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SUMMARY STATEMENT OF SIGMIFICANT FINDINGS

1) The multispectral , high resolution nhotograuhv of S 190 A v
has been successfully annlwea to the detection of paleorlverbeds »
in flat lands: narticular enhancements (ratio) are mandatorv in or‘e:f
tp reach the objeCtlv theough the de rermination of dleerentval

1'efZt.ec:f:.:t.vzl.t\« of vecetation and of alzferantlal molisture.
The exploration cost is of aosut 1/10 if compared to the conven~

ticnal methods. _ )
ks ’ : !

2) The results of SL-3 mission were comnaréd'+o those of Landsat
for two regional gznlogical survevs(llnear thuctureélon ;he fo
.islands of Sicily and Sardinia. On Sicily, the seasonal con bidhs

were unfavourable for Skylab whi le Landsat PlaVEd a major role
in discovering long, unknown 11neaments cf qreab interest tbr the
geodvnamlﬂs of the area. |
On Sardinia, owing to the vegefation type and to the geomorphic
. conditions, the Skylab imégéry was successfully employed {o describa
the detailed network of linears, both regional and local. |
The results can be used to studv the relatlonshln between llnears.

actual fracturing and the occurrence of mineral deposmts.
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Foreword
During the September 1973 Skylab #Mission (SL-3)
5 1902 multispectral photography and S 190B false-color
photographs were taken of the Islands of Sicily and -
Sardinia as well as Noxrthern ITtalyv. -
Also some 1mages of the MSS (5 192) were L
collected over Central Ttalv. o
However, as this area was not considered as a test site
" _1n our program and owing to the lack of ground truth,
we did not nroceed to a comnlete evaluation of the results. )
This report therefore describe only the evaluation L.
-of the multispectral photograrhs as 1llusurated in table 1.
The following chapters deal with the investigation carried
on different subjects in the selected areas.
TABLE 1
Data Test Site T "Objgcti#e:ﬁ ' Bands Enhancement -
- and . e e {giving signi- @
local ’ ficant results}
“time’ 1 i
4/9/715 Central - 'Linéar'étfucturé‘ I.R.*fal#
14 08' | Sicily . {complementary to- | se cclor = |  =m———-
.  Landsat data) o o
4/9/75 | Etna Mount Géovegetative ano~- { L.R.Red- '
14 08" (Bastern malies on slopes orange .
Sicily) of volcano.hinear | I.R. false —————i
- - -t T "fractures on lava | color —° I
blanket (side :
eruption foreca-
sting)
* NE Correlation of I.R. Red- Product
Sardinia linears and frac- orange Derivative
tures and cristal- { I.R.false Product x
- line shield and .colox Derivative
mineral occurren—
ces
12ﬂ¥75' Venetian _ Paleoriverbed I.R. Red- _Ratio
12 337 plains detection orange
19/9/75 | River Po Vegetation and I.R. Red- Ratio
13 57 Delta crop inventory orange Product

G_reen
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; 1 - Studv of régional geology of Sicilv: the contribution of
' * Skvlab imagerwv

Thé régional linears and main geological features observed by
the satellites were compared with known structures.

el gy ey o

‘According to the plate tectonics theory, Sicily is a marginal
element of the African platé. Only the South-Eastern Ragusan
carbonatic platform,sééms to be an undisturbed portion of
the continental ﬁlaté while the Northern belt is a folding
system ("napves"”) produced by overthrusting along the margin.

At g S s g

The central part of the island is a subsidence area filled

by several km of allochtonous material (mainly shales) of
different lithology deposited by submarine slides from the NE.

The phvsiographic subdivisions of Sicily are clearly shown

3wt o S i s 47 SR

by ERTS5-1 original imagery by false~color comnosition

of 3 bands or, better still, bv the ratio of two bands,

SR - represented by density slicing. .

On the original bands of different ERTS-1 and SKYLAB crbits

as well as on different tvpes of treatment, ﬁany new linears
were discovered. Fiqg.1A nlots the faults known or hypothesized
from gedogical and geOphg_rsicai surveys as they appear on the

TR ot et S e b s L il

18 POOR

official geological map (scale 1:500. 000} -

ﬂ
Y

In Fig.1B the outlines observed in the satellite 1mages were
plotted together with the Bouguer gravity anomalies.

The number of linears.corresponds fairly well on rigid formation
exposures (Ragusan plateau, northern belt, Peloritani mountains)
whilé in the central afea {(Pliomidcenic basin OF'Caltanisetta)

Eﬂ?ﬂ@ﬁﬁmnm OF THE

ORIGINAL PAGI

; R Where the OLtcropnlng formations are mainly "plastic", new

” . linears greatlv outnumber known fFaults.

f _ At the same tlme, it can be observed that on rigid formations
| | the "contlnultv" of the linears -is hmqh but the total length .

: - is generally not very large. The linears appear as verv sharp

cuts on the South Eastern nlateau. .

'In the central basin, the appearance of linears os broader.
Théy often look as if they were nroduced by the correlation
of straight fragments génerallv c¢f mornhological origin
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(drainage pattern, outcrops of fragménts of "tigid“ material
as Pliocene or uppex Miocehe'sandstones, gypsum or sulphur
bearing limestone, or even lithological contacts). |

The aligment of these fragments appears to be clear only

because of the synopsis potential of space images.

These remarks seem to suggest that the long lineaments in
Central Slc11y, sometlmes crossing the whole 1sland, are QF
different origin from the shorter and sharper linears cn

rigid formations. The latter very often corréspond-to actual

i . fracturing reaching the surface, enhanced by the alteration.

The formér, given by the alignement of surface "indicators",
reflect very déep movements. As they cross formations of
different age and of different lithology, tehy see to correspond

to verv recent stresses. .
The four rose diagrams of Fig.3 1llustrate the tfends of

L e e

. ’ lineaments observed in Central S8Icily.

The results of Skyiab correspond fairly well to the ERTS color

composition. ' ST
A curious but as vet, unexplalned feature,is the strlct :

%. . correspondance of & main crossing of regional linears with

‘ ' the strong gravity minimum in Central Sicily.

This negative value is of 80 mgal even after isostatic correction
and corresponds very well to the center of the Plio-Miocenié

“basin. o . ' .

-An attempt was also made to comnare linears with seismicity.
'»Although the nplcenters are nlotted with a very low accuracy

- (¥ 30 xm) their pattern suggests lines of se15m1cmty also

o in WNE and NE directions rather than only along the Tyrrenian
and the Tonian coasts as was generallv bilieved.

A detamled.analyszs of a group of llneaments in Central Sicily
was,carried out using a strip of stereo pairs for comyarison.
mhe contribiition of'skylab‘imagery‘seems-to be scarse with
reSpeét with to that made by Landsat 1 (see Fig.2).

[
[
i
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The season together with the solar illumination angle play

a verv important role in the disprlmlnatlcn of llneal

features. - ’ N

The Skvlab photographs were taken in September 1973, in a
period characterized bv a flat uniform response of vegetation
coverage.

The improved ontical resolution of Skylab with respect to that
one of Landsat 1 seems unable to provide additional informations
on regional linears. On the other hand the Landsat 1 passage
over Sicilv of November 1573 showed a great number of linear
elements which have been successfully correlated and interpreted.
It can be said that the presence of vegetation strongly influen-
ces the 00551b111ty of drawing the -inears. ’_

In the right seasons, when the vegatation is green, much iﬁforma—
tions can be éxtracted; on thé contrary when the vegetation
becomes dry, the dry vegetation blanks out all features.

In bare zones the continuity of cerizin nhencmena indi cat ing

the existance of faults or fractures can be observed using

only the I.R. band or the product of I.R. and red bands.

' !

Volcanic surveillance o o : o

The environment of Mt.Etna (Sicily) has been studied
throughout the seasons by mean of Landsat 1 imaces since 1972.
But the 1ow—lesolutlon data were nct able to give any uzaful
account of volcanic phenomena. The 1mprovea resolution Skylab
data allowéd the study of smallér ohenomenz occurring at the

surface of the flanks of the large volecano in nartidula*
around the green belt of Mediterranean vegetation surrounding
the cone. .
The Skylab images taken over Sicilv on Sentember 15th 1973
aroused the interest of the Ttalian Remote Sensing Group to
lnvesthate some areas which showed an interesting spectral
reflectance. On the false color frame the attention of the

L2\
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authors was particularly attracted bv the zone where,

five months later, the phenomena had taken place (De Fiore
Mounts, Jan-Feb. 1974) (Fig.4). .

The area contrasted with the surrounding ones owing to

its low infrared reflectivity. This fact suggested that

the végetative cover could be influenced by latent volcanolo-.
gical nhenomena such a those produced by low-lying magmatic
masses. The hypothesis we would iike to propose consists

in considering the vegetation as an integrator, that is, the
transfér-function of theé leaves. In fact, small but continuous
amounts of magmatic gases filtering through the soil, as well
as the circulation of fluids could influence, with a dzlay
that has yét to be ascertained, the spectral behaviour of the
végetation; this effect woulf.be particularly strong in the
near I.R. region (Fig.5}.

In some cases the decreasé of reflectivity in the near I.R.
reglon can be accompained by a simultaneous increase of thermal
T.R. radiance.

Iin the thermal _nfrared reglon, enitted energy depends on the
actual soil tennerature which is related to the endogensus
energy and (through the thermal inertia) to solar heating
Therefore the bare soil can show a noticeable reflectivity and
émissivity change only if a clear superficial seepage exists.
Moreover the discont%puities which can be detected on the
bare soil are much better monitored by the vegetation growing
along them ., In other words, the local change (fractures and
Faults, for example) would modify the living vegetatlon

envxronment in such a manner that the discontinuitv results woulé |

be enhanced. Therefore, our intention was to study the possi-
bility of using végetation as a vulcanological and geostructural
indicator. The imnortancé of know;ng the dlfferent parameters
1nvolved. .such as the nercentage of uncovered ground and the
types of nhytoassociation, as a function of the instrumental
résolution, is obvious

| e : W S o
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In Julv 1973 a ground truth missions was carried out on
Btna. Attention focused on the woody strip extending from the
’ cultivated areas to the ones of the outochthnous vegetation
' > (2500 m about). Seventeen zones characterized by an unusual
spectral behaviour were accurately analized.
0Of almost all these areas, the anomalous spectral responsse
was -justified taking into account only the phytoassociation.

A different interpretative approach had to be introduced for the ;
L -+ remaining 3 areas. :

The one directly involved in the eruption of Februvary 1974
appeared to be deeplv modified by the paroxismal nhenomenon.

o : - - In short, of these three zZones seen as "anomalous" frcm the

.

satellite, ground ocbservations were unable to reveal any
difference with respect to their environment. '

In the same period an aerial survev was carried out on the

R : ~ circular wocdy belt. Both false-color photography and thermal
fL d  f . 'hﬁ-.multispectral iuirared scanning were emnloyad {1,57;f3 and "
o 9-11 4 bands). The signals recorded on magnetic tape were

;. ) rationed to emphasize the presence of targets with smaller

‘V&.T; infrared rnflect1v1tv and hlaher tharmal emission.
- No anomalous aheab we?é thus dedteted excepting for the one

where the eruption occuredsr whlch was masked by ashes and
volcanic sands. ' ‘

.. In order to form a svnoptic idea of the structural situation
: R . of the west flank of Etna, a detailed analysis of lineatica
' was also performed on the basis of Skylab images.

= :
r3§§ The 1:25.000 scale man cbtained was Avawn distinouishing the
ig;; lineations lnto three classes ranging f£rom 0,5 tc over 5 Km.
23&3 The results ca be summarized as follows:

*“*fi - the maxiwum global dens:.tv is c:chumsch.bed in the

eru'm:; oIl Zone

HHIUER

BEOLOIT
QRIGINAL

- it was cbserved that the first effusive touth of Februaryv
1974 opened up exactly ot hhe 1ntersectlon bbtween four
linears of the 0,5-2,5 km class ' R

- the vaqetatlve “anomalzes" correlate very well Wlth the
‘geometry, of tlu ILuﬂ sLdns, T

o - - . R
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In conclusmon we can say that the use of vegetatlon as a
transduCur for 1atent volcanlc acz1v1tv =eems to be theoreuecal
! proven even though the ground truth was unable to confirm
', . our working hypcthesis completely. Do
e On the other hand, the possible exlsting relatlon between 2
the volcanic phenomena and the llneatlons network has IGCElVed
furthe? DlOOf. oy Ly, '

3 - Relatlonshln between tectonic features and mlneral

OCCUI‘I‘Q‘HF‘P‘: in North .-I'R“EE.'?tSI'T’ ce?‘duma

The Skylab photographs of ceptember 1973 show very clearlvr
o even on single bands, a number of llneras of different length
:f: fl“;f .and direction. Th= nhotoaraﬂnq were taxan in Sentembe? when
'- o i the vegetatlon was at its lowest develonment.

F‘lsewere, i-here a* "iﬁffe?'e'lt overbr_rd:x.ncr : Frnm +he S:L"n rian

. A R ST Yo, .
“*;1“f,.{~: metamornhltes up ho the Mezoz01c and the Neocene. _
KON De=n1te the clear plcture given bv*the single bands (especially

ST r et e w4

malnlv in ar etfemnt.g~i

- In tbe main part of the area the crvs*alllne basement sur*aces.

. the 1nfrared) many enhancement were arepared - This was done -

i . R TR R 0 T ; . l-.;." St
R ELfa)'to senarate the purely.c geomorvhlc features fron real feultez'
. <" B) to distinguish regiohal tectonics from local features ,
_ }},j.-_izc) to locate cr0551ng and understad their relatlonshlp to the
‘;f:*ze'{‘; .?;1?_ma1n linears ‘and; i ﬁOSplbLC,<ﬁO observe alterztion eifects
: 77 -7 along the fru.cures e - Tl -
'”f:f] f“ief;eThe traemente “tcluéed L&e nroduﬂt of the ted ard infrarsd bands
- f‘.ﬂ . the “derlvaulve“'of the lnfrared nand as well as tha Droduct
- E“ ) .’.‘ of l.hl: uWu. _
-g?é; e'The nroéuce enhances all the geomornhlc'eeaturev while the
-:5955_ ' f“derivatlve" stresses correlation of linear elements.
:72§E§[] This treatment gave the largest number of clear lineations and
gg r‘was used to nroduced the total f:a.e id map of ‘P:.q 7.
gé‘ In I'J_g 6 the map of lz.nears obi.a:.ned from the J.nfrared oand is-
:ﬁiﬂ”fi_feshown, whlle the flqurﬂ 8 hows the]naln 1inears observed on
5:{11;1 andeL.1 JNdﬁn;’oi éuéﬁst 19r {EhOTL‘Pa£d3ﬂ13), TR PR
; SRS if{.,__mg_wf,,,,_.{._. T T
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- 8kylab images play a fundamental part in the study.

A good agreement exists between the ore occurrerces and
regional or local lineras, excent in the direction N 20%
(the fragmentary linear) which cotresponds'to the oldest
- folding trend (Caledonlan) ‘ S e S
Higher dispersion is observed in more complex geologlcal '

areas.

Owing to the low resolution of Landsat scannings, the map

.+ 0f linears obtained on their basis shows a noticeable

. Mintegrative effect” stressing only the lineaments.

" On the contrary, the resolution of Skylab images made it

possible to trace numerous linear elements of great imnortance

~,in locating fault intersections {(or "knots") which could be

related to the ore occurences Two detailed test are=zs wers

selected for further studles. These seem to be particularly

interesting to find a clue to the correlation of linear inter-

.secticns, he atea- of intense fracturing and the miperal
O N . . . . - - v o -

occurrencies. _ o L . .

The comparison between the stﬁdy of linear in Sicily and Sardinia
leads to some con51deratlons. At the same time cf the vear the
Shvlab phongg“'sha gev o int sting t zulis cover ulcaly

whlle over Sardlnla its conhrlbutxon was of great value.

- This fact can be exolelned by consilering the fact that the

oy

.

- Paleoriverbeae

F

,llnears in Sardinia are better enhanced on the bare soil than

“in SlclIV, whe re‘nn_cent'ﬂre? the dry veqe at;cq blanXks out.

"to a large extent anv suverficial indications.

i B n".' ERE O
D . s e
' T IR ER A S

et Y T e ot .

Within the framework of the research carried out utilizing
SL3 survey it was possible to detect the ancient paths of
some rivers in Worth Italy.

This work is a good conbination of recent technologv and
classical photogeologv. TFor this purpose a collaboration was
set up between two research centers: the Istituto per la

Geoflslca dclla Litosfera and the Luboratorlo ai Geolocza
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~*'within a programme for supplying building material. .

'ﬁ S 180 A multlsnectral camera, and in particular bands 42, 41,
38, 37 of Mission SL3 (Sentember 1973) . S

.Applicata allo Studio delle vie di comunicazione nel Settore

Alpino Padano, boih sponsored b§ the Itaiian Maticnal Research
Council (C.N.R.). , o
‘The searzh for buildi ‘,ng materials (like the @neﬂ we £ing in
paleorlverbeas) is normallv a local study, performed by
geoelectrlcal surveys and control boreholes' we are able fof
form an idea of these natural resources on a regional scale,
prrobably for the first time, by analizing Skylab'images.fg.-
*The area investigated was the Venetlan plain whose grouna

truth ig well-known.: : SR L R _:,- . : -:'

.
Lo

Bv means of multlsnectral analvs;s, w1th analog technlaues we

L

dlscovelea the pgleo—bed patterns . of ' T
rlvers which cross the Venetlan plain £rom Nortb to South '

The technigues employed is rapid and precise as well as economical. |

For this research we had at our disposal a complete set of
data, as well as an accurate aerial nhoto-interpretation

Synthesis of the collected data provided by Sky¢ab framess and
by enhancement tEChanLQS seems to be Lhe rlght approach for
the solution of thr'prob1ﬁm 1n qw&?ti»« ‘ i o

e
' The data emnloved were obtained from the f:anes takeu by tha_‘f

-Thé bést results for tbe solutlon OF the uroblem were achieved

ssynthesizing *he following methcds CfOES“dEP' &y slicing.

masking slicing, additive color svnthe51s of 1'a.‘.:.w.os;, false
colov cﬁmygleiea, ﬁlecfpcn;c Tﬂ':“gcegclﬂu. ~
The photographic technigue allowed us to prepare a sneclal

. kind of band ratio: in particulzx we cbserved that by 'super-

imposing the 41 band positive to the 38 band neqative we obtain
the best description of paleoriverbed patterns. These results
were emphasmzed by electron1c—dens1tv sTlc1pg, in other

words the graphs Lepresentlnq iso~ratios are described by the
same c¢olor on tha TV monitor. In Fig. 9B a thematic map is

" pras ed in WulCh R - hOSqlble tc see thn hltberfo unknown

L™ ’

patternq of. thw Brentu anu Ab Ligy ﬂaloofvvezged

L . - l'zA . A~'-- o n‘t‘- '_- thoe - '».; L s e : M
. I. . - . . " .

T
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S : Fig. 9A shows the known paleoriverbeds before the present

work.” With this kind of processizng it is very easy to follsmw
o - the continuity of-a certain phencmenon whose gome local aspects

of whlch are already known from ground hased eurvevq." Lt

: © oo It was p0551b1e also to plot the underground spring llne w1th
| very hlgh prEClSan. ) - ‘;ﬁ_g.hy

In this case the ccst—benezlt ratio is very LOW, caking-into

account the equlvalent cost of a jround survev to nrcduce the
same klnd of resulcs. L R S o S :

A -l.' e i
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A rough evaluatlon of remote sen51ng from space platform is.

already possmHle_ : o f?g:j*jf en

.r!" I *
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To follow the patterps of the burled channels and to- calculate the
| '
, gravel and sand volume. it would be necessaly to establlsh a

network of electrical :esxst Vltf proflles w1th a den51ty of
at least 10 horizontal soun

per sauare.klloneter are also Peeded. ! ];‘;',Hﬂ-w'Jf
..--,-. e . . =

The cost of these one?atsons lS about % 500 per square km.~

Ll
e

Usmrg spage 1maqerv, tﬁe co&t oi grouﬁc cuﬁtvai

P

,;'
can Be ﬂe&uceﬁ-to ﬁﬁg~tanth

I.
g . ! py® e U T,
; ‘ ‘ : et 7 R T ;‘,‘.‘ ;I ‘ .
- 5 - Crop 1nvest1gat10na. Rice F16"1‘3-:'*1" Nﬁlthelﬁ Itaiy. ' _f

. "
.',

Within the framework,of tbe “Aqresce" Progect (Purocea

3

Community preparatory phase of ERTS~B 1nvest1gatlon) an lnve1tory
has been made of rice cultrvaclons uglnq false—coTor Skv1ab

1mages as well as the multespectral camera photcgraph of

September 3rd. L *;”7: o oo
. L . L. ] t
"False color ratio" has been app;1eé usmng thws set up:
I.R. ( enhancement in rEé) -
_green . e U
I.R. ( enhaacement in green) S
e T e ekt ke .'-' [T .
orange Y ; r t "} IR T I .
. - o [ "-i_" i 1 Ve C e ]
; ' s e e’ b -
‘ 7:‘.‘..';1 * r‘a@:qt"_{:.r* - H
T

R

LT O S o PR

= per square R one or LWD bcre‘o1es ;
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%“; The main task of this type of enhancement is to extract the
fé} VFJJfl*ilx;vegetation canopy from the backaground. R T SR
i -f ' Moreover, density sliéing°techniques were employed to -
‘j;' '_'agscrlnlnate Le.uLen flETarewh types of vagetaflen, Sy
\r:‘.‘_‘._. . . W Sov, vl L . ) B Ch ‘I‘:‘,- ' N .
, . e N
.6 - F*nal remarks ﬂ

l
:
’ . o - ‘. ’
The results of the SL—3 mission on selected sites in Italy

wf "*}'_‘ lead to sore *emarkg on tha application of spaceborn remote
\ o sens:l.nq. o :. ‘ :l‘;A»:" 1”, o ‘.'}j e . .; L ;:‘"{,; . .... ) ‘ :
ff' . :L. '~ in the fleld of structural geology, geometrlcal resoluulon
jj;fi:‘4:frequlrements vary accoralng to the oojecnlne, wmorphology,
A ulfvegetatlon, rock 555.5011 type, illumination, moisture state

- of vegetation and the ch01ce of 0pt1cal season, for each

v area these parameters can reduce the *esoluhlon renulrements.

-A?.~ r uu,nThe multlspectral approacn .and tne use or QlIIErch enhdncemeﬁts

et e
. '

lS u;eful, 1n aOme cases (NP Saru*nla) be*meeﬂ 20g aqd 3% of

addltlonal linsaments were dlscovered u51ng the product of two

hands 51muluaaeeubly w;f.ouhe "aubc@rrelgt*on o::uhe v.R. b@né

'?ﬁ— In the field of 5011—type dlscrlmlnatlon and cla551f1uaulon

T |

- of vegetatlon, the multlspectral approach is mandatory. :
SR f{M'”?mhe-Sﬁnévio;utééolﬁtibﬁ f'q{vlhb allowcﬂ sneciai tasks tc ke
5 i:~ff IR carrled out, such as the dlscoverg of small paleoriverbeds oxr t

f=fVT}::;'” . di:crlmnnat lon of crops where flalds are of very small siz

'

with the same accuracy of scanning devices.

‘ ] '| . B . ] .-;":’,ri slorkrplyl e ) ._ e

. ‘ . . ;' e (PO delta) . . .* . . “,.;!’, v : .

Lo g; r,"'f‘CJn the other h&nd,'ﬁhe phétograpﬁs do not parnit a digitzl

I b . approach (which is the basic method for classification) at least
R ' '

o

the low orbit of Skvlab offers a good opportunity for using

RIGINAT
OF POOR: QUALITY

conventional stereo techniques-in-ﬁﬂﬂimﬁh a noticeable improvement

. 2 A
L ! : e o H
I .was obta:ned by studv:nq the llnear features with this method,
SR 'ouwng malnly ha.£h@,qeamurphig wharacterthtlcs on t:e explolma
i '."' ‘-‘ v ~ ' ;?"'-‘". ,;'n‘r.‘."r'i.- A g : -‘." e, - .- -

area.

-
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: , . FIGURE CAPT.IONS _ S . ) )
t . Lt _-...r e ..“;‘i . L:.S,'”;,f L I I R N A PRI
1 - o "“1'A : Enown or hvnothesmzed faults of SlCllY {official ﬁ
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18 . . .
4 . 3

Linears seen on ERTS-1 images and Bouguer graVity' D

X
w

i . ;
P oot et anomalies i | o ‘ 2
. : . , ‘ 3 i
u . | N 'R2 s Central Slclly? linears seen on Skylab photographsﬂ — 5
g %:ﬁ ':Eﬂ‘ 3_:'Central SlCllV‘ rosejaiagiams ﬁsing: R i'f C
LT e e TA - color ~0ﬂﬂ951t10n of ERTE bands 4,5,7 . . . . -
? i ':?ﬁf'.iwf.'“f-ﬁ LB - product of ERTS bands 5 and 7 - coe 51;.‘.”'§'h* i
oy LaT 'C - "derivative" of ERTS band .7 B
S [ D - Skylab falsé colo: photographs - o ‘ :

_ Lava__Lows of . ﬂount Etna (ERﬁS-l) e Gemaan oo L

...
=
.
-»
¥
!
Ly
iV
e

P ’ i
: : The star 1na1cates the locatlon of Monte Da Ficre B
B B e R SRl e : - ‘
E g T O eruptlon of 1974 e )
. . . R * : lo-‘ N ' . M ‘. v-. * ,t s : o . ‘.-_ ) . ‘ ‘. ) " :‘
T TUETPE R U UDRPERRE L - P Detailed . 5ﬂylab multlsmeCtIdl 1nvesL qatlon on K
AT s T o : Lo g : . B
Yoo T . Preo _.MOIlte De Flore area. Y .',‘._'- '_ Y "e'-_‘?'r"_f'.‘ '-«-“r* R
! ol e .
R A T North Eastern gardlnla llnears (I R band of Skvlab) {
o B ST SR R . *
T | :VNorth Eastezn Sardlnla llnears (total fleld) :
BT LD daltd 11ne lanear; seen at” least in twop enhancemants :
! 'fg 3 - = dotted 11nes. linears seen onlv one enhancement §
53%%; ¥f_ _ ~ large dots?':skncwn mineral deposit K :

.E.N .
BOOR |
[0

Island of Sardinia: regional linears f£rom ERTS-1 imagery %
{(August 1972) o

o) .’E‘.Li
)

y

.

9 : Princimnal Hvdrogeo]oglcal asnects of Eastcrn Venetian pla*n-t?

A -~ as. known before Skvlah reaearch - 'f'j_
B - fx@m analagg@ hLPhthﬂthEEvaiJh *maqe;

l ey

I __A:. . .'-a._ _i L T
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: APPLTCATION OF SEVLABR THAGTRY T( SOME & f
GROLOGTCAL AUD FIIVIPOMMFHTAL DPRODLT'MS f
: ABSTACT , 4
. " R.Cassinis® G.M.Lechi®  A.M.Tonelli® i
? o - .
; SL 3 Skylab imaqeries have been succesfully anmplied to : ;
? different areas of ¢eological and envirommental interest ‘ L
; in Italy. As far as the qeological research is concerned, ]
;- two princiral zones were considered: the first one concerns
?ﬁ tpe Venetian Plains an@ its hvdroceolocical environment, i
;V the second one the morrhology and structure of Sicilv. %
;; Twe areas were also considered for the environmental _%y
g studies: the Delta Po zone (Morth Italy) and the volcanic '%
. province of Etna (Sicily). ] t
é Hvdreoealoov: The imacgeries of Sept.1973 taken over the ;
Venetian Plain have heen carefully studied, treated and i
i intervreted in order to extract the surficial features :
i -~ of some paleoriverbeds and the nosition and extension of :_
o - the s0 called "fresh water springs line”. _ RN
; After making a number of analog processinag usine different -
% band combinations, the best performance énd éynoptic view Jv
_; ' of the entire pnhenomenon were obtained by the use of ratio ' ﬁ
f of red and orange bands (41, 38) and bv the additive svnthesis . S
; {(false colour composition) of ratio and product pf.the same | :ﬁ
%5 - bands. . | _ q
o ' By using the near infrared (37) the surficial distribution &
of moisture was enhanced while the vellow~green band (42) é
5

o ' :
Laboratorio per la Geofisica della Litosfera del C.N.E,

Via Mario Biaﬁco,g

20131 Milan (Ttaly) , _ : gFI?IGHVAL PGy 1.
, VNG PAdy BLANE T :
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gave interesting informatlions on the fields pattern.
The employed indicators consisted in: '
- pontour lines of the relative moisture content

~ vegetative status, mainly of cultivated crops

~ distribution and orientation of cultivated fields.

The results include the discovery of several unknown
paleorivcrheds or the actual pattern and continuity of
the ones only partially mapped.

The economical relevance of the survev éan be evaluated

in tcrms of available volume of building material and -

of manacdement of acauifers, also in order to avoid the
pollution of underqround water.

Reaional aeoloov of c:Lcilv The passace of Sent.1973 has

been compared with the previous data furnished hv EPTS-1
in Auvg., and Mov.1972. -
Special care has been devoted to a lona lincament formed

by a number of larqge and small fractures and dlscontlnultles,

crossing Sicily approximatelv in N~-§ direction.

" The comparison of the maps obtainéd on the basis of ERTS-1

and Skylab irmageries and the relative treatments underlines
the main trend of the linears while the analog technicue
used for the enhancement indicates the best fitting of
each band to the season.

' The results must he conszdered in the licht of the potential

of satellite investigation to succest new hwpothesis and to
plan geological and geophvsical investigations able to confirm
these assumptions. .

In particular, the seismicity maps cmild be better built
taking these features into account. '

Volcanic survaeillance: The same passace of fept.'73 has

been analvzed in the framework of the studies recarding the
forecastinw of naroxismal phenomena in volcanic areas.

For this purpose a map of fractures on the lava hlanket of
Mount Etna, ranaging in lencht £rom 100 m to 2000 m, has been
prepared on the hasis of the false colour infrared frame.
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In the same time z considerable oFfort have becen done to
interpret the vedetative status as a kev far the aeochemistrv

changes, able to detect the lateral eruntions,

Cron investications: In the crop analvsis we work mainlv
on two subjects nf investication: (a) distinction and
inventorv,throuch the spectral sicnature,nf rice, ronlar
plantatiors, replanted resinous wood and heecch-trees woods
{b) prevision of rice production by iterative observations
of multisnectral resmonse: a continuous around truth

: collection was nerformed in the rice fields during the 1974
% ' in order to etablish a pfecise correlation between the-
| vegetation growth, spectral response and f£inal production.
In this case ERTE~-1 iraceries were also emnloved.
In the area of river Po delta a satisfactorv correlation
has been found betwecn the official mans of the rice fields
and the same cultivations seen from Skylab.
The false colour image gave the best results in the pre-
processing stace. During the rhase of analog treatment
= Ldifficulties_arose_-in_separing the sicnature of rice from
1 * = that of alfa-alfa by means of ratio of contiauous bands:
| - owing to the flatness of the. terrain, the product has keen
i succesfullyv applied,'obtaining the actual arca covered bv
é "rice plantations. .‘ ‘
It seems possible to follow the evolution with time of the’
_'spectral signature of rice in arder. to fcresee the bhiomass,
which is proportional to the volume of veld one rnonth or
.earlier before the maturation time. - '
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CONSIGLIO NAZIONALE DELLE RICERCHE
LABORATORIO PER LA GEOFISICA DELLA LITOSFERA

PROT.N.

Mr. Miller
NASA
Lyndon B. Johnson Space Center

BOUSTON, Texas 77058
U.5.A.

Dear Mr. Millér ‘

"Enclosed please find the flfth
progress report on our EREP SL -3

20131 MILANO, .
Pouta: GEOLAB, an an Bun:n 9
Taleloce (D2) 2840227 + 2899905

February 12

97 R.C./a.p.

:anestlgatl on.
Sincéréi.l;y jours, .
- o Robérto Cassin;‘.s, Diréctor
- | S" g;i A VA~
- \ .
Enclosed.: 1 ' o

C.C,t Mr..Morrison - Nasa - Washington
Mr.Wilmarth - Nasa - Houston .
NASA (STIF) - College Park, Maryland

1975
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Poun: GEOLAB, Via Mario Bianco. 9
Telelono (02) 2840227 + 2899905

i ’ a " SKYLAR FIFTH PROGRESS REPORT
Fractures and lineaments of

Sicily isiand
Preliminarv results on analoo
optical techniaues
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- Principal Investigator : R, Cassinis
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In the framework of the studies carried out with
the aid of the Skylab images an additional topic of
investigation 1s the geological structure of Sicily
outside the volcanic area.
- On the occasion of the ESRO meeting held at Frascati .
‘ (Jan.28, 1974) the first results by ERTS-1 imagery
.% l ’ ' were presented (ref.: 1 ).

; . . At the present time this interpretation is performed
by means of both ERTS-1 and Skylab imageries and by
aerial photographs of some strips in the Central
S | part of the Island. ’

While with the FRTS images, and in particular

! with haﬂds 5 and 7, probably due to the season, the
; - largest lineaménts seem to be very well detectable,
|
|

with the Skylab photographs some difficulties arose

. because of the season and the smoother responsivity
f . of the.simple bands.
b v The lineaments are drawn easy enough only if
3 interpreted with the key of the false colour and/or
the multispectral composition analysis. This fact
harpens probably because of many different causes
describing the same structural phenomenon: fractures.:

moisture content and vegetation behaviour seem to
be joint factors indicating tﬁe continuity of the
faults. ' |

After having drawn a first thematic map "by
rencil and eye"” on the false colour images, an accurate
study was carried on the stereo pairs of B & W aerial
photographies covering part of the area interested
by a unknown fault system crossing the island in N-S
direction.

f
i

Then the interest was pointed on a number of
small fractures distribued over the whole Sicily.

An attempt was made, using the ERTS-1 band 7, as
well as the infrared band of SL-3 multispectral camera
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- to recoonize the avérac_red trend of the svstem of
L faults in the central part of Sicily (FRTS-1 -
' NASA Final Report - Contribution of Swace Platforms

over active italian volcanoes. MNasa Contract ¥0O-

1
4

] to a gqround and airborne remote-sensina procoramme
; .

{

t

# 13 ) bv usina the derivative function armplied in

absolute value and pnlotted versus the imace scanning
direction. The result indicated as main trend of - j
N the central nart of the island the WF-¢W direction. o .i
“ | . But the influence of the scanning lines was large
in comparison with the maximum possible resolution.
© . With the Skylab images a new analog method have been
applied.

We tried +o employ the maximum resolution avai-
lable in order to better discriminate the targets ;
vhich lead to the whole lineament through their i
distant correlation. :

We applied, for each band, the negative support

on the corresponding positive, giving at the same ] ' {
| . time a small and costant shift in two orthogonal _ i
R directions. _ o - '

The resulting density is given by:

1

V. )

‘ d alx,y) -d a(x +Ax, vy +4y) -
- Klog alx,v) + 4 - Klog a{x +Ax,y .}.AYJ._._

i max

photographic material.

; -

SR al = v) : E
I log f + :
Lo § alx +Ax,y +AY) Omaz
where: 1
b ’ " a (x,v) _ = intensitv of band a in x,v
' a (x +Ax,y +AY )} = intensity of band a in :
: X + Ax,y +AY

Q b’ = contrast of the rhotoaranhic

' SRIGINAL PAGE IS material

| d % POOR QUALITY = .maximum densitv of the
A
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! The ratio stresses out the presence of a ) f
e discontituity existing between the points (x,y) and :
s { x +Ax,v +Ay ) i.e. the "derivative" function of ’
a (x,y) in both x and y directions.
This kind of enhancement applied to different bands .
leads to a better understanding of ‘the correlation
: : , g factors. j
E ' In this way discontinuities were discovered,
the longest ones mainly in NE - SW direction, the
' shorterst along a coniugate axis., ‘
| : The displacement used was just a little greater
than the resolution of the photographs microcontrast
oil the employed duplicating £ilm.
: ' i
'
P
! !
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CONTRIBUTION OF SPACE PLATFORM&

TO A GROUND AND AIRBORNE REMOTE-

i - ~ SENSTING PROGRAMME OVER ACTIVE
Pl TTALIAN VOLCANOES
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i . . . Principal Investigator : R. Casslinis
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Contribution of Space Platforms

to a Ground and Airborne Remote-

Sensing Programme over Active
Italian Volcanoes

] SRIGTNAT PAGE IS Nasa Contract FO - ¢ 13
CRIGI

{F POOR QU

P . In 1970 a programme in remote sensing was started
o ' ' in Italy taking the geothermal behaviour of Ttalian Vol-
canoes. as a first field of investigation.

: This report,which is the second version of the previous
Type III final report submitted to' NASA, illustrates
the use of ERTS-1 xmagery cver the volcanic areas of

, Southern Ttaly. "TE ‘evaluates the capacity "of "Space plat—#
£ ' ?%orms in the™ domains of reglonal ‘geology, soil_ and TockF
R’ %ype classification” and, more generailiy,. to study, the

VA e

nv1ronment of actlve volcanoess The test-sites (Fig.1) -

were selected and equipped primarily to monitor thermal
emission, but ground-truth data was also collected in
other domains {(reflectance of rocks, soils and vegetation).
The test areas were flown over with a two-channel thermal
scanner, while a thermo camera was used on the ground to
monitor the hot spots. The primary goal of this survey
was to plot the changes in thermal emission with time in
the framework of a research programme of the surveillance
of active volcanoes { see conclusions ).

Another task was an evaluation of emissivity characteri-
stics undertaken by observing the outputs of the two ther-
mal channels.

~ : These results were compared with the reflectance distri-
bution and changes observed on multispectral ERTS-1 ima-

e gery.

an/ During the SKYLAB-EREP second mission (SL-3) (September

1973) a sequence was shot by the SKYLAB photographic
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package (S-190 A and S~1%0 B}: moreover, a strip was
recorded by the MSS ( bands 2,7‘and 11 ).
The evaluation of this data led to eome comments on the
differences between ERTS and SKYLAB data.
As only uncorrected films are available, we will not com~
ment on the MSS imagery. Data from the thermal channel
( 13 } is not yet available.
jggqgiderlngﬁgﬂé numbefﬂg¥mﬁRT§w?“§§aiI“ble passes, tﬁg
”repetitlon rate can be considered as good for rock-tyﬁ@
'dlscrimlnation and for the studies of regional geologyﬁ
§fair for the _investigation of vegetation type and its'?
-‘behav1our in volcanic enV1ronments, ‘and poor for hydro-
1ogiCal studies, monltorlngupf sea, currents oxr_snow, coﬁéﬁ?

Ehd.sedlment transport..f

1 t - Cjﬁ‘”ﬁ

% ' SCOPE OF THE INVESTIGATION | " -'

| The problem of the control of volcanic phenomena has
been carefully considered in our country over the last
five years. '
Remote 8ensing techniques in particular have been employed
by our research groﬁp over active volcanic areas due %o
the ‘greater péssibility” they ‘offer in the "Gbgerying - aﬁa“ﬁg
gﬁéﬁtifylng of - a larggwggﬁaﬂég;wwgggrt +imgl
In our research ‘we firstly considered the multispectral
method in which reflectiwvity characteristics of bodies are
studied; secondly the thermal I.R. scanning method by which
the distribution of surface temperature is analyzed,
In this framework ERTS-1 imagery over the volcanic areas
of Southern Italy was primarily used for the evaluation of the
capclty of  space-platforms in the domains of regional
’ geology, soil and rock-type classification and, more ge-~ _
é::: nerally, to study the environments of active volcanoces. ;

3RIGR~TAL PAGE
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The ERTS-1 data, although restricted to the visible
and near I.R. parts of the electromagnetic spectrum,
was consldered as the foreiunner of data of the same
*“type to be provided by space platforms carrying mul-
tispectral scanners (MSS) extended to cover the ther-
mal infrared.

TECHNIQUES : ENHAMCEMENT AND INTERPRETATION
. PROCEDURES ’ )

The material received so far is only photographic
and the processing only analogue. We considered it
good procedure to undertake the digital approach.only
on'tapes, having evaluated the ﬁotential of multispe-
ctral analysis for different objectives by analogue
treatment.

Photographic Analogue Techniques

The energy collected in different bands 1s registe-
red by a series of photographic layers, one for each band.
For example, it is possible to obtain 4 black and white
negafive films describing the reflection properties of
a certain surface in the blue, green, red and infrared
bands.

This last band can be visualized by using a conventional
colour, so converting the infrared into visible information.
We have taken these bands utilizing three of the existing
four each time and giving to each bénd a code-colour, af-
ter which the three chosen colours are combined by means .
of an additive projection following this expression:

(K:Y) = A,a (x,y) + B.b (x,v) .+ C.c (x,v)

-
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where A, B and C are the weights of the selected con-
ventional colour, and a, b and ¢ are the intensity
modulations of the different bands.

‘ pensity slicing involves extracting iéodensity levels,
- ' from the intensity modulation i.e.

B )yt
Fasty & «

using the.constant K as the parameter.

\
Masking : this procedure consists of the combining of : \é.‘\g‘
. & posgitive Photog_raphic layer of one band with the ne-~ : ] §-
gative photographic layer of another‘- band of the same % \% & ‘f
- image. In this way the fihal result is proportional \i‘, \{é é\ '
&

to the distribution of the logarithm of the ratio bet~ N
' . —'_'_‘-——-__.___,_‘____________ i ™
ween the bands. . :

-"J/c.v::
7.
) el
seedn, (P32

. - : ‘ \
Cross density slicing: this can be 1lllustrated by the \ g’}l >
solution of the following system: - Q ;\: by
Y 3 EN
. } "s
a (x,¥) =K ‘ ‘8‘%
a R
b (x,y) =K, - % 3
Y ¥l
: ) . N [N
even for different values of the constants. \r'% :S '%

Masking slicing: the last technigue considered can be
~clarified by the solution of a system formed by the ratio
of each pair of bands:

a _ ,
5’ _(alY) - Ka,b )
a —

e z,y) = I{a,c
b

c

(2,v) = Kb,c

This technique has been employed for the unvestigating
of the distribution and the status of the vegetation ca-
nopy at a given time, as well as, by a temporal compari-
son, its seasonal changes. '

£ dpﬁ,\
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Electronic Analogue Techniques

A sharpening technique, using a 3 band TV system,
can be applied to enhance the real lineaments seen
in the ERTS images. )
In order to detect better the possible main structural

B Tl T

‘ trends}é?iﬁﬂﬁg}ﬁ&Zﬁééhﬁi&ﬁé?ﬁEﬁ:develqud~usiﬁg;ban§fm
| &gﬁéﬁ'&é’fivative- of - the original signal taken by.the Tvg -

- i I R Conem ot
jeamera was. rectified and averaged,whilezrotating.thé
‘canningjdirecgégp.

LA A S - o PR A A R .

In this way we determined the amount of the contrast

change related to the relative position of the TV raster
.and of the actual lineaments. Fig.2 represents the con~

. trast averaged amplitude versus the raster relative

direction.

In the same figure, above, the area investigated in the
central part of Sicily is shown. |

This device has also been used in an alrborne thermal
survey over the volcanoes to detect the radiance micro-
anomalies by gubtraction ©0f the backgroumio(Ff%.sje

.

- SCIENTIFIC RESULTS

The results regarding ou® two main test-sites
{ eastern Sicily and £he region of Naples } are pre-
sented here separately due to the differences of en-
vironment between the Mount Etna area and the region
of Naples and also from the point of view of regienal
geology, texture of soils and vegetatilon types.
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&outhern Test Area : Mount Etna and Aeclian
Islands.

: The three fﬁi@ggggibufﬁﬁempds‘t’ from the passes

T of 8 August and 6 and 23 November 1972 can be considered
- . as very good first material for a provisional evaluation

; of ERTS capabilities.,

i 'The geographical regions, the main soil types, the in-

: fluence of soil type on vegetation, the main vegetation

{ types and thEII seasonal behaviour (only two seasons: sum~

: mer and fall) can be well observed on these composite
i - images. New lineaments were alsoc observed (especially
' . during the. fall pass), and these will be discussed later.

1 The seasonal effect is clear comparing the vegetation

i - along the coastal strip (citrus and orange trees), which

f appears more vigorous in the November passes, while around
the summit of the cone the forest {pines and chestnuts )
looks weaker, 'Also,along the recent lava flows the effect
of the sparse bhrush is observed at low altitude.

2 detailed analysis was made of the cone of Mount Etna.
Figure 4 is a map of relative reflectivities, taken from
the three bands of the summer pass. Only the lower re-
flectivities were considered, giving a higher weight to band
7; i.e. bare lava flows. ‘

iﬁ?%iationsﬁip wasTobserved between” the*age'df”fhéé&”lavaﬂ
and theirrelative reflectivity, the latter becoming" higher

?aS'scon ‘as_sparse. vegetatlon starts to- spring up- (1ichens}«
mfgnd as the surface alteration proceéds iz
ﬁgahgnseasonal reflectivity changes in lava flows are plotted

in figure-s. Between August and November, only 19% of the
area covered by recent flows exhibits changes in reflecti-
vity. This means that 81% of the area is uncovered by ve-
getation. ' '
The same comparison was made for the whole volcanic cons,

- to ascertain both the influence and enhancement nower of

w15
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seasonal vegetation changes. Band 7 was used to obtain
the more effective contrast between inert and living

mat rial. " KA R T SRR
- B;WE; - SRR SRIDRIRINES !
ing all avallable bands, passes and enhancements, the
‘contour of the volcanic cone was plotted and compared h‘
to the known maximum extent of lavas under the typical 3
vegetaxion, described on the official geological map :
;:‘,..ﬁt-.a..

HFig. le The colour—-composite image of the fall pass

'I’S‘%T’F’:"“é” to be the least misfltting (Fig. 6ol

ction between the same type of vegetation (orange and
citrus treesg) grown on different soils. South of the
volcano, in the plain of Catania, citrus and orange plan-
tations look more "vigorous" than those along the slope
of the lavic cone. 1In the first pass, this discrimina-
tion seems to be almost indiscernable.
-T‘:‘i‘f‘s““é‘ﬁ‘a’l‘"s"ij_*“@em‘é‘ﬁs:traf:'e‘é“t‘hé‘“&aﬁamiﬁy GETEHE"ERTS "ImdR
- mes to’ detéathsoii'étructure through the seasonal behaﬁa
&viaur of the vegetation provided there is ‘reasonablé =
Wareal hqgggspeity of both soil and veggtﬁtéqn?*

A detailed mapping of the vegetation cover along the
slopes of Etna is presently being undertaken.

e
—

Comparison with the Skylab~EPEP (SL-3} frames:

just considering the results on the velcanic environment

of Mount Etna (no data is available over the Naples area)
some preliminary comments can already be made:
ﬁgg;zbzﬁg?ﬁﬁéd“gebmetriEEIw§é§61ﬁtidn”Tiﬁ"iesﬁggg fz"hﬁfggg
ﬁﬂmgery) leads to a_successful application of maskxng
fslicing (multiband photography of 8§ 190-A), for the deted?
fction of the influence of the, soil type ‘on"the Begepation;

) ~ Some small ;no;éiles in the vegetation cover‘éaﬁmgiiéiﬁa—
- te from the chemical influence of the underground lavas
in lateral fractures some time before forming clefts.

-— e i, 3 T

- LY & temporal-comparison “Gould Be effective .in ontlining o
Y . Sactale S AL kb o 5 R A PSR A R AT i s
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-%he he growetn . of ‘these anomaliés.
SASfai as the ability to discriminate the bare laﬁrﬂ

P Ll e

Fiows, multispectral photoqrapny doesn 't ailow a sharme
~ Fistinction as does.the one performed. by BRIS Imageryd
= { ‘color composite e of 3 bands*}

Tfhis derives. _from the llmitation Thvolved "in the s

Eotral rang“”TG 5*t&70.9 4 instead, of 0.5 _ta 1. 1j?5

e R UM, IR RNV Siaand

Both the § 190 A and 8 150 B I.R. color frames show the
vegetation vigour and the small morphological features,

very clearlv as the auxiliary volcanic cones on the slo-
pes of Mount Etna, . ‘
fit i cleay tHat; Hsingthe Skylab S photographic facil
;yles, ‘i.e., the I.,R. color frames and the four B & WD
‘bands, a lot of different’information may be extracted
- %n a inexpensive way.iy

By vsing the' false-I.Rivrvolor asTazyiven standdrd” Teolora
ﬁomposite and employlng single B &W bands for maskingg
’more complete ‘data can be . collected éﬁ%ﬁ;ég;gggghéﬁ§gg‘§?
%at least for_many objectives.

In this framework the last lateral eruption ( Feb. 1974 ) .
offered us a new criteria for the forecasting and monito-

A i TR A

ring of these natural phenomena.
The hypothesis to be proposed consists in considering ve-
getation as an integrator, that is, the transfer function
between the chemistrv of the soil and the reflectivity of
the lavas. ‘In fact small Bt continuous amounts of"ﬁégmag'
Eic gases ‘filtering through the soil, could influence with?
1a delay that has yet to be ascertained, the spectral beha-;
*viour of the vegetative canopy; “this effect. would be pa;;}:bg
bu}a;ly strong in the near I. .R._region,~
Iﬁ some cases the decrease of the reflectivity in the near
I.R. region can be accompanied by a simultaneous increase
- of thermal I.R. radiance.

The data collected by the Skylab manned station durilng the

ORIGINAT} PAGH IS
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8L 3 misslon about five months before the paroxismal

event ,were accurately analyvzed.

The frames corresponding to the near I.R. band were par-
ticularly useful.

%§ome very interesting observations were also obtained
by the analysis of the false nolour image:. llneamenEQ

'@cross;ng Andz intersectlnq over the. area.of "ERE T future
@xuption Wwere disCernable aq well e some. small “circuia®

R T ot S e e

areas where the vegetapion canopy showe& a reduced re—

o errestelai,

flectivmtyi“}

Bt ot e a0 L TT 3 VT

These two observations are at present under investigation
by specialists: geologists, biologists, phitopathologists
and, last but not least, the Remote Sensing technicians,

Main qeologic lineaments in central and eastern Sicily.

Figures 7a,b show a comparison of the lineaments on the
official geological map of Sicily (scale 1:500.000) and
those on the ERTS images {from all bands and enhancements).
Some lineaments indicated as uncertain én the official

map (broken lines) are clearly apparent on the ERTS images.

Unknown features are alsec seen, especially in the central
basin which is filled by several kilometers of “plastic”
formations {mainly allochthonous). Owing to the greét
thickness of plastic sediments, it seems unlikely that
these features correspond to the fracture 1iﬁ;g;gﬁat are
known to occur in the deepmriqid hasement.

The group of linegﬁénts that seems to cut Sicily in two

{ see Fig. 7h ), from the town of Licata in the south to
that of S.Stefano di Camastra on the Tyrrenian coast, runs
through different geclogic provinces. They could be explal-~
ned only as flexures .correspanding to an active fault sy-

stem separating two crustal plates. This hypothesis would

- A seem to justify intensive field and interpretative work,
including the use of geophysical methods. S
T ﬂExom this example’ iﬁ*appéarsﬁvery glgan*that.the M1 insaments™

-l
- L8R -
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- lineament?gcorrespondinq*

T e, Ak =

seturesTonTr gid: ‘MaterixTTouESYoPE® ( Ragusan horst, SE

Sicily ~ A )
o e O ST RIE _— ; )
zﬁE"“IinéEﬁénts which do not-correspond. to Actua :Eéﬁiﬁi

ting on ground ‘sur¥ace’ B“%thich*areugue.to*a sharp¥

changewin lithology and™ _Vegetation typehgbqundaries of
physiographic provinces). .
This type of lineament could indicate a faulting system

at depth, as in the case of the line Gulf of Gela - Plain
", di-

of Catania (B) where several faults " en echelon
scovered by the geophysical surveys, are lowering east-—
wards the rigid limestone rocks from a depth of 2000 m

to several thousand meters. _
4c”=“lineamenﬁs “which correspona“%o T UL e, DECENS . GrOUNG st

Qm&oduced by actiqgmfaulting at d;ﬁﬁh?(CL“

e 2 ik i S M
2 photogeological investigation using stereophoto

pairs in scale 1:20.000 is being undertaken along a stxrip
containing the S-N lineaments in Central Sicily. The aim .
of this survey is to collect information of the elements
that could explain the lineaments geen in the image.
The Skylab imagery {especially‘thg_color,wide_bagd pho~-

' £ograpﬁj'£§”used for. the definition of thevmorphoiégical_v
patterns (dry river beds) which can be correlated to the

lineaments ( see ref. N. 16 - 17 -18 Y.

Thermal survey of Volcanoes:

i) Mount Etna.
In July 1973, Mount Etna and the other active Italian

volcances were flown over with a Daedalus 1230 two-channels
thermal scanner. ’
" This flight was carried out also in preparation for the
Skylab, Spacelab and ERTS programmes, in view of the avai-
lability of thermal channels during these missions.
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2 thermal image of the summit of Mount Etna is shown

in Fig 8-

Fig. 9 , in which different values of contiguous steps

obtained from the ratio of the two channels are plotted,
can be considered as a relative emissivity map of volecanic

materizls.

Comparison of this map with the reflectivity steps obser-
ved by ERTS-1 is very difficult because of the scale dif-

ference,

A ground survey 1ls in progreés to try to assign the proper

significance to the observed emissivity differences.

. The ratio method dan, however, already be considered a good

fast tool for detailing the ctexture of 'volcanic materials.

We also considered the ratic and the differences in the
Within the small range of therma

two available IR bands.

excursion which normally occurs outside the area of the

fumaroles we can accomplish the smlution of a system for-

med by the equation:
A -B
A

—

B
where A and B indicate
ranges. '

K

i

Kl

1

the signals in the 3-5pMand 8-114
. 2240 end

The solution to this system implies that we have only one
material producing the same behaviour in both the differen-

ce and the ratio simultaneously.

ii) Aeolian archipeladgo..

The results of airborne thermal surveys have been pro-
mising, especially for that of the Island of Vulcano, where
the behaviour of thermal anomalies is being followed by

means of aerilal and ground obsexrvations (Fig.10).

" The comparison between the survey of 1970 and the latest one
leads to some remarks on the radiating ppwer'involved in

this geothermal area.
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The radiance observed during the two f£lights was quanti- ’
fied in isoradiating steps and compared. Thev indicate

"the change in total. thermal emission as well as the le-
vels of maximum difference. In this way, a "thermal
seepage drift" westwaerds (Fig.14) across the volecanic

— e b

- Fgggﬁature becomes very clear; we obhserved also a par-
ticuléfwiébel of radiance related to the maximum extent

of the migration.,

We have drawn also what we call the “physiognomy" of the
thermal gradient distribution. The type and dynamics

of the heat escape at the surface are probably an indi-
cation of the stability of the volecanic svstem.

Comparing bothphysiognomies 0f radiance and of gradient,
with a theoretical pattern in which the heat emerges

from a cylindrical tube, we are quantifying the geome-
tric and energetic distorsion involved in the test area.
While in the theoretical case the function describing

the temperature and the gradient distribution in a radial
direction can not exhibit any discontinuities or inflexions,
the real thermal situation leads to some anomalies.

The physiognomy curve, together with the radlance barycen-
tres, points to spreading of the sources and their inte-
ractions, ' ‘
The comparison between the thermal maps of V%lcano shows
appreCiable heat radiating wesfwards, while fumarolisa-
tion does not at present follow the same path. ‘

The vapour and gas vents corresponding to the diffuse heat
have not yet changad the surface chemical structure, i.e.
diffuse heat and fumarolization are oppositely directed.
Individual hot spots can be discriminated by subtracting
the signals of bands 3-54 and 8-14A4, because a laxge
thermal contrast ir different regions of the IR spectrum

- " leads to a strong c¢lifference in radiance value.

T
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é; L '~ The Volecanic Area of Naples.

The f£irst available pass (9 August) is not very efj

 fective, especially over the mainland where the relief
- is smothered by cloﬁd layers. The only clearlv detecta-
i i ' '~ ble targets are the cone of vésuvius and the surrounding
. . densely populated area (band7?7).
Even for the pass of 27 August, the cloud cover, although
{ more concentrated, does not allow proper use of density~slicing
? % : techniques or false-colour composites. The third pass is
} . the only one suitable for ocur targets.

However, a false-colour composite of the f£irst pass, using
bands 5,6 and 7, was made. It is very clear that in the
dry season, the more vigorous vegetation in the volecanic

area grows in old -craters and on the northern part of Ve-
suvius (Monte Somma)s: '

The results of the colour enhancement of the third pass

{5 February 1973 )y show that the vegetation around the.
cone of Vesuvius has changed remarkably, probably due to
microclimatic effects: the vigorous veégetation of Mount
Somma (pines) has disappeared, while on the south slope

the Mediterranean pines are more reflectives .

The main aim of the survey was to discriminate between
sediments and volcanic materials. Many attempts were ma-
de using density slicing, but they were unsuccessful in Ny
giving details mainly because of the masking effect of

the cultivated fields in the area. .

The highly differentiated composition of the surface around
Naples does not allow coherent pattern recognition.
Neverthless, td improve the possibility of signature iden-
tification, the "cross density slicing” techniques has

been applied.

Figure 12 shows a map derived from a density-slicing se- | 1
lection. Each band has been subdivided into 10 differen3;7p7ﬁo'
. iscdensity levels so that, using three bands, 19 gjcombi~
nations were possible, A group of these is ﬂiven as an

example in this £ilgure.
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The results, as far as lithological discrimination ca-
pacity in concerned, are rather disappointing, due to

the incoherent nature of the vegetation. The ground
- molsture was expected to play a major role in discri-
- minating the tuffs from other materials, but it seems
A that, at 1east during the winter, this factor has little

figg§gence.
As regards vegetationmtype discrimination, a compﬂrison
with official maps has been made but very close coinci~-
dence was not found.

In conclusion, 1£ appearsTEHAE IR highly dlversified re~§
§1ons ‘Such ‘a8 the Naples area there is a need for a bet*g
¢eg_resolut1qgﬂand more i intensive cqvegageé@
Witﬁl;wéﬂgqgraﬁ;ﬁg}k of the already-mentioned programme
of survaillance of active volbanoes, two alrborne surveys
were carried out in April 1870 ar ' July 1973. The former

was concerned only with the Phlaeyrean Fields; the Solfa-

tara crater was especially selected for investiaation

by ground and airborne thermal observation. Duiing the

July 1973 £light, the Solfatara éurvey was repeated and
the Vesuvius area was flown over for the first time.
Figure 13a,b show the comparison of the imagery taken

in the same band (3-5 M) during the two passes, It must
be pointed out, however, that the two sets of scanning

equipment, although having the same optical resolution,
differ in quality. l
In figure 1% a,b the thermal images taken during the

last pass, flying at lower height and uSLng hoth thermal
channels (3-5, 9-11 M) are shown.
& quantitative comparison of both the geometrical and
energetic distribution of radiance 1ls under way..
‘ Finally, Fiq.15a,b show a thermogram made at an altitu-
- de of 2000 m over the cone of Vesuvius.
The rim effect is clearly visible.

ORIGINAT; pa
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-~ Hydrological and Sedimentological Analysis

Some examples are given here of colour enhanced den-

8ity slicing having as a main purpose the analysis of

river plumes. The obtained results are very impressi-

ve and in part do not agree with the known trend of
sea currents..

CONCLT 5 TONS

rr a final evaluation and summary of the results,
certain considerations must be made, viz: '

- the original proposal was conceived when the inclusion
of the thermal channel in the ERTS B payload seemed
very likely; therefore, the data of ERTS-1 was consi-

dered mainly in the light of a preparation towards ther-
mal analysis of active volcanism.

When it became clear that ERTS-B would be a replica of
ERTS~-1, the objectives of the investigation were shifted

towards those more suitable to the visible and near infra-

red portions of the e.m, spectrum. For this reason

the title of this report does not correspond to the.pro-
posed title.

Neveftheless, the thermal investigation of the active
volcanoces wés continued using airborne sensors; some re-

sults were published and are indicated in the list of
references,

- The other goals of the investigation were achieved

THE
REPRODUCIBILITY OF
ORIGINAL T'AGE I3 POOR

with a wvariable degree'of success, depending on several
factors, the main one of which was the poor repetition
. . rate. This explains the reason why some geological obje-
) ctives were successfully fulfilled, while those involving

the observation of transient phenomena such as the hydro-

-
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logical and sedimentological analysis, were not so
satisfactory.

The most significant results can be summarized as
follows: - .

1) A method has been suqgested for the forecastina
of the lateral eruptions of Mount Etna, through the

‘maltispectral analysis of the vegetation behaviour.

This analysis was carried out mainly using the Sky-
lab imagery: the ERTS resolutlon seems to be rather
limiting for this type of investigation,

2) Unknown geological lineaments which seem to be
related to deep crustal movements bave been discove-
red using the ERTS imagery and enhanced by the most
fitting treatment. '

The gsame lineaments are not shown in the EREP photo-

graphs, theiyr detection being strictly connected to

A e M gy

the seasonal and 1llumination conditions.

""ﬂw* T e e e o 0

These results demonstrate the fondamental contributio

of space imagery to the understanding of global and
regional tectonics; the image is a basic map from

n

which detailed investigations are planned ( geological

‘and geophysical).

3) Results in areas other than the test sites.
Results in the geological field were obtained in
the study of the general structure of the Alpine ran-
ge ( ref. n.8 - 18 ) by the ERTS imagery. ‘
In the field of official vegetation classification,
ERTS-1 irages were used for a preliminary study of

resolution is rather low considering the size of the

‘rice fields in Morthern Italy. However the geometrical

fields. Very good experimental results have been obtai-

) ned using the Skylab multispectral photographs,

——— Tt ® e bt e = e =

A report to NASA - Houston is in preparation.

g
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4) In the field of hydrogeology and soil type discri-
mination discoveries of unknown paleoriver beds have been
made in the North-Eastern part of the Po Valley using
the multlspectral imaqerv of EREP %L 3.

EEII R A o ey Py BT e AR T s ] Qi

.fhe superior resolution of Skylab was a fundamental ele= ¥

&nent for-the success.of_ the. 1nvestigation {. seé ref A0 ~ 17 ).

FUTURE ACTIVITIES

Based on the fact that the second step of this Spa~’
ce Programme (ERTS-B) was not approved by NASA, this
section will be accomplished only by the images recei-
ved, with obvious delay, from EROS data center.

We hope to by pass this problem with the aid of the
Ttalian T.E.R.R.A. project already approved by NASA.
In the meantime seasonal flights are planned over the
volcanic environment in ordexr to have repetitive co-
verages of the same areas for two speéific purposes:

‘a) to increase the degree of accurance in the study of
volecanic behaviour in order to forecast paroxistic phe-
nomena. : -

b) To implement the bank of available data in view of
possible utilization in the Spaceladb and other ERTS or EOS
missions.

ERTS~1 IMAGES RECEIVED

. The images available from the period August 1972~
February include two complete passes over the test sites
{ 8 Augqust and 6 November 1972 over eastern and central
Sicily, 9 August 1972 and 5 February 1973 over the Naples
area )., A further set of images was obtained for the
eastern edge of Sicily on 23 November 1972, during a
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third pass in a contiguous orbit, one cycle after the
pass of 6 November {(cloud cover 0%}.

Other images were not employed £or the investigatioh
- because cloud cover hid the target. '

It must be pointed out that the enhancement and the
comparidon between the first and subsequent passes
Lo was quite difficult due to the different bands recei-

P ved (5,6 and 7 for the first pass and 4,5 and 7 for

F o the others).

! The enhancement results provided some remarks on opti-
mum band selection. Considering the problems invol-
ved in our investigation, it seems that band 6 is re-
dundant: better discrimination between the vegetation
canppy and soil can be achieved using bands which give
| a maximom reflectivity contrast { bands 4,5 and 7 ).

SKYLAB DATA

. The photcgraphiﬁ material received so far concerns
the flights of SL 3 migsion of Sept. '73, _
Data are S 130A and B positive and negative prints
format 70 mm and 9,5 inches._

AFRIAL IMAGES UTILIZED

. aj} Photographic material
! Aerial photographics utilized were:
' 1 - black and white contact prints of the Italian
Military Gepgraphic Institute of the following
areas -~ Scale 1:30.000

Phlaegrean Fields

Vesuvius

The Islands of Vulcano and Lipari
Cone of Etna { not complete )

2 - I,R. photographs
35 mm I.R. color images of a partial voverage of
the slopes of Ftna.

LI S O
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b) XI.R. Thermal images

1 - U.5.G.S. _ 1969 flights over main
Italian volcanic areas
2 - HNational Besearch
- Council 1870 flights
- over: Phlaegrean Fields

Salina, Islands of Lipari
and Vulcano

3 - N.R.C. 1973

flights over: Phlaegrean Flelds
- Vesuvius |
Islands of Stromboli

and Valcano
Crater of Etna

4 - quRuCn 1974
flights over: Solfatara ( Phlaegrean Fields)
: Vesuvius
Islands of Stromboli, Liparil
and Vulecano ‘
Slopes of Etna and Vulcano

A
{ev
QUALITY OF THE41MAGES

Ve are now able to make the following remarks
concerning the technical aspects of the images of our
test site, (We received 70 mm transpariences and '

9.5 inch black and white positives and negatives).
For .our type of investigation, the ability to compare
.images taken at different time is very important, and
the same is true for images recorded during the same
period in different bands.

.Comparison of different passes and bands proved very
difficult because of the following possible sources of
error: ‘

- (1} There are remarkable differences betwéen imaqges
- ' : of different passes due to the non-uniform density
of the f£ilm background. A mask was added to each
image to give a correct comparison with the next,
This error varies with irreqularity throughout
images.
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CONSIGLIO NAZIONALE DELLE RICERCHE

ORATORIO PER LA GEOFISICA DELLA LITOSFERA December 9
20131 MILANO, coreroeeooses oo
Poia: GEOLAB, Vis Mario Bianco, 9

Telelans (02) 2840227 - 2899905

Mr. MITLER PROT.N.BO1 R.C./a.p.

NASA
Lyndon B.Johnson Space Center

o

HOUSTOM, Texas 77058
U.S.A.

Dear Mr.Miller,

Enclosed please f£ind the fourth
progress report on our EREP SL -~ 3 in-
vestigation.

Sincerely yours,

Roberto Cassinis, Director

c.c.: Mr.Morrison - Nasa - Washington
Mr.Wilmarth - Nasa — Houston
NASA (STIF) - College Park, Maryland
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“ FOURTH PROGRESS RFPORT
Paleo river beds detection by ‘ i
- means of multispectral images
taken from Skylab.

Princinal Investigator : R, Cassinis

Co-Investigator : G.M.Lechi
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b
INTRODUCTION
. ) This work is the result of a joint:résearch of

‘ ) the Laboratorioc ner la Geofisica della Litosfera and
i the Laboratorio di Geoloaia Applicata allo Studio
“  delle vie di Comunicazione nel Settore Alpino Padano-
- C,N.R. - concerning the problem of the detection of
gravely and sandy areas in the Venetian Plain (¥orth
of Padua). o
The choice of such topic and so well defined area

¢

of investicgation has been suggested by the existence
of a suonly programme for building materials, as
well as a cgood scientific backaround, and a vervw
precise ground truth. . '
In this area (Fig.1) there are two rivers, the Rren-
N ta and the Astico; by means of multispectral analvsis,
é; ; utilizing analog technicues, we discovered the pat-
terns .of the paleo-beds of these two rivers, by quick,
precise, and economic methods. |
‘ For this research we had at our disposal a comnlete
3 set of data , and an accurate aereal photo-internretation.
: The svnthesis of the collected data aiven bv the Skv-
lab frames and bv the enhancement technicues, seem to

X

be the right aporoach for the proposed orohlem, ;
We emploved the data of the & 190 A multispectral ca- ~ é
mera, and in particular the 42, 41, 38, 37 bands of
the SL 3 mission ( September 1973 ). |

By the use of the cross density slicing, masking sli-

cinag, ratio's additive color svnthesls, false color
composition methods we achieved the best results for
the solution of the proposed problem.
In particular we observed that the masking of hands
é&yj 41 and 38 in the form of ratio was the best for this

= purnose, the masking ratio between 41 and 37 hands ran-

kinmr second.
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In figure 1 the investicated areas is shown; in
figure 2 the masking ratio;gg- {that is the positi-
ve of 41 bahd superimposed on the necative of 38
band}, is presented.

In fiqure 3 a thematic map is shown, drawn following
the results of figure 2 where it is possible to see
the unknown patterns of the Brenta's and Astico's
paleo river beds,

By electronic density slicinag these results were

. enphasized; it was possible to plot the underaround

water risincg line with a verv hiagh precision.

These positive results show that the multispectral
images, treated bv this methodoloogv, not onlv aive
more continuity to the pre#ious scattered data al-
readv known in the Venetian Plain, but moint out

new hvdroageological patterns,
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FIGURES

Pig. 1 - The investicated area .,
. .41
Fig. 2 - Maskino ratio = hands

Fig. 3 - Map of the results
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Telelane (02) 2640227 - 2899905

BY ATR MAIL PROT.N. 598 R.C./a.p.

Mr. MILLER
NASA
Lyndon B.Jchnson Space Center (/’

HOUSTOWN, Texas 770586
U.S,A.

Deay Mr.Miller,

: - I send you the third progress report on our
investigation using the Skylak imagery. This report

; deals with the finding of reflectance anomaiies that
can be related to an impending lateral eruption on the

slopes of Mount Etna Volcanc.,

The following reports will deal with the
discovery of valeoriverbeds and with the studies on
rice fields,

On the occasion I thank you for your last
telephone call, and apolcgize for the rather confused .
talk. '

I quite agree with your idea of organizing
an Buropean Symposium on the EREP results and look forward

to receive from you further details.

Sincerely yours,

Professor Roberto Cassinis
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Enclosed: Third Progress Report Skylab

c.c.: Mr.Morrison -~ Nasa - Washington
Mr.Wilmarth - Nasa - Houston

. NASM._(GTIF) = College Park, Maryland

el
TR T T A T e ot Attt

RS T e T



Utets

‘&?‘;?43”
{ TONSIGLIO NAZIONALE DELLE RICERCHE
: LABORATORIO PER LA CEOFISICA DELLA LITOSFERA 7 M .
Y : > £ 20151 MILAND, SEPTI‘IBE}ZZG’I(:W’

ToTmmTm o mTe Pate: GEOLAB, Via Marie Bisnca, 9
Tetelona (02} 2540227 - 2899005
;
THIRD PROGRESS REPORT ' (/“

Contribution of Skylab multispectral
imagery to the remote sensing studies
of Mount Etna volcano.

! : Principal Investigator : R. Cassinis
. .
Co Coinvestigators : G.M.Lechi
C.M.llarino

é:: - ' AWM. Tonelli
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I. INTRODUCTION

The problem of the volcanic surveillance and control has
been carcfully considered over the last five years.

Particular effort has been made in the development of Re-
mote Sensing Technigques due to the greater possibility they of-
fer in the observing and quantifying of a large area in a short
time. /

Under this system we have two possibilities of cafrying
out our.analysis; firstly we will consider the multispectral
methods in which reflectivity characteristics of bodies are
studied; secondly the therm2l I.R. scanning method by which
the distribution of surface temperature is analysed.

While with the multispectral method we arc able ito use the
vegetation canopy as an indicator, with the thermsl I.R. scan-
ning system we analyse directly the energy radiated from the
surface which is produced by internal volcanic activity.

There is a fundamental distinction to be made between the

two methods. Vhile with the [i.S. a short delay-time can be observed

between magma movement and reflectivity seepage at the vege-
tation canopy, with the I.R. method the delzay between the cau-
se and the thermal effect is consilierabl; longer.

Another factor to be noted is that the I.R. method is ap-
plicable only in cases of secondary volcanic activity ( fuma-
rolas, gas vents a.s.0. ) ard not in the case of open chimney

volcanoes.
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2. ROLE3 OF MULTISPICTRAL AND THERNAL I.R.
SYSTEIS FOR THE VOLCANIC CONTROL AND
SURVEILLANCE

The last lateral eruption of MNount Etna { February *74 )

offered us a new criteria for the forecasting and monitoring

of these natural phenomena.

The hypothesis to be proposed consists in considering
vegetation as an integrator, that is, the transfer fu%ption
between the chemigtry of the soil and the reflectivity of the
leaves ( Fig.1 ). In fact small but continuous amounts of meg-
matic gases Filtering through the soil, could influence with
a delay that has yet to be ascertained, the spectral behaviour
_of the vegetative canopy; this effect would be particularly
strong in thc near I.R. region.

In some cases the decrease of the reflectivity in the near
I.R. region can be accompanied by a simultansous increase of

(‘“ thermz) I.R. radisnce (Fig.2). |

) The data collected by the Skyleb menned station during
the SL3 mission about five months before the paroxismal event,
waé accurately analyzed.

The frames corrzsponding to the near I.R. band were par-
ticwlarly useful.

Some very interesiing observations were also obtained by
the analysis of the false colour image: lineaments crossing
and intersecting over the area of the future eruption were discer-
nable as well zs some small circular arezs where the vegetation
canopy showed a reduced reflectivity. A false color composite uv.-

~sing bands 31,32,35 was also used for the same purpose'(Fig.B): a

clear anomaly can be observed utilizing a strong enlavgement.

{, These two observotiong ars at precent under investigation
S
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by specialists; geologists, biologists, phitopathologists
and, last but not least, the Remote Sensing technicians,

The multispectral analysis was followed by ground Ob-
servations and by a special aerial'survay, The ground—truth
collection consisted primarily in observing the local geo-
morphology, geology and characteristics of the evergreen
belt surrounding the slopes of Etna.

| In July '74, four months after the eruvption; an aerial

survey was carried out using both 9—11/u and 1,5—%/40hannels

(Fig.4). Airborne false colour photography was also employed

for the same purpose of discovering the phyto-anomalies.

The path followed was that of the shape of the evergreen beli

vsed as a geo~volcanic indicator.

Tt is to be noted that the evergreen belt which is for-~
med by a fairly constant phytoassociation surrounds the slo-
pes just at the altitude where civil disaster due to a pos-
sible eruvption is impending, and the danger of lava outflows.
is a reality.

During the play-back phase and data processing we intro-
duced a special kind of treatment, that of considering the

ratio between the near I.R. reflected energy and the emitted

.one.

In fact we assumed that in an snomalous area like that
of a soil affected by gas vents and covered by vegetatiorn,
the reflectivity in the near I.R. drops while the corrispén—
ding emitted radiance increases. The ragtio enphasizes these
small relative fluctuation occurring between the information
considered above. |

Some months before, during the eruption of M.Etna of Fe~

bruary '74 another aerial survey was carried out using a ther-

- movision scanncr mounted on board an Italian Navy helicopter.

S
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The principal task of these flights ( 7 flights were perfor-

med, with different light conditions ) was the monitoring of

possible new cleft apertures in the surroundings of the efup—
tion. The thermal anoﬁaly close to the lava flow outlined

the reduced possibility of the forecasting of volcanic erup-

.tion using only the thermal I.R. band over an aciive areg,
such as Etna. In fact heat transfer in the volcanic material
; | seems to be very small. The surface heat distribution is
: strongly related to the thermal conductivity of the layers
i beneath the surface aﬁﬁ to the velocity of magma movements
. inside the volcanic structure.

? o Thérmal I.R. remote sensing techniques can be considered

for other types of volcanoes a new tool for mapping, descri-
i - bing and analyzing thermal areas, and in particular for vol-
canic surveillance in case of secondary volcanic activity.

{ See: " Remote sensing techtmiques applied 4o the study of

Ttalian volcanic areas: the results of the repetition of the
girborne I.R. survey compared to the previous data "

| Cassinis R, Marino C.M., Tonelli A.M.

Proceedings of : Ninth International Symposium on Remote Sen-—

sing of Environment -~ Ann Arbor, IMichigan - April 1S74 ).

/)JI
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Pl f‘&%&LA/uwi
Prnfessor Roberto Cassinis

SEPTEMBER 26, 1974
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Test site area: Sicily

The study of the environment of Mt.Etna will
continue in the month of June with the on ground ob-
servation performed by a joint group of geologlsts
and vegetation patologists.

The main topic will be the comparison between
the forest surrounding the area of the last lateral
éruption of February '74 and the one in the northern
slope of the volcano, showing, by a first observa-
tion on the images,the same drop in the near I.R.

.refléctance which could be originated by the gases

escaping from the shallow underground lavas.

While this research is of maximum interest in
order to forecast the volcaniec eruptions, it must
be considered in the frame of a wider study regar-
ding the so called " spectral indicators ".

The analysis of the vegétative canopy will ta-
ke into account respectively the anomalous seasonal
behaviour of the brush as well as of the pinus and
ocak trees forming the forest belt around the largé
volcanic structure., In fact,‘the velocity of the
metabolic change is strongly different for brush and
high trees; as far as visible and near I.R. reflectan-
ce is concerned. ' '

Other aréas

a) Delta Po aréa.

The pattern recognition on rice fields has been
almost completed using both false color I.R., photo-
graphy ( the original Skylab image } and the color-ra-
tio performance of the multispectral bands.

By the ratio method the presence of clorophyll has
been enphasized while by means of the false color com-
bination the small spectral characteristic differénces_
were peinted out. )

e R —
T e e s
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The comparison between the ratio of bands 42-37
and 41-38 gave the best results

“b) Venetian Plain Region.,

The pattérns of some paléo river beds have been
mapped with satisfactory results using the imagés of
S 190 A Multispectral Camera.

For this research we employed an analog TV pro-
cessing system to examine the information content of
the bands ratio. '
| By applying the integrativé function it was pos-
sible to follow the continuity of the patterns influen-
ced by the surficial moisture.
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FICURE CAPTIONS '

1 -

Pt a,
- ——

Delta of river Po.
The square corresponds to the investigated area [ see slides
2 and 3 ). )

o

Delta of river Po ( color slide ): additive synthesis of
ratio %%— ( red)and ratio %%- {(green ).

The total surficial clorophyll distribution is shown.

The comparison between the original false color image and
this composite gives almost a complete description of the
végetation canopy. The clorophyll content in coastal water

is also observed.

Delta of river Po {color slide) : additlve synthesis of
contiguous bands ratio ( EZ ﬁg—) A discrimination inside

the vegetation canopy 1s ogserved.

Venitian Plain Ragion; encircled is shown the investigated
area ( north of the city of Padua ).

Maphéhowing the hydrogéological knowlédgé ( maihly_concerning
old riverbeds) in the venitian plain, béfore.thé Skylab inve-
stigation. Scale : 1:75.000. :

A map of the same area { scale 1:250.000 ) illustrating the
old riverbeds and the gravel deposits found by the means of

the analog technique of interpretation of Skylab images ( masking

slicing and ratio additive synthesis).
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