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Abstract: High-sensitivity multi-channel aerial gamma­
ray spectrometric survey conducted over the studied 
Abu-Had area, Central Eastern Desert, Egypt (Lac 
26°:20 ' and 26°: 35' North, long. 32°:40' and 33°:20' 
East) provides reliable measurements of the apparent 
surface lithologic concentrations of potassium (K), 
equivalent uranium (eU), and equivalent thorium (eTh). 
These data can be expressed in the form of nine 
radiospectrometric parameters of absolute, ratio and 
reverse ratio values: K, eU, eTh, eU/eTh, eU/K, eThJK, 
eThleU, KleU and KleTh. 

Because the nine parameters taken three at a time 
result in a total of 84 combinations, the choice of which 
combination to use should include consideration of the 
purpose of the aerial geophysical survey and geochemical 
models of interest to the interpreter. In the present 
research, the ternary images were produced from the four 
following combinations: eU, eTh and K (three 
radioelement composite colour image), eU, eU/eTh and 
eUIK (uranium composite colour image), eTh, eThieU 
and eThIK (thorium composite colour image) and K, 
KleU and KleTh (potassium composite colour image). 
The ternary (three- component) image method is an 
effective method for displaying in a single image any 
three radiospectrometric parameters. Since a distinct 
colour hue is used to represent each ternary ratio on the 
map, zones with similar ternary ratios will be represented 
by a unique colour. This distinct relationship between 
colour hue and ternary ratio allows the map to represent 
the surface lithologic radioelement distributions better 
than anyone alone of the nine radiospectrometric 
parameters. The generated four ternary radioelement 
maps provide a partial synthesis of the radio spectrometric 
data that can be used as an aid to lithologic discrimination 
based on colour differences. Furthermore, they highlight 
zones of preferential radioelement enrichment and 
potassic alteration zones. Consequently, they enabled 
narrowing down favourable target areas for detailed 
ground geological, geophysical and geochemical follow­
up for mineral exploration purposes. 

Keywords: Geology - ternary images, aerial-ray spectrometric 
survey data, Eastern Desert, Egypt. 

~.;-JI ~)WI .h;1~1 J....Jl.:;" .~! ~! ~I 4..l...;. ~'*' :~I 

~,) ~ t' ~II!~I ~1."....4-W1 ,.r~>'1 c:-JI ~L..:,~ 

~ ~L.,. ,J-!i" ,.....IJ..l1 Uh:...J J~I ~~)'1" '4"J~1 .h;1~1 
~~ 260 35'" 260 20' v4?-~ 0:!-! " j'-AA ,,)--,,JI ~y:.J1 .I~I 
4"J~~ .2~ 2800 ~L...."; ,U';" 330 20'" 320 40' J.,..b" 

~)WI ~I .:.,... JS """"'-'J-', '1!~4bJ1 ~I~ .:.,... Uh:...J1 

~I~"~I u-- I~ I.~ ~ ~I", t-!1.,rl1.,rA.l..lI" 

~I~I .:.,... JS ~! ~L..;,>'4 ' I!.H-"WI .4i L. jA..l U~I :";'LS:..r.J1 

e--JI U,;;... ~ ...... IJ..l1 Uh:...J ~y:.J1 ~L.:...II ':-'~ ,'='..\.:>.)01" i",U)o1 

I!~I c:-JI r--i <...J.......ly' t' 1!.il1, ~I~I ~L.....;.>'II!~I 

.Ij.:.,i F ~ ,1983, ~_)Ol ~.;iJ1 4.S~I"; "~.....,,~!" 

<)~L.....lI~.u:; ~Lj! .:.,... :j.:>.S. ,..... IJ..l1 UJ..:.... 4-U" ~~I .I~I 

~~>,I ......~I ~4-h----J1 J...>~ u~ ~ .W~I ~4-JI" J»4-.l1 

4 ~ ,~I Uh:...J ~I~~!~ dI.:.s" ,~I~I 

4..L1)1 ul"J)01 ~ .b.l.:... ~ ~~>'4 dI~" ' U),~ ~I~ ~jA ~~ 
(i"~~,J-!.JI" i"-,"",~I 'i".",.:.IJ~I) u)UJI ~L....!.>,I .>'""'L.:..Ul .)..:.~JI 

~..; ~.;-JI ~)WI.h;I~I~';" .::.....IlL.... .~I~~!~" 

~~~~! ~L..;,>'4 · ul"J)01 ~)l;.;..! ~ I~~!~I ~I..\.:>."JI 

.:.,... .;.,....).-0 ~! 1O:l:w .;>JI" ' ."rL....!.>'1 ~~I ~lL .~L.;;JI ~lJlb:J1 

.~4-0S~I" ~L...,~~1.4.,J~1 ~I ~l:i...II" .=.~)ol 

~.:..... ~~i .L...l..:i ~I-,-, ••.r-i--~~~~! ~L.:iu.....:. 

~ Ub:...lJ 4.,J~1 ~..?l~ ~.,JI 4J..4'J! ~I ~L.:ilh.:...J1 

~! J....:; ~ '--U:;jA 4--,';'IJY- ~I~~ ,J.,)ol .jlb:J1 ~ .~I 
J....:; ~~lL 4---,"",..;Y ~I~~ • .!...IWI" JWI .~I";,j.:., 19.4 

~lJlb:J1 ~ ~ L...S .JI,.,:J I ~ ~I ~ .j.:., 11.9 , 12.5 ~! 

. 2.6 ~! J....:; ~ '--U:;jA 4--~~,J-! ~ I~~ C;-'WI" .!JWI .JWI 

ui ~! ,~I I.;.. J)L;.. .:.,... .J...,.,:JI t' .~~I ~ ULJI ..; 2.0 . 1.5 

~L....!.>,I .>'""'L:...JI .:.,... :..;....... ~! u.....,:;.. ~~ ~lJlb:J1 ~ 

.U)UJI 

- ~L...!.! .:.uu..:. .:,~ - '-!S...J'" ~)l:; ~I.r'- - L,..,..,J~~ ..... .:.\...JS 

.-... - ~.AJI .I.".,....,JI 

.~L.....!~ ......... LL .~~/~~(S.J4-lJ.J-!i'J~~..J-1i~i 
.....(,LL ~iu,...JI.~ 

.....; ~ YI t.. ll..i , ~..J~I ~1yJ1 ~ 
>jAW/ , ,?~~I (530)"' . ..,.,. 

~.r1I..-..~~ 

246 

http:i"~~,J-!.JI
http:L.....lI


247 

~)J.iI1 ~1~1 J....."l:iJ ~LZ.:,! J! L..L..i ~1 Uu. ..J~ .(Aero 

<f~1 ~1 ~1.,rL....::..>'1 ~1 .;:,L:.4-!J w1.l~ll ~lj ~..,..Jl 
. - •. - LL ' L.o.:.~ -.:...:....Jl..w- U1.:...Jl J.G ~ • ~Il~.J ~ .J.. . - .;- . f'"...r ­

J.a.A.ll ..J~~IJ ~.,J~1 ~1~1 t>-.J :w 

~1 c.>-o 1~.>-=:-- ~1.J..Jl u.b..:...J ...... Wl 4.,J~1~ 

t.:..L......JJ ...... Wl 4....~1 ~IJl~! ,W u.b..:...J 4~~1 

~ .(E~SMA, 1978), ~.J..>..:i..I1 .;:,LLJ~IJ 4.,J~1 

J...:Y..... u.... 1.,:r... .....fi..o ;j~J ~L:. ~ ,If..:... ...,-i.J..l1 .~1 

.4!.".....J ~ U1.:...Jl 4.i! ~~ .; ,~~1 ~1 J4.::-­

UJ.w. .; ~Jr.'-yJ l ~1 d ......,..u. ,:r...yJl .....k.,Jl ~ ~J 

.1~ r~~1 u.... ~1~! ~1 

(Precambrian Era) .;4-=Jl ..4i L. ~ -1 

(Shadli Metavolcanics) ;j~1 JJl!:.Jl .::.l..;.lS:.)-! 1-1 

- - "11 1- -'1 . JJl!:.Jl ..:. .0.11 UJ.w. Jl I.". - " ~.>- ~~ ~ ~ .~~..>-!. 

4..;.lS:.)-! ~ u.... ufi:u ·rJS 10 Jl>,," ~ ~..." ,~1 

~.Y . ;j~ 4!.".....J ~~L...:....J ili.l....... ,~! ;j~ 

.( (2) JS:..ll )<.:.i) ~1 U1.:...J .J..:U ...,-i.J..l1 .~1 .; 

(Older & Younger Granites) .:......~IJ r~~1 .;:,~1~12-I 

~I.J..JI U1.:...J ...,-i.J..l1 .~1 .; ~I .;:,1......,Jl 0':'" ~.Y 

04J ';~1 ..r'1~1 (Hussien el at., 1982)~ 'wJ ~i 
:(1) JJ~I';~.,..,. LoS: ......~I.;:,I ......,JI 

) "U=KJi J! .illlS:" ~ "U=KJi - .illlS:" ~ 

~';"U=KJf' ~.; 

~1~..JIu....~ 

~1~IJ! 

J.,!.....JI ~lS:i u.... ~ ~~ ~lS:iu....~~~ 
~>'I ~W1J.,!.....Jl 

~ ~.J-O ~ t L....::..>'1 ~ ~tL....::..>'I~ 

r~~1 .;:,~1~1 u.... u-kiJ ~~ 

(Cretaceous Period) <f~4bJ1 ~I -2 

(Nubian Sandstones) ..,.-1yJl ..,-Lo.)I..r.o--=J1 1-2 

.,..,. '..,.-1yJl..r.o--=Jll':'" u-k 4!yJl J...)I -:-IJ.J t>-I ..;.u.i u.... J) 

,......,:JI ~ UJr.'-."J ~ (Russegger, 1873) ~J.J rJWI 

41-0.)1 -:-IJ.)I .:.,...p (Said, 1962) ,~ V'.JJ .yA-4 .,..~ 

~~~!.J,~I~~I.I~I';~~I 

tL.... .; 4!yJl 41-0.)1 .J~~1 0':'" ~ji 'F-luJl <f~4bJ1 

~ U=-!~ ~."JI ~.J..l1 ~1~1'; JL:..,J-!i UJ.w. ~ 
330 20 J 320 40 J..,J.. ~ U=-!J ~L...:.. 260 35 J 260 20 ~~ 
..,..:.4J1 u-k ,W ~.M> Jy;. JlA!. 2rJS 2800 ~t........; .U.,;-.. 

. rJS 40 JI>,," t4" tot....... u-k J.;Jl ~ ...,-i.J..l1 


~ 2' 

, 
I 

I 

~O' 
, 
\,, 
I 

2S' .'/ 
,./ 

I 

26 0>' 
I 

~I 

.. I 

N ' I. I hr 'h"h' .,' e;lI . 

. I 0 lOll . 00 kill '-1i t. _ _ _ _ _, _ - - ­ - -!j­ ___ ____ __ _ 
22' 

11$' .\6' 

~I~I ..,; ..lL...j-!i Uh:...o ~,.,:; ~~: (1) JS...t 

y.AA ~.;:.J I 

1:.J~ ~ , ~IJ ~I~~ ';..r'~ ~I UJ.w. ~ 

..,..,>i.ll J! ,ld..ii.J! u-k~I ,~~I ~ u.... t U..J>,I .; U1.:...J1 

,W u-ki UJ..:....J.I ...,-i~1 JL....!JI ~.)I .; (L=-uIJL:..) J.P..~..." 
(JL:.. ,J-!i) J.P.. .!lL.:ur, Ub.;.J1.J.....J .; ·r 759 J! 4LU..J! ~~ 

J.P.. L.i .JlyJl u-k r 595 J 630 ¥u..J!~"'" , (~1) J.P..J 

520 u.... 4LU..J! .J..I-Y- ~ UJ..:....J.I 4!,>i.l1 ~I .; Jr.'-yJl (V'~) 

,W <fJ1J u.... ~,:r... r-t-l."J..i ,~)l:; ~I ~ uL:J."J1 ~i .i,;;.. 
,.,..~I o~H rLL J:... ~J ~ 4!,>i.l1 ~I .; rJS 40 J~ 

UJ..:....J.I ~~I ~I ';J . ~L...::.. ~I ~ rWI 0~>'1 v& 
~1 .; L.i , rJS 20 Jl>,," ~ ~ .~1 t.i:. <fJIJ .!lL.:ur, 

~u....~ t'!Wl'; .4.~ rJS 13 J~ '.i!.J+!:..l1 <fJIJ 4!~1 
JJ~ .....WI ~1 ~1 U=-! ~L..:;Jl I"'" ' 1982 rLL ~J 

~IJ (Egyptian General Petroleum Company: EGPCI 

~.J..>..:i..I1 .;:,LLJ~IJ 4~~1 ~L.......lJ 4...oL...J1 ......~I 

(Egyptian Geological Survey and Mining Authority) 

-Service Comp.) ~-..>-"~1 ~~J..H! c~J "EGSMA" 

<fr.'-~ ...-'=.b .,rL....::..! J ~w.... c-"'! r4lll (Am. Aero 

4!.rU1~1~1 c.>-o .'>-=:--J ~~I.I~1 J-bL...... ~~ 

wi ~ ,~ ~L..~~ .;:,L:.l.H u-k ~ .ill,jJ .......~1 
.; 4.....:-i~1 oL:-J1 J JJj4.J1 J uJL....J1 u-<-~1 .; .J...L~ 

';O~I JL.....;.JI o~l U'..)~I .b"Ja...:.. .;:,~! .~I <f.J~1 

~ ~1~ Jw.J1 t.o 225) J JL....!JI t.o 45 w.J~ ~j)..! 

..,.-1,>i.l1 JL....!Jl o~! .b....)1 .b",.b.=.. .;:,.i:;...;!.J ' 4.~ rJS 1 ,5 u.J~ 

.~ ~I~ JL....!Jl t.o 315) J JL....!JI t-" 135) w.J~ ~j)..! 

~ u.... i,;;.. 120 Jl>,," ul~1 tu..J!~4.~ rJS 10 u.J~ 
-Service, 1984) "-'WI'; rJS 314 J! rJS 222 "-''>-!J ' ~.J~I 

http:4!,>i.l1
http:4!,>i.l1
http:JJl!:.Jl
http:JJl!:.Jl
http:J.a.A.ll


248 

~ ..; r6.0 t4= ~ .(Esna Shales) t..:.....! ~ :;WI • .>:JI,J 

.(Bandel et ai. , 1987) U"~ ~,J .;L:.. y.i 

(Lower Eocene Epoch) .;wI ~-,,!)'I ~ 2-3 

~-,,!\lI~ (Thebes Fonnation) ~.:r-P ~ 

...,..,.... .J.iI .~ ""'~,J .b....,J ..; t-I,J J\J..:. ~ (Ypresian) .;wI 

~ oW. o';r."".,J .ill,j,J • (Said, 1960) ~ 4..h...1y. ~ u.-.fli 

oW. ~.J.iI1 ~ ~l£ ~ ..,..~ ,J ~~I ~.l.o ..,..,,;. L:.~ 

JL..~I ~I .wi ~ u.-.fli ~ .J.iI .~~I ~I~I 
~~~ (Partonian) JYJ4l1..::..i.,J1 J~ (Cenomanian) 

J~)'I,J u4i-bJ1 d..l.:>..i .wi .ill,j,J ~."....)I ~I .;:.~l.:i:i 

i~ ..,r..".:J1 "",..,»JI tJ.;.lI .,?.;:JI JL..!JI ..1.:>...11 ~~ ~)'I 
~ ~ ~4W1 ~ r 35 JIY'"-! ~IJ..JI Uh:.... ..; ~ u.-.fli 

J.il. ~,J-:! (j.,.hJ I • .>:J I ";,J ..,-1-LL--l1 ~4-bJI 0...0 r 25 dJ,j 

.;L:.. y.i ~ oW. ~IJ..JI Uh:.... ..; ~ u.-.fli ~ '(j~4-b 
.( (2) JS!.l1 ~~ U"~ ~ ,J 

(Pliocene Epoch) ~>.!-4l1 ~ 3-3 

.I~I :~ ..; u,SL..i U~ ..; ~..>-:!-4l1 ..,....I,J.) ~.,..:; 

u.-..J~I ~~ .~ \II ~I J.:...L..,J ~I (j.;I.J.J ~..r'-ll 

..,....I,J.) ~~ .J.iI .~~,Ji ~ L..! ~>.!-4l1 ~ ~.;-JI 
1978) W (j.;I,J ..; ~~~ ~IJ..JI Uh:.... ..; ~>.!-4l1 

.(EGSMA, 

(Quaternary Period) t'!1.)ljA..J1 -4 

u~';,J U~ ..; ~IJ..JI Uh:.... ..; t'!1.)1 jA..J1 ..,....I,JJ ~y 

~ .U:!.,..:..JI (j.;I.J.J ~I ~ (j.;I,J,J W (j.;I,J :~,J ~J 

~,J ~4-.;-J1 ~I ~,J ~.J.iI1 ~I ..,....I,J.) ~ L-L-i 

.( (2) JS!.l1 ~~ (EGSMA, 1978) ~1y;J1 

~u ..,j.,,).; ~ ~~,J • ";Iy...! (j).l.o ~ ..,1! ..;Iy...! (j).l.o 

~I ~..I.:>...,JI o.l.A ~ .(El-Shazly et al., 1973) ~ 

.( (2) JS!.l1 ~~ ~IJ..JI Ub:...J "",~I ..,..~I ~ i~ i.~ 

(Duwi Fonnation) (j~1 u.-.fli 2-2 

Uh:.....b....,J • .;L:.. y.i ~ oW. ..,.LA....".£l1 (jy4J1u.-.fli ~ 

~L- ~4-b,J vLA...~,J .:.&>,J ..,.LA...~ ~J~ ~ .~IJ..JI 

r 8.0 ~ (jy4Jl u.-.fli &... ~~ .(A~stutz et ai., 1?84) 

~.,JI,J ~~I,J ~I vL-IJ..J1 ~ .l'L...;. r4.5 ..,1! ~~ 
..,1! W (j.;I,J ~ (j",wl (j~4W1 vLA....".£l1 ..,....I.JJ.J ~ 

~ . ~I r.a. .wi ~';,J..\.:>.A ~ ~ ..; .::.Ai .;:.~~ 4-'i 
~!.J ~ji.l1 ~ L.. J...IJ->-! (Collophane) ~.".1.KJ1 ~ 

.~.;JI ~I ..,.-I,J.)I,J v~l,J ~~I vL;l~1 r~ 

~I ~I 1:::'."'"\l1,J vlJ4>J1 4..h...1y. ~ ..,1! 4L>J11.l.A ..,..:.~ 
4-'LS.... ..; 4-H-,,;; ~.;~!.J ~u....j-Lli vL:.~I~,,;; ..,1! v.;i 

.(Amstutz et ai. , 1984) ..,.L> \II (~."...) 

(Dakhla Fonnation) ilil..J1 u.-.fli 3-2 

..,1! 1.l.A • 0 y.i ~,J .;L:.. y.i ~ Jp ilil..J1 u.-.fli ~ 

~i) ~I Uh:.... ..; U"~ ~ oW. ~.~ ..; O';r."",J "":'4­

~ (Maestrichtian) ilil..J1 u.-p.;wl • .>:JI ~~ .((2) ~ 

~(5~ \l1,J Jw.J1 • .>:JI ..; ~."..~ ..,1,J \II :~J~ 
.(EGSMA, 1978) "",~I • .>:JI ..; 

(Tertiary Period) ";~I #1 -3 

(Paleocene Epoch) ~~4l1~ 1-3 

~IJ..JI Uh:.... ..; ~~4l1 ~ ~I t1y\ll ~ 

ilil..J1 u.-P (j",wl • .>:JI ..; JI,J~ ~4-b,J J.&1.,J .:.&> ~ 

32 40 ' 33 [Ill' 

ttl YOUNC£R 
c;wroos 

; . 0UlER 
..... CRAftIT():!)S 

'\ •• tnr- \'*,> j 

http:4..h...1y
http:4..h...1y


249 

~~ ui ~ .I~,J ~~ .~L...... ul"Ji ..:,.. ~y-:! J., \>1 
~~~~ ui ~ .) . .J."...\>1 c.J.>ll1 ~~r 
4!',ij l l Loi , ~~4.J1 4!',Ajl~ 4! ', Aj l l .. oU ~,J ,~\>I c.J.>ll1 

.I~I •• I..r=J1 ul..,J\> 1 U--o ~;:U,J ,~""":"4J1 ~~ (S~~I 

~,J • ~~I c.J.>ll1 ~~r~~ ui ~ .•U.;.>JI,J 

~I~l u-k ~I IoU .) ~! ,.J."...~I c.J.>ll1 ~ 4..;.~ ~ 
,~.rJI.J...jI.FJ1 ..:,......,J.:i .) ~~4.J1 ;;!', Aj II 

~)~ 'fy;J1 ~I ..,...L....;..~I c;---JI .::.L:.4-! ~ 
~~>-! ...,..LL..,J (TC) ~I 'fy;J1 t La....:..~1 .~ uI~ 
~~~I ~L.:....JJ UJ..J......l1 uI~.>ilI,J • ~L.... / ~,J..),J..>4J1 

• ~I 4->J1 o.J...:>,.,H ...,..LL..,J (K) ~.J-:!-"'~~I :~,J U')UJI 

.~I .) .~I ~.J...:>,.j-! ...,..LL..,J (eU) ~~I ~~I~I,J 

,u..,:J..J1 .) .~I ~..\.:>..y. ~i ...,..li....,J (eTh) ts-ilS.J1 ~y~l,J 
, U:i:..... ( ......~ """"':').::.1 '- ti.....!lL.:..A. .a:; Lo 11 oL..;. ~L..

'-"'" -, ~ ~ <.S'. .' 

:..rA,J ~ ..:,.. ('+!L.....:.. ~ U~I ~~~I ~L.u..l1 

,(eU/eTh) ts-ilS.J1 ~y~1 ~! ts-ilS.J1 ~~Iwl ~ (i) 

.(eU/K) ~~L:;~I ~! ts-ilS.J1 ~~Iwl ~ (..,.) 

,(eTh/K) ~~L:;~I ~! ts-ilS.J1 ~y~1 ~ ([) 

,(KleTh),J (KleU) • (eTh/eU)..rA,J ~I .. oU ul....~ (J) 

~r ~~ .J...jl~ C;-!) .~! .) uI~1 .. oU u.o~l,J 
: JL:;JLS; 4:iL:.4.! ,~I ~I~I ~~~I .::.L:.4+1J 

..:,.. ufi:u,J 'ul"J~1 ~Ij ~.rJ1 ~~~I ~L.u..l1 ~...? -1 

t-" (eTh) ts-ilS.J1 ~y~1 t-" (eU) ts-ilS.J1 ~~Iwl .bh 

.(3 ~) (K) ~~L:;~I 

~I~~ ~."....:..JI ~~I.J...jI.FJI..:,.. ~ .J...jl~ .~!~ 

,~I~I ~L......:;.~I C".....JI J4-0 .) u..,lJ1 ~I.rll 4.:..i:i 
t-" ~l:w ~ ~! .::.L:.~I J..~ u-k ~) 4!',iill .. oU ~ 
ui ~ .,?-JI ,~I ~ ~.;'" o.JIL! IoU ~..,J .~I 4JlL.. 
, .hli '-:"7-Y' (S,l..o ~! .4Y' ~ ~! ~L.. ~ ..:,.. Ul,l..o Ufi..:! 
uI..\.:>..,J t-" '-:"7-yJl (S.....JlloU ~.~ ~ ,255 ~!~..:,.. C,J1y-:! 

et aI., 1987) ~I 4JlL.. ~Iy' .) ~..JI ~l=...II,J vO~1 
~~!.) W\..Z.JI tly~1 ..:,.. Wrl l ul"J~1 ~~ ~ ,(Drury 

1.Jl~! .~ ul"Ji ~ uI..\.:>.."J1 ..:,......,J.:i u.....ly' ~,J . ~I 

ui ~ .,?-JI ~I~I ~ ..!lL.:..A .~L..~~I ~WI ~ u-k 
.U.l.;L,J ul"J~1 .;~! ~ ,.J...jI.FJ1 ..:,......,J.:i ~ .;~~I .) .:.:..:,. 

":"',J .~~~I ~lA..Ll .ri.rll (S~ ~~I u.,JJ1.;~G 

4.1,.,..... ~~ .J...jl~ ul"J~1 ..:,.. ~\j I.J.;L .;~! J....O..i\>1 

~ ...... ~I ul"J\>1 .l.;L .) ~ ~I.JL O.;L ..!lL.:..A .4-L..,Jt... 

Lo O.lIL .~L..,_j..~,(~1 .::.L.:.l....HJI,J ul.,J~1 ~""' .vO..r>-l1 o~i 

0.;..,...- .L.::.:.~ ,(Broome), 1990 L.:,.,J 64~! 16 0-.0 ~~ 
~.;~G ~I ..:,.. % 2 Ji....i,J u-ki .l4-:!! ~ ,U-:!4:iJ1 ~I,J 
~ ~I ~ Loi .JlyJl u-k vO~1 ~ (S,l..o .;o.Ji,J ~i 
& Cordell et ai" 1987) 255 ~! ~ ..:,.. (SoWl .:.:..t.:.J ~ 

,(Duval, 1983 

.::.L.:.l....HJI0-.0 ~i) ~j..:>..b.h 0-.0 ~.rJ1 ~I.FJI G..:....:; 

U.J.i.! .::.L:.~I ..:,.. ......? JS ~~ , 0..\.:>..1,J ~...? .) vO~ 

.;~ ·W.rJ1.h..\1.FJ1~~~I .. .i.A ul.,Ji.J...h...:i ~ ,~I~! 
.J.;L ~~ , U~ ..rA ~I~~I ul"J~1 .J.;L ui ~! 0.;L;..~1 
.~I~~I ul"J\>1 ..:,.. UILy ..!lL.:..A .U~ ~! ~I .::.L:.~I ~.? 

"""" 0 """" 
I 

http:ts-ilS.J1
http:ts-ilS.J1
http:ts-ilS.J1
http:ts-ilS.J1
http:ts-ilS.J1
http:ts-ilS.J1
http:ts-ilS.J1
http:rJI.J...jI


250 

ts-i~1 ~..,...~I .)! ts-i~1 ~"';'I~I ~ t-" (eU) ts-i~1 ~"';'I~I .l:..h U-<> ~-' .,:.,I",J~I U.1.j ~,.>All ~"';'I~I u....--",," ·2 

.((4) ~I) (eU/K) ~~~~I .)! ts-i~1 ~"';'I~I ~-' (eU/eTh) 

&000 0 6000 


== 7
'-'...., 

ts-i~1 ~"';'I~I .)! ts-i~1 ~..,...~I ~ t-" (eTh) • .,}~I ~..,...~I .l:..h U-<> ~-' .,:.,I",J~I U.1.j ~~I ~..,...~I u....--",," ·3 

.(5~) (eThIK) ~~~~I .)! ts-i~1 ~..,...~I ~-' (eTh/eU) 

'_J 



251 

~1..::..Lu.jjiJI.)4l>L; U-o-AL... ~I" (~y--l;~I" ~,J-'~I" 
~ ~lo.!;.! ..::..Uu.:. ~ ~~ ~i .aJ,,(....I.)~1 Ub .; 

(lSRZ) (Interpreted Spectral Radiometric Zones ) ~~ 

u...:. u..w Iu..........:. . ......6 .((7) I<.II)~ 'II \, ~ - " . .). ..>-" .,," ~ ~ ~ _. 

6':'" ~" ..I,!~ ~..., .( (2) J$..:;.JI ~~ 4..,J~1 '..b....FJ~ 
yJOWJI ..::..Iy's.» (S.1.o :~ ~.) ~LL ~ 6.;-iJ1 ..::..Uu.:J1 

u..- ~I~ .)! ~" (eTh) ,(eU) ,(K) U')WI ~lo.!;.~1 

.,i~ ) ~ t U:i.)!) 4JS 4...;i .,i~ "i 4JS 4...;i t U:i.)! ~ 
'..b....r'>-~ ul..,J~1 r.)~" ~ .)! 6.)".l.! (S..I~ (S.j.II" .~~I ~I 
~~~I I':'" J~ u..-" ul..,J~1 U.lj ~.;-JI ~lo.!;.~1 yJOWJI 

~.;-JI ..::..iy's.;:.J1 .; ..::..I~ ~ ~I U.I)I ul..,J~1 .; ..I.lA~.II" 
'6~1 ~I ..::..Uu.:J1 ..I,!~ ~i .~')WI ~lo.!;.~1 yJOL:....lJ 

.( (7) J$..:;.JI) .; ~~ ~I" 

:(ISRZ No. 1) J",~I ·Ju.:JII.I 

.; uW! • ~I Ub .; .:,SLoI ~~ .; Ju.:J1 I':'" ~,J: 

'-:'~ .; ..>:P-~I" .~I J+;l4.!~1 ul:J1 -UL Uh:..J1 .b...." 

u.-fo. u-oL:..lI..::..li....,il1 c:-- LoW Ju.:JII':'" ~ .Uh:..JI.b...." 
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.(6 ~) (KleTh) 
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.(Duval, 1983) ~,J-'~I" 
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.(Zn) (Darnley et al., 1989) d:.)1 
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31 41,' .n (iO' 	 JJ 20' 

~ 4:o1.,Ji ..J~! Ui ~ ,( (2) ~I ~~ 4..-IJ .;.\1 UJ..:....J 

(..S ·1I~l.A.;':jl L.:...JI~· .... I~i.:..ll ~ ~II..J"-·'jl. .r' - • y.a ~ 	~ c.? c.?~ ~• 
. ( (3) ~I~~ ul.,J~1 U;lj 

JS.!. ~~ ul.,J~1 U;lj ~.;..ll 1"'~l:i~1 ~....A ufi:i:i 3·2 

t-" c.?.JL....... ~ 1"'~l:i~1 ~ .::.L:.l:-! u-- ~ .b.b. u-- ( (6) 

t-" c.?j.ojj ~ u-J~I I"'.»-I~I J! 1"'~l:i~1 ~ .::.L:.l:-! 

~.:... ~~i~ u-J~ll"'y~1 J! 1"'~l:i~1 ~ .::.L:.l:-! 

.::.I~I ~L..i ~i.J ,i!S~1 6...U>y> 1"'~l:i~1 ~L..i ~~I 

.J ...,......:..11 Ji.. l.!.J~! ~ ~,J ,~ ~ y.aL.:...J .::.L:.~ 

.~L..~I ~.:... .)! ~~I ~.:... ";,.,..0 I""lill U.Jll1 ~~ , U"L.:..:JI 
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4-:i..>+l>i..u ..,...:;-JI,J .....~I .::.~I ..J~!.)! ~i u.....,~1 
.( (3) ~I ~i) ul.,J~1 U;lj ~.;..ll ~u;..>,1 y.aL.:...J1 ~....A 

ul.,J~1 U;lj ~.;..ll ~)WI ~I.PJI I"'I~! u i ~I I':'" ·1 

~L.:uJI0-0 'j~ .....~I~I~I ~lA.!.>,I.::.L:.~ 

.::.~I.J .::.I~.,JI ~ ,.; ~i.J (S..,.ii ufo. '~.J~ ~u;..>'1 
,u.t...J1 .::.L:.~I ~L..i ~~ ~i.J ~I 

ul"J'i1 u.lj W.;..ll ~lA.!.>,I~L.:uJ1 u.....,~~ ·2 

u-J~I l"'y~l.J ~\..S.JII"'~IJ~I 0-0 JS ~ 0-0 (':'~I) 

~\""';")'I ~L.:uJ1 ~.i..6 .::.~.JY.l ~I.J ~J~ (I"'H-~~I.J 

,~.,J~I ~L!..JI ~~ ,.; i~ ~~ wi ~~I U)WI 

ul.,J\l1 U;lj ~)WI ~.;..ll I"'.»-I~I u-- ~ ~Ip~ ·3 

u-J ~1 I"'.»-I~1t-" u-J ~I I"'.»-I~1u-- ~ .b.b. u-- ufi:i:i) 

c.?~ u-- ~ .)! ~..,....:.... I"'.»-I~I ~ .::.1i!S~ a; 1·2 

~L..i ~~ 4J~ u-- ~ ~~ I'""i 1"'~l:i~1 .J l"'y~1 
(International Atomic Energy Agency) I"''»-I~I .::.L:.~ 

U;lj ~.;..lll"'.»-I~I~....A UU ,.illj ~ ~~ .1988 ,1.AEA" 

~~ ,.; i~ .~ .::.L..~ ~ ((4) ~ .)i..:.i) ul~~1 
u-- ~~I ~.:... ~ , 6...U>.;..lI4-0.»-I~I.::.Ii!S~I.::.lj .::.L:iLh:J1 

, .IIL..·...i~1 ·I .. II~ · ........ '1_1~1u;1 - ~1 . ~:IU.b.b. 
~ _ <.S" 1"'~J.r-' ~ ~ . UJ" J..P­

U.Jll~ 1"'~l:i~1 .)!,L..."...:.... u-J~I I"'.»-I~I ~....A 'c.?,Jl..&...J1 
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