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THDEX OF THE MAJOR CATEGORIES OF TINFORMATTION INCLUDED

General: A comparison of resulis from Skylab and

Landsat-1 (formerly ERTS-1 ).

Torestry: Forest resource assessment, vegetetion boundaries,

forested versus non-forested areas,

Geology: Interpretation of large scale structures, linear
Teatures, anaslysis of linear features, rock type
discrimination, structures, faults, lineaments,
photointerpretation, resolution, drainage networks,
topography, geomorphology, reproducibility, data
quality, correlation, ecivil engineering, twmels,

irrigation, hydroelectric power.

Land
clagsification: Types of country depicted by S 1904 and

8 190B, botanical mapping with the aid of S 1904

and S 190B,
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2.

TECHIICAL AFPFROACI AND TABK DESCRIPFION

The purpose of the investigation was to determine the
usefulness of Skylab photography for mapping natural resources.
Structural, lithological and vegetation cover mups have been prepared
naging previcusly made maps and field work in selected arecs as control.

Comparisons have been made with the results obitained from Landsat-1 datba.

Iuring the planning phase of the mission; the site descriptions

and ﬁriori%ies, and the photographic remirements were conveyed to NASA/USC.

~ Details are given in Sections 3 and 4 of this report.

Field checks have been performed in the Snowy Nountains area

to provide control for the interpretation of the Skylab vhotegraphs.

Conventional phoito~interpretation methods have been employed
in preparing from the Skylap photographs maps of structural features,

Cainozecic geology, and land sysiems including vegetation cover.
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GBULRAL HISPICRY OF T8L5 THVESTICGATICH

In December 1970 the US National Acronsutics and Space
hdministretion (MASA), issued an open invitation for specific proposals
for participation in the analysis and interpretation of carth resources
data acquired by the Earth Resources Experimental Package (BREP) of the
Skylab manned spacecrali prégramu This resulted in the interdeparimental
hAusiralian Committee Tor ERTS (ACERTS) forwarding, on 8 April 1971, a
proposal to NASA entitled “A study of the usefulness of Skylab EREP data

for earth resources studies in Australiale.

The original proposal was formulated on the understanding thai
data might be available fron « single EREP pass over Australia.,  ACERTS
believed that target site selection should give priority to test areas
already nominated {or Landsat-1 evaluation. A primary area was therefore
selected at Alice Springs (NT). Available data indicated that a
descending orbit across Alice Springe would also cover Landsat—1 test msites
at Gason (SA) and south of Canberra (ACT-NSW) while an ascending orbit
would cover Kalpoorlie and part of Papus New Guinea. Data from the 5190
photographic cameras (see Appendix) and 5192 mltispectral scanner

were requested.

On 6 October 1972 notification was received from FASA that
the proposal (under 1IASA control numbers INT~4US-~03, Experiment Proposal
Humber (EPN) 557 and SR557) had been accepted; with Dr .. Pisher, then

Director of the Bureau of lineral Regources, as Principal Investigatore

Participation in the research was ratified by the signing on

11 May 1973 of the Provisions for participation in the Skylab Earth

ReSources lixperiment Program.

Following the Principal Investigator's Conference at F3C

llouston, Teras (10-13 October 1972}, at which comprehensive information
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on instrumentation and flight progromaing was released, the Australian
proposal was amended., Subsequent changes (with DASA approval) resulted

in the Austrelian proposal Deing finalized for S190A (¥ultispectral camera
system) and S190B {Earth Terrain camera) date over four test sites

Priority 1, M Isa (5ite 204959) lat. 20°0015-21°30'8; long. 139°00tE-
140015'ED Equel priority 2, Kalgoorlie‘(Site 204953) lat. 30000'°-

53°00'S; long. 121°00'E-122%30'E, Canberra (Site 204954) late 35°00'S-
56°00';  long. 148°30'5-150°00'E, Alice Springs (Site 204952) lat. 23°00'S-

23%451S:  long. 133°30'E~135C00'E.

The Skylab spacecraft (SLi) was launched on 14 lay 1973
into a 50 degree inclined circular orbit at an altitude of approximately
430 km, which resulted in a 5 day repeating ground itrack. During the
three manned missions SL2 (25 May-21 Jwne 1975), SL3 (28 July-25 September
1974, and SL4 (16 Hovember~8 February 1974), the astronauts opereted the

EREP cameras over Australis on two occasions.

During SL35, Track 1% was photographed with both camera

systems on EREP Pass 8 (12 August 1973). Figure 1 shows the extent of
coverage by the 51904 system; within this, the S190B camera covered a
narvower central strip. Terrain photography was obtained in the Alice
Springs and Snowy Mountains aress while the remainder of the track was
extensively cloud covered. Track 13 was photographed again on 15 Decomber
1975 during SL4-EREP Pass 15. Photography was acquired over Alice Sprinss
but additional photography near Canberra wes cancelled owing o 1007 cloud
cover cobserved by the crew. Details of photography are listed in Section

4, and the locations of the photographs studied are shown in Figs. 2 and 3.

The Commonwealth Scientific and Industrial Research Organization
(CS?RD), Divisions of Mineral Phyeics, and Land Use Research, the Bureau
of lineral Resources (BHMR) of the Depertment of Minerals and Energy, and

the Forestry and Timber Bureau (F&TB) now the CSIRO Division of Forest
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Research - participated in eveluating the pholography obitained. The
Division of National Mapping (DWH) of the Depertment of linerals and
Bnergy, although not an official investigetor, made an assessment of
its usefulness for land use mapping and topographic map revision

(Section Go5),

On 27 September 1974 Dr N.H, Fisher retired, and Fr B.P. Lambert,
Director, Division of National Eapping, was appointed Principal

Investigator for SRH5T.

A draft final report was submitted to NASA Principal Investigator
Management Office in August 1975, Approval of the draft and a request
for colour illustrations was received from NASA in October. The revised

final veport was sent to NASA in December 1975.
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SUILARY OF THE SKYLAL DATA RECLIVED

The following list shows the dates at which various Slkylab
photographic products - despatched from NASA Johnson Space Centre, Texag -
arrived at DMR, Canberra. In each case the complete Australian

photographic coverage per camera per mission was received.

liission Camera Product Date received
SL3 51904 contact pos. 18 December 1973
" S190B contact pos. 1 Januaxy 1974
" 51904 4x poso 3 Nay 1974
" 51904 4x neg. 3 Kay 1974
SL4 .8190}1 contact pose. 2 July 1974
1" ’ 519008 contact pof. 29 July 1974
SL4 S190A 4x pos. 11 October 19714
n S1904 4y nege. (Fane 11 Cctober 1974
only)
SL3 51908 23 poso 28 Hovember 1974
814 51908 2% pose 16 Janwary 1975

Details of the Australian photographic coverage from SL3

and SL4 are shown in Tables 1 and 2.

TABIE 1 ~ AUSTRALIAN EREP PHOTOGRAPHIC COVERAGE

" FPrame number Percent cloud cover Centre of frame
' Latitude 8 Longitude E
DEG. KT, DEG. WIN.

a) SL3/51904

162%8 65 23 20 133 23

. 163%BC 60 ‘ 23 52 133 41
L 16448 55 24 19 . 134 09
R N 70 o4 47 134 36

166 | 95 25 42 135 32
167 | 80 : 26 36 136 - 28
168 80 27 30 137 25

169 95 28 24 138" o4
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171
172
173
114
175
176
7T
178%
179%
180%befl
1871%of
182%
183

b) 813/519C8

1T
118%
119%
120%
124%
122%LB
123#18C
124+#1B
125%1B
126
127
128
129
130
131
132
133
134
135
136
137
138

10
40
60
T0
15
60
45
45
40
80
100
100
65
75
95
100
20
85
25

15

85
85

29
30
31
31
32
33
34
35
35
35
36
36
36
37

21
22
22
22
23
23
23
24

24
25
26
26
27
28
28
29
29
30
31
31
32

16
039
01
52
43
32
22
10
29
48
07
26
45
03

57
17
36

pL!

12
3
56

. 08

21
45
26

05

22
01
40

18

55
3
10
47
23

139
140
141
142
143
144
145
146
147
147
148
148
149
149

131
132

132

132
133
133
133
133
134
134
135
135
136
137
138
138
139
140
140
141
142
143

23
24
26
29
33
38
45
53
21
49
17
45
14
43

53
1
28
46
04
22
40
29
17
35
16
56
37
19

00

43
26

09
53
38
23
039
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140

141

142
143*1b
144%1bf¢
145%1bf
146%1bF
14T+,
148%1
149

¢) SL4/S1904

Rk
924,
93],
94*L
953,
96¥L
9L

d) 5L4/51908

277*
276%
279%L,
28041,
281%L
28241,
283%L
284*L
205%
286

95
95
65
65

p¥1}

10
25
35
60

50
50

20

30
40
30
20

35
30
15
15
20
30
40
35
23
35

35
33

34
35
36
36
36
36
37
37

21
22
22
23
23
24
24

21
22
22
22
23
23
23
23
24
24

39
35
11
45
54
09
25
40
55
11

26

59

28

52
20
46
16
41

10
21
45

01
19
27
53
13
28

143
144
145
146
147
148
148
149
149
149
150

132
132
132
133
133
134

134

132
132
132
132
132
133
133
133
134
134

56
43
31
20
58
21
45
08
32
56
20

13

46
13
31
03
37

.'i_x-p‘_proxima'&ely 60 overlap with followinz frame )

' Land Clgssification

Geology (BMR)

Geology (CSIRO)
Land Clessification -
Geology (BER)

Frames studied in Alice Springs Area:
Frames studied in Alice Springs Areas
I'rames studied in Alice Springs Area:
Yrames studied in Snowy lountains Area:

IP'rames studied in Snowy Fountains Areat

—

—

o e @ B OH %
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Frames studied in Snowy Fountains Areas

Frames studied in Snowy Hountaing Areas

Geolozy (CSIRO) - c
Forestizy - f

TABLE 2 — #IM3 OF FHOTOGRAPHY AT CIIURES OF TEST AREAS

Alice Springs area
DATH G ALSP

Snowy Hounfains area
GHT AT

8L3 12 August 0241 1211
3L4 15 Decenber 0006 0936

0246 1246

- -—



10.

PROBLIMS BNCCUNTERED DURING EVALUATION

Reproduction delays

Hecause [ive separate Government agencies evaluated the
Skylab photographs it was necessary to regard the films sent to the
Principal Investigator as file wmasters for reproductioh and distribution
of copies to the co-investigators. PFor this purpose all film was lodged
with the official Australian Government aerial photograply contractor, Air
Photographs Pty Ltd. Thé contractor experienced considerable difficulty in
obtaining (from Kodak USA) suitable film to make high quality reproductions
of the third generation Skylab masters. As a result of this, the initial
Skylab films received iﬁ Australia on 18 December 1973 were not reproduced
and distributed fto co-investigators for evaluoticn until June 1974 by which

time the co~investigators were committed to other projects.
Lhsence of co-investigators

Bvaluation of Skylab photography was further delayed by absence
of three co~investifators on an official Australian Government visit to the

USA and Canada during October-November 1974.

Fhotographic problems

S1904 Pilm 25 and 26 (EK2424 ~ 3/i IR) proved to be dark—soned
and excesgively grainy resulting in total lozs of fine detail visible in
other films, Sensor Performance Report (1SC-05528) Vol. 1 (S1904)
September &, f974 page 3~Th notes under SpL-3 environmental effects on
photography "eoo the 2424 film showed the greatest degradation of the
four film types. This consisted of a speed loss of approximately one f
stop; a noticeable decrease in the maximum density and an increase in fog

of about .22 density units".
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Both the S190A colour IR film (No 27) and colour £ilm (Yo 28)
received from NASA appear to be excessively grainy. ‘The NASA report (ibid)
notes thet both films suffered an effective speed loss of approximasely
one half £ siop. The colour infrared film suffered a decrease in maximum
density; the colour film had no significant reduction in maxisum densily.
The first S190B imagery received, while providing the best physical resolution
by far, was very poor in colour fidelity. The 1:1 000 000 contact size
colour transparencies were excessively blue to purple, and the forested areas
wvere completely lacking in detail and contrxast. 'The later material from
5190B (1:500 000 colour transparencies) was considerably betier, however
reproduction problems prevented any useable imagery being available before
the forestry study was finalized. Inherently the 5190B imagexry was fax
superior to all other ERKP photographic imagery and should have been the

best medium on which to work.

In the CSIRO Divigion of Mineral Fhysics laboratory it was fowid that
photographic processing equipment was incapable of preserving the resolution
of the S190B photography. Delays in produotion of copies to desived standards
resulted until the cause was eventnally traced te vibration due %o air

turbulence in the cooling sysiem of the enlarger.
Ammeotetion prohlems

A problem of annotation was encountered during geological evaluationé.
The 24 cm x 24 cm forma’ (2x enlarged) S190B photographs cen be comforiably
studied under a mirror siereoscope. The actual photograph scale (1:474 000)
herever is too small to allow accurate manual annotation of the detail that cén
he observed using the 3x or 8x sbercoscope binocular magnification. Therefore
the accuracy of any map thus produced will be limited by the annotation scale

irrespective of the interpretation scale.
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While the problem did not really affect the Skylab evaluation
it is recognised thet any future detailed photogeolopgical wapping from
the photographs would have to take thie problem into consideratione Use
of enlarged photographs (eg 10x) or stereo plotting equipment « nheither of
whick are entirely suitable for efficient photogeoliogical interpretaiion ~

may have {o be considered.
Use of colour additive viewer

The absence of corner marks on the 51904 photograrhs makes it
difficult to bring them into register. The 70 mm copies received are
affected by small differences in dimension so that satisfaciory register
could be obtained only over areas not exceeding about 1/10 of a frame at

a timee



15,

6. DISCIPLINK RETORYS

6.1  FORISINY

History of the investigation

The forestry investigation aimed to evalvate the usefulness
of Skylab photography in forest resource assessment. Australla does noi have
8 standardized national forest Inventory erstem although the development
of a system is currently under aciive cqnsideraﬁiono Satellite imegery or
photography appesrs 1o offer comsiderable potential in the early stages of
plaming an inventory and in providing a base for subsequent detailed saupiing.
The investigation therefore concentirated on the likely contribuition of Skylab

or similar types of photography to an inventoxry system.

Previous forest inventories have been mainly tirber inventorles
but with the groving demands being made on forests to provide non-timber
values such as recreation, water production, wildlife habitat, ete. these
aspects were included in the approach. In other words more emphasis has
been placed on the recognition of ecological or pure vegeitation boundaries

rather than on timber production type boundaries.

Additional aspects such as forest fire area determination were
also congidered but wvere treated as incidental values rather than primary

Onesa.

The investigation took the form of office interpretaticn and
general examination mainly on one frame in the Snowy Mounitains and South
Coast of N.S.W. A brief f@eld visit was made in August 1974. Following
more intensive examination and selection of detailed test sites a further
fiéli?v;sit wvas made in March 1975 to verify forest sfratification and other

observations.
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Techniques and proceduresn

Conventional interpretation methods were employed exclusively
including the use of gimple lens stereoscopes and magnifying viewers. All
investigations vere conducted on transparencies which were counsidered to

provide the best possible resolution and colour fidelity (vhere appropriate).

Summary of ground truth activities -

There was no aerial survey or collection of ground data by

field visits at the time of the EREP pasy in August 1973,

Information which hag provided the basis for the investigation
congsisted of: available Hopographic maps in the Rational Mapping series;
a Forest Resources map at a scale of 1:1 000 000 recently completed on the
basis of available information and interpretation of conventional aerisl
photography; saerial photographs mainly at a scale of 1:80 000 taken up to

5 years prior to the EREP pass; and local knowledge.

As mentioned under “History", two specific field visits were
made to selected areas containing a range of forest vegetation types or

exhibiting unusual pafternsa

Landsat-1 imagery obtained in December 1972 and January 1973

provided some of the most useful comparisons.

Resulis and findings

A serious but unavoidable factor which materially affected the
investigation was the fact that the area of Ausiralia covered by the EREP pass
incluvded only limited areas of commercial forest and some of these weré obscurgd
by cloud. In the cloud free areas however the forest types are few, with speciea}
o¥ species asmociztions occurring over extensive areas. As these lend |
themgelves partiéularly well to delineation at satellite imagery scales, they

do not provide a comprehensive iesting ground.



15.

The simplest possible delineation is that which prevides a
differentiation between forested and non-forested land, A1l classes of
EREP photography, with the exception of the two near infrared black and white
Pilmg, verve satisfactory for this simple delineation. The clearest photograrhy
was that provided by the 51903 camera and in wpilte of the lack of conirast
vithin the foresied aveas the moat detailed interpretation of forest/non-lorest
boundaries was posaivle on ithis {ilm. ‘fhe eolour IR film in 81904 vas
particularly good in this separaticn especially whece {the areas were isolated
and small. The colour f£ilm from S190A was lover in resoluticn then the
cdlour £ilm from 31508 when photography at the gsame seale was compared. Thie
was attributed at least in part to the different degree of enlargements

involved in bringing both images to the same scale,

The B & W infrared photography from 51904 is of little value in
vegotation classification sinve mogt vepelation tyne ~xe high reflectors
of IR rediation., Detailed forest/non-forest boundaries were uot readily

determined on this photography.

It would be of considerable valm {0 be able to broadly stratify
the native forest into species associations from satellite or very-small-scale
aircraft photegraphy as a bagis for further detailed sampling. The ability to
caxry oul even a simple classification over large areas imsged at the same time

with consigtent illumination is a mosi desirvable aim in any forest assessmeni,

Colour photography from S1904, particularly from the colour IR
f£ilm showed variation in colour and density which was directly correlated with
the occurrenve of different forest types. The boundaries were not as clear
as those exhibited by a colour composite from bands 4, 5 and 7 of a landesate1
mid-gummer image. The interpretation was further complicated by the cover
of snow on the high mountain areag as the Slkylab photography was obtained in

late winter,
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The group is confident that, with summer photography and the
resolution capacity of the camera uged in the 51903 experiment, coupled
with the use of colour IR film, reliable mapping could be carried out for

a number of {ypes in the natlive forest area.

Because the native forests are generally Jdominated by species of
fucalyptus and up to 20 species may occur in fhe one area; species or species
association mapping from small ssale aerial phobographs is not nossibles
Relatively extensive pure stands of gingle speciesc however occur sometimes
in the south of the continent and delineation of these types can be
achiaved. Y the test area the structure of the forest types is relatively
gimple and this has contributed substantially to the successful delineation

of types on the Skylab photography.

In other areas, such as on the north coast of Iew South lales
where the forest types are more complex and their occurrence is in a more
detailed mosaic the same conclusions are almo;t sure not to apply. On Tand- .
gat-1 jmagery of coastal areas, a breésikdown inte associstions or types iz

generally not possible with visual interpretziion techniques.

The best differentiation of iypes occurred where this was related
to abrupt changes in topography and aspect. It was simpler to differentiate
between non—fhrest, low density forest and medium density forest, than between
medinm and high density foregt. 'The colour IR £ilm was the best medium
for the separation of the high density forest from the other forest types
as the former was characterised by a bright red colour as compared to a red

broun or muddy colour.

Generally speaking most of the high productivity forests were
high density lorests, however there was one notable excepiion. What is
probably the most productive eucalypt forest in the area has been managed

and controlled for more than 40 years but it did not show the characteristic

red colour of the dense forests. In this case it was concluded that the

.
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reazon for the anomaly was that the dominant species, Bugalypius

delegatensis, is characterised by relatively thin crowns with the leaves

hanging vertically. The i{ypical understorey in the forest is a lovw
xerom~rphic shrub and grass combination which in winter would naturally be
quite low in IR reflectance; and it would comtribute little to the overall

density of the colour IR f£ilm,

Plantations of conifers are readily recognised on the celour
and colour IR films once they achieve an age vhere the density of the canopy
-is sufficient to register. The denaity and colour of older plantations is
generally darker for colour film or brighter red for colour IR film and
is readily distinguishable from even the high density native forest. The

ordered layout of the area is also iudicative of plantation activity.

The location and extent of planfation areas is noi likely
to become & routine aspect of interpretation of satellite pictures simply

because plantation menagement dictates intensive information from the stand.

Two major wildfires occurred in the area covered by the EREP
pass during the previous summer season. there wae little indication on
the Skylab photography that such fires had occurred apart from a slight blne-
green tone on the colour IR film in an area which was lnown to have been
hack=burned in an effort to contfol the major fire. Imch of the eucalypﬁ
forest has a remarkable ability to recover from fire by producing new shoofs
and it appears that a period of 6 months after the fire is all that is
.necessary to provide the forest with a reflective canopy equivalent ﬁo
that existing before the fire. The new crowns are largely made up of
_epicormic growth and are vigorous, and if the gezson is favourable can
produce the pame reflectance patterns as existed previcusly. This is
particularly interesting as the signs of past fires such as dead crowns

and old stag headad *trees are yreadily wvisible for many years on
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conventional photography.

The Landsat-1 imagery available of the test area epanned
the period of the fires and their progress and final burned areas were very
clearly indicated. Unfortunately wintex 1975 lLandsat~1 imagery of the aresa

is not available.

In view of the fact that there are na definite plans to launch
further manned satellites in order to obtain photography similar to that
obtained by the Skylab missions, it is unlikely that hard copy photography
at scales as small as 1:3% 000 000 to 1:1 000 000 will be readily available

in the future.

One point whici ¢.-rees very clearly from the Skyiab experiment
and other research is that there is considerable value in obiaining photography é
at scales from 1:250 000 to 1:150 000 from aircraft, At the present state of
the art, aircraft are available to fly at altitudes of 20 000 metres and with
super-wide angle lenses can be expected to achieve such scales. The
advantages of broad area coverage would be realised with the detail and

resolvtion of metric quality cameras.

A combination of lLandsat-1 imagery and c¢olour or colour IR

photography at-1:250 Q00 scale would he a most satisfactory combination.

Conclusions
Te All EHEP photography except that on the itwo black and white
infrared films was satisfactory for forest/non-forest delineation.
2 The particular S190B photography was clearest but lacked
detail in forested areas - further subdivision inte forest classes was not
possible,.
B 51904 colour IR film permitted separation of native forested
‘areas into 3 crown density clasées and delineation of major forest specles

associations.
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4. Black and white 1K films were of litile value in vepetation
classification in native foresis.

Ha Separation of forest types (density or species associations)

£ Oy

was more easily carried out on sumwer Landsat-7 NGB colour composite
images than on wintexr Skyliab photography.

~

Oe Summer vhotoegraphy with colour IR film in the S190B camera was

Jjudged to have the preatest potential for forest classification.

Te Species associations in areas oubside the test area are not
expected to yield such acceptauble results where ihe forest {types occur

in mopaic patterns and extensive pure stands are not gencrally presenio

Be . Plantations of exotic conifcrs are readily recognized on the
colour and colour I films once fthey achieve sulficient canopy density
to register -~ this is directly related to the species, age of planiation

and degree of thinning.

9o Photographs at very small scales (either from
satellites or high flying aircraft) are of comsiderable value in forest
inventory as an early stage in sampling desigus (i.e. as a bamic

stratification medium) e
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6.2 GEQLOGY (D'R)

Technigues and procedures

To keep the geological evaluation of SKYLAB as cobjective
as possible examination and interpretation of the EREP photography was
initially carxried out without reference to available ground data. However,
gach interpreter already had some familiarity wiih the general geology cf

the area he was studying,

Interpretation was aa.r;t'ied out on positive transparencies (the
. location of their centre points is indicated on Figures 2 and 3) illuminated
by fixed intensity (fluorescent tube) light tables. Mirror stereoscopes
with wilt~in 1 x and 1.8 x megnification and accessory 5 x and 8 x

magnification bingculars were used.

Conventional principles of photogsological interpretation
wsre applied in the examination of the photograrhy. During interpretation
attempis were made to vifferentizte, delineate and correlate rock units
and identify rock structures such as trends (foliation in metamorphics,

bedding in sediments), folds, faulis, joints and dykes.

Interpretation details were anno#ated in ink with Repidograph

pens (0.2 mm tubular nibs) onto "clear—clear® acetate film overlays.

After completion of the interpreiation thé results ware
compared by superimposing the acetate overlays on published geological maps.
An:f scale adjustment necessary vas carried out by optical projection. All
geological maps used in the comparison were originally prepared with the aid
of panchromatic air photographs. Major differemces between the SKYLAB
“interpretation and map data were further checked against other available
ground datz and vertical aix photography a+t 1:83% 000 scale or larger.

Many interesting i‘ea.turés, such as the distribution of outcrops in sand
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plains and in forest— or scrub-covered areas, the location of travertine
outcrops, the morphology of sand ridges, and the nature of circular linear

features, were checked on air photographs.

In the Alice Springs area the interpretation was commenced
on S190B photographs, then complefed on S190A photographs, and finally

compared with information from Landsat~l.

In the Snowy Mountains area, the S190A photographs were examined :
first, in this order: film ﬁumber 28 (true colour), 29 (panchromatic), 30
(panchromatic); 25(B/W IR), 26(B/W IR), and 27(colowr IR). Films 25, 26, 29,
and 30 were also studied in an.IQS colour additive viewer, but no additional
information could bhe found. Then the S190B photoéraphs and Landeat-1 images

were studied. Finally the three interpretations were compared.

A statistical analysis was carried out on straight and slightly
curved linear features annotated on the S190A and B photographs. Details

are given in the secti- i Linear features analysis - 6.2.2.

Summary of ground truth activities

No field work specifically to check Skylab interpretations
was undertaken. Comparisons were made with the referenced geological maps,
wkich are based on field traverses aided by aerial photographs mainly at
.geales of 1:50 000 and 1:80 000C.

Reruilts and findings

6.2.1 Alice Springs area (Site 204952)
8L3/8190 photography of approximaiely 8500 km2 in the vicinity
of Alice Springs was studied in detail. The area selected (Fig., 2) was

pg;ﬁ\pf'an irregularly shaped cloud gap having approximate corner co-ordinates: ..
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lat, 23°30'S long. 133%10'E
\ 23°50! 134°25"
24’25t 134°25°
23755 133°10

The following Skylab photographs were examined:
SL3/51904 - Pilm: RL's 25, 26, 27, 28, 29, 30

Frames: 162, 163, 164
SL3/S190B ~ Film: RL &4

Frames: 122, 123, 124, 125

The SL4 photography was not evaluaied because of extensive
cloud cover over +the area at the time of the overvass. However it was
noted that the terrain detail in oloud‘gaps was visibly clearer on

SLA/51908 photography than on SL3/5190B photogzaphy.
Climate

The whole of the area is arid. Alice Springs, in the central
north of the area, has an average annual rainfall of 252 mm (Perfy et ale,

1962). Host of the rain falls between Ootober and liarch, but, because of

ite sporadic nature there is no definite growing seasons

Vegetation

The vegetation includes grass, shrubs and low trees. Bucalypis
are rare and acacias are the most common trees and shrubs. Spiny plants and
gucculents, common in overseas arid areas, are not important here. Kore

comprehensive data on vegetation are reported in Perry et al. (1962).

Topography

Shadow effects on Fig.5z allow some appreciation of the topography B
of the area studied (time of photography 0242 hrs. GMT, 1212 hrs Australian

CST August 12, sun elevation angle approximately 55°) .
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The central part of the area is occupied by sand and alluvial
plaing at elevations between 540-590 m a.s.l. Aeolian dune development

increases to the southeast.

To the eust and west of the plains, folded Palaeozoic sediments
display well developed strike valley, cuesia and hogback morphology

with peaks up to 200 m above plain level,

~

The northern parit of the area consisis of an east-~west trending
gone of ranges and hills within which arid erosion processes have developed
excellent rock exposures. Yolded gquartzites form'orests up to 700 m above
plain 1e§el, whereas most of the crystalline amd metamorphic rocks of the

ranges hafe subdued relief.

Hajor drainage throughout the area consists dominantly of
consequent streams which aye part of a regional internal drainage network.

Subsequent streams are well developed in areas of sedimentary rocks.

General geology

The investigation area covers part ©of the Amadeus Basin,
originally an east-west trending intrucratonic depression approximately
800 km long and 200 km wide, within the relatiwely stable Australian
Predambrian-Shieldg The crystalliﬂé bagsement comprises orogenically
deformed iszneous and metamorphic rocks known as the Arunta Complex. Thé
basement rocks are unconformably overlain by the Amadeus Basin sequenrs of
Adelaidean (Late Proterozoic) and Falaeozoic (Gambrian, Ordovician) sediments,t
which have been Aeformed by epeirogenic and orogenic movements. The :
distribution of the main rock types is shown om Figure 5b. The 1:250 000
scale mapping (Cook, 1968, 1969, Quinlan & Foxman, 1968, Wells, 1969) was
concerned primarily with the sedimentary basir, and lithological subdivisicn
of the Arunta Complex was not attempted. Similarly only limited

subdivision of Cainozoic surficial units was attempbed.
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Resulis

Structure

Foliation. In the metamorphic terrain of the Arunta Somplex
in the northwest of the area studied (Fige 5b), the strike of metamorphic
foliation can be mapped to the accuracy shown on published 1:250 000
gcale maps,., Foliation dip direction can be determined in only a limited
number of places generally where its infiuence on topography can be

detected by stereoscopic viewing.

Bedding. Within the rutcropping Proterozoic and Falaeozoic
sedimentary sequences bedding traces and strike direction can be readily
identifieds ‘This is primarily due to the effecis of erosion on rocks
of different resistance. Since different rocks of the area often
display different natural colours the colour photography is more useful for
detecting bedding +than panchromatic copies. Dip direction can be readily
determined and dip values of well developed cuestas and hoghacks can

normally be estimated to within + 10° of published field measurements.

Foldigg.- Since the strike and dip directions can be readily
determined it follows +that the positions of fold axial traces can be
interpreted. |

With the exception of the axis of Orange Creek Syncline — which
could not be positioned because of cloud cover over the southern limb -
all fold axes on Fig. 5b could be independently identified and accurately

positioned from Skylabh photographye

Faulting. Detection of faults was not as successful as expected.
Some transgressive fanults in well exposed terrain could be definitely
identified. Paults such as those 10 km north of Teresa anbicline (Fig. 5b)
in the southeast of the area, could be inferred; but do not display -
sufficient photo evidence to allow positive delineation. lone of the strike

or near~strike faults (c.g. near Blatherskite Fappe ) could be detectede
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No new faults of major significance were identified, althoush
some new faulis were located in the Arunta Complex rock in the northeass

of +the area.

Lineaments. Humerous photo lineaments can be detected by
employing the technigues of both veritical siereoscopic viewing and low

angle monoscopic viewinge.

Since only a limited area was available for study and problems
arose from the presence of scatlered cloud and cloud shadows, no intensive

ptudy of lineamenis was undertakene

lost lineaments were detected throughout the plain areas of
Quaternary alluvium, sand etc. (unit § on Fig. Sﬁ}. The lineaments do
not corfeSpond with any structures on published maps and they are believed
$0 be expressions of mega~joints. Where linsamenls can be $raced through
well exzposed Proterogoic and I'alasozoic sediments there arce no detectable
dislocations of the bedding, which suggests thai rost lineamenis are unlikely
40 be expressiong of faults. Similar observations were nofed during studies

on Lendsat~| lineaments of the Alice Springs area (Maffi et al., 1974).

SL3/B19OA Pilm RL29 (panchromatic) proved best for detecting
lineaments. Approximately twice as many lineaments were detecied on the
. Skylab 51904 photography as on Landsat iragery of the same area at the same
scale., ' This can be largely attributed to the greater resolution of
Skylab photography. Less than 5% of the Skylab lineaments coincide in
whole or part with Landsat lineaments. In some places fence linss could
be identified on Skylab because of marked vegetational and/br fonal
differences on either side of the fence. Where tonal differences are
ié;g mu£ked fence lines may be mapped as 1ineamentéo

Joints. Rock exposures throughout the region studied do not

Eontain any extensively developed joint sysiems. The Jointing that is

present can be mapped on S15U3 photography in equivalent detail to that
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shown on published 1:250 000 maps of the area.

Dykes. Numercus dolerite and pegmatiite dykes intrude the
Arunta Complex, At least 50% of the dolerite dykes shown on Fige 5b
could be independently identified and annotated in whole or part bhecause
of their width (up to 25 m), high colour contrast and transgressive nature.
Duierite dykes in areas of dense topographic shadows or with trend

directions similar to the surrounding geology cannot be reliably detected.

Light~toned porphyry dykes do not have sufficient width or tonal contrast td e

identified.,

Rock Fvpe Discrimination

P'recambrian metamorphics. On 51902 photography regions of

Frecambrian hdrunta Complex metamorphics could be reliably differentiated

from Proterozoic and Falaeozoic sediments (Figs 5b).

Cuing to hardness differences and d¥onal contrast, the
distribution of the quartzite and schist unit {Fig. 5b) within the Arunta
Complex could be annot{ated, but no further reliable subdivision of the
metamorphics was possible. Some areas of different metamorphic rock
types could be recognized, but the boundaries between such areas could

seldom be continuously annotated.

Proterozoic and Palaeozoic sedimenis. The Proterozoic and

Palaeozoic sediments cannot be differentiated from one another hy
photogeological oriteria alone. Throughout the sedimentary terrain it ais
generally possible to photo-interpret bhedding and dip information énd
different rock criteria, thus allowing reliable subdivision of, and
correlation between, indivadual exposures. 4% with conventional aerial
photography ﬁhotointerpretation suhdivision into exactly the same units
as shown on published maps would not be possible withoud additionallfield

data. Mowever, once unit boundaries had been established at key locations,
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extensive preliminary subdivision of the sedimentary sequence throuvghout
the area could be done on S190B photography with little additional ground

datae.

Cainozoic surficial materials. The geologic and geomorphic

information about surficial materials that could be recognized on 51903
photography was greater than expecied. For this reason emphasis was
placed on evaluaiting the reliability of photointerpretation of seven

subdivisions of Cainozoic surficial materials.

The independently photointerpreted map (Fig. 5¢) at 1:500 000
gcale was initially compared against 1:250 000 scale published maps. For
convenience part of the published 1:500 000 scale map (Fig. 5b) of Wells
et al. 1970 is used in this repori. Alihough the 1:500 000 scale map
naturally shows less information than the 1:250 000 scale maps from which
it was generalized,some information (e.g. (i) represents the total

distribution from all publications.

The map of the Skylab intefpretati;ﬁ (Fig. 5¢) must be regarded
ag generalized also and does not represent the maximum amount of information
that can be interpreted (see Section 5.4, Probleme Encounteged).

Figs. 5b and 5S¢ show boundary differences which are due fo generalization
during compilation of bvoth data sources. One example is the boundary
between Fzp and § (Fig. 5b) and h and ¢ (Iig. 5¢) to the soullmmnt of

Ooraminnz Anticline.

For completeness some published information about lithology

and ages was added to the reference to Fig. 5c¢ shown in ¥ig. 4»

The attempt to differentiate pre-Cainozoic rocks (unit h on
Fig. 5c) from younger rocks was reasonably successful. Differentiation

was more accurate where topographic differences were greatest; e.g.

between sand plains and strike ridges. An area of disagreenment between
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published and interpreted geolégy occurs along the ﬁorﬁhwestern edge of
the Waterhouse Range Anticline (Migs. Sb; c)o Bxamination of 1:2% 000
scale colour aerial photographs taken in 1973 shows that although the area
-marked Pzm on Vig. 5h does contain rock oulcrop it is dominantly sand

covered and thus the Skylab interpretation is more atcecurbie.

Two early Cainozoic unite were interpreted., Their age, relative
to other units, was judged on the basis that beth units are unconformable

on older rocks and both occur as remnants of more extensive deposits.

In the northwest of the area unit g {Fig. 5¢) is interpreted
from pesition and morphology to be rempants of fan deposifs. Comparison
with unit T (Fig. 5b) shows that approximately 70/ of the unit was correctly
identified on Bkylab and that scome boundary pesitions could be improved

by the use of ihe space pholographs.

In the central and eastern portions of the area a flat-lying
unconformable unit (£) was delineated. In gemeral there is poor agreement
with oulcrops of unit T of the published geolegy. Reference to published
1:250 000 scale maps(Wells, 1969, Cook, 1969} shows that at the larger
scale the oulicrops of T are subdivided into two separate types of
Tertiary rocks; silcrete, and freshwater sediments (consisting of
chalcedonic limestone, sandstone, siltstone and claystone). When.compafed
against these subdivisions essentially all unii f interpreted from Skylab

photography correspongs to the freshwater sediments.

With the exception of the sediment® 5 km northwest of Teresa
Anticline, a2ll other areas of T (Fig. 5b) that were not detected on Skylab
photography correspond to Tertiary silcrete. INon-detection of the
sediments near Teresa Anticline was due to the presence of trends parallel
to the pre-Cainozoic rock and the absence of Light toned scree and alluvium

which is characteristic of the other areas designated as f.
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Norih of Ooraminna Anticline the interpretation of Izm (¥ig. 5b)

as unit £ (Pig. 5¢) im due to céppings of Teriiary silorete over the Pzm,

he independent interpretation of two different (Tertiary)
units of fan material and sediments was reasonably successiul,. Iin
this partioular case the ability to detect and diiferentiate the units on
Skylab photogravhy has benefits of possible economic significance since holh

units are potential sources of secondary urahium mineralization.

One other Cainozoic rock (trevertine) is also a possible source
of secondary uranium mineralization. Areas of light grey colour {(wnit e)
were interpreted as travertine {rom Skylab photography and these correlate
well with the known areas of travertine {compiled onto IMig. 5b from Cock,
1969). On conventional {1:50 000 and 1:80 000 scale) panchromatic air
photographs travertine often cannot be differentiated from light toned
units, Despite the difference in scale the rather distinctive lme of

travertine on 51908 colour photographs allows more reliable identification.

Althouzh. the generalized published-geology at 1:500 000 scale does
not show subdivision of the Quaternary, the 1:250 000 scale map of the area
shows at least three subdivisions; alluviuwm, including river gravel;

aeolian sand; conglomerate and scree.

The independent interpretation of Siylab photography indicates
that the distridution of aeolinn sand and stream alluvium can be mapped in
considerable deiail. Interpreted acolian sand includes all areas of
recognigable dune development. To the south of Ooramimma .inticline an
extensive area of reticulate dunes can be identified on Fige.5s by the
dark speckled pattera of vegetated swales. Individual dune crests can be
identified by the lightw-colour of the mobile sand. The reticulate dunes -
are up to 12 m high and consist of praided sand ridges or comnected smaller

dunes (Perry et al., 1962).
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Stream alluvium (unit a on Pig. 5¢) was daifferentiated on the
basis of texture and position relative to drainage channels. Areas of
surficial material which .could not be readily classified as either unit
¢ or a were placed into unit & (undifferentiated sand and soil). Published
geology {Wells, 1969) indicates that the interpreted unit 4 consists
predominantly of alluvium although there is sufficient evidence on Skylab
photographs to differentiate this alluvium from active stream alluvium.

Where colluvial fans are immediately adjécent 4o high topographic
features the boundary between surficial materizl and TFre~fainogoic outcrop
ig diffiocult to interpret. Unit b includes areas of alluvium and colluvium
associated with presently active depositional fans, Such areas could not

be consistently diflerentiated fFom units a or c.

Table 3

Mappability of geological features on SL3/S190A
photography compared with SL3/S19(B photography

(¢ - Good, F - Fair; P - Foor, XD — Hot Detectable)

SL3/51904 Films 25. 26 - 27 28 29 30
(Spectral Range ~ micrometres) o7—e8 8-0Q o5-e88 o4=sT o566  o6~eT
a — stream alluvium P F F p g F
b ~ colluvium, aliuvium, active WD P P P G P
depositional fans
¢ -~ 2eolian sand 31} ND r P ¥ D
d ~ undifferentiated sand, soil I3 P G P P P
e ~ travertine D ND G G i) b
f ~ Tertiary sediments D ND P P D P
g - Tertiary gravel, conglomerates,
fan detritus P P ® B ¥ ¥
h ~ Fre~lainozoic boundary P-F F G P -G i
Archaean rock subdivision P F P P F P
dykes P P P ¥ F P
fanlts P r ¥ F I F
' bedding F P G G ¢
dips P P ® : G
fold axes I P r G - B
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Comparison of G1L3/5190A end SL3/S190B photography

Features categorized on 1:500 000 scale 51903 photography

were examined stereoscopically on 1:1 000 000 51904 photography with 3X and &

magnification,.

Ls set out in Table 3 the ability to map geological features
on S190: photography was graded as good (G), fair (3°), poor (F), or not
detectable (ND) compared to the S190B photography which was regarded as

optimume

Foor results from films 25, 26 (B/W IR) can be attributed
in part to excessive density and grain. DBoth the colour and false colour
infrared films (27 and 28 respectively) contain significant grain effects
which are visible on 3X enlargement. Because of the different film defects
mentioned above no meaningzful comparison can be made. An overall
comparison of the films (irrespective of defects) based on interpretation
of the fourteen geological features examined would rate them in decreasing
order of utility as:

Film 27 (2443 - Colour IR Filter EB - Spectral Range .5-.88 micromeires)

Film 28 (S0356 — Colour " I - " " 4-lT n )
Film 29 (50022 - BAI Pan " A4 - " L 5=46 " )
Pilm 30 (50022 = BAI Tan " B3 = " " 6=l T B o~ 3
Pilm 25 (2424 - B/M IR " cC - " " T=e8 . )
Film 26 (2424 - B/M IR " DD - " " 8-9 ")

In general the colour and false colour infrared photographs
alloved more reliable geolorical interpretation than any of the black and

white films.

Compzximon of SL3/5190 photosraphy with Landsat-1 imegery

All four bands of fifth genceration positive film transparencies
of Landsat-1 scene 1210-00315 were examined individually, and in an-Izs

colour additive viewer at 1:1 000 COC scale, in an attempt to detect the

T YA P R PR O RS SRR SO

Bl Bl S L i St g e B S s e B s e e L S
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geologioal features listed in Table 3. Some features could he recognized,
however the mappability of features on Landsal—1 imagery compared to 319(B
photography would be classified as either very poor or not detectable.
Thus for general geological interpretation the fifth generation Landsat-1

imagery is regarded as inferior to all types of Skylab S190 photography.
Conclusiong

In the Alice Springs area the evaluation of Slkylab 51902 colour

photography indicates that: |

- differentiation and correlation of broad rock subdivisions,
rock trends, joints, and fold axial traces can be interpreted with an
accuracy equivalent to that shown on 1:500 000 gcale published map of the
area.

- ground data from a limited number of selected key traverses
would allow reliable and rapid 1:500 000 scale photogeoclogical mapping of the

sedimentary segquence.

- only the major transgressive faults and dykes can be recognized.
- photointerpretation of Guaternary surficial materials is

sufTiciently reliable to allow extensive updating of 1:250 000 scale
geological maps.
- travertine occurrences can be more readily marped than on
larger scale panchromatic air pholographs.
- in similar arid terrain the 51908 colour photographs could assist%
in the programming and execution of reconmaissance geological mappinzg yrﬂjc;tmi
- such photographs are more uveeiul ihiu 31904 photographs or
Landsat—1 imagery for reconmaissance geologival mappinga
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6.2.2 Snowy Mountains area (Site 204954)

Topography and physiography

The Snowy Mountaine (Fig. 7) are the most prominent feature
in the area. They form a plateau which, in several places, rises above 1800
m a.S.l. and which tops 2230 m at Mt Komciusko, the highest mountain in
Australia. The eagstern and western slopes of the platean are deeply
dissected. The Murray River system drains the western slope; the point
where it flows out of the area is 265 m a.s.l. ‘The eastern slope is flanked
by tablelands of 1300 to 730 m elevation, North of the tablelands, the
rugged Brindabella-Bimberi Range rises to 1900 m at Bimbexri Peak, and the
Tinderry Mountains reach 1600 m. The southern margin of the tablelands is
deeply incised by the drainage system of the Snowy River, whose lower point
in the atrea is about 200 m a.8.l.

The climate ranges from temperabe highlands type at Cooma to
alpine mountain type on the Snowy Mountains. The average rainfall is 480 mm
at Cooma, and 1238 mm near Mount Kosciusko (Bureau of Meteorology, 1956).

General zeology

The oldest rocks exposed in the area are Ordovician and
Silurian sandstone~shale seguences (Os and S8 in Fig.6D), and some rocks
belonging %o the Ordovician metamorphic belt of Victoria (Om}. The deformatior
of these rocks is due %o several compressive episodes vwhich sfarted at the end
‘of the Ordovician (Benambran Orogeny) and continued intermittently until the
Carboniferous.

Thick sequences of middle to late Silurian acid volecanics (sv),
with minor interbedded sediments, are distributed in north-south trending
belts. These belis are bounded by granite batholiths of late Silurian %o
édxiy‘Devonian age (I). The intrusive rocks are present in the horsts of
horst-and-grahen structures, whose predominanily meridional orientetion was
probably controlled by east-wes* compressive forces during the Silurian and

Devonian periods, culminating with the mid-Devenian Tabberabberan Orogeny.
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Bagt of the Great Dividing Range im the eastern corner of
the area (Fig. T),; the structural style consisis of fold belts separated

by north-south trending faulits.

Detonian velecanies (Dv in Pig.6b), possibly extruded along
the major longitudinal fauvlts, crep out in the grabens. Ultramafig
rochks (Du) crop out in a northerly trénding belt which exiends for aboui
50 km outside the area. In the eastern corner of the area, Devonian
molasse~like sandstones (Ds) crop out in a narrow moridional syncline,

: formed during the Kanimblan Orogeny of sarly Carboniferous age.

Tertiary volcanic rocks (Tv) and Tertiary sedimentary clastic
rocks (Ts) are scattered in the central part of the area. South of Cooma,

the Tertiary volcanics cover several hundred sguare kilometres.

Kany of the Siluro-Devonian favlts were rejuvenated by the

Late Tertiary Kosciusko uplifi.

CainoZoic deposits (Cz) cover the floors of some of the

present valleys.

The known dominant etructural trends in the area (B. Scheibner,
pers. comm.) are:

a) North-south and north-west — zouth-east: old trends,
associated respectively with thrust faults and with left lateral {ranscurrent
faults active during the Banambran and Tabberabberan Orogenies,

b) EHast-west 4o northeast —~ southwest: young trends,

agsociated with Mesozoic intrusions and Cainoszoic volcanisme

=

. Resulis -

Rock type discrimination from S190A photegraphs

¥ilm nunber 28 (0.4 - 0.7 nmy Colour)

In general, colour; morrhology and vegetation do not appsar

to be directly related with rock type: in vlages, different rock types are
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represented with similar characters. For example, in figure 7a: 1 (0s)
and 2 (I); 3 (Sv) and 4 (I); 5 (0s) and 6 (I); 7 (Sv), 8 (Ss) and 9 (Da);
10 (Ss), 11 (bv), 12 (0s) and 13 (I)}; 14(I), 15 (0s) and 16 (Om); 17 (0s)
and 18 (1); 19{Tv) and 20 (I); 21 (0s) and 22{I)}. Or, the same rock
types may be represented with different characters in different plaoesa‘
For example, in figure Ta: T at £, B and C; Os at D; E and F; Os at C
and H;i T at J and i; Bv at L and §; Bv at ¥ and P; S8s at Q and R;

Os at 8, T and Uy T at V and H.

In some places, changes in vegelation, relief and texture do
coincide with known geologiocal boundnrics; Tiamples of this are, in
figure Ta: a, between I and Svy; b, ¢, d; e, £ and g, hetween I and Us;
h, between Sz and Osj i and j; between Tv and Os; k between I and Os.
But, in the interpreter's cpinion, there is no way of telling, from the
images alone, where this coincidence eiists or; when the cocincidence is
known to exist, where it begins and ends. ™he interpretation of air

photographs at 1:50 000 and 1:85 000 scale did not give much better resulis.

The Tertiary volcanies (Tv, figure Ta) generally exhibit a
darker colour than the surrounding rock types, but the variation is so
small and gradual that a precise boundary canmot be traced with comveniional
photointerpretation methods.

Cainozoic outcrops (Cz, figure 78) smaller than 2 km across
in fairly flat areas are difficult to distingwish in the image. Large
alluvium deposits (AL, Tigure Ta) can be easily mapped. Some rive;

terraces (4, tigure Ta) are visible on the kurray iiver valley.

Film mimber 25 (0.7 — 0.8 am, B¢ Iit)

In general, same comments as for film 28,
Hedium to high contrast grey tone variations are probably

related with vegelation differences.
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Alluvium is very easy to map because of the high reflectivity
of its vegetation cover, mainly grass; ihe reflectivity of the cultivated
areas in the Murray Hiver valley is second only to that of snow.

Film number 26 (0.8 - 0.9 nm, B/W IR)

Similar to film 2%, bui contrast is poor.

Film number 27 {0.5 - 0,68 nm Colour Iii)

Alluvium and Tertiary volcanics have unique signatures and can be
eagily mappeds; alluvium is imaged in reddish orange and Tv in a
particular hue of green., Other comments are similar to those of film 28,

Film number 29 (0.5 to 0.6 mm, Panchromatic)

High contrast between forest (dark tone) and non-forest (light
tone). The Iurray River alluvium appears dark and is difficult to
distinguish from surrounding timbered areas. Other comments are similax
{0 thoze of film 28,

Film number 30, (0.6 %o 0.7 am, Fanchromatic)

Sipilar to £ilm 29, but the Murray River alluvium can be easily
distinguished,

Rock type diserimination from $190B phetographs

In most places, the results are similiar to those obtained from
S190A, film 28, photographs. However, because of the high resolution of the
8190B photographs, landform elements could be studied in greater detail thén
on S190A photographs; this led to the detection, in some places, of patterns
which are related to rock types.

Bxamples sre shown in Fig. 8a where A; B, C, D, E, F and G are
granite; Hy I, J and K ere Os; L, M and W are Tv. However, these
_patterns are uniform only over small areas; they can be used locally for rock
type identificgtion, but they cannot be used to extrapolate such information
to other areas, nor to map rock type boundaries.

In forested areas, bhare and isclated rock ocuicrope as small
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Fig 8 Snowy Mountains Areo — Part mosaic of SL3/5190B, RL84 frames 44 and 145
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as about 30 m across could be detected on 81903 photographs, because their
lisht tone contrastie sharply against ihe dark tone of the trees. Cn
81904 photographs; the smallesl rock outcrop detecled in the same area was
about 100 m across. In grassland areas the deiectability of isolated
rock outcrops depends ou reliefl and fexture differwicesy the smallest

outcorops detected on 51903 were 500 m across, and on 51204 1 km across.
Faults

Continuous and discontinuous linear features expressed by
strong, deeply incised traces in the land surface, or accompanied by
dislocution of geological or geographical features were interpreted as
faults (Fig. fa).

4 comparison between the number of fanlis shown on the
1:250 000 geologicul map and the number of fanlte detected by interpretation

of satellite pictures for the arsa covered by Fig. 8 i: made in Tables 4, §

and 60
TABLE 4 ~ IUFDER OF PAULTS FROL ValICUS SCURCE3
WAULTS With leasth > 10 ¥m With length <€ 10 Potal
Prom map 26 39 65
Prom LANDSAT-] 48 26 14
From S1904 48 4 52
From 31903 Te 71 143
PTARLE 5 — FAULTS INTERFAWTYD ON S1904 IHOPCSRAFHS
- Enowm faults in Detected on 51904 Undetected Mew faulis

area interpreted
on 51904

65 22 43 . 30
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TABL% 6 -~ TFAULTS INESRYRETED OF S19C8 THOTOGHAPHS

Known faulis in Detected on 51908 Urdetected Few faults
area interpreted
on S19C2
65 29 36 114

A comparison between the runber of faults interpreted on

LANDSBAT-Y images and on 51908 photorraphs is made in Table 7.

TABLE 7 - IAULTS FROM 31903 VERSUS PAULTS PROV LAITDSAT-1

Faults from Detected on Undetected HNew faults
LAWDSAT-1 51903 ) interpreted
on 51905
T4 50 24 93

Phe most interesting points shoun by the tables above are:

(i) Vany more faults were interpreted from 51908 than from any
other type of image.

{ii) VWhen the faults shorier tha,ﬁ 10 ¥m are excluded from
computation, the nuwber of faulits interpreted from each type of satellite
picturae ic greater than that of faults shown in the geslogical map.

(iii) Avproximately the same number of knowm faulis wére detected
on 51904 and on 81908 photozraphs. Many more new faulis vere intc:-:'preteé an
51903 than on 51904a: this is probebly due tc the high resolution of 51903,
which makes it easier to recognize the faulis among all linear features:
in fact about 50% of 51903 faults are shorter than 10 km (Table 4£)e

(iv) almost 705 of the LANDSAT-1 faulis were also inierpreted on
51903 phot@raphs. But the total number of $190B f_‘auli;-.s ig twice that of

LANDSAT-1 fanlts.

A comparison between f{igurss 6band T shows that:
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(i) Pault AB partly coincides with the Lomr Fluin Pault, but it
extends Tor about 70 km to the southwest,

(ii)  The northern half of fault CD coincides almost exactly with
the Cotter Pault, but the southern half diverges from it.

"M nl

(iii) Pault EFG coincides with the Murrumbidgee Fault from I to Fo
Part G suggests that the Murrumbidgee Mault may extend seuthward, under
the Tertiary volcanics,.

(iv) Tault HI partly coincides with the Cooma Fault but it extends

cvond it for almost 60 Ym in a southeast direction.

(v) Fart JX of fault JKL coincides with a mapped fauit; part 1T
i8 new. |

(vi) Taults W (Berridele Fault), OP, @R and 5P are examples of
interpreted foulits which coincide almost exuctly with mapped faults.

(vii) 41most all the lmown Taults which were not lstected un S190A

and S1903 photegraphis are shorter than 10 km.

Linear features analysis

Natural aligaments of landforim, vegetation and/or colour,
continuously expressed for at least 3 mm (i.e. 3 km at 1:1 000 000 scale),
were amotated as linear features. The aunotation was carried ovt under
the stereoscope, without and with 3% magnification for the 51904 photographs

(Figs Te and 7d) and with 3% megnification for the 51903 photographs (Fig.5V). .

The linear features were claseified into eight azimth closses

of 22730 amplitude, thus:

Class 1 00000t &+ 11°15!
Class 2 022%30r  +  11%15
Class 3 0450+ 11715
Class 4 057°30 & 11715
Class 5 090%0t & 11715
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Class 6 112%300 &+ 11%15¢
Class 7 135%0t &+ 11%15
Glass & 157%300  +  11%15

Using the lithological map (1ig.6b) as a zuide, generalized
boundaries were iraced 1o separate broad lithological mits. The linear
Teatures of each litheological unit in each azimuth class were then counted,
Pinally polargraphs were drawn, showing (for each lithological unit and
for the total area) the percentage of linear features in cach azimuth class
(*igs 9, 10, and 11)s To cnphasize trends, the same percentages were
plotted on opposite sides of the polargrazhs. - ¥o pelargveph wag made

for wnits conbaining less than 10 linear feztures.
The lithological uniis are:
A Silurian voelcanic rocks

B TIntrusive rocks

¢ Silurian voleanic,; minor intrusive rocks

I Ordovicion sedinmentary rocks .

E Intrasive rocks

¥ Ordovician sedimentary, minor intrusive rocks

¢ Several outcrops +oo small to be separately considered
H Intrusive rocks

I Tertiary volcanic rocks

J Ordoviecian sedimentary, minor intrusive rocks

K Intrusive; minor Ordovician sedimentary rocks

L Intrusive rocks

¥ Ordovician sedimentary rocks

N Intrusive rocks

0 Intrusive, minor Ordovician sedimentary rocks

The following units are similar in composition; age, and general
history (B. Scheibner, pers. comme): A and C; 2, L and Hj D and K.

¥ is a mixtwre of U und He G is a mixture m=2inly of D and K. I is
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Cainozoic; ¥ is Mesozoic; all other uniils are Falacozoic.

Cirgular features were not included in the statistical
analysis described above. Their nature was investigated oy use of air

pholographs and existing geological mapse

(i) Straisht and slisghtly curved linear features

In the azimuth distribution of linear features from 51904,
annotated without magnification (Fig. 9), the Palacozoic trends (north
and northwast) are well represented in the polargraph of the total area and
in many polargraphs of lithological units. The Lesozoic and Cainozoic
trends (east-west to northeast-southwest) are present in some of the
nolargraphs of lithological units but are not well represented in the
polargraph of the total area., No similarity is visible between polargraphs
of units having similar rpck‘type, age, and hietory. Folargraph I
(Tertiary volcanics) shows the dominant trends of ¢ (classes 1, 3; and )
and of G (classes 1, 3, and 6); this may indicate that mony linear features

of I are inherited from underlying rocks,

In the azimuth distribution of linecar features from 51904,
amotated with 3x magnification (YVig. 10}, the polargraph of the totel
area clearly indicates a dominance of the east and northeast FEesozoic
and Cainozoic trends. With the exception of 4 and C, polargraphs of
similar'rock units show similar trends (I and X; B, L and H; D and k).

As in Fig. 9, I seems to have inherited features fron C and G,

In the agimuth distribution of linesar features from 51908,
annotated with 3% masnification (Fig. 11), the polargraph of the total
'a@ea is inexpressive and no clezr relationship could be found between
polargraphg of the lithological units. The reason may be either a
flooding of data due to spurious elements introduced with high resoluiion;

or the,fact that the analysis was carriced out on the muwber of linear
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Teatures: it is possible that sipnificant results muay be obtuined by

analysing their lengsths,

(%) Circular feaburen

A gl ot T T

The yuphuers below refer to fizure 8a.
Circular feature 1 is a larse ring dyke.
Gircular feature 2 is formed “v a granite body at the center,

surrouwnded by a cirocular ridge formed by hornfels.

The two circular features at 3 have the same composition as
23 originally they were probably part of a unigue circle which was then

disrupted by a sinistral wrench fanlt.

The northwestern quarter of circular feature 4 is visible on
air photographs and coincides with the curving boundary between late
Ordovician metamorphic rocks and late Silurian irtrusive rocks in the
Tantangara 13100 000 geological mape The remainder of the feature is

unexplained,

Cireular feature 5 iz a water course displaced by a landslide,

clearly visible on air photographs.

Feature 6 appears formed by circular lineaments on 5190A photo-
graphs, but on 51903 the same lineaments appear to be composed by short
straight segments, On alr photographs the area appenrs crossed by
a complex pattern of weathered joints, but two concenitric rings formed
by toporrvaphic features can be seen, Hecent unpublished geological
mapping has shown that a small granite body, provably a late intrusion in

the main batholith, is located at the centre of the feature.

The complex circular feature T is perfectly visible on air
photnr»avhs,; with the sume pattern as on $1903 photographs. The three
northern-most rinzs are remains of Tertiary volcanic centres; the southern

rings are the result of smzll multiple intrusions that, after recent
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geological mapping, have been duted Jurassic.

Yeatures 8 and 9 are clearly visible on air photographs.
Both are formed by ourving granite ridges, probably of the same origin as

Teature 6.

Comparison between Skylab photogravhy and Landsat-l imagery

The results obtained from the lithological interpretation
of 5th generation Landsat-1 images at 1:1 000 000 scale are very similar

to those obtained from Skylab B & W and true colour pholographs.

The characteristic hne of the Tértiary volecanies on Skylab
colour TR photographs is not viaible on lLandsat— images, even when

observed through a colour additive viewer.

Phe patterns related to rock type; visible on 51903 photographs,

are not visible on Landsat~1 images.

fhe number of faulis interpreted from Landsat-1 is about
1.4 times that of Ffaults from 51904, but only about 0.5 times that of
fanlts from 81908, If only faults longer than or equal to 10 km are

considered, the number of faults is the same for 51904 and Landsat-1l.

Ta In general, on 31904 photogpaphs at 1:1 000 000 scale, examiﬁed
under a siereoscope with up to 3x magnification, the |
lithological interpretation by conventional photogeolegical
methods does not appear feasible because the relationship
between geology and morphology is complex and varies from
place to place. Ixcertions to this rule are: the Teriiary
voleanic rocks, which are imaged in a particular hue of green
on 51904 colour IR photographs; and alluvium which is
particularly easy to recognize both on B & W and colour IR

photographs.
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On 51903 photographes at 1: 500 000 sczle examined unier a
stereoscope with up te 3x magnification, patterus related

to rock types are visidble in some places; but they are unifora
only over small areas: they can be used locally for rock

type identification, but not to map lithelogical boundaries,

in the Snowy liountains ares, the interpretation of conveniional

air photographs at 1:90 000 and 1:65 000 scales does nol produce much

better results than those obtained from 51904 and 31908 photographs.

3o

be

Do

PThe srallest rock outerops detected in forest-covered areas
were: 110G m across on 51902 photographs and 30 m across
on S1908 protographs. In grassland the minimum sizses were

1 ki and 500 m respectively.

Of the previously known faults; 34 percent were detected on 51904

photographs; 4% percent on S1903 photographs. Almest all the
undetected faults are shorter than 10 k. 30 new faulis were
interpreted on 51904 and 114 on $1903; none of them has yet

been finzld checked,

A statistical anslysis has shown that the dominant trends of
the linear features annotated on 51904 photographs at |

1:1 000 000 scale, with stereoscope and 3x’ magnificatibn

are parallel to the MNesozoic and Caincgoic structural trends
(east and northeast)}. The dominant trends of linear features
annotated without magnification are parallel to the lalaeozoic
structural trends (north and northwest). The azimuth
distribution of the latter linear features is also related

to lithology, age and geological historyj this may provide
clues to the differentiation of hroad lithological units in

the area.

v
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6. The statistical analysis of linear features from S150B
photographs at 1:500 000 scale with stereoscope and 3x
magnification has not produced significant results. The
reason should be invesiigated.

Teo Circular features are visible on all Skylab products. Most ave
related to intrusive or volcanic features. One is the resuli of
a landslide.

8. The B & W and true colour photographs from 851904 have about the
pame information content as 5th generation Landsat-i imeges. The
colour IR photographs from S150A and the true colour photograrhs
from 8190B have slightly more information content (respectively:
the characteristic colour of Tertiary veleanics, and patterns
related to some rock itypes) than landsat-1 images. More detailed
structural information can be obtained from each Skylab preoduct
observed under a stereoscope than from Landsat-~1 images.
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Ge3  GEOLOGY {05IR0)

Abntract

For the purposes of this study, landscape is classified
into two prons types, namely "forested" and "exposed'. ULifferent
components of ihe bedrock structure are detectable on tle photography
in each landscape type; requiring difierent interpretation methods in each
case and different mathods of evaluatine the quality and practicsl utility

of photography.

In "foresied" terrains, discrete siructures e.g. faulis and
master joints, are preferentially selecied by drainage processes. The
annotation quality, as estimated by weasuring the reproducivility between
different interpretniions, is a function of the length of the structure.

4 very approximate estimate of the minimum length of discrete structure
which may be reliably extracted from pictures is 50 km for Landsat—1 imagery
and 5 km for Skylab 51903 photography. Detailad studies of hydroelectric
and irrigation tunngls in the Bnowy lountains show that $1903 photography

has applications in civil engineering.

In "exposed" terrains the pictures record information from
penetrative structures, which have high spatial frequencies e.g. metamorphic
cleavage, as well as discrete structures. Studies of the reproducibilit&
between different interpretations of the same sczne show that a much larger
proportion of reliable information can be cobiained from 51902 than H1904

photography in one test area at flice Springs.

Introduciion

Skylab photography hus been compared with other types of
photography and imagery in relatior to twoe different geolorical problenms,
Phese are (1) the detection of discrete structures in humid terrsins and (2)

the detectinon of penetrative and discrete structures in arid regionse.
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The couprarisons were made in the ecourse of ongoing projects
“which have only recently reached the stage where the precise evaluithion
of picture quality for geological purposes is nossible. The measurements

given in this report are preliminary resulis of such evaluation procedures,

Geolomics) informition is extracted from piciures by a hunan
photointerpreter. lis vieual jpercention facultiss are a siznal detection
system which is hoth vnreliable and noisy. There are two possible solutions
to this vroblem. First, the output could be accented at Tace value and
evaluated against ground investigations in the {ield. ‘3econd, the
interpretation process could be assisted in some way so as to increise

the reliability of the cutput.

The second method recognizes the problem of data quality as o
fundamental problem in information theory. The geological information
reaching the interpreter is modified by random processes of geomorphological,
hiologieal and atmospheric origin and deterministic processes within the
imaging'syer;a The interpreter is, in part, aciing as a filter for

nonmgeological inforumntion and, in part, generating some noise of his own.

It is considered that in the absence of explicit definitions
of the nature of geolosical information, the appropriate immediate
approach is phenomenolorical. Ve treat the geologsical information
extraction sysztem as a "neisy black box" and are establishing criteria o
debermine whether the output is geolosicully acceptable or nobe  Any
change in the data acguisition system, such ag using a cumera of higher
resolution, or at lower aliitude, or over a different ferrain, is
evaluated in terms of the improvement or otherwise of the reproduecibility

of the output when an information extraction cycle is repeated.
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The first requiremenlt of this approzch is a measure of the
quality and quantity of the oniput in terms vhich mirror the value to

the end user.

he reproducibiliiy of a paoteinferpretation is assessed by
having the phoicinterpretoer ropeat tie interpreintion process scveral
tines, or by havinr several different observers muke an interoretation.

T

—r

I

~apeshs the wost highly variable segient of the inforw:tion acquisiiion

Process., Other segments are reyeated by using dmagery of different suvectr:zl

bands or maliidate imasery. 'Mhe repreducibility betuween diiTerent resulis
is measured and is an indicator of annotation quality. TFroblems vith
this technique are first, there zre wany possible choilces of a
reproducibility measure which give widely differing ligures. becond,

a measure selected injudiciously rnoy not have geologicul meaning.  Third,
the measure myy be either ico insensitive to geolorical differences, or
too sensitive to non—reclogical changes, to be irausferable hetueen
obgservers in different laboratories. 411 three difficulties reguire that
any proposed measure be calibrated amainst practical experience in as wide

a rahge of ciroumstances as possible.

Given a measure of the quality of an aunotatien, it is then
possible %o calibrate the informztion against information frem other
systems, The nost direct method available for this is,; in arens of good
outerop, to comrare results from picture interpretation with results from
detailed grouwnd surveying. This method is not aprlicable in arsas of pcor
outorm, except for special situations, Une such special situation is where
long tunnels have been driven for urban water supply, hydro-eleciric ov
irrigation purposes, The suthors are now paying special attention to
these as they sapply unique information. Freliminary results for 77.61 Im

.of one tuwnnes system are described in this report.
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History of the investigation

In 1972 congsiderable effort was expended by the authors in
compiling geological maps of selected areas as a basis for comparison
with Landsat-1 imagery. Studies of the landsat imagery showed immediately
that only the very large structures could he detected relisbly, and the
enormous volume of information on small strucitures contained in the imagery
could not be obtained at any acceptable level of reproducibility. Some
experienced field geologists would not accept the results claimed from
patellite imasgery, and even experienced photointerpreters were issuing
different results for the same scene. In some cases the imagery wes claimed
to yield information on new geological processes for which no supporting
evidence was provided and was even, occasionally, in direct ~ontradiction with

evidence frow other sources.

We published some preliminary resulis on these lines (Burns &
Sh epherd, 1975) but included the qualification that the image annotations had
only an assumed reliability, Reaction to our pun work and results
published overseas maf2lt clear that it was urgently necessary for invesiigators
to apply some internal standard of information guality if satellite geology |

is to win acceptance against established systems.

Accordingly worlk commenced in 19735 on neasures of annotation
quality. Discussions with wvisiting scientists including Drs C. Robinove,
D. Bimonett and K. Short showed that except by a group at the Jet lropulsion
Laboratories this was not seen as a problem in other laboratories, and
no concurrent vork of similar type was known. This has meant the

investigations have been isolated and methods built up from scratch.



By latec 1973 it had become wpparent that on any meanure,
the information obtxined by photointerpreluiion of Landsat imigery may
be of exiremaly poor quulity. in this rerort we cife measurencnts of
reproducibility of less than 30.. sven 1T wore ortinistic moawsures are
used than ihis particular engy the figure ig not shifted upw.rds to 2
level aish enousii o mike the inforpmtion compareble in quality wish that

obtained from alternative sources,

Skylad studies were incorporated intoe thig program vhen
photography became available late in 1973. The paritioular value of
Skylab phiolography is iﬁ the wide range of resclution available with all
other system paramelcers held constant. It had alse been discovered tha

there are significant changes in the geolopicnl content of pictures

between aniveraft and satellite platforms vhich are dependent on resolution,

and Llkylab photography would provide data points within the gan.

The muin program in development of reproducibility measures
encountered mathematic2l and statisticnl difficuldics in mid-1973 which
were nol solved till Larch, 1974. There g therslore Deen insullicient
time to compila a siemificant nusber of practical measurcrents on Skylab

photography. Some preliminary resulits are described.

Technioues and procedures

The moasures of reproducibility of geolomical datu as
interpreted from inagery are of two types, gecmetiric and nongeomefric,
details of which will be discussed in a publication in preparation,
leasurements of the gecmetric parumeters are made using o bendix Datagrid
elecironic chaurt digitizer interfuced to o TLI'1T1 minicoapuier. With a
specinlly written orirating system, this consiiiutes a cariographic data
processing systew. Similar systems wre beings inldroduced into

photogrammetric survey and cadastral survey offices to handle the special

Tr
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problews of cirtosraphie data; the roet notable beins that they c-nnot
be digsitized wilhout interaclion with & humin operoter ozpzble of logical
decisichse 'he bhest knoun system of this type is at the Inotitunte of
Cortosranphy in the Imperial Cellege of Science and Techmolery, Loudon,
&% CSIRO the datz ore menuired and edited interactively within the
instnllation, an essential precedure becouse of the difficulity of re-
resistration of documuenis ¢nd because the logicnl cupabilities of ihe
orerzlor are required, in circumsizunces where the originzl recsureuents
can be recovered, for any datn correciion. The edited; forwetied data
are written on to paper or marnetic tape, depending ou length; and

transmitted fo & CYRUSR TG00 Tor processing.

longeometric weazures of reproducibiliiy do not recuire iogjcul
capability in the dota input systenm and are amenabls fo caleviation in video
socanning systens o0 digisal image processing systeome. However the
statislical significance of the results depends upon calibration which

has been a mejor delay in finclizing the measures.

For the comparison of topograrhic lineaments with subsurface
data, four digital files are comstiucted, The duls are obtained from
standard engineering drawings, The fireot file is made from ihie tunnel
elevations and consists of a traverse along the tunnsl from end to end,
returning along ithe touvozraphic surface, '"he necond is made from tunnel
plans and is o similar traverse. The two are combined to reprodace the
measurements ar ehgineerins surveyor would make if he wade the same traverzse
in the field, and are reduced and corrccied in ihe sams way. This forus
the geometric control and ennhles latitudes; departures, bearings, and
‘glevations Yo be determined as required for any place within the regilon.
Thérthird file is the inforwation contained in the engineering gecologsisis!
tunnel logx and is an alphamumeric serial record of geological field
observ;tions alonys the tunncl.  The fourth fi}e ig o record of image—

derived informaiion for z strip of country above the tunncl ronte.
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The wost difficult problens in prejeciing geoloic:l stiruciures
for any distance undevgronnd is thel they interfere und offset euch other,
ang it mey not be poseible to deotermine the direstions and amounts cof thes

of fsels frow field choervations. The mumezric data file enahles various

possibilitince to be tested ensily. The tunnel dota are projeeted in three
dimegnsions =nd the surface aypexrunce prediclad, This m:y then, (iven a

suitable doiinitiorn off "mateh", he natched o uinst the ohoervations i'rom
riotures., This sytes is not yet fuwlly creraiion:l but; Tor the purposes

Lo

of thig report, scme ef the most relevaat TUijarves have been exiruecied.

1t may bhe noted that this work hnn remiired development of
novel dote hendling systems which are directly zpplieable in geolozic:l
surveying; rining, and engineering situations ouiside thie imnsdiate cuestion

of renote sensing

so Lhe enpiuecring poclogzisle in the LGuowy Veantedns

-
I roject woondoned sowme prediction problems bocuuse of their complexily and
the diificully of ohiuining a result in finite time by manual methous.

L h (%) o

Soime of thes:, however, appear avencble to machine processing.

Summary of ground truth activities

+

The ground truth available to this study has been the
detailed mapping in the Snowy Nountazins by 2 large number of engineering
reologists during the investipgation and construction of the LBnowy
Lountains BScheme. This includes detailed mayring both on the surfuce
and undersround. To date it has been found sulficient fo work with
1:15 €40 (4 inches to 1 mile) "summary plans' which record all rock tyve
chunzes, dykes, faults; joint roses, ground condition reports,
tunnelling: rates, ground temperature measurecmonts, and water flows from the
face, This is generally regarded os the ‘argsest body of sysiematicslly-
recorded detailed geological field drta in Australia, and is compareble

to the records of o major mine.
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The method ol data annlysis means that there are ne rough
field notes as such, only digital files; which are too voluminous Tor
reproduction here.

In the Llice iprings area, detailed mappineg on 1125 000 scule
ailr photographs for publicaticn of 1:100 000 sczle maps by field geologists
frem the Burcs of l.ineral Hesources and stafT and students of }anash
University and the fugtraliav National University io in progroesSs.

Arrangements bave been made for targets of inferest to be verified.

Results

Glussilication of geolosienl struciurcs

Geological structures visible on satellite pictures are of
*

three types. IMirst, struciares having a complex pattern, such as a dyxe

swarm radial to a volearic neck, circular caldera, breccia pipe, fold

bagin, and S0 on. These resenble military targets in thut they are locualized

and contain a variety of recognition cues; and hy analoyy with Leachtenauer
(1973), are dastectable with a reproducibility between observers which

roanges from 80 to 8Fj.

The second type are discrete features, such ag faults,
"master'! joints and narrow dykes, characiterized in the subsurfoce by
continuity and two-dimensionality. They are "non-penetrative" winich meuans
they have little or no mineralogical effect outside a very narrow resion,
The traces of these structures on the ground surface are continuous, linear,

discrete features.

The third type of struciure is "penetralive" in that it forms
pervasive systems throughout the rocks. It is frogrently two—dimensional,

such as foliations and bedding, and as & result gives rise o linear

surface elfects. However the structures de not appear as discresye
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individuals but in close-packed sheets which give the fterrain a

distinctive "striped" or banded appeariuce.

Apnearance of struciures on pirobozraphy and ima~ery

Struriures of all three types,; "complex', “discrete" and
"penetrative”, cccour simultancously in all roch tynes. However on
aircraft vhotograply and satellite imagery, the proporition ef each sirucitural

type varies markedly. For exompla. inmoery of the Frecambrian metawsorphioc
+ e, - o -

lFaiaeosoic and Proterozoic foldbelts of arid terrains muy show all three
tyves sinultaneously, whereas in the Frotorozoic platform covers and
Vesozoic intracratonic basins of Australia there is a much higher proporiion
of discreta relative to peneirative i'ructures. The differences on pictures
amount to differin: textures, or "anparent sirictural styles'. In some
cases the differences may indicate gevleosrical differences. However; in
nany other cases the differences do not have a bedrock cause and are due 1o

differences in the surface landscape,

3

4 subdivision of sustrsalien lendscapes has been made from
satellite imapdry Tor one test area by Cole et al‘(1975), In the present
work we used much sinpler subdivision, separcting geclegical studies into
$wo branches according to a crude subhdivision of the landscape into two
types, "forested" and "exposed'. TForested terraoins are confined to areas
of more than 25 inches rainfall in southwesierm and in eastern Ausiralia.
In such regions, (Mig, 12}, the forest cuiopy iz cufficiently dense to maslk
all view of the ground, and {ihe information contmined in the image texture

comes from the tovosraphic relief of the top of the forest canopy and from

* tke nature of the vegetation.

Exposed terrains are marine platferas, breaks of slope on
mountain shoulders, glaciated mountain plateaux, and upland rezions in the

desert which bave thin residual soils and are free of windblown, transporied



cover (Yige 13).

The marked differences in the photozraphic texture between
the forested and exposed terrains, even where the bedrock geology is similar,

nust be taken into account during phetointerpretztion of each type of terraina

IFerested tervain

llegardless of the proportion of different stractural types in
the bedrock, almost the only structural features visible in forested are.s
are discrete linecaments. In the najority of cases; these &re expressed
in the draincge pattern and ore detected Ly their drainage effects. The
reason for this is that first, stream channel Formation resulis in discrele
image features, and a whole ficld of parallel; peneirative structures in
bedrock may be expressed on pictures as a single linear stream channel,
Second, the forest canopy tends to "level" small channels and has the
effeot of a low-pass spatial filter. Third,; the many discreie siruetures
are mechanically weak and tend to have an influence on drainage out of

proportion to their numbers.

In the absence of struciural controls, stream channels forn
dendritic patierns. Ihotointerpretation of drainage anomalies is the
identification_of structures as departures {rom the regional drainage patiern,
Formal technigques have been devised (Krumbein, 1970) but are applicable
only to rapidly expanding networks in homogenecus maiterial so that they may
apply to Australian intracratonic basins such as the Greul irtesian or
Sydney Basins but are unlikely to be useful in mineralized foldbelids vhere
the rocks are consolidated and inhomogenous. The extraction of structural
informution in forested terrains is therefore dependent upon the ability
of photointerpreters to recognize torolegical snomalies i complex strean

networks.
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From a topographic relief model of Australia, Hiils (1959,
1963) recognized major linear features with lengths meveral orders of
magnitude greater than the diameter of drsinsge basins. The topographic
regolution of his model was between 10 ard 100 km and his method ylelded
reliable resuwlis only for structures such as the Darling lineament which

is over 500 km in length.

From lLardsat-1 imsgery, which has s regolution of the order of
100 m, structures have been detected in Fastern Australia with lengthas of
the order of 100 km with what seems to be acceptable reliability (Burns &
Shepherd, 1975). A recent new discovery of this size is illustrated in
Migure 14. However, when attempts are made to interpret shorter structures,
the reliability of the interpretations falls off rapidly. To measure thisg
effect, we have devised a nengeometric measure of the correlation between two
interpretations of the same scene by different observers or by the same

observer on different occasions. This measure is termed the reprogucibility

and when obtained by anzlogue methode is denoted 34. It resesbles a
product-moment correlation coefficient in that it ranges from +1 (for complete
agreement) to zern (no agreement) to -1 (disagreement). Table & shows results
derived from bandsat-1 imsgery for a region including thai illusirvated
in Pig. 12. The imagery was prepared by a process which considerably

degraded the tonal range but the extremely poor results of Table 8 are

ascribed mainly to the attempt to resolve small siruciures.

PR
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TALIE 8

Comparison between 6 interpretations of one scene

Observer A B
Inter-retation A8 Ab B10 B11 Bi2
A 17.74 13.23 6.48 13,56 15.44
A5 20,15 10.11 1%.20 13,64
46 1,92 12.07 12,68
B10 13,69 13.02
B11 15.02
Reproducibility (100 R4)

The experiments show that there is a very high rroportion, raonging
from 80% to 92,0, of uncorrclated informaticn in interpretatlions of small
discrete fealures in forested arecas. The uncorrelaled information may
include "noise™ or '"spurious linears' which a human interpreter tends to
generate from a pattern of topologicully~-random noise (Julesz, 1962; Crain,
1972) . In this case the low reproducibility is escribed to the attempt 1o
detect drainage anomelies in circumstances where the sireanm network cannot
be resolved at the requisite geomorphological ordor.

This dependence of xreproducibility on length is a general
experience and has been observed frequently (D. Siwonett, personal
commnication), If the explanation provided above is correct, it means
that an objective estimate of the quality of information that may be
extracted for interpretation of siructure may be obtained by measuring the
pize of the smallest resolved drainage basin, thet is, the smallest region
within which two stream orders may be sepelated.

Preliminary assessment of

Skylalb S1908 photography on this basis indicates ihat reproducible
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interpretations should be obhiuinable for dissrete struvetures down 4o
lengths of 5 lon in meuy areas and the lovest practiend 1imit moy be about

2 km in especially favourable cilrocumsiinees.

The relative perlormance of imu.ory end phoiogrephy fron
different sources 18 suvmmariged in Yable G, Tuie is wrelimivaey only but
the estimate for Slylab 31903 photography is supporied by detailed nifudies

alons the rouies of the UDnowy Nountaing twnacls,

i i
_j:::“."]_.u Cj

Discrete ~wolorical structures erpressed as dreinage anonazlies

Representation of Hange of estimated windimus lengzihs for
topoprraphy reproducible percention
Relief model 200 to 500 ks
Landeat-1 scanner imzgoery 50 to 100 km
Blyrlab 51503 photography 27 to 5 Im

red

Shyvlaeb photocoraphy in Civil Snsinsering

L

The Snowy Lountains area is classified as "forested" in that
it is hwnid, with an extensive cover of forest and grassland (Fige 15
Detailed maps are available for the long tuimels builts by the Lnuowy
Llountains suthority for irrisation end hydroelectric purncses, and comparison
of +the turnnelling records with the surfuce geciorphelegy enables the value

of remote sensing of discrete structures to be delermined directly.

The mean altitude of “he tunnels iz 1080 m (3941 Tt). “he
tbpp;;aphy above the turnels ranses in altitude Trom 11186 m (3066 £1) to
1630 m (5375 f5).  The tunnels are, on the averuse, roout 245 m (10 £t)
below the growd surface. The tvianel rouies are shoun as aguaducts

on the overlay of FMig. 15. .

v
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This is an area of mu’hple land use~

|

Recredﬂon the hght-ipned area in the | cer.tre is alpiné MMM with Auqnst snow cover

Ski tow paths are visﬂble near (A) } |

|

{
Farming: light toned Jreos in eastern ond western corners are where forest has bun

removed for pastoral gnd agricultural un Settlers roads are visible at

| l
®
Forestry: pine piummiJns are dark tones at (C).
! 1

Irrigation: water in storage reservoirs shows as black. Construction qua
) ) {

Power : the straight clearings in the forest are transmission lines. Snow =
lineaments are visible between (D) and (E)

|

B).

rries are visible at (Q) .

enhanced geological
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The gsirvclures in the tvnnels are of severl lypes. rhe
nost interentine %ype i “non;pgnatruiive, mincralogic lly anonynous',
that is, it comprises localigzed f=nlts, sherr znd cruvh zones with elfects
confiined te purrow bLunds lese than 12 m (AC £4) in wilth, =nd not associsied
with «ny mineralorical chanres which would wmule the siructurss easily
detected ot the suritice.  Of the structures in 1he tunnel with winerilegsienl
expresgsicon, such as kylonite zones or dyXe wmarsins, over 95,5 tre vro.dily
identificd nt the surfoce. Iouever the correlition for discrete,

anonymous structures is much lower, an showun in Table 10.
7 $

WL 10

Giserete, mineralogically Yanouymous" structures in

the LUnowy | ountains tunnels

- w1 £ 7 a O . - ey s
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The Tigures from these tunnclu are probably widely

uras ocour of the rute of

[l

representative, Mscrete, anonymncus sirue

3.79/1{1;.* and for these, o surfcece drainuge expressicn can be fovnd for 12:%0a

Thus there is 1 charee in T.75 that a tumnel struclure will have a2 drainz;ge

-

effect at the surfoce, Cn the cther hand, 5515 of the surface fewiures
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have bLesn fourd in the twwmels, ouscesting that thore is 1 ennnce in 1.02
thet a svrface dicinnre Tenture will be encovntered in tunneilins (00 It

below.

There are Hevernd cousons Wy these fimures should be treated
with caution. Pirast, the fwimel occurrences are sometimes groured into
"fault zones" which weuld aypenr as one feadlure at the surface, Jecond,
solne tunnel cccurrcnces 1Ly be minor structures which terminate on othurs
and never resch the suriice.  (On the other hand, ilhird, it appewrs that
many of the structores were Tirst found in tunnellis;r, the surfuce loscuticn
rrefticted, and a huant made for o drainage cnonely nerr that location. the
third faotor tends to conpensate the other two ond we would judge thet the

Tigures are rewsonable estimbes.

(R

The “upimrd potel? {(tunnel to wsurtfece) is the fijure of
12,95 ahove, while the "dounvard suteh" (surfrce to tvinel) is the Tigure
of 5501§. "he exitbunce of the diifercncs ennbl:s ihze struciures to be
divided into # clusgsaes, Ywajort or "extenuive' and Yminor" er “localiued".
he figvres mey be interpreted by clusciiying 12,9 of tunnel cccurrences and
55.1§ of drainere featvres os due to extenuive stiruciwrss.  The remuinder
are minor structures (in <he tunnels) and a mdxture of minor struciures anl

spurions features {on the Surfacc)n

A1l the drainage festures recopniged in engineering investiaticus
from ground surveys and aericl photography are visible in Skylab 51903
photozrarhy enlarced to abouy 1:00 000 scale, 1Lt iz, it is possible io
resolve and identify siream nefworks at a range of orders which overiaps
the ratge of merizl photograply, so that the deiniled (eeriul) ard synoptic
(sstellite) views cnn he direetly related to each other,  In the Snowy
Mountains we can not only detec: some new structures not observed previcusly
for lack of a synoptic overvien, und extend sone of the known stfncﬁures alons;

their strike, but cxpect to be whle to relote ey surface fentures to



spccific zones; a few feet wide; in the furnels., Thoe latiter possinility

would give the pholography valid operational siatus,

Exposed terrain

Bxposed terrainge yield photographic fextures dus to a mirture
of dimcretic, penctrative and cormplex strocturees A tost area hzs been
selected in the Alice Springs regipn which has low loczl reliefl so thrt
hilleshadow effects are minimal, aad ihe image textvie resultis mainly from
variations in reflectance of different minsrxl asscslilapss or residual
soils derived therofrom. Penatrative stmictures irclude metanorphic
foliationns in the Archaean Arunia Complex and beddings in Proterozoic

and Palaeozoic rocks.

A comparison was made between the low (819C4) and bigh (81908)
resolution Slkylab photography to see whether the high resolution photegraphy
yielded more reproducible interpretations. Results are showm in table 11,
The sams region waes interpreted three times on hoth $ypes of photography,
enlarged to the same seale, (1:250 000) along a traverse line $1.9
kilometres long which was marked out at right angles to the striks of
metamorphic foliation in the Precambrian Aranta Complex and hedding in
overlying Proterozoic and Palseozoic rocks. The traverse was located
to aveid; as far as pessible, hill-shadow and drainzge effecis., A
densitometer profile was yun along the same line; ths lipeaments seen by
the photointerpreter were classified, by comparison with the densitometer
trace, ag "bright bands", "dark bands™, or "dengity gradicnis".
Reproducibilities were then computed for the three traverses, tuken in
pairs, using the ccefficient H2 which is appropriate to this method.
Tha-méan reproducibility, computed by the methed of NcCammon {1969),

is shown in {able it.
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TABLE 11

Heproiucibility (?QORE) of textural festures in Skyleb photepgraphy

Photography Textursl Type Total
¥right band Dark hanl Uradient

51904 51273 60,533 45.333 50,786

81903 68,903 120395 42,982 66.523

Table 11 shows the reproducilbility of the extrsmes increases with
resolution while that for the gradientc decreascs. The improvement for
the extremes is about 26j which is ascribed entirely to the incruase in
resclution. It is not yet possible 1o relate these figures for R2 to

those for E4 in table 8.
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Lonclusions

The potenticl value of Bhylab phoiograrhy depends upon thres
factors, the geometriec occuracy as a basis for toposraphic and photo maps
and the tonal and rescluiion qualities raquired for scientific interpretation.

These investigetions have ylelded sowe information on the last named cuality.

In {forested country, S51907 photography provides for the resolution
of drainage netwerks in bosins down o about O km in diameler which should
permit the reliable detcotion of discrete strucitures down to about this
length.  This would give the photography an operational role in 1:1C0 000

Survey mapping and in major ¢ivil enygineering vorks.
*, & 5 Li

A test of the engineerings applications yields an estimate that
of discrete structures identified from their effects on the surface drainage,
approximately 1 in 2 wil) be enenuniered in tunnel.ing 800 ft below the
suriace.

In exposed terrains, the results from 5190B interprectation show
an'increase in reproducibility of about 26,5 for "bricht" and " dark" bands

in comparison with §190A interpretations.

The landsat-1 imagery, in ithe form of film products, is
disadvantaged Eecaune of the difficulvies of briding convincingly from
satellite imagery to field operating scales. Phis gap is hridged by 51908
phetography, to the extent that we helieve it is realistic to idenitiiy on
51908 photographs, surface features representative of struciures less than
12 m wide, 245 m undergrcund. The cowbination of three factors: (1) zeans
of measuring and achieving accepiable standards of data quality, (ii) evidence
that approximately 50,0 of surface features will be detected underground,
and (iii) sufficient resolution to identify the location of these features in
terns which can be picked up from aircraft pholography or imzgery and tv.once

translated into a ground location sufficiently precisely located to be a
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realistic drilling target, all of which ere within gight of achievement
with 5190B photography, indicates a potential operational role in 1:100 000

Purvey mapping and in engineering and mining investisations.
&) pping &

Tor structural geological purposes, there is an important
resolution gap between 51204 and 51908 photography. There may be other
ways of bridging this gap than by wmounting an S1903 system, A doubling
of Landsat scanner resolution, accompanied by direct digital recounstruction

of imagery from tapes, may be sufficient.

It is concluded that structural geological information from
gatellite remoie sensing systems can be obtained ay acceptzble levels of
reproducibility provided the limitations of the system for different

landsecapes are known and appropriate quality control procedures are applied.
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Ge4 Ll CLASSTIFICATION

History of the investir=tion

a) Aalice Springs Avea

This investigution was compared with the work of Terry et al.
( 1962) who wrote a generzl report on an arew of 373 000 sg km in central
fustralia (the ilice Sprinss area), ircluding a map and descripiions of the
types of country or loud systews ihey encountered. I'he basis for the nap
was the stereoscopic examination of blaock and white aerial vhotographs at
"o scale of 1:50 000, which took 11 months, and supportins Tield sfudies, which
took 5% months., Fart of this area was covered by 8L 3 and 8L 4 vhoiorraphy
from the 51204 and 51903 cameras. iie have correlated the patterns on ihe
Skylab phofegraphs with the land systems mapped by Ferry ct al., with a view

to assessing the value of the Skylab photograply for this {4ype of survey.
b) Ilew Souih iiales

The Skylab photographs were examined for their portrayal
of distinct types of country, land usec, soil, znd vegetation. These were

mapped on the photographs and identified by field checks,

Technionres ond procedures

a) Alice Springs srea

Lapping on the aerial photograph:is done by a team comﬁrising
a, geomorphologist, a pedologist, and a plant ecologist. They map
according to patterns, and at a detrnil compatible with fthe scale of the
final map. lher the teum members have completed the mapping they éample
their patterns in the field,; noting in esach the dominant lithology and
geomorphology, soils,; and vegetations Amonz other things, they prepare from
their notes a'summany description of each pattern. ‘They then revise their
mapping according to the field checks. The land systens are establiahed
from the air photo patiterns and described from the generalised field notes,

a5 given in Table 12.



Fig

16

Alice Springs area— relations of land systems
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”he SBkylab nh0uogrhpha cover pprnxmm tely 10 OOU sg ku 0i clond.

free counlry.  Tie patterns on themn were examined in relation to the land
sysﬁemw m;pped by Ferry et al Trom eerial phouo@ranhs, chnn beins don@
v%hrpugh the medigm of_twice enlarsed | 1Q0h colouv n*mnbs (?159 10) .na
& %ransyaranﬁloverlay of the land system bounduries at_%he SQME»BCﬂlee
The resulto WGre'then compared with four times eniargemenfs from}the‘six
_filmé-of theis19OA_camera,
b)  THew South Wales

The Skylab.phb%dgréphﬁ iwom boﬁh caheﬁas, as listed in”Table'
1, were exammned ster;oocoplc 11ye. Prellmln Ty observatlons vere mxde on
the blaqk and white phouographs. pinﬁnngs ware then tranaferre&‘tb'the
colour prlntsg and amendmeuts Jnd aadlhlona mwucw Comiact diaposiﬁives

were used for a flnal checL.before the fleld UOTL&

- Summary of ercund fruth getivities

a) Alice Springs Ares

Traverses weve planned by Ferry et al.to sample each air photo . . .

pattern during the prelimisary mapping. The first Tield senson occupied’

“the period‘ﬁuﬁus%'to dctobef 1956°” The aerial photoy raphs vere. taken indo

“the fl&l& and traverse routes, oﬁome er readlnéa. and descriptive notca

were mafked directly'oaﬁo'them; 'In;brdér to-ﬂo this ECCurately'%herOSitio

oi the te%m was known to wlthln oneuelxﬁﬂl of : & Lllonetre (approx3m4uc1v

j 1 on the acrla] rhoio~raphs}, nuﬂiﬁlonal QP&VBTSES were'ﬁlannEd during=“

the second neriod of’ mnnpinm and-a—sacond srell of field work Trom Jume %o

ucptembur 19%( B 51m¢13r {o Lhe'fiféﬁi_.
©b)  Hew South Wales

Tra srees were planned fto sample each unknoun Sizrlal

"»phobo pa*&ern durlnr larch. 1975» “whe geologicsl mip of the ares wuss also .

.

”'COnsulted.

n
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Gedol  Llice Spmings Lfren

Suntsry descripbions of dhe releovond
in Teble 120 Pige 16 ghows thet in momb caver each lond symbenm hommdewy

s own characteristic ralburae.

s
e
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LiBLE 12

SYHOFTIC DESCRIPYIONS OF LAND SYSURIS R@*hﬁ:ﬂl“"‘fx{{i I THA SEYLAS PHOPCIRATIS.

A1 Limestone widges and foothills, reliel up to 500 1 + (150 m);
' 1ittle goil; spinifen or sporse grass. Jtrile veles viih
allvvial pleing; shallow stony soils =nd caleareous eariths;
gidgee and/o:r shm"l. prasss :

Au Active u11vma1 fans with extensive szndy p3 ving within the
cenfral ranges; red clayey sands, scme pliuvial cloyey sandss
poinly epinifex, some sparse low 'Lveca_ over short é,rw e

pots ' Undulating dune~cove

red terrain with stony conplenmerate hills, .
relief up to 30 5 (9 m); red dune s;emds; spinifex ma.:znly wdter
omulgas _ _ _
a4, Quartzite end sendstone rn.dge.; un bo $000 £t (300 m) high; 13.&%1(:

uOll‘ spinifex. Vales with alluvisl ploine and grevel berraces;

stony soile ('bezt"m:e contrant, red eg“ul), red clajyey sands, and
cosvse soils; sparse shuubs and low iwees, wulge, or witclodly
bhuash over sho:c'“a gregs, o

© o Hu o 0 Limestone rane,es ywith rounded foothills and spurs, welief up 1.9 '
: 750 £t (230 m); Ilittle soily gpinifex or sparse gracSe

Rty - DBold sandshone pla‘beaux 'I;Il'bh roclk sv*;‘ ibg and sheep, dissected
T margins, T'el‘!ef up to 500 Tt (150 n} - sone very sboiy and gondy
soils; sparse shrubs and lov trees crew spinife"- (g oy %X 280 §TR o=

o

Hi o Sands'_%one_ ridges and platesux up to TU0 £, (00 m) 11., hoand ..,cmmr
o loylands; ﬁhallow Eo:z.ls and red cleysy sands: spum: fex.

I  Low hilly or undulc.%mg Linestone couniry, =elief up o 75 Li.

: - (23 m)s ealcaveous. earths; - apen or witche Uy 'bu.sh o\rm" short.
~ nss. - ¥ A _

Py : Piedmont fane of caleaveous allvva'.m ud celevebed {_';1 vels-
o -~ shallow red -clayey se;nc"z,.»; over stone, some sandy-caldareovs e*u"'h”::g'
and sandy-red esrths ;' :.niy epsn o ;:,:Lugce oven ho:*'. fapicat=ts

Ri - Intermont plaine 01 caulc::a,z'c:cmu all'vw wanig crleareons earths
: . and wed. earhh*‘-x over. marl, open or gifgee over short grass.
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Si Parallel, reticulate, and irregular sand dunes with stable
flanks, minor areas of mobile sands; red dune sands and red
clayey sands, spinifex.

Sk ' Piedmont gravel terreces, Cissected valleys,.relief_up_to 80 ft.
(24 m); stony fine red eavths, some sandy bexbure-contrast soils;
malnly snarse shrubs and low trees or mulga over spinifexs

Snv | - TFiat ox gently undulatlng plaln; red clayey Sanda anﬂ sandsé" -
spinifex. - :
So _ . Bold guarbtzite and sendstone ridges with rock clmfzs and

shesp slopes, relief up to 2 500 £i. (760 n); very little
soil; spinifex.

St Limestone plateaux with dissected escarpments;: benches of
weathered rocks, relief up to 300 £hs (90 m), little shallo;
soil; spinifex.

T8 Coalescent flood—plazns of the Podd River end tvlbutarle
derived mainly from igneous end metamorphic rocks, sa1dy
glluvial soils, some red clayey sande and silty, fine,
and layered alluvial soils; sparse low trees over short_grass.

The following are noteworithy points:

1, . The Skylab photograph (Pig. 16) brings out the difference between I .

and Si more clearly than the descriptions do. Il also shows that scme of

the dune pattern of 5i dntrudes into Zw, and this is not brought out in -

the survey alr photographs. ¥&n, also a sand plain, is distinguishable:from

- the other two by its even patiern.

20 I can be diétingnished from Br partly by pattern, bub Btereos¢0§ic
exanination is needed for accﬁrate delineation of‘ﬁhe bcﬁnﬁary; 'Thefé ié
ﬁﬁen 1ittle difficulty in mseparating the two.

e “ Ls #egetation-and.land.formé are siﬁiléi on all.ﬁhe:#iluﬁial land -
.systems, éoil cqlou: would eppeadr to_be:the only photqgraphic_qriterion:

for distingui&hing,them; The'photograph shéws fhree tﬁatiare aiike (Eu,

- Py, and Ri) with a rather uniform ved pattern, and one (7d) with a more

mottled brownish padtern. Reference o the move detailed descriptions (not =

reproduced) establishes that this is in aeccord with their scil'coleurs;r
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Ao Hountainous and hilly lend systens are no‘u nlnarl;y' d:.s’cmg.u hable
among themselves and are not cons:Ls'Lenb in their 'mttems, ia€a :t‘a.eld
checks ave needed o trro_rk out sone re;"-:ional systen of grouping bthe various
patterns into Lﬁnd systens. This iz stendard practice which appiies |

equally well when aerial photographs are used. Details are as Lfollous:

a) @i and So have the same lithology (quartzite and sandstone)
but G is Separa’béd. beeause it includes a number of wide valleyé.
émong the ridges.

b) .Al, AH&,A and St are mainly of linestone and dolomﬁ.'teg and
d:.st:.ngua.sha.b’le from the quartv:.'te and sandstone 'by 'l:heJ_I' greenish
qolo_um .émong themselves 'bhey are dis Ln.ngun.shable 'i“.hrough .
their land forms (ses Table 12). The greenish colour can be
seen .in parts of Gi as well, aﬁd referenée to 'l:hé detailed
descriptigns_,(_pot veproduced) shows that it does include beds .

of limestone.

¢}  Kr resembles paris of So in the mingle phobograph but -
stereoscopic examination shows that the beds of So dip while
those of KT do note | |
a) Occur:cénqes_ of ¥i are too small for consideration.

e) - 4 singular group of hills (a,rro_x-red in ‘the photograph Tig.
16) is of sandstone surrounded by limestone and delomite.
These hills do not show up iu eny of the 51904 films, nor in

- the Lendsat imsgery except band :4.; o
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5.  Traces of burning were easily identifiable on other frameg (not

reproduced ).

An examination of the eguivalent black and white prints
fiom‘ﬁhe,same negatives at a'scale of 1:700 000 confirms the imporiance
of colour in this type of survey. It is not possible to distinguish the

'1imestone or the sandstone hills of paragraph e. on the black and vhite
;p:Lnﬁs, nor to see the difference belween the alluvium with red soils
and that with brown soils, and differences between other land systems

too are less distinct.

On the 51904 photographs, those in false colour show some
areas of végetation in red,.distinct from the dominan{ covei'which | |
does not regigter in this_way._v They_are pxobably flushes of ephemgréls_
aiong the watercoursés aﬁd outwash plains. TFor our purﬁoséé vhe
other S190A filma have nothing,of advantage_over the_51903_except_in_
"the greater area they cover, and even ﬁhié is offset by their
poorer resolutiong In all, wve would make very 1ittle use of the .

S19OA_if a complete cover were available from the 51308,

For part of the Skylab photograph (Fig. 16) that -
accompaﬁies:this report; Landsat imagery7déted 1 chembér 1972 is’bb
available at a scale of 1:1 000 000 in false colous diapositive
 (vands 4, 5, and 7) and in black and white prints of each band

-seﬁérafel&.-:'Fcr visﬁalbinterﬁretatAon the.Skylab photbgféﬁhé '  B
"ave in most iespects far supérior. TherLandsat single band
.imagéﬁj.haé thé diéadvéﬁtﬁgeé of less éoﬁffast; podrer rééblﬁtion;.

no sterecscopic cover, and perceptible secan lines., It has zn advantage in
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the false colour imege, which has better contrast that that of the
81904, including a clear msgenta which sharply delinzates the greea
vegetabion. Some of the Skylab 51904 felse colour film i5 heavily suffused
with biue and virtually monochrome in consequence. This dis probably

due to poor processing.

The land systems were erected not only on air photo pat%enﬁ
but also on Field work, on the pooled knowledge of a team of 10 workers,
and on the litersture. The lack of cxmed correspondence between the 1and
system boundaries and the Skylab photo patterns in Fig. 16 is what normally
occurs, and does nob necessarily reflect a discrepency. The correspendence
that does exist suggests that Skylab 1903 colour photocraphj on its owa is
most useful for recommailscsance mapping of natural resources in the arid
regions of'Australia at a scale of zbhout 1271 000 C00., Its full exploitabion

calls for support from serial photography end the Landsat imagery.

Hbre defailed information is available from a paddock near
Alice Springs which has been studied by the Division of Land Resources
Haﬁagemént, CSIRO, in connection with grazing triels. The paddock measures
14 = 11 kilometres and is graged throushout the year by cattle, the
‘numbers fluctuating from 500 to 1000, It is observable on 5L 4 phoﬁcgrafhy
exceph for the souuhyeast corner which is covered by cloud, Table 13
_ glves the vegetation as manped from the S{90B dzap031t1ves and as previously~
mapped_fpoﬁ the ground., Points to be noted are that three of the Slylab
maﬁpiﬁg.units'are combinations of the originel mapping units, i.e. the
priginél.mapping is in finer detail than is permitted by the Skylab
'photagraphy,' Combinations B and F are acceptable, combination B is faulty
in 1%3 1nclu31ons of calcarecus shrnb1and and guestionable ip its 1nclu51on
of mnlga and annuel grasses, which has a cabegory of its own {¢)s The Alice
- Springs workers have glso idéntified on all the Skylab maierial active
vegetation growth,én the flood plains, and irrigated lucerne, They feel

that the quality of the photographs and the large ares shown in each are



75

agsets which could be of great valme in land planning progrommes,
including large~scale stock movements and the identification of

tpealded" degraded areas,

TABLE 13

VEGETATION AND LANDFORLS 45 NMAPPED FRON 81908 DIAPOSTITIVES AND AS PREVICUSLY

FAPPED FRON THE GROUND

Siylab Observation " G@rognd Truth

A, Hills Hills
‘Bes Stream beds and associated plaing Stream channels
Floodplains
Riparian depressions
G, Hulga depression channels Hulga/annual gresses ¥
Do Groved mulga _ Mulga/perennial grasses
. Open woodland Caleareocus shruhland

Savanna woodland
Fulga~annual grasses

7, Tresless plains I'oothill fans
Gilgai plains *
Tloodplains .
G, Unidentified, presumably area Spinifex hummock grassland *
too small Co o . .

#  HMulge = Acacia aneura
Spinifex = Triodia and Plectrachne sppe
Gilgai = microrelief caused by the unéven swelling of soils
high in montmorillonite contents '

Conclusions
The colour, stereascopic coverage, and good reé.olution of

the Skylab photqgra.phs make a useful combina‘bion for -the r_n_app_ing of land
fﬁ_rms, _éoil; aﬁd vegetation é.t a scale of ébouﬁ; 11 OOO bbo, The pho’aograpﬁs
_oould. p_rob.a,hl;r be used in place of comfentlional aerial photogra.ph;r for
this pﬁ-rpose, ofhei- 'fhings .bei:ng éqﬁalg o |

_ For v_iau_a_; ‘interpretation we rate 't.he'_ 519(B photographs _
firgt, notwithstending the smeller area they coverm. 31904 piio‘tographs

‘come second, and landest images thivd. -
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60do2 New Scuth Wales = Suouy Mounteins ares
The notes that follow aré with respzct to the 31908 colour
diapositives. Of the photographic products examined they were unguestionably
the best, not because of the colour but because of good resolution. They

showed a number of Teatures that did not show up in the paper prints.

vl

oil

adn

|

Three large areas of different colour (400 =g lm and more, areas i,
2 and 3 of Fig. 17) conld be distinguished in the cleared country. The
first two were respectively reddish and brown, and from stereoscopic viewing
sppeared to be on rolling ground., The third was peler and appeared to be oa
undulating ground. TField checks showed little difference in the vegetation,
which was *tussock grassland of Stipa and Pos in varying proportions. This
indicated that the soil was the determinant, a statenent which kas support
from Mg, 18, which shows soil samples from the three areas, as well as
from much smaller aress of bright red from location 4 in the Skylab
photographs. The good bcrrelation throushout suggests that the photographs

would be of greet assistance in regilonal solls mappinf.

It ig significant that the photographs were taken in August,
vhich ig when the pastures are most meagre after heving been grazed {through
their winter dormancy., The field observations were done in early lisrch when
the pastuves provided a top cover of about 907. Contemporary Skylab |

photogrephs would have been most unlilrely to show the soil differences.

Similar blocky patches of eucalypts at points 12 and 13 (Fige 17)
show differences in detadil, those at {12 being surrounded by a peler margin
which is lacking at 13, This paler pargin is known from previous work io
be related to some extent Ho soil type, and reference to the geological
map shows that 12 is on granite while.13 is on Ordovician sediments,

Field examination.confirméd wiat could logically be expecied, namely that

the soils too were different. Lineaments aud eircalar festures (cireled



Fige 18 Soil samples from Snowy Mountains area
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a5 11; 14, 16 and 21} are the liruct conoern of geology, nevertheless
they have an important bearing o the type of counvry and the soils and
can rexdily be seen and uwsed by these commected with land resources

BUIVEYS o
Snovfields

lostly they are guite obvious, but exceptions do occur. Un
colour prinits we have found some suow-free pasiures to be indistinguishable

from the snow-fields (points 7 and 23). the dilference can be brought out

by varying the processing, and is clear in the various 51904 filus.  areas

of heavy and lirht cover can be distinsuished at a glance,
Tand Use

Intensive farming can be seen at point 19. This is a
dairy area with the non-wooded parts under improved pastures., Hemi-
intensive Ffarming is distinguishable towards the coast (not illustrated).
By far the greater part of the cleared country is grazing land, with a

little agriculture in *he lowlends {arems 1, 2, and 3).

Yogetation
From.the photographs the grasins lands may be divided easily into

two = the lowland pastures and the highland pastures. Doth these categories

can be subdivided on photo pattern, but a2 field examination shows that

the 1qwland_spbdivisions reflect only & soil difference, with the pastures

essentially the same. Of the highland pastures, & and 106 have a darker

- tone than T. 4 field check established that the soil ﬁas broun throushous

but that the vegetation appeared different. All three zreas have a low

unbroken sward of Pon, in 7 relatively pure but in 8 and 18 mixed with

abundant non-grase herbs and patches of shrubs,; which would remain green

during the winter instead of dying back as the grasses do.  This would
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provide an explanation for the darker tone of 8 and 18, but a
comprehensive botanical analysis is needed to confirm oxr refute the
theory. Areas 8 and 18 are respeciively on {lat to undulatiﬁg and on
undulating to rolling countbry, but this is too subtle a difference to be

picked up on the photographs even under stereoscopic viewing.

The photographs provide not only a very useful synoptic view of
the pastures but alse an unexpecied amount of detail from the 5150B
diapositives. At our scale of survey much of this information could be
used direétly, that is, without recourse to the aerial photography. Field

work would remain essential, at about the same intensity.

Torests ard woodlands.also have an important bearing on the
natural resburces surveys because of their vélue in cash, as proteciion to
vater catchmenis, and as indicators of soil andrclimate, but as they are the
girect concern of the Forest Research Institute they are dealt with in
Section 6.1 of ﬁhis_reportc We have distinguished pine forests and light,
intermediate, and dark green eucalypt forests, which can be fuxther.sub&ivided
and classified through field work (points 17, 6 and 3, 20, 5 and 10

respectively).

Water supplies

Streams vary according to their size and background from conspicuous
to obscure. Except by stereoscopic viewing resefvoirs are not easy %0
distinguish in forested country in auny medium (point 22) but,elsewhere they
are distinct and sharp, to the extent thatvavsmall drop in the wéter level

~can easily be seen (point 15)e

Ceceanography

The S19OB photographs show two éones of‘coiour near the coast
and a narrow paler band along part of their common boundary.  These features

may represent different depths, but they do not conforn +o thé‘Rdyal
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hustralian Navy coastal chart. They are unlikely to be caused by any

form of industrial pollution since there ére no towne of the necessary size
and character along that part of the coast,; and the probability is that they
represent algae or plankton, reflécting differences in the quality of the

water.

5190A vhotography

The equivalent $130a photographs of all six films (Avpendix) were

~examined in diapositive form.

The twe infrared films (25 and 26) are closely similar, and of
value mainly in their very clear differentiation of introduced pusiures
(Point 19 of T'ig. 17) frow the surrounding eucalypt forests., The native
pastures (1£) at that time of the year are dormant and poorly differeatiated |
Trom the encalypis.

False colour infrared {Film 27) shows ihe green non-eucalypl
vesetation with even more clarity, not only at point 19 but also in some
other areas which can be distinsuished in no ovther mediuvm, at least by eye.

Pilm 29 (.5 —6uicrometres) is the only vne to provide sufficient
contbraust hetween pines and euncalypis for easy recoznition.

¥ilm 30 (.6~.7 micrometres) distinguishes with satisfactory clarity
betwecen the euchlypt forests, dormant pasiures, and growing pastures. Yone

of the other films provide as nuch contrast between the three.

Comparison with Landsat—1 imagery

Landsat-1 imagery dated 12th Decemﬁer 1972 and 18th January 19T3>‘
is available in all bands for this ayea of Jew Souwth Jales, The individual
bands were compared by eye with respect to the féatureé enumerated in Fig; T
and the following pointe noted:

a) The areas of different soils (1, 2, 3, and 4) were not
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digtinzuishable,
This is prohably due in some measure ot least %o {he denser sunmer pasture

when the Landsat-imagery was obiained.

b) liet sclerophyll forest (5) was clearly distinguishable on
bands 6 and 7, not on 4 and 5. We have observed in other areas as well,
a very clear distinction for some different eucalywrt tvpes on the infrared

and visible bande respectively. Details are siill being investigatsd.

¢) Uther eucalypt types {6, 20, 10; and 9) could not be

separated on the Landsat imagery.

a) The difference between the lowland and highland pastures (7
and 8) was clear on the infrared bands, barely perceptible on the visible —
the opposite te what one could expect Trom the differentiation shown on the
Slkylab colour phobtography. Perheps some seasonal difference is responsibdle

for the anomaly.

e) Geological features 11, 12, 13, 14; 15, and 21 were not
perceptible on the Landsat imagery. This is attribubable to the poorer

Landsat resolution.

£) Pine plantations (17) were much more clearly shown on band 5
than on the Slgylab colour photograph., They were barely perceptible on band

4 and imperceptible on 6 and 7.

g) Relief differences at & and 18 could not be seen, as in the

Skylab photograph.

h) “In all Landsat bands, the difference between eucalypt forest

" and natural pasture {18) was not as distinct as on the Skylab photography.

' On the other hand the difference between gnocalypt forest and improved

pastures (19) was far clearer on the Landsat imagery.

i) Particularly on bands 6 and 7, waler stood out very clearly,

no matter what the surroundinga. It was 1ess_clearly differaentisted on band
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5¢ and in places not perceptible on band 4. The Slylab photozraphy
came closest to btand 4 in this wvespect,

j) Waterconrses and foads were clearest on fhe Skylab photography,
much lees o on the Landsat visible bands,; and not distingui hable on the

Landsat infrared bands.

k) The bheavy snow cover shown in the Skylab photograph had
disappearédiby the time the Landsatm1 imagery was obtained, but wany nérrow.
anowdrifté are visible in {the December imagery, fewer in the Janﬁany imageny.
as one would expect. They tzke the f&rm of a system of thread-like featuresﬁ
diminishing in order of clarity from band 4 o band T, where they are all |

but invisible.

Conclusions

The forest cover and probably the summer grass cover over nuch
of this area of New South Wales mask the soil colour; and the Skylab
photographs consequently provide less information than they do in arid
central Australia. Proportionately more field work is therefore needed
in eastern New South Wales. Uevertheless the photosraphs provide much
veseful synoptic information and some detailed informztion of direct value to
the mapping of natural resources. Peatures considered in'fhis repord
include land forms, éoils, vegetation; water supplies, and climate, Mineral

resources are considered under Sections 6.2 and 6.3.

In the lew South Wales area nearly every band of the S1904 had a
unigque capacity for clearij distinguishing some pariicular feature which was.
ohicure or invisible on other Landso The camera ig a valuable complement
to the 5190B. C(entral Australia on the other hand provided little scope

for the finer spectrel discrimination of 1he 51904, :

Apart from ite well-mown advantages in commanding a wider field

of view, the Landsat imagery offers nothing for visual interpre%atién tant

the Skylab photography cannot offer. -
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6.5  INPORVAL REFORT ON USEPULNESS FOR LAND USS MAFPING AND TOLOGRAPHIC
MAP REVISTON (DNM) | |

. Introduction

Initial examination of the special 1:500 000 scale enlargements of
BKYLAB S190B photography supplied by NASA indicated that further investigation ¥
was warranted to study its usefulness for Land Use Napping and Topographic

Tiap Revision,.

Land Use mapping

Bxamination of five frames of southeast Australia inciuded

. comparisons with Landsat-1 false colour composite imagery of‘similar_areas,
16 times enlargement to about 1:30 000 scale and stersoscopic viewihg, to
which the photography is most suited because of a 60 per cent overlap of

individual frames,

The frames éxamined enabled much more detail to be extracted than
is possible from Landsat-1 false.colour composite images, and would be
particularly useful if examined in conjunciion with similar false colour
photographs obtained at the same time, The main advantage over conventional
éoloui photozraphy is the ability o obtain a'broéd overview as well as fina

detail, where required, from the one image.

Lack of availability of extensive coveraée of these photographs
limits their practical application to land use map?ing, otherwise}they
might largely supersede Landsat imagery. At présént, small (1:140 000)
scale conventional colour photography would seem to offer the greatest
- potential as back-up material {o the basic Landsat imagery for land use

mapping programs in sustralia.




Tonographic Map revision

Two frames, one in central and the otker in soﬁtheast Australiay
were examined for revision of 1:100 000 scale ‘ftopographic maps. The
standard equipﬁenﬁ in use for.transfér of additional detail was, however,
unable to accommodate the scale differential ani_the examination was based
on a black and white print at 1:100 000 which degraded the imagé'guality

considerably.

Fuech detail useful for rewvision of ma@s at thié gscale was eviﬁent
and could be accurately 1ocated'in-respecf to adjacent existing deﬁaila _
However, completeness of revision could not be guaranteed and sm#ll
features, normally symbolised on the map (e.gg bores, dams; Ffarmhouses,

fences) could not be identified in many cases.

The examination, due to the inadequate facilities for retaining
the resolution of the original photograph, was néoassariiy inconclusive,
but the difficulty of identifying cultural features, the main requirement -
of map re#ision, indicated that such photography could not replace dompletely
the need for aérial inspection and medivm scale comventional photography

in the revision of topographic maps at scales larger than 1:250 000 scale,

If available, they would be useful bui here again it was felf vhat
small scale colour photography from conventional aircraft would be of much

greater practical use.
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7. SUMMARY OF CONCLUSIONS
| 1« 1In sub~-humid, vegetated areas, S190B photography:

a) has a potentially operational role in detecting lineaments in
1:ﬁ00 oco scaie geologicdl mapping and in majoﬁ civil
engineering surveys;

b) is of limited value for regional lithological mapping at
1: 500 000 scale,

‘c) bfovided'much useful syndptic information and some detailed
information of direcd value to the mapping of non-mineral

natural resources such as vegetation, land, soil, and waber.

2, In arid, well exposed areas, S190B photography could be used: -

‘a) with a limited amount of field traverses, to produce reliable
1:500 000 scale geological maps of se&imentary sequences,

b) t0 update superficial geology on 1:250 000 scale maps,

“¢)  together with the necessary field studies, to prepare landform,
soll and vegetaition maps at 1:1 000 000 scale.

3. Skylab photography was found o be more useful than Landsat
images for smell scale mapping of geology and land Hypes, and for the revision
of topographic maps at 1:100 000 scale, because of superior spatial
resolution and stereoscopic coverage. In forestry small scale mapping,
Landéat'sﬁmmerﬁtime'images ﬁera more useful than the winﬁerntime Skylab
photography.

4., Tor smali scale geologiéai ﬁapping S190B proved ﬁore useful than
81904, ‘ |
For 1:100 000 scale land classmfication mappmng, S190A p*o?ed to be a ?
valuable complement to 51908 . o

bor forestry, S190A colour IR was more useful than S1904 colour '

for delineating major species associations.
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5« The investigabtion has shown that very swmll scale, high resolution,

stereoscopic colour and colour infrared photography is a nseful aid in

natural resources mapping.

Only limited coverage of IEREP~type Photography is aﬁaiiab’le, but the
work done suggests that high altitude aircrafi photography at suitable

scales (12100 000 and smaller) would be a valuable alternative.
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8., RECOMMENDATIONS

1. It is recommended that WASA should bring to the attention
of the éppropriate section of the United Nations organiszation (e.g. the
Scientific and Technical Sub-Committee of the Committee for the Peaqeful
Uses of Outer Space) the potential of satellite EREP-type colour and
golour infrared stereoscopic photography for assisting in the mapping_

of poorly lkmoun regions of the world.

-2+, In countries such as Australia, that already have an extensive
coverage of maps relaled to natural resources, experiments with small scale
high altitude aircraft photography should be made to determine their

sulfability for fast, cost-effective map revision.
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APPANDTX
SKYLAB THOTOGRAPHIC PRODUCTS

(Data from Skylab TREP Investigators' Data Book, Cecte
1972 and EREP Sensor Ferformance Report 15C-0552€)

hultispectral Fhotorraphic Camera 51904

Tocal lensth Negative Size  Actual Hegathive Area covered Cone anrle

{mm) ~ (mm) imasre scule {(Jan) (degrees)
' Bige - on An
(rim) flats ocorners
152 70 57 1:2 BG0 000 163x163 21 294
Camera Pilm Design Standard
Station roll 81904 Film Dandwidth, am Filter
Yio. Yo, '
1 25 IR Aerographic B & W, 0.7 to 0.8 ¢
. type BK 2424
2 26 IR Aerographic 3 & W, 8 to .9 DD
: type LK 2424
3 27 Aerochrome IR color, 5 to .88 Ki
type BE 2443 :
4 28 Aderial color (high~ 4 B0 o7 TF
resoclution), type
80-356 _
%5 29 TAN-X .aerial B & W, 2 t0 o6 Ak
' type S0-022
*6 30 PAN-X asrial O & W, 6 0 o7 BB

type 50-022

(% In 8L4, filter AA is used for Cam. St. 6 and BB for 5)

Warth Terrain Cambera 51903

Focal lengih Negative Sige Actual Wezative Area covered Cone angle
{mm) (mm) image scale (¥m) (degrees)
81ize on in
imm) flats corners
458 126 115 1:948 000  109x109 14 20.
- Pilm_type Filter  Bandwidth
' o - Aam,)
Aerial 5 {neutral afoT
colour density)

(hipgh definition)
80~242



