I -

COMMONWEALTH OF AUSTRALIA.® -+ « = s

* DEPARTMENT OF NATIONAL DEVELOPMENT.
BUREAU OF MINERAL RESOURCES
GEOLOGY AND GEOPHYSICS.

RECORDS. |

1961/45

OBSERVATIONS ON PHOTOGEOLOGY OVERSEAS

REPORT ON STUDY TOUR - JULY TO DECEMBER, 1960.

by

W.J. Perry

The information contained in this report has been obtained by the
Department of National Development, as part of the policy of the Common-
wealth Government, to assist in the exploration and development of mineral
resources. It may not be published in any form or used in a company
prospectus without the permission in writing of the Director, Bureau of

Mineral Resources, Geology and Geophysics.

s cmtr o . o



DEPARTHENT OF NATIONAL DEVELOPMENT
BUREAU OF MINZRAL RESOURCES GEOLOGY AND GEOPHYSICS.

RECORDS 1951/45

OBSERVATIONS ON PHCTOGEOLOGY OVERSEAS.

REPORT ON STUDY TCUR - JULY TO DECEMBER, 1960.

by

W.d. Perry.

The information contained in this report has been
obtained by the Department of National Development,

as part of the policy of the Commonwealth Government,
to agsist in the exploration and developuent of mineral
resources, It may not be published in any form or used
in a company prospectus without the permission in writ-
ing of the Director, Bureau of Mineral Resources, :
Geology and Geophysics.



OBSERVATIONS ON PHOTOGEOLOGY OVERSEAS.

REPORT ON STUDY TOUR - JULY TO DECEMBER, 1960.

by
W.J. Perry.

RECORDS 1961/45

CONTENTS
SUMMARY
INTRODUCTION
GEOPHOTO SERVICES INC., DENVER.
Introduction
General

Handling of air photos
Photogeologist's equipment
Compilation

Final Maps
Double-projection plotters

Kelsh Plotter
Multiplex and ER-55 Plotters

U.S.GEOLOGICAL SURVEY, REGIONAL OFFICE, DENVIR.
KNOX~-BERGMAN-SHEARER, DENVER ‘
HUMBLE-CARTER OIL COMPANY, DENVER.
AMERICAN STRATIGRAPHIC CCMPANY, DENVER.
PETROLEUM RESEARCH CORPORATION, DENVER.
U.S.GEOLOGICAL SURVEY

GEOLQGIC DIVISION, WASHINGTON D.C.

Introduction

General ,

Stereometer-type instruments
(Parallax bar, Parallax ladder,
Stereo-slope meter, stereo-slope
comparator, isopach@meter).

d
W3- 3 OV Oy OV U Ul BRwiwww N o= -al%
- o®

Paper Print Plotters 10
General 10

KEK Plotter 10

ZEISS Stereotope 11

SOM Stereoflex 11
Colour air photography 12
Training course in photogeology e
Geologic map editor 12
TOPOGRAPHIC DIVISION, ARLINGTON, VIRGINIA. 12

Establishment of supplementary horizontal 19
control by stereo-templet triangulation

MAP REPRODUCTION SECTION, PUBLICATIONS DIVISqu4
BATAAFSE INTERNATIONALE PETROLEUM MAATSCHAPPIJ,

THE HALGUE. 14
Introduction 14
General 14
Outline of Procedures 15

Training course for Company Geologists 15



ii
Contunts (Cont, )

INSTITUT FRANCAIS DU PETROLE, PARIS
Introduction

General

Outline of procedures
OVERSEAS GEOLOGICAL SURVEYS, LONDON.
Introduction

General

Outline of procecdures
Treining course for Survey gcologists

MAP REPRODUCTION SECTION, DIRECTORATE OF

OVERSEAS SURVEYS.

PRICES OF CCNTRACT PHOTOINTERPRETATION

REFERENCES CITED

PHOTOGEOLOGY BIBLIOGRAPHY PREPARED BY

APPENDICIES,

1. Colour codes used in annotaticn of airphotos.
2, Bquipment

3., Orgenization Chart, U.,S5.G.S.

L. U.S.G.S. Photogeclogy training course for

ILLUSTRATIONS

Plate

Plate

Plate

Plate

Plate
Plate

1.
2,
Se

LI--

U.S., GEOLOGICAL SURVEY,
TABLES 1 & 2.

foreign participants.

Fig.1.Xelsh Plotter.
Fig.2,"ER~55" Plotter.

Fig,1.Radial Planimetric Plotter.
Fig.2.Parallax ladder.

Fig.1.8tereco~-slope meter.
Fig.2.Sterco-slope comparator.

Fig.1.KEK Plotter,
Fig.2.Zeiss Stercotope.

SOM Stercoflex

Peesible layout, Photogeology Group.



SUMMARY,

From 13th July to December 5th, 1960, the writer was sent on a
vigit overseas to underge training and to gain experience in the general
field of interpretaticn of geological information from aerial photographs;
associated studies were made of the methods of transferring such information
to base maps, the use of stercometer-type instruments and the application
of double=projection plotting instruments, such as the Kelsh plotter, to
geological mapping,

Fellowing is the itinerary and a list of organizations visited:-

depart Canberra July 13

#rrive Denver " 15 Geophoto Services Inc., 305 E & C Bidg.,
Denver 2, Colorado, U.SeA.

depart Denver Octa 2

arrive Washington " 2 TU.S. Geological Survey, Depte of Interior
Bldg., Washington 25, DeC., UaSehs

depert Washington to15

arrive The Hague " 18 Bateafse Internationale Petroleum
Moatschappij, 30 Carel van Bylandtlaan,
The Hegue, Notherlands.

depart The Hague Nov,.19

arrive Paris " 19 Institut Froncais du Petrole, 4 Place
Bir-Hacheim, Rueil-Malmaison. S & O,
France.

depart Paris Novez3

arrive Lcndon " 23 Overseas Geologicol Surveys, Photogeolog.
ieol Division, Kingston Rd., Tolworth,
Surbiton, Surrey. England,

depart London Dec, 3

arrive Canberra w5

The photcgeclogical work cf the various crganizations is
described in the order in which they were visited,

ENTRODUCTION

hrrangements for the writer!s stay with Geophoto Services Inc,,
Denver, were made in conjunction with the arrangements for the Company!s
contract for photogeological interpretation of two 4=Mile areas in
Queensland for the Bureau. Visits to three companies in Denver nenely,
American Stratigraphic Co., Petroleum Research Corp., & Humble-Carter Oil
Cc. were organised by Mre L. Brundall, Vice President of Geophoto Services.

While in Denver the writer was able by personal visits tc the
regiondll office of the U.S.GsS. to arrange for correspondence to be sent to
Washington concerning his proposed visit there. Dr. Fisher also made
personal mention of the visit to the Director of the UeSeGeSsy Dre Nolan,
while they were attending the Internationzl Geologicnl Congress in
Copenhagen. The period of training at the BPM office at The Hogue was
arranged by Dr. Fisher in correspondence several months before the start of
the tour, ond he also visited the BPM offices while he was in Burope., 4
letter of introduction to BPM from the Shell Co, (Lust.) was obtained through
Mr. George Sautelle, the Company's Canberra Menager.

The visit to the French Petroleum Institute was arranged
by correspondence between the Secretary of Department of Naotional Development
end M. Novarre the President General Manager of the IFP., and that to the
Overseas Geological Surveys London personally by Dr, Fisher while he was in
Burope.
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The writer confirmed all visits by letter a week or so before
his arrival.

The writer wishes to express his sincere thanks to the Director
and particularly to Dr. Fisher for arrenging the study tour, and to those
who helped with travel arvangements especially Miss Tipton of Geophoto
Services, Mr. van der Bent and the Travel Department of BPM., and Mr. Frank
Murrgy, of the Australian Embessy at The Hague.

GEOPHOTO SERVICES INC., DENVER.

Introduction

The writer's visit was mainly in comnnection with a projeet for
the photo-interpretation of two 4-Milc arcas in Queensland being carried out
for the Burcau on a contract basis. /llowance was made in the contract for
the writer te undergo a peried of training at Geopheoto and at the conclusion
of this he assisted for five wecks with the photo-interpretation of the
Queensland material,

Two training areas of contrasting geclogy were interpreted under
supervisicn, one in the Loveland area 40 miles north of Denver, and the
other in the Powder Wash Dome in north-west Cclerade. Later the writer had
the opportunity to see in the field some of the geology that had been
examined in the air photos, namely the Tertiary Wasatch and Browns Park
Formations. This was on the return journey from the overthrust belt of
Western Wyoming, where with Mr. Robert McMillan, one of the partnerd in
Geophote Sérvices, the writer attended the three day 1960 Field Conference
cfthe Wyoming Geolegical Association, at the expense of the Company. A copy
of the handbook on the geology of this arca was sent to Canberra and is now
in the Geclogical Rrench library, '

Training activities and visits to other organizations occupied

five weeks, and included within this period was 13 weeks spent in becoming

familiar with the operation of the Kelsh Plotter under the guidance of Mr.
Vernon Jackson, Senior Geologist in charge of Photogrammetry,

While in Denver brief visits were paid to the local office of
the UeSeGeSe, to a consulting firm Knox=-Bergman-Shearer, Humble-Carter 0il
Cos, American Stratigraphic Company and the Potroleum Rescarch Corporation.

General

The company commonly does semi~cetailed work in sedimentary
terrains using air photos at 1:20,000 scale to produce maps at 1:48,000
scale, each map unit usually being one 15 minute quadrangle (roughly 250
sqe miles). Air photos at cther scales mey be used, fcr example 1:50,000
and 1:40,000, depending on the photography held by the client., 4 smell
proportion of the total work done involves deteiled structural interpretation,
and is carried out using a Kelsh or similer plotter.

The slze of a project and the time allowed for it naturally
determines the number of personnel assigned to it. A4 supervisor, senior
and junior geclogists and one or more photogrammetric aides may be required
for a large project,

The client's requirements as to accuracy of the final map
determine whether a topographic base map - if available - should be used, or
whether an uncontrolled or semi-controlled mosaic will suffice as a base on
which to plot photogeological detail, In either case the base is brought
photographically to the required.final scale.’ Uncontrolled mosaics are made
by stapling trimmed photos tc & shect of building board similar to "Caneite!,
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The assembly is photographed, printed at the required final map scale

and dry-mounted on stiff cardboard. The geologists annotate dircetly

on every seccnd alr photo, using semi~grease pencils according to a-
colour code (4ppendix 1). There is a strong preference for the two power
lens-type stercoscope, though occasional use of the mirror-type is made.

& photogrammetric aide transfers the photogeological detail from the
annotated airphotos to a transparent overlay of the mosaic by inspection,
and adds also the cultural snd hydrographic detail. The geologist then
checks his interpretation on the overlay, including the tie with adjcining
mosaics. If a base map is available, a draftsman transfers detail from
the mosaic by reference to the geographical grid and the topographic detail
common to bcth base map and mosaic,

Certain aspects of the general organization are now treated in
more detail.

Handling of air photos

Prior to the meking of mosaics the office staff trim photos on
a guillotine. [n autcmatic numbering machine (sce Appendix 2.a) is used
to print cn the back of each photo, the run number, guadrangle number and
project number, A4 card 9"x9" is cut from white display beard for each set
of photos and the disposition of runs in the quadrangle is shown on the
card, to which the runs are attached by rubber bandse.

Photogeologist!s equipment

Each geologist!s table has six drawers, one of which ig a deep
one designed to hold files; all drawers are lockable from a central keyholes
The light source for use with the sterecscope is a two-tube flucrecscent
fitting (see Appendix 2.b) fastened to the back of the table and fully
adjustable as to position so that glare can be reduced to a minirum Zach
room has the usual furniture such as security cabinet and bookshelf, but in
addition has a large area of wall spacc covered with painted soft board on
which maps and mosaies may be mounted. An air conditioner and heater are
fitted to each roon,

Compilaticn

In alternate method te that described above for transferring
detail frem the airphotos to base mep involves the use of an overhead
reflecting projector. The annotated photc is placed in the projector
and the image precjected down on to an overlay of the base map on the table
belows The detail is pencilled in by the draftsman and finally inked.
The type of overhead projector used (sec Appendix 2.c) has autumatic
focussing and in one model a Trange of magnification of C.25 to 4.0 and in
another range of 0«33 to 3.5. Becausec the image is projected on to and
not through the manuscript, a transparent moaterial is nct required, though
for reproduction purposes a transparent overlay of an cpaque map is
commenly used,

Occasional¥y when no base map is available, a slotted templet
laydown may be made, and detail from annotated photos transferred to the
point plot by vertical Sketchmasters. The resulting map is at a controlled
scale close tc photo nominal scale.

Final maps

If the client's requirement is for gecgraphically accurate
meps, the base is prepared from a topographic shcet, and prints of the
ccmposite photogeology plus topography are mounted on linen and hand-

coloured using printers' inks in pastel colours.

Less accurate maps are often satisfactory for the client's
purpose, and these are made f£rom mosaic overlay prints, hand-coloured if
required. '
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Double-prejection plotters

Kelsh Plotter

Detailed structural work such as precise dip determination in
low dip areas, structure contour mapping and iscpach mepping is required
in certain projects, and in regions of good cxposure this work is
cconomically done using double-projection plotters such as the Kelsh
plotter (Plate 1 - FigJ). '

The Kelsh plotter employs contact positive prints on glass,i.c,
"diapositives"; set in two projectors mounted on a frame in such a way that
the images arc directed downward and focussed on the platen of a tracing
table that can be moved over a flat working surfaces One projector has a
rcd filter and the other a blue filter, and the operator wears glasses with
lenses of red and bluec; in this way the stercoscopic offect is obtained,
and the overlapping images arc scen as a three=dimensional model. # The
projectors can be oriented on the frame by reference to ground control in
the arca covered by the model, so that their positicns are analcgous to the
exposurc stations of the taking camera. 4 small hole illuminated from below
in the centre of the platen is scen as a spot cf light apparentXy "floating!
in the model, and a pencil located directly bencath the floating mark is
used to plot detail from the model on s manuscript. By moving the platen
vertically up or down, the fleating mark may be made to eppear to coincide
with the surface of the model, and the elevation of any point determined,
When a model is correctly oriented by reference to ground control, snd the
scale determined, all detail can be plotted in ite true map position.
Furthermore the horizontal and vertical scales of the model are equal, so
that profiles may be drawn conveniently and acc ratelys 3

ingles of dip may be measured by three point method or directly
by the use of a tilting platen. Generally it is necessary to have a minimum
of four ground control points for each model, and preferably these should be
located ncar the corners of the models The accuracy with which spot elevations
may be determined depends upon the altitude at which the air photos were
teken, the actual value being within:g_%OU of the flying height. For
example, with photegraphy flown at 25,600 feet, the expected error for a°
spot height is # 5 feet, The scale of the model is about five times that
of the diapositives, so that for 1:50,000 scale photography the model scale
is 1:10,000s The machine can be fitted with = variable ratio pantograph
that gives scale ratios continuous within the range ls5:1 to 1:7. The
projectors are mechanically linked to the tracing table in such a way that
the light from each projector is always directed toward the platen as the
tracing table is moved over the working surface. The medel is thus well
illuminated throughout its entire area, and high resolution is obtained by
the use of contact diapositives,

The principal requirements for = Kelsh pletter are availability
of diapositives, sufficient ground centrol, a dark room about 12'x12! with
a sturdy floor free from vibrations and with a sultable power supply, and
separate projection lenses for each different focal length photography.

At present therc is no provision for handling 3.5" focal length photography.
For geological work,particularly in structural problems, it is a drawback
to be able to view only a small part of the model at a time. Rates of
working vary greatly according te nature of the geological problem and the
complexity of the area., 4t Geophoto, experienced operators obtaining
pracise dip measurements in well-exposed terrain uging 1:60, 000 photos,
worked 1% models per day i.c. about 40 sq. miles per men per day.

# model: the area of ground common to two congecutive air photographs
scen as a three dimensional impressiocn beneath the stereoscope,
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Detailed instructions in the operation of the Kelsh plotter
are given in U,S.G.S. Topographic Instructions Book 3, Part 3F, Chaper 3F5.
General descripticns of the Kelsh ineluding comparisons with Multiplex
and ER-55 plotters may be found in Bulletin 1043-B of tho U.SeGeSe
(Pillmore, 1957), and in a paper by Geophoto geologists L. Prundell and
Ve Jackson (Brundall end Jackson, 1958).

Maltiplex and BR - 55 Plotters

The Multiplex and HR-55 plotters were seen at the U.S.G.Se in
Washington and Denver, and are thus out of place here, but they are included
for the sake of continuity. They are both double-projection machines using
the principle of projection of images of complementary colours on to a white
surface, as in the Kelsh,

The Multiplex employs glass diapositives 55mm. square, and the
model scale is approximately 2,5 times that of the original photography.
Because of the reduetion of the original negative in printing the diapositive,
and the subsequent enlargement (about 12 times) in projection, the image is
not as sharp as that in the Kelsh, with the result that accuracy of spot
height determinations is less, and the model is less suitable for inter—
pretation of geclogical features. It is being used however for compilation
of ficld data on to a base map.

The term "E.R,-55 plotter" refers to a plotting instrument
using E R.-55 projectors (Plate 1,Fig.2). These projectors are so called
because they use ellipsoidal reflectcrs of 55mm. principal distance to
condense the light for projecting the image, instead of a condensing lens
systems The E.R =55 projectors are mcunted on a Multiplex bar or similar
frame; they produce an image of high resolution from glass diapositives
110mm. square. The model scale is 3e4 times the original phetography for
a projection distance of 525mm. and 5 times the original scale for a
projection distance of 760mm. Another important djfference between the
Kelsh plotter on the one hand and the Multiplex and E R.-55 plotters on the
other is the absence of a linkage between the projecters and the tracing
table in the latter. is a result there is greater frecdom of movement of
the projector heads, and because of this the Multiplex and E R.=-55 plotters
may be more suited for study of high-relief areas (Pillmore, opecits).
Several projectors may be mounted on one frame depending on the length of
the bar, and thus may be used for extending control between widely separated
control points isce "bridging". They may also be used with low-oblique
convergent photography (Hopkins, Radlinski and Thompson, 1952). Neither can
be used at present with the 3,5" focal length photography, although new
ellipsoidal reflectors for this purpose are being designed by the U.SeGeSe

The E R =55 plotter is well suited for geological work because
of the clexity of the model and because the entire model can be viewed at
one time. Ls in the Kelsh Plotter, the tracing table may be adapted for
profiling and for dircct measurement cof dips.

U.S. GEOLOGICAL SURVEY, REGIONAL OFFICE, DENVER.

Several U.S. Government agencies, including the Geological
Survey, have regional offices at Federal Centre, some 9 miles west of ,
downtown Denver, in a group of buildings which housed a munitions factory
during World War 11. Three days were spent at the Centre with Mr. Charles
Pillmore of the former photogeology section, with whom discussions were
held concerning !paper-print! plotters, double-projection plotters,
stereometer-type instruments and stereoscopes. From time to time Mr., Pillmore
conducts a short course on photo-interpretation for members of the Survey,
and an outline of the course was obtained. He was in the process of
preparing a demonstration set of air photos at the time of the writer's visit.
The photos were mounted on stiff cardboard which was loosely bound into
book form. Conjugate prints were mounted in separate books and one print of
each pair had an overlay which fitted over it, and the other print had
opposite it a short account of the important features indicated in the overlay.
Such a demonstration set of Australian air photos would be very useful to
have in the Bureau, which receives many requests for photographs for
teaching purposes.
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KNOX~BERGMAN-SEEARFR, DENVER.

This consulting firm specializes in photogeology. Techniques
of annotation are very similar to those at Geophoto, i.e., directly on the
girphoto with coloured pencils; however, instead of compiling the data an
mcsaic overleys their technicians use Kail double~-reflecting projectors,
which permit transfer of detail from photo to a transparent copy of a bage
mep in just the same way as the Grant projector (Kail,1954).

HUMBLE-CARTER QIL CO., DENVER.

A brief visit was paid to the area headquarters of this

company by courtesy of Mr. Hank Sharkey, of the goology department. Area
headquarters has two divisions, Exploration end Production. Exploration
Division is subdivided into four departments,Land, Geology, Geophysics

and Scouting, The Land department is concerned with obtaining concessions
over areas in which the Company is interested. The Scouting department's
Job is to obtain all information on an area, including the activities of
other companies. Mich of this work is done now by service companies to
which oil companies subscribe for their information. However, for "tight!
holes i.¢e ones that companies try to keep sccret, the scouts are still |
needed,

Each fArca Headquarters is responsible for a number of distriats.
The Area Geological Department compiles several types of regional geologiqal
maps which are sent out to district offices to provide a background for _
local field studies. Map sceles are of the order of 1:1,000,000. Examples
of meps are "time isopach": a contour map in which the thickness of rocks
laid/fﬁmﬁpparticular time interval is indicated; "dominant lithology":
arcas in which a particular lithelegy is dominant arc indicated by colours;
these may be superimposed cn the time isopach contours; '"sand/shele ratio''s
the proporticn of coarse to fine clastics is indicated by colours which again
may be superimposed on the time isopach contours-if required.

AMERTCAN STRATIGRAPHIC COMPANY, DENVER (AMSTRAT)
_-_—'-—'—"'—""—-—-—n———-n—-.‘__.&____————_

This company, known as Imstrat, specializes in processing sub-
surfece samples from oil bores, and preparing graphic logs. Samples are

sent in from oil companies in the usual cloth bags: they are washed, dried,
divided into the required number of splits and transferred to brown paper
bags. The number of splits is determined by the number of companies that
went information on the particular hole. /in announcement of the availability
of date from any well is made in an Amstrat newsletter which is sent to
about 200 companies. Also a card index system with details of all samples
held, is kept conveniently near a phone so that within a minute or two
information as to the availability of particular wolk samples can be given
tc any caller,

The ccmpany gives 2 two-week course in the determination of
carbonate sediments in well cuttings. The cost is £100 a week and is open
to any interested geologist. in hour or so was spent examining carbenate
sediments with Mre Jim C. Mitchell, President of lrstrat, and in the
writer's cpinion, the course would be a valuable one for Burcau geologists
deeling with sedimentary basins.

PETROLEUM RESEARCH CCRPORATION, DENVER

This is a consulting firm that specializes in the application
cf the physics of fluids to cil explorations The writer was fortunate to be
able to spend a few hours with Mr. Jack W. Knight, the Executive Vice-
President, who explained some of the principles which form the basis of the
company'!s work.

In many sedimentery basins, the sub-surface fluids have
differing pressures in different parts of the basin. The actual pressurcs
within a formation are measured during drill-stem tests; these src referred
to a common datum and from them a nap is made in which the contours indicate
lines of equal pressure. Crowding of contours means that there is some
obstruction to flow such a fault ar permeability barrier. Regular spacing
of contours indicates even flow.
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From only one well an idea of the pressure conditions can be
gained. Pressure rcadings are token in each sand interval encountered.
A graph of pressure against depth is made. If the readings fall eolong a
straight line, the hydrcstatic line, there is no flow of fluids in the sands.
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If for example one reading is to the left of the hydrostatic
line, the pressure in that sand is less than the expected hydreostatic head
Fige2.

fmy cil in sand 3 will be trapped there because pressure in
sand 2 is higher. 0il moving out of sand 4 because ci the buoyant force will
be trapped in sand 3,

Informaticn on pressures frem two adjacent wells can give a
cenpenent of the pressure gradient, and from threc wells the slcpe of the
piezometric surface can be found. Pressurcs can cauge c¢il to move down
dip, perhaps out of sands with odl and gas shows intc sands with lower
pressures which elsewhere have no oil cr gas showse Differences in salinity
cf waters in adjacent sands. can cause a movement of fluid from one to the
cther analcgous tc the osmotic effect, and this can be a cause of differences
in pressure between sands.

U.S. GEOLOGICAL SURVEY, GECLOGIC DIVISTON, WASHINGTON, D.Ce

Introduction

Here the writer's programme was ably handled by Mr. David

Indrews of the Fcreign Geclogy Branch, to whom grateful thanks sre extended.
The organization of the Geolegiceal Survey has undergene a change recently,
and there is now no photogeology section as such (see organization

chart appendix 3). However the writer wag able tc meet former members of

the branch including Dra. Weli. Fischer, R.Ge Ray, ReJ. Hackman and L. Hclzles
Scmgflays were spent in becoming familiar with the use of the sterecometer—-type
instruments, ineluding the sterco-slope comparater and the isopachometer
developed by ReJ. Haciman, and with the Multiplex pletting machine. The
Topographic Division at frlington was visited for two days in connection
with an evaluation of the SOM Stercoflex and KeEoKe Plotters. Half day
visits were paid to the Map Reproduction Section of the Publications Divisicn,
and to the Geologic Map Editor,

General

Much work of a detailed and semi-detailed naturc using air
photes: is done by the Survey. Most of the United States is covered by
tepographic or planimetric maps at 1:250,000 scale, and for some areas
there is ccverage at larger scales such as 1:63,360; 1:62,500; 1:48,000
and 1:24,000. Geological projects are normallv authorized only if a base
map is available.

Phetographs commonly used are double-weight semi~-matte prints
of 6 inch focal length, Both mirror and pocket stercoscopes are used. For
examining the whole model at ence, such as is particularly desirable in
structural work, a mirrer stereoscope is used supported cn & cantilever arm
mounted on thick ply-wocd abeout 27" square. It is thus essentially an cffice
instrument. It is fitted with a 4=pover binocular with a field diameter of
2 inches., The centilever mounting allows for ccmplete frecdom of movement
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when annctating photoses The design of the instrument is such that an
obgerver must lock vertically downward to view the phetos. This viewing
pesiticn is not the most confortable, but it has the advantage that the
cbserver!s line of sight is in a verticel plane, and with this reference
the horizontal plane is easier to visuelize, and hence the estimation of.
dips is more reliable (Appendix 2.d).

Two types of pocket stereoscopes arc commonly used, the simple
2 power lens type, and a plastic-framed lens type which has both 2 and 4
power lenses, and thus is particuvlarly useful for the study of small-scale
photography (iAppendix 2.e.).

For sterecmeter work a prismemirror sterecscope is used. This
instrument has an inclined viewing system equipped with mevable prisms, so
that cnce the air photos are correctly criented the complete model can be
scanned by operating the prisms. The optics are good and magnifications of
le5 end 445 are provided, ond the field cf view at 1.5 is approximately half
the medel (Appendix 2.f). Annotation is made directly on the face of the
print, the cheice cf medium being left te the geologist. OCcloured grease
pencils may be used, ovut the recommended medium especially for detailed work
is ink, either India or tempera, because cof the finer lines that can be
drawn withapen (Ray, 1956). Tempera is water soluble, and Indian ink can
be remeved with ammonia except for red which is difficult to erase. Transfer
of data from annotated photos to base maps is accomplished in one of several
ways,; such as by reflecting projector, (4ppendix 2.c¢ & g) skeichmester, radial
planimetric plotter or cne of the precision plotters - the Multiplex, Kelsh
cr E R =55,

The gketchmaster is a simple instrument designed for transferring
cdetail from single vertical photcgraphs te & bzse map. The image of the
phote is reflected by a large inclined mirror to a half-silvered mirror through
which the map id viewed simultanecg S.1Scale differences of photegraph to
nap between appreoximetely 2.5:1[5%?5 €-reconciled, For comfortable viewing
it is important to balance the intensity of illumination of map and photograph.

The radial planimetric plotter (Plate 2,Fig.l;lippendix 2.h) is

a device consisting of mirror stereoscope set over two photo tables, from the
centres of which radiate plastic arms comnected by a machanical linkage to

a pletting pencil between the tables. The instrument is designed to plot
detail from air photograrhs at a desired scale having removed distortion due
to relief, and it is used particularly for semi-detailed mapping. The
principle of operation is the samc as that of the radial line plot. The
centres of twe consecutive overlapping photos are used as points of cccupation,
anc. from them, lines are radiated to other points whose positions are found
by the intersection cf the lines. The instrument is placed over the base map
and ccrrectly oriented by reference to detail common to map and photogrephe
The scales that can be accommodated range from slightly greater than photo
scale to 1/3 photo scale. Scribed lines on the plastic arms that radiate
from the photo centres are seen under the stereoscope as & cross superimposed
on the model. This so called 'plotting cross! is moved about the model
follewing the rcquired details which are simultaneocusly plotted cn the base
map overlay in their true map position by the pencil linked tc the plastie
arms. The radial planimetrie plotter does not remove distertion due to
tilt and cannot be used for large scale precision mepping (Ray, op cit.).

IMuch use of negative scribing is now being made in the Geologic
Division for compilation purposes. If the geclogist prefers to scribe
rather than draw, he uses a print of his base map on the specially coated
plastic "seribecoat, and transfers the detail in pencil using the radial
planimetric plotter. The detail is later scribed using tools of appropriate
size for the different line thicknesses required,

In the same way a print of the base map on scribecoat may be
used when transferring detail from air photos by the reflecting projector
or high-order plotting instrument.
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For detailed geclogical work in well-expesed terrain, the
geologist, having studied the available literature, may do as much
interpretation as possitle with the Kelsh or ER =~ 55 plotter befcre
going to the ficld; if centacts can be seen, sections may be measurcd,
possible correlation of lithological units indicated, possible solutions
to structural problems cbtained and sc on, thus saving much time in the
field. After field work the annctated paper prints arc compared with
the Kelsh models and the necessory detail added to the compilatione

When a project is completed the compilation is fair drawn and
the final map is printed in colour by the Mop Reproducticn Branch of the
Publications Division.

Of general interest is the use of pclarcid caneras in the
field for photogrephing geological features. The polercid camere, though
bulky, can produce a print in its special back ebout cne minute after
exposure of the film, and thus the results cof photography are known before

the geologist leaves the area of investigaticn. This is an advantage over
conventicnal photegraphy, in which because of the time necessary for
processing films, poor exposures are not discovered until long aftor the
geclogist has left the particular erea.

Stercomcter-type instruments

L number of sterecmeter-type instruments have been cr are being
used in the UseSeGeSe for quantitative determination of dip, stratigraphic
thickness, difference in relief and so on. .[mong these instruments are
the parallax bar, the parallax ladder, the sberec-slope meter and the
sterec~slope comparator ("super duper dipper"), all of which are well
descoribed and illustrated by ReGe. Ray, op, cite.). The methcds of using
stereometer-type instruments are deseribed in detail by Hemphill (1958?,
who points out that care must be taken to cobtain reiisble results. The
formila H

h=% P where h = differcnce in elevation

]

H = height of plane above grcund

b = average of photo bases of left and

right photographs

p = difference in parallax .
gives satisfacteory values fcr h in terrain cf low relief, but in areas of
rugged topography the actual height above ground must be computed from the
local phote scale determined firom a base map, and a more accurate measurg
of the photo base should bLe used, which takes into account the elevations
of the left and right photo centres in relation to the elevation of the
lower of the twc pcints between which the difference in elevation is
required,

Parallax bers sre made for use with either mirror stereoscopes
cr lens stercoscopes; one compact design for use with lens stereosccope
clamps tc the legs of the stereoscope in such a way that when the stereoscope
is ccrrectly oriented with respect to the air photos so alsc is the
parallax bar (Appendix 2.,i). This feature though very convenient, is not
an essential requirement, as satisfactory orientation of a parallex bar
nay be made visually.

The parallex ladder is used for the direct reading of
differences in relative elevaticn. Designs for use with both pocket and
mirror sterecscopes are available (Lippendix 2.j; Plate 2, Fige2).

The sterco-slope metér is designed to measure the percentage
grade of slopes. The prototype medel can be used only with the lens
sterecscope and the maxirmm measurable slope is 12% (6951').(ippendix 24];
Plate 3 TFig.l). :
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The stereo-slope comparator (Plate 3, Fig.2) is used for
determining the strike and dip of planar surfaces observed under a mirror
sterecscopes Two small T-shaped targets way be fused in the model and
physieally tilted tc parallel the observed surface; the exaggerated dip

is read directly, and converted to true dip by reference to e supplementary
slope nodel and slope conversion grapha

L new type of parallex bar, the isopachometer, has recently
been developed by ReJe Hackman of the UiS. Geolegical Survey (Hackman,1960).
The instrument, designed for use with mirror stereoscopes, features two
floating dots which can be set to a speé¢ific vertical interval and moyed
atout within the stereoscopic model. The principal use is in geological
mapping in which thickness of rock units is important. (In Getober, 1960
only the prototype instrument had been made).

Paper-Print Plotters

General

Three so-called "paper-print plotters”will be referred to,namely,
the K.E«K. plotter: the Zelss Stercotope, and the SOM Stereoflex. The
information presented is based on published material and on discussions with
officers of the various organizations visited, particularly those of the
Topographic Division cf thc U«Ss Geological Survey. :

Paper-print plotters are used for the determination of
quantitative data from air photos. Provision in their design is made for
removal of distortion due te relief and for approximate correction for tilt.
The prineciple advantages, considered in relation to 2nd Order plotters are

l. low cost (approxe. £750~1400)

2+ easy portability

3« use of contact prints (preferably on special stable paper)
4o no darkroom reguired

The principal disadventages from a geological point of view are

1. low accuracy rclative to 2nd order plotters; spot height
accuracy approxs 1/2,000 of flight height |

2+ no direct-reading dip device; all dips must be calculated
by the three point method

3« Bo direct profiling device,

The amount of horizontal and vertical control necegssary to set
up a mocdel is the same as for 2nd order plotters, namely, a point at each
corner of the model and for best results, also one in the middle. The time

necessary for internal and gbsolute orientation of a medel is the same,
roughly 1 to 2 hours, as for a 2nd order plotter. In general 3rd orderj
plotters are suited more for topographic mapping than for geological work,
and as Pillmore points cut they are more difficult to operate than the
double projection plotters (Pillmore, opscite, PeR5).

K.E,Ks Plotter

This plotter (Ray, op. cit., p.17) consists of four basic parts:
a mirror stereoscope, a floating dot assembly and a drawing arm on which the
floating dot essembly is mounted. (Plate 4, Fig.l; Appendix 2k).

The principle is that cf radial line plotting plus an approximate
correction for tilts The stercoscopic model is viewed in its entirety at
photo scale; the plotter 4s designed for 85" focal length photography, but
will accept 6" photography. Some modification by the maker is necessary
before 33" focal length can be used. The drawing arm is attached to a
pentograph with a range of 2 times enlargement to 2 times reduction in
practice, although nearly 3 times reduction 18 theoretically possible.
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The instrument is feirly easy tc scale to any two points on a model and
therefore it is useful for mep revision, the accuracy being sufficient for
areas of low relief, One K.E.K. Plotter is employed on revision work by
the Topographic Division of the U,S. Geological Survey.

Zeisg Stereotope

This consists of the Zeiss Oblique Viewing Stereoscope mounted
on a base, the picture carriage, containing mechanical computers which moke
corrections for altitude and horizontal position by measuring horizental
parallaxcs. (Plate 4,Figs2; Appendix 2.1). It is necesssry to have at least
four control points, one at each corner of the model whose horizcntal
positiocn and altitude are known. Paper prints up to 9" by 9" of any fecal
length may be used, but special non=shrink paper is desirable., 4 pantograph
atbached to the picture carriage has a range of 2 times enlargement to 5
times reducticn of the average photo scale, The Oblique Viewing Stereoscope
has only = small field of view, slightly less than half the model parallel to
the flight line, and about half the model/tE%KRE f1ight line., The model
mst be scaled to the centrol points in the corners and it is therefore
impractical to scale locally within a modelk, a step which is often required
in map revisicn.

S0M Stereoflex

The Sterecoflex consists of a three-legged frame to which are
attached photoc-holders facing inwards towards a viewlng device made up of
twe semi-aluminized mirrors inclined at 45 degrees to the vertical. (Plate
55 Appendix 2.m)s  On looking into the viewing deviee a virtual image
from each photograph is seen, and with correct orientation these images fuse
to a three dimensicnal model. Orientation is accomplished by certain move-
ments of the mirrors and photo-holders for which controls are provided cn
the freme. A trecing table having a2 black circular platen with a central
illuminated hole serving as a 'floating dot' is fitted with a pantograph. The
model is viewed ad photc scale and the scale of the drawing may be varied
within the range 3 times enlargement to 10 times reduction. The platen of
the tracing table can be raised or lowered so that the 'floating dot' appears
to rest on the surfacc of the medel, The altitude of ary point can be read
off cn the altimetric disc attached te the tracing table., The Stereoflex can
use paper prints up to 9" by 9", or diapositives up to 7" by 7".  The
vertical scale of the model is approximately equal to

instrument principal distance Px horizontal scale
focal length of taking camera f

The prchipal distance P is an instrumental constant, 300 mm,
and when the retio—s becomes greater than about 2, inaccuracies are
introduced in the plotting, therefore it is inacvisable to use photography
with a focal length shorter than 5 inches,

Owing to the fact that there is only one reflection cf the
photographs by the semi-aluminized mirrors, the mcdel is reversed on the
platen, and after compilation the drawing must be turned over tec bring it to
its proper orientation. This would be an inconvenience for geological worlk.
To calculate the exact vertical scale, several factors, including the cyebase
of the observer, must be teken into account. 4 vertical exaggeration of
about 2 to 2% times may be expected with 6" focal length photography. 4
direct-reading dip device attached to the vlaten would therefore measure
exaggerated dips. In the same way a direct profiling device would give a
vertically exaggerated profile and the exaggeration factor would nced to be
applied to obtain correct results.

An evaluation of the Stereoflex from the point of view of
topographic mapping has been made by an officer of the Department of Landa,.
Sydney (Plummer, 1959),
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Colour air photography

The best application so far of colour aerial photography to
geolegy is in detailed studies of mineral terrains. where alteration
effects show up as colour differences. Colour transparencies i.e. positives,
mestly are used because of the high cost of prints. For field work a
special photo holder is necessary for the transparencies, with some sort
of cover for protection from the glare, and a mirror system tc reflect
sunlight through the transparencies from below. Colour negative film has
been tried also; both colour prints and bleck and white prints con be
made from negative film, The black end whibe prints show a stronger tenal
contrast than econventional black and white prints. The Geclogic Division
of the U.S. Geological Survey is engaged in continuing investigations into
the geclogicel uses of colour aerial photography (Fischer, 1958). However,
at present, ccnventional black and white photography has better resolution
then colour phetegraphy, and with special filtcr-film combinations is
probably just as effective for detailed study of mineral terrains.

Iraining ccurse in phetogeclogy

The Foreign Geolegy Branch of the Geologic Divisien in

Weshingten runs a seven months course in photogeology fer foreign
participents, with a short orientation in photogrammetric base map com-
piletion, The first three months ere token up with a study of photo-
geological prineciples, divided intoc qualitative and quantitative inter—
pretation, This phase includes the study of specific areas which are
subsequently checked in the field. Then follows a brief orieantation
in photogrammetry and finally about three months are devoted to the study
under supervisicn of a partZculer area, preferably within the country of

the foreign student. There cre two classes each year one starting in
fpril and the other in September. 4 detailed syllabus of the course is
included in Appendix 4%

Geologic Map Editor

The Geologic Map Editor is attached to the Chief Geologist's
office unier the Staff Geologist for Fublications, as is also the Text
Editor. The position of Text Editor is a two year agsignment, but the
GeMeEs, Mr. Douglas Kinney had occupied his position for four years at the
time of the writer's visit. The G.}sE. does two months field work, in one
period, each year.

At the regional offices at Denver and Menlo Park, and at
Washington there is a Regional Geologic Editor together with an Assistant
Text Editor and an Assistant Regional Geologic Map Editor. Before field
work begins the Chief of the Branch concerned in the project consults with
the Regional GeMsE. about availability of base maps for the jobe If no
base map 1is available the project is nct authorized.

U.Ss GEOLOGICAI, SURVEY, TOPQGRAPHIC DIVISICN, ARLINGTON, VIRGINIA

Establishment of supplementary horizontal control by stereotemplet
triangulation.

. This method was develcped by MeB. Scher of the U,S.Geological
Survey (Scher, 1955) in order to take advantage of the special features of
sterceoplotting instruments,

The conventional radial templet is prepared from a gingle
photographe  The photo centre is used as the point from which slots through
each pass point are radiated. The templets mechanically correct for
radial displacement due to relief, but if tip or tilt is present the
redials from the centre will form triangles instead of poiat intersections,
and the triangles of error have to be eliminated or reduced as much asg
possible by averaging. The scele of the compilation may be changed by
changing the distance (expansion base) between principal points elong the
flight line. Fi-g. 3a
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Stereotemplets are prepared from an oriented model in a
stereoplotting instrument. The positions of imcge points are thus
rectified with respect to tilt and have no horizontal digplacement due
to relief. "The positional data furnished to the stereotenplet is
therefore at & random but uniform scale., The only function of the
stereotenplet is to maintain this scale relationship between any and all
points plotted from a single model, while allowing for the enlargment
or reduction cf the over-all scale of the templete The stereotemplects
gre adjusted to the desired common scale when they are assembled to
satisfy horizontal control positions" (Scher, ops cite, ps655).

Each stereotemplet contains a minimum of four plotted pesitions,
one at each corner of the neat model #, i.cs, in the zone of overlap of
adjacent flights. Fige 4ePrincipal points are usually included. For each
stereo medel, two identical templets are propared; in each templet radiel
points are chesen 1n diagonally opposite corners, so that the slots when
cut will intersect at the greatest possible angle. The expansion base of
the stercotemplet (Fige 4 ) is longer than thet of conventicnal radial
templets of the same area, and because "the length of this base governs
the accuracy with which the individual templets retain uniform scales
while changing size "(Schor, cpecit., p.659) the stereotemplet gives more
accurate results then conventional templets. Purthermore, "stercotemplets
permit the achlevement of scale solutions in the direction porpendicular

to the line of flight as accurately and conveniently as along the line
of flight" (Scher, op. cite, p. 659).

Briefly the procedure is as follows:~ the air photos are
marked in coloured pencil to show field control points end pass points
in separate colours by letter and figure designetion. In a stereo-plotter
the models are oriented and field contrel points and pass points identified
by reference to the photos. Using the pantograph the scalc of the model
is reduced to approximate compilation scale. On a sheet of opaque white
plastic (equivalent to astralon) the position of each pass point aand
control point 1s marked and cach point lebelled. Using this original
templet, a duplicate is made by pricking through to & second astralon
sheot the positions identified in the model. Diagonally opposite points,
one on each templet, are chosen as radial points, and slots 4" wide and
1" long cut. When all templets are cut, a preliminery lay-down is made to
see whether any gross errors oceur, If the laydown is satisfactory the
templets are taken up, and the base sheets laid down. This 1s done on a
flat rigid surface to which the base sheets are stapled. Base sheets
are prepared on a stable plastic (usually coated for scribing); on these
the geographical grid at the required projection is scribed, and the
positicng of all horizontal control points merked. After the base sheets
are attached to the table, special studs are taped over all horizontal
control points., All studs are of machined brass 4" in outside diameter,
and are of twc types; control studs and supplementary control studs. The
latter are hollow to allow a mounted needle to pass through hem, while
in control studs the central hollow is filled with lucite, a clear plastic,
so that marks on the base shect can be seen through it. Centrally on the
lower surface of the plastic where it rests on the base sheet, is
inscribed a small black circle, This can be positioned preci ely over a
control point on the base sheet and the stud then taped down?"$Phe lay-down

# neat model: the area between lines normel to the flight line through -
the principal points of adjacent photos, and including half of the side
lap with adjacent flights,
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is completed satisfactorily, the position of pass points is recorded on

the base shects by pricking through the hollow studs with a mounted needle
which fits exactly the internal diameter of the studs. As the templets

are taken up, the designation of each pass point is noted on the basc sheets,

Map Reproduction Section, Publications Division

Here the main point of intercst was the colour system used in
printing geologicel maps, which has been developed within the Secticn,
It is known as the Color-trol System, and utilizes three basic cclours
red, blue and yellow, in intensities of 3C%, 50%, 70% end solid, in
combination with 11 basic patterns each having densities of 30%,50% or 70%.

4s Br as geological copy for printing is ccncerned, line work
is mostly scribed, and lettering is type set by Fotosetter machines which
produce pogitive type on film; this is sent to the photo laboratory where
it is photographed and a positive contact print made on strip film.

The Publicationg Division controls the distribution of maps
and keeps the Map Reproduction Section informed as to how many copies of
any map are required, The aim is to keep a three year supply of each map
on hand,

BLTALFSE INTERNATIONALE PETROLEUM MiiTSCHAPPIJ. THE HAGUE.

Introducticn

Lt the head office of the Royal Dutch/Shell Group of
Ccmpanics the writer was attached to the Explorstion and Production
Department under the authority o Mr. Charles Mackay, whose responsibilities
include the supervision of the Groupk activities in fustrzlia. To Mre
Mackay and tc Mr. Th.van der Bent, phctogeclogist, the writer wishes to
" expréss his thanks for their help during his visit.

Nearly two weeks were spent in work connected with Mr. van der
Bent's course in photogeology, and in a method of triangulation of points
cn high-angle oblique photos, and three weeks in photointerpretation of
speciel training areas. 4 one day visit was made to the Group's
Geological Research Laboratories at Delft where the Director, Dr.de Raaf,
arranged for the writer to mcet Dr. 4. Kruit who is engagced in studies in
sedimentation in modern deltas, and Dr. A.J. Wells who has been studying
the structure of reefs. Dr. Wells' work has included an investigation of
the Devonian recfs of the Fitzroy Trough. On the ground these recfs are
readily meppable intc fore-reef, reef, and back-reef zones, but these
units could not be satisfactorily delineated on vertical air photos.
Probably high-angle oblique photos wculd be more suitable for this purpose
than the verticzls,.

General

The Exploration and Production Department has cne photo-
geologist on its permanent head office staff., He is respcnsible for the
training in photogeclogy of all newly appointed field geologists, and also
for the production of reconnalssance scale photogeological maps as
required. He has a permanent gtaff of two draftsman and may call on the
services of additicnal geologists and draftsman if a large project require
ite 4 typical project might involve the examination of 1,000 to 2,000
photos at 1:50,000 scale, and prcduction of a photogeologicel map at
1:200,000 scale, the time for the job depending on the complexity of the
geology, but probably 2 to 3 months. The aim is to provide the
Exploration Department with a map covering a whole area of interest as a
basis for planning, rather than a detailed photogeological map tc assist
the field geoclogist in his programme. Therc is a strong emphasis in the
treining course on visual estimation cf data from photographs - dips,
heights of features, and so thickness of stratigraphic seguences. Most
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maps are accompanied by estimated photogcological columns and cross
sections. Much work is done in rogions where base maps are inaccurate
or lecking, sc that in compilation use is made of principal point plots,
radial line plots and semi~contrclled mosaics.

Outline of procedures

Phetos purchased by the Company are indexed and stered by
the topographic branch and obtained as nccessary by photogeclegy section.
innotation of photos is done directly on the surface of prints with
grease pencils according to a colour code (Lppendix 1). Single weight
semi=glossy prints are preferred both for field and office use, whilc
double weight fully glossy prirts are used for training, because of the
ease with which grease pencil marks can be removed (with a soft cloth or
with cotton wool meistened with methylated spirits).

Mirror sterecscopes are used almost exclusively, a high
quality mirror-prism instrument of Swiss manufacture being preferred; it
has excellent optics and a wide field of view (Appendix Z.n.). 4 light
source consisting of a single fluorescent tube is mounted on the back of
the sterecoscope in a position that gives minimum glare.

The method of compilation adopted depends on whether or not a

base map is available, and if so elso on the quality of the base map.

If nc map is available, either a principal point plot cr radial line plot
is used, and the resulting compilation tied in to any control that can be
found, such as astrofixes. If a base map containing sufficient plani-
metric deteil is available, the geology is transferred by inspection to

an overlay of the map. If the base map has only li%tle detail the
following method mey be useds When annotation of the photes is

completed by the geologist, the draftsmen make mosaics ly matching detail
and taping photos to a board. An area built up in this way until the
change of scale due to reclief displacement of image points makes it
difficult to match detail., A separate mosaic is then built up and so on
until the whole area is completed. Detail from the mosaics is traced

off on to separate cverlays, which are at different scales. From the base
map, the actual scale of each overlay is computed and each is photo-
graphically brought to final scale (usuelly 1:250,000 or 1:200,000)s The
reduced overlays, now at a common scale, are fitted together and taped
down. Any points whose geographical co-ordinates are known are placed
in their correct positions rclative to ecach other and to a temporary grid
which may be drawn at this stage. A contact diapositive of this assemblage
is then made on the lower polished surface of sensitized astralon. ALl
unwanted lines, for example, those originating from the tape used to stick
the overlays together, are scraped off, and the final geographical grid
drawn on the upper matte surface of the astrirlon, The necessary prints
can then be made from this positive.

Training courge for Company geologists

The Company gives an eight weeks course to those of its
geologists who will need the knowledges The course is modified as
necessary to sult the neceds of particular students, but usually includes
elementary gecmetry of air photos, estimation of vertical exeggeration
of stereoscopic models (Fichter, 1954), group tracings (principal point
plot), radial line plot, and the working of special training areas, Two
to three weeks may be taken up with the principles, including a week to
ten days practice in estimating dips and differences of elevation from
photos, and checking results against topographic maps; the remainder of
the time is spent in applying the principles to actual geologlecal
problems. The training areas, which are in various climatic zones, have
been sclected to emphasize the necessity for three dimensional thinking
rather than routine mapping of linear features. Thus stratigraphic
thicknesses must be estimated in various parts of an area and kept in mind
so that possible stratigraphic anomalies are recognised and hidden faults
detecteds At the completion of annotation the student prepares a photo-
geological map accompanied by photo-estimated cross-sections and
stratigraphic columns. There is commonly sufficient time in the course
to do three training areas.
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INSTITUT FRANCAIS DU PETROLE, PARTS

Introduction

Only two worlking days were spent at the Institute of Petroleum .
but this gave sufficient time to gain an understanding of the photo-
geological procedures used, and also to pay a brief v151t to the factory
of the Scciete d'Cptique et de Mecanlgnn de haute nrcc1sicn, makers of the
Stereoflex (pell). The writer would like to record his appreciation of the
hospitality extended to him during his visit tc the Institule, particularly
by M. Guyonnaud, Chief of the Photogeology Department of the Bureau of
Geolcgical Studies.

General

The French Petroleum Institute is a Government sponsored
professional orgenization with the purpcse of promoting scientific and
technical activity within the French petroleum industry. The Institute
carries out its aims by research into thé technical problems confronting
the industry, by the training of engineers and techniecians in new techniques,
and by the publication of technical information such as the results of
research studies.

Its operationel expenses are paid for by a tax on
petrcleum products. Projects may also be carried out on behalf of outside
organizctions and these are arranged on a contract basis.

The IFP is divided inte four Divisions

1., National idvanced School of Petroleum and Motors
2« Documentation-informaticn (Libraries)

3+ Technicel divisions

Le  Menagement

The Technical Divisions are subdivided into

l. Sedimentology

2¢ Burcau of geological studies

3. Drilling-production-reservoirs

4e  Chemistry-rezining

5 Analyses and syntheses

6. Applicetions (fuel and lubricant research).

The Photogeology Department is part of the Bureau of Geological

Studies and is itself divided into five sections: Photo-interpretation,
Photogrammetry, Drafting, Photography, and Research, The staff of the
Photogeology Department consists of twelve geologists and forty techniclans.
Planning of prcjects is done by the Chief and Assistant Chief Photogeologists,
the photo-interpretation of eany one project being done by a team consisting
of a supervising geologist in charge of several geologists, the number
depending on the size of the projects A supervising technician

¢c ordinetes the operations of phcto grammetry, photography and drafting,
and thus while the geclogists are doing the interpretation, the technicians
make a slotted templet laydown and preperc the base sheet., Routine jobs
such as adding centre and pass points to photographs and preparation of
templets are often sent out to sub-contractors, but the actual laycdown of
templets is done in the IFP. Projects commonly carricd out include the
preparation of reconnaissance photogeological maps of both sedimentary and
metamorphic-igneous terrains from air photos cof 1:50,000 scale.
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Outline of procedurcs

Adr photos are supplied by client or, for the IFP's own work,

by the Institut Geographique National. These are filed by the secretarial
sectiin of the Bureau of Geological Studies. Unless good base maps cf a
region are obtainable a slotted radiel templet laydown is made, Thick
transparent astrafoil is uged for templets; in the preparation of a base
sheet at 1:200,000 or 1:250,000 scale from 1:50,000 scale photos, the
templets are made at 1:100,000 scale and the resulting laydown photo-
graph:.cally reduced to final scale. The eentre and pass points from this
reduction are pricked through on to a sheet of metalmount paper (equivalent
to Pegraboard) and labelled, This is the compilation sheect.

Annotation is done on transparent overlays of alternate printe,
For an area in which the geoclogy is little known, a preliminary annotation
mey be done on the face of photos; the prints are then laid out so that the
overall picture of the geology can be studied, and subsequently the
principal fcatures are transferred to transparent overlays. Coloured
Telutch! pencils are used according to a standard code (4ppendix 1). As
with the Shell Company, more importance is attached to physiographic
expression of lithological units than to simple dip mapping. For the
annotation on the coverlays, a Swiss mirror sterecscope similar to the Fair-
child is used; binoculars give a magnification of 3.5, and the photos are
observed looking vertically downward (Appendix 2.6). Less commonly used
is a high quelity French mirror-prism stereoscope with an inclined viewing
system; without binoculars this has a field covering the complete width and
4 of the height of the model at a reductisn of 0.7 times full size. With
the binoculars the field of view is just over 2 inches at a magnification of
3.2 (Appendix 2.p).

The legs of mirror stereoscopes are set on a wide U-shaped
yoke of aluminium attached to a drawing arm. The yoke carries a light
source of two 40..watt bulbs, and rests on two glass plates on the tables
The outer edges of cach photo are held under the glass plates on which the
yoke slides easily with a parallel motion by virtue of the drawing arm.

Transfer of detall from photographs to base sheets is done in
one of two ways depending on whether the scale of the final map is close
to photo scale or much smaller, eege 1:200,000.

If the photos are at 1:50,000 scale and final map is to he at
e.gs 1:60,000 or 1:100,000 then during thé preparation of the photo overlays
both centre points and pass points are traced off. Individual overlays are
then rectified and reduced %o final scale in a special rectifying camera
developed by the IFP which is capaBle of a maximum reduction of 3 times. The
slotted templet point plot is placed on the table of the rectifying camera
end the image of the overlay moved until the control points of the overlay
coincide with the homelogous points on the slotted templet assembly. 4

plece of printing paper substituted £ex for the point plot and exposed then
provides a rectified 'map' of the partieular photo at final map scale. About
sixty such prints per day can be handled by the machine. These photo
overlay prints are them mounted on the comgilation sheet with heat-sensitive
mounting tissue in their correct positions by reference to the control poinbs
common to both. The geologist receives the compilation sheet and does the
re-interpretation he considers necessary to try to determine lithological
units; at this stage, known as the synthesis, he may use a 2-power pocket
stereoscope (Appendix 2.q.) ; he indicates by eolouring the various

features kow the draftsman should proceed with the fair drawinge. He also
indicates how mamy plates will be required in the printing,

If the photos are at 1:50,000 seale and the final map is to
be at 1:200,000 or 1:250,000 scale, then during the preparation of the photo
overlays only the centre points and transferred centres are traced off,
Individual overlays are reduced in a eopying camera to final map scale,
and the reduced photo overlay prints mounted on the compilation sheet by
reference to the centre and transferred centre points only. Then this is
the geclogist's compilation,

: Final meps are printed with the line features indicated in
several colours (up to five) plus black., Ten copies are supplied to the
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client, one of which is hand-coloured completely; in addition a composite

ozalid transparent positive is supplied, from which further prints can be
made by the client.

OVERSEAS _GEOLOGICAL SURVEYS, LONDON

Photogeological Secction
Introduction

Just over a week was spent at the Photogeclogical Section
of the Overseas Gedlogical Surveys at Tolworth. Mr. Gordon Whittle, the
geologist in charge, arranged for the writer to spend a period with each.
of the five geolegists in the section i& order that he might gain an

appreciation of the diversity «f the work being done. Thanks are due to
Dre Shaw, Director -of the Overseas Surveys', a&zd to Mr. Whittle and his
staff for a pleasant and instructive visit.

Mr, WHittle also arranged a half day tour af the map
reprodédction section of the Directorate of Overseas Surveys. During a
brief visit to the head office dn London, an excellent punch card system
for recording minerasl analyses was seen in the chemistry laboratery, and
a short paper describing the system is now on file in the Geological
Branch,

General

In 1947 a central organization] the Directorate of Colonial
Geological Surveys was formed in London for British Colonial and Dependent
Territories in order to facilitate the ezpansion of geological work con=
sidered necessary by the Committee on Colonfal Geology Because many
Colonies gained thelr independence during the years ollowing the war,
the name &f the central organtzation: was 1ater changed to Directordte of
Cverseas Geological Surveysa !

The Photogeological Section whs formed in 1949 with a staff
of one geologist which increased to five in 1956. During 1960 there were
also five geologists in the Section. The main work of the Szsction iﬁk '
photogeologicel interpretation of certain areds requested by the Overseas
Surveys, followed usually by the neeessary field investigation to complete
the mapping. The work is financed by votes from the Colonial Develophent
end Welfare Fund.

The Secticn 1s housed with the Cverseas Geodetic and
Topographic Surveys at Tolworth in Swrrey, in order to toke advantage of
the drafting facilitics and the air photo ibrary available there, Liaison
is also maintained between the Topographic division and the Geological
division which has its office in London.

Projects carried out by the Photogeological Section include
reconnaissance and detailed mapping in both sedimentary and igneous=-
metamo;phic terrains,

OQutline of procedures

A typical project required the mapping of 2,000 sq. milus of
basement complex in a tropical arca difficult of access in east difrica, '
Lvailable photes were at 1:40,000 scale and the final map scale was 1:125,000;
also available were planimetric base maps at 1:50,000 scale. Two geologists '
were agsighed to the project, and as a first step extra detail was added »
to the drainage on the 1:50,000 scale planimetric sheets using a radial
planimetric: plotter, so that they would be more useful for ccmpiling
geology in the field. Two months were spent on photointerpretation before
going into the field, then followed four months of "detailed rcconnaissance"
field work, 1ncluding panning for minerals. After returning to the office
three months were spent in compiling maps and writing a report. In
compiling the geology for the final map the 1:50,000 scale planimetric shects
were photographicelly reduced to.1:100,C0 scale and geological detail
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transferred by inspection from photos to overlays of the reduced shectse
Fadr drawings were made at 1:100,000 scale from these compilations, and
reduced to 1:125,C0C scale in meking platcs for colour printing of the final
mape | _ !

linother project involved mapping over 100,000 sqe miles in
Lden Protectorate from photos at 1:80,000 nominal scale for a final map
scale of 1:250,000. For this project photo-scale rectificd mosaics were
available from the Topographic Division of the Dircctorate, and geological
information was transferred by inspection to mosaic overlays., The seale
of these was reduced to 1:250,000 scale on a Grant projeoctors. )

Coloured grease pencils are used for annotation according to
a general colour guide (Appendix 1). For general interpretetion a mirror
sterecscope mounted on a perallel guidence mechanism is used (Lppencix 2.r.)
this device allows the sterecscope to traverse across four ccnsecutive
sterco prints parallel to the flight line (x dircction), end the conplete
models nermel to the flight line (y dircetion). As the device supports the
sterecscope on e carrying arm, legs are unnecessary, thus giving unrcstricted
access to the prints for amnctation. Even illumination of the prints is
provided by an 18" fluorescent tube mounted on the carrying arm behind the
stercoscope. idjustable friction pads control the freedom with which the
sterecoscope mevess The sterecscope is fitted with a 4=power binocular,
4 2-power lens sterecscope is often used in conjunction with the mirron
instrument, '

Equipment for compilation includes a Grent projector and a
radiel planimctric plotter (sce p.8).

Training course Survey Geologists

for

Ak course lasting 3% wecks is run each year for rocent
graduates joining the Overseas Geological Surveys. To quote from the
syllabus fcr the 1960 coursec it consiazts "of a geries cof lectures together
with practicel work covering stercoscopic acuity, alignment of prints and
transfer cof peints under the sterecscope, roconnaisszence and detailed
interpretation of topographical and geolegical features in various
territories, use of parallax bar and the construction of maps from air
phetographs. ! The course ineludes photo-interpretation of a field area
in North Wales, o subsequent ficld check and preparaticn of a geological
map. i useful aid to instruction is a "3-D" projecter by which sterecscopic
models can be projected cn tc a screen end discussed by the lecturer with
the students.

MLP REPRODUCTION SFCTION, DIRECTCRALTE OF OVERSEAS SURVEYS

The section uses the three cclour system for printing
geclogical maps. The basic cclours are red, yellow and blue, applied in
three intensities approximately 50%, 75% and full, by the use of a fine' line
screen. For cach colour non-photographic blue positives on astralon arc
prepared, and cn the polished side all doteil except that required for a
particular colour is duffed cut with cpague. Three such pcsitives are
needed for each colour, cne with the screen used singly (50%), one crosg-
line (75%) end one full. The threo positives are superimposed using brass
studs alcng the edges t¢ ensure accurate register and a negative is made;
from this negative the plate for the particular colour is prepearcd. :

PRICES OF CONTRACT PH OTGINTERPRETATION

Prices cof course have a wide variation because the nature of
the geology ranges from sizple to complex, from poorly to well exposed and
so on, and hence the time required for a project varies greatly. TFor example
the contract price for interpretaticn of geology on 1:50,000 scale photos
and transfer of geologicel and planimetric detail to overlays of photo secale
mosaics provided by the client, ranged from approximately 4/- per square mile
to 22/6 per square mile,

For preparation of a slotted templet laydown, annotation of
1:5C,000 scale photos, and preparation of a photogeclogical nap at or near
photo scalq' gmﬁﬁ?%%om 19/- to 33/- per square mile; with the same scale
photos and slotted templet laydown, and preparation of a photogeclogical map
at 1:250,000 scale the price renged from 4/9 to 9/5 per square mile,
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Recommendations
Procedurcs

The principal functions of the Photogeology Group src
considered to be as follow:-—

to prepare (&) Photogeological. Maps of broad arcas, for example bagin-wide
studies in sedimentary terrains, at 1:250,000 scale for planning purposes;
(b) photo scale compilations to aid the field geologist. Other functipns
include photo-interpretation of igneous 1ietamorphic terrains and detailed
interpretation of small arecas as required. When the Group is firmly
established another function may be to run a short course in photogeology
for recent graduates joining the Geological Branch,

As shown in Table 1 much the same procedure can be used to
compile maps at either photo or 4-Mile scale. For areas in which the
geology is unknown, the photo interpretation should be followed by a field
check by the photogeologist.

It is of prime importance for the smooth running of the
mopping programme that the Bureau, since it is required to produce a standard
series of maps conforming to National Mapping standards of accuracy, should
be supplied with planimetric base meps several months before field work is
due to start. If meps have to be compiled on substitute base maps, much time
is inevitably lost in re-compilation when the proper planimetric maps become
aveilable,

It 1s apporent from comparison with overseas organizations,
particularly private cstablishments, thtmore use should be made in the
Burcau of technical assistance to geclogists engaged in compilation of maps
so that more of their time is available for purely geological matters.

That such assistance will be available has been assumed £o% the procedures
outlined in Tebles 1 and 2.

uipment

Each photogeclogist should bc eguipped with a good quality
mirror stereoscope mounted on a suitable scenning device, a parallax bar end
a pocket stereoscope. The Wild ST3 stercoscope mounted on a Casella
perallel guidance mechanism is preferred. The pockct stereoscope recommended
at present is the Caselle~type 2-power instrument. However, it is also
recommended that an Abrams CB-1 stcreoscope be purchesed; this instrument
is furnished with both 2 power and 4 power lenses, and should be tried with
the new small scale (1:85,000) photography to see whether it will be useful
to field geologists. It is highly regarded by U.S.GeS. geologists at the
Denver regional offices An accesgory perallax bar is aveilable for the
Abrams stereoscope which clips to the legs of the instrument and thus can
be conveniently used in the field. Another accessory is a circulasr computer
which readily solves the parallax equations used in determination of
elevation differences, It is recommended that both accessories be obtained.

4 simple instrument for compilation of semi-detailed maps from
air photos is the radial planimetric plotter. It removes the image
displacement due to rclief and is very sultable for plotting geological
and extra planimetric detail from air photos directly on to a base map,
provided that the scale of the map is not less than 1/3 photo scale. Two
horizontal positions for each stercoscopic model need to be known to provide
scale and orientations It is recommended that one radial planimetric
plotter be purchased,

As far as plotters capable of contouring are concerned, in the
writer's opinion there is not sufficient need at present for this type of
work in the Geoclogical Branch to warrant purchase of a machine. Any special
project that requires provision of contours could be let out to contract.
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Furthermore in many arees in Australie which the Bureau investigates
geologically, horizontal and vertical control points are few and far
between. For accurate work, all plotters require at least 4 control points,
preferably located near the corners of cech model. For 1:50,000 scale
photos this means 4 control points in each 20 square miles or sos the
problem is less ecute with 1:85,000 scale photography in which 4 control
points are necessary only in each 55 square miles approximately.

In the writer's opinion, probably the best stereoscopic
plotter for geologleal use is one which employs ER-55 projectors (sce p.6)
because of the good resolution of the mcdel, and the faet that the model
can be viewed as a whole. Reduced scale diapositives arc used, requiring
the use of a special reduction printer, and at present these may be
difficult to obtain. However, many mepping agencies in Australia have been
using photogremmetric equipment for some years. The NoS.W. Department of
Lands for example has, besides Wild Plotters, Multiplex machines and a Kelsh
" Plotter (Micddleton, 1955,pe62). it present, as far as is known, ER-55
plotters are not used by any lustraelian organization, but .with the expundnng
use of photogrammetry in Lustralia (Rassaby, 1960, p.150) their use is
likely within the next few years.

Rather than purchase one of the *papcr-pr*nt' plotters wh1c1
aveld the use of glass diepositives, but which are not particularly well
suited to geological use, it would be better, in the writer's view, when the
" need for a plotter arises to buy a high quality sccond-order instrument that
can accommodate both & inch and 34 inch photography.

This recommendation leads to the question of space required
for the Photogeclogy Group .,

Space requircments

fn essential requirement for photogeclogical work is

. sufficient space to lay out large numbers of photos, possibly several hundred
prints at a time, in order to observe the photo patterns over a complete
4~Mile map for example, No room suitable for this work existg in the
buildings presently being used by the Geological Branch, but provision
should be made for such & room in the proposed new building now in the.
design stege. L suggested arrangement of furniture and cquipment in sqch

& room is shown in Plate 6,

) One room 12 feet by 14 fect should be held in reserve for a
stereoplotter; it is desirable that it have a concrete floor and at least
two power cutlets, and be sultable for modification into a darkroom when the
plotter is obtainedes The majority of our alr photes in use at présent
are at 1:50,000 scale, and to lay © ;.a compleote 4=~Mile sheet at this scale . -
requires an arca of approximately 33 feot by 12 fiet. Such a layout is
most conveniently handled on two tables each 16 feet by 7 feet so that the
central part of the layout is readily accessible. The Land Research &
Regicnal Survey Division of C.SsI.R.0O. uses braced plywood sheets of this
gize, supported on sets of metsl filing crawers in which alr.photos are
stored when not in use, (Filing drawer dimensions are = width 225",
depth 18", height 123"; three sets of drawers one above another are used
for each table support giving en overall height, including table thickness,
of 3t 33"), If in the future the Bureau changes over completely to the
use of 1:85,000 scale air photos, the two tables will cope with a twosfold
Increase in work rate, because at the smeller scale cne 4~Mile crea will
fit readily on each table.

A possible arrangement of furniture and equipment for a staff
of four geclogists and four draftsmen is shown in Plate 10, though to begin
with only threc geologists and draftsmen will comprise the Group.

It is difficult to estimate space requirements in say, 10 or
15 years time, If it is assumed that Bureau regional mepping will be con-
fined largely to the area of Australis north of late 26° S, then an estimate
of the time necessary to complete, for the first tlﬁu, geological mapping
at 1:250,000 scale can be attempted. North of 26°S, excluding PapucmNew
Guinea, there are 264 4-Mile arcasy of which slightly less thon 15% have
been published or are nearing publication. 4t the rate of 4 man-years
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per 4-Mile, appreximctely 10 sheets should be mapped each year, and thus

the project can be expected to toke 25 to 30 yeers, with prescnt staff, If
earlier completion of the project became desirable an increase of staff would
be necessory. An increase of photointerpreters could also become '
necessary if for some reagon extra work were required, for example if it
became policy to carry out photointerpretation for outside agencies.

In this event expansion of staff tc five photogeologists and
five draftsmen can be handled by accommodating a draftsman in each of the
14! by 12! rooms, and moving a new geologist and draftsmen into the 19' by
12' rooms



B3
REFERENCES

Brundall, L. & Jackson, V.,

Fichter, Hede,

Fischer, W.l.,

Hackman, ReJ.,

Hemphill, W.R.,

Hopkins, B.T., Radlinski,W.Al.,
& Thompson, M.M.,

Kaj.l, Pth ]

Middleton, C.E.,

Pillmore, CaLs,

Plummer, BaT.,

Rﬂ-ﬂs&by, H.S, ’

RB\‘}', R.Gl,

Scher, M.B.,

Thompson, MeM.,

1958 -

1954, =

1958 -

1956 =

1960 -

1958 -

1952 =~

1954 -

1955 -

1957 =

1959 =

1960 -

1956 -

1955 -

1958 =

Quantitative photogeology = populaxr
exploration tool, World 0il Mar.1958.

Geometry of the imaginary stereoscopie
model, Photogrammetria, 1953-54, 4.

Colour aerial photography in
photogeologic interpretation,

PhOtOg LMy &Eo ’ 24 ("-0-) ’ 545-549-

The Stereo~slope Comparator = in
instrument for measuring angles of
slope in stereoscopic models,
Ehotogramn- _Eﬂ-go, 22 (5), 893 - 898,

The Isopachometer ~ a new type
parallax bar, Photogramme. Eng., 26 (3)
45T7=462.

Determination of quantitative geologie
data with stereometer-type instruments,
UsSe Geel,SUrv.. Bull. 1043"0 .

Twin low-oblique photography and the
Twin-plex plotter, U.Se¢Geol.SurveCircas
2224

The Double Reflecting Projector,
Photogramm. Eng.20(4), 700.

hspects and trends of photogrammetry
in Lustralia, Cartography, 1 (2);56~645

Application of high-order stereoscépic
plotting instruments to photogeologle -

studies, U.S, Geol.SurveBulle 1043-B

Iin evaluation of the SOM Stereoflex
as a Third Order plotting instrument,

Some applications of photogrammetry in
engineering and cadastral surveying
in New South Wales, Cartography,

3 (3) ’ 145"150.

Photogeologic procedures in geologie
interpretation and mapping, U.S.Geol.
Surv,Bull. 1043-4.

Stereotemplet triangulation, Photogramm,
Eng. 21(5), 655"6640

Development of photogrammetry in the
UsSe Geological Survey, UsSsGeoleSurve
Circ. 218.



H

PHOTOGEQLOGY BIBLIOGRAPHY

Prepared by U.S. Geclogical Survey.
Jenuary 1,1960.

The following list of publications is believed to be
representative of articles pertaining to photogeology. The literature is
mich more extensive, Many articles have been omitted from the list, such
as theses and articles prepared for non=technical jcurnals.

flexander, J.Bs,, and Procter,W.D. :
1955 - "Investigations upon a proposed dam
site in Klang Gates, Federation of
Malaya", Colonial Geology and Mineral
Resources, Vvole5, Nos4, Pe 409-415.

Mliger, J., 1955

"Lpplication of photogeology to oil
exploration in western Canada, Jcur.
M berta Soc,Petrcls.Geocl.,vol,3,n0.10,
Pe 179"184: 1940

Barton, Da.C., 1933 - "Surface fracture system of south Texas",
Bull;f-k.ii.P.G., v01017’ IO 10, Pe
1194~1212.

Belcher, D.J., 1946 - "Engincering applications of aerial
reconnaissance", Bulle GeSehs, vOle57,

nos8, ps TR7=T734.,

> 1945 - "The engincering significance of soil
pattern", Photogram. Eng.,vol.ll,
n002, P. 115"‘148-

’ 1953 - "The engineering significance of land-
forms", Proc.Highway Res.Bd.,nc.2,
il’l B’u.llt nO.lB, fxC&d- SOi.

Belcher, D.J, Greeg, L.E., 1943 - "The formation, distribution and
and Woods, KeB., engineering characteristics of soil",
Purdue Univ.Research Ser., 87, Highway
Res.Bu1l.10,Jan.,389 p. Chapter 4,
éerial Photographs in Soil Mapping, p.
1-80.

Belcher, D)J., 1944 - "Identifying land forms and soils by
aerial photographs", Proce30th Ann.
Purdue Road Schocl, (Mar.),pe 133~154.

Bench, BeMa., 1948 = "Discovery of oil structures by aerlal
photography", 0il and Gas Jours,, vol.
47, no. 17, p. 98-100, 146, 150, 152.

Benninghoff, W.S., 1953 - "Use of aerizl photographs for terrain
interpretation based on field mapping",
Photogram.Engs., vols 19, no.3,p.487-
490,

’ 1950 - Mise of aerial photographs in mapping
vegetation and surficial geology in
sub Lrctic regions", Photogram.Eng.,
vole 16, Noe 3, Pe428-429,

Bentcer, Y.K., . 1952 - "Air-phctegraphs and geclogic mapping
' with special reference tc the
geclcgical conditions in the Negev
(scuthern Israel)": Bull,Res.Ccuncil
of Israel, vcle2, nceRe,pe 1571696



(ii) :
Blanchet, P.H., (dug.) 1957 = "Develcpment of fracture analysis
as expleration method", A.LePeG.,

Bull. vcls 41, NCae 8, Pe 17"18“'175?-

Browning, W.F., 1951 - "Mapping of geologic formations by
application ¢f aerial photography:
Highway Research Board Bulle46,p.
67"‘ 84- ®

Brundall, L., and Hardner,B.P. "Photogeclogic evaluation in the
1953 - Montana Plains area", Billings
Geclogical Scciety, Fourth fnnual
Field Conference, p. 150-155.

Buringh, P., 1955 - "Some problems concerning aerial
photointerpretation in soil survey",
Netherlands Jcur. of lgricultural
Science, vcl. 3, no. 2, p. 100-106.

Buttorff, C.L., 1958 - Geomorphic ancmalies, Dead Horse Creek
area, Wyoming, Wyc.Geol.hssoc.Guidebook,
13th inn., Field Conference, Powder
River Basin.

Cady, WeM., 1945 - "lerial photos as an adjunct to Arctic
and Subarctic geclogic reccnnaissance':s
Trans. of New York iAcademy of Sciences,
vols 7, ser. 2, p. 135-138.

Camercn, H.L,, 1949 - "Air photogreph interpretation in the
' Chimney Corner-Cheticamp Areal,
Cape Breton Island, N.S.: Photogram,
Enge, vols. 15, nce 3, p. 238-249.

» 1953 = "[dr-photo interpretation in natural
resources inventories'": Photogram.
Ehg., vol. 19, n0.3, P 481-48 .

Choubert, Boris, 1957 - "Essail sur la morphologie de la Guyane",
Memeires pour servir a l'explicaticn de
la Carte geologique detaillee de la
France: Dept. de la Guyane francaise,
Paris, Imprimerie Nationale,

Christensen, D.J., 1956 ~ "Eagles of Geology"; Photogram. Eng.,,
VO].. 22’ ncl'. 5’ p. 857‘-864.

Colwell, R.N., 1952 ~"Photographic interpretation for civil
purposes", Chapter XII of Manual of
Photogrammetry, Second Edition, Amer,
Soceof Photogrammetry, pe 535-599.

3 1954 - "4 systematic analysis of some factors
affecting photographic interpretation':
Photogram. Eng., vole20, nces3,pe433=454

Deblieux, C, and Shepherd,G.F. "Phetogeclogic study in Kent County,
1951 - Texas": 0il and Gas Jour., vol.50,
no. 10, p. 86, 88, 98-100. Part I.

Deblicux, Ce, . . . 1949 - "Photogeology in Gulf Coast exploration':
; Am, AssocePet.Geol.,vols33 p.l1251-1259,

Desjardins, L., _ 1952 - "Aerial photos may locate deep-seated
salt domes": O0il and Gas Jours,vol.
5.1., N0 B,pc 82"‘841

; 1951 - "The measurement of formational
thickness by photogeology': Phctoge
Eng., vol. 17, nce 5, pe. 821~830.




Desjardins, L.,

Eardley, A.J.,

Eckel, E.B.,

Elliott, DaHO’

Fischer, We.l.,

Fitceh, Albert, L.,

Frost, Re.E.,

Frost, R.E. & Mintzer, Q.W.,

Frost, R«E., & Woods, K.B.,

(443
1950 -

1943 -

1942 -

1958 -

1952 -

1958 -~

1955 =

1958 -

1958 -

1949 -

1953 -

1946 -

1950 -

1948 -

"Techniques in photegeology":
Bull- i’l.j’L.P.G., VCl. 34, INCe 12’
Poe 2284P23170

"Aerial phctographs and the distribution
of constructional materials": Proc.
Highway Res.Bd., 23rd /inn.Mtg.,Nov.,

Pe 557“568.

"ferial photographs, their use and
interpretation": Harper & Brothers,
New York.

(BEditor) "Landslides and Engineering
Prectice!": Highway Research Board
Special Report 29, National Academy of
Sciences-National Research Council
publication 544, 232 p. Chapter on
Photointerpretaticn,.

"Photogeologie interpretation using
photogrammetric dip calculaticns":
Calif, Div. Mines, SpecsRepte, 15,
Jan., 21 Pe

"Drainage analysis - Donkey Creek area,
Powder River Basin, Wyoming": Wyo.Geol.
Lssoc. Guidebook, 13th fnn, Field
Conference, Powder River Basin.

"Photogeologic instruments used by the
UsSs Geological Survey": Photogram,
Eng. VOli 21, no;l, Pe 32-390

"Photogeologic studies of Arctic Alaska
and other areas": selected papers on
"photogeology and photo interpretation,
pres. at Mbgs. Spons. by Committee on
Geophysics and Geography, Ress & Dev,
Bde, Washington 25, DeC., April, p.
207=-21%.

"Color aerial photography in phote-
geclogic interpretation": Photograms
Eng. vole 24, Noe 4, Pe 545-~548.

"hjerial photography in petroleum and
mineral prospecting”: Locndon Empire
Min. and Met. Congress, 4th, Great
Britain, p. 219-248. ;

"Factors limiting the use of aerial
photographs for analysis of soil and
terrain": Photogram. Eng., vole 19,
NCe 3, P 427“436.

"Identification of granular deposits by
aerial photography": Proec, Highway
Res. Board, Nat. Acad. Sci., vole 25,
Pe 116~129,

"Influence of topographic position in
airphcto indentification of permafrost!:
Highway Res.Bd. Bull. No. 28, p. 100-121.

Bjidrphoto patterns of scils of the
western U.S.": Purdue Univ. Tech. Dev,
Repts, no. 85, U.S. Depte Commerce, Caileits



Grantham, D.R., (June)

Greenman, RsLe,

Gross, We.H.,

G‘Jyme, COSQ,

Helbling, ReI.;

Homming y H. »

Henderson, G,

Henderson, L.H.,

Hemphill, WeR.,
Hittle, J«E.,

Hopkins, D.Ms, Karlstrom
and others,

HOWQ, ReHeLs y

Horberg, L.,

(iv)

3905 =

1951 -

1951 -

1942 -

1949 -

1937 -

1960 -

1939 ~

1958 -

1949 ~

1955 ~

1958 =

1951 -~

"Aerial photography, Vegetation and
Geology": vol. 88, no. 6, pe
329~-336, Mining Magazine.

"The engincer locks at pedology,
symposiun on surface and subsurface
reconnzizsance: Prec, at the Fifty-
fourth Ann.MbgeAmereScce for Testing
Materials, Atlantic City, New Jersey
(June 19), Special Technical Pub-
lication no. 122, p. 46-56,

"4 statistical study of topographic
linears and bedrock structure": Geol.
Assoc. Canada, Proc. vole 4, D. 77-87.

"Swell and swale pattern of the Mankato
Lobe of the Wisconsin drifi plain in
Icunte  JoureGeol., vols 50, noe 2, p.
207208,

Studies in photogeology in connection
with geological mopping Switzerland,
specifically of the Todi Range'": Fub.
under commission by the Fed, Inst.
Tech., Zurich, frt. Inst., Orcll Fussl,
J:loGo ZuI'iCh, .137 p. (TI‘E.nS. ‘I.'JJT N.E.
Ocdell) s

"iir Survey as a factor in Empire
Development": Mine and Quarry
Engineering, London, vol. 2, no. 7,
Do R54=263,

"jir-photo Lineaments in Mpanda ares,
western province, Tanganyika, Africa':
Im. fissoc. PetsGeolsBulle., vole4s, nc.l,
Pe 53"71.

"Detailed geoclogical mapping and fault
studies of the San Jacinto ftunnel line
and vicinity": Jour. Geol.vols47, no.3,
pe 314-324. (Illustretes the use of air
phctes as an aid to structural studies,
including criteria for the recognition
of faults).

"Small-scale photographs in photogeologic .
interpretation": Photograme Engs, vols
2L,y NOs 4, pe 562-567.

"/ir photo interpretation of engineering
sites and materials": Prhotogram. Enge,
vole 15, noe 4, Pe 589-603.

"pPermafrost and ground water in Alaska":
U.Se Geological Survey Prof, Paper 264F.

"Procedures of applying air photo inter—
pretation in the location of ground
water": Photogram. Engs, vole 24, no,l,
Pe 35-49.

"Intersecting minor ridges and peri-
glacial features in Lake Agassiz Basin,
North Dakote!": Jour.Geol.¥ocl.59, no. 1
P 1-18,
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Jen:kins’ DnS.’ Belcher, D.J.’ 1946 -
Greeg, LeE., and Wcods,K.Ba,

Johnstone, W.E., 1953 -

Joliffe, AeWe, 1945 -
1947 -

Parvis, M.,

’ 1950 -

Pillmore, Cele, 1957 =

Pomerening, Jelfs, and 1953 -

Clin@, M.Ge »

Purdue University, (March)

?lltra.m, w.c., 194.7 -

Ray, RtG’l, and FiSCherswcﬁ-o,

Ray, ReGo ’ (I‘lﬂrCh) 1958 -

Ray, R.Go, Dm@, C., and 1956 -

Kent, BeHe,
Reed, J«Ce,

1940 -

Rich, JeLe, 1951 -

"The origin, distribution and air-
photo identification of U.S. soils":
Technical Development Report Nos 52,
Civil Aeronautics Administration, U.Se
Depte of Commerce, Washington, DeCe
(May)

"Photogeology and Mineral Exploration':
Mining Megazine, vol, 88, nos 5,
Pe 265"270. :

"/iercprospecting in the Yellow-knife
arcav: Canadian Inst.Min.& Metall.
Trans. (Sept.), Pe 588—6040

"Regional drainage patterns of Indiena":
Proce 33rd Ann. Purdue Road School,
Purdue Univ. (July), p. 192-222,

"Drainage pattern significance in air-
photo identification cf soils and
bedrocks": Photogram. Eng., vol.l6;
noe 3, pe 387-409.

"ipplication of High-order Stereoscopic
Plotting Instruments to Fhotogeologic
Studies":s U.S. Geole Survey Bulle
1043-3, Pe 23=34e

"The sccuracy of scil maps prepared by
various methods that use aerial photo=-
graph interpretation": Photogram. Eng.,
vels 19, nc. 5, pe 809=817.

", Manual on the Lirphcto Interpretation
of Soils and Rocks for Engineering
Purposes!:s School of Civil Enge and
Eng. Mechanics, (lMarch).

"Lierial photographs in Geology™:
P}lotogram- Eng., vol, 13, NoOe 4’
Pe 557—565¢

"Geclogy from the air": Science
Magazine, vol. 126, noe 3377, pe.
725=735. :

"Color aerial photography": Western
Miner and 0il Review, vole 31, noe 3,
po 35-37.

nStratigraphy and photogeology of the
southwestern part of Uinta Basin,
Duchesne and Uintah Counties, Utah':
UeSe Gecls Survey Oil and Gas Map

cM 171.

"The use of airplane photographs in
the geologic study of the Chichagof .

Mining District, Alaska": Photograme

Enge, vole 6, Nce 1, De 35-=4e

"Geomorphology as a tool for the

interpretation of Geclogy and Earth
History": HN.Y¥. Acade Scle, Transe,
Sere 2, vole 13, noe 6, p. 188-192.



(vi)

Rooney, CeWe, and Levings, WeS.,1947 -

Schulte, OJW.,

Shaw, SeHe,

Sibinga, Smit GaL.,

Smith, HeTeUs,

Smith, NeCe and Wengerd, St.ﬁu,
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Stone, Kirk;

Summerson, CeHe,

Tator, B.k.,

Thurrell, ReF., Jr.

Turner, Fede,
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1953

1948
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1943

1953

1947

1948

1956

1954
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1958

1953

1952

"Advances in the use of air survey
by mining geologists": Photogran
Eng., vcle 13, nce 4y De 5T70=584

"The use of panchromatic, infrasred
and ccolor aerial photography in the
study of plant distribution": Photo-
gran. Enge, vole 17, noe 5, p. 688~
AV

"The value cf air photographs in the
analysis of drainage patterns":
Fhotogrammetric Record, vols 1, noes 2,
p . 4"‘1’? .

"Cn the geomorphic and geclogic
analysis and interpretation of azerdal
phctographs": Tijdschrift van het
Koninklijk Nederlandsch Aadrijkskundig
Genootschap, pe 692=700.

"Progress and problems in phetogeclogy!:
Photogram. Enge, vole 16, nos 1,
pe I11-11E.

"ficrial photographs and their inter-
pretation": D. Appleton-Century Co.,
Ne¥ey D 3724

"Photo interpretation of terrain':
in selected papers con photogeoclogy

i photo interpretation, Pres. Mtgse
;ﬁis. by Comm. on Geophys. and Geogrs,
Res., and Devel. Bd., Washington 25,
DeCe ALpril.

"Photogeology aids naval petroleum
exploration“: BUJ.]-. !.\..A.POG., vole 31,
IOCe 5, Pe 824-828.

"Aerial photographs in forestry":
Ronald Press Co., New York, pe 340.

iir photo interpretation proceduresh:
Photogram. Enge, vole 22, no. 1,

"/ philoscphy for photo interpreters"
Phetogram. Enge, vole 20, ncs 3,
pe 396-397.

"Drainage enomalies in ccastel plains
regions': Photogram. Engs, vol. 20,
NOe 3, Pe 412—417.

"Scme applications of aerial photo-
graphs to gecgraphical studies in the
Gulf Coast regicns'": Photogram. Enge.,
vole 17, no. 5, p. 716-725.

"The aerigl photograph and applied
geomcrphology': Photogram. Eng.,
VOln 24, O 4, Pe 549—561a

"Procedures and problems cf photo-
geclogic evaluation':  Photogram.
Enge., vols 19, nos 3, pe 443-449.

"Gefugerelief" illustrated by "schist
tor" topography in central Otago, New
Zealand: Am.JoursSci.,vole.250,n0.11,
Pe 802=807,
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Twenhofel, W.S., and 1958 = "Feult patterns in south-eastern

Sainsbury, CeL.,

Van Nouhuys, JeJ., 1937
Wengerd, Sedle; 1950
Wermund, E.G, 1955

Wheeler, R.Rs and Smith, N.C., 1952

Zonneveld, J.I.S., and Cohen, A.,

1952

Lueder, D.R. » 1951

Alasgkas G.Sehe Bull., vols 69,
nce 11, pe 1431=1442.

"Geological interpretation of aecrial
phctographs!": /Am. Inst. Mine. & Metall,
Eng., vols, 126, (Metal Mining-mining
Geology) pe 607-624: Mining Tech-
nclogy, vole 1, noe 4, (L.I.M.E. Tech,
Pub. 825), July, 18 p.

"Photogeclogic characteristics of
Palacozecic rccks of the Monument
Upwarp, Utah": Photogram. Enge, vole
16, no. 5, pe 770-781. '

"Fault patterns in northwest Louisiana:
Bull, fl.fuPoGo, vol, 39, NCy ll, Pe
2329-2336.

"Finding faded structures, Part 1"
World Dil, vols 135, nos 1, p.73-76,82

"Geclogical reconnaissance in Surinam":
Symposium in Photogram. Eng., vol. 18,
nce 1, pe 151-157.

"The preparation of an engineering soil
map of New Jersey" Symposium on
surface and subsurface reconnaigsance:
Proc. Am, Soce for Testing Materials,
pn 73_810



Table 1
SCLLE GF LIR PHOTGS: 1:50,000 or 1:85,0CC nominal

REQUIREMENT ¢ rhotogeclogical compilation at 1:250,000 or Photo scale.
BLSE LVAILABLE PRCCEDURES '
1 _ 2e 3s 3a 4e Se
e Photo index sheetq Geclogist annctates| Technician transfers |[Geologist checks overlays | For photo scale| Overlays photo-|{ Transpurent pesitive
at or near photo directly on phetos | detail to overlay of |and does many re-interpret-| compilation graphically of 4~Mile area made
scale using coloured photo index shoet by |ation necessary prints are made| reduced to froem asscmbly cf
per:eils, ALmount inspecticn, ‘ at this stage 1:250,000 by rceductions,
of annctation and pencil reference tc a
depends on whether coloured for grid prepared
final scale is field by draftsman.
1:250,000 or photo geologist.
. scale.
Be Slotted templet - Technician transfers
point plot at as above detail By Map-o-Graph as above as above as above as above
cr near photo or Grant projector to
scale overlay of point plot
ar transparcent positivd
of point plot using
colcured pencils;
culture and drainage
‘| in distinctive coclours
.8c¢ can be traced off
| later for final
| compilaticn after
field work
C. Sletted templet as abcve Technicians transfers as above as above as above as above
nlenimetric NB. For B.C&D detaidl by Map~-o-Graph
shect at or near nced centre Pts or Grant to cverlay of
pheto scale & pass points planimetric shcet or
from templet transparent copy of itd
control. !
D. Base Map at : “Tech. transfers cetail] |
1:250,000 scale © | as. above | by Map-o-Giaph*or-Granff~ -~ as abeve — i
with centreol - direct tc map overlay
ptse or positive,
E




TABLE 2,

SCALE OF ATR PHOTCS:

1:50,000 or 1:85,000 nominal

REQUIREMENT: Photogeological compilation at 1:250,000 or rhotoscale
BASE :
AVAILABLE ALTERNATIVE PROCEDURES CCMMENTS
L., Blotted Geologist annctates | For accurate Overlays rectified| Reduced overlay |Geolozist checks| Draftsman Not practicable
point on transparent over-| photoscale by ref. to point prints stuck to {compilation does fair until BMR photo-
plot at lay of every second | final:(both plot at photo pagra board sheet drawing graphic secticn
or near photo wsing col- centre & pass scale. by ref. to point frem com- is equipped with
photo oured pencils; hoints traced oflf) plot marked on ity pilation. a suitable
scale centre and Overlays reduced camera and
conjugate centre photographically enlerger.
points traced For X:25G,0001% to 1:250,000
off; drainage scale by ref. to
& culture also point plot at
final scale
For either Geologist tapes Draftsman traces |For photo scale GompilationﬂTransparﬁZMethod at present
photo scale overlays to off detail from |compilaticn, ; _ | reduced ent pes-| being used by
or dyeline print agssenbly of prints are made | photograph-|itive of| IFP Mission in
1:250,0C0 of point plet overlays at this stage ically to |4-Mile Canberra; rapid
in position of Geologist ehecks |and pencil 1:250,000 |{erea methed and
best fit. compilation coloured for by ref.to | made frojy probably
field a grid. egsenbly| sufficiently
: geologist, cof accurate for the
Draftsman Geologish reducticns., purpcse.
using ratio checks
machine compilation. as as Probably the most
transfers above above aceurate of the
geology to methods for 4-Mile
templet shect scale compilation,
but slower than
7 aond . taping photo
B AN Geologist annotates ovgrl&ys tc dyeline
metric geology only on print.
sheet at | overlay of every
cr uear

Beske

second print




APPENDIX 1

Colour codes for annototion of information on airphotos

Geophoto Services Inc., Denver Numbers refer to

'Prismacclor! pencils made by Eagle Pencil Cos., NeY., London &
Zoronto.

Purple 931 - stratigraphic contacts and lebels.

Orange 918 - quaternary boundaries and labels.

pPeaccck green 907 - Key beds and synclines

Scerlet lake 923 - Anticlines

Crimson lake 925 - Structural features and labels

Black 935 - Cultural features (except rcads) and labels

Topographic features and labels. _
Blue 906 - Streams, lakes, playas etc and labels
Burnt amber 947 - Recads and trails.

B.P.M. The Haguec

Grease pencils similar to "Chinagraph"; alsc new selprropelling
pencil with & wax'lead! "Seripto" brand is new used;

Red - faults and anticlinal axes

Blue - scarp edges '

Green - synclinal axes

Yellow =~ fermaticn boundarics

Brovn - morphological features viz. accumulation terraces,
erosional terraces, landslides, dip cf surface cf plain
or terrace, Karst sclution hollows, crestss

I.F.E, Paris
Innotation on overlays with Stacdtler clutch pencils;

Red =~ dips and edges of beds

Orange - boundaries

Light brown - alluvium boundarics and laterite
Yellow = send dunes

Blue -~ faults

Green - dykes

Overscas Geological Surveys, London. General cclour guide ; grease
pencils "Chinagraph" or similar type.

Red - anticlinal axes, faults, flexures, dykes

Purple = Geologicul data except axes & faults eege
dip slopes, scarp edges, formation boundaries

Green = synclinal axes and vegetation

Blue - jcinting, coral fcatures

Brown = morphological features c¢.g. terraces, landslides, crestsj
bounderics between arcas of sclid rock
and areas of detrital material.
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APPENDIX 2

Equipment

Automatic numbering machine:

Desk mounted fluorescent
light:

Overhead projector:

70a H

Manufacturer

Roberts Rapidprint Time Recorders Inc.,
700 Jamaica Avenue, Brooklyn,8, New York,
U-S .A.

Dagzer lfg. Corp., St. Louis, Missouri,
U.S.A.

HModel UP~P-2134-16

(Similaer type of lamp with a single

20 wablt tuve made in Australia by

Planet Products, Victoria)

J.Cs Saltzman Inc.,

Model 70 Magnification 0.33-3.5 480 Lexington Ave,, New York 17, N.Y.
0. 25"'400

Ryker M-11 Mirror Sterecscope - Harrison C. Ryker, California.

with 4 x binocular

Abrams Pocket stereoscope CB~1 ~Abrams Instrument Corp.,

-~

£ and 4 powar

606 E. Shiawassee St., Lansing, Michigan,
U.S.A.

Cld Delft Scanning Stereoscope -N.V. Optische Industrie

0DsSS 111

Portable Reflecting projector

"Reed Focamatic”

tadial Planimetric Plotter

Abramg Parallax bar for lens

stereoscopes CPF-8 and CB-1

Parallax ladder & Stereco-—
slope meter

K.E.K. Plotter

Zeiss Stereotope Plotting

Instrument

Som Stereoflex Plotting
Instrument

Wild ST 3 Mirror
Stereoscope

Mirror stereoscope

with 3.5 x binocular
(Similar to Fairchild)

"De oude Delft", Delft, Holland,

Reed Instrument Co.,
1048 Potomac St. NW., Washington, D.C.

Philip B, Kail Associates
1601 Eliot Street,
Denver, Colorado U.S. A£160
Abrenms Instrument Corp.

606E. Shiawassee St.,

Lansing, Michigan. U.S.A.

Photogrammetry Inc.,
Silver Spring, Maryland. U.S.A.

Philip I, Kail Associates

1601 Eliot St.,Denver, Colorado. U.S.A.
Price f.c.b, Denver (July 1960) A£780
(Similar instrument made by Hilger &
Watts London)

Zeiss-ierotopograph
Munchen 27
Ismaninger Strasse 57

Price C.I.I.
Aust.port 1960
A£1200

Price f.o0.b.
French port
1960

A£1365

Societe d'Optique et

de Mecanique de haute
precision

125, beulevard Davout
Paris, 20e.

Wild Instrument Supply Co. Pty.Ltd.,
137-141 Bayswater Rd., Rushcutters Bay,
Sydney.

Benz, Hirt & Jehle
Reinh Benz Feinmechanik
Dornacherstrasse 179
Bagel Switzerland,
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LPPENDIX 2 (cont.)

SOM €3
Mirror-prisn stercoscope
with 3.2x binccular

Pccket sterecsccpe
2 power

Parallel Guidance
lMechanisn

Societe d'Optique et de
Mecanigque de haute
precision

125 Beulevzrd Daveut
Paris xx®

Mattey
15 rue Clavel
Paris X1X©

C.F. Casella & Cec. Ltd.,
Regent Heuse,

Fitzrey Square

Lendon Wll.

Stereoscope
APPTox.
£125.10,0
Sterconater
££35

ex works
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LPPENDIX 4.

U.S. GEOLOGICAL SURVEY PHOTOGECLOGY TRAINING
CCURSE FOR FCREIGH PARTICIPANTS WITH CRIENTATION
IN PHOTOGR/MVETRIC BASE ML "OMPILATION

PHASE 1 - STUDY OF PHOTOGEOLCGIC PRINCIPLES (3 menths)

QULLITATIVE INTERPRETATICN

1,

2

3e
o

Te

Factors affecting the photographic image.

Philoscphy of interpreting aerial photographs. Need fer sound
geologic background in making photointerpretations.

Study of reccgnition of elementses
Uses of acrial photographs in general: geologic mappings

as Geclogic infermation obtainable from photographs.

Ba Photographic characteristics of rock types (sedimentary,

ignecus, and netamorphic).

¢s Pheotographic characteristics of rock structures (folds, faults,
joints, etes)s

Uses of acrial photographs in petroleum geology.
Uses of aerial photographs in scarch for mineral depcsits.

as Structural guides, lithologic guides, physiographic guides
and betenical guides.

Uses of acrial photographs in cngineering geclogy.
8« Study of clements of scil pattern in locating engineering

materials (sand, gravel, c¢tc.), determining highway locations,
pipeline routes, dam and reservoir site studies, etc.

ULANTITATIVE INTERPRETATICN

1.

O

be

Re

Measurenent.
Principlcs cof vertical measurenent.

1. Practice in determining altitudes by parallex methods from
paper prints.

2. Uses of parsllex measurements in geclogic interpretation,
such as dctermining slopes of rocks, thicknesses of rocks, cte,

Dircct determinaticn of slopces.

1. Methods and instruments used. Practice in making such
determinations.

Pletting

Pletting geclogic data - methods.

1. Orthographic plotting using photogrammetric instruments.
2+ Plotting on crthophotographs.

3. Uses of pletting in geclogic interpretaticn.



LEPENDIX 4 (cent.)
QUINTITATIVE INTFRPRETLTION (cont)
3. Examples of measurement end pletting in geclogic interpretation.

2. Study of photcgraphs cf areas where such measurements and
plotting have been acccmplished (case studies)e.

4e Interprctation and plotting systems.
as Discussion of methods to use in variocus geclogic studies, scale
of phetegraphs to use, instruments needed to meet specific

geclegdie requirements, cte.

SPECIFIC PROELEMS OF INTERPRETLTION (Bascd on areas previcusly
mapped in the field.)

l. Interpretaticn and emctation of 50-square-mile area in western U.S.
(Uintah mountains, Utah) using 1:20,000 and 1:6C,000 scale photo-
graphs,

¢  Interprctation end annctaticn of 150-square-mile arce in castern U.S.
(inthracite region, Pennsylvania) using 1:2C,000 scale phctographs.

3. Gencral mapping studies.

Le  Potroleum studies,

5. Mineral depcsits studies,

6. Engineering gfflogy studies.

METHODS AND PRLCTICE IN CONSTRUCTING PRELIMINARY BASE
CONTRCL SHEETS WHERE NO M.iPS EXIST

METHODS AND PRLCTICE IN TRANSFERRING GECLOGLC INFORMATION
FROM PHOTOGRAPHS TC BASE SHEETS

FIELD CHECK AND STUDY CF FIELD METHCDS PERTINENT TC PHOTCGECLCGIC
INTERPRETATION (20 days, including travel)

RESELRCH IN DEVELCPMENT AND APPLICLTICN OF PHOTOGEOLGGIC
INTERPRETLTICN METHCDS

PHASE IT - ORIENTATION IN PHOTOGRAMMETRY FOR PHOTOGECLOGISTS
3 deys)

1st Day Organization and functicns cof the Tepogrephic Division
Backgrcund ¢f photogrammetry .in the United States
Centrel cperaticns for mapping
Inspecticon cf pletting instruments
fLecrdal cameras and camera calibration

2nd Day Diapcsitive preparation 3rd Day Tour of Branch of
Orientaticn procedures Special Maps
as Interior orientation Orthophotoscope and
bs Relative crientation orthophctograph Principles
cs A4bsclute orientaticn of radial line plotting
Map preparation Principles cf stereoscopy
as Base sheet preparaticn Survey cf paper print
be derotriangulation plotters
¢o Compilation procedurcs : Spceial purpose mapping

Cartographic operaticns

PHASE IIT - ALPPLICATION OF PHCTOGEQLOGIC PRINCIPLES (3 months)

Intensive phctcgeclegic study cf area, preferably within country
cf fereign treinee. 411 pheses of photogeclegy - interpretation, measuring,
and plotting - applied to individual study by perticipant under close
guicence of instructor.






PLLATE 2.

FIG. 1 RLDIAL PLANIMETRIC PLOTTER

FIG, 2 PARLLLAX LADDER

FIG. 2 PARALLAX LADDER









PLATE 5

SOM STEREOFLEX

SOM STEREOFLEX



Phofogéobq}cal

Group

Possible arrangement for

four geologists & four draftsmen

PLATE. 6.
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