


The

Concave Side
[.5. Pafunt Na, 1813653}

This is one of four identical Gates Vulee Rope Drives in Humble Gil's vust refinery ot Baytown,
Texas, each of which transmits 650 horsepower from o Diesel engine to a centrifugal pump, In designing
the drives, the idler {needed for belt take-up) was so pluced as to increcse the wrap of the belts around
the farge puiley to the point where that pulley could be flaf—saving the cost of a large grooved sheave. 3

Let this simple test tell you exactly WHY
the Concave Side cuts your V-Belt costs

What Happens
When o V-Belt Bends

Struight-Sided
V-Belt

To see for yourself the belt-saving importance of the Concave
Side, just pick up any V-belt and bend it as it bends when it goes
around a pulley.

As the belt bends, grip its sides firmly with your fingers. Youn
will feel the sides of the belt change shape. This is because the top Fig. 1
of the belt is under tension and, hence, grows narrower while the
body, under compression, bulges out. (See figure 1 and I1-A)

Hoew Straight-Sided V-Belt
Bulges in Sheave-Groove. Sides
Press Unevenly Against V-Pulley
Causing Extra Wear at Point
Showa by Arrows.

Now look at figures 2 and 2-A, There you see how the bend-
ing changes the shape of the belt that is built with the Concave Side
~The Gates Vulco Rope, The concave sides of this belt merely fill
out and become perfeetly siraight. There is no side-bulge. This belt,

when bent, precisely fits its sheave groove. Gates Vulca Rope

withConcuve Side
A very distinet saving in belt wear results. No side-bulge means
that the sides press evenly against the V pulley and therefore wear Fig. 2 Fig. 2-A
uniformly—resulting in longer life for the sidewall and, naturally,

longer life for the belt!

The Concave Side Fifls Out to o

If you ecare about cutting your belt costs, it will pay you to
make sure, whenever you buy V.Belts, that you get the V-Belt with
the Concave Sides...the Gates Yuleo Rope!

THE GATES RUBBER COMPANY

World’s Largest Makers of V-Belts

DENVYER, U .5 A,

Pracise Fit in the Sheave Groove,
Mo Side Bulge! Sides Press
Evenly Against the V.-Pulley—
Uniform Wear — Longer Life!

As rotary drilling lines, Roebling 8x19 Preformed “Blue Center”
Steel Wire Bope with Independent Wire Rope Core has de-
monmstrated extra life on the fob and substantial dollar savings.

YOU WANT ROPE that’s extra tough, extra strong,
extra long-lived! And you get these extras in Roebling
Preformed “Blue Center” Wire Rope, for “Blue Center”
steel has completely superior resistance to abrasion, shock and
fatigue. Roebling developed and is the only maker of “Blue
Center” steel. ., and Roebling research, workmanship and modern,
precision machines are your added assurance of rope quality that pays off.

But for everything wire rope can give, be sure to get Preformed. Roebling
Preforming makes rope easier to handle and install, It can be cut without seiz-
ing, Tt spools better . . . is not inclined to set or kink . , . minimizes vibration and
whipping,

There’s a Roebling wire rope of the right construction, grade and size for every type
and make of rope-rigged equipment. Have your Roebling Field Man tell you which rope
will give the best and the lowest-cost performance
for every installation. John A. Roebling’s Sons
Company, Trenton 2, New Jersey.
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Since 1859

Gardner-Denver Company, Quincy, Iliinais

Denver, Colorado

Gas engine driven 12 and 6 x 13 compressor
for re-pressuring service,

Engine driven model ABE for re-pressuring
o or booster service.

Engine driven 8 x 9 gas booster compressor,

Engine driven 5V x9 booster compressor.
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PERSONAL NOTES

Frank H. Storms, '24, resigned his po-
sitton with Ingersoii-Rand Company in
South America to hecome associated with
Iron Mines Company of Venezuela, He is
addressed in their care, Apartado Postal
2271, Caracas, D, F., Venezuela,

John . Strasser, ‘41, called at the
Alumni office recently while on vacation
from his work as Project Engineer for
Colgate-Pahnolive:Peet Company. His
home address is 11%3 Stannage, Albany,
California,

Benjamin E, Terry, ’33, who recently
resigned as Geophysicist with the General
Petroleun Company, has accepted posi-
tion as Party Chief with Heiland Expior-
ation Company of Shreveport, La. and
will be stationed in western Canada,

Robert E. Thompson, '50, is Junier En-
gineer, Arkansas Natural Gas Corpora-
tiont, his mailing address being 234 Oline
Street, Shreveport, Louisiana.

¥. €. Wenderoth, Ex-'36, has moved
his residence in Wichita, Kansas, to 3807
E. English Street. He is Plant Superin-
tendent for Pepsi Cola Bottling Company.

James P. Williams, M.8c., 34, has been
appointed by Kaiser Steel Corporation as
Iivision Manager, Engineering and
Planning. He was formerly their Chief
Production Engineer. His mailing address
is Box 217, Fontana, California,

E, J. Acker, '49, resigned his position
with Stanolind Qil & Gas Company to
accept one with the Great Western Sugar
Company, His new home and mailing ad-
dress is 2002-9th Street, Greeley, Colo,

James H, Alkire, 49, Junior Geophysi-
cal Engineer for Magnolia Petroleum
Company, has a change of address to Box
402, Ozona, Texas.

Hoaard A, Anderson, Jr,, '50, has been
cailed to active duty with the Marine
Corps, his present address being 1st Lieu-
tenant, Hdg, Squadron, ist M.AW. ¢/o
F.P.O., San Francisco, Calif,

W illiam M. Aubrey, Jr., ’43, Metalluy-
gist, Raw Materials Laboratory, Bethle-
hem Steel Company, has moved his resi-
dence to 549 East High Streei, Lebanon,
Penna.

Sidney M. Baker, '47, is, at present,
being addressed Box 967, Borger, Texas.
He iz Geophysical Computer for Phillips
Petroleum Company,

T. J. Barbour, 47, has been transferred
by the Chapman Chemical Company, from
Housten to Mempkhkis, Tenn, His new ad-
dress is 110 N, Greer, Memphis 11,

Carl F. Beilkare, '25, was vacationing
in Colorado last month and called at the
alumni office. He is Geologist for The
Pure Qil Campany with address Box 239,
Houston, Texas.

Rokbert I, Blair, '39, Assistant General
Superintendent of Mines, The Black Dia-
mond Coal Mining Company, is addressed
at his home, 1113 West 46th Street, Birm-
ingham, Alabama.

Deawey D, Bowling, '49, Junior Exploi-
tation Engineer, Shell Oif Company, finds
that he is on the move so much that his
mail cannot keep up with him and he asks
that his home address be used, 2318 Ford
Street, Goiden, Colo. '

R. G. Bowmgan, 11, is associated with
the Apaconda Copper Mining Company,
Apaconda, Montana, with address Box
497,

Major Louis E. Bremkamp, ’38, has a
change of address to Hg., Engr. Section,
Japan Logistical Command, A.P.O. 343,
c/o Postmaster, San Francisce, Calif.

Albert M. Cawaliere, 49, has recently
accepted a position with Stearns-Roger

(Continued on page 4)
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SEND YOUR ASSAY WORK TO

CHARLES O. PARKER & COMPANY

2114 Curtis Street MAin 1852 Denver, Colorado
GOLD OR SILVER, 75¢c EACH

Complete Price List on Request. Prompt Service—Accurate Results

SPECIAL SHEET AND PLATE FABRICATION
"TANKS FOR YOUR BUSINESS™

EATON METAL PRODUGTS GOMPANY

ENGINEERS - DESIGNERS — FABRICATORS

4800 YORK ST. DENYER, COLO. TABOR 7205
Albuguarque — Billings — Casper — Great Falls — Hutchinson — Omaha — Phoenix

Manufacturers of
“National” Brands Safety Fuse for use in all Blasting Operations

Brands
Sylvanite Black Monarch Bear Black Aztec Triple Tape

The National Fuse & Powder Co.

"DenvEr, CoLoRADO Established 1900

Rocky Mountain Distributors—Primacord-Bickford Detonating Fuse for
deep well blasting.

GEOPHYSICAL EXPLORATION

By C. A. HEILAND, D.Se.

Professor of Geophysiss, Colorado School of Mines

1313 Pages 536 Iilustrations 6x% $10.00
FOR THE ENGINEER, THE GEOLOGIST, THE GEOPHYSICIST,
THE PETROLEUM PRODUCER, AND THE SCIENTIST

The art of Geophysical Prospecting is presented from a systematic point of view, laying stress
an fundamental concepts. lustrumncnts and procedures are described. General principals are
discussed; rock properties and methods and instruments for determining them are clearly covercd.
A portion of the book covers Geophysics in an elementary way easily enderstandable.

Gravitational, magnetie, seismic, electrical methods, electrical logzing, temperature measure-
ments, radio activity logging, gas logging, photo clectric measurements, soil testing and many
other methods are covered.

For sale by THE MINES MAGAZINE

734 Cooper Bldg. Denver, Colo.
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MARCY MILLS GIRDLE THE GLOBE

584 OUTSIDE U.S.A. | T
HE wide acceplance of Marcy Mils both in the United
Blaska 11 States and in the far corners of the world is based upen
p 148 cerlain principles of design and operation,
anada 4 belln an :}p:eryend Man;y MIlE the l«liiﬂerence in elevation
. ween the incoming feed and the lower point of dis-
Mexico 83 :halr.gt; :au;«lals the !inles to iravel faster than the coarser
particles. us the finished malerial is removed more
:“baA !z: qu.m!df!y. better exposing the terial for further
atin Amer. grincing.
With impact on a smaller hady of ere. maximum dro
Europe 9% for impact and fae less cushioning, moro ragid grinding
. effected. Obvicusly. in closed circuit grindi -
Africa 31 ;n& llrlar;ys there ;['e many ::::: Icigr;:lnitsmgp:: ?l%et::.
qually obvious are the accruing advanlages of increased
Far East 42 lonnag_e. lower per lon cost and more satislactory metal-
Philippines 37 lurgy in any subsequent flow-sheet operations.
M (1 Lord |.h Permit us to present field records which substantiate
any of these are repeat orders ese slatements.

OTHER PRODUCTS

Massco Fahrenwold Fi Mechi

MeCarthy Hot Millers; Rock Bit Grinders, Density

Controllers; Belr Feeders; Pinch Yelves: Assoy ond
ool

M

and Equij : Miil- /s

Laboratery Supp
Ing Plaats.

Main Office: DENVER, COLORADO, LS.A.; Bl Paso;
Sait Loke City: 1775 Brosdway, New York, N.Ya
Canadian Vickers, Ltd., Monatreal; W. R. Judson,
Santlego end tima; The Edwerd J. Nell €o., Manila,
P. L.z The Ove & Chemleal Corp., B0 Broad St., New
York 4, N, Y., Rep ves for Contl 1 Europe.

PERSONAL NOTES
(Continued from page 3)

Manufacturing Company as Assistant
Engineer on Construction and, at present,
is addressed in care of the company, Ada,
Olklahoma,

Rex E, Cheek, '43, has been transferred
by Stanolind 0il & Gas Company from
the Hugoton Area to the West Edmond
Area where he is serving as Field Engi-
neer. His new address is in ecare of the
company, Route No, 2, Box 259, Oklahoma
City, Okia.

Dr. William R. Chedsey, '08, Professor
of Mining Engineering, University of Il-
linois, stopped over in Denver the early
part of September on his way home from
California. His address is in care of the
university, 308, Cer, Building, Urbana,
IHlinois.

Peter G, Cresto, Ex-'50, has moved from
Greeley, to Florence, Colorade, where he
is addressed 128 No. Frazier Street.

4

William G, Gutler, ’48, Petroleum Engi-
neer for the California Company, has a
change of address to Box 20, Venice,
Louisiana,

George A. Davidsen, '31, accompanied
by Mrs. Davidson. left New York by
plane August 12 for India where he will
be stationed at Jeast a year as Superin-
tendent of Maintenance on a new am-
monium sulphate plant which Chemical
Construction Corporation (subsidiary of
American Cyanamid Company) has built
for the government of India. His address
there is ¢/o Chemical Construction Cor-
poration, Pathardihi P. O, Manbhum Dis-
trict, Bihar, India,

Garlos J. Delgads, ’32, has a change of
address in Caraeas, Venezuela, to Apart-
ado No. 2641, He is Sales Engineer for
C. A. Armco Venezolana.

Joseph R, Driear,’50, has been awarded
a scholarship by the Lincoln Arc Welding
Foundation of Cleveland, Ohic. His paper,

1

entitled “Underwater Arc Welding,” was
selected to receive the $100 scholarship
in the 1949-50 Engineering Undergraduate
Award and Scholarship pregram. He be-
zan his graduate work last month, .

I illiam F. Dukes, '50, Trainee, Junior
Engineer and Geologist, Fred M. Mann-
ing, Inc., has a change of address to Box
51 Breckenridge, Texas.

Charles J. Dunn, IfI, 49, is, at present,
being addressed Box 753, Crane, Texas,
where he is serving as Engineer Trainee
for Gulf Oil Corporation.

Hugh W. Evaus, 49, who is associated
with Kenpecott Copper Corporation, has
been transferred from Bingham to Salt
Lake City, Utah, where he is addressed
1269 East 1st St, South,

Frank A, Foley, 49, Civil Engineer for
Maceo Corporation, has moved from Long
Beach to Huntington, California, with ad.
dress 6§928-D, Miles Avenue.

Martin 8, French, *50, has completed the
roughnecking phase of his training with
Shell Oil Company and has been trans-
ferred to Lake Charles, La., for scouting
and roustabouting, His present address is
Whitehouse Trailer Park, 2900 E. Broad,
Lake Charles.

Richard H. Fultos, 50, Petroleum Engi-
neer for Mid-States Qil Company, is ad-
dressed in their care, General Delivery,
Dickinson, Texas,

N. F. Gallucci, '20, is Superintendent,
Marine Terminal Edgington Oil Refinery,
residing at 1122 W. Chandler Street,
Wilmington, California,

Thomas E. Gaynor, Jr., '48, Engineer
for Idaho-Maryland Mines Corporation,
is addressed Box 60, Grass Valley, Calif,

Walter P. Gillingham, 47, is employed
by The New Jersey Zinc Company at Gil-
man, Celorado, His mailing address is
Box 331, Milliken, Colorada.

Harry D, Hall, '49, is addressed 4756
Hanauer Street, Mutray, Utah, He is em-
ployed by U, 8. Smeiting, Refining & Min-
ing Company.

M, G. Heitgman,’17, Manager of Oper-
ations, Silver King Coalition Mines Co,
has been transferred to Salt Lake City;
his residence and mailing address there
is 26 So. Wolcott Avenue,

Robert A. Hopper, '43, Sales Enzineer
for Colorado Fuel & Iron Corporation, re-
ceives mail Green Acre Apartments, No,
90, Amarille, Texas.

Gilenn T. Horlbeck, 36, called at the
alummni office the early part of September
while on vacation from his duties as Engi-
neer for Ideal Cement Company at Ada,
Oklahoma,

A. T. Ireson, 42, was also on vacation
in Denver last month. He is Expleitation
Engineer for Shell Oil Company, his mail-
ing address being Box 149, Elk City,
Cklahoma.

William H. Johnson, ‘34, resigned his
position with Denver Equipment Com-
pany to become Manager, Sheet Metal
Division, Blectron Corporation of Little-
ton, Colorado, His home and mailing ad-
dress is 1518 Washington Avenue, Golden,
Colo.

M. 4. Jorgensen, '28, is now associated
with the Triumph Mining Company at
Triumph, Idahe,

George E. Jaynes, Jr., 40, resigned as
Chief Metalinrgist for Aircraft Mechanics
in Colorade Springs to accept a positien
as Staff member for the University of
California at the Los Alamos Scientific
Eaboratory, His new address is 2557 D,
36th Street, Los Ajamos, New Mexico.

D, D. Kerstetter, '39, has moved his
residence to 10404 Brookmoor Drive, Sil-

{ Continued on page 7)}
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Oil.Ope'mtors hire Contract Seismograph Crews for enly one reason: To help them
find oil. 'i'q solve this difficult and expensive problem, the very best eguipment and
best trained personnel are required.

Century carries on o continucus program of research and developmeént to assure
the oil industry that Century will have available the most modern geophysical
instruments. The-technical staff on the field crews is composed of the best
trained and best educated personnel available, but they are also given the
benefit of constant research to devise better interpretational techniques.

Interpretational procedures and field operotion techniques are
quickly changed to fit new problems as they arise. Century
field crews have always operated on the very simple policy
of doing everything possible to assist the operator in his
search to discover new oil reserves. QOur clients are
assured of complete cooperation in conformity with

their requirements.

Contact Century for contract crews,




/jro eddiéna/. ..
- CARDS

[}
A. E. Anderson, '04
Booking Cruises to South America
5031 Laurelcrest Lane

Seattle 5

Daniel L. Beck, '12

Aptitude Testing—Sales Training .
H Executives Selection & Training {nstitute
i 956 Maccabeo Bidg. Detreit 2, Mich

Byron B. Boatright, 22

Consulting Petroleum & Natural Gas Engineer

Capital National Bank Building

Austin, Texas

. 1
Warren T. Bostwick, Ex-'31
{ease Broker
Oil & Gas Leasss Acquired for
" Your Account
i1 1264 Elizabeth 51
- Denver 6, Colorado

George R. Brown, '22

Brown & Root, Inc.
Enginearing Construction
i Houston Austin

W. W. Cline, Ex-'29
President
l  San Joaquin Drilling Company, Inc.
1417 S, Hill 5t

Will H. Coghill, '03

No Consultations

145 W, Lincoln Ave,

Ralph D. Curtis, '26
Production Manager
C. H. Murphy & Co.

| 15t Nat'| Bank Bldg.

E. E. Dawson, '38

Manager, Foreign Operations
: Browr Drilling Company
H Long Beach

Earlougher Engineering

l| Potroleum Consultants — Cose Analysis
319 E. Fourth St

Albert C. Harding, '37

General Marager
Black Hills Bentonite, Inc.
Moorcroft

Thomas S. Harrison, '08

Consulting Oil Geologist
1104 First Nationai Bank 8idg.

Danver, Colorado

Washington

Phone: EAst 1636 §

Corpus Christi B
Los Aageles, Calif §

Delaware, Ohic

El Dorada, Ark. 8

California

i

Also
availabie
in Metric
System

The Werld’s Finest...
R@ SURVEYING ALTIMETER

MODEL M-1 ., , |, Range
6,008 feet [—10007 10
50007} in intervals of 17

MODEL M-2 , . , Ronge
10,000 feet {0’ to 10,-
Q0G'} In intervals of 2*

MODEL M-5 . , ., Range
15,008 feet (0’ to 15,.
. 00D’) in infervals of 5

MODEL MM-1 , , . Range
5,000 meters {0 to 5,000
meters) in intervels of 1
meter

$300 EACH with lenther
case, Thermometer, Mng-
nifier, and Cperationet
Procedures.

ACCURATE -
DEPENDABLE
LIGHYWEIGHT

The World’s Standard...

altitude readings —
Only American Pavlin
System Altimeters are
graduated in euasily
read ¥ foot divisions.

Don't guess at

TERRA SURVEYING ALTIMETER

MODEL SA-1 . . . Ranga | MODEL SA-2 . . . Range | MQDEL SA-5 . . . Ronge
4,340 feet (=760 to-+ | 10,600 feet (—500" to-+ | 15,000 feet {—500' to}
3,6007) In Intervals of 27 | 9,7007) in intervals of 5' | ¥4,500")in intervals of 107

$200 EACH with lecther
case, Thermometar, Mog-
nifier, and Cpserational
Procedures,

Literature and Technical Publications Available on Request

Tulsa 3, Okla §
{ R C, Earlougher, '36, Registered Engineer

Wyeming

REPAIRS Now

Cleaning, oiling and adjusting of Surveying Instru-
ments eliminates major repairs and errors, improves
efficiency.

Repairs take longer in rush season (spring, summer).

Fuventually—why not right now?

Denver 2, Colo.

1641 California St.
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THE UNIVERSITY OF KANSAS

RAYIMOND ¢, MOORE
Ftale Geologitt ond Diractor of Rewearch

July 27, 1950

American Paviin System
1847 South Flower Street
Los Angeles 15, Calir,

Gantlemen;
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Yours truly,

E. Kemneth Smith

AMERICAN PAULIN SYSTEM

1847 SOUTH FLOWER STREET

LOS ANGELES 15, CALIFORNIA

PERSONAL NOTES

(Continued from page 4)
ver Spring, Maryland, He is Physicist for
the Naval Ordnance Laboratory,

J. E. Lee, Jr,, ’37, President, American
Exploration Company, has a new resi-
dence address in Lafayette, Louisiana, 500
W. St. Partrick.

James R, Leonard, 42, is Assistant
Highway Engineer for the State of Cali-
fornia, residing at %38 Euclid Avenue,
Santa Monica.

Peter A, MacQueen, '50, has entered the
University of Oklahoma for graduate
wark in petroleum engineering, He is
being addressed 217 East Boyd, Norman,
Okla,

Robert E. Mann, 38, Junior Mining
Engineer, Phelps Dodge Corperation, was
vacationing in Denver last month, His

mailing address is Box 182, Clifton, Ari-
ZOna.

Robert 8§, Manun, '40, resigned his posi-
tion as District Geologist with Shell Qil
Company in Western Canada to become
associated with Thorntoen Davis, Consult-
ing Geologist and Independent Operator
in San Antonio, 'Fexas, He is now being
addressed 2023 Alamo Nationai Building,
San Asntonio 5, Texas,

Kaaren, the elder daughter of 3r. and
Mrs. Robert L. Marsh, '50, is recovering
most successfully from her attack of polis
and spinal meningitis, She is now able to
run and play almost normally, ‘The family
home is 7262 Patricia Lane, Houston,
Texas.

Sol Meltzer, ’50, is employed by Cities
Service Oil Company as Recorder Helper.
His mailing address is Box 350, Amarillo,
Texas.
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Eugene 4. Mills, '39, Mining Engineer
with Oliver Iren Mining Company who
has been on an assignment in Venezuela,
has returned to the States and, at present,
is addressed at his home Route 4, Box
530, Riverside, Calif.

Capt, Roland E, Marrison, 41, has heen
transferred to AICHI Area, 441 CIC De-
tachment, A.P.O. 710, c¢/o Postmaster,
San Francisco, Califernia.

K. E. Nengebauer, 06, Consulting Engi-
neer for Hercules Mining Syndicate, is
very ill in a Pueblo haspital, His address
is 314 Colorado Avenue, Pueblo, Colorado.

D. H. Mullen, 25, Supervising Engi-
reer, tI. 8, Bureau of Mines, at Rapid
City, Southk Dakota, was in Denver for
a few days last month.

L. B. Myers, 48, was on vacation last
month from his duties with Phillips Petro-
eum Company, and called at the alumni
ofhce, He is addressed Box 81, FEureka,
Kansas,

Capt. Thomas E. Northrop, ’32, has
been transferred to the Lovdstown Ord-
nance Depot at Warren, Ohio,

Stanley Ohlswager, 49, Assistant Tech-
nologist, Grease Research, Sinclair Re-
search & Development Corporation, has
moved his residence to 21207 So, Locust,
Matteson, Iiinois, C

J. F. ’Neill, '24, Engineer, U, 8, Bu-
reau of Mines, resides at 1450 E, Har-
grove Road, Tuscaloosa, Alabama,

. . Page, 15, Assistant (General
Manager, Western Operations, U. 8,
Smelting, Refining & Mining Company,
receives mail at his horme, 20 South 13th
East, Salt Lake City, Utah,

W alter L. Patly, ‘41, is Technical Rep-
resentative, E. I, du Pont de Nemours &
Co., residing at 2031 So, Pearl Street,
Joplin, Missouri,

G. N. Pfeiffer, '05, has moved his resi-
dence from Herrin, Illinois, to 2805 Prai-
rie Avenue, Mattoon, Illinois. He is Con-
sulting Engineer and member of firm,
Pfeiffer and Sauter.

E. . Philpy, '49, Geologist, Regional
Exploration Department, Shell Oif Co.,
Inc., is addressed Box 1509, Midland,
Texas,

Jack 4. Ramsdell, '49, who is employed
by Continental Oil Company, is addressed
Conoce Seis. Crew No, 1, Springhili, La.

Major Dawvid Roberis, 40, is now being
addressed, I. A, G. 8. U, S, A, R, Carib,,
Box 203%, Balboa Heights, Canal Zone.

William W, Sabiu, 49, Chemical Engi-
neer, Utah Oil Refining Company, is ad-
dressed at his home, 381 First Avenue,
Salt Lake City, Utah,

Earl L. Sackett, '33, formerly Assistant
Division Metallurgist, Baroid Sales Divi-
sion, Natienal Lead Company, is now
Superintendent, Washington County, Mis-
souri, operations for the same company
and is being addressed at Box 213, Potosi,
Missouri.

Rodney L, Samuelson, 48, is employed
by the Coast Pacific Lumber Company, re-
siding at 114 So. 11th, Cottage Grove,
Oregon.

Robert H. Sayre, Jr., °34, has returped
to the States from Nicaragua and has
accepted a position with the Athletic Min-
ing Company at Klondyke, Arizona,

H. K. Schmuck, '40, was on vacation
last month, part of which was spent in
Denver. He is Sales Engineer for Haynes
Stellite Company of Houston, His mailing
address is Box 9097, Houston 11, Texas.

Bert J. Shelton, V. 44, called at the
alumni office last month, en route ta Ore-
gon  State College, Corvallis, Oregon,
where he is now taking graduate work.

(Continued on page 78}




TECHNICAL Men WANTED

Those interested in any of the posi-
tions listed may make application
through “Mines” Capability Ex-
change, 734 Cooper Building, Denver
2, Colorado.

(841} INSURANCE SALESMEN, An old estab-
lished life insurance company offers excelient op-
portunities for inexperienced and experienced
salesmen, The type of men wanied should be eap-
able of earning several thousand dollars per year.
(1153) PHYSBICISTS AND RESEARCH ENGIK
NEER. A research organization established in
the middlewest has positions openr fer physicists,
and electrical engineers with good background
in physics, electronics and electrical research. Ap-
plicants shonld have Master’s or Doctor’s degrees.
Salary open.

(1155) MINING AND METALLURGICAL ENGI-
NEER, A company operating non-mrefallic mines
in the south has a position open for graduate
enpineer to work jn open pit mining and carry
on tesearch work for the flotation of non-metal
lies. However, several monthg training will be
required before taking on an executive position.
Salary open.

(11731) MiLL, FOREMAN, A Scuth American
mining company has a position open for a gradu-
ate metallurgist as Mill TForeman. Applicant must
have had experience in the operation of flota-
tion and eoncentration eguipment. Must have
a good working knowledge of Spanish and be
able to successfully handie South American em-
ployees, Must report single status for six months.
Halary open with liberal vacation allowance and
free living quarters. Bonus to the right man,

{1176} METALLUGRGIST, An alreraft manufac.
turer has position open for metallurgical gradu-
ate with edueatien and experience covering met-
aliurpical testing of ferrows and non-ferrous
metals as well as physiczl processing, heat treat-
ment, welding practices and ability to eoordinate
these wnractices with the application of metals
for manufacturing. Salary oven,

(1178) JUNIOR METALLURGIST. A mining
company in South America has position open for
Junior Metallurgist with some experience in ore-
dressing  and laboratory work, Knowledge of
Spanish iz desirable. Stariing salary. $3060 per
year plus living quarters. Transpertation by air,
free, Yearly bonue of I month, 3-year coniract.

Every piece made
to perform its job
efficiently. DFC on
the product—means
satisfaction on the
job. Be certain —
Demand DFC.

ba |

can take severe service,

on Experienced ¢Zocldlens!
CARD CARS are engineered to combine
operating ease and speed with rugged build that

Furthermore, they are engineered to meet
specific conditions in YOUR mine!

Ask for Bulletin RD-1

METALLURGICAL CLAY GOODS

For dependable assaying ycu musi

use dependable clay goods.

DFC CRUCIBLES
DFC MUFFLES

DFC ANNEALING
CUPS

DFC CUPELS

DFC ROASTING
DISHES

DFC SCORIFIERS X8
AND TRAYS 55000

(1182) SALES ENGINEER, A large sieel com-
pany has position open for Sales & Bervice Engi-
neer, Must be thoroughly acquainted with oil-
field practice and have had § to 10 yeurs expe-
rience. Applicant must have administrative abil-
ity and excellent personality, Fine opportunity
for the man who can eet requirements, Salary
depends upon experience and ability of apvlicant.
(1188) DRAPFTSMAN & DESIGNING RNGI-
NEER. Well known consulting engineering or-
ganization located in the middle-west has a po-
sition open for designing engineer who haa had
extensive experience witlh the cement industry.
Should have had from 5 to 10 years cxperience
of which 8 t¢ 4 years bhave been drafting and
degigning, Probable salury, $400 fo $500 wper
menth,

(1197) RESEARCE METALLURGIST. A well
known research organization is setting up a new
department covering research in connection with
mrojects for pyro- and hydro-metalturgy, Apph-
cant must be able to direct research and be well
erounded in physical chemistry and especially
thermodynamics, Should have few years cxperi-
ence in concentraiion of ores, Salary will de-
pend upon the experience and ability of appli-
cant.,

(1199) PRETROLEUM ENGINEER. A company
operating in a southern state has position open
for Petroleum Engincer 8G to 40 years of age
with experience in natural gas transmisizon and
distribution. Will be necessary to travel approx-
jmately 50% of the time, Salary open,

{1209) MINING ENGINEER. Company operating
in South America has position open for assistant
to Mining Superintendent. Man musi have had a
few years mining experience, be able to stand
high ~altitndes and report single status. Three
vear contracé, Probable salary, $400 to 8500
per month,

(1216) MINE FOREMAN. A South American
mining company has position open for Mine
Foreman who has had several years experience
in metal mining and is a college graduate, Must
have working knewledge of Spanish and be either
single or willing to go single status for ai least
gix months, Three year coutract, Starting salary,
$4200 per year plus 2 bonus of one month salary
for each year. Four woeeks vacation. Free living
quarters,

(1216) MiLL BSBUPERINTENDENT, A well
kpown mining company in Scuth America has
position open for Mill Superintendent with sev-
eral years experience in milling operation. Latin
American background ia essential. Three year
contract with hecusing provided, Approximate
starting =salary, $500C per year,

(Continued on page 128)
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Post-war model for
use with either
vertical or horizontal
systems.

The HEILAND RESEARCH CORPORATION has

appointed exclusive American sales and service rep-

been

resentative for the internationally known SCHMIDT-
ASKANIA line of magnetic prospecting equipment.

* Field magnetometers * Calibration coils

+« Photoeleciric remotfe variation recording equipment
Write for
complete details

HEILAND
RESEARCH
CORPORATION

130 East Fifth Ave.
Denver, Colorado

endbl instruments
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proﬂeddiona/. ..

K. L. Koelker, '14

; Consulting Mining Engineer
- HE Joplin 5t

Jean McCallum, '10

Mining & Metallurgical Engineer
: Consulting
@ 722 Chestaut St

| Vincent Miller, '35
: Exploration Service Company

Bartlosville

Cleveland O. Moss, '02

Consulting Petroleum Engineer
Estimates of Oil and Gas Reserves
| Valuation—Production Problems—Proration
B 208 Midco Bldg.

J. Ross Reed, '37

Division Manager
: National Electric Coil Company
11751 New York Dr,

Joseph J. Sanna, '41

Christensen Diamond Praducts Co.
Mining—Petroleum—Construction
Diamond Bits & Supplies

B 975 South 2nd West, Salt Lake City 13, Utahf

Wm. D. Waltman, '99
_ 325 So. Plymouth Boulevard
HlLos Angeles 5

Elmer R. Wilfley, ‘14

Wiifley Centrifugal Pumps

Danver, Colo.

Joplin, Mo.

St, Louis |, Mo.

Oudahoma §

Tulsa 3, Okla. §

Altadena, Calif.

California f8

John H. Wilsen, '23
Indepsndent Explaration Company
1411 Eectric Building
Ft. Worth, Texas

John H. Winchell, '17
: Aftorney at Law
11315 Majestic Blda.
'f Alpine 525!

Denver, Colo, §

Harry J. Wolf, '03
Mining and Consulting Enginser
§ 420 Madison Ave.

10

New York 17, N, Y ::-_

FINDS HIS WORK INTERESTING

From B, ]. BerMmEs, 50, Box 102, Miami 33, Florida.

Please change the mailing address for my Mines Magazine to the above.
1 am now with the Grourd Water Branch of the U, 8, G, 8, her in Miami. So far

"the work is interesting, consisting of sitting on wells, assisting in the water level measure-

ment program and making associated geologic studies. It has given me a chance to use
the engineering as well as geologic training I received at Mines.

MISSING HIS COPIES OF MINES MAGAZINE

From Joun A, JAMEsoN, 50, Box 99, Jacksonwille, Texas.

1 have just visited with three of my classmates over in Kilgore: Denuy Gregg, Bob
Thompsos and Don Andrews. I noticed that Denny had bis copies of Mines Magazine
for both July and August; now I've been wondering where my copies are? I haven't
received the July nor August and I'd sure like to have them, Would you please send them
to the address given above,

I reported to work the third of July here in Jacksonville and [ am working for Geo-
physical Associates, The work is fine and things are going along very good, The company
seems to have a good immediate future for me so I know things will work out fine.

T'd sure appreciate receiving my Mines Magaszine so please send them as soon as
possibie,

ANNOUNCES ARRIVAL OF ANOTHER DAUGHTER
From STANLEY ). Marcus, 45, 1604 4. Radford 81, China Lake, Calif.

I want to announce my fourth {yes, 4th} daughter, born May 2, 1950, named Mar-
jorie Anne. The anti-trust lawyers have already been pestering uos!

Recently became involved in the design and development of a new anti-tank rocket
and hefore I knew it found myself in Japan and Korea. While there ran inte another
Miner, Bernard Zohn, who is now a Major in the Air Force in Japan, He is Air Installa-
tion officer for a large area there and has come a long way from the days when he was
my C/0 in advanced military. :

ENJOYED TRIP TO SOUTH AMERICA
From Louls HirscH, 49, ¢/0 Cerro de Pasco Copper Corp., Staff House, Oroya, Pern, §, 4.

Arrived in Oroya August 23 after a very pleasant journey. [ particularly enjoyed
the trip from Lima thru the rugged, beautiful Andes mountains. The altitude hasn't
bothered rne much. Everyone is friendly and the recreational facilities seem goad.

Please send Mines Magazine and other mail to the address given above,

1 hope to hear from fellow Miners and will promptly answer their letters,

BACK IN STATES AFTER SOME TRAVELING
From 8. K. CHAKRAVORTY, 47, Department of Geolagy, University of Kansas, Lawrence,
Kansas,

Being in and out of this country a few times during the past two years i have ot
been able to keep pace with the activities of Mines Alumni Asseciation, So, also, the rea-
son for the delay in sending you my dues.

1 hape this will clarify your files a little bit. Please nate the change of address.

INTERESTING NEWS
From CrarLES A. RINARSEN, '47, 2941 Travis Street, Fort Worth, Texas.

This is to advise you of a change of address to that shown above. The company has
now transferred me to their Fort Worth Division office where I am serving as petreteum
engineer,

It's a little late, but as many peopie put off writing so have I. In this regard I have
neglected to send you news of our daughter's birth, Jeanne Lucille, on Jast December 30,
1949, Seems a bit late to call it news, doesr’t it?

We, my wife and I, both immensely enjoy Mines Magazine for we find that very
often fellow graduates arve almost neighbors,

Enclosed find Alumni Association ballot and directory eard for the new Directory
and Yearbook.

REPORTS CHANGE OF ADDRESS

From Avsert E. FLeitMAN, 49, 4771 Drexal, Chicago, Illinois,
This is to report a change of address to the above.
Have seen Charles Lundin and Charley Fitch of the class of 49 recently.
As always it's a pleasure to hear from you and to receive Mines Magazine.

NEWS FROM THE PHILIPPINES
From Lawrence E. Smirh, 31, .R.e:inlient Manager, Mindanaoc Mother Lode Mines, Inc,
Box 29, Surigae, Surigan, Philippines,

It has been six months since my last letter to you, Claude Fertig, Ex-"27, seems to
provide the best news of the Philippines thru Mines Magazine,

I made my first postwar trip to Baguio with my wife in April to pay a visit to our
three children who attend Brent school. Incidentally we were able to see Mr. and Mrs.
Claude Fertig, Mr, and Mrs, Frank Delahunty, My, and Mrs, Charles B, Foster, Mr, and
Mrs, Hagh Bein, Mr. and Mrs, Luther Lennox, and Charlie Burgess.

During the past two years we have had the opportunity to renew friendships with
Jack Newsom and B, E, Kent, both with War Damage Corporation, and M. M. Aycardo
and R. E. Kahn, of Soriano & Company, and E. C, Bengzon, ajl in Manila,

I often see E. P. Bugarin, mill superintendent for Surigao Consolidated. In fac,
Enrique assisted us greatly in the first pour of the new cyanide plant addition to Min-
danao Mother Lode Mines last Marsch,

(Continued on page 131)
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for El Paso Natural Gas
Company’s Guczdazlupe Station

It takes a lot of horsepower to move 330 million
cubic feet of gas from Texas to California. Here
in the Guadalupe Station alone (one of 6 com-
pressor stations on the El Paso Natural Gas
Line), there is a total of twenty, 1000-hp com-
pressors—all Ingersoli-Rand KVG gas-engine-
driven units. Fourteen of them, shown above,
are located in the main compressor plant, and
six more (on the loop) are in an adjacent building.
And 5 additional, similar units will be installed
here in the near future.

In applications like this, dependability is a most
important requirement . . . as are economy of
operation and ease of maintenance. That’s why
Ingersoll-Rand KVG gas-engine-driven com-
pressors are first choice with so many gas-line
operators and maintenance men. They know,
from experience, that these compact, rugged and

powerful units can always be depended on to
stay on the job, 24 hours a day, year after year,
with minimum attention. And their 4-cycle, V-
angle design permits maximum operating ef-
ficiency.

Whatever your compressor requirements, your
nearest I-R representative is qualified to give
you expert guidance . . . to help you select the
equipment best suited to your needs.

Ing ersoll-Rand

11 BROADWAY, NEW YORK 4, N. Y, 5036

INGERSOLL-RAND KVEG GAS-ENGINE COMPRESSORS

APRESSORS - AIR TODLS - HGOK DRILLS - TURBO BLOWERS - CONDENSERS - SENTRIFUBAL PUMPS - DIL & GAS ENGINES
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Massco-Grigsby Rubber Pinch Valves

Yo Metal (ontact

10

Here is a valve having ne metal part coming in con-
tact with the material being handied. They are recom-
mended for installations where transporting abrasive
and/or corrosive pulps and liquids cause severe wear on
metal type valves.

Natural rubber or Neoprene is used in the valve
sleeve, and is reinforced with fabric to withstand pres-

~sures up to 150psi. All sleeves are moulded with a

patented "Hinge" or recess on opposite sides of the
sleeve interior, to prevent undue strains and wear from

valve operation. Sleeve ends fit between flanges to form
a perfect seal.

The Massco-Grigsby Rubber Pinch Valves incorporate
the simplest yet most practical construction — just one
wearing part, the long life easily replaceable rubber
sleeve. A positive, leak proof, closure is obtained even
when both solid particles and liquids are present. These
valves also have wide application where control of fine
dry material is required.

Temperatures from below freezing to 180°F are per-
missible. Full area is provided thru the entire valve re-
sulfing in a straight unobstructed flow passage minimiz-
ing friction loss. Valve is not affected by scale formation.

Sizes available: 177, 277, 37, 47, 67, 87, 10” and 127,

Write for free bulletin and price information.

Lefi: Cut showing special 107 Massco-Grigsby valves
with fabricated spacers. These spacers were used to
eliminate high sirains in long pipe lines having a large
number of valves in series.

Right: Cut showing an 87 Massco-Grigsby valve with
motor-reducer closing mechanism. Such an arrangement
aliows easy and remote control of vaive operation.

G. G. GRIGSBY
EM.
C.5. M. 1714

Manufactured Exclusively

SUPPLY COMPANY
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EASY TO ASSEMBLE charges of "Nitramon™ S,

EASY TO LOAD “Nitramon” $. Charges remain
Metal cans are threaded . . . readily screwed fo-  rigid, intact even when severe loading conditions
gether to make up charges of required weight, ore encountered. Cons ure water-resistant.

EASY TO PRIME, A plastic shield keeps Du Pont
“§85" Etectric Blasting Cap in "well" in top of "Nitra-
men” S Primer, Holds wires in place, protects cap,

Mastimum Efficiency Obtained

with “Nitramon” §

Seismic party chiefs and shooters enthusiastically
approve Du Pont “Nitramon” S blasting agent.
Why? Because, first of all, it is relatively safe to
handle. It is easy to assemble charges of the re-
quired weight . . . easy to load, and these features
enable crew members to keep well up on work
schedules.

“Nitramon” S is supplied in three practical sizes
{diameters) to meet every requirement in reflec-
tion shooting. It is also extensively used for re-
fraction operations,

Write for illustrated booklet, “How to Use
Du Pont‘Nitramon’ § and other Du Pont Seismic
Products”...or ask any Du Pont Explosives repre-
sentative for complete information about this de-
pendable, widely used blasting agent.

E. 1. du Pont de Nemours & Co. (Inc.)
Explosives Department
444 17th Street, Denver, Colorasde
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OUTSTANDING FEATURES OF “NITRAMON S

® Maximum safety, ®  Water-resistant

@ Charges easily containers.

assembled. ¢ Sturdy cans resist

@ Proper priming pressure,
assured.

- . .
o Strong, rigid celumns. Quicker loading.

o Less friction . . . less ¢ Non-headache-
poling. preducing.

NOW AVAILABLE IN THREE SIZES

Diameter Weight
2-inch.................. 1 Ib. or 4 lbs.
2Veinch. ... o o 1 b. or 5 lbs.
3-inch..... e 5 lbs. or 10 lbs.

DU PONT

“NITRAMON $

A Product of Du Pont Explosives Research

BETTER THINGS FOR BEYTER LIVING ... THROUGH CHEMISTRY
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“Improving” any machine really means
increasing its productivq capacity. That
means tinkering with speeds and weights

and strength—ending up with alloy steels.

Which alloy steel 7—the one that meets
physical requirements at the lowest cost,
Molybdenum steels fill that bill. Good
hardenability, plus freedom from temper
brittleness, plus reasonable price enable
them to do it

Send for our comprehensive 400.-page

book, free; “MOLYBDENUM: STEELS,
IRONS, ALLOYS.

. CLIMAX FURNISHES AUTHORITATIVE ENGINFERING DATA ON MCLYSDENUM APPLICATIONS

Climax Molybdenum Company
300 Fifth Avenue - New York City

®@ c2
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Industrial research be-
gan in 1900 in G-E lab-
oratery set up in barn
behind home of Charles
P. Steinmetz.

devoted to fundamental research.

eral Eleclric, said:

devoted exclusively to original research. It is hoped by this means
that many prafitable fields may be discovered.

Many ‘profitable fields were discovered—profitable not only for

General Electric but also for industry, the American public, and °

the world.

A half century ago the industrial experimental laboratory was

itself an experiment. This month it begins its second half century

with the dedication of a new building, greatly augmenting the

facilities it offers to the advancement of man’s knowledge.

ELECTRIC

THE MINES MAGAZINE @ OCTOBER, 1950

When the General Electric Research Laboratory was
established in 1900, it was the first industrial laboratory -

At that time E. W. Rice, Jr., then vice president of Gen-

Although our engineers have always been liberally supplied
with every facility for the development of new and original
designs and improvements of existing standards, it has been
deemed wise during the past year to establish a laboratory to be |

You get extra safety, economy and durability

when you use the tools that bear these names.

ROLLER BIT COMPANY

HOUSTON 1, TEXAS

THE MARK OF QUALITY
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/O ro/eddiona/ ...

R. Lee Scott, '42

Sales Engineer
I Colorado Fuel & lron Corporation
d 2219 Market Street

Robert McMillan, '41
Viee President, Geophoto Services
i Consulting Geclogists
§305 E & C. Bida.

M. H. Robineau, '23

. 410 Boston Building

d Donver Colorado §

Edwin F. White, 36

Manager

Denver Machine Shop
4 1409 Blake Street

R. E. Knight, '07

Alliance National Bank

¥ Alliance Nebraska

Russell H. Volk, '26

President
Plains Exploration Company

524 University Bldg. Denver, Colo.

Edward J. Brook, '23

McElroy Ranch Company

Fort Waorth Texas 3

trwin R. Solomon, '13
Federated Metals Division
American Smelting & Refining Co.

Whiting Indiana

Max W. Ball, '06
Douglas Ball, '43

Oil and Gas Consultants

._: 1025 Vermont Ave., N.W., Wash, 5, D, c.|

Courtney E. Cook, '49
5542 Hiway, No. 9

§ Corpus Christ Texas

J. N. Gregory, '23

Geologist and Mining Engineer
San Angalo MNational Bank Bldg.

San Angelo Texas

E. H. Shannon, 36

B Goophysical Supervisor, Lousiana Div.j§

The Texas Company

Denver, Colo. |

Denver, Colo.§

Denver, Colo.

CONTRIBUTORS TO PLACEMENT FUND

These contributora to “Mines” Place-
ment Service assure its success and con-
tinuous expansion. It makes it possible for
“Mines” Men to improve their employment
by automatically presenting their qualifi-
cations to the employer best suited to make

M, T, Honke, Jr., 48
George Baekeland, "22
Max Schott, Hon,, 40
J. L. Fusselman, ’42

. V. Stewart, '49

. F. Kaufmann, 21
. ]. Christie, '35

. D. Graham, 48

. G. Gabriel, '31; '33
ilfred Fullerton, '12
. John Bernstein, 47
H. L. Muench, 40
G. N. Meade, 41

T. N. Allen, 41

G. W. Schneider, ’21
H. ], McMichael, '39
Robert McMillan, 41
E. E. Davis, Ex-'29
C. W. Desgrey, 26
Floyd L. Stewart, '43
M. 8. Patton, Jr., 40
D, M. Davis, '25
John Biegel, '39

L. F. Elkins, '40

R. G. Finlay, '39

L. E. Smith, '31

F. C. Bowman, 01

F. F. Frick, '08
Franklin Crane, '43
B. F, Zwick, 29

1. A. McCarty, '35
Hildreth Frost, Jr., '39
H. W. Evans, 4%

J. R. Medaris, 49

P. B. Shanklin, 48
M. W, Miller, 4%

T. A. Hoy, 49

J. R. Newby, 49

J. P. Bonardi, ’21

C. A, Weintz, 27

F. D. Kay, 21

J. C. Andersen, Jr., '45
T. L. Goudvis, "#0

R. E. Buel}, '#1
Daniel H. Dellinger, "31
A. C. Harding, "37
R. L. Scott, '42

P. W. Crawford, '22
M. L. Gilbreath, '33
R, F. Dewey, '43

1. A. Kavenaugh, '38
J. G. Johnstone, "48
Wm, C, Lieffers, 48
F. E. Woodard, 42
Wm. H, Bashor, Jr., '4%
T. H. Alian, '13

T. F. Adams, ’2%

C. V. Woodard, 44
Otto Herres, '11

E. ]. Brook, '23

J. W. Gabelman, 43
J. B. Ferguson, 30
D, W. Batner, ‘15

<mEOH
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Parker Liddell, *03
G. M. Miner, 48
3. B. Larsen, '36

J. A. Clark, '21

H. E, Lawrence, 48

F, W. C. Wenderoth, Ex-"36

V., R, Martin, ’41

T. J. Lawson, 36
Marvin Yoches, '40
C. C, Towle, Jr., 34
J. N. Gray, 37

D. W. Reese, '48

8, E. Anderson, "32
Herbert Schlundt, 43
F. E. Johnson, '22
W. E. Norden, '34
P. A. Jennings, '34
W. R, Parks, "38
Masami Hayashi, 48
G. R. Rogers, '48

. O, Argall, J£. '35

o

1. R. McMinn, 42

R. M. Frost, 48

R, D, Eakin, '48

K. B, Hutchinson, 39
W. 8. Chin, 49

K. W. Nickerson, Jr., '48
T, V, Canning, ’32

L. O. Green, '32

James Colasanti, '35
W, E, Bush, 41

R. C. Pruess, 42

B. E. Coles, Jr, 49
Finley Major, '47
W. J. MeQuinnm, '46
R. E. Cheek, '43

G, H. Shefelbine, '35
W, H. Nikola, '41
S. E. Zelenkov, 36
G. H. Fentress, '49
1. L, Bruce, 01

W. L. Falconer, 41
G. P, Mahood, '24

. A. Bowler, 39

. C. Kendall, Ex-'47
. $mith, Ex-’35
. Durbin, 36

, D. Caton, '35

. A. Conley, '19
H

E

el

P4
-0

. Christy, 22

andusky, '48.

SrorrmOREEEg

. H. Breeding, '39
. 8. Whitmore, '29
, G. Hiit, 39
. E.
P

Rz

Wilson, 27

use of their services. Your contribution
now rmay insure your future advancement
or that of some other “Mines” Man whe
has the ability but not the contacts with the
better job. Every “Mines” Man takes a
pride in watching this list grow.

A, E. Perry, Jr., ’37

E, F, Petersen, Jr., ’37
W. H. Friedhof, '07

R. R, Allen, 40

F. A, Seeton, '47

. C, Pearson, '39

. Hannon, Jr., '47
. W. Ball, '06

. M, Tongish, 43

. E. Tuttle, 49

. E. Fletcher, 45

. D. Segur, '41

. Elser, '48

. 8. Rugg, 43

. L. Bradley, '47

. Clinton Edwards, ‘41
. D. Hyman, 48
ikolai Belaef, "27

. §. Schonewald, 48
. J. Marcus, '45

. H. Logan, "33

. M. Howell, 38

. D, Swift, 23

. D. Campbell, 42

. R. Bryan, '08

. W. Knapp, 40

. B. Hochberger, 48
V. Atkinson, '48
obert Bernstein, '42

z4

2

bl

=3
Utﬁmgsg

v
e

ROPERIFUPOOZH AN S

. Hayes, '41

G

R. Taylor, '48

. G. Snedaker, '14
1. Brown, #4

. Bishop, Jr., "43

G. Grisweld, Jr., '14
F.

C
N. Burnhart, '32
E. Bodine, '48

THAQmAEE"O

. Holliday, '42
. D. Locke, '34
. E. Duke, '3%
W. D. Lord, Jr., 44
Christian Kuehn, 41
Douglas Balil, 43
L. I, Railing, Jr., 47
H. F, Carpenter, 23
R, P, Olsen, '4%
E. M, Waits, Ex-"26
L, O, Storm, 40
W. B, Barbour, ‘37
1. R, Hallock, 49
E. W. Steffenhagen, '41
W, W, S8imon, 15
R.
J.
J.

=

F. Corbetta, '48
H. Vose, Jr, '39
L. Bolles, 4%

B. W. Knowles, 08

G. B. Harlam, '4%
Gene Meyer, "37
G. A. Parks, '06
C. W. Campbell, '47
J. N. Wiison, 42
J. S. Phillips, 49

problem.

World’s largest Absorption ond Recycling Plant processing 500,000,000 f1 of
per daoy. Located on the Gull Coost, ? o o o am

COPE:
No matter how small or how large o natural gasoline

plant you plan—or what operating or climatic conditions are
involved —STEARNS-ROGER has proved ability to meet the

Engineering, Design, Manufacturing, Construction: one
source and one undivided responsibility from start to finish.

car

Absorption Plant near Cunadian border includes mony pre-
visions for efficient, continuous operation under severe
winter conditions— temperatures to minus 50° F,

Absorbers — 2000 ih, working pressure,
aperating at 1800 lbs, Residue gas com-
pressed to 3500 p.s.i.g. for injection. Plont
located in Texas. .

THE STEARNS -

ROCER DENVER COLORADO

Texas Ponhendle Absorption Ploat built
pressure, Construcied in 1933,

extremely low

HOUSTON OFFICE, CITY NATIONAL BLDG. o EL PASO OFFICE, RADIO BLDG.

8 Mow Orleans touisiana B A. G, Hoel, Jr, 40 L. P. Corbin, Jr., '40
: R. L. McLaren, '32 W. J. Rupnik, '29 A. F, Beck, '25
' J. A, Davis, '39 . C. Aldrich, 48 F. I. Weishaupl, 49

Ftoyd L. S+ewar+' 43 C. D. Reese, '43 R. H, Sayre, Jr., '34 Victor Bychok, '42 a - S
l  The Hanover Oil Co. of California W. F, Distler, '39 R, W. Evans, '36 C. F. Fogarty, '42 o m'l:“c'n Plani buill in 1929 1o process 10,000,000 std, cu. ft Gas Conservation and Absorptien Plant—Ab
! ; B ' ) y " in e o h . oy, ant — b ating o el
2828 Junipero St. tong Beach, Calif. : G W, itehell, *23 1. D. Moody, "0 M. M. Aycardo. Jr.. 41 wet gas per day in northern Louisiana. gas compressed to 5500 P.s.ir_: 'z-r;m 10 vucuz:f: i:i,o;r?ss:reg. 0:1 ?‘22(;':];‘;[;223::
T N. H. Donald, Jr., 39 M. F. Barrus, 43 { Continued on page 138}
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'VERTICAL
ACGNETIC FORCE

ARIOMETER

:A sensitive, direct reading instrument
-with temperature compensated magnetic
system. It is easy fo use and you can
‘depend upon its accuracy.

GER & WATT

':Wai"i‘s Division, 48 Addington Squar. London, S.E5 England
' Agents: The Jarrell-Ash Co., 165 Newbury Street, Boston, Mass.

ISTRUMENTS for
eophysical exploration

Also automatic recerding unit,

12 hour recording strip. Other
instruments available include

horizontal magnetic force
variometers and auxiliary equipment, cqh-
brating coils. Write for list M.M. 41.
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& Our metallurgists are always looking for new “angles” that
will add to the durability of CF&l forged steel grinding balls—keep
them round. CF&I metallurgical engineers like to visit the plants
where our products are used fo check performance and to develop

new ideas. o
It is this attention to possible improvement which is back of

the continued high quality of CF&l grinding balls. For the past .18
years these balls have maintained o reputation for homogeneity,

hardness, toughness, and wearability. . .
CF&l engineers are at your service on any grinding media

problems. Let’s talk it over.

The Colorado Fuel and Iron Corporation

PRODUCTS

Denver
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R. W. McCANNE

_/445£afant

fo the

Wanagerf o/
/Oi-oc!ucfion
Ohio Oif

Company

A native of the Rocky
Mountain area, R, W. Mc-
Canne received his early
education ot Ft. Lupton,
Colorado, and was
graduated from the Uni-
versity of Colorado in
1929 with a degree in
geology.

He first worked for The
Ohio Oil Company be-
tween school terms dur-
ing the summer of 1928, when he assisted in
mapping areas in the Red Desert, Wyoming.
In 1929-30 he completed two semesters of
graduate work in geology at the University
of Chicago and Columbia University.

Mr. McCanne began his continuous em-
ployment with The Ohio in 1930, as geolo-
gist in the Casper, Wyoming, Division. Dur-
ing the next 15 years he gained valuable
Rocky Mountain Geological and production
experience—years in which The Ohio dis-
covered Medicine Bow, drilled the deep
sands in Lance Creek, Rock River and Flk
Basin and developed production in Lea
County, New Mexico. He was advanced to
Division Geologist in 1945 and directed the
geological work that led to The Ohio's dis-
covery of the Embar and Tensleep produc-
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R. W, McCANNE

tion in the Garland, Hidden Dome and Enos:
Creek fields, also the deep Tensleep sand.
Production in the Hatfield and Medicine Bow:
ficlds. He was in charge of the Geological
and Geophysical work that resulted in the
Coompany's recent discoveries in the Jules-
burg Basin of Nebraska and Colorado. In
February of 1950, he was moved to the Com-

peny's General Office in Findlay, Ohio, as!

. County, Colorado, for an overall dis-
: tance of approximately 100 miles

Assistemt to the Manager of Production.

While stationed at McFadden, Wyoming,
in 1935 he met and married the former
Lucille Bjork, a native of Minnesotq, who.

hwad travelled West to teach school at the
colorful .Rock River Camp—in the locale
and spirit of Owen Wister's "Virginian.”
The McCannes have o teen-age daughter;

# Mather, et al.

Marylin.
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By
ROLLAND W. McCANNE*
Findlay, Chio

Introduction
On Friday, May 13, 1949, The
Ohio OQil Company encountered satu-
rated oil sand at the shallow depth
of 4401 feet in its Mary Egging No.
1 wildcat well, located in Sec. 11, I
15 N., R. 49 W., Cheyenne County,
Nebraska. The successful completion
of this well has led to the develop-
ment of the Gurley Field; followed
by discovery of the Huntsman, Mc-
Lernon and Dorman fields in the
same county, and the East Arm-
strong, Merino, Walker and Lee
fields in Logan and Morgan Counties,
Colorado. The discovery of oil in
Cheyenne County, Nebraska, is
unique in that it marks the first com-
mercial oil preduction to be found in
the Cornhusker State west of the
Nemaha granite ridge, It is also the
locale of the first oil to be produced
from the Cretaceous system in Nebras-
ka. The only other development in the
state lies east of the Nemaha granite
ridge in the Forest City Basin, where
production is obtained from the Hun-
ton limestone of Siluro-Devonian age.

It also invited a major land, geo-
physical and exploration play over a
large part of that great structural
basin lying east of the Rocky Moun-
tain Front called the Juleshurg
Basint named after the town of Jules-
burg located in Sedgwick County,
Colorado. T'o date the play has re-
sulted in the finding of eight oil or
gas flelds extending from the Gurley
Field southwestward across Cheyenne
County, Nebraska, and Logan
County, Colorade, into Morgan

(¥ig. 1). In other words, it now ap-
pears that a new producing province
has been found on the east side of the
Julesburg Basin far out on the Great

FAssistant to Manager of Production, The Ohio
0l Company, Findlay, Ohio; formerly, Division
Geologist of the Casper, Wyoming, Division, The
writer wlsht:s to thauk The Ohic Gl Company for
making available the information which it has been
necessary to obtain [rom its Ales.

TUSGS Bulletin 796B, Geology, and Gil and Gas
Prospects  of Northeastern Colorado, Kirtley F.

Plains that offers possibilities of be-
coming of major importance. Un-
doubtedly a number of other fields
will be found, so it might be said that
just the first chapter of a long and
interesting history has been opened.
Limits of the Julesburg Basin

Eastern Colorado and adjacent
parts of the Great Plains, east of the
Rocky Mountain Front, are under-
lain by a broad structural depression
called the Julesburg Basin. The out-

w The Mary Egging No. 1 oil well in Cheyenne County, Nebraska, was The Ohio Oil Co.'s

ECENT DISCOUERY AND DEVELOPMENT
OF OIL AND GAS RESERUES
ALONG THE EAST FLANK OF

THE JULESBURG BASIN

line of this structural basin is roughly
egg-shaped with a length, north and
south, of about 400 miles, and a maxi-
mum width, at the Fortieth Parallel,
of about 250 miles. Its limits are de-
fined on the east by the Chadron and
Las Animas Arches, on the south by
the Apishapa Uplift, on the west by
the Front range and the Hartville
Uplift, and the north by the Black
Hills. The basin is asymmetrical in
that the axis of the basin runs very

discovery well, opening up the Nebraska Panhandle to exfensive oil and gas exploration.
Following this discovery, several oil and gas wells were brought in by Ohic in Cheyenne County,
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close to the mountain front, resulting
in a steep dipping west flank and a
very gentle dipping east flank. Seismic
information indicated two points of
maximum downwarp, one centered at
Denver called the Denver Low and
the other at Cheyenne, Wyoming,
termed the Cheyenne Low (Fig. 1).
Brief History of Julesburg
Basin Development

The search for oil and gas has long
been going on in the Julesburg Basin.

26

il was first discovered in the Basin
in 1862, just three years after Colonel
Drake made his famous discovery at
“T'itusville, Pennsylvania, This first
discovery was made on the southwest
rim of the Basin at Florence, Colo-
rado, located east of the present city
of Canon City. The second discovery
was also made on the west side of the
Basin in 1901 at Boulder, Colorado.
In both of these fields oil was found
in fractured shale, the accumulations
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being in stratigraphic rather than
structural traps. It was not until 1923
that production was found in sands:
on Weilington, Fort Collins and Ber-:
thoud. The first two of these anti-
clines contained substantial reserves of
oil and gas.

After the discovery of the Welling-:
ton and Fort Collins fields, most of

the remaining anticlinal folds on the:

mountainward side of the Basin were:
drilled without success. It was not:

~ until 1930 that the next discovery of
" il was made along the Morgan and
" Welg@ County line at Greasewood.
" This discovery was significant not for

ihe volume of oil it produced, but for

" the fact that it proved the existence
| of accumulation of oil on the east, or
. gentle dipping flank, of the Basin.

From 1930 to 1943 numerous wells

¥ ere drilled throughout the Basin

with the greatest concentration being

< on the east side thereof. Petroleum
. geologists were especially interested
“'in these wells because of the unusually
% thick petroliferous shale sections en-

countered and the thick, excellent
reservoir sands of the Dakota and
Lakota formations. Many times it

* was brought to mind that if folding
¢ of sufficient magnitude could be found
“ on the east rim of the Basin the possi-
" bilities of finding commercial oil and
- pas reserves would be excellent..

In 1943 the Horse Creek Field was

‘t found in Laramie County, Wyoming,
S on the mountainward side of the

asin. Of all the seismic work done
n the basin Horse Creek was the first
eismograph find, and its discovery
ndicated to the geologist that it was
ossible to accurately map Cretaceous

| structure below the thick Tertiary

over that lies like a blanket over a
arge part of the basin. With this in
ind The Ohie Oil Company initi-

ted a seismic program in 1943, and

- carried it on inte 1944. During this

portion of the program, work was

4 started in the vicinity of Rockport in
* northern Weld County, Colorado,
1 and carried south past Greeley. It was

this work that established a high on
the axis of the Julesburg Basin, in the

~ vicinity of Greeley, separating the two

of maximum downwarp at
Denver and Cheyenne. The seismic
work was then carried eastward into
l.ogan and Washington Counties, in
the vicinity of Sterling and Akron,
Colorado. Following this initial phase

“of geophysical work The Ohio Oil

Company drilled its Hardin wildcat

swell, located 12 miles east of Greeley,

and the Tidewater Associated drilled
two wells near the Morgan and Weld
Counties line, located approximately
six and 15 miles south of the old
Greasewood TField, These wells were
drilled through the Dakota and La-
kota sands on features of small strue-
tural closure, and were nonpreductive.
Nevertheless, these wells offered en-
couragement to the prospector because

tof the thick petrolifercus shale section

(prese.nce of free oil in the shale)
overlying thick reservoir sands of the

“Dakota and Lakota formations,

‘The secand phase of The Ohio Qil

Company’s seismic exploration started
in early 1946, and has continued with

few interruptions to the present time,
This phase carried the work eastwazd
te the vicinity of Imperial, Chase
County, Nebraska, and northward
through Perkins, Keith, Duel, Chey-
enne and into Morril and Garden
Counties. Structural conditions most
favorable for the accumulation of oil
were encountered in Cheyenne
County, and the first leases were
taken in early 1948,

It is interesting te note that during
this latter phase of seismic explora-
tion, and up until the discovery of oil,
The Ohio Oil Company worked with-
out competition ar interference from
other oil companies or individuals.
Currently there were in the neighbor-

First Dakota sand o 45
12
Second Dakota sand ... 53 to 307
507
Third Dakota sand .._.. 50’ to 75

heod of 100 seismic crews working
in ather parts of the Rocky Mountain
Repion. Thus, in retrospect it might
be assumed that the concensus aof the
remainder of the industry was that
the Ohio was “fshing in poor water.”
Cheyenne County, Nebraska

Regionally, Cheyenne County lies
on the east side of the Julesburg
Basin, about 80 miles southwest of
the Chadron Arch, which borders the
Basin on the east and northeast, and
approximately 125 miles east of the
Rocky Mountain Front (Fig. 1).

Structurally the county is from
1500 feet to 2000 feet down the re-
gional dip from the crest of the Chad-
ron Arch, and this dip continues on
to the west and southwest for about
another 100 miles until it reaches the
axis of the Basin,

The surface formations in Chey-
enne County are of Tertiary age. This
blanket of Tertiary is approximately
1000 feet thick at a maximum. The
structural attitude of the underlying
Cretaceous and older formations is
completely masked by the Tertiary.
In fact, the Tertiary dips generally to
the east while the underlying beds
dip to the west,

Directly underlying the Tertiary is
the Pierre shale of Cretaceous age.
Approximately 2700 feet of Pierre
shale is present in the County. In de-
scending order the remainder of the
Cretaceous formations and their ap-
proximate thicknesses arve as follows.

Niobrara fermation ... 2507
Fort Hayes limestone . 10
Codell sand 107
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Upper Benton shale ...

Greenhorn limestone . . 257
Lower Benton shale . . 2200
Dakota formation .. 2007
Fuson shale 150*
Lakota formation ... 22t
Morrison formation e BY

{present drilled thickness}

Information frem drilled wells to
date has been sufficient to indicate
that it is possible to subdivide the
Dakota formation into three more or
less distinct sand bodies that hold their
position and thicknesses fairly well
throughour the area. The following
is a subdivision of the formation and
a listing of the number of fields in
which the three sands are productive:

Beds of interfingering sands and shales.
Productive of oil or gas in all fields
thus far found in Neb., and all but one
in Colo.

Dark shale break.

Sand. Often very thin or missing.
Dark shale break.

Mostly sand. Productive of oil and gas
thus far in 3 fields in Neb, and 2 in
Colo, - -

The few wells that have thus far
drilled the Lakota formation indicate
that it is also possible to correlate in-
dividus! sands of that formation over
a considerable area. From the infor-
matior new at hand, it is usually
possible to subdivide the formation
into four separate sand bodies;
namely, First, Second, Third and
Fourth Lakota sands. The East Arm-
strong Field of Logan County, Cole-
rado, is the only field to date in which
an encouraging showing of oil has
been found in the Lakota sands,

In order to simplify the identifi-
cation of the various sands of the
Daketa and Lakota formations geol-
ogists and scouts have designated the
individual sands by letters as follows:

First Dakota sand ...
Second Dakota sand
Third Dakota sand
First Lakota sand ...
Second Lakota sand ..
Third Lakota sand ..
Fourth Lakota sand

The writer's reason for designating
the above formations Dakota, Fuson
and Lakota are as follows:

T'irst, because the name Dakota
formation has long been assigned to
the thick sand body found at the base
of the Lower Benton shale in Ne-
hraska and parts of Kansas, This for-
mation was frst called Dakota by
Mecks and Hayden in 1862 when
they described the type section of
rocks in the vicinity of the town of
Dakota, Dakota Coeunty, eastern Ne-
braskﬂ.
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Second, as this eastern Nebraska
Dakota formation extends westward
it gradually separates into distinct
bodies of sand and shale. In western
Nebraska these distinct bodies of sand
and shale have long been called, in
descending order, Dakota formation,
Fuson shale and Lakota formation.
So when the first wells drilled this
sequence of formations in Cheyenne
County it seemed most convenient to
extend these formation names west-
ward.

At the present time it is extremely
difficult to correlate these formations
on westward across the Basin with
formations bearing the same names on
the cutcraps of the Rocky Mountain
Front. Such correlations show that
the three sands of the Dakota forma-
tion gradually lense to shale westward
well above the formation called
Dakota on the outcrop, unless the
Muddy sand of the Mountain Front
is a continuation of one of the sands,
which in the writer’s opinion is doubt-
ful, Futhermore, the entire Dakota-
Lakota section on the outcrop seems
to correlate with only the lower for-
mation, or the Lakota formation, of
western Nebraska. In other words, it
now seems that the correlation of
these formations is much more accu-
rate eastward than westward. It is
realized, of course, that as more wells
are drilled and more information be-
comes available this preliminary cer-
relation may be revised.

Drilling reveals that waters in
these Cretaceous sands are saline, with
total parts per million ranging from
47,000 to 72,000 in the Dakota sands
and from 37,000 to 113,000 in the
Lakota sand.

So much of the section as has been
described above is known from actual
drilting in the county. The remainder
of the section may be inferred from
deep wells, The closest wells to the
area which drilled the Pre-Cretaceous
section are the Sinclair Delatour Ne.
1, Sec. 33, T, 19 N, R. 42 W,, Gar-
den County, Nebraska, located about
50 miles to the northeast; and The
Ohio Ol Company's recently com-
pleted dry hole, State No. 1, Sec. 16,
T, 10 N., R. 39 W, Chase County,
located approximately 75 miles to the
southeast. Electric logs were run on
both wells, and the formations below
the Lakota as picked by scouts and
geologists are as follows:

Sivcramr Deep TEsST

Morrison 249/
Permian 738/
Pennsylvanian .. e HTO7
Onro DeEp TEsT
Morrison . 2527
Permian 945"
Pennsylvanian s 728’
Regionally, both of these wells were
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located high on the east limb of the
Basin, indicating that portions of the
Paleozoic sections are missing. The
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wells suggest a thickening of the older .
formations to the south and west, or

out inte the Basin; so it is possible

that a thicker and an additional deep
section may be present under Chey-;
enne County.

Gurley Field

The Obhic Oil Company’s seismic
survey in 1948 indicated an anoma-
lous area in Cheyenne County which
was leased in the same year. In early
1949 one of the better anomalies, with
closure in excess of 100 feet, was:
chosen for a wildcat test. A rig, with:
drilling capacity in excess of 7500 feet’
was employed so that if necessary all:
formations down to the granite could
be tested. Actual drilling operations:
began on this wildcat, Mary Egging
Neo. 1, NE, NE, NE, Sec, 11, T. 15
N, R. 49 W., on April 21, 1949, and:
1155 feet of 13 ¥ inch surface casing:
was set through the Tertiary, well:
into the top of the Pierre shale. Drill-
ing then proceeded at the rapid rate.
of approximately 500 feet a day, and.
no trouble was encountered until the
bit had about reached the Greenhorn’
limestone, by which time a heavy filter.
cake had built up on the walls of the’
hole making it difficult to withdraw:
the bit from the hole. ‘This conditien’
is still experienced in some of the
wells drilled in the county.

The top of the First Dakota sand:
was found at 4401 feet, and the well
was drilled to a total depth of 4429
feet. The extremely soft formation,
prohibited obtaining satisfactory re-
sults from drill stem tests, so after re-
cavering encouraging shows of oil in
the cores 9 9% inch casing was set at
4402 feet, and the well was swabbed
and finally completed on August 9,
1949, with an initial production of
225 barrels per day, pumping, of 36.1°

API gravity green oil. The newly dis-
covered feld was called the Gurley
Field, after the town of Gurley, Ne-

braska, located 434 miles to the north-:
west (Fig. 2). An analysis of the oil
shows it contains 24/100 of one per
cent sulfur, the viscosity at 100° F. is
59 seconds, and it pours down to 60°
F. T'he oil contains less than 200 cubic

feet of solution gas per barrel, and

is undersaturated in the reservoir.

Follawing the drilling of this well’

2 development campaign was begun,
and to date a total of ten oil wells
and feur dry holes have been drilled..
Of the four dry holes one is used as

a salt water injection well, Nine of

the wells produce from the First sand

of the Dakota and one from the

Third sand.

From a structural standpeint the

field is interesting in that many small
faults have been cut by the wells. The

displacement of the faults range from
a few feet to in excess of 100 feet.

The faults are most numerous in the
chale sections above the Dakota. It
is known that a few of the larger
faults cut the producing section, but
as to how much deeper they go it is
problematical in that only one well
has thus far penetrated the section
below the Dakota formation,

Flectric logs of wells in the field
are good, chiefly because of the high
salinity of the formation water. Salt
contents of 110,000 parts per million
have been recorded. The self-potential
curves are good and the relationship
between the normal and lateral curves
on the resistivity side of the log clearly
indicate the fluid content, or oil-water
content, particularly in the thicker
sand bodies.

1t has been the practice to core the
producing sands in all wells, and to
analyze all saturated cores. The satu-
rated part of the First sand of the
Dakota has a weighted average poros-
ity for individual wells ranging from

17 to 23 per cent, with permeabilities
ranging in the oil producing sections
from 100 to 440 millidarcys. The
Second and Third sands have equally
as good or better sand characteristics,
but they contain water, except in one
well which produces from a stray sand
stringer at the top of the Third sand.
Permeabilities in excess of 1600 have
been recorded in the Third sand.
The drilling of wells in the field
has offered few problems outside of
the tendency of the filter cake to build
up on the walls of the hole. In order
to cope with this condition it has been
found that if the size of the bit jet
nozzles is tncreased, which increases
the velocity in the annulus, the condi-
tion is helped. As far as actually
cutting the hole drilling in the field is
ideal. Rate of penetration often ex-
ceeds 100 feet per hour, time on bot-
tom, or 50 feet per hour overall. Only
three to four bits are used to the cor-
ing point, and one 15 inch bit will

ream a half dozen surface holes.
The current production from the

field’s ten wells is in the neighborhood
of 1000 barrels per day.
Huntsman Field

In November, 1949, The Ghio Oil
Company started a wildcat well on a
second structural feature called the
Huntsman High, named after a sta-
tion: on the C. B. & Q. Railroad situ-
ated about 1 34 miles north. This
well, A. L. Cruise No. I, NW, SW,
SE, Sec. 7, T. 14 N, R. 49 W_ is
situated 8 miles southwest of the Gur-
ley Field and three miles north of the
Town of Sidney. The structure has
more than 100 feet of closure. The
bit in this well reached the top of the
First Dakota sand at a depth of 4620
feet, checking the seismic work re-
markably well. The First Dakota
sand was found to be some 48 feet
thick, and except toward the hottom
wag shaley and tight. Fifteen feet of
dark shale separated the First and
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v The Cruise No. | was The Ohio Oil Co.'s discovery g
It 'resied fifty-four millien cubic feet per day. Followin
the vicinity justified development of a c_ommerclal gas
in the Western Nebraska-eastern Wyoming area.

as well in Cheyenne County, Nei)rasi.a.
g its discovery, additional gas wells in
Field to serve Sidney and other towns

Second Dakota sands. The Second
sand (17 feet thick) tested 2,000
MCTF of sweet gas in the top, fok
lowed by salt water. Forty-five feet
of dark shale separated the Second
and Third Dakota sands, followed
by 75 feet of extremely well developed
Third sand. The Third sand on dril]
stem test produced large volumes of
sweet gas throughout with a We{ghtec_
average porosity of 21% and weighted
average permeability of 567 milli:
darcys. Drilling and coring were con
tinued on through 140 feet of shale
section, called the Fuson shale, fol,
lowed by 220 feet of Lakota sand
found divided into four separate sand
hodies. The Lakota contained water
Seven inch casing was then run ang
cemented near the bottom of the hole
and the Third Dakota sand perfor
ated. On subsequent open flow tests |

physical, land and exploration_ play
over a large part of the east side of
the Julesburg Basin. Wit}}in a few
months most of the companies not yet
represented moved in with the result
that an estimated eight to ten million
acres of land was soon under lease.
The number of seismic crews work-
ing in the area also increased.

To date the Huntsman Field ex-
tends northwest-southeast along the
axis of the structure a distance of
about four miles, and has an average
width of 134 miles. Of course, the
field is still in its Initizl stages of
development and the limits of produc-
tion are not as vet definitely estab-
lished, To date The Ohio Oil Com-
pany has completed five exceilent gas
wells and two oil wells in the Third
Dakota sand, as well as six producing
oil wells in the First Dakota sand.

produced sweet gas through the tubing Deep Rock Oil Company has also

at a rate of 12,000 MCTF per day

and tests made with a critical flow

completed one oil well in the Third
sand (TFig. 3). Current production
from the field is about 1200 barrels

prover through the annulus indicate

an open flow of 54,000 MCF per day per day.

An analysis of the gas indicated |
liquid content in excess of two gallon
per thousand cubic feet of gas.

The successful completion of thi
well on the first day of January, 195(
again precipitated another major ged

As in the Gurley Field numerous
aults are present in the shale section
bove the First Dakota sand in the
Huntsman Field. There is as yet not
sufficient information to determine
the importance of this faulting with
respect to the accumulation of the oil

Jand gas.
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water. The second well in the field,
Miller No. 1, located 1320 feet due
north was a dry hole. The fact that
this hole escountered the sands con-
siderably lower structurally than the
discovery well indicates the presence

'HE MINES MAGAZINE @ OCTOBER, 1950

of either an abnormal dip or faulting,
Recently the Company has completed
a diagonal offset, Schwasnick No. 1,
to the discovery well as a good pro-
ducer from the First sand. Miller No.
2, a third well, is presently drilling.

The characteristics of the three
Dakota sands as to interval, thickness,
porosity, permeability, etc., are almost
identical with the sands in the Hunts-
man and Gurley Fields,

Dorman Field

Late in June of this year Ginther,
Warren and Ginther, et al, spudded
their wildcat well, Dorman No. I,
SW, SE, NE, Sec. 23, T 14 N, R.
56 W. This well is located about
midway between the town of Sidney
and the Huntsman Field (Fig. 3).
On July 5 this well reached the top
of the First Dakota sand at a depth
of 4656 fect, and on a drill stem test
from 4656 to 4669 feet gauged 3850
MCF of sweet gas per day. Another
test from 4683 to 4696 feet recovered
2700 feet of clean oil. Casing was
then run, and the well completed for
362 barrels of oil per day.

A 20 acre drilling pattern was then
established, and Dorman No. 2 was
completed for 358 barrels of oil per
day from the First Dakota sand.

Dorman No. 3 is still in the process
of completion, T'o date it tested gas
with some oil in the top of the First
Dakota sand, salt water in the Sec-
ond sand, followed by gas in the
Third Sand.

From the drilling information now
at hand this field seems to be on a
separate high and prebably not related
to the Huntsman Field. In that it is
in the initial stages of development
considerable drilling will be necessary
to outline the productive area.

East Armstrong Field

British - American il Company,
Ltd., and Plains Exploration Com-
pany are the two companies that are
jointly credited with the extension of
the Cheyenne County, Nebraska, play
southward into Logan County, Colo-
rado, by the discovery of commercial
oil and gas production in their first
well in the East Armstrong Area.
After the Ohio’s discovery in Chey-
enne County in 1949 these two com-
panies did extensive detail seismic
work in Logan County, As a result
of this work Segelke No, | wildeat
was started in the NE, NW NE,
Sec. 26, T. 11 N., R, 53 W, March
6, 1950, and was completed in the
Third Dakota sand, according to
scouting information, on June 27, for
54 barrels of oil and 30 barrels of
water per day through perforations
from 5406 ta 5416 feet. The First
Dakota sand tested fairly large vol-
umes of sweet gas throughout, The
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« The Dorman No. | oit well in Cheyenne County, Nebraska was the first to produce in com-

mercial quantities, other than those wells developed by The Chio Gl Co. The prolitic Dorman
lease covers 960 acres, and is owned by Ginther-Warren-Ginther of Houston, Texas. Kinney
Coastal Oil Co. of Denver and L. W, Young of Okdahoma City, On September 25th, four com-
mercial producers had been completed and a fifth well was being drilied.

Second Dakota sand was poorly de-
veloped, or not present.

The Segelke No. 1 has the distine-
tion of producing the first oil from the
Lakota sands from the east side of the
Julesburg Basin. Drill stem and pro-
duction tests recovered substantial
quantities of heavy (17 gravity) oil
from the top of this formation. It has
been reported that the oil has unusual
properties that may make it sell for
a premium if commercial quantities
are developed.

After the completion of this well
British-American and Plains moved a
mile and one-hali northeast to the
NE, SW, NE, of Sec. 1}, and drilled
a dry hole. The companies are now
engaged in drilling a diagonal 40 acre
offser to the northeast of the discovery
well.

Merino Field

Early in 1950 The Ohio Oil Com-
pany farmed out a block of acreage
to Fred Goodstein of Casper, Wyo-
ming, that it had held for a number
of years, This acreage is located in
the extreme southwest corner of
Logan County, Celorado, adjacent to
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the small town of Merino. The acre-
age had been retained because of a
seismic survey made in 1945,

The discovery well, Couch No. 1,
was drilled by Goodstein and was
located in the SE, SE, SE, Sec. 19,
T. 6 N., R, 54 W, It was started on
June 10, and found the First Dakota
sand from 4972 to 5003 feet dry. The
Second Dakota sand was not present.
The top of the Third Dakota sand
was reached at 5051 feet, and was
hard and tight down to 5090 feet.
From 5090 to 5120 feet two drill
stem tests recovered 2000 feet and
2840 feet of oil, respectively. In the
second test 810 feet of salt water was
also recovered, definitely establishing
the oil-warer contact. It is interesting
to note that the beds assigned to the
Third Dakota sand in this well are
127 feet thick,

The well was carried on to a depth
of 5394 fect, penctrating below the
Dakota formation, 78 feet of Fusen
shale, followed by 138 feet of Lakota
formation. The well was completed in
the Third Dakota sand on August 10
for 245 barrels of oil per day, cutting
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12 to 14% water. :
Since the successful completion of

this well two additional good oil wells,

have been drilled by Goodstein and
Ohio, and a fourth location has been,
made. The spacing plan for this field;
thus far is one wetl per 40 acres.
Lee Field -
The third discovery made in north-
eastern Colorado during 1950 is
credited to Adams Drilling Company
and Huber Corporation. Early in the!

year they drilled their Lee No. 1, NE;:

SW, NE, Sec. 2, T.2Z N, R. 57 W.,
Morgan County, and obtained en-
couraging shows of oil in the First
Dakota sand (called Muddy sand by
operators). After testing for a cons
siderable length of time this well was
abandoned and they moved one-fourth
mile southeast to the SW, SE, NE;
of the same section and started Lee
No. 2 on June 26. :

T'his well reached the First Dakots
sand at a reported depth of 5440 fee
and was drilled to a total depth o
5478 feet. Casing was run and pers
forated from 5440 to 5452 feet. On
an initial test the well is reported tg
have pumped and flowed at the rate
of 414 barrels of oil per day. Lee No
1-A was then located as a direct Z(
acre offset to the south. This well is
still in the process of being completed

through perforations in the First sand;

It is reported to have flowed consider
able oil on the initial test and it i
thought it should make as good a wel
as No. 2. Undoubtedly additions)
wells will be drilled in this field. -
Walker Field ;

At the present time the Walke
area is essentially a gas discovery, The
discovery well, British - America
Green No. 1, NW, NE, SE, Sec. 20
T. 9 N, R. 53 W., Logan County
Colorado, tested 3600 MCEFE of swee
gas in the top of the Third Dukot
from a depth of 4978 feet to 499
feet. A second test from 5009 to 501
feet recovered 322 feet of oil and ga
cut mud, and 1000 feet of salt water,
The well was drilled to a total dept
of 5475 feet, nearly through th
Lakata, and casing set at 5348 feet
The casing was then perforated op
posite saturated streaks in the lowe
part of the Third Dakota withouf
success. The well is presently being
perforated and tested opposite the
Tirst sand. The First Dakota san
was bard and tight, and the Secont
sand did not seem to be present.
Big Springs Area

As this paper is being written it
reported that substantial volumes o
gas have been recovered in a wilded
well being drifled by the Ideal Drill
ing Company, This well is the Bosle
No. 2, SW, SE, SW, Sec, 19, T. t

(Continued on page 36)

REFINERY

LAKE CHARLES
LoUISiANA

The nation’s wheels turn on oil.

Each year brings thousands more
wheels whirring In the American in-
dustrial scene, with temperatures,
pressures and speeds of the engines
and machines moving increasingly up-
ward. Therewith has grown a rising
demand for tons mare of lubricants—
super lubricants for super machines
and engines.

Today the nation is consuming
more than 140,000 barrels of lubri-
cating oil daily—more than 30,000,-
000 barrels a year. Thus, the call
from American industry has been for
more Iubricating oil of increaringly
1mproved quality to serve more ma-
chinery and better machinery, each
succeeding year.

I‘he. great progress that has been
made in high speed machinery has
been achieved because the refining in-
dustry has been able to develop,

throygh research, increasingly better
lubricants.

A striking example of the fruits of

s research in providing improved ubri-

(‘:anttsilfor. American industry is found
I the important industrial city of
Lake Charles, La. There a hijsrghly
modern.plant stands as two great oil
companies’ answer to the nation’s de-
mand for superior industrial and
automotive lubrication oils, and re-
fined waxes as well, ,

5,

e

w Lighter grades from vacuum distillation towers go to furfural refining unit, for removal of
undesirable constituents

New Plant Resuli of
Modern Research

The new and modern unit is the
Cit-Con Oil Corporation’s $42,000,-
000 lubricating oil plant, the world’s
most modern plant for the manufac-
ture of lubricants.

Unlike most existing oil plants, the

Cit-Con installation has not grown up

by the process of adding new sections
to supplement old ones. Constructed
‘_‘*Erom the ground up” and completed
just a year ago, the plant benefited
by the very latest progress in design
and technology.

Continentai Oil Company and
Cities Service Company, taking note
of the need for a greater volume of
improved lubricating oil, joined ef-
forts in forming the Cit-Con OQil
Corporation for the purpese of build-
ing and operating the glant lube
plant,

Before the lubricating oil refinery
came into existence, engineers of the
twa o1l companies drew upon the
finest oil refinery construction engi-
neering talents available to design a
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cgmpieteiy new plant to produce effi-
ciently a superior type of product.
Long months of research went into
the planning and designing and the
ultra-modern refinery is the result,
fitting like a glant cog itself into the
nation’s industrial economy.

Products—Refined Lubricating Qils
and Paraffin Wax

The big Cit-Con refinery, located
near basic refineries of Continental
and Cities Service, from which it
draws select crude stock daily, pro-
duces five high grade lubricating oil
base stocks of 95 or higher viscosity
index, These may be blended into a
complete range of automeotive and in-
dustrial lubricating oils. The plant
also produces fully-refined parafiin
wax of the quality used in food pack-
aging and many other industries, as
well as soft or amphorous waxes,
Fuily refined wax is an item of grow-
ing industrial importance for product
purpeses. Lack of it has slowed ex-
pansion of such industries as those
engaged in the making of milk cartons
and frozen food containers. Cit-Con
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will produce approximately 70,000,
000 pounds of fully refined wax an-
nually.

A lubricating oil that has been
thoroughly solvent-refined and sol-
vent-dewaxed is as stable a base for
the manufacture of motor or indus-
trial oil as modern refining technique
can produce, regardless of the quality
of the starting crude oil. But because
the nature of the starting crude oil
affects the efficiency of refinery opera-
tions, Cit-Con's feed stock is taken
from pre-selected crudes.

Many types of crude oil produced
in Texas, Louisiana and Arkansas
are being run at the Continental and
Cities Service refineries at Lake
Charles. A survey determined that at
least 60,000 barrels of the refineries’
daily input are particularly suitable
for high grade lubricating oil produc-
tion. Fhese suitable crudes are run
through one of the refineries’ topping
stills, Here, the raw lubricating ail
fraction is separated and pumped into
Cit-Con’s pipelines, as Cit-Con feed
stock, At capacity operating level this
feed stock volume is 18,000 barrels a
day. Only one-third of the feed stock
is refined into lubricating oil base
stocks and paraffin wax.

w Residuum stock from the vacuum distiila-

tion uniis goes fo the Duo-Sol refining unit.
Below are Duo-Sol furnaces
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w One of M.EK. filters providing solvent dewaxing to obtain dewaxed oil and also to
produce crystalline waxes

done by the furfural process. This
“plant is capable of circulating thirty
sthousand barrels of solvent per day.
It is the larpest single furfural refin-

Feed Stock entering Cit- Conting plant in exdstence. The solvent
processing system flows first into thitreating tower is 117 feet high and

w Night view of part of the plant
Cit-Con's Processing System

vacuum distiliatien units, where it #1214 feet in diameter. Selvent refin-
fractionated into the proper cuts fging of the vacuum tower residuum

solvent refining, This Is accomplishe

stock to produce bright stock is done

in two identical towers, specially deby the Duo-Sol precess in which pre-
signed to achieve close fractionationpane and a blend of phenol and cre-
‘The towers, 119, feet tall and 13 feesylic acid are used to remove un-
in diameter, are equipped with showed wanted compounds frem the oil. This

trays instcad of the conventional bubsection has an oil charging capacity
ble trays, except the top tray ancof 9,700 barrels a day, although it is
two above the feed inlet, which adsimilar in design te existing Duo-Sol
of the bubble type. This arrangemenplants, several improvements in the
provides intimate contact betwec solvent recovery section reduce oper-
descending liquid, divided into thoyating cost. Its seven extractors are 90
sands of small streams, and risin feet long,
vapor. The resulting close fraction .
tion makes unnessary the re-ruanig Two MEK Units
of \-'_viée vacuum distillfltion cuts & Dewaxing of all refined stocks is
obtain the chned fractl{)f}s. Each Odone by a solvent process utilizing a
the twin units has a charging capacitiblend of methyl ethyl ketone, benzol
of 12,500 barrels daily. Sidestreamtand toluol. There are two separate
from the distillation towers flow oMEK units. One dewaxes the three
to furfural refining. Residvum stoclightest distillate stacks. It also simul-
goes to the Duo-Sol unit, J_fanE}@USéY recrystallizes wax produced
. In the dewaxing operation, to remove
Furfural and Duo-Sol Unit oil and soft w%lx.pThus wax of the
Succeeding steps in Cit-Con’s 1 desired ofl content and melting point
fining system involve the largest upi 1s produced. The recrystallization
of their kind ever built. These are th* P replaces the conventional wax
furfural plant and the Duo-Sol um\jl'v};e'atmg process US.Ed for many years.
Solvent refining of the distillate cul o us plant has six rotary vacuum
ta remove undesirable constituents ' ters, each 20 feet long and 10 feet
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VCryS'i'a”'me wax, treated %o remove the odor and taste and improve color, is perculahzd
through clay in units above

in diameter. The second MEK unit
handles the heavy distillate stock and
bright stock. This unit has 10 rotary
vacuum filters of the same size as
those in the other unit. Both are con-
ventional in design of o1l chilling,
filtering and solvent recovery equip-
ment,

Dewaxed oils fow next to the clay
treatment section for improvement of
color and stability by the clay contact
process. 1 here are two identical units
in this section, One handles the three
lichtest stocks. The other processes
the two heavier stocks, After addition
of clay to the »il, heating, agitation
and removal of clay by the vacuum
filters, the oil 1s Tun through a wvac-
uum stripper to remove any traces of
light material or odor. Blotter paper
presses remove all traces of clay.

Crystalline Wax Refined

Final refining of crystalline wax
to remove odor and taste, and to Im-
prove the color, is accomplished by
acid treatment followed by percola-
tion through bauxite clay. Because of
climatic conditions and the large vol-
ume of oil handled in the Cit-Con
refinery, specially designed features
were built into the storage and load-
ing equipment. Southern Louisiana’s

35




|
|
!
I
|
I

humidity posed the threat of water
contamination of finished oils through
condensation of meisture in the stor-
age tanks, This is avoided by continu-
ous injection of a stream of partially
dried air into the top of the tanks
from automatically regenerated acti-
vated alumina type dryers. Each dryer
serves several tanks,
Products—Storage——Transportation

Storage tanks are equipped with
agitators to insure uniformity of con-
tents. O] is transferred from storage
to vessels tied up at the Cit-Con docks
on the Calcasieu River through eight-
inch lines twe miles long. Large vol-
umes are handled efficiently within
the close specification requirements,
Electric power for Cit-Con is sup-
plied by the generators in the Cities
Service refinery. Steam requirements
are met by three steam boilers which
each produce 125,000 pounds an hour
at 650 pounds per square inch pres-
sure. Water to meet cooling needs is
putnped from three deep wells on the
property.

From crude oil producing fields to
finished products locaded aboard
shipping vessels, Cit-Con’s standards
and specifications are puarded by
highly trained laboratory specialists.
Samples are taken regularly from
crude oil supplies, from the interme-
diate streams between processing
units, from storage tanks and from
loaded shipments for analysis in the
lubricating oil refinery’s well-equipped
laboratory. In addition to the hun-
dreds of routine checks made regu-
larly in the quality control pregram,
the laboratery’s technicians study
processes in a continuing effort to im-
prove efficiency and the quality of the
products.

These products include the five
fubricating oil base stocks which may
be biended into hundreds of combina-
tions, and fully refined wax, Some of
the refinery’s base stocks are blended
to specification at the refinery, and
shipped ready for use. Most of the
volume, however, is shipped as base
stock to blending plants centrally
located in the distribution areas. Un-
der this practice the market demands
may be met promptly from fresh
stocks blended to order as the demand
occuss,

"The major part of Cit-Con's vol-
ume is shipped in barges loaded at the
Calcasieu River docks. Tupgs deliver
these barges to points on the Missis-
sippi and other rivers, and to Gulf
terminals. Ocean-going tankers de-
liver Cit-Con lubricating oils to east-
ern seaboard terminals. These huge
vessels, more than 500 feet long, load
at the Calcasieu River docks, steam
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+ In contact filiration plant dewaxed oil is contacted with clay in further refining to improv
color and stability

down the river and across the Gulf
to round the tip of Florida on their
route to the eastern seaboard. Either
blended wvils or base stocks also may
be loaded into rail cars at the refin-
ery’s loading racks.

Wax is shipped in 10-pound stabs,
and in bulk form in steam-coil
equipped tank cars loaded at the re-
finery’s racks. The market demand
for high grade paraffin wax of the
kind produced by Cit-Con is expand-
ing rapidly. The principal reason for
this is the expanding use of paper
milk containers and other coated
paper products used in, packaging
food. It has been estimated thas the
miltk packaging industry will reach a
producticn requiring annuaily 150,-
000 tons of wax, The expanding
frozen food industry alse contributed
to the wax demand, and it is pessible
that the requirements of this industry
eventually may exceed those of milk
container manufacturers. Many other
applications of wax arise because of
its superior resistance to passage of

sand at a depth of 3272 to 3480 feet.

water or vapor, its self-sealing prop;
erties, its purity and low cost,

By
FRANK A, MELTON *

INTRODUCTION

The photo-geologist working in

ountainous terrane of high relief has

he opportunity almost daily to make
se of nearly all of the known tech-
iques of photo study, For example:

Stereo-visualization of the strike of
outcropping strata and estima-
tion of the angle of dip.

Use of the well-known geomorphic

~ models {or type situations) in the

* the recognition of new structural
anomalies.

Evaluation of the strike and dip of
strata by detailed tracing of con-
tact lines,

‘Evaluation of the significance of

- anomalies of rock hardness and

.+ color in the location of structural

 anomalies.

Other methods also may be used.

T'he stereoscopic study alone might

ake the form of

‘Naked eye study of the stereoscopic

- rnodel

Use of magnifying prismatic stereo-

. scopes of various kinds

‘Use of mirror stercoscopes either

ith or without magnification,

In the ‘“flat-lands” however the

hoice of methods of study in any one

The medern Cit-Con specializc@dmn‘:t is apt to be somewhat re-

fubricating oil refinery is anotheibtmtcd’ because of the flatter dips and

product of petroleurn research ant.

engineering skill. It has been madt
possible because millions of dolla
are being spent annually on petrojeu
research and is further proof that un
der the American free enterprise sy
tem, unfettered industry can and wil

meet the economic needs of the peopl

RECENT DISCOVERY

QF OIL AND GAS
(Continued from page 32)

N., R. 42 W., Deuel County, Ne.

braska (Fig. 1). It is located syl

miles west of the town of Big Springs.
and some 40 miles east of Sidney. Iz
the fall of 1949 Ideal Drilling Com:
pany drilled Bosley No. 1, neazly !
mile north, to a total depth of 388
feet through the Lakota sand, an
abandened it as a dry hole. The Ng

2 well is reported to have recoveret—

ecause of the more obscure outcrops,

:Whu:h are in some areas entirely miss-
ing, ,

'GEOMORPHOLOGY OF THE
L "FLAT_LANDSH

By “flat-lands™ is meant those rela-
vely low-lying areas which are, of
ourse, only refatively flat, The ones
nder discussion are of regional size

#ndare underlain by sedimentary
5

inain geomorphic types, certain minor

ocks., They consist of the following

Grms being omitted :

True depositional plains,

The coastal plains, such as the sur-
_face of the Beaumant formation
in t?}ev coastal plain of Texas and
Louisiana. They may be hun-
dreds of miles long, but are not
thus far known to be more than
a small fraction of this in width,

the gas in the top of the First Dakot )ktﬁfo“n‘,‘jlfi“g Geologist, 1010 Chaqua, MNorman,

(Continued on page 74)

Specializing in structural interpretation

{ aerial phatographs,

The lake plains. Only the largest
could be considered in this class.

The til plains. They are of con-
tinental dimensions, and the fine
details of their geomorphology
are not thus far very well under-
stood.

Terrestrial alluvial plains, Only the
largest, the “piedmont plains” or
“aprons’’ should be mentioned
here.

Sand dune plains, These should per-
haps include the loess plains,
which though well known are
apparently rare in the uneroded
stage.

{l. The true depositional plateaus.

These usually fall in one of the
classes of depositional plains
given above, especially the allu-
vial plain. Their geomorphology
differs mainly in degree rather
than in kind from that of the
plains. In fact many so-called
plateaus are also known as plains
when seen from a different view-
point. The “high plains” of
Texas, Oklahoma, Kansas and
eastern Colorado might be
thought of as falling in this class.

Ill. The low strata-bench lands.

‘These are the regional expanses of
outcropping, d ippin g bedrock
strata, which have been deeply
eroded, perhaps several times.
The Osage Plains (Permian
and Pennsylvanian plains of
Kansas, central Oklahoma, and
north-central Tlexas) belong in
this class. The low strata-bench
lands do not include the trun-
cated bedrock regional surfaces
which are covered by alluvium,
by glacial till, or by other sedi-
ments, and which because of this
cover fall in the the class of “true
depositional plains’” mentioned
above.

IV. The high strata-bench lands.
Some of the plateaus of popular
usage belong in this class. The
Colorado plateau of Utah, Ari-
zona, Colorado, and New Mex-
ico probably are best thought of
as a complex high strata-bench
land, though it is, of course, very
diverse in its geomorphic expres-
sion and of different geologic his-
tory at different places, Such high
surfaces differ mainly in degree,
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PHOTO-GEOLOGICAL STUDV
OF THE “‘FLAT LANDS”

such as in amount of relief, rather
than in #ind frem the low strata-

bench lands,
STRUCTURAL INTERPRETATION
I. True depositional plains,

‘The determination of strike and dip
of formations is ordinarily not possible
in these plains, even though erosion
may have dissected the recently-depos-
ited beds to a noticeable degree, The
geomorphologist must use drainage
and other small-scale features for
what they are worth. The drainage
may be largely inherited from the
time when the water was first reced-
ing from the plain surface, and it is
likely to be very sensitive to the small-
scale features of this surface. If the
base of the plain is structurally stable
and immovable the drainage may in
certain cases have no relationship at
all to buried structural features. If
the sediments of the plain surface are
thin, it is possible that the buried topo-
graphic features of an earlier cycle of
erosion may be discernible in the vari-
ations of thickness and porosity of the
covering deposits; thus buried strue-
tural anomalies may be brought to
light to the extent that this topog-
raphy reflects structure.

If the base of the plain cover is a
tectonically active region, such as the
salt basins of the Gulf Coast, one can
expect the micro-drainage (as seen on
the photos} and more rarely the major
drainage to show some effects of this
movement. Lhese effects are quite
variable from one locality to anothér,
and it would be very difficult at pres-
ent to classify them or to illustrate
them in the pages of a journal. A few
years experience with these micro-
features will enable the photo-geolo-
gist to interpret them with some con-
fidence.

li. True depositional plateaus.

The problems of geomorphic inter-
pretation of the true plateaus, which
are not noticeably dissected by stream
erosion, are not sufficiently different
from those of the true plains to merit
additional discussion here. Where they
have been deeply eroded, however,
there is the additional exploratory pos-
sibility of recognizing the strike and
dip of the strata by stereoscopic study.
Hl. The low strata-bench lands.

Of those continental surfaces which
are underlain by sedimentary rocks
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w Figure 1—A portion of the
ing channel of a Beaumont stream,

{as contrasted to metamerphic ax}d
igneous racks) the greatest area ies
in the class of low strata-bench lands.

Since all known examples of lgw
strata-bench lands of regional size
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Beaumont surface, a true depositional plai
probably a distributary channel.

give ample proot that their drainage
has been lately rejuvenated a_m'i that
carlier they were in a condition at
Jeast approximating peneplanation, 1t
seems evident that generally speaking
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, near Damon in Brazoria Count
nLi. s, Dept. of Agriculture, P. M. A. photography.
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= Figure 2—Three linear profiles along parallel lines one mile apart in the Foraker and Pawhuska quadrangles of northeastern Oklahoma. The
higher hills at the left represent the "Flint Hills” a monadnock of resistant cherty Bmestones rising above the marked accordance of summit
levels extending some thirty miles to the eastward, This summit level is known as the Pawhuska peneplain or “rock plair''; i extends with only
slight variation in elevation from southern lowa into northern Texas, though in the east- west direction it seems to be confined o eastern
Oklahoma and Kansas and nearby portions of adicining states. There may be more thar one closely parallel peneplain surface. Peneplains
of this type are very common in the low strata-bench lands of the United States, and without doubt are common alse throughout the world.
Courtesy of Mr. W, E, Ham, Thesis for the M.S. degree in geology.
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to be at the end of the cycle of erosion
that produced it} would undoubtedly
in most cases be largely covered by a
veneer, perhaps thin, of soil, alluvium,
or’ wind-blown deposits, See Figures
2 and 3. Those streams that were able
' to- persist through the rejuvenation
Jtérminating the cycle of peneplanation
would find themselves “‘superimposed’”’
-oni the dipping bedrock beneath. If the
eneer were noticeably thick, the per-
sisting streams would be said to be
“superimposed from an unconformable
‘¢over,” At all events such streams
would be forced to erode down into
‘and across gently-dipping rock forma-
tions of differing hardness and resist-
Jance to erosion,

Tf "during the process of regional
uplift- and rejuvenation, local uplifts
“occuir, such as might be caused by
- faulting, some of the superimposed
streams might be trapped fowing
across the trend of a long and narrow
-plift, and forced to ercde downward
nto-the rising uplift. Such a stream
itight be said to be antecedenr to the
ocal uplift. It should be kept in mind
that such a stream could be antecedent
-at:a-particular locality and still owe
its existence ar that place as compared
-to:some other place to the process of
uperposition. In other words, the
tream could be superimposed first
and’ Jater antecedent to the localized
g‘pli_ft; but the reverse could not be

‘true—the stream could not be first
e ‘antecedent and later superimposed at
y, Texas., Note the abandored meand&. tl_'le's_;'zime place without the ooeurrence
‘ %of_-_a_m intervening cycle of peneplana-
all major drainage lines in th‘?se i tion and/or deposition. Thus it is con-
gions shguld b‘f‘ thought af”as ﬁf‘lp_ ceivable that a certain percentage of
imposed” (or “‘superposed ). An € e depth of 2 canyen might be due

i - fe tred o
tensive low-level surface of ls % 5 antecedency and the balunce 1o so.
erosion (such as a peneplain is thougt

perposition,

T'here seems little reason to doubt
that most of the major drainape of the
high stratta-bench lands likewise
passed through a late cycle of super-
position, just as in the case of the low
strata-bench lands. The proef is not,
however, so clear nor so widely known
for these higher lands. It is perhaps
too early to say that a history of re-

= i

L

w Figure

=
L, weALEE
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w Figure 3—Three linear profiles aleng parafllel lines one mile apart near Wewoka Oklahoma. The summit-level accordance, the Pawhuska
penepfain, is slightly fower than in Figure 2 but is as well developed, }t truncates the Pennsylvanian bed rock throughout a vast zrea in Mis-
souri, Kansas, Oklahoma, and northern Texas. Courtesy of Mr. W, E. Ham. Thesis for the M.S. degree in geology.

gional superposition has been the pre-
vailing history in the mountain ranges
of the world, but there is plenty of
evidence suggesting strongly that this
may be the case in those ranges which
are ne longer tectonically very active.
Johnson proposed this theory for the
Appalachian drainage.! Local uplifts

1ichnson, D, W, “Stream Sculpture On the

Adantic Slope,” 142 pp., Columbia University
Press, New York, [931,

4—A stereoscopic pair of aerial photographs showing the westward-plunging nose of

an anticline in Mesozoic and Carboniferous rocks near Yernal, in northeastern Utah, Note that
while some of the sireams are well adjusted to structure, others exhibit a lack of adjustment.
U. 5. Dept. of Agriculture, Soif Conservation Service photegraphs,
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~ Figure 5 above—A stereo-pair of vertical
photographs shewing Cretaceous rocks with
steep dip. Note that the streams courses,
though remarkably strike-paraliel in some
places, in other places have no relationship
3o strike. Near Rangely, Colorado, the ad-
jusiment to structure, though noticeabls, is
not perfect. U, S. Dept, of Agriculture, Soil
Conservation Service photographs.

should perhaps be more common in
the mountains than in the flatlands
with the result that a greater propor-
tion of mountain drainage should have
2 late history of antecedency in addi-
tion to its earlier history of superposi-
tion.

The laws of geomorphology, espe-
cially those controlling the adjustment
of streams to structure, shown so
strikingly in the mountains of the
world, are beautifully illustrated also
in the high strata-bench lands, and are
easily recognized in the low strata-
bench lands.

The problem of the aero-geologist
in the ‘“flat-lands” is largely to inter-
pret the effects which local structural
anomalies have had on a superimposed
stream, There is, of course, the “first
cycle” drainage that has developed
through headward clongation of val-
leys—the so-called insequent drainage
of the text books—which, though it
is popularly supposed to show no sys-
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tematic influence on the direction of
headward elongation or alinement, is:
actually controlied to a remarkable.
degree in many cases by such influences
as the direction of the prevailing
winds of some past time, or the direc-
tion of the rock fractures or “joints™
it the bed rock, Such first-cycle drain-
ape is usually the smaller and more
local valleys or ravines, such as one
might find on the face of a prominent
scarp or mesa where the capping hard
layer is underlain by soft, easily-
eroded shales.

The aero-geologist working in the

low strata-bench lands will find that -
the direction of plunge of an anticline,
structural nose, or syncline is occa.
sionally revealed by streams flowing
around the strike of a resistant bed as

b

PN

g

is seen frequently in the mountains,

w Figure & below—A portion of pl‘u‘:h:»-inde:l:é~

sheet No. 1 of Upshur County, Toxas, show*Mac
ing the locatien of the Kelsey anticline, Theityia

of southward plunge. The position of th

anticlinal axis as interpreted from tha &rain@ « _—
age, however, would lie more toward +h.~§a;.VV ther these “subsequent” streams

northeast than the true axis. U. 5. Dept. tﬁ%_aré -_ﬁ:rg.t_'cyclc streains or‘supcrxmposed
Agriculture, P.M.A, photegraphs. *streamsmay HOF be .ew{%ent at first.
¢ ' Both take part in this kind of strue-
tural adjustment. Streams crossing the
Loutcrop of the more resistant beds in
the low strata-bench lands will in
| many cases tend to cross perpendicular
to the strike, just as in the mountains,
thoigh: perhaps not quite so straight,
in‘spite of the fact that the “outcrop-
| ping’’ strata may be completely soil-
covered and invisible, There are many
‘resemblances between the geo-
motphology of the low strata-bench
lands and that of the mountains,

is frequently entirely invisible over
road ‘areas, a situation that occurs
‘equently in the mountains. The
axes ‘of  anticlines probably have a
sater . tendency to lie upon high
round: in the low strata-bench lands
han in the mountains where the rock
tions are usually thicker and the
ceper. At least it has been the
Titer s experience that anticlines are
re often expressed by locally high
-rou‘ﬁ_di_than not. This of course is
in. harmony with the time-honored
tbook - illustrations that show the
éo‘m"d_rgh!c development of the folded
untain- ranges of the Jura type.
‘his older view, which was first de-
elbngd':e'xtensiveiy by William Mor-
Davis, and which is still given a
it amount of support by the
VIS 'J_ohnson school of geomorpholo-
ts? holds that the anticlines (of a

2 ngl_sbh:gzorm?gpluhaiogy." Macmillan, Mew
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igire 7—Drawing illustrating a supposed stage in the downward erosion of "folded"
ing: fo, the W. M. Davis school of formalized physiographic doctrine. [Medi
siwillan, New York, 1942.) It is probably unnecessary to point out that suc
niiclinal axes) is indeed rare in the flatlands of ¢

curving drainage pattern shows the effectg Anticlinal axes may be 'ei-}her topographically high or fow depending upon the local eie e :
ocal bise level of erosion, In the flatlands the writer's experience indicates that anticlines are more often relatively high than low.

range such as the Jura, with strongly
differentiated hard and soft forma-
tions and with alternating folds)
would tapidly be eroded to low
ground by streams flowing along the
axes of the anticlines, the synclines be-
ing left as the local high lands. See
Figure 7. Such a sequence of events
is of course very far from the truth
in most cases in the low strata-bench
lands and probably also in the moun-
tains; though such a reversal of the
more common elevation relationships
of structural axes and topographic ele-
vation does exist in certain restricted
localities, as is well known. The se-
quence of erosional history in these
cases probably involves peneplanation,
perhaps several times. All of the well-
known ranges and of course all of the
high strata-bench lands give every in-
dication of being in at least the second
and perhaps in a higher numbered
cycle of erosion. Space does not per-
mit a detailed analysis of the geomor-
phic development of anticlinal ranges,
but one may say that if rock forma-
tions of unusual resistance are pres-
ent, their elevation relationship to the
local base level of erosion is a control-
ling factor in the highness or lowness
of the ground along the axis, It is
more common to find somewhat ran-
dom, or subsequent strike-following
drainage on and near an anticlinal
axis than it is to find a stream located
parallel to the axis and directly on it.
Perhaps the Jura or folded-Appa-
lachian type of mountain range should
be excepted from this generalization;
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mountains similar to the Jura mountains, accord-
fied from O. D. vor Engein "Geomorphology” Chapter 15,
b adjustment as this {with streams parallel to and directly on
he world and moreover is nat universally found in folded mountains of the Jura type.
cal clevation relationships of the resistant formations to the

but even in such mountains the corre-
spondence of drainage lines with axes
is not what a hoary geological tradi-
tion says it is.

SPECIAL FEATURES
ENCOUNTERED IN THE
FLAT LANDS

The following special features are
of smaller size than the regional fea-
tures under discussion above, and do
not belong in the same category with
them. These should be mentioned,
however, because they frequently are
mistaken for some bed rock structural
anomaly such as steeply-dipping beds,
the rim syncline of a salt dome, etc.
They occur in all parts of the world
and in practically all of the large geo-
morphic features of regional dimen-
sions discussed above. They may be
more of a hindrance to structural ex-
ploration in the flat lands than in the
mountains because generally speaking
they are developed over larger areas
in the flat lands,

Sand Dunes.

Sand dunes are of many kinds?
only a few of which are likely to be
confused with bed rock features, They
fall paturally into two classes—com-
plex and simple, the former being
much the more common, Variable fac-
tors such as wind direction, depth of
sand, irregularity of vegetal growth,
etc. are responsible for the rarity of
the simple dunes. It is only by first
studying simple forms, however, that

3Melton, Frank A. A tentative classification of
sand dunci, ita application to dune history in the
sauthern high plains.” Jour, Geol,, Vol. XLVIII,
No. 2, 1940, pp. 1132145, This paper comtains
‘tiwenty-ﬁve aerial photo reproductions illustrating
unes,
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one can discern the origin and history
of the surfaces of complex form. Fol-
lowing is a basic classification of sim-
ple dunes which is at the same time
genetic and naturalistic. It is based on
the assumption that the sand-moving
wind blows with unvarying direction.
A. Bare Surfaces on Loose Sand.

1. The barcan dune. An isolated
bare-sand hil} on a nomn-sandy
base. Yt is & migrating dune of
crescent form, the wings point-
ing with the wind.

II. The transverse dune series,
Formed on bare, loose sand af
“unlimited” surface area and
“ynlimited” depth. Migrating
parallel sand “‘waves” or ridges,
the long dimension being across
the wind direction.

I1I. The isolated transverse dune
ridge. It is formed (frequently
with human aid) from bare,
loose sand of “unlimited” sur-
face area but of shallow depth.
c.f. Certain parts of the “dust

bowl” during 1934 to 1938,

i

w Figure 8—A stereo pair of photos showi
dune series, near Jericho in Juab County,
phetographs.
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1V. Lee Dunes,

1. Wind-shadow dunes. Formed
from a continuing {unlimited)
sand supply in the lee of a bed
rock obstacle. The best ex-
amples in the United States
are the extremely elongate
straight dune ridges extending
northeastward (leeward)
from and behind the promon-
tories at the west face of the
Moencopi Plateau in north-
eastern Arizona, They have
long been known as longitud-
inal dunes. They do not mi-
rrate to any noticeable extent,
except as they change their
length. Small wind - shadow
dunes may form behind clumps
of vegetation,

2. Source-bordering lee dunes.
Formed from a continuing
{(unlimited) sand supply, lee-
ward from a source of sand
of lmited area, such as a
stream floodplain, a beach, etc.
These dunes may become a

ng a combination of barcan dunes and fransverse
Utah, U. 5. Dept. of Agriculture, Forest Service,

hundred feet or more iy
height, hundreds of feet wide
and miles in length near the
beaches facing the Pacifi

Ocean in temperate latitudes? }

They are usually of small siz

to the lee of floodplains in th

continental interior, _

B. Formed by wind in conflict witl
growing vegetation.

1. Shrub-coppice dune clusters
Formed in, and to leeward fro

hunch or clump vegetation suck |
as mesquite bush on an unlimiteg

and smooth surface of very sha
low sand. These dunes are roung
or oval, are seldom more thap
ten feet high or more than ong
hundred feet across. They exig
in great numbers in certain arig
plains. They migrate very slowly

1. (a) Blowout or parabolie
dunes. Formed by gentle or mod
erately effective winds on deej
sand with a shrub or grass-cov
ered surface. These occur it
countiess numbers both as activ}
dunes and as dunes anchored by
vegetation. Most of them are les
than three hundred feet acrog
and are called “spot blowoms.i
The larger ones may be crescent
shaped with wings pointin
against the wind. They do na
migrate noticeably, except as mi
grition is incidental to theif
growth and decay.
(b) Flongate-blowout and wind
drift dunes. Formed by stronj

‘winds, or else by strongly-effei

tive winds, on deep sand wil

shrub or grass-covered surface

These are hairpin-shaped ridge

of grass-covered sand opening td

ward the wind ; occasionally the
resemble a chevron. Where th
hairpin or chevron has been cu
in two ridges by wind scour, th
pname “windrift” is used. Thel

migration is probably confined f

the period of growth. These at

not being formed to any impot

tant extent today anywhere I

the world outside of the Arctiy

so far as yet known; though o

should maintain reservatio

about portions of Asia and Aug

SRS

T

T

eralia which are not vet welf
known to geologists. Yet in ld
Pleistocene or early Recent €
they formed in considerable nuti
bers in the southern High Plait
and perhaps also in the Nebrask
sand hill region.

Complex dune forms may
thought of as a combination of t
simple forms just mentioned, with t
exception of a few forms, the disct
sion of which space will not perm
In the main, the complex dunes o

# Figure 9—A vertical photograph showing fong relatively straight dune ridges which are
partlally obscured by vegetation and weathering in northwestern New Mexico, Such ridges,
where sufficiontly obscure may be confused with the ouicrop of dipping strata. Photograph
by Fairchild Aerial Surveys for the Soii Conservation Service of the U. S. Dept. of Agriculture,

large area of bare sand are a combina-
tion of forms resembling the barcan,
the transverse ridge, and sand peaks
and basins. On deep sand with a shrub
or grass vegetal cover, the complex
dunes consist largely of blowouts of
various sizes, shapes and apges.

The photo-geomorphologist looking
for structural anomalies in the aerial
photographs, may be confused in cer-
tain places by the longitudinal dunes
and by certain extreme developments
of the windrift dune, Where these
are in pracess of formation today or
where they have been only lately
formed and still remain largely un-
eroded, they will not confuse any com-

| petent geomorphologist.  But where

these extremely elongate forms have
been largely obscured by weathering
and erosion, or where they may have
advanced over rough country, as in
portions of Arizona, New Mexico
and southern Utah, remnants of these
dune forms have been confused with
outcropping, steeply-dipping bedrock.
Confusion of this type may be re-
solved by newer photography made at
1 larger scale or made from a lower

Floodplains.t

There are two main classes of flood-
plain streams and of floodplains, those
which do only one type of peological
work when they are in flosd—and

which hence have a relatively simple
floodplain—and those which have two
kinds of fioods and which consequently
do two kinds of geological work, The
former are called single-crest streams
and the latter are called double-crest
streams. The features of floodplains
are so well known that they will not
be discussed in detail here,

Why is it important for the geo-
morphologist working with aerial
photos to know about floodplain fea-
fures? Almost any geologist will rec-
ognize an uneroded floodplain of re-
cent origin, regardless of the type of
floodplain. Remnants of floodplains or
terraces remaining after considerable
erosionn has taken place, or after some
other geological process has obscured
them, are not so easily recognized and
occasionally have been interpreted as
local structural anomalies. For ex-
ample the giant oxbows of ancient
origin i the lower Mississippi flood-
plain may in places be confused with
rim synclines of the salt domes; they
are much the same order of size, Like-
wise, the relatively straight scarps
found at the margins of many flood-
plains in the mountainous regions have
on occasion been interpreted as fault
scarps, even though their origin was
due merely to the down-valley migra-
tion of meander-loops which thus
trimmed the valley walls to a straight
iine.

Mdeiton, Frank A, “An ecmpirical classification
of foodplain streams.” The Geographical Review,
Yol. NXVI, No, 4, October, 1936, pp. 593-609.
Fleven piates ilustrating floodplains.

w Figure IO—'Veﬁ‘ica'l photograph of the North Fork of Red River in southwestern Oklahoma.
The meandering activity of the low-water-channel was more prominent in the past than it is

taday.
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tinction” for the stereoscopic
image and for the appearance o
the pseudo-stereoscopic  imag
See diagram “c” for the othet]
position.

h. The stereoscopic image with nor:
mal relief begins to reappeat fo
most observers between 30° an
60° to the left of the startu
position. This is 315° (_i15°
of rotation toward the right and
45° (=#215°) of rotation towarg
the left of the starting point.

i "The starting position, See di
gram “‘a.” .
“Distorting the perspective” of
stereo-pair, by rotating hoth phot
far toward the left and tm‘vard the
right, does not naticeably distort the
sterenscopic model. Nevertheless, for
reasons of uniform and rapid handling

of photos as well as casy perception of

i
R

the stereoscopic image, the customar
orientation of aerial photos is best.

PARALLE.L ViSION, CROSSED -
VISION, AND
REVERSED RELIEF

1f two overlapping aerilal. phog_
are held in their correct position wik

when magnifying prismatic lens ster-
eoscopes are used. This is probably due
largely to the prism in the lenses,
though the spherical correction (the
magnification} may have something to
do with it also, as does the distance
from the eye to the pictures under ob-
servation. In most areas however,
naked-eye vision is not adequate be-
cause not enough of the geomorphic
detail can be seen to evaluate it prop-
erly. For example in most terrane of
ordinary relief it will usually be pos-
sible to form a more accurate visual
estimate of the position of the local
base level of stream erosion with mag-
nifying stereoscopes than with the
naked eye because with magnificaticn
one can better see the stream channels.
Thus magnification may outweigh the
disturbing effects of the prismatic com-
ponent of the lenses.

On the other hand the disadvan-
tages of the small folding magnifying
and prismatic stereoscopes in wide use
include the uncomfortable and
cramped position the operator must
assume—a disadvantage when it must
be maintained for long periods of
time. Likewise it is occasionally a dis-
w Figure 16 — Experimental stereo pair of

agrial photos mounted in the correct posi-
tion for normal stereoscopic relief, The loca-

. tion is the Green River desert of southern
: OO0 R R - one another and viewe 7 Strang] : a4 d
3 : ) ; - the hogbacks at the margin of the respect to S the Ti bt Usah rongly parallel san une ridges
¥ Figuro 14—A sterec pair of aorial photographs showing :wi’:?a crossed eyes the reversed stereoscopically, with the line o High
mine

Lo show the effects of the prevailing south-
San Rafasl Swell near the S?'i’fhel"n eﬂdbiﬂ U%ah] " i?x? Crossed vision may be helped if one parallel to the line between the EY?E:V Figure 15—An experimental stereo pair of aerial photos mounted in the crossed position. westerty wind. The butte may owe ifs pres-
y sesn as the normal reflet. L1

relief appears and is as easi the £ U. S. Dept, of Agriculture Soil Conservation Service (the eye base ), normal relief is Seeg'Pa"ﬂ“EE stereo vision, as with & stereoscope, will show the relief reversed. If one holds the photos ence in part to voleanic intrusion. U. S, Dept,
m the face. U. §, .

holds the photos welt away fro

photography. )

prints wiil be asymmetr_lca_l because
of the perspective or obliquity at the
margin.

Figure 13 illustrates the sequence
of changes in stereoscopic and non-
stereoscopic, though binocular, vision
of this ideal stereo-pair, as each print
of the pair is rotated toward the 1"1ght
retaining binocular stereoscoplc vision
with suitable steresscopic Instruments.

d. With further rotation to 135°

from the starting position,
(+15°) a stereoscopic model
begins to appear in reverse Te-
lief. This is one of the limiting
positions for stereoscopic vision
with reversed relief. The other
limit is the position 225¢°
(#15°). See diagram “f.”

The rotation is 180°. This is the

h h in somewhat exaggerate@“’e” away from the face and examines them with crossed vision the normal relief appears.
though 1 4 B

he photos are crossg. " . ‘
iie: pcﬁfss-tillzij vtvas (;}n the right beiq?%lbl@;- the photographs in tln_a position
now on the left side, and if they atm(_i_“:ﬂtﬂd by (¢) and (g} ir Figure
viewed sterecscopically, say with _ﬁ'_ﬂ-.:-_one would see a clez!l. photograph
mirror stereoscope, the relief will apt most cases but the relief would not
pear as distinct as before only it withe visible, It would not be stereoscopic

b

be in reverse, with the valleys appeﬂf"ismnn but pieudo-sterecscopic vision.?
i:gmas ricig(;s (c.f. TFigure 13, ¢ atlure: to recognize it for what it is
There may be times when this ty}%mght. introduce errors into the geo-

AN . ilogical ma
of stereovision is useful for the gc% g. ﬂi ap.

of Agriculture, Soil Conservation Service
photography. [Photo below].

i i ify th & : s sohologist, especially during the & ;
The following table will clarify the optimum _position for stereo- MABIEEETL T hoographs. § - PARALLEL VISION AND
diagrams; 1t rfepres&}a]r}‘tg Z stereo-gﬂir scopic vision with reversed re- p NORMAL STEREO RELIEF
e pOiiltlliziﬂ!; v twl‘el(:-\fision * lief, It is, the dixect opposite, 1f one takes the crossed photos fro - 7 . .
may be held for sted £ t.he ideal both in orientation and percep- the mirror stereoscope and views ther /The: following points cannot easily
. Relative p?bltm- oscopis vision tion, of the correct position for DB oo eyes, holding the phote illustrated in a_journal article be-
stereo-pair for stereoscopic ¥ stereoscopic vision with normal ms length, the normal relief cause of the loss of detail in half tone
ith normal relief. This is the . o di w3 at ar o AL .
with n s Sor stereoscopic relief shown in diagram “a’. once more visible. If one puts ﬁ_%}_r_;_n_t_l:ng. The reader with access to
correet posmoni mrﬂ 4 oqiti(i))n Reverse relief is as easily scen by photos ence more in their cerrect 18any representative file of aerial photo-
w‘ork, but not .t‘l? 0 ét?e uhon an experienced o@)server as nor- tive position with respect to ea;?éresphs_:- however, will be able to find
b Lhe s lma% T %r be- mal relief; it is, in fact, on rare Lo g il views them wiluitable: illustrations without trouble.
disappear ofm most 0 5;3 vers | occasions useful to the geologist. = C " idan, the relief will ot ot
tween 30° and 60° of rotation Aeit INaked - eve stereovision arallel
. . o apnear to be reversed, Aetf o iYE Y paralle
d the tight or left. With further rotation to 225 more 4pp iand:with : .
toward the nglit b f. 1th tur . . photographs and stercoscopes beiind: with normal relief) has certain
c. With 90° rotation the stereo- from the starting position, OO A (of varying degrendvantages as well as disadvantages
scopic image cannot be seen but (#215°) stereoscopic visien with wad Y > . C A corta; i : _
P i ] ; . : disan of excellence and of varied desiglivicertamn types of large-scale o
a ‘‘pseudo-stereoscopic 11matgtc;] 1s reversed _re'hef begfmsh t(i' 1sap- Uhere will be times when the stude€oarse-textured terrane of high relicf
clear and1 4d15t1'n§t.r ln v(i)sibfi}c pear. Tiusf is one 0 the 1mi:71::% of aerial photos will find these vari:(_éi_he? ‘inay be less apparent distartion
words T B eascopt lief positions far stefsevisoR v techniques useful. pfithe dip of gently sloping beds than
but there is no stereoscoplc reliel, reversed relief. The other limit § _
L B H . L () . . ¥ L i : T 3
‘% his is one of tv‘;lo positions of is the position 135 {(=15°). In examining aerial photogm%s:d?ig.;got;lc:p;gmv,ﬁo? i 3 torm that wany oo
extmctéon dfOI’ tme j;?f?;fogz See diagram “d. from different lines of flight, or pho.%rité'r_do_es no: believe that “bseudusconiet 1o
3 . See diaga . . . : goroper scientific wame. He docs leel, howev y
151;5[%6 osition ge g "The rotation is 270°. This is gra.phs made under difficult ﬂ){‘ng E%\ere-_zs a:need for the :amecs‘pn'eu:zio.rllgr‘;ajccr:}:i;hiar:
HOUH P . one of the twa positions of Hex- ditions, one must be careful no dhe saie: givea abose.
* Melton, . cit, p 1759, QHE v \
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advantage to be able to smi:‘only a
small portion of the stereo-image at
one time; though, if the photo_graphlc
image is sufficiently fine-grained to
stand magnification, the use of a mag-
nifying stereoscope may have a com-
pensating advantage.

Mirror stereoscopes have an advan-
tage when the observer is }ookmg
especially at the outcrop of thick for-
mations or when he is interested in
ather large-featured aspects of the
geomorphojogy that are also easily
seen. Mirror sterecscopes whether sil-
vered on the front or back sides have
the disadvantage of placing the ob-
server at a considerable distance from
the photos; they thus obscure consid-
erable detail. They eliminate distor-
tionss inherent in magnifying prismatic
lenses, but do not eliminate the distor-
tions inherent in the film, in the prints
and in the human eye. In addition the
mirror surfaces are occasionally un-
even, thus introducing thelr own type
of error.

So much has been written about
stereoscopes that it seems fitting for
the writer to present the rcsul:cs of his
experience with their geological use
in the form of a table.’

a. The geologist will want magnifi-
cation in his stereoscopes, within
the limit set by the size of grain
in the pictures. It is true that in
certain geological terrane, the
jormations and the structures
are of such dimensions that they
are clearly visible to the naked
eye; yet in nearly every case cer-
tain important details will be
visible only with magnification.

b. The geologist will need lenses _0£
the highest quality. Since he will
spend much of his time‘scarch-
ing the photos for geolopical fea-
tures near the limit of visibility,
even the slightest irregularities
and imperfections will introduce
relatively great distortions. So
far as the writer has been able to
learn, lenses of high quality are
pot in common use.

The geologist will want bright
illumination; and, during much
of his study, will want to view
the photos as close to the eye as
is possible, consistent with clear
vision. The reasons for these con-
clusions are the same as those
supporting the foregoing state-
ment {“a”) about magnification.

&

d. The geologist will need a stereo-
scopic-aid which is adjustable, ox
which has interchangeable lenses
to compensate in part for the
varying width of overlap found
in existing aerial phetographs
and Sor other irregularities,

)Meiton. op. cit., p. 1761
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¢. The geologist must have stereo-
scopes that can be used for many
hours daily without undue phys-
ical or ocular strain, Stereescopic
spectacles remove much physical
strain, such as that caused by
prolonged. bending over a table;
but they may introduce certain
distortions if the lens mount is

flexible.

It seems clear that stereoscopes de-
signed for geological use have not yet
heen developed, Some of the existing
magnifying stereoscopes are not of suf-
ficiently high quality and many are
not adjustable for varying ocular
width. The available mirror stereo-
scopes place the observer too far from
the photos and do not permit adequate
illumination.

CAUSES OF STEREO-IMAGE
DISTORTION

Tn the writer's opinien the follow-
ing factors affect and distort the ster-
eoscopic image. They are arranged 1n
a Joose “order of importance” based
on the writer’s own estimate of the de-
oree a horizontal surface would be de-
ranged by the distortion. That others
will want to change the order is un-
derstandable, since the human eye is
a varying instrument from person to
person and from time to time In the
same person, and also since the stereo-
scopic image is itself an optical illusion
seen with varying degree of clearness
and intensity by the same person under
different conditions of illumination
and fatigue.

1. Focal length of the camera lens.
The longer focal lengths give a
truer and less distorted stereo-
scopic image than the shorter
ones, other qualities being equal.
Perhaps with the theoretical
ideal lenses this should not be so;
but with the lenses that have
been used thus far this statement
can hardly be questioned.

2 The use of cameras that take the
total visual field of view of the
lens. Regardless of the type of
lens the marginal portions are
likely to be inferior. Then too
when this factor is combined
with short focus lenses as has
been done, the marginal portions
of the stereo-image will be
greatly distorted. Also the shape
of the usazble portion of the
photos is circular and of small
size——and is not convenient for
peological work, For the study
of gross drainage or for the pro-
duction of base maps of hitherto
unmapped terrane such photo-
graphs may be satisfactory; but
for close geological study in the
flat lands of the world they are
nearly useless.
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3. Differences in the altitude of th
plape when making success
overiapping photographs — it
differences in scale of overlag
ping photographs. This results
a pronounced tilt of the ster
scopic image, thus introducing -
slopes that do nat exist on the. g
ground.

4. Lens imperfections. These are b

a

no means as common as the
were a few vears ago, but in
perfect lenses are still occasion
ally used. They may introdug
stereo-slopes that are unreal.

5. Unequal shrinkage or expansig
of the film and/or paper. Th
accounts for much distortio
near the margin of the phote
and more rarely for large disto
tions near the center. '

6. Tipping or tilting of the stere

L. L. Nettleton®

“THis paper is not intended for geo-
physicists. Any geophysicists who read
it :may wonder why the old and pre-
4bly well known principles of the
: i T idvaral geophysical methods need fur-
{maag_c Cff SEdej} yerfg}gf;zfi(: lf het, 't'ell%ng. "The excuse for the paper
\th irec th % Lis introduce 1S foanswer questions which have been
P otogrlap - hat do not exist - put to the writer by several geologists.
stereo-slopes that €0 - “T{'éeems that the geophysists have been
7. Tilt of the plane and the camer pigne to forges that the fundamentals
at the time of making the phote "t 4peir science are not simple and not
graph. This is not s_uch 4 gred always-understood, This discussion is
source of stereo-distortion 2 ,ffeved, therefore, primarily to those
many believe though it 1s - pgeclogists who have had geophysics
source of error. meréior less thrust upon them. It may
There are other causes of distortig help. -_-__cl‘::lrifying the fundamentals,
of the stereoscopic image that are mar cparating fact from opinion and
uncertain and variable in their eHec ppieciating the utility as.Weﬂ as
Tor example the writer has long s the limitations of the exploration tools
pected that there may be such a thig ¥ h!ch;_th’e geophys;c:st has to offer.
as z “cliff effect” which is sometin
theugh not always, noticeable in lartg
cliffs at the edge of mesas and p
teaus, whereby the supporting str

are made to appear to dip toward th [ethods we ‘
mesa or to dip more steeply than th _11 The instruments and methods

really do. It would be instructive LW deyeloped largely by men trained
have the opinion of others as @ ysitsand with little appreciation

whether they have or have not s "e'olpgy. Th‘? first brilliantly suc-
such an ‘“effect.” ‘applications of the methods

S were: i the salt dome areas of the

Stereoscopic vision depends to & & Gulf Coast where the geological situa-
tain extent on the recognition or PE fion was simple and was a “natural”
ception of detail. Stereo-pairs of ae

; r the refraction seismograph and
photos have occasionally been ma ;

. oAl jont-balance metheds, In spite of
of heavl.IY wooded areas with a § e anra of mystery which surroanded
lationships normal except that of . 2

the very early geophysical operations
photo was rx_ladc in the forcnoonlla‘l_gﬁ the relation of salt domes to fast ar.
the other in the afternoon. "1} i

b : alson ‘refraction seismograph rec-
caused the tree shadows in the ster ' to a cireular pattern of gravity
pair to fall in two directions, neal

. t gradients was easily understood.
perpendicular to each other. In su s, the geophysicists had no trou.
a stereo-pair, 1t may bellmpossﬂ)i selling their wares to ol com.
resolve the topography into a steif ‘pany peologists and executives, who
scopic model, even though the perc® readily dccepted these relatively ;imple
of overlap may be normal, tilt ehinite geophysical i amp &
“crab” may be absent, and €% gl dormies as very useful tools for
though the scale of the two photos B finding salt dome oil fields
be the same. Unless the hill-form @%@t .
large and striking, it may be obscut
by the divergent tree shadows. !

Laivery few years the situations
o easily shown by the refraction seis-

s3clon, F. A, op. cit, p. 1757-58.
(Continued on page 52)

ljavx__ty"Mcter Exploratien Co., Houston, Texas.

mograph and torsion balance began to
be exhausted and new and sharper
tools were needed. The geophysicists
came up with the reflection seismo-
graph which had its firs¢ success in
Oklahoma where conditions were very
favorable. Here again the principles
were simple, the relation of shorter
reflection times to structural highs
was easily understood, and the geolo-
gist accepted the new toal as another
very useful addition to his kit.

During this development there had
been relatively little cooperation be-
tween the toolmakers and the users.
The toolmakers were physicists, math-
ematicians, and electrical engineers
who talked of warped potential sur-
faces, elastic wave trajectories, and of
electronic amplifiers, filters, trans-
ducers and timing systems. The users
were geologists wha talked of anti-
clines and synclines, counter-regional
dip, Viola and Arbuckle, Heterosteg-
ina, and Discorbis, Pliocene and Pale-
ozoic, facies changes and a great host
of words strange to the early geophysi-
cists in whom the “geo” was a small
part of this new borderline profession.
The marriage of the two professions
was an incompatible ene and the off-
spring, in the person of a really com-
petent geophysicist, in all that such
a combined name implies, was still
a stranger to both parents.

The Need for Sharper Tools

As the search for oil has spread
into more difficult and more remote
areas, the limitations of the tools have
become more apparent and the prob-
lems of the users have become more
difficult. In the efforts to make
sharper tools to cut into harder situa-
tions the geophysicists have had to
strengthen the “geo” part of their
background. In the applications, the
geologists have had to learn more dand
more of the limitations of each of the
very few available geophysical' tools
and to use them in the places and in
the order in which they can best lead
to new oil at minimum cost and time.

There has been a great demand for
new tools, using new principles. This
demand has long been recognized by
the toolmakers, but no new principles
have been applied. The tools of today
are still magnetics, gravity and seismo-
graph, all of which were used 25 years
ago, They are sharper in many ways,
they are better understood, but the
inherent limitations of the basic physi-
cal phenomena on which they depend
are and will be with us. No.one can
safely exclude the possibility that bas-
ically new methods will be develaped,
but 25 years of extensive effort with
great rewards for success have failed
to produce a new tool. This makes
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one doubtful that a radically new
method will be produced. There re-
mains, however, the very definite pos-
sibility that increased understanding
of the old methods and their use in
combination with each other and with
other pieces of information can lead
to the successful solution of difficult
exploration probiems.

The results of geophysical surveys
are physical facts. We may not under-
stand them and they may not fit our
ideas but nevertheless, they are facts.
They are caused by some unknown
situation helow the earth’s surface.
They may well be thought of as clues
in a “whodunit” mystery story. With
one clue there may be many possible
“suspects’” or subsurface situations
which will fit the facts. When another
clue, e.g. a survey by another method,
is turned up, the number of subsurface
situations consistent with both clues
is narrowed. "The addition of geologi-
cal information from surface geology,
subsurface data, electrical logs, etc.,
may still further restrict the possi-
bilities until the subsurface situation
is defined clearly enough to encourage
someone to risk the drilling of a new
test well. Then, with ali the art and
science of determining the subsurface
conditions as a hole is drilled, a new

oil field may be found.

In the long history which generally
precedes a new discovery it usually
becomes very difficult to establish the
credit and to attribute the final suc-
cess to any one geological or geophysi-
cal method or to any one person or,
often, even to any one company.

The Physical Principles of the
Geophysical Methods

Now let us return to the funda-
mentzl principles of the three common
geophysical methods and point out
some of fheir possibilities and limita-
tions, 1t seems desirable, even at this
late dafe; to review these fundamen-
tals as they apparently are often lost
sight of in the great volume of appli-
cation. Let us try to distinguish fact
from inference se that the final.infer-
pretation will be censistent’ with..all
the facts and therefore have a maxi-
mum probabifity of representing. the
true underground situation,

The three. physical methods used,
magnetic, gravitational and seismic,
vary in the degree of direct association
with sedimentary rocks in the order
named. They also vary in cost per
unit of area covered in the same order.
This leads to the natural application
of one or both of the first two as re-
connaissance methods to give leads by
which the slower and more expensive
selsmic method can be directed te
more promising areas. 1his natural
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