INTERNATIONAL ATOMIC ENERGY AGENCY e
‘ % P UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION ‘m
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

LC.T.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CAbLE: CENTRATOM TRIESTE

H4.5MR/383 - 29

WORKSIIOP ON REMOTE SENSING TECHNIQULS
WATH APPLICATIONS TO AGRICULTURE. WATER
AND WEATHER RESOURCES

(27 February - 21 March 1989)

FOR LOCALIZING GROUNDWATER MEGA-AQUIFERS IN

MONAMED A. EL GHAWABY
Suez Candl Liniversity
Geology Department
lsmailid
EGYPT



INTBURATEL KEMOTE SENSLNG AN AEROPMRGHETIC MAFS
FOR LOCALLZING GRUUNLWATER MEGA-AWUIFERS 1N ARIIL
REGIUNS: A CASE STUDLY IN SINAI FENINSULA.

BY

MOHAMED A, EL GHAWABY
Geology Departmant, Suez Canal Univeristy
Iswailia, Egypt.

ABSTRACT

femote SEns1ng  Lechrniquets are quite dependable toole in
INVESTIIETIY QE0I0IIC  ProDlans SPeClally those related to
FESOUl CES ASSESEMENT. I1ne LRAdUSKHE-1magery provides dalscrimination
Datuedn  lang uwses and formz. Jdetaction of Jand cover and
gelnigatiorn OFf large =cale Ewructures. In oraer to Tuiril the aim
Gl 9201031C &RFI11CAL I OF ré&pote SEN2INd,. e23Stial  Ztatistical
Lreatment thwouldr aigltai 1mage PrOCESEING  Froceaurets might be

OQUNE Pr1ol” Lo LiE Lalrget VEILFICAT 1O,

ine recent progress in integration oF remcte sensirngd data
W1l OTher QeoprivEical and JeoCnemical data al lows the reSouUr CEeS
GESELEMENT Lo De carrled out in a better Way than that achlevea
with eitrner of the wdivaidual dava sets. Afterwardsz, the field
vErirication shoula lead to the interpretation of a COMPT ehEnElve

FECLCLIC modes of the study area o arrly for tie taraet proolem.

Une cate history apFlled successtully for gr Gundwater

M

XFICration arn Sinal Fenlhisula, us1ng IRt Ireted data of  remote

"

ENS1NG, aeromagnetic survey and fiela gecloglc 1nvestigations is

T

lezenteq.

+~

INTRODUCTION

heinuee Sensing as tiw pracrtica tool of measwring  properties
of materials e~prezsed oy CIECLYOMadI=t1E  Waves, refiected or
Enitted, rrom larye areat withowt rnavind the meaturing device 1n
contact witn the obogect. le appidcat o of remate zersing in the
Fiedd O eartn SClences can then be € Flaingd s1ply & the etudy
of the earth = pature UCLL1ZINg @leltomaanetic radliation which JE
€lrther retiecied or emitted rrom iatd SUrraces N wWaves ranging

from LWitravioletl O Miciowave.

Many aFPlications of earth studies &re 1aentitication of
MinEral ano rock raW materisls, dzteccion of growndwater aguifers,
JIECOvEry OF €RErgdy resources, Clatcificaticnr of Eci)  ama  lana
COVEr &0 COntriIDULIieg  SUIULICNE  ToOr Broolems rejated to  the
riational ogevelopment proérams. 1o reallie these oblectives, it s
NeECezsary To a2 thouwall a seir1es of FlhasEes Wit averall oDjective
of greatly iNCreasing the charces of d1SCOvering an  €conomi e
FESoUrce or EO0LUTIGH OF & Problem at & il mus cost. For searchirng
@ SRECITIC resowrce target, the task of earlier phases 1= ot to
g1scover them but to locate areas wrere the potentanal for findireg
them 1: greatiy 1hCreased’ and to screen these areas for any

1N0lcations of 1ts presence ey may Colitalrn.

Tne tocls of remote senting, avallable up tiill  rnow, 1hc lude

Wmany TeChhiques SUCh &35 Conventlonal ¥1321ode lignt, clack  ang

S WIiIte or colured photography, anfrarea multispectral ana RADAR

1Magery and micir owave Sens1ng.

lhe =srace LRag&ry 1 sumilar to aerial  photography  in
Peulo9is MapFINg but at difierant scasi. ACCordingly trie  features
and zings rMeseded to e studred on Thie 1Linages are tone, caleow ,
LextUure, palttarn, shape, 51z, eflaect of shadow and seazonal
valf laCigrn. HISQO LhEere 1E much Over lap between remote SENRSING  and
FEOFNY¥S1Cal technlques, [ onily apparent diffarence 13 that  the
emmittea

' EROt & senzitg tocis SEnse the reflectea or

v ACUI Omadnerlc  radlation from e exposed sur face wriale
9&C hivsical tools receilve waves transmitteg ang reflectea through
aeer: 1 swrtaces 1N the crust e1ther they are electromaanetic or

norn, SOch aE Megnelic, Selemlc, gravitaticonal and electric, »

Rl



1M Cate o small airrerences of specti el reflectzrnce  hbetween
(R =lal s L ykes, TCane VO IR Ot AHEA=  EIHIECERE T 15 needed te
ISt INYULEH DeUWeEr them, Some of Tie enhabcement  techhyques  ate
tre OENSIty 341C1103, PatUE) 1 FecoInition, COntrast ennatisement and
FaCl1o methtuvads. L tivd the past ritteen year =, the remcte  fgencsing
FEeZEarch Nas CONMCEred mallhiiy witn tne foliowing acesz -

1- Development or 1maget y techtilQues that LHOPr OVEE
rasosution  arna  geometric corrections. Alsoe, the  advent and
dec-loyment of scanners with more spectrzl channels wupgrade the

metivoags of 1nterprecaticd.

i- linprovement of enhnhcement techrniques concerns mainly with
gdigitization and ratioing techtnques. Tne ratioing method depernds
ol the Fact that the electrumagnetic spectral bands can be sencea
separately Ly muiTispectiral chawvelrs scalnn=2rs, £ach wmatzrial  hbes
1ts reflectance property For every €lectromagrnetic spectral band.
This property 1= based upon abundance or deficience of & spaTific
MINEral OF & ChHEMICal radical it the 1maded surrace material, In
i3 44T words, it SIHN T 1&s the Progart1ona cremlcal or
wirneraluvgical cortent of such material. 1n cace of overlying two
spectral Dand dnwages of the Same watsrial, e prooust  reflects
e proportilonal content of two SPECITIC mlihnerais or  radicalg 10

Li1e wateriad Fresented If @ COMPOSITte retlo r=lationzmpe form.

Tne progress 1 the ratio techrniques tacllitetes visual
nterpretation of l1tlwlogic wilts and  strucoural  elemants  of
sSFECLTIC Surface featuwres &a= <€een on digltizea ratio 1mages.
RAdition or subtraction of tne ratlos are often tried to cring out
the main required teature or conditions. The nverslon of one
ratio angd 1ts agdition To  another _one way show most of the

TEaLUres: Deing studied.

GEO - IMAGERY INTERFRETATI1ON

five eartls 3 land SurTace 1S Comeazed of many terralmn =lements
EY guverned Oy Mhanhy Tactors, bachh crer  depends or attects  the

Otle VZ. Far example a iod-10rm Way o2 boundza or cut by &  fault

G 1HE Fadlt may oF May ot be responsible wholly or 10 part ton

5
The Fresence of a lates turm. The ervzional Frocescses cantrolleg by
Vg ztructuras featu ez, CompaElti1on and atritude are responsible
tor ThEe Sharkre or the tand Form. e draoanage mags ot an area are
EEEET1al =]eEnts Lo INLEerprel s Li1tiralogy and tructures, The
coltection or such data on the Ftowrnt 1S relatively =low  tedicus

@nag espeEnzive wiille the  rencts

n

=NE1d For regyonnd SUF Vi yE
Provide appreciable savings in cost, errort and time, although
ey Qo not replace complecely the fielag opzervation. The analysics
and 1nterpreltaticon  of  remote SENE1Ng 1Mages tor Furpoces  of
1 €E0UNCEE aSSSSSMENt alre d.vided 1nto  the foilowirng phases and

Ztercs :

(1) VISUAL IMAGE READLING 1

To scare analyesls of dava 1t om satellite 1maGer lard use
LOWKaI1Ies Bve TO be defiread ar firs Decauze wne cultural
gevelopment always obscure zonld, Q=Glcldy &hd draitneage boundariecs.,
Iher, trace out ail areas that Fave 1terhial noiro3eniety with

reference to chape e.49. Flaing, terraces, wvalleys, areas o

-

similar type halis, and areas of Sumilar slopez. Trese festure:s
sie termed land rorm macrpilng. Yhe tracing of drainage iE necessary
Lo defirne erosic Fatterns and To recognlze the factors, materials
n rerms of dernsity, fineness, angularity, tributary interzection
+++ ERC, @ change 11 materlal and conditions can be inferred. The
Previous maps racilitate, the Fuossibility to discriminate bLetween
the litnoloasc wilts of tand cover and woe  datect large scale

structural elemencs.

{1) LAND USE MAPFING

negional fand use classification depends on  the statement
Saylr3d;  &&CH land coaver wdat nas o oa  wiaaule  Foature  on evely
3FeCTral pand and o the Talse color compusite 1magqes'. The
QITTEFENt1al ChHaractarISTICE On varlous pands are oecause of each
viand  records  g1vterent  proportiohs or the electromagnetic
2Cirum. It 1s therfore, tree study of the various pands and  the

Civ "021te wmages help better 1ndertiTicatior of elements of land

£

€ lassas, Numer ol

1and  w=e clazsificaticnz bhave beern made

Sultarle o particular reeds ar matyy Countrilec. Attempets have



-
Leeh Made tu  ANCluge gUFricient detall i the aefimition to
Froviue a 9€en&ral widerstanidlngd of  whal 1= luded yne each
Catedury, (RIgJErsuwn & others 1.6, T hwwiir 2z 15%¢). Here @

Frovisidlml ClaSslTiCation ot Lie HifaD wWoirhd land wuses, M E

PrESHCEU.

L~ pARREI LAND I 1&00 Wi Chout 519niTLCcant Cover other than thin
vineer ol Boll.

<= bESerT LANL @ Land covered by nmon-consclidatea eclien sand  and
Sand QUNES OFf vallabie SCales.

3- AGRILUL IURHL LHNY & Lang covered by crope, and confined feeding
OFErat1onE.

4~ FLUREDT WMl ¢ Land .covered by trees elther deciaucus or
EVErQledn.

S- RANGE LAND @ At Whicn the natural vegetaétion 15 predominant.
1ﬁe lard 1£ Covered by grassei, ShHrups and DUrUEHes.

&= JnDAN LA g Lard covered by built wup aree and buman
SSLC | EMEits el the)r residertial . comnercial, inoustrial,
transportatiorn, OF utilities,

7- WET LANDL @ Areaz 1nundated £1thar veJSTatea of not. Swamps  and
Sabkhas are lNCiuged 1n Lhis category.

Fponds,

w
"
w

o WATER @ Land Covered Dy water elUne&r  stieans, |
Feoles, reservolrs, bays, 9uirs or ceac.

Y- oMOw ANE ICE @ Lano covered by Sow aF 1CE.

(11) DHAINAGE FATTERN RECOGNITION

A dralnage system that developrs on & regional surface 1s
controllean by che slope of the surtface and the types and attituaes
of tne underiying rocks. Draimage patternz  which are eazlily
viZible on ghotographs'and 1mages reflect to varying dearees the
1thology ana structure of The study area. Ivalnage catterns 1n an
area of £tratiteorw rocks depend mainly on the type. dietribution

aNg attitude of e Suritace Focks.

Trie drainage pattern LE ordinarly aenaritic, Ragial,
Cu CENTric ang annusar Pattern: develor over domes 1N stratiform
ook 3. oWwind to the Dlope and the varlable resistarnce of

CONCEntric rocy @xPOsSUres Ir Such Structures. Comeressional stress

k-
USUBLLY YI210: & S=re: Ul nearly Garallel tolds, the IRaCINg and

FOEM OF willn QeRernd Con theg Types ared thischhecces ot the tolaea

SWV&TE and LhE INTENnZity oF STreii. A Qensral raralleliem ot Ltrunk
SLream denotes rFaraliel 10lds. High argle Junctions of tributaries

are commiri. the reiultant patterin 1S Callead trallis.

Under standing  or  the contrals exertea by Iithelogy andg
SLIUCTUNeS On @ Etreain Cource 15 valuaple in the interpretation of
FEMOLE censing data. Lhange 1n rock type along = ftresm can be
nformed trom seamenta) Chaltg== 1 val ley widor, degree of charnn=]
IC1S10i, valley or channel trend and nabilt a&na aeposits 1n the
vailey fioor. Local oendirm or Eegm=nLal gradient chandsEs 10 A
Etyeam valiey may Le Cauzed Dy Local watrpi1g or by feaulting
LraiiEverse Lo Le STréam Couwrse. (ese 3e0logic-dralrsde FelaLions
St D& Laker 1Nt CoOnS1Aerat o auritg Lhe 1nhterpt eétetion because
Tiey 2lp Dettelr WHdelr SLanolng of FeIIOILIC ESTTLINT of the relion

Wiger Lnvest19atlor.

(11i) LANDFORMS MAFFING

Trils map tvFe 1s Jeal1ng with the homogeniety and 1hstability

of the materiai with refcrence to e old ana present  conditions.

The 1ndications of thstability are mostly tliges, tears,
ardulatrity or gentileness of slopes  and nills, whiile tihe
FoOMGYEeret1€s  are categorlied &t plalhs, terraces, valleys,

Flateawx, hills, mountains and so o, The dar and strike of
Pedo1ng Flanes, Tollation and other structural elements make clues
for the landform wnt, even 1t 1S (O BELEFE0SCOPLC. The land na:z a
manly complex and varieo surface. The reliet, pattern and form of
lana may pPolnt to tiwe rock matarials wnich underlie each part of
INe surface and the factors of Charnge which nave acteo upon them.
Lacn type ot rock, Tractwe, and <raslonal and depositiconal

FTE&STUFE CEars the 1mpritl oF tre conditions whilch controlleg it.

Ine erement most usetus an tercrain Studres 1S topograrhy.
=CEUEZE  MOST  jandTormse are e€rozlonhel- gepositional  ang are
Produced Dy atMOSFNErIC AISnLE \Watér, wind ahd 1ce), toro3r aghiy
Lz MOJITIEDd OY One Oor mole of these agents. Some speclal lanaforms

are created oy the soivent acticon of water 1n near swurface rocke
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Q LDy ThNe Movement of Jaagdma tnroudn e Crust and 1o tiIne sur face

oy volcantsm. oome Landrorme are directly proaucea by  tectonic

forces whille most tancdtTorms  ar=  affecrea by Te-tonilEm. The

interpreter must L& aware of litholugic eno structural influences,
the activity of Subaerial agentid. tne ffacts of past and  prezent
Climares and the LN IUGENCEE €:erred by oraanisms, lhererore the
18r@torme can be Categuriziea nto (1) canoforms  proouced by
InCernal or enaogeric processes such o tectorasm, metamorphlacm
arna magmatism @ te) Landtorms proowzed oy eqsterval  or  &xogEnic

FrocecsEes =UCh &E &rosioh, aeprosition and solutior.

(iv} DELINEATION OF STRUCTURAL ELEMENTS @

Experiance with space 1maIery ad demonztrated thee
esCERptional value of egynoptic view tor alsplaying extended
Btructural e€lementes such a3 closed anticline, done, fault zone,
tedionial Jcant pattern, rojdea belt and 1ntrusive body, t Short
and  Lowmarts, i), Wiere the  rock 15 expozed, tlie surface
eqperessicon of tectonlzed part:s ofF ths cCcrust wac often better
revealed i images. Risc tew ieamsnts of considsracle wmoaanltude
ana extent Ccan D€ picked our i the 1mages because of thelr

LI &adth ano continuity.

In tne report precentea 1n the LUSHFHh-Symposium  hela at
Brazii (El Gnawaby ang others. 1374} trhe autnors nave pointed out
thatl o the global scaie, the space 1magery may £roviae the dats
not ordy for continentai geoioglc mapplingd but  alsc for Dagic
Studigs 1N continental aoritt ang plate tectonices. Atter four
years. rrezs (i%/0) said most wmportant aspect of CANUSAT 1magery
tor exploration 18 the way 1h whitch 1t allows us to see the entire
geClugical setting and BTiructure of  aa  area  with & degree of
PeErspective not arrorged oy other methods. He sai1a that above all
The caretul] anmalysis of Lineament patterns, 1T Q1vesE  JUZ Wnlgue

InTormation on 9e0logical stress and global structure.

vv) LITHOLOGIC UNITS MAFPFING

Trne =0li1a crust ot the earth 12 composed of various kinds  of

YOCKR. DOMECIMes these rocrs are e<pased ut Gvier large area of

CIE J&nd Surjace. Ussy abe CoboSmged Ly =002 ad unconsaslidated
MaLEl sl PHENLI 160 YO lGuiC ILLEt Brelal 160 1f possible’ orily UP O
CHUSE INZPeZt 3 OT K Oelt €<FOEWUI = 2N T firzaa. Liry e other
tarid, the patternz vicibie on FERINGEE  Senting  1maldsery  oF  during
GeVial  ti1antse uwivally provide ad=quate data tor litholoarc
FRCONNSISEEIC e, PRITICULarlly 1t &reac whet e bet och 15 & pOSend.
Even where the cbicuring anrluerces of vedetatlicn or 301l cover
are strung, 1t 1€ usually Fossibile to 1aentity =uch lithologic
Wtz 5= shale, Zandstone, granite and lava by abservation of the

Crateria recorasd on the 1mages,

1t 22 rrown Lat e esrtn iai & coinklicated swrface and  jts
relier, pattern and torm are indlcative Frints tog (a) the roch
Maleri1aiz hal underile sacn Fairt af e surface, and (D} Ehe
crwonclegical rastot y or Charaing Tectorse =uchh at ceocimentaticon
A0 EXeSion., TN FIreviously menticres=d S 1rsrla WeZiualrey lard uses
COFOgraptic e FFESZ i, araltiage Fatterr, ahia structures are
MnEortant to dellneate J1tholodlc &nd 3o WITE andg landformz, an
@ Frovisional map roria for the area  uwnder investiaaticn. This

MOGELLy RElP STal Lid e t&connd Plhiasé.

By 1nterpretation of structuwral pattern ara lithologic wrmits
distrabuticn, arn wntegration of informaction cam be realized whach
MOSLly help develapment of a Provisicrnal model tor the area under
INVest)gation, usSing twe avallaoie FProzeaures of digital image
Processing and statlstical analysie tor more discriminant  lardg

COVElr Wnts marping.
(1I) PIGITAL IMAGE PROUCESSING AND ANALYSIS

Trne 1mmaga= ProCez31ng pnase conslsts of three steps @~
(Y] Selection of the most nrormative channels that proviaoe the
Maamal 1NTormation TOr &stablizrment of whe cvarast map.

NLS Can o€ Confitmed Ly scattergrams of var 1ous charnel .,

t PETErMINEt 1o O Crresiwotds of duarcal davs classificaticon
Oy detalied alaiysics of representative FPllct zones. This can
DE Cailculataed oy 3

V@i the rrequency Il EL OGr @ME



i) reflect once proprgly tranects 1n the pi1lot zones
and {c) statistical characterization of test zones.
Thas analysils enables :

{ay the gctermination of the limits for an autamatic

clazzification of 1magery-data.

(b) the s&iection of test-zones

(C) the statistical characterization of test Zores

{d) the sstablishwent of sample ti1eld maps.

{122} Multispectral ciassification of remote Bensing digital data
by the random clusteaering method which groups pPIxels with
similar spectral classes. Thus grouring resulted 1n &
CompULEr -aEsisted multi-colored thematic map composed of
multi-themes. {his map was used as a basis for cowpiling a

eap of surtace conditions.
INTEGRATION OF DATA

The remote sensing techniques till rnow are not Frenetrative
tool or 9oing deer iNte earth's surface exceét some skecific
methods as RADAR that penetrates to Tew meters of terrain cover.
berarally. they are giving 1nformation only on the surface or near
surface material and relief. Integration of remote sensi1ng data
With geophysical ana geochemical data on & digitized cowmposite
maps 158 the pProspective methodology for abtaining better

unaerstanding of tie deep-level and surface geclogic structures.

The geophysical and gecchemical data are commonly prepared
for presentation by computer and therefore like the satellite
1magery become amernable to lwmage process11’9 techniques. Regional
Jeophiysical surveys such as aeromagnetlc maps reflect the
irniteraction of the earth's magretic field with suscertible
Materials 1n the upper LS Km or S0 of the crust. Ite integration
with the surface remote sensing geologic mapF1ng Frovide

wformation ot only about the nature of these materials but ilso

S out thelr structure and form in depth as well as on surface.

Integration of the geophysical and remcte sansing data using

lnage Processing techniques prolvde great advantages to the

.
Lhirer Frefer Lvel o & LVl L) ekt alles, SLmEt LsE the
ELVUCT e J1EameEnT: Can 10T Do 1dent ) fied az  wkTh o LRND ST
Livadal y Navireg 1w SRecITIC el sectanve Frofpe Ly, however , o thie
PEORINySIcal Jdala Mak, T may lorm a Uy ETrdag featuwre Dy 1LE
Farticular gecrhyzical 9radient. HIEO the meeswre of testure
D2 AVED TG Lo LHRLoRT tmagery wewlad differencisce raaly &na Jow
FELIET areasz O The&E cSame tithology that the othet techniques may
NOL Q1ECrlnlnate,

A ClassiT1Callon Map of integratea geochemical data arnd
FEMOLE Senz1ng Produwst 1 Las from of @ a COMPOSIte Mmade Couald
PIOvVIOe ar Lhput relating to  the chemical cemposition of the
QATT2rent (1Th0oI031e5, ARFLylng e d)Ecr Jminart furiztyon aralysis
GFf =2uch Qata mM19h0 Rroviae greater insight 1nto the geological

relationerapr oi L area Wil 1TS resources Content,

INESE INTEeIrarney CLNMFGUEILE MaPS vder)  might chow a more
EIBOITISANT FEEWILE Wil TS L1CHS10930 WATE  and  structural

Sl ements PDOVENTILIvD MINErad, Watel r EHErgy FeSoUrCes,

MODELL 1WNG AND VERIFIUATION

hemate sensing 1Magdery aliows Ciw €artn scientlist to reviedw o
ETUdIEd area I a synaprtic tormat and vt the sur face
Chalracter 1sTtiIcs are weil definea on Mna3ery ana patterns  of
9€cioglcal s1gnlvicance 1E 1aentitiea, & FProvisional model can
often be develored. fne cConstruction of  such  modal 1S WMo=tly
FULAEO Oy Lhe CRaracteriZatlon of an  area of  krown or proved
Weaith Of resources. by Fieid verifi-articn thrcugh  transecte  or
Ftorfils an the same region and correlating their aata with each
CUher, ey may confiris e proposea  aode), Then & regionsl

FiCture naz Lo Ce chouwant o

Tre developmensy of a Frofper modsl], needs Eeveral trialsz of
TEARE SNAIYELS WILH data Oerlvea  feom Fieda aavestlgstion  and
(RN Qdala SOUrceE. UFten, Yre  Lerpretel has & preconcelvea

Mol d 200 MDD FELIOT Al l Y2313 Tz 1Magery Ut thne Correct Way

-
"
r
o}

Start witn ‘e avallable Snasilect ccele theqery for some key

iy =

e W
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Areas to be analyred objectively wusing & systematic recognitaion
Froceaure and without anfluence of any ancillary anformation. This
systematic analysis should detine a regional model. Then, one
Proceeds to  larger scales uWsing scale 1magery including the
FPrevicously 1dentiried key areas.Sometimes the interpretation of
Small scale imagery can be revised though analysis of larger scale
Inagery eventully a point is reachéd where groud data or
agditional remote sensing data are required to resolve conflicts
in or confirm the validity of the interpretation. The analyet
should compare these new developed model with the available
ancillary information and finally correlate these key areas with

the other similar areas.

INTEGRATED REMOTE SENSING
AND

AEROMAGNETIC MAPS

FOR

LOCALIZING GROUNDWATER
MEGA-AQUIFERS
IN
ARID REGIONS

A CASE STUDY
IN
SINAI PENINSULA .
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AIM OF STuDY
TO ASSESS THE POSSIBILITY OF USING INTEGRATED REMOTE
SENSING. FIELD AND GEOPHYSICAL DATA FOR LOCALIZING

GROUNDWATER MEGA-AQUIFERS IN AN ARID REGION. (CENTERAL

SINAL EGYPT),

INTRODUCTION
IN SEARCH FOR GROUNDWATER AQUIFERS. LARGE QUANTITIES OF
DATA ARE OF TEN COLLECTED: DATA FROM THE LANDSAT-IMAGERY
INTERPRETATION. THE AERBORNE GEOPHYSICAL SURVEY. FIELD

MEASUREMENTS AND LABORATORY ANALYSES OF ROCK SPECIMENS.

HOW CAN THIS WEALTH OF DATA BE USED TO FULL ADVANTAGE 7
FACTOR ANALYSIS IS OF TEN PLAYING THE IMPORTANT ROLE TO

EXPOSE RELATIONSHIPS AMONG THESE DATA.



THE REMOTE SENSING IS NOT A PENETRATIVE TOOL. AND THE

GROUNDWATER IS MOSTLY ISSUING FROM DEEP STRATA.

ON THE OTHER HAND, THE AEROMAGNETIC SURVEY REFLECTS THE

FORM AND STRUCTURES IN THE UPPER 15 K OR SO OF THE CRUST.

14

I5

INTEGRATION OF SURFACE DATA OBTAINED FROM SATELLITE
IMAGERY AND SUBSURFACE DATA INTERPRETED FROM THE DRILLED
WELLS AND THE AEROMAGNETIC SURVEY PROVIDE MORE OBVIOUS
COMPOSITE DATA RELATIONSHIPS BETWEEN THE GOVERNING FACTORS

OF GROUNDWATER OCCURRENCE.

THESE FACTORES MIGHT REFER TO THE CAUSES THAT CONTROL

GROUNDWATER ACCUMULATION.



SINAL PENINSULA
SINAI PENINSULA COVERS SLIGHTL Y MORE THAN 60.000 KnE 6%

OF THE TOTAL EGYPTIAN TERRITORIES).

IN ITS HEART. WADI EL. ARISH HYDROGRAPHIC MEGA-BASIN
OCCUPIES ABOUT 17.000 KM® . WHERE POSSIBLE FERTILE LANDS
CAN BE RECLAIMED AND CULTIVATED IN CASE OF WATER

ACCESSIBILITY.

THE GROUNDWATER [N SINAI IS MOSTLY HOSTED IN DEEP STRATA
AND COMES TO THE SURFACE EITHER ALONG NATURAL FRACTURES

AND FAULTS OR THROUGH DRILLED WELLS.

"%

THE AREA IS COVERED BY SANDSTONE. CARBONATE AND SHALE

SEQUENCE. THE DRY VALLEYS ARE COVERED WITH GRAVELS AND

STONY ALLUVIUL DEPOSITS.

GROUNDWATER IS STORED IN

MEGA-AQUIFERS IN

PALEOZOIC-EARLY MESOZOIC. LATE CRETACEQUS. PALEOGENE

AND/OR THICK QUATERNARY COVER UNDER CONDITIONS FAVOURABLE

FOR EXPLOITATION.

THE DEEP AQUIFERS ARE MOSTLY CONTROLLED BY MAJOR

STRUCTURES SUCH AS SYNCLINES AND DOWN FAULTED BLOCKS. AS

WELL AS CERTAIN LITHOLOGIES

STRATIGRAPHIC HORIZONS.

OR

CONSTITUTIONAL

17



Problem Definition

THE SITUATION IS A 17000 K" AREA IN A VERY ARID ZONE.
WHERE THE MEED FOR WATER (S ESSENTIAL FOR LIFE. IN THIS
AREA. A NUMBER OF DEEP WELLS WERE DIGGED. ONLY FOUR PROVED

TO BE PRODUCTIVE WHILE MORE THAN 10 WELLS WERE NEGATIVE.

REGIONAL GEOLOGIC STUDY IS UNDERTAKEN TO DETERMINE IF
AND WHERE. SIMILAR PROMISING LOCATIONS FOR GROUNDWATER

RESOURCES MIGHT BE EXPECTED TO EXIST.

18 "

IT IS CONFIRMED THAT THE SEDIMENTARY COVER THAT MAY HOST
WATER AQUIFERS REACHES AT MORE THAN 5 Km THICKNESS RESTING

UPON A MASSIVE CRYSTALLINE HASEMENT ROCKS.

PRESUMABLY. WE SHOULD GATHER INFORMATION THAT WILL TELL
US SOMETHING ABOUT :

WHY THE GROUNDWATER OCCURS 7 AND WHERE [T DOES ?

THAT IS OUR PRIME CONCERN SHOULD BE WITH CAUSALITY.

THE CAUSES OF GROUNDWATER ACCUMULATION ARE UNDOUBTEDLY

MANY AND VARIED.



FACTOR ANALYSIS IS A TECHNIQUE éY WHICH VARIABLES
MEASURED ON A SET OF SAMPLES ARE LINEARLY COMBINED GIVING
RISE TO A NEW FUNDAMENTAL QUANTITIES (FACTOR) WHICH CAN BE
NAMED AND SIMPLY INTERPRETED IN THE LIGHT OF SOUND

GEOL.OGIC REASONING.

ONE MAY SAY THAT DATA IS MEASURED ALONG ARBITRARY AXES

AND THEY ARE ROTATED TO OCCUPY SYMMETRIC POSITION WHICH DO

HAVE MEANING.

MEANWHILE THE DATA STRUCTURE WHEN ROTATED TO REFER TO
THE NEW AXES DECOMPOSES INTO SIMPLER AND INTERPRETABLE

STRUCTURES.

20 -

THE GEOLOGIST WORKING IN THIS AREA MIGHT FEEL THAT
PALEO-ENVIRONMENT OVER 400 MY MIGHT BE A MAJOR CONTROL, [
SIMILARLY THE TYPE AND THICKNESS OF SEDIMENTS. THE

DEFORMATION PATTERN AS WELL AS THE PHYSICAL PROPERTIES OF

THE COUNTRY ROCKS. !

IT IS. OF COURSE. IMPOSSIBLE TO MEASURE THE AMOUNT OF
THESE CAUSES. RATHER WE CAN MEASURE THE SPATIAL.
COMPOSITIONAL.. DEF ORMATIONAL AND GEOLOGIC PROPERTIES WHICH

REFLECT THESE CAUSES TO SOME DEGREE.



DATA PROCESSING AND COMPUTATION

STANDARD STATISTICS IS APPLIED TO THE RAW DATA TO

COMPUTE MEANS AND MEASURES OF DISPERSIONS AND HORMALITY

CHECK FOR EACH VARIABLE ARE COMPUTED AS WELL.

A DETAILED DISCUSSION OF FACTOR ANALYSIS IS REFERED TO

HARMAN (19603 AND COMREY (1973).

THE REMOTE SENSING. THE GEOPHYSICAL AND FIELD DATA ARE
COLLECTED AND STORED IN SEPERATE FILES. THESE DATA ARE IN

THE FORM OF GRID PATTERN MAPS.

22

THE PRESENT COMPUTATION IS CARRIED ON AN AT/IBM COMPUTER.

THE PROGRAM EXTRACTS THE EIGEN VALUES AND EIGEN VECTORS
FROM THE CORRELATION MATRIX USING THE HOUSEHOLDER
TECHMIQUE BY SUBPROGRAM (TRED 2) AND MATRIX INVERSION BY
THE TWO SUBPROGRAMS L UDCMP AND LUBKSP (PRESS ET AL. 1986).
THROUGH MATRIX MANIPULATION (COMREY. 1973). THE PRINCIPAL

FACTORS ARE EXTRACTED AND ROTATED.

a3



SINCE THE AREA IS VAST AND WELL EXPOSED. A SAMPLING GRID
IS DESIGNED SUCH THAT 58 STATIONS ARE CHOSEN TO 6E

EVALUATED.

THE REMOTE SENSING. AEROMAGNETIC AND FIELD DATA ARE

CALCULATED AND TREATED STATISTICALLY.

SCORES OF THE QRIGINAL DATA ARE RELATED TO THE PRINCIPAL

FACTORS.

FROM THE ABOVE PRESENTATION AND FACTOR ANALYSIS. FOUR

COLUMNS OF SCORE FACTORS ARE OBTAINED NAMELY F1. F2. F3.

AND F4.

24

WHEN FACED WITH A LARGE ARRAY OF DATA SUCH AS THIS
MANUF ACTURED DATA MATRIX. THE TECHNIQUE OF FACTOR ANALYSIS

IS OF TEN ABLE TO EXPOSE OF THEIR RELATIONSHIPS.

SINCE [ AM NOT MATHEMATICIAN. YOU WILL BE ASKED TO
FORGET HOW THE DATA MATRIX IS OBTAINED. BUT. RATHER. ASKED
TO PRETEND THAT IT IS THE NORMAL RESULT OF COMMON GEOLOGIC

MAPPING PROCEDURES.

25



IN THIS HYPOTHETICAL MODEL. WE WILL. IN FACT. SPECIFY

THAT THESE CONTROLS ARE ALL IMPORTANT.

FURTHERMORE. LET US ASSUME THEIR ROLE AND SPECIFY THE
DISTRIBUTION OF THEIR CAUSES AT EACH ONE IN A GRID

PATTERN.

TABLES AND FIGS [ILLUSTRATE THE DISTRIBUTION OF CAUSES

IMPOSED AT THE SAMPLE LOCATIONS.

FACTOR 1 (F1) CAN BE THOUGHT OF AS AN EQUATION GOVERNING

OF
THE GENERAL TREND AND GRADE . JERRAIN SLOPE.

FACTOR 2 (F2) SHOWS THE AREAL DISTRIBUTION OF THE FACTOR

SCORES OF LINEATION AND DRAINAGE INTENSITY.

FACTOR 3 (F3) IS MADE UP OF PHYSICAL PROPERTIES )

WHILE

FACTOR 4 (F4) IS CONCERNED WITH THE SEDIMENTARY COVER

THICKNESS AND DEFORMATION PATTERN.

FIGURES 1. 2. 3 & 4 SHOW THE RELATIVE DISTRIBUTION OF

EACHFACTOR,

an



FROM IT. WE HOPE TO DEDUCE SOMETHING ABOUT THE PRESENCE

OF GROUNDWATER IN THE AREA UNDER STUDY.

WE DO NOT KNOW HOW MANY CAUSES THERE ARE GOVERNING THE

OCCURRENCE OF THESE AQUIFERS 7?7

WE DO NOT KNOW THE RELATIONSHIPS OF THE GEOLOGIC

PROPERTIES TO GROUNDWATER AQUIFERS 7

WE HAVE MEASURED THESE PROPERTIES BECAUSE WE THINK THEY

MAY HAVE SOME IMPORTANCE BUT WE ARE NOT ENTIRELY SURE ¥

AFTER KNOWING THE AMOUNT OF EACH CAUSE AT EACH SAMPLE
LOCATION AND THE DEGREE OF RELATIONSHIP BETWEEN EACH
PROPERTY AND EACH CAUSE. WE ARE IN A POSITION TO PREDICT
EXACTLY THE MEASURABLE AMOUNT OF EACH PROPERTY AT EACH

LOCALITY.

NOW. WE KNOW THAT THERE ARE A NUMBER OF OPERATING CAUSES

Of GROUNDWATER LLOCATIZATION.

TABLE (3) OF DATA MATRIX IS GENERALLY ALL WE HAVE TO

WORK WITH. IT MIGHT BE THE END RESULT OF INTENSE EFFORT.



BY COMPARING THE RESULTS OF THE FACTOR SCORE MAPS WITH
THOSE CREATED BEFORE AS VARIABLE MAPS. AND BY COMBINING
THE FOUR FACTOR MAPS INTO ONE AND LOCATING THE KNOWN
PRODUCTIVE WELLS ON IT. A SPECIAL SET OF CONDITIONS IS

APPARENTLY REQUIRED FOR GROUNDWATER OCCURRENCE.

ON THE MAP . [T IS NOT DIFFECULT TO SEE THAT AT LEAST ONE
OTHER SIMILAR AREA TO THE CONDITIONS OF EVERY PRODUCTIVE

WELL LOCATION. COULD BE TRACED.

3¢

THE SHADED AREAS THUS BECOME THE PRIMARY TARGET F OR

FURTHER EXPLORATION.

ADMITTEDLY. ONE MIGHT ASSURE: THESE FACTORS. IN A WAY OR
ANOTHER. ARE DEPENDING ON THE EXPERIENCE. KNOWLEDGE AND

SHREWDNESS OF THE INTERPRETER.
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A CASE STUDY
DESERT LAND & SOIL CLASSIFICATION

IN SW-SINAI

INTRODUCTION

DESERT LAND SOK CLASSIFICATION IS ONE OF THE MAIN JOALS FOR
DEVELOPMENT PLANNING IN THE ARID ZONES. THE STUDY AREA IS CHOSEN
ACCORDING TO THE NATIOMAL STRATEOIC PRIORITIES AND AVAILABILITY OF
THE OTHER AORICULTURAL RESOURCES SUCH AS PROPER CLIMATE. NECESSA.RV
ENEROY RESOURCES. (QUALITATIVELY AND

WATER SUHTABIITY.

QUANTITATIVELY). AND ITS ACCESSIBILITY FROM AND TO THE CONSUMING

AREAS.

’ L7
THE TERRITORKES OF EGYPT COVER ONE MLLION KM,ABOUT 974  OF
THE LAND OF EQYPT IS COVERED BY DESERT LYINO N ONE OF THE MAJOR
ARIDD ZONES OF THE WORLD. THESE DESERTS INCLUDE THE WESTERN DESERT.

THE EASTERN DESERTY AND THE PErgMsuULA OF SiNAL

-
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HERE. AN ExamMpLE LLUSTRATES THE SIONFICANCE OF SATELLITE
HAOE INTERPRETATION FOR DESERT LAND AND 500 CLASSKICATION N Sw
Sal PermasuLa. THE FREVAILING  ARID  CONDITIONS OVER  Swma
PEraNsuLA  HECESSITATE T DOMINANCE  OF DESERT CONDITIONS iy
GENERAL WITH A LIMITED EXCEPTION OF THE RELATIVELY DEEP COURSES
AND FAN-DELTAS OF THE MAIN OLD DRY VALLEYS THAT DRAINE TOWARDS THE
GULF OF SuEZ. WHERE POSSEBLE FERTLE LANDS CAN BE RECLAIMED AND

PROVIDED BY THE ACCESSIBLE NEEDED WATER.

v

LANDSAT"HAO.E.RY I3 AVAILABLE AS MAOMETIC TAPES AND PRINTED
IMAGES WHICH ARE MADE ON POSITIVE TRANSPAREHCIES AND  HARD PRINYS
FOR EACH OF THE VARIOUS BANDS. StaTisTiIcAL ANALYSIS. CHOICE oOF
SAMPLING PROCEDURES AND TEST ZONES. CHARACTERIZATION OF EACH

MAGE-UNIT AMD FIELD VERFICATION WAS DONE BY ABDEL Hapy (1987).

PROCEDURE AND RESULTS

L VisuaL Aparyss :

IT REVEALED THE PRINCIPAL GEOMORPHIC LMNITS. ALSO. 1T PrROVIDED
U3 WITH SOME mDICATIONS RELATED TO THE SPECTRAL BEHAVIOUR  OF
DIFFERENT SURFACES. [T DETERMHED THE LOCATIONS OF The SUBIMACES
BASED OM THE CRITERION OF CONTAINING  THE  MAXIMAL VARIATION OF

COLORS & CONTRAST VALUES



{l. DIITAL—IMAGE PROCLCSSING
(B) DETERMINATION OF THRESHOLDS BY DETAILED ANALYSIS OF

CA) SELECTION OF THE MOST WFORMATIVE CHANNELS. DUE TO THER

SCATTERGRAMS WHICH REVEALED THAT : SUBIMAQES - |
THE PIXELG OF CHANNELS 4 & 7 FORM SPREAD POINTS . WHICH * CARRYING ON FREQUENCY HISTOGRAMS OF EVERY SUBIMAGE. '
INDICATE THAT THESE 2 CHANNELS ARE THE LEAST CORRELATED % GRAPHC PRESENTATIONS TO ACHEVE SPECTRAL CLASS
FOR EACH OTHER. THIS WEAK INTER-CORRELATION REFERS TO SEOMEMTATION MORE EASER. THEY ALLOW TO ESTMATE THE
THER ROLE FOR BENG USED N A MULTIVARIABLE MAXMUM & MINIMUM VALUES OF EACH THEME.
CLASSFICATION & FOR STUDVING THE RELATIONSHIPS — BETWEEN * RADIOMETIC CHARACTERIZATION OF TEST-ZONES. TEST ZONES
SATELLITE-DIGITAL DATA AND PARAMETERS OF SOL  SURFACE WERE SELECTED AND RADIOMETICALLY CHARACTERIZED, THE

b

CONDITIONS, (§-S.C-) - STANDARD DEVIATIONS. THER AVERAGES. MANMAL AND MINIMAL

VALUES OF THESE ZONES WERE EXTRACTED.
THE SCATTERORAMS OF 6 & 7 13 PRESENTED IN A NARROW AREA. ‘

THIS AMNALYSIS PERMITTED TO SELECT CHANNELS 4. B & 7 FOR

DATA CLAGSIFICATION.

)



(€Y MuLTISPECTRAL CLASSIFICATION :

THE MEASURED VARIABLES TAKEN INTO CONSIDERATION
IN EL QA'A PLAIN

ThE PREVIOUSLY CONCLUDED THRESHOLDS WERE USED TO ELABORATE

A SEMI~SUPERVISED MULTISPECTRAL
WHICH SPECTRALLY SIMLAR  POINTS WERE PACKED

"CUBES" THEN GROUPED mNTO  “THEMES™ WHICH

RECONSTITUTED AS "ASSISTED-COMPUTER MAPRY, 1T 5

AS A BASIC MAP FOR SOl SURFACE CONDITIONS.

CLASSIFICATION. .

SOIL SURFACE VARJABLES
STONY COVER
CRUST
BARE SURFACE (FREE FROM CRUST & STONY COVER)

N

NTO

WERE

SOIL TEXTURAL VARIABLES .
COARSE SAND
MEDIUM SAND
FINE SAND
CLAYR SILT

USED

COMPSITION VARIABLES -
A. CARBONATES
TOTAL CARBONATES
CALCIUM CARBONATES
CALC & MAGN. CARBONATES
B. GYPSUM

PHYS{CAL PROPERTIES VARIABLES .
ELECTRIC CONDUCTIVITY OF SOIL PASTE

REFLECTANCE VARIABLES -
SIGNATURE OF CHANNELS 4. 5.68 7
CHANNEL. COMBINATIONS



(D) THE CORRELATION MATRIX REVEALED THE FOLLOWING :

(D MSS-IMAGERY CORRELATION :

- CHANMNELS 4.5.&7 ARE STROMNOLY WNTERCORRELATED.

— THE HIGHEST CORRELATION IS LED BETWEEN G6&7 CHANNELS WHLE

THE WEAKEST CORRELATION CHANNELS 13 BETWEEN 487,

- THE RATIOS ARE SO WEAKLY CORRELATED. THE 7/6 15 THE WEAKEST

CORRELATION.

(2) SS. ConpiTioN— MSS DATA CORRELATION

- 9 55C HAVE SIONFICANT CORRELATION TO MSS DATA.

— CHAnNMELS 4 &7 & 7/6 ARE THE MOST STRONOLY CORRELATED DATA

10 SSC.

= THE S5C couLD BE CLASSIFIED ACCORDING TO THER RELATION

WITH MSS- DATA INTO 4 OROUPS -~

(0 GrOUP WITH S5C HAVING NON- SIGNFICANT CORRELATION
WiTH MSS- DATA: H (coLor HUE). ¢ (COLOR chRomMA) & V' (CcoLOR
vaLUE) € (SUMMATION OF SAND TYPES).

() GROUP WITH S55C. HAVING NO— CORRELATION WITH CHANNEL
AVERAGES AND CHANMNEL RATIOS ; CR (CURSTED surFace) & CAR
(TOoTAL CARBOMATES).

()} GROUP WITH SSC HAVING NO CORRELATION WITH  CHANNELS
RATIOS: CE (COARSE ELEMENT), CEN (WEIGHTED COARSE ELEMENT).
C+S (cLav+siT). CALC (CALCIUM CARBONATES) anp DOLO
(DOLOMTES) THEY ARE CORRELATED TO THE CHANMNELS AND THER

SUMMATION. THE STRONG CORRELATION ARE :=

C+S & CEN TOo MSS 7
CALC anD EC TOMSS 4

CEN anp CE 10 MSS G.

Gv) GROUP WITH SS5C. HAVING CORRELATED WITH 7/4 RATIO

(R=0.310). THIS PARAMETER IS COMPOSED ONLY OF G (GvPsurp.

a



THE CORRELATION HMATRIX OF (S.S.C-MSS) ALLOWS TO OIVIDE THE

SS.C mTO TWO CLASSES -~

(D CLASE wiTH +vE CORRELATION WITH MSS. They ARE CrR. GSF.
(C+S). Vv anD THE CARBONATES.

(2) CLass wmITH —vg CORRELATION: CEN. CE & EC.

THE SSC. THAT HAVE CAPITAL INFLUENCE ON MSS paTa CAN BE
EXPRESSED BY THIER DETERMINATION COEFFECIENT (R). THIS  COEFFECENT
ALLOWS TO CONSTITUTE THE SERES OF S5.C. THAT HAVE THE STRONGEST
INFLUENCE IN SiNAI PENMSULA ON THE MSS DATA. THis stRES WHICH s
COMPOSED oF CALC. DOLO amo (C+5) causes 45% ofF The VARIABILITY OF

MSS parta,

Tve OBJECTIVE QF -THE 3TUDY OF THE CONCERNED RELAT'ONSHPS IS
TO PROVIDE HNEw MFORMATION PRECISING THE MAFPING OF THE sons AND
THEIR SURFACES, Thig STUDY ENABLES Us T1o DETERMINE THE MSS- MOST

DISCRIMINANT PARAMETERS OoF SS.C.

A> ConcerNpio THE MSS cHammeLS

1 CHammeL 7 g USED TO ODFFERENTIATE THe CRUSTED
SURFACES FROM NON~CRUSTED,

2 CHANMEL 6 13 USED TO MAP ACCURATELY THE COARSE
ELEMENTS,

3. CHANNEL 4 TRACES THE DFFERENT CATEGORES OF THE

TOTAL CARBONATES,

(B) CHAMNEL RATiOS :

1674 15 ABLE TO D FERENTIATE THE DNF ERENT  COLORED

ZOMNES, -

< 7/4 MaP3 THE DFFERENT LEVELS OF CARBOMNATES & oYPsum

CONTENTS.



3. REMOTELY ssns:-:b -~ SOl MAP :
LAMDSAT DIOITAL DATA ALLOWED US TO ELABORATE REMOTVELY SENSED
GOL MAP WHICH I5 COMPOSED OF SUBJECTIVELY - SPECTRAL TEST SITES
EACH TEST SITE CONTANS B1 PIELS.
THE FIELD STUDY DISTINGUISHED THE FOLLOWING MAIN CLASSES OF
SOL SERVICE CONDITIONS (85C)
# CRUSTED SURFACE : OYPSUM & / OR CARBONATE CRUST COVERS MORE
THAH BO%4
% MODERATELY CRUSTED SURFACE : 40 To 604 OF THE ZONE AREA.
# SANDY SURFACE : SURFACE FREE FROM THE CRUSYT & COARSE
ELEMEHTS { HOT MORE THAN 20% OF THE AREA) .
* GRAVELLY AMD ROCKY SURFACE : MORE THAN 40% OF THE 2ZOnNE
AREA.
#* AT THE FAN DELTAS OF BABA AND SUDR.: THE CRUSTED SURFACES
ARE COMPLETELY ABSENT WHILE THE ORAVELY & ROCKY ONES ARE
DOMINANT.
% THE SANDY SOI. SURFACES ARE WIDELY DISTRIBUTED AT FEIRAN
DEL.TA & THE HORTHEN PART OF EL GA'A PLAN,
# THE SUPERFICIAL MATERIALS OF QABALIAT SLOPES AND OF THE

MAIN PLAIN FORM CRUSTED SURFACES.

L}

4. CHARACTERIZATION AND MAPPING OF SSC.

THIS PHASE REVEALED THE FOLLOWING SURFACIAL CHARACTERISTICS :

(D Basa VALLEY DELTA : IS CHARACTERISED BY MODERATELY
UNDULATED SURFACE, MODERATE GSLOPE. COARSE TEXTURE.  HIGH
CARBONATES CONTEMT. LOW GYPSUM CONTENT & STRONG SALINITY.

(2) SUDR DELTA : IS DISTINOUISHED BY EXTREMELY UNDULATED
SURFACE. STEEP SLOPE. COARSE TO  MEDIM  TEXTURE. LOW
CARBONATES AND GYPSUM CONTENTS & MODERATE SALIMITY.

(3) FERAN DELTA : IS GENERALLY ~CHARACHTERIZED BY SLIGHTLY
UNDULATED SURFACE. OENTLE SLOPE. MEDIUM TEXTURE. LOW CONTENTS
OF CARBOMNATES & ovPsumM & WEAK SALINITY.

C(4) THE NORTHERN PART oF EL QA’A PLAIN IS SLIGHTLY TO .
MODERATELY UNDULATED SURFACE. MODERATE SLOPE. MEDIUM TEXTURE.
HIOH CONMTENTS OF CARBONATES AND GYPSUM AND RELATIVELY STRONG
SALMITY.

(5) THE SOUTHERN PART OF EL QA'A PLAIN IS A PLANN  SURFACE.
OENTLE SLOPE. COARSE TEXTURE. LOW CONTENTS OF CARBONATES &

OYPSUM & STRONU SALINITY.



CONCLUSION

THE CAPABILITY OF LANDSAT IMAGES TO MAP THE SSC. OF
AN ARID REGION.
THE COMPARISON BETWEEN GROUND TRUTH & COMPUTER MAP
SHOWS:
L THIS MAP COULD NOT DISTINGUISH BETWEEN THE CALCAREOUS
COARSE ELEMENT SURFACE & GRANITIC ZONES .
2. THE GRAVELS AND STONES SEEM SIMILAR WHEN THE
BACKGROUND IS CRUST OR SANDY S0,
3 IN THE INTERIOR OF SOME CARTOGRAPHIC UNITS. THE LIMITS
BETWEEN THE THREE COMPONENTS “CRUST. SANDY SOIL AND
COARSE ELEMENTS" DISAPPEARED.

THIS CAN BE EXPLAINED BY :
- THE SURFACE ROUGHNESS IS A DOM]NANT FACTOR AFFECTING
PIXELS GREYLEVE|
— THE PIXELS GREY LEVEL INTEGRATE THE INFLUENCE OF THE
SOIL SURFACE CHARACTERI STICS
= THE COMPUTER MAP NEGLECTED THE SLIGHT DIF) FERENCE OF
PIXLES GREY LEVEL.

THE CHARACTERIZATION & MAPPING OF S.S.C. SHOWED THAT THE
NORTHEN PART OF EL QA'A PLAIN AND FEIRAN VALLEY HAVE THE
HIGHER AGRICUL TURAL POTENTIALITY IN SW SINAL

THE RELATIONSHIPS BETWEEN THE SSC.  AND THEIR
UNDERL YING SOILS WERE PHYSIOGRAPHICALL Y ESTABLISHED: THREE
GREAT GROUPS WERE DIF FERENTIATED :

GYPSIORTHIDS. PALEORTHIDS AND SALORTHIDS, THE TWO FIRST
GROUPS WERE ALSO CLASSIFIED EVEN TO THE FAMILY LEVEL.
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