
Root calcrete formation on Quaternary karstic surfaces of 
Grand Cayman
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INTRODUCTION
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GEOLOGICAL CONTEXT
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Map showing the location of Grand Cayman Island and the study area.FIGURE 1
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DESCRIPTION OF ROOTCRETE 
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Field photographs of root
calcretes in the Cayman Formation,
northeast part of Grand Cayman. A) Root
calcrete surrounding tree roots in dolo-
stones in upper part of Cayman Forma-
tion. B) Brown, thinly laminated root cal-
crete lining cavity created by tree roots.
C) Cavity facing surface of root calcrete
showing small grooves that were once
filled by tree rootlets and root hairs. D)
Root cavity in dolostone lined with man-
ganese-rich root calcrete (RC) and filled
with lithified terra rossa (TR).

FIGURE 2
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Reworked dolostone with fine root traces
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Indurated dolostone with root traces
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Hand samples of the rootcretes showing the arrangement
of the main zones. A) Rootcrete developed in a relatively narrow cavi-
ty. It shows a thick alteration zone (1) and an accretionary, in this
case laminar, crust (2). B) Strongly developed pisolithic zone (3) on
a thin laminar one (2), most of the nuclei of the pisoliths are frag-
ments of the dolostone. C) Completely filled cavity. It shows an
alteration zone (1) and laminar crust (2) coating all along the cavity
and a latest infill with pisoliths and dark micrite (3).
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Accretionary zone
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Laminar crust-calcrete
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Microphotographs of the calcrete microfabrics. A) Alteration zone (1) and laminar crust (2) made in this case by dolomite crystals with
micritic filaments. B) Laminar crust mainly formed by brown coarse micrite-microspar (to the left). The final infill (right) of the cavities consists of
very desiccated micrite. C) Alveolar septal structures showing the large pores and the micritic filaments. D) Coated grains (peloids) formed of a more
homogeneous nuclei and a very irregular cortex made of micrite filaments, smaller peloids and detrital grains. E) Micrite with gastropods completely
filling the cavities. F) Nodular crust coated by dark micrite. Peloidal micrite is the final infill of the cavity.
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Dolomite crystals and micritic septae
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Alveolar septal structures 
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Peloidal laminae
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Micrite
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Coarse brown microspar
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SEM images. A) Weathered dolostone showing spores and mucus between the dolomite crystals. B) Weathered dolostone. Organic struc-
tures amongst dolomite crystals are causing their partial dissolution. C) Loose dolomite that is being etched by organic structures. D) General view of
calcified root cells (some are encircled) forming mosaic with suggest a tissue like pattern. Calcified filaments also occur. E) Detailed view of the
calcified cells formed of a central nuclei (1) that consists of a calcite crystal and an outer cortex (2). F) General view of alveolar septal structures.
Microborings and calcified filaments are also shown. G) Detailed view of calcified filaments within the alveolar septal structures. H) View of a micritic
peloid. The inner part is formed of calcite and some clays. The cortex is formed of calcite crystals growing amongst debris of clay and micrite. I)
Detailed view of the crystalline cortex of the peloid. J) General view of the micritic microfabric showing small size calcite crystals some clays and
spherical pores. K) Irregular contact between the micrite and microspar laminae. L) Micrite-microspar laminae. Some of the larger calcite crystals
contain spores.

FIGURE 5
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Needle fiber calcite

k##(0#$3-C#%$5*05-,#$5%7+,*0+$*%#$51.5#.,%*,#($8*-.07
-.$,"#$*%#*+$?-,"$*0/#10*%$+#2,*0$+,%&5,&%#+B ?"#%#$,"#7$0-#
1.$ 0*%'#%$ 5*05-,#$ 5%7+,*0+B 1.$8&5&+B 1.$ +21%#+$ *.(T1%
51.-(-*B 1.$3-0*8#.,+B *.($-.$,"#$8-5%1C1%-.'+>$9-C#%+B
f$ R>I$!8$01.'$*.($R>R@$!8$?-(#$:9-'+>$b`$*.($bU;B *%#
31&.($*%1&.($,"#$8-5%1C1%-.'+B 31%8-.'$-%%#'&0*%$*''%#'*,#+
&2$,1$W$!8$-.$(-*8#,#%B *.($1.$,"#$+&%3*5#+$13$+2"#%-5*0$C1(-#+
*.($5*05-3-#($3-0*8#.,+>$D*%'#%$3-C#%+B ,72-5*007$f$Q$!8$01.'
*.($R>F$!8$?-(#B *%#$&+&*007$015*,#($-.$,"#$21%#+$13$,"#$*0/#=
10*%$+#2,*0$+,%&5,&%#+B -.$,"#$1&,#%81+,$2*%,$13$,"#$8-5%1=
C1%-.'+$?*00+B *.($-.$,"#$8-5%1C1%-.'+$:9-'+>$b6$*.($b<;>

k##(0#$3-C#%$5*05-,#$5%7+,*0+B ?"-5"$*%#$51881.$-.$5*05%#,#+
: #̂%%#55"-*$*.($ #̂%%#55"-*B FGGW;B "*/#$C##.$*,,%-C&,#($,1
C-1'#.-5$*.($.1.=C-1'#.-5$1%-'-.+>$!"#$501+#$*++15-*,-1.$13
,"#$3-C#%$5%7+,*0+$?-,"$1%'*.-5$+,%&5,&%#+$-.$,"#$6*78*.$%11,=
5%#,#+$+&''#+,+$*$C-1'#.-5$1%-'-.B 21++-C07$%#0*,#($,1$,"#$C*5=
,#%-*$1%$3&.'->$U,$-+$*0+1$21++-C0#$,"*,$+18#$13$,"#$+8*00#+,
*''%#'*,#+$13$.##(0#+$1%$8-5%1=%1(+$:9-'+>$b`$*.($bU;$8*7
"*/#$31%8#($-.$*++15-*,-1.$?-,"$(#5*7-.'$8-5%11%'*.-+8+
+&5"$*+$C*5,#%-* :D1-+7$#,$*0>B FGGG;>$k#/#%,"#0#++B -,$8&+,
C#$*5).1?0#('#($,"*,$,"#$(-33#%#.,$5%7+,*0+$+-A#+$51&0($C#
(&#$,1$2"7+-515"#8-5*0$2%15#++#+>$

INTERPRETATION

e#5#.,$ 5*05%#,#+$ 3%18$<%*.($ 6*78*.$ 2%1/-(#$ #/-=
(#.5#$13$,"#$-821%,*.5#$13$8*5%1$*.($8-5%11%'*.-+8+$-.
,"#$?#*,"#%-.'$*.($31%8*,-1.$13$5*%C1.*,#$(#21+-,+$&.(#%
+&C*#%-*0$ 51.(-,-1.+>$ 6*/-,-#+$ 31%8#($ C7$ 20*.,$ %11,+
C#5*8#$ 0-.#($ ?-,"$ %11,5%#,#+$ *+$ *$ %#+&0,$ 13$ .&8#%1&+
51820#E$*.($-.,#%%#0*,#($2"7+-15"#8-5*0$*.($C-15"#8-5*0
2%15#++#+>$!"#$2%#+#.5#$13$0*8-.*,#($%11,$,%*5#+$-.$,"#
(101+,1.#B *.($ ,"#$ 155&%%#.5#$ 13$ .##(0#$ 3-C#%$ 5*05-,#B
+21%#+B *.($8&5&+$C#,?##.$,"#$(1018-,#$5%7+,*0+B +"1?+
,"*,$%11,+$5%#*,#($+2*5#$31%$,"#8+#0/#+$C7$C%#*)-.'$(1?.
,"#$"1+,$(101+,1.#+>$41%#1/#%B (1018-,#$5%7+,*0+$(#%-/#(
3%18$ ,"#$ "1+,$ %15)$ ?#%#$ ,%*22#($ *.($ C1&.($ 1.,1$ ,"#
?#*,"#%-.'$+&%3*5#+$C7$,"#$8-5%11%'*.-+8+>$!"#$(1018-,#
5%7+,*0+$ -.$ ,"#$ ?#*,"#%#($ A1.#$ *.($ ,"#$ %11,5%#,#$ *%#
#,5"#($*.($51/#%#($?-,"$+21%#+B 8&5-0*'#B 3-0*8#.,+B *.(
.##(0#$3-C#%$5%7+,*0+>$!"#$8-5%1C#+$*.($,"#-%$*++15-*,#(
8&5&+$8*7$"*/#$C##.$%#+21.+-C0#$31%$,"#$2"7+-5*0$*.(T1%
8#5"*.-5*0$*0,#%*,-1.$31%$#,5"-.'$13$,"#$(1018-,#>

L0/#10*%B 8-5%-,-5$ *.($8-5%1+2*%$ 0*8-.*#$ 31%8$ ,"#
*55%#,-1.*%7$ A1.#$ ?"#%#$ 2%#5-2-,*,-1.$ 13$ 5*%C1.*,#
*%1&.($ ,"#$ %"-A1+2"#%#$ ?*+$ ,"#$ (18-.*.,$ 2%15#++>
L0,"1&'"$0*8-.*#$31%8#($13$*0/#10*%$+#2,*0$+,%&5,&%#+$*%#
31&.($ ,"%1&'"1&,$ ,"#$ 5*05%#,#B ,"#7$ *%#$81+,$ 51881.
501+#$,1$,"#$?#*,"#%#($*%#*+>$L0/#10*%$+#2,*0$+,%&5,&%#+
"*/#$C##.$*,,%-C&,#($,1$,"#$5*05-3-5*,-1.$13$%11,$+,%&5,&%#+
*.($,"#-%$*++15-*,#($3&.'-$:K%-'",B FG@b;>$U.$,"#$6*78*.
#E*820#+B ,"#$501+#$*++15-*,-1.$13$*0/#10*%$+#2,*0$+,%&5=
,&%#+$?-,"$3-0*8#.,+B +21%#+B *.($.##(0#$3-C#%$5*05-,#$-.(-=
5*,#+$/#%7$*5,-/#$*%#*+$13$,"#$%"-A1+2"#%#>$!"#+#$0*8-.*#
%#2%#+#.,$,"#$,%&#$l%11,5%#,#m 0*8-.*#>

4-5%-,#$0*8-.*#$*%#$-.,#%C#((#($?-,"$*00$13$,"#$1,"#%
8-5%13*C%-5+$31&.($-.$,"#$5*05%#,#+>$!"#+#$0*8-.*#$8*7
%#2%#+#.,$ #2-+1(#+$ 1%$ *%#*+$ ?"#%#$ %11,$ *5,-/-,7$ ?*+
%#(&5#($*.($2%#5-2-,*,-1.$13$8-5%-,#$?*+$21++-C0#>$!"#
2%#+#.5#$13$8&5&+$*.($3-0*8#.,+$-.$,"#+#$0*8-.*#$+&'=
'#+,+$ ,"*,$ C-15"#8-5*0$ 2%15#++#+$8*7$ "*/#$ C##.$81%#
-821%,*.,$,"*.$2"7+-515"#8-5*0$2%15#++#+$-.$,"#-%$2%#5-=
2-,*,-1.>$
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4-5%1+2*%$0*8-.*# *%#$51881.07$,"#$0*+,$8-5%13*C%-5$-.
,"#$0*8-.*%$5%&+,B &+&*007$-.$51.,*5,$?-,"$,"#$.1(&0*%$5%&+,$1%
,"#$5*/-,7$3-00>$!"#+#$0*8-.*#$51881.07$*0,#%.*,#$?-,"$,"#
8-5%-,-5$ 0*8-.*#>$!"#$.&8#%1&+$3-0*8#.,+B 8-5%1C1%-.'+B
*.($+21%#+$31&.($-.$,"#+#$0*8-.*#$+&''#+,$,"*,$,"#7$8*7
"*/#$31%8#($,"%1&'"$8-5%1C-*0$*5,-/-,7>$41+,$13$,"#$5*05-,#
5%7+,*0+$-.$,"#+#$0*8-.*#$"*/#$*$+21%#$*+$,"#-%$.&50#-$:53>
Y1.#+B FGGQ;>$!"#$2%#+#.5#$13$5*05-3-#($5#00$%11,+B "1?#/#%B
+&''#+,+$ ,"*,$ +18#$ 13$ ,"#$ 0*8-.*#$ 1%$ 5%7+,*0+$8*7$ "*/#
31%8#($(&#$,1$%11,$*5,-/-,7>$!"#$8-5%1+2*%-,#$0*8-.*#$+##8
,1$"*/#$31%8#($,"%1&'"$,"#$(-%#5,$*5,-/-,7$13$1%'*.-+8+B #/#.
,"1&'"$-,$-+$.1,$*0?*7+$21++-C0#$,1$(#,#%8-.#$,"#$#E*5,$,72#
13$1%'*.-+8$-./10/#(>$

4-5%1=+5*0#$#%1+-1.$*.($%#?1%)-.'$*%#$-.(-5*,#($C7$,"#
(-+,%-C&,-1.$*.($51821+-,-1.$13$,"# 2#01-(*0$0*8-.*#>$!"#
3*5,$ ,"*,$+18#$2#01-(+$+##8$,1$%#20*5#$*.($'%1?$1.$50*7
'0*#C&0#+$-.(-5*,#+$,"*,$+18#$51821.#.,+$(-($.1,$1%-'-.*,#

-.$,"#$6*78*.$98>$U,$-+$-821%,*.,B "1?#/#%B ,1$.1,#$,"*,$,"#7
*0+1$ -.50&(#$50*7+$ ,"*,$2%1C*C07$*("#%#($ ,1$ ,"#8$*+$ ,"#7
?#%#$81/#($*%1&.($-.$,"#$5*/-,-#+>$e11,$2#.#,%*,-1.$*.(
81/#8#.,$-.$,"#$5*/-,-#+$51&0($3*/1%$2#01-($31%8*,-1.$*.(
,"#-%$*%%*.'#8#.,$-.$,"#$0*8-.*#>$91%8*,-1.$13$2#01-(+$-.
%#0*,-1.$?-,"$%11,+$*.($*++15-*,#($8-5%11%'*.-+8+$-+$*$518=
81.$3#*,&%#$13$5*05%#,#+$:6*0/#,$*.($Y&0-[B FG@IJ$Y1.#+$*.(
aX&*-%B FG@G;$ *.($ 2*0&+,%-.#$ #./-%1.8#.,+$ :9%#7,#,$ *.(
]0*A-*,B FG@QJ L01.+1=P*%A*$#,$*0>B FGGQ;>$!"#-%$155&%%#.5#
-.(-5*,#+$8&0,-20#$2"*+#+$13$+1-0$31%8*,-1.$*.(T1%$#%1+-1.>

4-5%-,#$?-,"$C-150*+,+$0*8-.*#$*%#$-.,#%C#((#($?-,"$,"#
(-33#%#.,$0*8-.*#$C&,$81+,07$3-00-.'$+8*00$-%%#'&0*%$+&%3-5-*0
5*/-,-#+>$D15*007B ,"#$8-5%-,#$-+$5&,$C7$%11,$,%*5#+>$!"#$2%#=
+#.5#$13$,"-+$8-5%13*C%-5$-.$,"#$0*8-.*%$5%&+,$-.(-5*,#+$,"*,
?*,#%$51&0($*55&8&0*,#$-.$,"#+#$%11,$5*/-,-#+$#.*C0-.'$,"#
2%#5-2-,*,-1.$13$8-5%-,#$*.($5%#*,-.'$*$+&-,*C0#$8-5%1#./-=
%1.8#.,$ 31%$ '*+,%121(+>$ L+$ (#+5%-C#$ *C1/#$ :'#.#%*0

SEM images. A) Microborings showing a very homogeneous distribution along the calcrete, in this case micritic microfabric. B) Straight
microboring outlined by coarse calcite crystals. C) Microboring showing a partial infill of calcite needles and euhedra calcite crystals. D) Needle
calcite crystals of different sizes they are associated with curved microborings. E) Spores occurring in the porosity of the alveolar septal structures.
F) Detailed view of the spores, they tend to occur in groups. G) Spores in the coarser calcite crystals. H) Messes of needles giving places to the for-
mation of irregular bodies of 1-2 µm size. I) Needles on organic structure either filaments or spores.

FIGURE 6
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(#+5%-2,-1.$13$,"#$%11,5%#,#+;$,"#$0*8-.*%$5%&+,+$*5,#($*+
-82#%8#*C0#$ 0-.-.'+$ 3*/1%-.'$ %*-.$ ?*,#%$ *55&8&0*,-1.
?-,"-.$,"#$5*/-,-#+$*.($+&C+#X&#.,$8-5%-,#$2%#5-2-,*,-1.>

K"#.$2%#+#.,B ,"#$2-+10-,"-5$5%&+,+$-.(-5*,#$*$5"*.'#
-.$,"#$+,*C-0-,7$51.(-,-1.+$13$ ,"#$5*/-,-#+>$!"#7$31%8#(
?"#.$3%*'8#.,+$13$,"#$"1+,=%15)$3#00$-.,1$,"#$%11,$5*/-,-#+>
!"#+#$3%*'8#.,+$5*.$C#$51*,#($C7$%11,+$*.($*++15-*,#(
8-5%11%'*.-+8+$*.($,"&+$,"#$(-33#%#.,$8-5%13*C%-5+$2%#/-=
1&+07$(#+5%-C#($5*.$31%8$1.$,"#8>

!"#$0*+,$2"*+#$13$5%&+,$31%8*,-1.$-.50&(#($3-00-.'$13
,"#$5*/-,-#+$C#,?##.$,"#$2-+10-,"+$1%$C#,?##.$,"#$?*00+>
a18#$13$,"#+#$5*/-,-#+$8*7$"*/#$C##.$31%8#($?"#.$,"#
%11,+$?#%#$01+,$,1$(#5*7>$!"#$5"*%*5,#%-+,-5+$13$,"#+#$3-00+
+&''#+,$,"*,$,"#$8-5%-,#$8*7$"*/#$C##.$2%#5-2-,*,#($3%18
?*,#%$,"*,$?*+$21.(#($-.$,"#$5*/-,-#+>$a1$,"#7$?#%#$0-)#
/#%7$+8*00$0*)#+$,"*,$?"#.$(#+-55*,#($+"1?$,"#$+*8#$3#*=
,&%#+$*+$2*0&+,%-.#$0-8#+,1.#+>

DISCUSSION

e11,5%#,#+$(#/#012#($1.$(101+,1.#+$ -.$ ,"#$6*78*.
98$-.50&(#$51821.#.,+$*.($8-5%13*C%-5+$,"*,$*%#$+-8-0*%
,1$0*8-.*%$5*05%#,#+$,"*,$*%#$31&.($-.$+&%3-5-*0$51.(-,-1.+
*.($ 50*++-5*007$ 51.+-(#%#($ *+$ ,"#$ lOm "1%-A1.$ 13$ +1-0+
:<-0#$#,$*0>B FGbS;>$!"#$3*5,$,"*,$,"#$5*05%#,#+$0-.#$,"#$%11,
5*/-,-#+$+"1?+$,"*,$+&5"$5%&+,+$5*.$31%8$-.$.1.="1%-A1.,*0
*.($ +"*001?$ +&C+&%3*5#$ *%#*+$ *.($ *%#$ .1,$ .#5#+++*%-07
%#+,%-5,#($ ,1$81%#$1%$ 0#++$ 30*,$ +&C*#%-*007$ #E21+#($ +&%=
3*5#+>$L0,"1&'"$%*%#B ,"#%#$*%#$1,"#%$#E*820#+$13$5*05%#,#+
,"*,$2#.#,%*,#$C#(%15)$1C0-X&#07$:6*0/#,$*.($Y&0-[B FG@I;
1%$*081+,$/#%,-5*007$:e1++-.+)7$#,$*0>B FGGQ;>$41+,$0*8-=
.*%$5%&+,+B "1?#/#%B *%#$(#/#012#($*+$"*%($"1%-A1.+$-.$+1-0
2%13-0#+$:<-0#$#,$*0>B FGbbJ$4*5"#,,#B FG@S; *.($*%#$*++1=
5-*,#($ ?-,"$ %11,$ *5,-/-,7$ :N+,#C*.$ *.($ O0*22*B FG@IJ
K%-'",$#,$#0>B FGGSJ$L01.+1=P*%A*B FGGG;>$̂ #%%#55"-*$#,$*0>
:FGGS;$"*/#$+"1?.B "1?#/#%B ,"*,$+18#$,72#+$13$0*8-.*%
5%&+,$8*7$31%8$1.$,"#$+1-0$+&%3*5#$*.($-.$(-%#5,$51.,*5,
?-,"$,"#$*,81+2"#%#$?-,"$57*.1C*5,#%-*$C#-.'$,"#$(18-=
.*.,$1%'*.-+8+$ -./10/#(B C&,$C*5,#%-*$5*.$*0+1$20*7$*.
-821%,*.,$%10#>$L0'*#$*.($3&.'-$*%#$*0+1$).1?.$,1$51.=
,%-C&,#$ ,1$ ,"#$ 31%8*,-1.$ `1015#.#$ 5*05*%#1&+$ 5%&+,+
:O*"0#B FGHH;>$!"#$6*78*.$ %11,5%#,#+$ *%#$7#,$ *.1,"#%
#E*820#$13$,"#$(#/#0128#.,$13$0*8-.*,#($5%&+,+>

!"#$*%%*.'#8#.,$13$,"#$8-5%13*C%-5+$-.$,"#$0*8-.*%$5%&+,
+"1?+$,"*,$,"#7$(#/#012#($,"%1&'"$,"#$-.,#%20*7$13$8*.7$(-=
33#%#.,$2%15#++#+$,"*,$12#%*,#($+-8&0,*.#1&+07$1%$*,$(-33#%#.,
,-8#+>$ U.$ ,"#$ -.-,-*0$ +,*'#+B (-++10&,-1.$ *.($ 8#5"*.-5*0
%#?1%)-.'$2%1(&5#($5*/-,-#+$13$/*%-*C0#$81%2"101'7$*.(
2%1/-(#($*$%11,-.'$*%#*$31%$20*.,+$*.($*++15-*,#($8-5%11%=
'*.-+8+>$Z.5#$,"#$%11,$+7+,#8+$?#%#$#+,*C0-+"#($-.$,"#$5*/-=
,-#+B *0/#10*%$+#2,*0$+,%&5,&%#+B 2#01-(+$*.($8-5%1+2*%$8-5%1=

3*C%-5+$31%8#(>$U.$,"#$6*78*.$#E*820#+B 5*05-3-5*,-1.$13
%11,+$%*%#07$0#*(+$,1$,"#$31%8*,-1.$13$5*05-3-#($5#00+$0-)#$,"1+#
,"#$ (#+5%-C#($ C7$L01.+1=P*%A*$ #,$ *0>$ :FGG@*;$ *.($ O1+-%
:QRRW;>$!"#$2%#+#.5#$13$8-5%-,#$*.($8-5%-,#$?-,"$C-150*+,+
+&''#+,+$,"*,$+18#$13$,"#$5*/-,-#+$8*7$"*/#$C##.$2#%-1(-5*0=
07$3-00#($?-,"$?*,#%$31001?-.'$2#%-1(+$13$"#*/7$%*-.>$!"#$0*+,
2"*+#$13$5%&+,$31%8*,-1.$-+$%#51%(#($-.$,"#$%#($8-5%-,-5$*.(
8-5%1+2*%-,-5$3-00+$13$,"#$5*/-,-#+>$

!"#$/*%-#($*.($51820#E$*%%*.'#8#.,$13$3*C%-5+$-.$,"#
6*78*.$%11,5%#,#+$+"1?+$ ,"*,$ ,"#-%$ 31%8*,-1.$?*+$51.=
,%100#($ C7$ 51820#E$ 2%15#++#+$ ,"*,$ -.50&(#($8#5"*.-5*0
C%#*)(1?.$13$,"#$C#(%15)B (-++10&,-1.$:5"#8-5*0$*.($C-1=
5"#8-5*0;B 2%#5-2-,*,-1.$13$5*05-,#$:-.$%#0*,-1.$?-,"$%11,$*.(
8-5%11%'*.-+8+$*.($*0+1$-.$21.(#($?*,#%+;B *.($#820*5#=
8#.,$13$%#?1%)#($8*,#%-*0>$!"#+#$2%15#++#+$*%#$,"#$+*8#
*+$,"1+#$-./10/#($?-,"$,"#$31%8*,-1.$13$,"-5)$5*05%#,#$2%1=
3-0#+$ 1.$81%#$1%$ 0#++$ 30*,$ +&%3*5#+$ :K%-'",$ #,$ *0>B FGGSJ
L01.+1=P*%A*$#,$*0>B FGG@C;>$U.$,"#$0*,,#%$+#,,-.'+B 5*05%#,#
5%&+,$31%8*,-1.$%#X&-%#+$%#0*,-/#07$01.'$2#%-1(+$13$/#%7$01?
+#(-8#.,*,-1.$%*,#$*.($+,*C0#$,#%%#+,%-*0$0*.(+5*2#+>$!"#
2%#+#.5#$13$,"#+#$,"-.$%11,5%#,#+$0-.-.'$5*/-,-#+$-+$*$50#*%
#/-(#.5#$13$#E21+&%#$+&%3*5#+B #/#.$-.$,"#$*C+#.5#$13$*.7
1,"#%$3#*,&%#+>$!"-+$-+$-821%,*.,$C#5*&+#$,"#$%11,5%#,#+$8*7
C#$2%#+#%/#($#/#.$-.$+-,&*,-1.+$?#%#$81+,$13$,"#$+&C*#%-*0
5%&+,+$*.($1,"#%$+&%3*5#$-.(-5*,1%+$13$#E21+&%#$"*/#$C##.
01+,$ ,"%1&'"$ #%1+-1.$ :e1++-.+)7$ #,$ *0>B FGGQ;>$ U,$ -+$ *0+1
-.,#%#+,-.'$,1$51.+-(#%$,"*,$,"#+#$%11,5%#,#+$31%8#($1.$*
)*%+,-5$ +&%3*5#$ ,"*,$ 51/#%$ 0*%'#$ *%#*+$ 13$ ,"#$ 6*78*.
U+0*.(+B +1$/#%7$2%1C*C07$,"#$5*05%#,#+$%#2%#+#.,$81%#$*%-(
51.(-,-1.+$*.($*%#$-.(-5*,1%+$,"*,$,"#$(18-.*.,$?#,,#%$50-=
8*,#$51.(-,-1.+$%#+21.+-C0#$31%$,"#$)*%+,$31%8*,-1.$?#%#$*,
,-8#+$-.,#%%&2,#($C7$+"1%,$81%#$*%-($2#%-1(+>$

CONCLUSIONS 

c-++10&,-1.$-.$%#0*,-1.$,1$,"#$-.-,-*0$+,*'#+$13$5*/-,7
31%8*,-1.$*.($8#5"*.-5*0$*5,-/-,7$13$%11,+$*.($*++15-*,#(
8-5%11%'*.-+8+$ #.,#%-.'$ ,"#$ 5*/-,-#+$ *%#$ ,"#$ 8*-.
2%15#++#+$?-,"$?"-5"$ 5*05%#,#$ 31%8*,-1.$ +,*%,#(>$ \1,"
2%15#++#+$12#%*,#($1.$*$8*5%1$*.($8-5%1$+5*0#$*+$+##.$C7
,"#$ 8#5"*.-5*0$ '#.#%*,-1.$ 13$ 3%*'8#.,+$ *.($ (1018-,#
5%7+,*0+$13$(-33#%#.,$+-A#B C7$,"#$2%#+#.5#$13$58=+5*0#
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