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Eukaryotes

Fungi

Cilates
Plants

Flagellates

Green Bacteria
Purple Bacteria

Methanogen:
Cyanobacteria  [Thermotoga Halophiles
G Gram-Positive &
e Bacteria Thermophiles o
4 \
Arche®
Prokaryotes
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DIAGEMNESIS

CATAGENESIS

METAGENESIS |

Highly

Living Organized
Organisms Biopolymers
Recent
Sediments
Individual
Monomers
W
Ancient
Sediments

principal zone
of oil formation

zone of
gas formation

lignin,
proteins, g 1

pelysaccharides

lipids,
hydrocarbons

Heterogeneous
Random
Geopolymers

enzymatic reenter the
(microbiological) biological cycle
degradation #

used by micreorganisms
te synthesize the constituents

of their cells
amino acids, g
sugars
A
used by micreorganisms '
preserved as a source of energy
random i
o mineralization
polymerization '
and condensation €0z H,0 \
minor alteration
retaining \
. fulvic acids, carbon skeleton |
m-;reasl:ﬂ humic acids, W |
condensation humin
and geochemical fossils ]
insolubilization 1 |
¥ rel Il
kerogen of trapped i\ J
v molecules \',-" 3 / hydro-
thermal / \ carbens
degradation Jr (P 1
hydrocarbons, low to
medium molecular weight | |crude oil
cracking cracking high melecular
| welght
i methane and gas
light hydrocarbons
carbon residue



Hydrogenindex

15

10

05

Type |

Products given off
from kerogen maturation
[ c0,, H,0

I Ol

[ Wet gas

[ Drygas

e ——— i ——— i — o — ]

I Mo hydrocarben

potential
-=—— |ncreasing

maturation

Type IV

0.3

Oxygen index
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Diagenesis

Immature zone

Oil zona

gas zone |gas zone

Depth (km)

%

% in each typg ——»
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65( * *

Very Slight biodegradation

'° 1L Pr/Ph = 1.29, PrinC,; = 0.97

MCH

Non=biodegraded

93°C; 36.1°API; 0.38 cp
Pr/Ph = 1.52, PrinC,; = 0.63

68°C; 31.5°API; 1.04 cp

Ph

—— 1Lk “4

67.7°C; 30.8°API; 1.68 cp
Pr/Ph =1.29, PrinC,; = 1.29

Slight biodegradation

—

4

) 7)* 575
I %&&%#5

) I++#

%& m

Slight-Moderate Biodegradation

65.6°C; 29.2°API; 1.5 cp
pr  PriPh=1.25, PrinC,; = 3.89
Ph

20
25

Moderate biodegradation

74°C; 26.5°API; 2.02 cp
Pr/Ph = 1.32, PrinC,; = 4.97

Pr
Ph

[
i
Heavy biodegradation

47.4°C; 21.4°API; 7.5 cp
Pr/Ph = not present,
Pr/nC.,. = not present

ucm

) 5 5*
0 )
) 7- 57-
%&& '



Light oils

Heavy oils

Struciural rearrangemant/

- Major mass less ~50% > <m|nor mass loss -=20%
“Total acid number 0.2 0.5 1.0 1.5 2.0 2.5+
{mg KOH per g oil)
APl gravity {"AP1) 36 a2 a 28 20 5-20
Gas:oil ratio 017 - 0.12 0.08 0.06 <0,04
(kg gas per kg oil)
Gas wetness (%) 20 10 5 2
Sulphur content (wi%] 0.3 0.4 0.5 - 1.0 1.5+
G5, saturated hydrocarbon 75 70 €5 en 15
content (%)
Level of biodegradation
Scale of Peters and Moldowan 0 1 2 3 4 5 6—10
Scale of Wanger et al. None Very slight Slight Moderate Heavy Savere
Methaned | | smm I E— S i —— ?:
E‘aig Ethane o ——
Propane s |
Isobutane o ——————————— |
n-Butans - =
FPentanes ===
n-Alkanes g 4
Gy tsca!icangs S _-
HCs Isoprenoid alkanes i —— Iﬁ*
BTEX aromatics EEE R q
Alledloyolohoxango || |  m====- |
mﬁ?ﬁs - e
C’EE?S% Isoprenoid alkanes ——— _H.
Naphihalenes (T, ;] ——f-=== s |
Phenanthrenes,
srootiiophanes e E——
Chrysenes - —_—
Requiar steranes -
C2;—C4: hopanes = = —
CieCas C—C,, hopanes !_!_-_a
biomarkers| ;ggﬁ?:memd = ——
hgonqgmmtic
ayﬁﬁ;camm& N
Gammacearana = —
Oleanane = = ——|
C,—Cy, steranes m— |
Tricyclic terpanes -_-_IE*
Diasteranas -
Diahopanes —;
25-Norhopanest
Nt Alkylcarbazoles B gl
8] Carboxylic acidsi e |
====== Minor removal T Produced and destroyed during biedegration
Major alteration
s Femoval

—eeeeeee e Methane generation and possible destruction
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(oxic)

high Eh

suboxic
S phytane
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terpane

s Biologic Environments of ;
Compound i Literature
precursor deposition
Caehopane bacteiia Marine. reductive Peters 1 Moldowan. 1991;
SR ‘ ’ conditions Moldowan et al., 1992
Cao-hopane prokaryotes Carbonate, salt Clark and Philp, 1989
Gammaceran i Marine, evaporite e g
Jé o e . A b , EVi
bacteria I Venkatesan, 1989
C30*170(H)- : Continental, Oxic or | Peters and Moldowan,
. unknown .
diahopane oxidative 1991
Continental
_ vascular plants, s ) Ekweozor and Udo, 1988;
Oleanane ey : Cretaceous age and : ;
anglosperms ) Riva et al., 1988
younger
Cay-Tatracyclic . Connan et al., 1986,
i y unknown different

Philp i Gilbert, 1986

Tricyclic terpane

Bacteria, algae
Tasmanites

Marine or lake

Albrecht, 1986;
Simoneit ef al., 1993;
Revill et al.. 1994

21
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2
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2 20, '
s 19. '\
Ny 22
18 N 124
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9 |il. 2
1 5 3 + % 6-‘— 1ol r \ fh “r2e
21 y .h.\'llrljl |'H 3034
wfwa\mwwwu@dwm'wwﬂ i W i ,
Retention time (minutes) ———
$ 1 %8 ! 0




P "# $ %%&'

() =
() =
() =
+ () =~
() =
() =
() =
& ( ) =
(¢ n =
% « 9 =
1
D
1y *
+ ( & 0%3$$%) $
( 0$ $ $ %) $
( 0 0)
( & 0$%)
& ( 0)
( 0 0)
% 1
( 0 0)
( 0 0)
( 0 0 )
+ ( o 0/
( 0 0.9




&) 0& 1/&1)
6! 7

3 $) 24

% !

+2 3 3
'
+9) 9) 9
$) 25
H(
.y
#
)

$)



$ % &$'S$'( )



©(
*+n *+u+||
0 1
&
"'/5 46 770 4"
' #
) * * * *

77 2!



$

%& (

A

#

* 4+

"4






"#%$% "% &&'



| "
o

" .

.23 ' |

")
)

4

7 6 0 11230

$ & &

#
15 1.2

1'' 230
P #

6

1.-2!

$

11. ' 26 0 11-2
' 23

& &'



#1$ % # & '
% ! I
$ () & * o+
&-. [V - . /tOo1/n - ! -0 |/ & -
2%$3 '4/56/6! 7
"/ % 8 %
# 9 1% # & /
- $ & (% N
"l + + # &
# & /%% %
%
+ <
!
Frrri=ri1zrnril
grrenr:
Pl=r 1z imnr eyl
# #
INLILE DL L) #
trizerrnrrrirri=nr r=l
# # rznr iz e inr ryd
LN =)L T #




# # S F% 1& 1 '&
promwopey g %+
0 / %) & %' & m"
Y% )% & "
N L
0 & !&! %' 1
4 21! + 56 +7 I %) &
%)% & "' 9 | )’
%'+0 &5 &" &'&&
# !l %! o) &1
1 %18 &" 'l< 2
) & 1/ (%' =
23 + <2 + I ) 23 +66<2 +6
>% &" I >
)R % & g 1
I '>23 @ > 4
o o) A & ? I
L) B! Lo
" 2 1 "
I % 1'l< &8 " 2 21 o+ 56

>23 +6<2 + !

, I )>23 +<2 5+

(% '&" '

&) !
)
' 23
1 ) 8
Yo &
I &: !
[ L 2
+ 56+ 0
+
& ' & 2
1
21 + 56 +
+ /! % &
) 1)1 >2
+

&




%

%

I"#$

o



) (1, & *.

" #$

"% &

"y

+l| #

132432

52

3524 52

#$

52 !

637! +35 2/4 8352

52

1637!+352/4 37 837 63
7! 371637!+35 2/

45

52

37 837 352/4

I 371637! +35 2/

52 3%

1637

+35 2/4 635 2

52%

37 637 +352/4

37 837! 352/

I 63 24 837 63 2/

#$

+37! 63 2/4

837 637 63 2/

63

24 183 2




" H#HS !

" |
' # % &&
() #*
++1
!
. /& 0
1 1, 1 , $ '
0,
3&4 4 33 335 o
%26 4 7 444 4 428& 6 & 0 26 4 7
444 474 &"4 ' 28, $ 18, +




I"#$%

& "% ' $ $%
( ' & "$
% & ' ) '
* 1
"l "0-$%
1 "%/ '
%
2" (
3 ' 34$ "k % * )* ,*34
5 , L LI R L "o*"’* * *  _ *
534$ ,~k "!* #* * ,* "!* ) ,*534
1 1 LR L § L LU L § [ ,* "o "k
134% N L L L L 134
6 ' 64% "ok % %64




I HHS$) % #8') ( # )

+, 9 -
(-. / 01 1 2)*
3 34(
+, | 1 * )*
4
1 5 )*
5 ! , * H#&16 -
+ HH" * H#&I17 #H& | 7 * #& 1(8 1 *
19 *OHH&)*
5
1 4%6 ;
4%6 < 2. = 4%)> =#4%=%)
? 9 3 -
666 , , - - 4%6
77 * H#H&);
@7 < '= $4%6 *
4%6 7 * 5
7 < 2):4%6 = DA * H#H&&)

7< #:4%6 = # 3 * )



!%&"I
| &+

#$

0

s

#$

" &*



"#3%&(" )% (" ()

1& $& *%'(" ()
| %8 (" )% (")
1| %&( )% E(()
%& (' )*3
& & *3
&' *
& & *
1] 5% %&"6'(&"-'("#("6'L ('(&
T (e EHE
(& 8("("81)
11 %&"6"(&"-'("#'1 )*% " '("6'
&

(&"#'(&"'(&"8'("'("81 )




! "HS % & %

(
% *
% * # % * Yo#
/ / $
C(*%
2
33 4 5& ,3-45 & ,3-64
8* 9 -
II,II % *



12

12

$ (

(

-(.

%"4 5 6

!IIII#$%

)
0
&
12
8 (
9
>



! WS | "4 %&: 0

"H#%&'
* + ,
#- .
" #0 '

2

3
5 »
6
5
6 3



! “Hi HiHE S %

& ‘() * o+ !
Yot
/ 01 2
/
* 3 4
YoitHd 1 $ ("4 5
%#'
* 0
! + .
6
, 7 /1 897 S ; 7
0 < & '@4; " (‘45 %H# )
+* 7



% ! !

$& 2*

&

! %

%% $
!

% %

&



5

%&

)123* 4
6
% -9 -

7

#

#
0% +

%

/

i



" # $%



x g (% 4
- " -
1 2 3
4 # 056
89 *$" 9 e
1 2 %
% * =
1 / 1
g *
/
1 88 *
o #:
7 $9: $"$9
8&( *
#
1 - 3 0 88
*
5 # #
$e*
))?# % , ;
1 % )%t ?
88&9 5 0

#31" % S&I" # (")

* 4
+
0
*
< % 1 *
%
# %
$"'$9
#
*$""9 88&9 >
# *

$~k

88( *



) )
( )
( ™ '+ 2 ('3 45"
) 46,6(
10
) ) + )
* "+ n 2 (
) 7 &
) 4666(
)" 1 ) )1
') 4664(
11
) + #
) |
% & )
( 8 !

o)1 ' 0/
* " ) 46665/ ) 46645

)y /)1
)/ (

I %
% &

& +
') 46645 ) -45 %



$ $" $ % & & $% & % &
$%& $ S $" % &%
$ s " #



4% %

$

#
$
$II
L&
I %) #
&
!Il
& $
#
3 % %
% $ /&0$
$ %
0 o
1
#
$ $% $$"
%II
1
& #9

% $ %

&%)* #

"$ P &$$(
I %1 $

% ]
$% 5 %
% /

$$ &
8 %
%/ 3+"
$ #

I"$%5

1
2% /% *:8 $%
/ $% !

%

"%4% %6 %

% & $
$H% ) * #
#

$%

$" (# -
/0

$ &%)* #

$
%1 %. %2%$%/"%
%4 % /$
$H% )78 $%  $H%)* #
& ' #O &
#
I #1$

$  &W)*#

$%$ & % & %

$H% ) ) # $ 8
<( $ $%
$ % "$ %

/I $$



$% "

%ll

% $ (

3 2 !
1 4 |
6 "
sl 4 8l
( $.
$&
8!
$-
|
| |
I %
n )’ _
5"

)+



*()-

$ 8

5 8"

9)-

$
9:9 99%

()-

1
99%

%% &

¢ )

$ 2



2

_(2

$*

$(*

%

063

%
*&+

01

%7

/.0&1 0& *- (

2
7 *
*- (2 3
& $
&: %2 - (
7
%0 o (2
)
_(6+
%0 *- (
*__(#
* &
o LI
* "(
!
%> $
% * - (

&8

*



#$$%& '

! . 1% (0 12$
)4$$
5 %6$ !
H$%6% (

- BT +

( #8$)& * #ES# (

5

- H#H(,
(3
#$$ (,
1$$$ !

*

HESH (



'S % o
$& # $) * ™



% & & &
! T # % $
) % \
+ % % $ #-
%% HO + 0 1
% , 12 3 0
4 : : !
3 % % & # 09
# 3 % 6 3'7 % 6 3'7
! 8 % 6 87! 1 % 6 17!
, 3 # 3% 9 & 9
1& ' 51, 3 : $ %% - $
C - # %
% & # % #
-, & & & -
% " < 3 & #
2 # # = 9=
> #
% (## 35 3 +3 #
* % 3 1& ' 5l
, 8 # ) 9 &
, 8 % % & #
$ ! &
% %% - $ - $ ,
& # & + + %% & "
& 2 % & 8 & 9 8,
$ & # & %



A1

*/

0

/it



P # " $ $ % &

(
( (
( ( $
() « “+%0)#$, (
() ) *+%)
#E)HS,
( + W)HS  +%)HD)HS
( (
( (
(
( (
( ( $
() “+%)#$, () )
( *+90)#HP)#S, - ( (
/0 ( 1 (
( % 2*3,)44 45 60) ( 7% 2*3,)44 45 60) ( 8
% /2*3,)44 45 60) ( *7*8 % 2*3,)60) (7
% /2*3,49*3,)60) ( *% 7% 3, % /2*3,49*3,)60) ( 7
% /2*3,49*3) (  *% 37% 3, % /9*3,42*3)) 7% 12*3,4 9*3,) (
*% #7% 3, DY+ + 0 007% 3, DR <
007% 3,

(



% !

#$

&,/

(3

$'0%*

+

#$

$*
"%
$*
!
$
#
$0 !
+
&, $



%&Ill

x 3 %or+( ’
* %or+#."( #
, % 10 1%(
" % /10 11(
x4 % l2(
* % St (
+ o+ o+ o+ + % 3%14'0 3301410

3$1 410 3) 410 3)) 410 (
" + + + % 3%1 4
1$  3) 41% 3)) 41$ (
*+H g + + + + + + + + %

3%04 2 3$2142 3)142 342 3) 4
2 3))42 3)14 2 3)114 2(
g

% I - 0 1)
g

% /01 2! I
" 5 5

5 5 %
/1) 2011 g






et $ %

Y& ()
'/, 0 "& &
% &
&
!
& % & 45
(
% n
% %
+
7 $
& 8 %

11

I 3#

%

%

2/, 3#"

%



#HI# $

% #IH#s | ( (
) * o+ 1 " & S+ H #
/% (
( +
|
) $ o# &
/ $!) + "+
St # S+ H#
11 ( + ( . &0# 2) !
1 # 3!'0 410 !
+
15 4 6 (
|
7
6 ( 8." ) * +719) + ." 8
8& (<( " +." 8 : ;&8& (< (" Do) F o+
1 # # " 4=# 8& " 4=#H &B&
+ ( ; 6 (
4 |



%

%



% & () + ), - %
B %
%NH2 " %! #" $3! *

)
3 ! N 8
! 91'- I S
*1-2 S 8
"o ! 8
! 18 + "
91)2 % ! !
" I &$ +* 0+ "
8 ); 3 " 1 % %
" 1% 1%
< & 0 =% !
$ (2@ % & () O+
% ot
& ! 0 "
& B : *10+
& B:110); ' +
%! ! ! 3
. 616)6* **6 " %! C

>% !

3

I %

1/ 16/
I %
&

61%)61

/ - *
& " 1
I 5 67
: 9
911-% I
91 I11*+"
"o 18
12
")
!
)
)1 AO" %) 2
1 '/
B :*10 "
111 & 0"
I ) 2

| &2$$0)

91



# % &

( Y+, - [$ 0 Y+, - 1%
1 W+, - 1% &0&1& )+, 1%
0 W+, )2, /1% &0 , YW+, -2, 1$
Y+, -)2, 0 #2, )+,
H+,-)2, 0 , 3 4 3)$3%0 )
35 453)$30 , % & " ! 3
" !
%
7%
8 -$)%$ #$ !
% &
% & )9
%



#$ 1%
() -
(
( ) )
* "o
( ) )
4 )( ) 6 7
) +
( 3( 9
#
(
3 ( 9
<
> +' # T+
? &;9
+ +
>' +
(
8A
B *
+ > +
+ , , >
DO G #

0

&I



! " T # #Y 1 $% $%
" ( ) [ # r# )& $%| $%
* ] # ) ) | ## ' & $% $ %
'8 T e B # #] 7 | B # $% $%
& ! RS ) & 5% %%
& # 1 # [0 T ) # [" ] 7" s%|$%
%& " ) ) | L& T $% $ %
Y # | # & ! # & "& B% B%
T ) ! # . $% $%
% | #& S ) "&|$%| $%
# | " I & #| # 1 T $%|$%
T, & " |# I §% $%
) IS "H B% $%
NN # 1#H $S% S %
& N | && | && # 1" & " W "l
IEREEE # ") &M )
" & 1 1w " T
N I &% &) #
) r | & & & g) & | )
, Ty & [&& & | &) &) .1k 1],
21! W " & |& ! IR NE ")
2" T " # ) | & V&) " #)
2 AE FE ¥ &) ,) | !"
2" T & & |, & 1), &HE TR ")
2" & & & ) & # "
2", NEEREE & ) &) "
2 W o # (& |" & " 18 &) |
28& T " & |[& |t & &) &
2" W T, & & T &) &
, " & |, || & &) & &) #&
34 5
4 52 &) (&) | ! # &) |,
34 528& " et # & BEE &
4 52 EIEARE H 11 &, #
34 52) " &) | ! & &
4 528& Ty e # # &)& |
4 52" I R) & & & &,
34 52 " & || & N Il
34 524 "8 IRE & "] &'&| & |&#
62 NEEAERCE & | # &) & # #" )




& # " $ "] $1% % ™ "
% & % L A A T A N b L I "$!
& S I R T T "%
& ! I $ "] H#| S %#H|"S$S i

" (

1 "l % $ ™ " $ # %$ (%"
P % "$ o g ™ 1% H# | #
$ | (% % " " $| " %
$ 1 ( $ L L 1 $ | %% | %

( % % ! Lt N ! #
" S T - # ! % %

1! $ o '$ #
% |' (# % % | " " %$ S 1% # | %

(s "$ " " # 1% |%

T $ L0 "% I "B # (% $

oM " $ % I "$ "t Il
e $ ! $ ' "% L "|%# | #%
# 1 ("% # "M I "%l
$ 1" % # O# " $ 1 !

1 ! $ "™ "%! $ " %!
e " # # " # 1 # | %#
I ! $ " " # # % %
% |' ("# " #1" O | "%% "l 1%
("8 $ "% # " " "$ # %

1 ( M I N | $$ "% | $%
T #H # M "1 #0|"$ | %
P # % $ " " P % !
# | (% N $ 1" "% # "% [ %#
$ | ( # # P " P !
o ' % '$ %" |# ! $
) "+ $+% . "He +$+% - "t

+$+% o ) W%, - % -
) et %, - A ) e
A A + 0 12+ ) 2" : 12+ ) 2
" . 34531 116 , (07 89(




! " # $%&S$'S(

$% ) )% ) % ) &*+ , % )
&*+- , % )('$ . /0!
$ $ %&$ 'S ( & 101$
3
' $ 3 4
& +151$
B +16/&$  ,2(
50 7 3 18 16 & ,2(
3 $%8&$'$ (
3 |
) 3 3 &. 1/0( 3 3
& + 3 $%&S$'$ ( !
$ 3
& 1% 2
3 $%&$ 'S ( 3
!
$%&8S$'$ (
&4 1/ 0
$%&S$'$ (
|
3

| * $%8&$'$ ( 3



+ 1
!
, %& (04
"o [
0
2 , " %" M
%0+
.5 !
, 5
%& '(0*
% # ()47 "
%(4) (97" 4*
6, , - %o+
"6 3
2 3

%&
I) *
, 4
" 6 %+
4* $ 8
|) *
" 6
%
%+ )* "

6 1

7"

4*

# %
(O~



# $%

& n
( & !
) R S - . / 0 " 1 $1
2 3450 " 6! "
" 2 7 48 9
343 34: '
"HS%  #$%EW "
2
+Il
" #S%  #%5% $%
6>? 1$>% 64? 1$5 >$" ; $
#$% 2 8 @ 33!
; +
v A 65? 1672 13-1$
n ( n n
6 $ "
) " @

" HE%  #3% %
# $%



# 3% %& " &( ' %) & ' '&
# * %& ' ") % ' '
# * ++ '+ ") % '& "%
I %& "( ")+ " 't
HoF %& v "'%)" + ' 9%& '
- %& | ' D '
/. (0 + ' '+
I"# s %&"(()
+
& (%, % (% .- .% /
. 0 0 1 O *2 H o *2-2 /3
). o " " 4 " 0 5"
1 40 4 0 '
1 0 5" 61" ()




#

$%

&%



#$!

% K
% 1" "&
"8 (
*
) % + , )
o $/ DIO 010& 0'&' 1 0/000&
E " 0103 01&3 00/ 0100&/
2- $/ 010# &’ 01&/ 01043
- $/ 010$ 0104 010# 1 01000&
5 $/ 180 &01&0 &40 1 010008
(5 1$0 010 &#100 1 010008&
|
# $%
" o " &Hb &
o 7
#$
#$ 6
010& 0&6 010 g




$+4 # 1|

$.4

|
!
#
#
!
R

| |

! !

# 1$0 |
I #

%

$.3



I"# 1$%

& '('( & (
)
# *)
I+ % #")-%
/ %
&'('( & 0 1)V
1$% 2 3
41
5  # &'('( &
2 . %
#
#
5 & '('(
& (
#
" 1$%
& '('( & (
)
&'('( &
)" ))6# )
1$% 2 ' 2
))- )" # D



" #3%

" #E% & &

&
)
|& ( *
+ 1 %! % (
-1 +#(
0 |
( )
&
2
& +3+
o &
!
&
+33#% " (
' #HH#5

+ 1 %#+,1 %

+.% &

#$% " &

T(+33% " (
(

+ 1 %#+6! % ('



%

$ %#

& (89

0

'**:)

45 6



$%

&%



%

#$

%

$%

$%

%

3%'$

4+

#$

(
$'--/1$%
!
+ "%
!
! $
15  4+1515

$ %



$

98" () *+






#!II

$

%



" # $% &



$&!II
P # $%!" #



L"HS | "HS % & () "HE ) "HS % *#
)UHS ) HS % &H# 1 HS | HS % *# #



"4 $ $ % & 1THE $ $% & (
( 1"#$% & ( K & ( " THS ) H &
(" ( NHES )W #



%

$
o+

&,

&3 1
"0)4

$
)*

0



#
$ %
H*
- X
&+
EXEEL % & BT @ (HE %)
! & #
'&()
# *+ : % $-,%
n l '
/! " ! !
i )" I i 1
# 1
* $. 3+ % 1. $*
! ' n
6 ! #*+




!II #$%

& '(0* +
; # - )& ) -
| * &
I 10 &
)% &'(0* 0 &
& 11 & $.%
& $% 0 & $#* . &
1 + 2
3
14"5% 0 & $*
6 2 6 H2 . 4"5
6 2 & &
4'5 7 145
('(*&6 14"5 (& 8 2 145 ()(% 0
& $* 4 + ! 9 () 6
8 +
| *&
. 6 I< & % & '(0* -

162<= 9 & 162<=2<=,' > +



#' $%% &
% % '# % '

n ' #
%
, n #u
# #
& % (&)*
# n % 1
/ # %
! n #
0# n 1 n % 1 _
(&)*)* : % #
, %
% 2 # $%%
, ' # %
& "% ''#4 &
# :
# % n 6

Il#%

$%%

II%

(&)

)

&

%

%
%

#%

%

%

%



% # I
i ! $ $
! #"
" # %E&
! "1 HS %E&
<! )* 1 (
I #11
$ % & $
$ '$ % $
$ $ ( ) %
o ( PR
% R ) ") ! 0 1++.!
I $ * % Lot 3 0
3" $% ' % )0 4!
5 #11 g
* % $", 0 "$ %
/ 01++! $ 8 $ " "%
I !
S) $ % #! 3
"3 $ 3 ,% #3$$ $ $ $3%
) $ $3 " $
6 % $% % ) $8 " %
$ 7/ " % " g " (
8#"309 0 410 # % $ " (
" * 8 #"30 440 < " <1 % "3




% & ' (" F) I$ # #"
$# # (" O S ) & 1) !
) ") I$! ) !
A B #11) # I$ - ro. !
"# tHIg o) I 0 +0 111 O #H##
1S "11$0 +0 )" g rol
LoIs) # ! # 0 1y 1
$! %! 0 $! $") %! ) 21% **3
0 1y $!' ) 2! % & $ L)
) 21% **3 4 "11$0 +0 )" - .
"% 5)" 3 # ) 6 1) I$ 7 0
8! **3 I # # ! 5)"
. # ! # 1% $" # ol g - !
) # "1 g ! "# 1#% . ! "l
) " O#HIS #H## 5) ("1 ! 3
/" 1$ N Lo ! I$ "% #H% 1 -
! ! ) ! ! % 19
0 ;:0 0 I ;0 ! 0 0 ! <
0 8;03*8 ' ! #11$ !
) $# ! INg # 1 11 $ I"# H% = *E>



1%
#) T T #
% &%’
L% # # ! (!
* ! ! I$
+ H#* ,
#-l#  # # (G
* # | * | #1
11} _Il & n #% #_
& " #o# #
#oH# -1l # ## !
# % % 0 1'// 234 1 #
Lo# #) # - # I 1$ #
+ #* ' % #l - # % & % 1%
#1 " L# # x  xop




‘&%

*
,%

()~

" #

I%*

$%&

l%*



$

#3"

$(%)$

$(

#$

%

#$



% &%



# $% & ( ' (

) + - $
/I $ |/ ( 0
+ 1) 21"3 4 (
3
# 5 # " 6 #7 $ 4 0
( (
+ 1) 2/ $ 8 9% %:
( (
3 ) + ) 4
+. (<< 0<% <
$ ! ) = |
4 > ? (<<
<( < < <@ 1 8 2
+ # 0 $A &0
+ / 4(( 3 > + ) *

$-$,% 1 B;$%8%.$ A2 (<<"5

(( 3 3. / $A,.$%%



" #
)* + ’ ! -
12
3 [ 45, "6
17 /
0 " 9 -9
0 19 "-#)
'/
- / !
- 1
$ 1=1.1
0 " & ?
o " #
9 $
0 & 8
3 |
H# -
0 " & $ ##
D

&' BC
#HH 4 .

$ ##

/| D 2
22=221

%

#8

I D

&' (!
/o ## .1

19
; $33 9

4< =1<>=<

% A < % !

1<1<



# 9!
! % : 0*

8 & & #

! , 3 -l -1
0 &011 121341

5, 6 7 8
&"" "8 28!

7! &" 6 & ! S
49

? @ 4* &

A + 9 n > 1

5 ,- @B C < !'" D?
< 1% *34D¥( (3)3==

85 ~% 9=
I, 34)3

% " (90((

, $" 8!



$ % & '&)
, - ." /)00 ,0
% ) &) +1,
0, - "56
, 3 so0# (7
1'$ 2
0
$ )
5 1 % 2
! > 22,@ 3
& 61, +'
4, % +
0- & |,
18" (- #
4, % %, $0
0 , 0 -
22, @ & )

IA =

*'+

10
Oa

'2 n

$2 8
+8'

8+
6

2, 3 0& #
b 4 1
, 6 0 [*'[*
9 76 , " H .3 #
8<))& . | *=[*+=
5 0 ’ )
"k
) # # 5 9<
I 2 _
I 0 ,
& 210
- 2 | MH @
3 7" % (%
I 10 &# "



)*

$ (+ ’ - &I %
* [ . 2- 2 3 4

# 78 %

& [ %, " 9 # 1+ & *
%8 3 42 - o | |
g 1 +& 8

1 1<-& + H=>l

$ 7
0>
(% % 8% 0 1111
. 1
2 &

*$§ 5

% OA*l >

& l 3 **% +
( -& & ( 1%
/1 $ .
1 I>=
&$ , + *6 8 , 8 4
=>

I " #3$ % &

* 0 1 +
&5 &6%$&/ %

.\ &
9 # ' "x1
$ 2+ 1 * 1
$& /
@ 11 |/
5 1%
18& $1. .4
> A
&8 42+ #$8&/ "2B&&
>l
oA 13 & 1% >

2  1& le 1

1& 11



tHET L #S% &#" (

e, D% - Y%/ . (0 # %

% &# " " 1"H"1# & % 2 % 34 .. "v1ve 1
! 55" &# % 6 (

Y+ . | $7 887& "4 $ % # #r 1

& % " # 9""$% & # ! '

o &#TT 8 : 9 &9 & "
& ;9 0 "- 7! (68
) # < O % !& n 5 1 &; * , nmn n
& ! 7T w& " " #H"# & #  ""1;9 %
1& " "5 # # '66
o <9:9 1 9 11 L BT
& # ""1;9 % 1& "NE o # (8
. % mn + 7 9 7 < 7& 9 n
" " 5" .4 # - U = 9 2 "37&
% 1 "5 . "5 # #
%, %+7> 1 &1 6 N 1 9"
" %  +7& "5 & + "2 @ "
;9 0 !%"'A & "5 B6 1
= &9 "9 7) 1#9 (6 5 1 #4
& AAAY" & "5 #AQ" "A&#A6 A A9" "A C &#
2 ™ (66C3



% & O o+ -( 0O /7 01
, ! , 2 , 3 / 45 6 - 78 1911
%! - / X - - <1 ! ,
! : : 901
| =1 > 4 | 2 - -4 # << >
, 5 5! I ,
) = ; 89<7
4 I > @'A > <
1 ! 1 ’ ’ 5 ) ! ! 2 B ) /
3 6 ( 8 C, 19
17<
D >I5 + =l # A -0 ! ,
N [ I I (! 9
, ! I : 7 978
s ( * 8 DEFGHIJE KLMNLKOPQKGNRESMNEUOEVPWPOPWJ XPMGPOSMKH
WNSSEOGKYNH 0 ZPQSM
s ( N ((: 0 O [LMNLIKFGKLNIJV IEFGH\ [K"KWIP_
"NaNON bEP\NQNH 0<090
C( * *c( $d 0 eNFINLJ N aNF INLLMIJ V IEFGN LIfU

Q G gWINH DEFGE\NQNH 87898 8



'S S HS %
&US I#S (1 #)1 > )+, #

- / 0123451 61 784 9:; 127<- 6 =<>? 2@ A- B CD71274E FC3321? AAG
H272;2.4DIF42138 2-E  H<DJ 417 Al7<J4 K /L M471<44E 613@
877;@11555 D421J82-EE<DJ 41? J 3IE JC34-7DI /I <=E4: 873NOPQ R74:7QSA.2D
K2JJADD4E T UL

ES<- VF W2-- A = G27<4-J4 M = XYYF71CJ7C14 2-E D<.-<6<J2-J4 6 ZS /34787
D7412-4D <- 2JCD71<-4 D82 4D 2-E <D [1.2-<JDBrIA3XU U

D4-D \ H4 =44C5 ]| FJ84-J GA R12DD4 FzZ XY/ ~J;841 D 2D <47
;14JC1D 1D 6 ;1<D72-4 <- 2-J<4-7 D4E<34-7D 2-BJVCKEZ814 S // _//

1<J4 ° 0<D841 F "1 < M A4:2-E41 NR.< M B XXX> Z82-4D <-784 3 4JC21
J3;D<7<- 6 2 J-E4-D274 5<78 <-J142D<-. >< E4[¥2E2- <-7417<E2 J2D72 DA4E<34-7D
43843<D71? BD72->C F4;743>41 XXX "aRBMBD72->C ;; SUXS

1<J4 ° M < M 0<D841 F A4:2-E41 M2< M B XXX2 4J1843<D71? 6
2 ?7><;84-?D <- JICE4 <D 2-E D4E<34-7D B-@DA>®7X2B-741-27<-2 W447<-. -
[1.2-<J 43843<D71? BD72->C F4;743>41 XX4RB"A" BD72->C ;;

C<12CE M W2C1<- Z XX 9217 Z1472J462D ¥ ]4D741- 2-E Z4-712 A61<J32@ 2-
41 <45 "4J7 -,8?D<JD us vy

C<12CE M RD5178 ] "8<411? H4,;2-0C4 AU G82-41b<J .4 <J2 4 C7<-
6V 17841- 2-E Z4-712 A61<J2@ A- 41<45 Ch-R61<J2-92178 FJ<4-J4D/S YS /S

C327< H 24D ]\ FJ8234 F XX A-42C 27<- 6784 8?E1J21>-;74-7<2 6784
D4E<34-721? >2D<-D 6 =<>72@ C1-2 6 G471 4C3 4XU_



$

( (
vy
#5

($
5% 6

%& '
# $ $)! I $*
( + + $$
! o> | + $
12 +$ +$ "3
$ ++ . ( *
5%6 + - $$ 7 8# %
2 9.
4# 5 1 () 1
"5 5% 5; )% 3
) % <)
4 1 $$
% ,$ '$ 9!
* <) |
3. 0 , ) $
* $ 3 4/
= " #$
$)! 3& 2
($ 4 # >
, !
= +
2# % ! $)!

&2

$

$

6

#* iy
$) $

) ! -

* $ 3$)
%>3 &%> 3

=% .&.%



rol ! # $%$& $%

o '# ) *+,-,./+,012+ 345+1060/062 1 ,+7.89 ::;
<=</>7<@ 9<A<B+>?<@ C3/,-5 %& )

D 'E D F G #H | DE H !
H  # ! | "
& J! K&
D IEH! HL E" G ! DI'D KH
| " J! &)K
| EM " N H G ) or | "
"%P & J! Q RQ
lE 1 ()Q J! ) JS TL
H |
'( K U-20,0A+/,0>.< 1>0>.-1+ +7 +@ VOA>?
' CW X Y Y "G W ) Z2>0?0?<[8\<+

-/0A-.<B+>?<+ 345+1060/062 ,+7.+@ ]"6-.+5_>.10V* Wa::; bA?

M N # # L N ) % G
"I E E E # # E L Y D #l1
I | cJE&D# d %&
W e Hf #0 (Y $ WI/OA-.<B+>?<+ 345+1060/062

12>0?07<[8\<9 7/-?29<@ ,+7.+@ a+7.+9<A<8 )&3$$



n $ %
% )*

%" $ & !

+ o+,

-. 1.*/0

%ll%ll! % %II n %Il##

II%II! % n

+1I'1 2/ + $ "
4' 3% $ "5

#Il %II &
67& 8 %"

%1 9 8 % ; + 73 2
"% & i " " %
%'#HS " " %% % "& "! 1
""% % % *

: $ ., 08" s
& "# +' ,4: 26*?73
i 6 4 && - .*-/

6 (% =3" = + =
! ! n % !Il% m II%

$ % ("% S

% ! (/.
% #% B

&"&" #" $ *H*$
;& 472 *0/

%

! n II#

[T ( ||% % " ||% %
n & ||! % [ " %
"UHEG " % .0 )Y,
$ 3|| " ||! ||#
8 ") 0/%0
<!1'""%1 = |
8 > %*, $
L& ("% %
II$ | $ & II# n
! :v @ | " A $ " ||$
: ] % m " ||& % %n &n " u#
% " n # " B
% #' + C %" %"! %



P o# ! $ 1'% & ™

% O ((+
/ Lo g Lo# s " %
& / ! 't +%0)
12 3 4% 55 I % 1 " $
% " 4# 1 * )4
4 &,63 3 (03# | " 31 %
7 13'&, $ ! &! . .1 8+397
33 21# 2 $' 3! < 0=(0.11
Cs4 1 L% % to# 0*5 (0
7 7 %& 3 !
% @t | % A 2 3 B4C / A
3% 34 | 1 1% 4% | ) 1t 4% #
3 1" | = I @ $ ' )5
2 2% & 7 7 72 ' .-
21 0, % " " Lo #
(D) 5D *55
"1 1E 4 S "
L L # #1 %F 31 )+ *0
"1 1 E 4 ) Lo# L # %
# ! #10$  LU# % % 3 3 1 "

I % 9% | 0)y(D



# $$% & & o (" & n & n (

) & & " Y+ "4+ - &) ) ./
0", & " " &1 2! .. 345675
$$7 "2 )6 ' &t () (-
8 + ( $7
9 9" 2" (1 X %5 ; & & "' (
& " & &"( ) "M *0 ! , e &
#& " <==6<44
2" ) ( %53 .& " ( & ") & >
&1&" () ) + ")) N A
0 & ') @
2™ A %55 L&Y (#Y &) )6 "™ "&

1 ) 1 & + &

2 %53 +( & ( & " (
&) & " 6" . ") )"t 8& ()"

? (

2 (1 " 69 ( )"t 8# 8 # %55% ;

CCl. " (). & ( & "6

# &) 33 %%=6 %75

¥ &) /) $D% & & &) " '6(
& (™" .&"& "B " & &" %3<6%3%



$

%

% (

(_

%1

&

&3 <=>?@ABACABD E?FGH I1JKLJ

"% # #

& * + -1,

N &

% % % 'l %

& # # % 11 +
% 11 . Il Q

#

%

%1

! n # n

I ] | 1
Il 28&3
% 1 |, #
# % 1
7 # *1l
'l
0 & !
!
% 0 - 8 97
r1,#: 1111
L@
I# + + )/
222
, 179 (- O P



# $ %

+ $

s - 3.

$

$

&*1&

01 (23
17 2 8 )

*|



e #t $% & ' ( (( % %) ( * +

( + ( ,& & ( & & & -J-0
-11
& 2 3, 4* 5 #. &* ( + .67$80
&% % ( 09) (& % ( '+ ( + " () (
( < 7% 8 % &  * &, & ( #=3* 3

>+ % )) -#0//

' #=l o+ % ' % 7%8 , * +* ()(
+ %; & & ( +3( , *( -2 .
@ #AR 4+ (0, 5 ( )
7%8 *&*& (0(% % ( ) xQ * $ % ' *

<"B )) AH#OA-=

(o % '&(3 #=C *0h ( L && & %
(% + ( +( & & (3 &( -0 .-A

(( 3) 3 # >(%% ) ) ( ('( D<(
A AOA .

oun ) )+ ( % 0>) % &( 0 1
&( & * 3((: + & E3( 3 & +(1( (F 10

cuunm x4+

21 5 #- & & % % ( ( +C (
"7°(85 () E *+( ( Fo) & ##



&

*

4?

% % &

" %

$ +-,++

) )0 1202
/I '5 6

o "/

8 : %

8 : %

*

*

) %
|7I

) %

3= 5%

*

) %

) %

(

g

) % *

+# 9

+#$

SH ->+"

+>#

+>+ 9

- $

C'6@

>->

)% ++ &

& 3 5

89

>>-+



N

#it $% & ! '( # () " %  # +
) # o1 J 0 % 1#4-1  *  2*3324
! N5 % ! #OHHE % ## )
# ) ) " # 6 ) 7% . (% %
8 %% " 3&
7 8 344 L4 1% | 1% | % %! % !
HOH % VHH +H #  %H # # 9&94
78 . ) # # % ) %% %# ()
ox g ## % %% # 9434.
7 8 # % : : 338 <% #' %
# % )" C#'% " % +HH# % H #
# 9.9
% /= 6 #> 1% , /| & B o# # %)
, 8 %! % ) 2% $ (,! @ #
+# % ( 44 32
( 328 ; )% # ) #'% , 7% % 1
7 ) # O%%# ) + %% 9 9
A B 6 ) % 5 CA) #A ) )
A % %A D # % % % % ! = A%



I It # I oSN %paH #
() ' #" an

&” #l I 0 ) noroa

1 ! R O I B ! ' & " 151
I 06 # 0 /#" o +2 37

$ ! 8/ . 9 I T O T (1
<"& HL 11 tug I =0 !

) + *+7

# < $ ) $> 2 H &# L

P vt rt " E [ 33" @7

mrs1r o, #" 0 - ! # o
# 0! ) ) b & omtr [

' + 3*+;

A ' I , n n n
# ! A B) ="'l LT H
, * " I'5 06 #"! *1 #C! peot

A ? ;, B &1& & D E' E #!
! & & ' #E! # t# ) "]
et F E ) )



S % & % ( ) o

+& + - ' "%+ ., t $% +/ +&. 01
* 2 , I "#3 $% + % +&.
+ * & (. 4 ( '5 6& 7
8 + 9% /| 8&. : ., * <. "3 3+ 0 <<
"=1"=
* 2 , I "#3'" $% + % +&.
+ * & 4( 'S5 ">& 7
2 % $% +/ +&. 472%/ "#35 %™ 8-+& :<* + < ' 0

"#3 , ?" + << 3031

@ ("# /1 % &? + . "# 88

AlTA*@ B *,C %& | . 6>; + *
< D<& < . +  * 00# =1)=10

A A*@ B %&!. &+ 2?2 .
EX' % ( 6 2<<+ ' %+ ., & +% < &<

[/ %+ + A <+ * '+ "0 O#

8( B . 6=6 & 7 F?F'& . Al )

+.+ <. % + % %+ % % <& 7G

7 * *,
A ( 2 .<01



% & "(
) * (+% , , &- $. 1/,
, , 0% 12 3% 4 *
) 5 6 1() $ * I'$ 2 -
7 ,6 ,
% + "8 9 ) + 3 8 , 3 $ ;
$ - ; $ , ,
Mo 2&' 22
7 6 1 #$ /I $ 3, % * < +
[ ++)" $ 11
7 6% * 1& < |/ =/ $ ;. %
>" "1
77 4 1 -9 $ , s
" / + & '&
7o4Rt 4, 44Q@8 4 £ 2 ) %s
3 % A 133 % -: 3/ & ) %
, 4 L9y (4 4

-BB B 21B (. '4

7 %C #% DC%C 2 % , ? , @ 6 @? ;7%
A%E $ ,9% ,



! "H#H S %&

() o

#$ +

0&

12 ' 1 3" # $ 2 42

1 +5 ( "- 6  #
! " #

1 8# " % -$

s #H) L, ( D #

1# 1 5 %

$ === = # $

14# 8 > ;)

#$ $# 2?2 &

2 $2 ! "H#$

1 " + 54 8#

#$ ( @& #$ " # 6

A # - - B&5 5 4#

&# $
D E#). 5 @ + m
;) 69

"# 8

3%& 0

0& 3

< ) 9
? $
# %N& #32# # =
@& #$
2%%3&% @



#$

%% %



! "HE% & N $ "W

() = + '
$ " ' $'% ()
+ 1 - & $ S %
()0 /+% . $& % 1)23) 3,
4 $%- % "5 &% ™ % ()

*k +
1



