;125.000
Lead short tons 40,817 7.020,524 30;?11 6,694,998 49,698 14,313,024 55,950 20,030,100 53,070 16,770,752
Lime i . short tonmns 47,484 353,671 29,087 271,526 47,096 366,127 40.635 52,859 a
Manganese Ore o it P oo o SHREEET ) oo e oy s o - oEERme T o i S ey mEeeRboeale Ten osisimeet B THIEE B ol ddicievke oo RISVEEIS A Pty (e o SRSNION S S NIRRT AT e S
Manganiferous Ores, short tons 5,001 a 7,803 a 7,198 a 2,694 a a B
Natural Gas M cubic feet
(estimated value at wells) 6,562,000 332,000 4,252,000 213,000 6,040,000 324,000 6,610,000 397,000 a B
Natural Gasoline. gallons 867,000 52,000 578,000 35,000 685,000 47,000 640,000 64.000 a B
Ores (crude): - e =
Copper. . . .short tons | 23,078,159 8 12,471,208 ] 29,021,293 5 24,458,362 3 20,924,274 | 8
Gold and Silver .shoxt tons 147,891 8 79,875 8 171,741 8 215,712 8 171,635 =
Lead e short tons 24,305 b 11,700 8 27,194 8 27,416 b) 20,304 8
Lead and capper short tons | ----- . [ = cea-- 1,238 5 | eeeee 1 eaee B (LR (B -y | e e
Zinc . . +. « » short tons 104,499 3 105,222 5 94,685 8 46,1386 8 33,705 8
Zinc-Lead .short tons 468 530 b 578,450 8 1,066,612 ) 992,717 ) 842,441 8
__Zinc-Lead-Copper short tons R e Bttt mme | 1,587 3 1.585 ) 1.108 3
Pumice ; shor e tons | ~ ve-=e==iil T TEodes - VAR R aciDam R S adee s 7,500 30,000 7,618 30,472 B B
Radium (rerlned)lilllgtals a a 10 185 a a a a B B
sait short tons 122,997 363,997 121.699 339,505 113,285 340,028 113,779 429,494 B B
Sand and Gravel shoxrt toms 2,147,810 1,280,578 1.653,010 992,083 2,945,943 1.612,354 2,278,184 1,368,562 ﬁ ﬁ
Silver Troy ounces 8,106,545 4,342 432 4 115,453 3,337,710 7.780,032 7.040,92¢ 8,045,329 7.281,429 6.724 880 6,086,356
Stone . . . .iis .short toas 215,400 318,254 404,370 591,940 178,680 368,255 279.660 477,654 ﬂ ﬁ
Sulphuric Acid . . ay ay ay ay ay ay a Y B B
Tungsten Ore {69%) short toms € 7.048 a7 _{! a a a ¥ _a B B
Vanadium pounds 97.572 58,154 63,188 37,370 48,049 a a a B B
ZENE o short tons 33.630 7,734 900 28,292 | 6,903,248 43,673 10,568 ,86¢ 41,400 11,036,340 40,670 10,086,160
Miscellianeous Sere R U AR SR IGT ARy I mEeee= ‘24,194,199 i o %9 . 30¢, 670 T --=== : b £ ok oy L | S ﬁ
Total Values, ; ) b)
Eliminating Duplications seceao 127,961,000 |  ~---- 95,506,000 | ----- 206,970,000 - ----- 204,752,000 | 1~ ~--~- |168,000,000
a Value included under “Miscellaneous;’ also included under “Miscellaneous'® are values for antimony. arsenic, bentonite, bismuth, bitumen, (natural sulphonated),
cement, diatomiter fuller’s earth, gems and precious stones, magnesite, mica, mercury, molybdenum, petroleum, potash, sodium sulphate, sulphur, and uranium.
B Figures not availabie.
Y Value not included in total value for the State. 1
8§ Not valued as ore: value of recoverable metal content included under metals.
€ Included with uranium.
& Partly estimated.
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SIGNIFICANT CONCLUSIONS

From the information presented in the foregoing text, charts, and ta-
bles, the following conclusions appear significant:

1. The number of mines in Utah producing gold ore reached an all-time
high about the middle 1930's when the price of gold wasincreased to $35 per
ounce and all production costs were low. The pronounced decline in number
since that time has resulted from greatly increased costs of labor and sup-
plies, heavier taxes, wartime regulations and deterioration of properties,
and high costs for mine rehabilitation, plus a fixed price for gold.There-
fore, straight gold mining in the State cannot recover its former status
unless many of the above factors are changed, so that the purchasing power
of the gold ounce can rise far above its present position. ‘ :

2. The number of mines in Utah producing silver ore has tended to con-
form in considerable degree to the price of silver, although many years
show exceptions to this generalization. The period from 1940. through 1945,
with its wartime disturbances and a fixed price for silver, was an unstable
one for silver mines in Utah. Increases in the price of the metal in 1946
and 1947 were- accompanied by slight increases in the number of mines pro-
ducing silver ore, but the gain is:not iconsideredcto:be of great duration.
Therefore, increased interest in straight silver mining in Utah must await
more favorable economic factors.

3. Copper output in Utah is dominated by one large mine; consequently,
changes in the number of mines producing copper ore are of little signifi-
cance. The price of copper has been a commanding factor in production, but
other factors during the period under discussion have been wartime demands,
labor supply and labor relations.

4. Utah’s lead output is derived largely from zinc-lead ore rather
than from lead ore; therefore, the two types of ore must be considered to-
gether. From 1935 through 1940, a close relation existed between price of
lead and lead output, and number of mines producing lead and zinc-lead ores.
From 1941 through 1945, increases in the price of lead were not sufficient
to overcome other unfavorable factors, and both output of the metal and
number of mines trended generally downward. The price of lead climbed suf-
ficiently in 1946 so that the number of lead and zinc-lead mines increased
slightly and output of lead also woﬁjd have gained, except for labor strikes.
The upward trend in price, output, and number of mines continued through
1947 and 1948, but the sharp decline in lead price in 1949 brought corres-
ponding reductions in lead output and number of mines producing lead and

zinc-lead ores.

ool 1 -Cap



5. As with lead, zinc output in Utah comes principally from zinc-lead
ores with considerable production from zinc ore and old zinc slag. From
1935 through 1940, the curves for zinc price, output and number of mines
producing zinc and zinc-lead ore agree rather closely. From 1941 through
1942, the agreement is less evident and in five of the yearsoutputdropped
in spite of rising prices, although much production waslost in 194 because
of labor strikes. In 1949 prices, output, and number of mines all declined.

6. From a study of the graphs on copper, lead and zinc and the rela-
tion of metal production to prices, it is evident that, because of complex
economic factors, mush higher prices for base metals have beenneeded since
1941 to draw out peak production in Utah, than was true in former periods.

7. Table IV, showing quantity and value of all mineral production in
Utah from 1935 to 1950, demonstrates the high rank of metals in theState’s
mineral industries. Although it is very probable that most of Utah’s non-
metallic industries will expand in the future, it seems safe to assert that
the State’s basic industry for many years to come will continue to be metal

mining and processing.






BIG INDIAN lI!IllG DISTRICT
Sen Juan County, Utah

quuat Sec¢tions 13 and 14, T. 308, R. 24B, San Jusn Countyy,

Utah,
GINERAL
A field check was made on three mineral claim the
Big Indisn avrea on May 8, 1953, These claims are ‘Mike,

Norine and Maxine respectively.

These claims are situated on the top end west flank of
a steeply dipping monocline. The surface rocks have an approx-
imate N-8 strike snd dip 7° teward the west.

GEOLOGIC

The Wingate sandstone of Jurassic age crops out and
forms the top of the westward dipping hogback. Due to lensing
and erosion, the Wingate ranges between 175 and 275 feet in
thickness.

Immediately below the Wingate lies the Chinle formationm
of Triaseic age which consiste of red, gray snd green shales,
buff to brown sandstones and conglomerates near its middle and
bage, end minor gray to buff limestones at or near its base. It
is in this lower zone that the major ore body is found.

It is belleved that the Shinarump conglomerate is either
missing in the Big Indisn area or is present only in small
patehes. More detailed field studies would be necessary to out-
line its presence. The presence of limestones in the ore body is
indicative of Chinle and is sufficient proef that the ore is nmet
from Shinarump as previously thought, The Shinarump is basically
a continental deposit of sand end conglomerate throughout the ‘
Four Corners area and limestones are never present in that type
of sedimentation with the exception of a few fresh water types.
Good accumulation of Ursnium snd other ores are found ia the
Shinarump in meny places. Where the Shinarump is well dnnlopod,
the poseibilities of rather widespread mineralisstlon can be
.Wo ;

The Moenkopi lies unconformably below the Chinle forms-~
‘tion in thie area. Some spotty mineralization has been reported
in the Moenkopi in the Four Corners area, however, the formatiom
is mentioned here merely to outline the strstigraphic sequence
at this immediate vieinity.



BIG INDIAN MINING DISTRICT

It is recommended that three holes be drilled through the
lower Chinle formation. All three holes are expected to be about
500 feet deep. The first hole should be drilled somewhere south
of the middle of the Norine claim, The terrain will be a mejor
factor in msking the exact loeation for the tests The locatien
of the other two holes would depend upon the results of the first
hole.

The spproved procedure is te drill with & regular rock bit
to & greenish conglomerzte near the top of the ore bedy then dia-
mond core through the prespective horizon. The price per hole is
$4.00 per foot contracted. Three 500-foot holes at $4.00 per foot
totals $6000, however it is bellieved that 50 to 75 feet can be
be considered when msking locations.

After the holes are drilled the Atomic Energy Commission
will rur a Gamma ray log upon request on each hole free of charge
to the operator, The Gamme curve reflects radicactivity in com-
parative quantities. ‘

If ore in commercial guantities and gualities is blocked
out by core drilling a decision must be made as to the probability
of sinking & shaft or cutting & tunnel. The advantage of a tummel
is its cheaper cost per foot and being able to mine the poorer
grades of ore as it is cut. Haintenance costs after completion 1s
snother faetor which zppears to favor tunneling, ’

The oaly logical place to start a tunmel is in the south~
west corner of the Maxine claim where the mineralized sone is
exposed on the west gide of Gypsum Vulley. Before s decision is

made a mining engineer should be consulted regarding costs of tune
nels versus shaf'ts,

£ilse C. Bromm
Msy 11, 1953

8CB:0



REPORT
ON THE WARHEN AND SALAZAR TESTS
POWNSHIP 25 NORTH, RANGRS 6 & 7 WEST
LARGO LEASES, RIO ARRIBA COUNTY
NEW MEXICO

Durengo, Colorade
July 1, 1955

§ilas C, Brown



P, 0, Box 1240
Durange, Colorade
July 1, 1955
REPORT
OF THE WARREW ABD SALAZAR TESTS
TOWNSHIP 26 NORTH, RANGES 6 & 7 WEST
LARGO LEASES, RT0 ARRIBA COUNTY
NEW MEXICG

GENIRAL ,
The above described teets were examined in the field and compared with

other producing wells and abandoned tests in the vicinity, The eleectric
logs of these four teste were brought to our offices in Durango for study
with other logs and data covering an area embracing approximately 900
square miles,

Regional, structural and stratigraphic geological data indicate generally
unfavorable conditions for commercial gas production from the Plctured
Cliffs formation in Township 25 North, Range 7 West with the exception
of the emall local area in Sections 13 and 24 where local sand develop-
men$ is favorable, The Pictured Cliggfe sandstone is poorly developed in
Sections 4 and 5, where the three hrr‘oi wells were drilled,

Ve believe that more favorable conditions for commercal gas from the
Plotured Cliffs formation will be found ia Towaship 25 North, Range 6
Weet, probably northeast of an arbitrary line drawn from the northweet
corner to the southeast cormer of that same township, Due to the nature
of the stratigraphie changes, the arbitrary line will ne doubt be uneven
end gae potentials will vary,



Ve recommend:

1. No drilling at thie time on the Warren, et.al. leases in:
a, Sections 19 & 20, Township 26 North, Range 7 Weet.
b. BSeoctions 5 & 6, Township 25 North, Range 7 Vest.
C. Sections 23, 24, & 26, Township 24 North, Range 7 West,

2, The drilling of one or more wells to the Pictured Cliffe formation
oa the block in Township 25 North, Range 6 West, The first test
should be located in SBection 22 of that Township,

Due to the projeetion of the sand conditions and other pertinent data,
we believe 1t pessible to get fair to good commercial wells in the
Pictured 0liffe formation at or near Section 22, It ie poseible to
have local unfavorable sand and water conditions, but theee are empected
to be quite localized and small, The leases in Seetions 21, 22, 23, 26,
27 & 34, Townehip 25 North, Range 6 West appear to be the most faverable
for commercial preduction of gas from the Pictured Cliffs formation if
properly drilled and completed,
After production ie establighed from the Pictured Cliffs formation under
the above lease, we would like to propose one or more experimental tests
to investigate the poseibility of oil and/or gas from certain deeper hore
izons at selected locations, This objective would constitute an entirely
new project which may dbe delayed if the Warren et, 2l, leasses do not re-
quire immediate drilling,

The "Harkins" lease in Township 24 Worth, Range 7 West lacke data for

proper evaluation at this time, 3By projections of sand development and

water encroachment lines, the Plctured Cliffs formation does not appear

too favorable for commercial producticn of gas,



The Pictured Cliffs formation, at the pmona location in Seection 22,
Township 25 North, Range 6 Weet, should be drilled with gas or compressed
air, If it is not possidle or economical under wildeat conditions, the
first well should be drilled with rotary equipment ueing proper muds te
about 1 to 3 feet into the top of the Pictured Cliffs sandstone group,
Before setting and cementing casing, the open hole should be logged by
Schlumberger or Lane-Wells, Both logs would be preferable, For proper
evaluation of the data ;t is advisable to have Schlumberger's resistivity
and gelf potential logs and the lane-Wells GCamms and Neutron logs.

After setting and cementing the casing, the cement ghould de sllowed teo
set for 72 hours, during which time the rotary rig cen de moved and &
spudder rig seteup, The spudder rig should bail the hole dry to test
the cement job, If there are no casing or plug lesks, the spudder should
drill the plug, bail the hole dry egain and test for water in the upper
Pioctured Cliffe, If the test ie dry, the spudder should drill deeper

at five feet intervales and continue testing for water or gas. Ve recom-
mend for thie drilling the uee of crude oil wich can be purchased lo-
cally or at Chromo, Colorade for $2,25 to $2,60 per barrel, Use only
enough o0il in the hole to cover the toole about 30 to 40 feet, If
necessary, use & sand pump to pick up the cuttings, All precautions
should be taken to eliminate fire hazards at the rig due to gas flowing
from the hole and also due to gas-cut oil when the bailer and sand pump
are dumped, Log the bottom of the hole with lans-Wells gamme and Neutron
curves and overlap the first leogging rum lnhﬁuttitlh’.

After completing the firat well as a gas well, it might be more economical



and quicker to drill in subseguent wells using gas. Drilling with gas
ghould be done by using & conventional core bit, thus obtaining cores
which may be examined for lithology, porosity and permeability. 4As
the sand-frack method is being improved it may be possible to éun the com=
plete hole with rotary and frack $hrough the mud cake. This method

should only be used in proven fields and is being used in certain

area at the present time,

/

DRILLING CONTRACTORS
The "turn-key" basis drilling contract with the Totah Drilling Company
on the Warren #3 well ies 2 fairly reasonable agreement for a wildoat
test, The "turn-key" contract is some protection in & wildecat arsa
7 but supervision by a geologist ic necessary at all timee during the
teeting of the objective horizons, There ies too much tendency %o punch
2 hole in the ground without the delays for proper tests and proper
completions.
Besides the Totah Drilling Company, the following contractors have been
recommended by the various independents and companies in the San Juan
Basin:

1. Carroll Drilling Company, Farmington, New Mexico

2, Oreat Western Drilling Company, Box 608, Farmington, N, Mex,

3. K, B, Lynn Drilling Corp., 4134 ¥, Main Parmington, N, Mex,

The Gas Purchase Agreement with the Il Paso Natural Gas Company is
considered standard throughout the basin for Plctured Cliffs gas,
Provisions have been made for the Seller to inetall separators and other



devices to remove and retain all oil and other hydrocarbons normally
separated from the gas. This agreement is considered fair by the

profession,

KESERVE BSTIMATES

Due to the changing sand conditions, the lack of welle in certain areas
and other pertinent data, no reliable reserve estimates can be made at
thie time,

5ilas C, Brown



SiLas C. BROWN
C’onsu[ting gzo[ogiat

THE SPRECHER URANIUM PROSFPECT
McKinley County, New Mexico

Introduction

The field reconnaissance work of the Sprecher, et al,
properties, which consists of Section 36, Township 16 North,
Range 18 West, N M.P.M., McKinley County, New Mexico, was con-
ducted on QOctober 30 anmd 31, 1953, Sinoe the survey was of a
reconnaissance nature a detailed map of the area was not made
and apparently is not available,

Evidence of Uranium ore enrichment was noted in the
Dakota coal horizon and in probable Morrison sandstones imme-
diately below the Dakota formation, None of the shows within
the area outlined was of commercial quantity or quality, but
more exploration work with the bulldozer or core drill may out-
line commercial ore bodies,

Geolog_y and Discussion

The Morrison formation (Jurassic) is exposed in the
southeastern part of Section 36, Township 16 North, Range 18
West, Going toward the northwestern part of the same section,
the Dakota, Mancos and Mesaverde formations (Cretaceous) are
exposed,

The Morrison formation is considered an objective ex=
ploratory horizon based upon enrichment found in "Gragg Rock",
a boulder which had fallen from the Dakota=Morrison eliffs, .
The boulder is either of Morrison age or is from a transition
zone between the Morrison and the overlying Dakota formation.
More exploration work should be conducted along the Dakota-
Morrison contact zone,



The Sprecher Uranium Prospect
MeKinley County, New Mexico
page 2

The main zone of enrichment in the area studied is in
the "Coal horizon"™ of the Dakota formation (see sketeh section),
Commercial ore has been mined from this zone at the Hyde Mine
in Section 12, Township 15 North, Range 18 West, about one and
one-quarter miles south of Section 36, Extending along the same
Dakota outerop northward from the Hyde Mine are two spots which
gave a higher gamma count than the normal background count, but
neither appeared to be of commercial intensities., These "hot"
spots are, however, places where more exploration work should be

conducted,

Any sand development in the Mancos formstion should be
checked with the scintillator but very little sand development
was observed in the Mancos in Section 36,

The Mesaverde sands which occur in the extreme north-
western part of Section 36 should also be checked with the scine
tillator; especially those areaswhere the sandstone beds thicken
rapidly, indicating channeling,

Meny geological features occur in the area which are
favorable for the occurrence of Uranium ores in commercial
quantities and quality, First, the steep hogback is a zone of
weakness along which Uranium ores may have migrated upward fram
deeper sources., There is no evidence of faulting at the surface,
however, the steeply dipping beds may be faulted with depth,
Primary and secondary Uranium ores are generally found near these
zones of weakness and the secondary ores are found in diminishing
quantities away from the source,

Second, sand development in the Morrison, Dakota and the
Mesaverde formations, especially where channeling is present, is
favorable for deposition of Uranium ores.

Third, and probably the most important fact, is the pres-
ence of some enrichment in the area even though that at the sur-
face is not of marketable value, The surface indications at the
Hyde mine to the south were not commercial at the surface either,
but the ore value increased to commerecial percentages with depth,
Therefore, these enriched areas are the obvious places to start
exploration work for possible richer ore bodies with depth,



The Sprecher Uranium Prospect
MeKinley County, New Mexico

page 3

Recommendations and Conclusions

To summarize: The presence of a zone of weakness, the
apparent channeling of the sandstone beds and the presence of
some local enrichment indicate that the area should be further
explored,

It is recommended that the Dekota "coal" horizon be
thoroughly explored with the scintillatoar and the enriched zones
be bulldozed to check the possibilities of richer ores with
depth, Because of the high angle dip of the beds, especially
in the southern part of Section %6, only a limited number of
core holes are recammended near the outerop area, If the bull=-
dozer work opens up richer ore than that at the surface then
core holes may be planned to test the horizon at depths below
the limits of the dozer,

Going eastward in Section 36 where the Dekote beds cap
the mesa, spot core drilling should be attempted, This coring
campaign should test the Dakota and about the upper 25 feet of
the Morrison for the possibility of enrichment in that horizon,

If enrichment is found in any of the exploratory holes
then offset holes within a radius of 100 feet should be drilled
to outline the limits of the ore body. The cores and cuttings
should be checked with the scintillator as the hole is being
drilled., Good representative samples of the "hot"™ cores and/or
cuttings should be collected and an analysis be made of each,
The thickness and richness of an ore body must be outlined for
proper eveluation,

Respectfully submitted

Silas C. Brown

Durango, Colorado
March 6, 1954
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SKETCH CROSS-SECTION

IN GENERAL AREA OF

Sec. 36-16N—-I8W
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WHITE CANYON AREA
San, Juan County, Utah

Res: A submittal by Mr. W. W. Goforth, et al,
pertaining to 102 Mineral Clsims in the
White cn.uym urc&, Qn Juan’ cbuntr, Ttah,

s o mpﬁ.d field mhonk was udd on . the/ abci'a"eliim on lay
7y L A more thorough study would.be nocouury before its
U u n«ﬁbmm could be mmmd Two aress were
‘noted mmn g-mld wm;u ore (M» mzm oqulﬂ ‘pro’b-
ably ho -md. '

iﬁnqra;l.uatian is reumd p’ndouimtly i.n thq 8hfm-_ y
arump cot;lmutb with seme dpparent minerslization in. the
‘basal mbcr of the Ghiale formation. This is the same son&

: '-z‘rqlwhieh the ‘main ore body is mined &t‘bhmﬁquyi’ﬁck"lﬁu

sbout 5 miles to the southwest. In almost every case where
.Uranium minerals are found théy are inter-related with copper
ores a8 Malachite snd Asmirite. Venddium is.conspicuously.
. 'absent in this pari of ' the White Csnyon ares & red to
,,dnﬁn? !‘nov 18 Imlha am) where Vumnn is the major

¥} ‘rnppmphically the ore aouc liu uithin 300 feet of
‘the top of kigh messis. The beds dip toward the west about 2
to 3 dnruu 8o any tunnel slong the ore horizon would have
only a mght ineline. A rmntly eanplot“ voad uku nost
of‘ the u-u acuuibh.

wumis

. If thoao clgime can b- thuh'od v&thou'.t an- output of
cash, it is recommended that $1000 to $1500 be spent on tum-
nels to ohuek tho extent ‘and’ richness. of tho Thoth ams noted
during thn nminm mrny. ,

It hu agas ﬁupatod that ) m.ght be made over the
area ueing a scintillometer to see if Whot" areas can be de-
tected, Good, prospects have been lm’b-d hy this method .ml
: nMd urt&iﬂq be ' maupm.t o

l'ho ﬂmuumu f;iold -check did nat Misat’ Thot®

areas of any upitudo, although they may be present within
‘the area submitted. Due to the large thickness of overbu
' eore drilling is eoniiund mucuda’bh for hnyhuull dr
ing unless some good. Pprospective areas can’ be cted. m'-\t..
The flying ‘scintillometer may be the. snswer to this, It is:
possible to dete¢t more faversble 'aress by a more detailed
field gtudy but this would constitute an enthi“ of Qsm to
uooc ‘whiech uy ‘or may not pay off.

SN Ban‘ upon the above d:umaion y it appears that a
flight over the area with a seintillometer together with lime

ited tunneling in the Mhot® areas noted would be the cheapest
and most practical way to evaluate the area at this time.
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Side-Looking Radar Mosaicking

Experiment

A numerical sequential radar block adjustment resulted in
improved accuracy in the mosaicking of radar images.

(Abstracts on next page.)

INTRODUCTION

CURRENTLY PRODUCED side-looking radar
image mosaics were accurate to
within an rRMs point error of about =150
m. This was concluded from a unique set
of 24 overlapping side-looking radar strips
flown over a well-mapped area of more
than 90,000 km?2 covering parts of Ohio,
West Virginia, Virginia, and Kentucky. The
topographic maps at a scale 1:24 000 that
covered the imaged area permitted an
analysis of the errors of individual radar
images and of the final radar mosaics.

We have taken advantage of this extensive
radar coverage of well-mapped terrain to
analyze the accuracy of some of the radar
mosaicking methods that are currently
applied. We have attempted to obtain some
quantitative insight into the effect of the den-
sity and distribution of ground control
points on the accuracy of the final radar
mosaic.

The data confirm the expectation that a
numerical sequential radar block adjustment
provides results that are significantly more
accurate than those obtainable from a direct
mosaicking process based on tielines (result-
ing in so-called semi-controlled mosaics).

* NAS-NRC Resident Research Associate

We also conclude that the use of tielines
cannot very well be justified by either the
mapping accuracy, or by the convenience of
the mosaicking process.

These conclusions are developed in a
series of numerical experiments based on
measurements of pricked points in the com-
mon areas of overlapping radar strips. We
will describe the image data and measure-
ments and follow this with an outline of pres-
ently applied radar mosaicking procedures.
The discussion of the achieved results will
then provide the evidence on which the
above conclusions are based.

IMAGE DATA AND MEASUREMENTS

An area of about 400 x 250 km?2 in Ohio,
West Virginia, Virginia, and Kentucky (Fig-
ure 1) was imaged using the Goodyear
Aerospace Corp. GEMS 1000 synthetic aper-
ture radar system which is operated aboard
an inertially guided Caravelle twin jet of
Aero Service Corporation. Ground resolu-
tion of the images is about 12 X 12m?. As in
most missions with this system, the aircraft
flies at an altitude of about 12 km and follows
the meridian within the accuracy of the iner-
tial guidance system. The imagery emplayed
in the mosaicking experiment was thus ac-
quired in north-south oriented flight lines,
with the radar looking west. A side-lap of 20
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ABsTRACT: A block of 24 overlapping synthetic aperture side-looking
radar images flown over a well-mapped area of about 90,000 km?
covering parts of Ohio, West Virginia, Virginia, and Kentucky pro-
vided an opportunity to evaluate the mapping accuracy achieved in
current radar mosaicking projects. The maps of scale 1:24 000 that
are available in the imaged area permitted the study of the geometric
errors of the radar mosaics and of individual radar strips. An esti-
mate was obtained for the effect of the distribution and density of
ground control points and for the accuracy of different mosaicking
methods that are currently employed with synthetic aperture radar
images. It is shown that a successful radar mosaicking process re-
quires the elimination of image errors of up to several kilometers.
These errors are introduced as a result of the limited precision of the
inertial aircraft navigation. An example of a radar mapping effort in
which the navigation errors could be eliminated is presented. The
resulting radar mosaics have residual rRMs mapping errors of
planimetry of about + 150 m.

ZusaMMENFASSUNG: (Ein Experiment ueber die Herstellung von
Radar-Bildplaenen Ein Gebiet von etwa 90 000 km? in Teilen Ohios,
West Virginias, Virginias und Kentuckys wurde durch ein Radarsys-
tem mit synthetischer Antenne abgebildet, sodass ein Block von 24
ueberlappenden Seitwaerts-Radar Bildern erhalten wurde. Diese
Daten ermoeglichen ein Experiment zur Emittlung der Kar-
tiergenauigkeit, die in gegenwaertigen Radarprojekten erreicht
wird. Die Karten im Masstab 1:24,000, welche im aufgenommenen
Gebiet. . . . Untersuchung der geometrischen Verformungen ein-
zelner Bildstreifen und der Bildmosaike. Weiters kann der Zusam-
menhang zwischen der Kartiergenauigkeit, der Dichte und Ver-
teilung von geodaetischen Kontrollpunkten sowie einiger Methoden
der Bildplanerstellung untersucht werden. Die Arbeit zeigt, dass die
urspruenglichen Radarbildstreifen Verformungen bis zu einigen
Kilometern haben koennen, die durch die beschraenkte Genauigkeit
der Flugzeugtraegheitsnavigation verursacht werden. Es wird
jedoch gezeigt, dass diese Fehler in der Herstellung von Radar-
bildplaenen durch eine numerische Blockausgleichung eliminiert
werden koennen, sodass die verbleibenden mittleren Fehler der
Radarbildplaene etwa + 150 m betragen.

ResuME: Un radar a ouverture synthétique a été utilisé pour imager
une surface bien cartographiée d’environ 90 000 km? couvrant en partie
les états d’Ohio, Virginie de I’Ouest, Virginie et Kentucky. Un groupe de
24 images a permis d’évaluer la précision cartographique atteinte
dans les mosaiques d’images radar. Des cartes a U'échelle de 1:24 000
qui sont disponibles pour la région, ont permis U'étude des erreurs
géométriques des mosaiques et des images simples. Une estimation
des effets de la distribution et de la densité des points d’appui a été
obtenue, ainsi qu'une estimation de la précision des différentes
méthodes de construction des mosaiques, qui sont employées pour le
radar @ ouverture synthétique. Il est demontré qu’une procédure
exacte pour une mosaique d’images radar nécessite 'élimination
d’erreurs jusqu’ & plusieurs kilométres. Ces erreurs résultent de la
précision limitée du systéme de navigation a inertie de 'avion. Cette
contribution présente un exemple de cartographie au moyen d'un
radar. Dans cet exemple les erreurs de navigation ont pu étre
éliminées. Les mosaiques finales ont une erreur planimétrique d’en-
viron 150 m.

control is available, then the mapping ac-
curacy reduces somewhat, although not
dramatically (Figure 3, cases (c), (f), (h)). It
appears that control along the perimeters
in the flight direction is more essential
than across the flight direction. Along-track
scale is well transferred across adjacent
strips, but the effect of the strip’s curva-
ture can be eliminated only by at least
one linear array of control points in the
flight direction.

CosT

In a comparison of the effort that would
have to be expended for the various
mosaicking techniques, it seems obvious
that a lack of consideration of ground con-
trol points would result in a less expen-
sive mosaicking effort. The same seems to
hold for an approach based on tielines,
only adding the extra effort of acquiring
the tielines. In both cases, however, unrec-
tified images have to be mosaicked and
therefore an expensive iterative trial-and-
error process is required to produce
photographic paper prints appropriate for
mosaicking.

The numerical adjustment of the radar
block that is presented in this paper re-
quired less than 1 per cent of the total
mapping expense. This had to be spent for
measurements and data processing, but re-
sulted in exact prescriptions to the
operator of the image correlator and to the
photographic laboratory for rectification of
the images. This permitted saving the ex-
pense of an iterative trial-and-error process
that would have been required had no
numerical adjustment been carried out.
We believe that the savings outweigh the
investment in the numerical method and
conclude that the presented numerical ap-
proach to mosaicking is not only more ac-
curate, but could well be even less expen-
sive than the method employing tielines.

The SHORAN-based radar mosaicking
method remains, then, as the only one to
require sizeable additional expenses. In
the present case this would perhaps have
amounted to a maximum of 15 per cent of
the total mapping effort. We believe, how-
ever, that this would not have permitted
us to achieve an accuracy and conveni-
ence of mosaicking as good as we could
with the block adjustment method.

CONCLUSIONS

A side-looking radar mosaicking experi-
ment was based on 24 strips of overlap-

ping synthetic aperture radar images of an
area in excess of 90,000 km?2.

The analysis of the distribution of
ground control points suggests that for the
sequential numerical adjustment method a
regular point distribution results in the
smallest mosaicking errors. If control is
available only along the perimeter of the
mapping area, then we conclude that the
points should preferably be aligned in the
flight direction.

We believe that we have demonstrated
that a numerical radar block adjustment
carried out prior to mosaic compilation
produces results superior to an approach
based merely on tielines. The overall
mosaicking accuracy achieved can be rep-
resented by rms residual errors of about
+ 100 m in the flight direction, and = 130 m
across the flight direction. This coordinate
direction is less accurate due to neglected
effects of topographic relief.

The Schuler-periodic errors of the iner-
tial navigation that were found in this
radar survey represent the worst case yet
encountered with the particular equipment
used. As a result, the usefulness of the
numerical method could be demonstrated
with more power than if everything had
been working well during the survey
flight.

We find, thus, that a numerical approach
to radar mosaicking produces a gain in ac-
curacy and ease of mosaic compilation that
should justify the modest investment re-
quired to take measurements and process
them digitally.
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crepancies among adjacent radar strips (x50
m) and of the mosaic error (=130 m). How-
ever, as long as radar mapping is based on
mosaicking without differential rectification,
there is no point in accounting for errors due
to topographic relief. But if the radar block
adjustment is carried out in three dimen-
sions instead of in planimetry only, then a
preliminary study by DBA systems (1974)
seems to indicate that the resulting
planimetric accuracy could be significantly
improved.

DiscussioN oF MOSAICKING METHODS AND
ofF PoiNT DISTRIBUTION

It is quite obvious from Figure 3, that
the simple mosaicking method, which only
would use ground control for orientation
and scaling of the mosaic, produces the
least accurate results. In the case pre-
sented, the mosaicking errors amount to
about +3 km (Figure 3, case (a). This
probably is the lower limit for most radar
mapping projects based on inertial guid-
ance due to the fact that it results from
five-hour mapping flights with excessively
large Schuler type errors.

The accuracy of the tieline method of
mosaicking is also clearly inferior to the
results obtainable from a block adjustment
(compare Figure 3, cases (d) and (l)).
There are several reasons for this: Tielines
provide only two bands of control,
whereas a numerical adjustment can take
advantage of any type of control distribu-
tion; the tielines only control the overall
along-track scale of the production imag-
ery, but not the critical effect of the radar
image curvature and differential along-
track scale variation; and in the tieline ap-
proach unrectified images have to be
mosaicked. Actual tieline mosaicking could

be less accurate than suggested in Figure
3 for the reason mentioned before. Figure
3 is the result of a numerical simulation
rather than actual tieline mosaicking.
Numerical treatment of accurate measure-
ments could be more accurate than manual
mosaicking.

Case (I) of Figure 3 presents two results.
The root-mean-square errors in brackets
give the accuracy of the tieline approach
if no rectification of the individual
radarstrips is assumed. The errors there-
fore reflect the effect of the large overall
scale difference of 3 per cent between the
across- and along-track direction. The errors
given without brackets present the result
if the overall affinity of 3 per cent can be
detected and rectified.

The tieline case is the only one in
which the X-coordinates were found to
have larger errors than the Y-coordinates.
No obvious explanation can be offered for
this reversal of the accuracy behavior. The
error in transferring points from the
north-south lines to the tielines is rather
large, perhaps of the order of magnitude of
+200 m, because no stereo transfer is pos-
sible; relief displacement is towards the
north (X-direction). However, it is not felt
that these considerations sufficiently ex-
plain the fact that errors are larger in the
X-direction than they are in Y.

An analysis of various control point con-
figurations reveals that, in a numerical ap-
proach, four control points can eliminate
the large overall affine deformation of the
radar block (Figure 3, case (b)). Further-
more, in a sequential adjustment proce-
dure, a fairly regular distribution of control
points produces the highest accuracy (Fig-
ure 3, case (d)), and a densification of the
control network improves the results
(cases (b), (i), (g), (d)). If only perimeter

per cent, and a pair of east-west tielines
along the northern and southern perimeter,
were available to tie the individual images
into a coherent block.

Measurements were taken of the points in
the overlap common to adjacent images to
merge the individual strips, and of ground
control points to transform the radar data into
a map coordinate system. The common
points were carefully selected and marked
on the emulsion of the diapositives at a scale
1:400,000 using a Wild PUG point transfer
device (estimated accuracy about *2 wm).
The image coordinates of the marked points
then were measured on a Haag-Streit Coor-
dinatograph (estimated accuracy about =50
wum) and the map coordinates of the ground
control points were scaled off the 1:24,000
maps of the area.

More than 200 different points were meas-
ured, including some 65 ground control
points and a large number of tiepoints that
were selected at approximately 12-cm inter-
vals along the image strips (about 50 km on
the ground) and, due to the 20 per cent over-
lap, were measured twice.

RApAR MoOSAICKING PROCEDURES

Four techniques of side-looking radar
mosaicking have so far been, or are presently
being, employed. The simplest method is
one in which hardly any ground control
points are available or used and where no
preprocessing is applied. The individual
radar strips are directly laid out on a

e
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F1c. 1. Location of radar mapping area.

mosaicking board in such a way that adjacent
images fit together; but an adjustment to
ground control, if available, is not carried out
beyond a preliminary overall rotation, scal-
ing, and shifting to the map coordinate sys-
tem. Basically, the resulting radar mosaic is
as accurate as the inner geometry of the im-
ages and the aircraft navigation permit (1 km
error per hour of flight).

The most sophisticated and expensive
radar mosaicking method thus far employed
was based on continuous-simultaneous
SHORAN tracking of the survey aircraft from
two geodetically surveyed ground stations.
As a result, the position of the aircraft was
determined to an absolute accuracy of about
+300m (van Roessel et al., 1974). This in
turn permitted the transformation of an or-
dered set of artificial radar image points (so
called “range marks”) into the map system.
The transformed set of image points repre-
sents the base-map onto which the mosaic is
laid out. The method was, for example,
employed in the first phase of Brazil’s
RADAM. Although it provides information
for the rectification of individual radar strips
prior to mosaicking, it was soon abandoned,
apparently due to cost considerations. The
accuracy of the resulting mosaic is deter-
mined by the precision of the SHORAN air-
craft tracking system, the effect of measuring
errors, and weaknesses of the image
geometry. It must therefore be expected that
SHORAN controlled radar mosaicking leads
to rRMs errors certainly well in excess of +300
m (van Roessel et al., 1974).

Because SHORAN tracking determines
the mosaicking accuracy, this has been thus
far the only method for which a reliable es-
timate was available for the accuracy of the
mapping product. For this reason, but more
so because there was no SHORAN tracking
provided in the acquisition of the test data,
the SHORAN based method of radar
mosaicking will not be numerically
evaluated in this paper.

A rather frequently used mosaicking meth-
od relies on at least two or more “tielines”;
these are radar image strips flown across
the direction of the production imagery
along the perimeter of the mapping area. A
number of ground points are then surveyed
or scaled off an existing map and marked on
the tielines or the tielines are tracked by
SHORAN. This permits their transformation
into the map system. The production images
are then laid out on the mosaic board to a-
chieve a fit to the tielines and a smooth tran-
sition at adjacent image strips. The root-
mean-square errors of this method have been




estimated (for SHORAN tracking of tielines)
by van Roessel et al. (1974) to be about = 700
m. However, itis the most widely used proce-
dure, for example being employed in the en-
tire radar mapping effort of Brazil (9 mil.
km?), except for the initial part with complete
SHORAN control of all flights. An obvious
advantage of the method based on tielines is
its simplicity: No numerical operations are
required and the mosaic can be compiled di-
rectly. But among the disadvantages of the
method are a limited accuracy, a lack of the
possibility to adjust the mosaics to ground
control points other than the ones imaged by
the tielines, and the fact that there is no in-
formation available for the rectification of in-
dividual image strips prior to mosaicking.

The fourth method of radar mosaicking is
based on a numerical radargrammetric block
adjustment. Here, measurements of points in
the overlap areas of adjacent images are used
to tie the images into a block, and the block
is transformed into a network of ground con-
trol points similar to a photogrammetric
block adjustment. This method of preparing
a base map for mosaicking was employed in
PRORADAM, Colombia’s radar mapping
project of the Amazon, described in detail by
Leberl (1975a). A numerical sequential ad-
justment of radar images using spline
polynomials (first, block formation as an in-
ternal adjustment, then fit to the ground con-
trol points in an external adjustment) pro-
duces results that appeared quite compara-
ble to or, in the case of certain constraints,
even better than a simultaneous adjustment
of radar images (Leberl, 1975b). It is thus the
sequential method of numerical radar block
adjustment that is considered in the present
practical experiment in which we aim at es-
tablishing accuracy models for radar
mosaicking. One can expect a numerical
block adjustment to result in mosaics of high
accuracy, and to produce information for the
rectification of the images prior to mosaick-
ing. For details on numerical side-looking
radar block adjustment algorithms, reference
is made to earlier publications (Leberl,
1975a and 1975b).

RADAR MosAIckING REsuLTS

The mosaicking experiment is based on
the numerical treatment of the radar image
measurements and map coordinates. The
first step was to tie all radar images into a
block in an internal adjustment. The block
was then transformed into the network of
known ground control points by using a
linear conformal transformation. Figure 2
presents the result with error vectors indicat-

ing that there was a significant overall affine
deformation of the radar block which
amounts to about 3 per cent (scale is larger in
the north-south than the east-west direction).
The root-mean-square (rMs) discrepancies
amount to about +3.5 km.

A portion of this deformation is artificially
built into the optical correlation process to
compensate for later differential paper
shrinkage. The random errors of the optical
correlation process generally do not contrib-
ute a significant portion to the overall errors
of the final image (Peterson, 1976). Figure
3, cases (a) to (k), present the rMs errors en-
countered in the check points if an inter-
polative correction is applied to the radar
block coordinates (external adjustment).
Checkpoints are those groundpoints which
do not take part in the adjustment, but only
serve the purpose of evaluating the accuracy.
The figure illustrates the distribution of the
ground points employed for computing cor-
rections. The method of computation was
with weighted moving averages (see, for
example, Schut, 1970; or Leberl, 1975¢).

Case (1) of Figure 3 specifically addresses
the mosaicking results employing tielines.
The results are not obtained from actually
compiling a mosaic using tielines. Instead,
this process was numerically simulated.
First, the tielines were adjusted to the avail-
able ground control. Then the north-south
lines were adjusted sequentially to the
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radargrammetric and map coordinates of check-
points, given in kilometers.

tielines and to the one previously adjusted
adjacent north-south line by using a spline
fit. The accuracy estimate for the tielines
method might thus be too optimistic if one
assumes that the numerical approach using
splines is too flexible and accurate to be a
valid simulation of the “damp and stick”
process of mosaicking images on wet photo
paper. The two sets of results for case (I) of
Figure 3 concern two different assumptions
for the numerical approach to mosaicking
with tielines. This will be discussed in the
next section.

Upon completion of the radar block ad-
justment, information is available on the dis-
crepancies among adjacent individual radar
strips and on their internal geometric errors.

Figure 4 illustrates the dominant appearance
of the errors of individual strips. They are
slowly varying and fully explainable by the
so called “Schuler-periodic” errors of the in-
ertial navigation. These errors theoretically
have a period of 84 minutes of flight and an
amplitude that grows at a rate of about 1
km-per-hour or more. The numerical ap-
proach revealed that in the present example
the Schuler-periodic velocity errors had
amplitudes far in excess of what one must
normally expect from a properly operating
platform. The numerical approach permits
elimination of these errors. The residuals
encountered in the images after filtering of
the Schuler periodic and overall errors had
an rMs value of about +50 m on the ground
and included the effects of measuring er-
rors and parallax differences due to topo-
graphic relief.

Topographic relief was not considered in
this experiment. Instead, the mapping area
was assumed to be flat. This has been so far a
rather commonly applied assumption for
radar mosaicking. Attempts to differentially
rectify radar images and thus to consider top-
ographic relief in mapping have been re-
ported only by a U. S. military mapping re-
search group, but have not been further pur-
sued (Yoritomo, 1972). Effects of topo-
graphic relief, however, represent the limit of
the mosaicking accuracy. Figure 5 illustrates
that topographic relief creates parallax differ-
ences in the cross-track (east-west) direction
that are much smaller than the overall dis-
crepancy between a point in the radar
mosaic and in the topographic map. For the
example of the relief of 200 m (occurring in
the present mapping experiment), the paral-
lax difference would amount to about 50 m,
but the overall relief displacement is 150 m.
These are also the accuracy figures obtained
for the irregular component of the dis-
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Side-Looking Radar imagery that is available of the U. S. can be
obtained by sending your request and area of interest to Goodyear
Aerospace Corporation, Arizona Division, Litchfield Park, Arizona,
85340. Attn: C. A. Anderson, Dept. 408A, Building 13-2S.

There is a charge of $82.00 per lot—(a lot consists of a contact
transparency and a contact print)—for photo reproduction cost.

Each lot will provide one of the following:

Type 1 =10x30 NMI at 1:200,000 or 1:300,000
Type 2 =~20x60 NMI at 1:400,000 or 1:480,000
Type 3 =£30x90 NMI at 1:600,000
Type 4 ~ 5x15 NMI at 1:100,000.

If the desired coverage of a pass exceeds the above, then addi-

tional lots will be necessary.

Additional prints or enlargements are available upon request.

Price will be provided when requested.

A letter must accompany your request describing the intended use

of the imagery.

A check should be made payable to Goodyear Aerospace Corporation
and the order sent to me. Goodyear does not accept personal
checks, therefore either a cashier's check or company check

should accbmpany the order.

(11-77)

sl







WWWMWWWWWM'WWMvMWW'M'ﬁ~¥~\“~\

-
7 e g
=\

 \

/A//%W/ 577 @///a %{3 2L

Climbe / e 25—,z
(?%/QZJVZ& ‘2 =4

V= Yok G ==

Zﬁa/’/&( / /VJ/—(/ &/yf;)ém = D o flh

féﬂ%/y / ﬂ/—/zpﬁo S — 5
by z—2
j/_/.)g /g/_&‘f)”} 6@@7‘/5/ 25—/3

.

féﬂm}(/ My ZOno (6~ i s ol
T teme /777 i



GV VR TV VVETY VvV VTV R r l

T Froclice Busie P
M;;f LB e M by it
Ay //Aé// lted Ty pedi. Feery 7 %,W 5202, /577. ftcn
9 2 47//4//47% Oond Lovaited Zeies, kw,f//,e// Wk

/WM Z/ bewed B Sectims 1o 725 -Rip E. o Fow fur

W/% g end e o i v Secons /4

g 47/4&/ Vo Al otd /W(Md irtcd pceana 7 a
) Jrtre Mc///fm LS RS FRullide: Jisst-tt gl

W/nﬂ% Apreiis

Lod st snd decossibili%, C’M%
%%W/M(%%W’W et 2

/2. M/Mw/ Moo sians, ia /WW% pedon it wic il

13,/4,05 v V6, T25S ~RIGE CVSK Pry, Gilo il , frsme




%ﬁu /Z(/?/?Muﬁ ot W an,»&a;» Mu, :
M&»\ WM B350 and WQG/MW%W -

b e S —

N
RN
v
i
?:\

Vdolapile ~ & leceiyal S«»?xf&de /«w e ds b Aeresen, v Selpdy / 2

5 V“?é/ﬁm [Forts | B

- /&7 e r Z‘M—w W((@ /’/sWyc{q_ ——

h,m/,uq /M ﬂcfigeW e

hoy p2eaw uf toluot, Cogtrec Sl ///44—«,@{5 ¥ Faloris- -
‘ ( %
,‘_%)&7/ WW Mﬁv,&ng, phe o, By
- , g il o

)/[m 2(.9@@,! S 235
M@{ha{ef Jog. )Lz ‘ ——— i




VYV VUV VTV VBV VWYY u«wv‘-wxmmkww e A B A e e
4

e A Aal aaa a A a

%/M s M /L(W pta alls? 2o
Jiibes 7 WW/ /%/zmaé‘ﬁ ptll cve Farnns) /WM S/
Heeers Npadi m Ahr @/6“4;44/%02«14 e M;//@h %?@/W

a b pllert dner peblcle A /chw«zy

G LDl o6y AP S TRUCTUPL

4’%1/7//%%7’7 Sectis 1Y <0 Gnrewed Shwalgchit

Jibiced Aias ///wﬂd% R
/5° 4o §5° Witk Jhir < bondiasy 50 H b Avwef allilede
e Wit tnd 147 ] 2l pocpn . S s sy Moet

7 sty tasisn 4,3 Al M@/w—WW. He
eyl dictsite] and Gricespled sobirt Mt o S nd JoF
Preopes appec o A/WM/MJW, i b
et iisnsts 2y Losge atissue body Phirsy. 58y a

deop oillley e v obbie Ly itonce o Faremsts




S . T o T T U VT o 1 T U Ve TV o U T o T T i s i oV Vv S S s Sl S ¥ OV s s s S o O SO s b e

% ﬂ/MM /W77.¢(//é7 N Sfboreens % /,97'/%1\
| /W/h M ﬂ‘m"w % /MW /M;;Mm;;% oy
/ plt, Aot W/‘ﬂtﬁ Hitvred o /%%,&7 e /ém@

477% Mo eale Lo zecon o/ﬂ7 pas pleieneins; fhrewes/
sz o lonale %W,/W oty J/W Wew %477«&,

: M/%W ikl T LT i) iV o o G

diti i % it ; W,MJMMMMM
g&y Wl st 0Tty Niehrin Y isscntt.,

Foise M"“’?‘j’ o cabioe WWMO/%MM
happad a0 206 1, #y et %W/Q/%Wz@ kil
s S0 S e ax Ly Cpndind’ febictar My pefsy ood Ohatioes

[7%Ma€/% V7 //%Z’WM' W/J/%% Llly peceen



E — S [l : - ,Zé_fw-:t:— ol .
3 ey e
________ SN o —




‘_-‘\_"“’_,AV\H F e ~y

MW fop Seciteon 1f /MM%%/%%«W « Jetis “ge
I loncvinallive (buih o Lls Hotoniit. folhrpon Leloco foer
do B WVMM/W Hip Kiosiy uTaitit Ytace , Lopperss,
%%/ﬁéﬁfm sr ety %/WMM;%WW
| e Covafrin Fpactica it Lesor peit s Ao
SEf Secteca 1Y and He S5 Siclii /5. 3/ o Lply
o, e i /WW;M; /@%,/M Aioreie Jiih aludonT
WW Areatly. Hho dionte towtd £ a m«%é/wzw/%
\ @/W;W/MJW ool fibitna 2o of ity JiogHiviad lne i
W/ o Mo gebhit %MW/?W% docee pecet //w;}
pesse 1ot e il itocl,
Coip fcsttnn v fottrsscndetics H)Coe
7z /%7/%%//@ Vot e T Mloectt out 2%

%ﬁy NMirdsrhe Joipoia) Vatoe. 4‘7%4 andl Alos aw Ty
heapor );@MMMQ/ 20 fRl, A gl Fone #Gitd Aild fo




A

Chpideed
A gere: o2 Aobee [ Sivsin Moo Moot ) otinitd e

doittsd At ptplec o Mo Lotlictod 14, wrosy. S P
Wecutialogaton at P s cppine fuvnred Lo Aiotn sl
Ao duilled B a 0/7;4 / Ha~ (20 fuF Lot Mc/7m</ ato
50/4744, He posgunc 7 e dectliy iy < Foo—fotd.
ety 22 bisifened obor, B Sk 1] pro Surg coremmnrcint It

V%/@JWM% b detoruce. fno Ho s% %{7 pecins . A Lloeg

?ﬂp 166°K% S0 X /00 = 500,000 t. £ 1 abrF H0,000 Ties. e




7% WQ/@Z/@/WMMMMWN,'
A twmendiitiis Juirt crutd Ao JW/%/J‘%%/W
i s Ypisicy f o oitid ic amd pfoccdsd 2 Auclid 245
%ﬂm/w Clninr . fovrans Jfaull Gpunes ane o Har

i
e WW/&T%WW/MW( W(/W </7W¢/ |




/.:\
f iy

OF THE
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July 31, 1957



OEOLOGICAL REPORT
OF THE
SOUTH BLUPF UNIT
SAN JUAN GOUNTY, UTAH

INTRODUCTION:

This report was undertaken at the reguest of Mr, C. C.
Miller, Chief Geologist of the Renwar 011 Corporation of Corpus
Christi, Texas.

The acreage evaluated is located in San Juan County,
Utah ans is described as follows:

Township 39 South, lange 22 Hast, SLM.
Section 36: 8wy

Township 4O South, Range 22 Bast, SLM,

Section 1l: All
12: 4Al)
13s A)

" 3

Containing 2720 acres, more or less.

The bloek is presently under lease to the Three States
Natural Gas Company and is known as the South Bluff Unit. The
unit is located about 20 miles south of the town pf Blanding, Utah.
A well maintained black top and gravel road leads from Blanding to
within one mile of the north edge of the block,

PURPOSE OF INVESTIGATION:
Renwar 0il Corporation is considering a farmout proposal



from the Three States Natural Gas Company on the acreage., The
purpose of this study is to evaluate as thoroughly as possible
the oil and gas potential of the South Bluff Unit,

METHOD OF INVESTICATION:

A detailed subsurface study was made using all possible
available data, Ruphasis was placed on the two main productive
gones of the Paradox, namely the "B" and "C" zones. A resume of
the formations penetrated and the other oil horizons with limited
potential will also be briefly deseribed.

The subsurface structure map was constructed using the
top of the "B" zone of the Paradox as the datum plane, A surface
study done previously by the writer was incorporated into the
map in regions of sparce control, particularly to the west of the
South Bluff Acreage.

| Radiocactivity logs and related lithologic studies were
used in correlation because of :lﬁ superior ability in the Paradox
Basin to record lithologic changes in the carbonate sections, thus
giving sharper and more certain formation boundaries. Porosity
determination was made by & cmbimuoﬁ of sample and core analy-
ses where available, micrologs and the Heutron curves. Drill stem
tests and production perforation intervals were used as the main
indication of the formation productive ability.

GROLOGY AND STRUCTURE:
The following description and tops of the formations



found in the South Bluff area should be similiar to the Pan Amer-
jocan #1 Featherstone well in Section 24-L0S-22E. The depths to
the formation tops will vary depending upon the position of the
well location in the section. The Morrison farmation crops out
over most of the area and the well location would probably be in
the lower half of the Morrison section.

PAN AMBRICAN #1 PEATHERSTONE - 2L-h0S-22E
SAN JUAN CO,, UTAH

FORMATION RECORD

From To Thickness/feet Formation
JURASSIC
o 39 393 Morrison, Bluff and Summerville un-
Aletalateds
393 LS50 ST ﬁtrm - white to reddish brown,
grained, calcareous sandstone

with thin interbedded red brown shale.

450 500 50 Carmel - Bright red to gray variegated
shale, silty in part, with minor white
to reddish brown sandstone beds.

500 900 hoo Navajo - White to buff, fine grained
8 ne with medium grained porous
streaks. A water producing formation.

900 965 65 Kayents - fad and brom silty shale
an ne grained sandstone beds.

965 1367 402 ‘%ﬁ_n_ - light to dark red, calcareous
um grained toc conglomeratic sand-
stone. Porous.

51
1367 2100 733 %%-g Variegated dark red, brown
and gray shales, siltstones and sand-
stones. The shale is caleareous. Thin
limestone beds may be present locally.



Continueds

From To _ Thickness/feet Formation

2100 2172

2172 2387

2387 36N

P Wit

kh70 5100

5106 5670

72

as

128)

799

670

870

= Medium grained to conglom-
eratic, white to buff sandstone with
interbedded dark red shale.

Hoenkopi - Dark red shale and mudstone

n upper part grading downward into var-
iegated shales and mudstones in the lower
half. Thin pink to purple limestone beds
locally.

PERMIAN

Catler - Dark red shales interbedded

red siltstone and coarse grained
sandstone in upper third, Lower third
is dark red shale with thin interbeds
of siltstone and sandstons.

PERMO-PENNSYLVANIAN

Rico = Red and variegated shales with
numerous thin interbeds of gray lime-
stone and thin sandstones. This top
is hard to pick and the upper part may
be Cutler in part.

PENNSYLVANIAN

- Hermosa - Dark gray fossiliferous
variegated and gray shale
interbedded, Thin light gray sandstone
beds.

Paradox - Dark gray limestone and
nterbedded with black car=
bonaceous shales and anhydrite, 8alt
at base.

Top "B" gone 5298' - main objective.
Top "C" zone G5517' -~ second objective.
Top of Salt 5670!

From the foregoing tabulation, it can be seen that the

"B and "C" gones are the two lowermost zones of the upper Paradox.



These zones are separated by a LO-foot bed of black carbonaceous
shale.

The main producing pay at the Aneth field proper and
on the Three States Arrowhead lease, directly east of the South
Bluff Unit, is from the "C" gone of the upper Paradox. There,
the "C" gone is a highly developed dolomite and limestone section,
whereas, the wells in the South Blufr area have become thinner and
anhydritic. This change is from marine to shallow lagoonal type
deposition, The change can be very rapid, occuring in less than
a quarter mile, It is very possible to have the "C" zone develop~
edand oil productive in the postulated high area shown on the en-
¢closed map even though it is flanked by wells showing a poor and
thinly developed section.

The primary objective in the Scuth Eluff Unit is the
“pe gone of the Upper Paradox. This zone is productive at the
Pan American #1 Feetherstone (31' total microlog porosity); and
the Shell #1 Recapture Creek (30' totsl microlog porosity); Carter
#1 Hickman (22' total mierolog porosity),and the Shell #3 Bluff
(20" total porosity). The OGulf #1 & 2 Desert Creek wells to the
south of the South Bluff Unit had L6 feet and LO feet respectively
of effective microlog porosity with oil saturation in the "B" zone,
?heaa wells are presently completed in the Paradox "(C" zone however.

The Three States #1 South Bluff well in Section 12-L0s-22E

showed streaked porosity in a shaley dolomite in the lower "B" zone.



From this discussion it can be seen that the South mt:
Unit is flanked by an indicated belt of porosity on the south and
east. The Carter /1 Bluff Bench well in section 29-398-22E, to
the northwest of the Unit had excellent porosity in the "B" zone
but it was h.!vi}.y loaded with salt water. It then appears that
any test, with geological merit, would have to be located within
an indicated belt of porosity and on a structural high.

The sturctural high which centers in the northeast corner
of section 19-405-23%, and extends westward into the south partof
the South Bluff Unit (see enclosed map) and lies within the in-
dicated porosity bhelt. |

The best location for & test well on the Unit which would
satisfy porosity and structural conditions would be in the southeast
corner of section 13-405-22E, This location would be situated with-
in the closed -700 foot contour. Net effective poro;uy of 25 to
30 feet could be reasonably expected in the "B" sone,

Shell 0il Company and Pan American Production Company
have the offset acreage to the east and south respectively and
could be approached for an acreage or money contribution,

CONCLUSIONS AND RECOMMENDATIONS
Part of the South Bluff acreage iz located in a favor-
able geological position for prodiotion from the Paradox "B" zone
and possible limestone porosity development in the Paradox "3" zone.
Based upon the above, the southeast part of the Unit justi-
fies a test and it is recommended that the test be located 660 feet



.

from Séuth and East lines of Section 13-408-22%,, San Juan County,
Utah.

PRE-PENNSYLVANIAN POSSIBILITIES:

The Mississippian, Devonian and Cambrian series are con-
sidered secondary objectives in the area. Surface structures re-
flect subsruface structures downward to the top of the Molas for-
mation of lower Pennsylvanian age. A seismograph survey would be

necessary to outline the pre-Fennsylvanian structure.

Respectfully submitted,

9/% ¢. Awr

8ilas C. Brown
Oeological consultant
Darango, Colorade
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GEOLOGICAL REPORT
of the
DEVILS CANYON AREA

Imery County, Utah

INTRODUCTIONS

This report is made to evaluate the oil and gas possibilities
of the Devils Canyon area. The main part of the lease block is situated
about 43 miles southwest of Green River and 23 miles southeast of the
town of Ferron, Utah, The Devils Canyon block, under a lease option to
Reymolds Mining Corporation, contains about 27,520 acres. All available
well data and measured sections throughout the San Rafael Swell area
have been studied and integrated in parts of the report. Structursl
gtudies on a regional and local level were also made to help in the
evaluation of the acreage.

The surface structure mep was constructed using the base of
the Shinarump conglomerate or Mossback sendstone as a datum. Across
the evea where younger beds crop out, & meppable horizon was used and
all elevations were corrected to the base of the Shinarump., Data for
the structure mep was obtained from field inspection and photogeologic
maps.

LOCATION AND ACCESSIBILITY:

The Devils Cenyon block, containing about 27,520 acres, is
gituated in Townships 22, 23, 24, and 25 South, Renges 8, 9, and 10 Bast,




Emery County, Utah., Access to the block is rather complicated due to

rough terrain. A good graveled road extends from the commmnity of
Moore, Utah, eastward to the Copper-Globe Mine in Section 11, Town-
ship 23 South, Range 9 Past (unsurveyed). Jeep roads lead to the edge
of the main west block, but no roads extend across the block, About
two miles of cut and £i11 road would have to be built to the proposed
location. Water is a major problem but is available from the Muddy
River about 15 miles southwest of the location.

STRATIGRAPHY 3
Formationsl units are listed below from the Jurassic downward
to include the Cambrian, Lithologic deseriptions and thicknesses are
taken from well data and measured sections. V
JURASSIC
Caxmel
The thickness of the Carmel ranges from gzero to 100 feet.
Its lithology changes rapidly due to its rapid thickening towsrd the
west. The section exposed on the main western block consists of thin
limestones, sandstones, and variegated red and green shale. Some sili=
stones and minor gypsum stresks were noted.
Havajo
The NHavajo sendstone has a thickness ranging between 450
to 475 feet. It consists of fine to medium grained, pink, massive,
and cross~bedded sandstone with minor streaks of variegated shale and
anhydrites

Kayenta
The Kayente averages between 150 and 250 feet thick. Sand-

P,



stones predominate and are varicolored, fine grained, and silty with
streaks of variegated red and green, calcareous shales.
ldngate |

The Wingate sandstone averages about 400 feet thick in the
Devils Canyon area. It is a magsive, fine to medium grained, light
orange to red, calcareous sandstone, Minor lenses of coarse grained
gandstone and shale are present in the section. |

TRIASSIC
Chiale

The Chinle formation has thinned to the northwest to average
only sbout 250 to 275 feet thick in the area, It consisis predominantly
of veriegated red and purple, silty sandstone, Minor streaks of shaly
limestones are also present.

Shiparmup (Hossback)

The Shinarmmp unit is present in small lenses and patches
wiich represents an unconformity at this horizon. In many places the
Shinarump is missing, and & lower Chinle sand development is prasmt.‘
This lower Chinle smaﬂaﬁom is referred to as the Mossback unit,

Both the Shinerump and the Mossback units are absent locally.

Thsbascofthanunitsormmpofthe}bwm
used as the datum plane on the structurel maps.

Some oll stelning was reported in this unit at Huntington
Dome in the Phillips well.

| The Moenkopi, including the Marine Sinbad menber, attains
o skoens of 850 to 900 feet in the Devils Canyon erea. Its chiof

,\{

e
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constituent is reddish-brovn micaceous silistone. The Sinbad member
is about 200 feet above the base of the Moenkopi and averages 75 to
100 feet in thickness. It consists of light to dark gray and browm
dolomites and limestones with some limy sandstone and shole near its
top. A Sinbad section was measured in T218-R11E, and it showed about

50 feet of good vugglar porosity with some oil staining. At Huntington

Dome the marine Moenkopi section was saturated with oil in fractures.
Cores, bleeding oil, and gas were reported. At South Last Chance,
about 20 miles to the southwest, a well was completed in 1924 for a
reported 21,000 MOF of 840 B.T.U. gas per day. The well was shut-in
for lack of market. The Equity #1 Mounds well about 45 miles north of
the Devils Canyon erea, produced a small amount of gas from the merine
section, ﬂocdshwuofoilmdmmarepaﬁodinahhwmilain
the general area. A

Shows could be expoctcd in the Devils Canyon area, but their
magnitude is questionable.

PERMIAN
Kaibab
The Kaibab varies rapidly in thickness throughout the area,

but an estimated thickness of 200 feet may be expected in the area.
It consists of dolomitic limestones and dolomites with minor chert
and silty bands.  The rocks ave vhite to light gray in color. Geodal
porosity is characteristic with some vuggular and intercrystelline
porosity present. 0il staining is common in Straight Wash Canyon on
the east flank of the San Rafael Swell.

The Pennsylvanian Series includes the Hermose and Molas

il
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formations. The Molas is probably present but not as distinet a for-
mation es farther east., The Penngylvanian is characterized by light
browm to buff end white dolomites and limestones. The dolomites are
quite sandy with thin shale beds near the top of the section. The
lower 500 feet of the section conteins considerable chert, Minor oil
shows have been reported in the Hermosa equivelent., The Paradox facies
is asbgent in the Devils Canyon sreas The Penngylvanian as a whole is
congidered a poor prospect in the area,
idgglssipplon

An egtimated thickness of 800 to 900 feet of Mississippian
exists in the Devils Canyon area., It conslsts meinly of white to buff
colored dolomite with chert bands and nodules. Fair to very good
porosity is present, but no oil or gas shows have been reported in

‘near-by wells. Because of the shifting of structure with depth, it

is not known if any of the wells have been drilled on Mississippian
highs.
Devonian
The Devonian section is represented by about 400 to 450 feet
of light to dark gray dolomites and dolomitic limestones, variegated,
red, green, and maroon sheles and glauconitic, fine to coarse grained
sandstone. Dolomites predominate. No shows have been reported in any
of the wells drilled in the general area.
Cembrien
The Cembrian geries is estimated to be between 1400 end
1500 feet thick. The Cambrian includes the Lynch, Bowman~Hartman,
Ophir; and Tintic famtians; With further paleontological studies,
e



the Lynch may prove to be Ordovician in age. A breakdown of these fore

mations wAll not be ettempbed in this report., Deseriptions of all fore

mations except the BoumanHartman are included in the Red Knoll report.
In general, the Cambrian series consists of dolomites in

the upper third of the section, ooclitic and crystalline limestones and

- minor dolomites in the middle third, and limestone, shale, sandy shale,
'emd quartzite in the lower part.

lo shows were reported in nearby wells. It is posgible
that none of the wells were drilled on Cambrian highs., ILithologic
studies indicate poor source beds in the general area., Better source
beds exist in southwest Uteh and southeast Nevada; however, some miw
gration eastward might be possible.

STRUCTURE, LOCAL AND REGIONALs:

The Devils Canyon lease is situated on the morthwest flank
of the San Rafael Swell. The dominent structural feature is in the
main west block which consists of e faulted enticline. The fault
structure has about 600 to 650 feet of closure and an area of closure
of approximately 4100 acres. The fault forming the structure has a
throw of 200 to 300 feet and is o normsl fault. Two major fault
trends and seversl minor trends were noted in the area, Prominent
northvestesoutheast trending feults are believed to be the oldest as
they parallel the older structursl trends which are related to the
Uncompahgre Uplift. The northeast-southwest fault trend parellels
the San Rafael Swell and ig probably of Laramide age. The Iinor
fault trends sre Laramide or Yyounger in age.

 Very detailed surface work in conjunction with a deteiled

b
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seismograph survey would be necesgary to outline the older lines of(
folding. The younger folds are not expected to produce oll or gas
in commercial quentities.

M/ENDATIONS AND CONCLUSIONS
The Paradox facies, which is the major producing section
in the Paradox Bagin proper, wedges out before it reaches the Devils
Cenyon area, The Ferron sandstone member of the Mancos formation,
which produces in the Wasatch Platesu to the west, crops out above the

section on the structure and is, therefore, missing in the block,
Since these major objectives are missing in the area, the rest of the
Pennsylvanian and younger formations show little promise for commer
cial production. The Sinbad, Kaibeb, and Coconino have all hed shows,
but none have proved commercial.

The Mississippian, Devonian, and Cambrian rocks have gues-
tionsble potentials gince it is not known if these horizons heve been
tested on structure, These older structural trends are not generally
reflected on the surface; therefore, a seismograph survey is necessary
%o help eveluate these horizons. Source beds are mot abundant in the
pre-Penngylvanian rocks.

Without a seismogreph survey to depict the older structure;
the main objective in the Pennsylvanien and younger formations being
sbsent, and the presence of low B. T. U. gas and carbon dioxide in
the area, the Dmia Canyon lém is congidered a poor prospect, For
these reasons it is recommended that the block be farmed~out or the

leages allowed to expire.
A test well is not recormended; however, if one is necessary

-
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to fulfill en obligation, it is recommended that the loeation be 1320
feet from the north and west lines of Section 17, Tounship 23 South,
Range 9 East, Emery County, Utah.

Respectfully submitted,

ﬁ;ﬂw

s Co Brown
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THOMPSON-ALDRIDGE URANIUM PROJECT

Introduction

8. C. Brown, Consulting Geologist, of Durango, Colo-
rado was contracted by Col. D. Harold Byrd of Dallas, Texas to
supervise the exploratory field work on the Thompson-Aldridge
Project on September 2, 195L., Three drill holes had been com-
pleted. The writer surveyed the locations of these three
holes and made new drill hole locations. The mineralized zones
of the outcrop localities were mapped and a total of 16 holes
were drilled and subsequently surveyed to complete the explor-
atory work in order to evaluate the prospect.

The object of the drilling program was to outline
possible ore bodies and to determine whether mining opera-
tions were feasible. Representative cores were assayed to
obtain a comparative value for evaluating the geophysical
probes.

Considerable bulldozer work was done to build access
roads to the drilling locations and to make discovery cuts on
the claims,

Field work pertaining to the drilling, geophysical
logging and other geologlcal field studies extended from
September 2 to September 22, 195h. Compilation of maps, logs,
other data and the report extended the project to September
30, 1954, The writer was assisted by W. J. Osterhoudt, Geo-
physicist, in making the geophysical logs and interpretations.



Drilling and Bulldoszer Work:

A total of 16 holes were drilled, several of which
were cored to obtain geological, geophysical and sample data.
A 17th hole was abandoned because the drill could not pene-
trate the glacial gravel boulders. The depth of the holes
ranged from 101 feet to 1h2.5 feet with the exception of Hole
No. 11 which was drilled to 250 feet.

The object was to drill to a point near the esti-
mated top of the enriched sone, and to core through that
gone. The location of each new hole was determined from the
results of the preceding hole or holes. Possibly valuable
core information was lost due to occasional fouling and
crushing of the cores within the core barrel.

A total of 964 hours of bulldoser work was done
in meking locations for the core drill and making discovery
guts on the uranium claims. Discovery ocuts were dug on all
but S claims -- one of which could not be dug due to very
rough terrain, When it became apparent that the uranium ore
was low grade with a high lime content, i.e. not a profitable
mining operation, the bulldoser work was terminated.

Geology and Structure:

The mineralized mone occurs in a stratum composed
of hard, micaceous, sandy and shaley limestone in various
gradations. The ore bed lies about LO feet below the top of
the Rico formation of Permo-Pennsylvanian Age. Red-beds of
the Cutler Croup of Permian Age overlie the Rico formation.
The regional strike of the beds is N 80° W with southerly
dips decreasing from 1L° at the north to 5° a few miles
south. Minor structural undulation causes loecal variations
in the strikes and dips.

Uranium ore enrichment appears to be present along
joints and fracture planes trending from N 25° B to N 35° B,
The major joints observed are about 150 feet apart.



A small fault is indicated between drill holes No.
12 and No. 15. This fault apparently is on the southern ex~
tension of a strong joint observed in the canyon wall. The
continuance of the fault toward the south and its magnitude
in that direction remain unknown. The displacement of the
fault noted between holes Nos. 12 and 15 is about 10 te 15
feet with the downthrown side to the east. The higher grade
ore is located on the eastern side of the joints and faulis.

Geophysical Logs and Interpretation:

The drill holes were probed with a Precision Drill
Hole Counter Model 120 with the following results:

Hole Measured Max. Reading Thickness Bst. Ore
No. T.D. Units of Ore Zone Orade
1 122,5! 635 2 A1
2 1.7 15 — g
3 115.6' 65 - B A1
L 12h,0'  1.20 2! 13 +
5 107.3! o3 G .08
6 119.0' .30 - -
7 121.3" 22 —— -
8 101.0! 29 — -
9 110,0! .22 - P
@ g -
11 250.0" «30 — -



Hole Measured Max. Reading Thickness Bst. Ore

No. T.D. Units of Ore Zone _Orade
12 137.5¢ .85 2 12
13 135,0° 67 23 A1
1k 1k2,5° 19 - S
15 138, 7 .62 1«13 b &
16 132.0° 12 —_— i
17 15 '  Abandoned

These data were checked at least twice, and found to
be am;hmt and satisfactory. (Data by Osterhoudt and
Brown.

Most of the drill holes were probed also by a con~
tractor using an A,E.C, type gamma ray (Brown) prober to
check and compare the results with the data obtained by the
Model 120 counter. The gamma ray logging equipment was new
and numerous "bugs® developed in the probe and cable, conse-
quently the original logs were useless. After repair work
was completed several of the holes were re-run with better
results, but the depths recorded were too long by L% error.
The correct depths were estimated from the apparent error.
Some of the holes had caved while the equipment was being re-
paired and, therefore, only certain holes produced results.

An interpretation of the gamma ray logs follows:

Hole No. Thickness of Ore Body Grade of Ore
1 Probe not working
2 Probe not working
3 Probe not working
b 2 .12
5 Non-commercial
6 ! «10



Hole No. Thickness of Ore Body Grade of Ore

7 Non-commercial

8 Caved to 87

9 Not probed
10 (upper mone) i 23

(lower sone) : B 10

1 3 .10
12 2! A1
13 B o1l
1k Non-commercial
15 Caved
16 Non-commercial

(Interpretation by D. F. Coolbaugh of Moab, Utah.)

These readimg s are an average for the thicknesses
stated and it is recognized that from one to three inches of
much richer ore is present within the section outlined. It
is doubtful that the richest sones would exeeed .20 to .25%
grade. Due to the high CaC0; content even these higher grades
are considered non-commercial.

The percentages of uranium ore estimated on the
gamma ray data are based upon curves developed from the prob-
ing of several thousand drill holes and are assumed to be
practical approximations. These results check fairly well
with geiger counts and with the assays of certain cores made
by chemists at the Vanadium Corporation of America mill at

Durango.

Worthy of mention is the show of low grade ore at
about 225 feet in hole No. 1ll.



Chemical Analyses:

Five chemical analyses were made on 4 holes by the
Vanadium Corporation of America. The results are as follows:

e . s G .
10 n Nil. g:gg zi.::rw“ Not run
1 Nil. «OL Geiger Not run
12 123 -124.5' MNil. Ol Geiger 20,4
12 124.5-126.5' Nil. .08 Geiger 21.3
18 M1, .09 Geiger 29.5

The cores from holes Nos., 10 and 1l were not complete
as the shalier portions of the cores were ground-up and blown
out during drilling. The core recovery on the remainder of the
holes was 100% and the assays are assumed to be correct within
Ol « ,02%, A core sample usually included from six inches to
two feet of section showing fair count and the value of that
section is representative of minable ore. In most instances a
two to three inch sone of the core assayed showed .20 MR/hr, or
greater count. When the enrichment was spread out over a great-
er thickness the aversge count was considerably lower. A three
inch gzone is not economically minable even for ore of much
higher value.

Lime content analyses were run on cores from three
holes and are assumed to be representative for the ore in this
formation. Ore with a lime content of 6% or less is acceptable
by the mills. There is a pemalty of $1.00 for the first 1.0%
over 6% and $0.30 per ton penalty for each succeeding per cent.



Chart Showing Penalty for c-m; Content

&003 Percentage Penalty
6% or less No penalty
7% $1.00
8% 1.30
9% 1.60

10% 1.90
15% 3.h0
20% 4.90
29% 7.60
29.5% 7.75

The Vanadium Corporation of America reports that
they will not accept ore having a lime content in excess of
15%. However, if the ore were in large enough quantity and
of a higher grade it is believed that the 15§ limit would
be reconsidered.

The Kerr-McGee Uranium plant at Shiprock, New Mex-
ico would take ore with high lime content but would prefer
ore having 15% or less lime. It is a matter of economics
rather than refusal to buy the high lime ore. The standard
penalty for 6% or more lime is deducted by Kerr-McGee

The uranium mill at Grants, New Mexico does not
penalize the seller for lime content in excess of 6%. They
do not process or pay for ore having vanadium or other
allied ores except uranium. The haulage in this case would
even exceed the lime penalty.



Conclusions and Recommendations:

The uranium ore body as outlined by the drilling,
coring and logging program has proven to be low grade and
of limited size. Deposition of the ore is apparently con-
trolled by parallel joint planes and small faults.

The high lime content of the ore is a major
problem due to the penalty applied on ore containing over
6% lime.

Many local sones may be found by more drilling
and by bulldoger work in areas of thin overburden. Some
of the ore bodies may be larger and richer, but any ore,
in order to be commercial, must be considerably higher in
grade to offset the pemalty for lime.

I recommend that the option not be exercised
because of the low grade and limited amount of ore, the
penalty for lime, the high costs of hard rock mining and
the high cash payment required to complete the deal.

Respectfully submitted,

Box 11L3
Durango, Colorado

September 30, 1954
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ENCLOSURES

Map showing contours of the Ore Datum.

Map showing Iso-Unit contour lines.

Index map showing location of Cross-sections.
Cross-section A - A' - From Northwest to Southeast.
Cress-section B - B' - From North to South.
Cross-section C~ C' ~ From West to East.

Gamma Ray logs by the Empire Logging Service.
(IN FOLDER)
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I. SUMMARY

Motorola Aerial Remote Sensing, Inc. (MARS) is
pleased to introduce to you, through this brochure, the
application of side-looking airborne radar (SLAR) in
aerial surveying of resources inventory, land utiliza-
tion and geologic studies of any size project area of
interest. The resulting survey data will substantially
improve all levels of the user’'s knowledge of the
resources and physical features of the project area.

MARS, with its staff of highly experienced and
specialized geologists using the company-owned
aircraft and sensors, works with the prospective
user's staff to plan the survey to obtain optimum data,
accepts all acquired imagery and then works with the
user to understand and interpret the imagery — or can
supply the total interpretive services.

A SLAR survey can be accomplished in a short time
span for a relatively low expenditure considering the
large area of coverage and the resulting vast data
bank. The survey can provide extremely valuable
regional and local information — as in the case of a
country, the government will be able to formulate in-
depth policies regarding natural resources, land
ulilization, construction siting and other critical
matters. This area information will have a favorable
impact on the political, human and economic affairs.

Each survey has its own characteristic specifications
and constraints. Therefore, a standard survey price is
nonexistent. However, with a known statement of
work, survey pricing can be easily generated and
Motorola Aerial Remote Sensing, Inc. would be
pleased to respond with a firm proposal to meet your
requirements. All proposals are submitted as a
proprietary document to protect both you and MARS.

II. INTRODUCTION

This brochure specifically outlines the application of
side-looking airborne radar in resources inventory,
land utilization and geologic studies. The equipment
and techniques explained have recently become
available commercially for resource surveys and
related work through Motorola Aerial Remote Sen-
sing, Inc.

The survey involves three basic operational phases as
follows:

1) Data Gathering — A side-looking airborne radar
survey of the total geographic area of interest;

2) Data Processing — Preparation of radar imagery
strips and radar mosaics covering standard 1:250,-
000 topographic map sheets; and

3) Data Interpretation — Maps providing an initial
geological interpretation of the survey data to the
extent needed to provide basic geologic and
resource classification.

These phases are more thoroughly discussed and
illustrated in following sections of this brochure.
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III. PURPOSES OF SURVEY

The purposes of a survey are many and relate to
resource, constlruction, environmental, municipal,
agricultural, land use, and other geologic aspects. The
survey is not intended to be a final, definitive answer
to exploration and other area problems. No such all-
encompassing method currently exists or is likely to
be developed. However, both military and industrial
experience with side-looking airborne radar has
shown that the method has added materially to and
improved significantly upon existent knowledge of
resource, engineering and other problems directly and
indirectly related to earth characteristics and con-
figurations.

Specilic uses of the survey data and its interpretation
include, but are not limited to, the following:

1) Improvement of the existing knowledge of the
regional geology of the project area and therefore of
the understanding of the occurrence and distribu-
tion of natural resources, particularly hydrocar-
bons (oil and natural gas) and metallic and non-
metallic minerals.

2) Additions to the present level of knowledge of
engineering geology; e.g., the location of faults,
fracture systems, potential landslide areas and
other features which may seriously affect construc-
tion of dams and reservoirs, nuclear power plants,
highways, power lines, pipelines and other such
structures.

3) Providing, through a consistent and detailed form
of data presentation, complete coverage of the
project area for later use by land-use planners,
forest inventories and other important public
purposes.

o

IV. TECHNOLOGY

A. INTRODUCTION

The Motorola side-looking airborne radar
operates upon the following basic principles:

1) All materials reflect a portion of the
microwave energy transmitted as a pulse
from the radar antenna; and

2) Microwave energy travels in straight lines at
the speed of light.

The specialized antenna employed in the radar
system is fixed with respect to the aircraft and
transmits an extremely narrow beam of energy
directed perpendicular to the line of flight. As
the aircraft moves forward, the beam scans over
the survey area in a series of rapid sequential
pulses. Energy reflected from the ground to the
receiving antenna is transformed into optical
energy and is exposed on photographic film. The
film records at a rate proportional to the ground
speed of the aircraft to produce desired strip
imagery at selectable map scales.

The strip imagery is comprised of thousands of
data lines per inch, each line recording discrete
variations in high and low returns differentiated
as various shades of gray and dark shades for
low reflected radar energy from the earth’s
surface. The magnitude of the reflected energy is
primarily a function of:

1) Topography;

2) Angle of incidence between the radiated
beam and reflecting surface;

3) Surface roughness (angular vs specular);
4) Moisture content; and
5) Dielectric constant of the material.

Radar is particularly useful and highly advan-
tageous in mapping such geological and related
features as:

1) Gross differences in lithology;
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2) Discrete lithologic units; i.e., igneous stocks,
sills, etc.;

3) Sedimentary rock trends;

4) Geologic structures such as domes, anticlines
and carbonate reefs; and

5) Faults, shear and fracture zones which
normally cannot be seen on conventional
types of imagery, particularly in areas
covered by dense forest or jungle.

Range is particularly effective in areas of heavy
forest cover because the reflected radar energy
integrates the individual trees into a
homogeneous mass which thus accentuates
drainage, fracture and topographic detail from
which valid geologic deductions may be made.
Past surveys have shown how these geologic
features are clearly delineated in an area covered
by a thick jungle canopy.

. HISTORY OF SIDE-LOOKING AIR-

BORNE RADAR

Motorola Inc.’s association with the research
and development of the side-looking airborne
radar dates from the mid-1950’s. Initial work
leading to its refinement was carried out by the
Corporation in conjunction with the U.S. Armed
Forces. Its primary role for the Armed Forces
was the detection and surveillance of military
targets. The MARS radar is of contemporary
design and specially modified for industrial
applications.

. ADVANTAGES OF RADAR

1) Introduction

Radar is unique from all other methods of
airborne sensing because it is an active system;
i.e., it generates its own energy to illuminate the
earth’s surface with invisible microwave rays.
All other systems are passive. The advantages of
an active system are that it can penetrate cloud
cover and, if necessary, it can be flown at night.
Figures 2¢ and 3 were obtained through total
cloud cover. Figure 2¢c was obtained at night.
(Note: all the figures in this brochure, unfor-
tunately, are fourth- to sixth-generation copies.
Thus, the quality is degraded considerably.)

2) Aerial Photography

Although aerial photos have higher resolution,
the most obvious difference between aerial
photography and radar is that aerial
photography is dependent upon weather and the
reflections of the sun’s energy from the target. A
second major difference is one of scale. Most
geological targets, such as faults or stocks of
significant economic size, occupy an area which
normal large-scale aerial photography cannot

encompass. Radar enables the interpreter to
have anoverall synoptic view which allows such
features to be seen in their entirety and thus are
more easily recognized for what they are.

Photography is normally flown during the four
hours of maximum sun ascendency. Thus,
shadows caused by the sun are uncontrolled.
They not only vary during the day, but on an
extended project, vary month by month and from
season to season. Radar illumination angles on
the other hand are constant and are controlled by
the altitude of the aircraft. Unlike aerial
photography, changes in aircraft altitude do not
alter mapping scales because radar is a time-
distance function of the electronically recorded
pulsed energy. With Motorola’s unique two-look
system, what is in shadow in one look is
illuminated in the other providing a marked
advantage in the interpretation process. (Figures
4a and b demonstrate this capability.) Other
advantages of radar are: rapid data acquisition;
penetration of smoke or haze; and real-time in-
flight display of the developed film for on-the-
spot examination of the imagery for quality.

3) ERTS Satellite Imagery
(Earth Resources Technology Satellite)

While satellite imagery displays gross regional
views of the earth’s surface in four different
wavelengths, or bands, at a scale of 1:1,000,000,
it has comparatively poor resolution and it is not
possible to detect or delineate geologic detail
that is routinely identified on radar. Like air
photos it is also dependent upon solar lighting
and weather conditions, and is of little geologic
value in areas covered by dense forests or
jungles. Radar, on the other hand, has consider-
ably higher resolution than satellite imagery
and is particularly useful in areas covered by
dense vegetation because of its low oblique
illumination angle.

Figures 2a, 2b and 2¢ show a comparison of
satellite imagery, air photo, and side-looking
radar of the San Francisco Peninsula, California.
It is important to note how vividly the
topographic and geologic detail are accentuated
in the forested area on the radar compared to the
satellite image or air photo.

. GEOLOGICAL APPLICATIONS

1) Introduction

One of the principal values of a SLAR survey is
to improve upon the current knowledge of the
geology and natural resources potential of the
project area both in mapped and unmapped
areas. The resultant information will have broad
applications in:
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a) The identification of the mineral and
hydrocarbon provinces indicating natural
resources potential;

b) Providing resource information to the user
and, as in the case of a government, it may
direct the efforts of governmental
departments such as the Bureau of Mines,
Natural Resources, Energy Sources, Corp of
Engineers, and others concerned with natural
resources exploration and development;

c) Focusing the attention of those concerned
with geological factors and features that
affect the planning and construction of major
civil works projects.

2) Mapped Areas

Experience has shown that in many parts of the
world radar has been successful in defining
geologic features which were not previously
detected by conventional airborne imaging
methods or through surface mapping.

It is assumed that parts of the project area have
been mapped in varying degrees of detail and at
different scales. Perhaps in many instances, the
character of the mapping has been at the
reconnaissance level only in the sense that field
crews have been forced to restrict their obser-
vations to valley bottoms, ridge tops and stream
courses. This method requires interpolation and
extrapolation and thus allows the possibility of
missing something of geologic and economic
significance. By way of contrast, radar provides
complete and detailed coverage of all segments
of the area surveyed although it does not
eliminate the need for groundiruth surveys.
Consequently, the radar system, with proper
interpretation, can be applied to improve sub-
stantially upon the geologic knowledge of large
areas, even in areas which have been previously
mapped.

3) Unmapped Areas

Possibly, there are areas of interest that have not
been mapped geologically. To a large extent this
deficiency results from the physical and
economic problems of entry into and mobility
within these areas. The radar method will
provide geologic coverage of the unmapped
portions at a much lower cost than that involved
in surface field work. Thus, the geological data
provided from a radar survey could lead to the
discovery of important new natural resources
assets.

. MINERAL RESOURCE
APPLICATIONS

A number of mineral producing areas and
metallogenic provinces have been flown and

mapped using the Motorola radar system.
Favorable results in terms of the definition of
mineral trends, known productive areas and
potential new ore deposits have been obtained.
Unfortunately, the data is confidential client
information and examples cannot be shown
here. However, it can be said without qualifica-
tion that the radar technique has proven to be
successful in mineral exploration and develop-
ment in the following situations:

1) The extrapolation or extension of known
mineral trends on the basis of fracture
analysis and related anomalies;

2) The determination of controls of known
mineral occurrences and the definition of
low-risk unexplored areas which exhibit
similar control features;

3) The delineation of mineralized contact
melamorphic trends surrounding or con-
tained within batholiths, stocks and other
intrusives.

This type of information could be of great value
in the appraisal of the mineral potential over
large areas of varying geology that exist. The
information will serve two primary purposes:
(1) the focusing of attention on areas of lowest
exploration risk and therefore maximum poten-
tial return; and (2) the establishment of mineral
resource royalty schedules and other policies to
reflect compensation on the basis of the
probability of resource occurrence.

. HYDROCARBON RESOURCE

APPLICATIONS

Side-looking airborne radar has been and is
being successfully applied in known and poten-
tial oil and gas producing areas. Radar has been
directly responsible for important discoveries in
Indonesia, Malaysia, and South America. Radar
and its proper interpretation is particularly
useful in hydrocarbon exploration and develop-
ment in the definition of:

1) Fracture and fault trends, patterns and
densities which lead to the detection of
fracture porosity and permeability in shaly or
other low permeability sands;

2) Known producing and the discovery of new
potentially productive geologic structures,
and the extrapolation of geologic control
factors into wunexplored but potentially
productive areas for the purpose of defining
low-risk areas and features of interest; and

3) Known producing reefs and, on the basis of
the definitive parameters involved, the loca-
tion of potentially productive but yet un-
discovered reefs.
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As in the case of mineral deposits, this informa-
tion is of significant value in the determination
of the hydrocarbon resource potential that will
be of great assistance in long-range exploration,
production and marketing planning.

ENGINEERING APPLICATIONS

1) Introduction

The engineering applications of radar are
numerous and among the most immedialely
rewarding. Radar has been successfully used by
both government agencies and private firms in
the investigation and siting of dams and reser-
voirs, nuclear power plants, tunnels, pipelines,
roads and railroads, and regional seismic
studies. It has been used advantageously for
flood mapping and assessment, location of
sources of construction materials and in
hydrology.

2) Dam Sites and Reservoirs

Geologic consideration such as the physical
properties and characteristics of the formations
in the abutments, foundations, spillway areas,
reservoir wall rocks and construction materials
weigh heavily in the design of such structures.
Of considerable importance are the location of
faults and fracture patterns. Radar with its
synoptic views and low angles of illumination
has the remarkable ability to enhance geological
and topographic features even in areas of low
relief and where subdued by erosion or masked
by dense vegetation. Faults, shear zones and
fracture patterns are clearly distinguishable on
radar that are frequently overlooked in the field
or on aerial photographs. Numerous examples
can be cited where these features were missed in
the field and where they would have had a
material affect on the design of the project. Two
such examples are annotated in Figures 5 and 1c
and 1d. Figures 1a through 1le demonstrate a
series ol comparisons of satellite imagery, air
photo, radar imagery, radar mosaic, and regional
aeologic map of the project area. Although the
radar mosaic is a 4x reduction and sixth-
generation print, it clearly reveals numerous
geologic leatures that were previously unknown
and unmapped.

3) Linear Utility Installations

Geologic and topographic features are as impor-
tant in the location and design of linear utility
installation structures as they are in dam and

reservoir projects. Highways and railroads,
more than transmission lines and pipelines,
usually have the added engineering stability
problems of cut-slopes and fills. Landslides and
slope failures are a particular headache and
sometimes very costly. The geometry and
attitude of bedding planes, joints, fractures and
faults are important contributing factors in
these types of failures. Normally it is
economically infeasible to drill every cut slope
or fill area, and geologic reconnaissance in dense
forest regions are inadequate at best. From
radar, however, the major and controlling
fracture patterns can be identified in the
planning phases. In the case of pipelines in
seismic regions such as the trans-Alaska
pipeline, radar was extremely valuable in
identifving previously unmapped faults and
fracture patterns. An annotated example is
shown in Figure 6.

4) Local Installations

Structures requiring the safety and welfare of
people in seismic regions are challenging to
design engineers. In the case of a nuclear power
plant for example, laws and regulations may
require the most thorough and rigorous type of
veologic investigations. Because of their ex-
pense, economics dictates that the exploration,
design and construction phases be completed in
a timely manner. Again, Motorola side-looking
airborne radar has been, and is being, used to
great advantage because of the wealth of
geologic data that can quickly be obtained.

Engineers and geologists alike, state that radar
was essential in their studies of nuclear power
plant  sites in California, Oregon and
Washington states where dense forests blanket
the countryside. The most recent application of
radar imagery for a nuclear power plant siting
study was in the vicinity of Bagac, Bataan
Peninsula, Philippines by Motorola under con-
tract to Ebasco and NPC.

. OTHER APPLICATIONS

Radar has also been used and is gaining favor as
a viable tool in land-use planning, agriculture
and forestry, sea-ice reconnaissance, flood
mapping and assessment, and beach erosion
studies. Regional planning relating to the zoning
ol lands for agriculture, cattle grazing, forestry,
recreation, green-belting, etc. can be very
eflectively augmented with radar.
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V. SURVEY PROCEDURE

A. INTRODUCTION (6) Swath width capability, 25, 50 and 100

Side-looking airborne radar surveys of the
magnitude described herein require comprehen-
sive mission planning, a moderately large and
stable high-performance aircraft equipped with
precision navigational aids, reliable sensor
systems, and competent professional personnel.
Close and positive client coordination is essential
in a logistically complex survey of this nature,
particularly during ingress and egress to the
project area, and data acquisition phases of the
project. Below is a brief summary of the equip-
ment, personnel and operational aspects of the
proposed survey.

. EQUIPMENT AND PERSONNEL

1) Equipment

The major survey equipment is the aircraft and
the radar system which are described below:

a) Aircraft specification

G-159
turboprop,

(1) Grumman Gulfstream Type
(N703G) twin-engine
pressurized (Figs. 7, 8, & 9);

(2) Fuel, Jet Al or equivalent;

(3) Range, 1800 nm (excluding reserves);

(4) Total weight (loaded), 36,000 lbs.;

(5) Cruising speed, 120 to 280 nm per hour;

(6) Maximum rated altitude, 30,000 feet msl:

b) Radar specifications

(1) Modified Motlorola AN/APS-94D real-
aperture system;

(2) X-band (3 ¢m) wavelength;

(3) Real-time in-flight display, wet process-
ing 9.5" x 40’ film (Fig. 10);

(4) Mapping scales, 1:250,000, 1:500,000, 1:1,-
000,000;

(5) Area mapped; left side, right side or both
sides simultaneously;

()]

km;
(7) Stabilized antenna;

(8) Swath overlap, approximately 60 percent
(allowing for steroscopic viewing).

2) Motorola Personnel

The Motorola crew consists of two highly
qualified, licensed pilots with extensive inter-
national and domestic experience, a crew chief,
and a radar engineer. Three of the crew members
are FAA certilied Airframe and Power Plant
(A/P) mechanics. The fifth member of the party is
a project manager/remole sensing specialist who
supervises the survey, data acquisition, and
acceptance of the film at the base of operations. A
corporate officer and geologist may also make
visits to the base of operations to oversee the
entire project.

3) Mobilization and Demobilization

Mobilization and demobilization consists of all
costs related to project planning and the
transport of the aircraft, crew and equipment to
the survey area from Phoenix, Arizona, USA, and
return. The cost of mobilization and demobiliza-
lion is separate from that of flying the data
acquisition portion of the project.

4) Airfield Requirements

In compliance with Corporate regulations and
safety requirements, and to protect the radar
antenna beneath the aircraft, paved runways of
5,000 feet or greater are satisfactory airfields
from which to operate under full-load conditions.
Commercially available jet A-1 or equivalent fuel
with over-the-wing refueling accomodations and
ground power units are also requirements of
acceptable airfields from which to operate.

5) Navigational Control

Radar surveys, more than any other type of
airborne survey, require near-perfect straight




@ MOTOROLA Aerial Remote Sensing. Inc.

flight lines in order to maintain parallelism and
the desired overlap of adjoining flight strips for
mosaic construction. In addition to the
sophisticated radio communications equipment,
distance measuring equipment (DME) and
Singer-Kearfott doppler navigation systems (Fig.
9), additional navigation equipment is utilized by
MARS depending upon the complexity and size of
the project area and upon the user's
specifications. Thisis in the form of either inertial
or VLF navigation equipment.

. FIELD OPERATIONS

1) Flight Line Patterns and Coverage

Topographic configuration of the terrain, relief,
slope angles, and general geologic structural
grain of the region, govern aircraft flight-path
headings and altitudes. Line spacings will be
adjusted in order to optimize the geology and
radar imagery presentation. These requirements
are carefully considered in the mission planning
stage of a survey. If the area is characterized by
rugged mountains with steep slopes and high
relief, adjustments ' will be required in flight-line
spacing and altitudes in order to maintain desired
depression angles (radar shadowing).

The structural grain will be considered in
determining the optimum flight line direction. A
10-kilometer flight-line spacing (6.2 miles) will
provide 60 percent overlap between adjacent
imagery strips and afford stereo viewing during
interpretation. Imagery acquisition will be at a
scale of 1:250,000. In order to divide the area into
standard conventional map sheet sizes (1:250,000
scale, one-degree by one and one-half degree
sheets) and to maintain control of this scale for
mosaic construction, individual flight line
lengths will be chosen for maximizing data miles
and minimizing the total flight time.

The natural fracture pattern and geologic struc-
tural trends in the project area must be studied to
determine the optimum flight line direction.
Actual flight line heading and other survey
parameters will be closely coordinated with user
representatives prior to a survey.

2) Recording of Data

The ability to gather imagery out of both sides of
the radar antenna simultaneously with the
Motorola system is unique in the industry.
Double radar coverage of the entire area will be
ohtained producing two mosaics of any given
area which will be illuminated from opposite
directions — in other words, a feature which is in
shadow on one mosaic will be illuminated on the
nther. This method insures that all surfaces will
be illuminated on the other. This method insures
that all surfaces will be illuminated for more

thorough interpretation. Motorola provides this
special two-look direction radar imagery at no
additional cost.

The imagery is recorded and developed on-board
while in flight in a recorder-processor unit, which
produces developed film negatives for real-time
viewing and examination and is the permanent
data record. See Figure 10. The film is 9.5 inches
wide and 40 feet long, and is of a special, rapid-
developing type manufactured by Kodak. Stan-
dard developer is used.

3) Processing of Data

Special portable equipment is used to wash, fix
and dry the film immediately after each flight.
Each image strip is then numbered and checked
on a variable-intensity light table for scale and
quality by the project manager. Strips containing
excessive flaws or inadequate sidelap are iden-
tified and reflown at Motorola’s expense. Upon
completion of individual blocks of data, contact
prints of each imagery strip will be made and
delivered to the client. Film negatives will be
returned to Phoenix, Arizona, USA, for printing,
scale and tone matching, and construction of the
mosaics. Full-size negatives for each mosaic sheet
will be made showing appropriate title blocks,
index maps, and coordinates. The final
deliverable products will include but are not
limited to:

a) Original negatives of imagery strips;
b) Contact prints of imagery strips;
¢) Full-size negatives of mosaic sheets;
d) Contact prints of mosaic sheets;
e) Detailed survey flight logs;
f)  Flight index map.

4) Scheduling

Typically, a three-month scheduling window is
desired, particularly for a survey performed
outside the USA. Obtaining permits from all
governments concerned as well as the logistics of
planning is time consuming. This also allows for
mobilization to the project area. In climate zones
that have extreme conditions such as very heavy
rains or extreme cold, longer schedule times may
be necessary so that the optimum climatological
time may be used. Although SLAR is an all-
weather sensor, extreme conditions can effect the
imagery quality.

In those cases where a survey is needed im-
mediately, the first available idle time of the
aircraft and crew will be utilized.

5) Data Delivery
Normally, good data can be delivered to the
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MARS home office for contact printing and
mosaic construction seven days after the aircraft
and crew arrive at the project area providing no
external interference is experienced. Usable, high
quality SLAR imagery can be acquired at a very
high rate; for example 10,000 square miles was
recently obtained in three, six-hour flights.

The acquisition rate is a function of many
parameters: distance to and from project area and
base area, extreme weather conditions, aircraft
and sensor maintenance as an example.

Contact prints of the strip imagery can be

delivered two weeks after imagery acquisition
and mosaics can be delivered six weeks after
imagery acquisition. In the case of very large
areas, the data deliveries can start six weeks after
the first imagery is acquired and will be delivered
on an as-finished basis.

Interpretation can start as soon as imagery is
available. However, overlays, lineament analysis
and final data normally is delivered three to six
months after completion of all data acquisition
and mosaic construction.
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VI. DATA
INTERPRETATION

A. INTRODUCTION

Experienced and qualified geologists in engineer-
ing and exploration geology — and recognized
experts in radar interpretation — are on the
MARS’ staff. Other technical personnel, if
required, are available to MARS on a consulting
basis. It is these geologists whose expertise is in
remote sensing who will provide the interpreta-
tion of the radar imagery obtained from a survey.
As previously noted, the data presentation is
provided in two basic forms:

1) Individual flight-line radar imagery for each
line flown;

2) Mosaics on the scale of 1:250,000 which
generally correspond in geographic coverage
and size to existent topographic and geological
sheets of the project area. Two opposite look
radar imagery mosaics will be provided for
each map sheet.

. INTERPRETATION
Using the flight line and mosaic presentations
referred to above, along with other available
information, MARS will prepare interpretive
maps which will define:

1) Gross lithologic boundaries;

2) Major geologic structural features such as
folds and faults;

3) Major geomorphic features;

4) Significant surface drainage and tonal
anomalies;

5) Lineament map showing all significant fault
and fracture patterns; and if desired a

6) Lineament analysis including histograms,
fracture deviations and fracture density con-
tour maps.

The above interpretation is primarily geological
in nature related to natural resources exploration
and development. It is not intended in any way to
be final or a complete analysis — noris it intended
to include all the types of data that can be
extracted from the imagery. For example,
foresters or land-use planners would be in-
terested in an entirely different type of inter-
pretation — nevertheless that kind of data are
available from the radar imagery.

The interpretive data will, however, provide a
comprehensive initial presentation of major
geologic features which will focus attention upon
high-priority areas of interest that may be of
economic significance. These selected areas or
features would, of course, warrant further, more
meticulous and detailed interpretation and ul-
timately ground field studies for verification.



Large number of northeasterlé/ trending lineaments,
some of which are indicated between small arrows.
Not previously mapped, see geological map (Figure 1e).

Subsequent field check indicated many are faults.
Northwesterly trending lineaments previously known.
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BUTLER
VALLEY
DAM
SITE
(SEE
Figure 1c
and Figure 1d)

PRACTICALLY
WHOLE AREA
COVERED BY
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BY 200 FT

REDWOODS

EGG SHAPED
AREA IS
PLEISTOCENE
NON-MARINE
SEDIMENTS
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SURROUNDING
TERTIARY
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SEDIMENTS

Compare th{s radar mosaic APPROX SCALE 1:1,000,000
with ERTS image of same area REDUCED FROM ORIGINAL SCALE OF 1:25,000

(Figure 1b) for detail AREA FLOWN WITH APPROX 55% CLOUD COVER

Figure 1a. Motorola Radar Mosaic, Cape
Mendocino Area, California
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EGG SHAPED AREA AND SURROUNDING AREA
NOT DIVISIBLE AS ON RADAR MOSAIC

Compare with radar mosaic (Figure 1a) for detail

Figure 1b. ERTS Band 5 Image, Cape Mendocino
Area, California

Approx Scale 1:1,000,000
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BUTLER VALLEY DAM SITE

NOTE LINEAMENT ON RADAR STRIP (Figure 1d)
CANNOT BE SEEN ON THIS PHOTOGRAPH

Scale 1:33,600

Figure 1c.

Aerial Photograph of Butler
Valley, Cape Mendocino Area, California




Scale 1:250,000

TWO STRONG LINEAMENTS TRENDING NORTHEASTERLY BUTLER VALLEY
DIRECTLY THROUGH DAM SITE. SUBSEQUENT FIELD DAM SITE
CHECK PROVED THEM TO BE FAULTS.

Figure 1d. Radar Strip, Butler Valley, Cape
Mendocino Area, California




FORESTED LAKE SAN ANDREAS
AREA FAULT

SAN
FRANCISCO

Figure 2a. ERTS Band 5 Image, San Francisco
Bay Area, California

NOTE:

GOLDEN GATE
BRIDGE BARELY
VISIBLE




Figure 2b. Photograph Taken from High
Flying U-2 Aircraft, San Francisco Bay Area,
California

Scale 1:250,000

SAN ANDREAS
FAULT

LAKE




FORESTED AREA

NOTE TOPOGRAPHIC DETAIL
NOT APPARENT ON ERTS IMAGE SAN ANDREAS GOLDEN GATE
OR U-2 PHOTO LAKE FAULT SAN FRANCISCO BRIDGE

0 E 8 12 M1
| 1 1
r

STANDFORD UNIVERSITY
LINEAR ACCELORATOR

10 15 KM

o
5}

Flown with 100% cloud cover and rain

Figure 2c. Radar Image, San Francisco Bay
Area, California
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Figure 3.

DENDRITIC DRAINAGE PATTERN
INDICATIVE OF SEMI-CONSOLIDATED
SEDIMENTARY FORMATION

TYPICAL DRAINAGE AND RECTANGULAR

LINEAMENT PATTERNS LINEAMENT PATTERN

DEVELOPED IN INDICATIVE OF

INTRUSIVE ROCKS METAMORPHIC
ROCKS

Radar Strip, La Jolla Area, California

DISSECTED
MARINE
TERRACE

Scale 1:250,000




250,000

Scale 1

BLUFF ILLUMINATED

FROM EAST
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Radar Image, North Texas Area,

Figure 4a.

West Look
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Scale 1:250,000

BLUFF ILLUMINATED
FROM WEST

—»N

Figure 4b. Radar Image, North Texas Area,
East Look




SHEAR ZONE
“MOTHER LODE”
IN CALIFORNIA

OROVILLE DAM
NO LINEAMENT TRENDING DIRECTLY INTO DAM

PREVIOUS FIELD CHECK WELL CONDUCTED

DAM
TWO STRONG LINEAMENTS
TRENDING DIRECTLY INTO DAM

Figure 5. Radar Strip, East Sacremento
Valley Area, California

EARTH FILL DAM
AT LEASE THREE LINEAMENTS
TRENDING DIRECTLY INTO DAM

o ©
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THIN LINES MARK LINEAMENTS KNOWN FAULT

AIRFIELD PIPELINE ROUTE Scale 1:250,000

Figure 6. Radar Strip, Alaskan Pipeline
Route




Aircraft in flight

Figure 7.
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Figure 9. Navigational Equipment
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Figure 11. Magnetometer




JMueq Surpiodsal ejeq

"1 8and1g




8556

@ MOTOROLA Aerial Remote Sensing. Inc.

4350 EAST CAMELBACK ROAD, PHOENIX, ARIZONA 85018 e (602) 244-5751 e TELEX 667490

Designed and produced by
8/76 INFORMATION SERVICES

FTJC—][,—jf-il



B E5 3
- g RS b D h i
/ .fk. RN .h i I/ e
N N Al t Pt
| R 5 b, %
s % W TS B
/Pﬁl a4 B M M \
41” IM’ T s fJ—:‘ ¢.v W N
. E I K )
= :
- . <
S R
V M. LN - M
Ve e .
N a V b B .
N I A By
: L9 >
4A N A.U/ i \M gﬂ
| o S
NN R
| ~ 5

nUnUnuDODOOUOODGGGUODDG‘DDUD.Uﬂuﬂuo




&5 Dis? | Beown | Rod | D, FF | M1
6!
Al 170  #8 ->| /57 |433/) |575/.1
o Z 720 49 =) | 1397 |-2/.4
o 3 230 leve/ | )s o |~ 13 ¢
o Y S5O |Y7=3 |4 d | -25F%
@5 /70 | y2-3 1.7 | —gsy
ol | 9C0 |H45-) | )40 |-25.¢
Al Joo |HG-1 | 4.7 | 4210 |§745.5
67 s52 HgE-2> | 4 2.3 -/9.3
af Y0 | de-o | }20 |-2%¢
09 Y40 \|jewvef | Ga | -9 2
TV e
2/0 750 | Jew </ e ) &
e/’ (222 | Jevef 12:4 —) 7.4
Q2% 250 |46 -% 148 | —HE &
QL2 17 /1270 4 -1 14 7 - 27 ¢
@14 14720 |isy -4 /.3 - bo./
2 /3 255 | fewer 12 32 4/(2 3 [ 57332
Qs Yyso |47-3 J3F |—27.v
olerp | §75 | Jevel 3.4 -3.Y
AL6 420 |48~ 2 Iy +gyi/__52£¢.l
ol 470 Yi-" 45  |-19.¢4

—F

Low I o o o o o Qo I o T v T s I o T o I T e I o T e I e O o O o O o I e T e O e T I o O o I




/ 3 ) [ /
g K
s »4., -~ — —. k-
§ 0 3o Ny “ \ 7
a,.,w by n /w. = ~ o
~ 3 /ﬂ‘ N
//- Py ° —9
Q8 ) Lt ", //7/.w7
3 N d 3 3 I
N N \Q h Y L
~ N C LY v 7! X z
. V| | ~ B ~M : J
NN 2N
NN R LIETIE A
Wl S ERNEN — o Ny
” lv. -.5 ~ N /U
| . ) | RN R o = -
|A%a . il PURSI TR SRR N N
«44@, Py 3 | @mvn&% e . U N AN M. 3
& R * P R P S Tl ™~
. = &> N N T & 9% TR N
- AN :
lykuwv. NN
b
A - a
o\ % N
) D B
SN— k|
N u//.' o ﬂ_/.,. T A A ,u./w?/ N o]
DOO al—' 5 bl _?/ S aJ ™y ’7- oy oA i e .
N NN SN AT B B e B B B
N R BN N N B B I D N
NS Cd ~ KR g ) Y r)v A/ j
ﬁDU_DDGGDDDDDDDDODGDDDDDDUGDDU




Loshd, #/2 G A Ao Se 3/ —lew-27
SWse 2 |52
16 52|52 2420 £/
ZL Gy s t4-27
R Leso Ly p e  he
o) (o2 e —
fgane M 2-Zoa27
| /Zésle 5 » //2
(/{Iﬁ; ) A7 15 &
é‘%«? P2 Gl | 2327
1990 SYul/b
5737 Gv
“‘,.) Lete?7 )
\7/ G- 1] +465 1
Lud G frw Zf—Pp-7
/4 52 1&//,/(, /1
57296 fleursr|  (FY
163 ]
Lol 2 S fE=20-2F -
2653 A;ZZ 2 by /,{// { M {‘{”JI;
4/Qr 2.2 C = ﬂm//t‘lﬁ )
7oz T
Vo 7Y Sh p-ro-Z7|  sus2 v‘k//é
4 N
SETRGn fut #69)] @, }

oo ooooooooDoo000OoOD OO0 DOoOO0OCODOOODOC O

—



S

S
LW o
= 7NN >
A N
S e (N N
NV - =
™ N NEERY N N
A \ e S [\
\ .m, 5 ™~ 3 o u.wr 1/
% \1/1 N Qe f- o ‘..] ﬁ
< 20N Y N AT N I
wi AN L : X INEL o 4AF T\ T " 2y
S 3 N\ , W (N} NI I3 18 YN
s . i L N A =N \ Ba NI . +
o=/ NS A X . I\ V,Dm
N— NS N = o $IFN ,ﬂM
|m L SN S 3 N
St \ FY i . ‘A
LN NS R I S N IR
AN A I\ T VT B BN TR TSN
N S Y A WM N N %

A NN AT RN B A Wi bl . 0 N o Y
XTI » We SN SR NN DAL Y I N B I AN RN
- 3 PN S W PV S B YR R S B S
\] T ool | \ Y I\ b
M P N RNV W 1 o . BB e s - N

SO N G A N S B N NI AN ﬂf
: N N N R S S P Y
< I N
- A s N A N
|
(i T o T o T v T o O s N v JOY e R o N o JON o TN s JY s JOY o N e SN e N i IO o JO o [ e [ o J o R s Y i I I o o J o




757

L /9-27

a
(7

N\

000000000 o oo oooDooDooo




TN N I § j
o ~ } ¥ z
B m—_ Y A -
oS LY
JR = S S & =
O } ) ° RN
/ - - < A\ P #
.[C . j o N N N\
ﬂgkfw_ v ./ruE ~~/{ Wv h " Y R N .
Y g \“— o ! g& A
P - % L h § T J
N A X : :
~a 3 fa
AU 4 Y ol AN, B\ . o
N RS I EE R
N N N
A RWTRAN O ST I N
e e u A
|ﬂﬁ % /P 1. L' \)I/ -~
i | NN ; U\ <
Xt S ol iy
N s et —
"4
\ =/
1 |
o Do o000 o CeD oo 000000 oCcooan

G 0O 0o o




HUUmon‘DOODDDDDDDBODOOOOODOGOO

\

T~

N

2 e
=
2

V0

)/




\ |
\
- \
N e — /
n( ) N
lﬁ‘v L~ V
pa “ ot ; // NGy / — .
- \I( SN P I
. LY ~- £ 4 - Vf /P—-
//.I. / ) uW/ \ /Ar., A\ i
ANTAVEN AN S i\ O \ I
o AT ¥ \
3 / AX) \ ,.
- AN\ N Y 1N
ANASS |\ (R W\ | =i
~N\N = SO N
— N —\ ~l W= wﬂ
] NAN / ) ¥
| 4 b AN 4 1
S AU / I\
—_— > ¥ Z %Y
N - 3’
/"
s — b
NN i

0000 oe Do D0 00000 00000 O 0080




\
\ - |
AN NG ,_VM
\ / s\
AN /P NN X
g q NN
3 A N
VA o
A T )
Y ¥ /./
\ N
L N
Z -
N ™
N y
NANEE
Y
AN
N
o 0000000 D0 0e 00 o 0000000 noooaa




/

St Dis?- (G2 Lo/ L L
L9 r20¥ | Ao tdase| 7027

7t/ Pivd- o Wff: 0.5 | 1399«
»Z L0 S5=45 | 285 | ,gu

e2 292 Seve/ 0.% -0. G
Py YO | fewr/ | 2 ¢ -2

65 Lp? Lewel 2. 2 33
B Lray /350 | fores | B & -5.5

£ Yro je.uc/ 3.2 -37

W 42 |52 43 6.3 w2 2
a5 225 |-y | 3¢ Alte | L72F0
227, | 325 |55+5 | 3.2 | 443/

74 oo \sf-d | [ 2 S 69519
5/2 270 e |17 |43
210 /72 _|>4-r¢ |/p > +37.7 | 7044 )
&/ 22V Y ¢ 9 =17/
2/ 2/2 5343 27 =5 | gp57 5
Pl | 170 Y58 L2 /7.7

@pa¥F | 230  |3Pw)3 | ok ~/p_5"

as2 L2 e9+/% |- ). —30.9 | L9 ¥
01 FF 150 |gza2 1.7 42.9

214 2po  |ss+s | (. ¢ — g/ L7981
2r5 Zio 67 +17 2. 8 rzz-?

AL 245 HPAP | fp & | py93 70355
@/ /70 o4 | &F £ 25
/e 225 |40-/0 | 345 |r259 |7072 %

oo oconmn o000 OCconO@COoOO00 o0 o000 oDoe 0D oo




m, .
H WWM . Sa N/é -, A% lw, ‘
N e ¥ 3 e g R Lm s
N 4 5 \ N qo
| H & 3 T ) AN
™ m# RN , L ) c_. EES
A o~ \ . ¥
i n_ 4/ A\ e e
b S I N SR i~
O NN S N ~; \ 123
13 NE
X N N N
: ., e N\
| ~d 3 ~ < \ ~“7 N fj b ﬂ %/r
X N N ATy Y i TN
- -~ N N
N 2 i hl s A\ =~ \ RN Y
3 % i Y .
\ y_ . al/‘ N /ﬂ B A
N\ kA Kl N N\ - Q § 7/ S R,
& J A N
b - Q
_ % R
e ey
1§ X
N N
/. N N ™ - ~ N X
$ W N IR = ~ > N 1ol
™ S| N o T N b o . ™M < D N
i I Ca | A\ A\J M 7; TN 7 7 r/r
, i |

(e T e O o O o T o O s O e TN o SO o N o I o O o RO s N s T o O - O o I o [ O oo I e Y = = O = =




7 < D) st | Beow | #od | D, EF | L
: /5//7 F42 [P e/ ’7,7 .-

7/7 2¢o s 2 | 2 —£.3 70 56.2

erg” 270 |\ys—5 | 2¢& —/D.?

g8 |73 0’| so o2 |70520
a5y |27 lyrs | 82 |4y |Coivg
C/e & 2e) € 222 g 5 437 9

P | TP g | g5 13235 | 49236

pra7l | 190 | Sy 44| 127 | 4.

) #30 |4y —C S w323 491

527 20 |~ 2 | /S5 | 9. 2 .

pz 2 330 fs s | L5 |44z 5

0z > |2<%p. | fuepel | 129 |12 9

Fz23 S AT -5 Y2\ [ 735

pzE o0 bp+/9 [ & 425 Y

x4+ 220 lpz-3 | S0 |432.5 | £928Y

028 |l |er-s | 57 lse s |

5z ;;);’ff Y8-2 | g7 | 4207 |[g/get
L2l | Jite | fepnl | 2 ¥ s &f

L2 q20 fevt/ %M) "z L2332 |

2 27 /150 |4y % | L7 4/9. 3

g 2% l2pp |55+ | LD o 20. 0

reg bo | fevef | WF |y v |6F¢4.2

0000000000000 0CO000 D000 D00 oo




LS .wr ™
L .,(: X r¢ ._ /
‘ / ’ DD_ 2N .w -%,
. J 3.
| W : &Y \ >
| NI B I ) &
, R 2& N ID R NV/” ’)f |~
7 i ‘M 3 = X
: % ¢ % ¢ N
| N : -~ W ,
S . _
W 7 o /M k.. X G.T '\M B
R 2 ~4 »h M A 5
N = 2l A " > ¥
3 N1 NI " 2
¥ N W - VN
Ly Y A\ A .‘m o ,Wﬂ/
N 5 N S R o 7 N
N N = AV : N
3 & L0 3 3
- \ b3 N s ’ N
+ M < < K 3
. R
LN
_p
) ) ) -
\ 3w = = e
610 “ “‘.. i N Y Y /ﬂ /@J/]\ X A .L<,
~ ,MW )| RS RN /W MM. 3 q _¢. n & -~ o
E Q b S SO R R 3 W ™ g
N~ % NN RCYIIEN . W Io_v N
R

O00O0O0UCO0OO0ODOoO0O0O0O0oDO0DO0OD0DDODD00D0




SHo 2 -sf Sy | LA | BP
_wrzg | L2 sy | 1.7 223 1 |
p30 [y sF0 ! g5 | )3
I 30 Poc g -r | /7 +/ 9.7 | L5859
ez 7Y | (2o | 5243 | 2 7 /57
R, Z/ 0 Jeve ] /Y - 24 2 72 lto
e3> sSpe S/ #+ 7 Al —+3 /
g3z £? |\ peped | gy g 248 | 72229
o3 % z2yp ¢ 2 | ). 9 +42.7
@34.6,///79 sz 4z 0.3 43/
A=25 “,’Z:g Jeve| 73&/;; /-7 |¢xped.o
G35 (o |§272 | 2.7 | 5.7
Wk, JosD | Jevel | 2.0 -2. 0
v 37 /jif:; Jeeef | 2.6 -2 2
©39 Cewnn | s | 2.8 | —79
239 W20 | Sepof | S¢ el
735 |2 iy |87 g | cs795
g L0 loze |5l 7;”;/7 A /0.5
017\ 777 |seys |Zoy |23e7
a1/ 27 S5 2 /2 5 2/9. 3 9323
oYy | H43° | Joe/ 27 ~2.7
A A spe Seves $T2 4577 [P35 2
oY2 240 level | 5.5 A
s43 | Seo | twea |27 422  |t5¢0.d

0000 e000000 0000000000000 C e o




éa ;
S
N - g
T SN |
N
3 L3
X iy i U o
| ™
L i e AL
X s N N
“ N N i
5 ¥ \
< . Q T N . ]
‘ ) SV N B S .
) » ~ A,
v =) - W—
D N
~N e ¥ ¥ < < 0 3
2\ N r, nta nb 3 '/r, J#(
Ky xS b o N
IW /M <~ L s
IJA N ; M \| K IJ 7
N J §
|
33
EN
7/ VM/ \_F/ mﬂ A4 ﬂ‘ =
NN N - o
r )
V ~ N o o 1N Q N W\ ™~
N NS b B S d MIEE PR o
N ST O L I U S - B
: S ~ & I RN Sl 2 o~
| /n \ DN PR BN ~ S8 A\
| = L

oo OO0 oooDoOoOODO0CcDoooOoO0G00O OO




S7» D gl Be rn. Kod PR ad L g
o /el 70 | fewsl 7-¢ -7.¢ g
(7,“;/4 Slo 5242~ | 2.5 -2.7 L9228/ 0
6/S | 5F2 |jopd | 24 A s g
7Ls | 220 |fewe £y Fboof (F21T o
R sZo Jewel | F 2 -2 2 0
b L£70 | 5372 |2, |—=4Y> |(g1g¥
v/ T § o
B Y7 | 3ws | Sewel s -4 & 0
7D 7?’? Jepef 2.4 AR IAVATY YV A 0
pUE |toe |g272 | § o + 7.0 0
A | 530 |fevel | (.0 tf @ //?/,7,3'O
o RV Al )f]ﬂ feve [ | £.2 o B4 0
A ¥7 | Soo 242 |fs7 | -5 5"1(903.] g
0 s J#00 |feve) | 577 | ~5.7 -
7 5D 722 //,4,,/1/’ 7-3 773 (LFoy .7 0
2y ) 450 | 574/ £ N a
25/ Y0 \gs=2 | Jof \733.2 (J4od g
pS 2 LeP | s542) 0.7 | +4 5 0
) it Zeo | Jeve | /2 g | Fr3 4 LQLS_LJ_O
053 - | F20 | 529 | T | 3ie a
g 53 oo | S272 | LF | ~4u 495720
) SY Zs0 fe e/ 7.2 2.2 0
2SS | 225 |6+ 50 =/58 LT85 o
255 | 6722 |fu-£ | JPpE | -300 a
A55 tswp | fevef ¢ & | plb§ L F07¢C a
o5 L Zlp | 52 42 0.5 25 o
D |




;o 3 N\
3
w
3
i\ Q
. N N
§ &
¥ N
3 y
@ N L o -
J ~
.. R N W
: d AN . b
N Pl —e8y U
N «%_ RN ™ ft TX
N | B NER 3
N _ = M
) y W
N A b Y o N ,./
™ BN N N e ™~
~ — 5
o [\ A N
i 4 N aL ~ q. y * \| -~
/:v bey $“ ~ N =~ = 3 rDJ P
v W L S N o o~ b X & b -~
ﬂ A\ ‘/_ -“ kS N < o~ N [\ /Jﬁ O
X ' N 3 N | S NS - >
Y ) |

OO0 Oo0O0O0OD0O0C00OCDORARDODOoODOoOODRE O O00




4

-

. fill L
Sk | psr |Baw | Md | 56F | #
o057 G970 | Lot WA ~1 5 |/b508.4)
730 v/ TH $.0 = “
OS5ETS | 2a20 |[fef —de | #2g
255 /280 | frec! sé 4572 |63 2).8
gH o
A 5?2 | s20p0 |level | - g 2 &5 4
W) /2 & sF 47 /) 2O 2
Leo ¥ THEY
o L/ 1320 | Jepe! —r 2 +2.2
/2 720 | fev o £z £§-2 | 67203
op S50 |5u v 4.0 1
QLI TPzl 4SO Lew 2t f2e | -t 2
@6l 300 Fimlabe

oo o000 00O RRAROO OO0 DO0 0000000 OO




A} 5 W
NN
N 3
N N
|
WA F.\ ,
U b
c AH \ L
~N f/ A |
A" ~ ~
=) M b
W Ry ™
N ¢ 3 X T
& : W
—[V N ~
™ N & |
™ N ) ,ﬂ
& WA |
& ~ 2
o .
Y Y | NN R
b I N o I NG
N D AP A . N
E O L R [t Qe N G
/-“. N ~N S

oD oo OO 0oOoODo00c oA DD DOCO0O00O

——




SILAS C. ''BUZZ' BROWN

SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

PHONES: 22 SHOEMAN LANE

OFFICE WH 6-2701 P. O. BOX 1266
RES. WH 6-2603 SCOTTSDALE, ARIZONA
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SHALLOW DRILLING AN

SPRECHER TURANTIUM

McKinley Co., New Mexico




MoKinley Cownty, New lisxico
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1 Copy of the eriginal geologleal report by 8, C. Brown,
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SKETCH CROSS-SECTION

IN GENERAL AREA OF
Sec.36-16N-I18W

McKINLEY COUNTY, NEW MEXICO
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