A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

The Petroleum Resource Potential of Brazil

Table of Contents

Page
EXECUTIVE SUMMARY ....iiiiiiiiiiiiieeeeeeeeeeeesesscnsssssssssssscccssssssssssannes 1-1
TABLE OF CONTENT S .. uiiiiiiiitttetetennenneseeeeeeeceeeceesssssnsssssssseccccccannes 2-1
INTRODUCTION ...iiiiiiiiieieeneennneneeeeeeeeccessssssssassssssssssscsscssssssssssnnnns 3-1
OBJECTIVES AND BACKGROUND OF STUDY .eeeeeereeeennnnnnnseeeeeecccecanes 3-1
SOURCE OF DATA AND LIMITATIONS .. uueteeeeeeeeeeresecacennnscscsccccecacans 3-2
METHODOLOGY .. tttitiiiittiiiiiiiiei i iiiiiiiiieeeeeeeeeeeeeeeaeeaannnaanees 3-3
MANNER OF PRESENTATION .uuuuiiiiiieeeeeeeeeeenennnnnneeeececccccescsssnnnnes 3-4
ACKNOWLEDGMENTS ttitiiieeeieeeeeeeeeeeeeeeasnssnsssseecececccsccssssssnnnns 3-6
REGIONAL OVERVIEW. .. iiitiititnniieeeeeeeeeeeeeesssssnsnssssssescecccssssssssssnnnns 4-1
PHYSIOGRAPHY OF BRAZIL’S CONTINENTAL MARGIN ...ccvvviiieeeenennnnnns 4-1
TECTONIC AND STRATIGRAPHIC EVOLUTION OF BRAZIL’S
CONTINENTAL MARGIN . .ieitteeennnnenesessenccecesssssssasssccscsssssscscanans 4-1
Pre-Rift HistOry cuveeiiiiiiiiiiiieiiiinnnnneeeeeeetecececceesesnnnnnnnnnas 4-6
Rift Stage (NON-Maring)...ceeeeeeeeereeeeeeeeeceeeeeeeenscasnsssssnnnnns 4-6
Transitional Stage ceceeeererreeeenennnreeeeeeeeeceeeeeeessssnnnssnscnns 4-8
Drift Stage (Maring) cuviieeieiiieierennnneeeeeeeeecececeecscsnnnnnnnnns 4-8
STRUCTURAL FRAMEWORK OF BRAZIL’S MARGINAL BASINS....ccceeeeeenn. 4-10
AFRICAN ANALOGS TO BRAZILIAN MARGINAL BASINS ...cciiiiieeereennnnnnns 4-13
IVORY COAST ANALOGS ..uuuriiiiiiieeeeeeteesssasasssscssssssssccccssssssssannes 4-16
HISTORY OF OIL AND GAS EXPLORATION AND DEVELOPMENT IN BRAZIL.. 4-19
(0] 1 310 ] N 4-19
(0] 1 3T ] =N 4-20

CAMPOS BASIN ..eiiiiiiiiiiiiiiiiiiitiiiiiieiieeiittiisteiaetiaesiasciascsssssnnscnnns 5-1



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

SOURCE ROCKS, MATURATION AND MIGRATION ..ceviiiniiiinnieiinnnnnnes
SANTOS BASIN ..oiiiiiiiiiiiiiiiiiiiiiiiiiiieiieiitiitteieeiaeeiaeeiaseenseennecnnns

PELOTAS BASIN

INTRODUCTION .. ttittiiitiiiieiiieiiineiieeeieeeiietiiaceisecisecsnsccnsccnnccnns
GEOLOGIC HISTORY AND STRATIGRAPHY .c.uviiriiiiiniiiiniiineiineeinncennees

STRUCTU

RE tetiiiiiiiitiiiiiiiitiieiitetietieeiaetseitaeetaeeinaeans



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

PETROLEUM GEOLOGY ..vviuiiiiniiinieinnriieeiinecinesinecinsccsccsaccnnccnnss 8-9
SOURCE ROCKS, MATURATION, AND MIGRATION ....cvviineiiinnieiinnennnns 8-9
SERGIPE-ALAGOAS BASIN ...cuiiiiiiiiiiiiiiiiiieiitiiiatiieetiaeciaecisccsaccinccnnes 9-1
INTRODUCTION c1uutteiiitiiiiieeiiieeeiineeeiineeeiineeeiscecsnncccsnscccnnces 9-1
GEOLOGIC HISTORY AND STRATIGRAPHY ..vviiiiiiiiiiiiiiiiiiiinieiinnnnnnns 9-1
STRUCTURE «ettitiitiiitiiitiiitteietiieeiiatciaeeiaesisnecssccssccssscssncennces 9-5
PETROLEUM GEOLOGY ..eeiuiiiiniiineeinnriineiineciaesinecineccssccsnccsnccnnns 9-17
SOURCE ROCKS MATURATION AND MIGRATION ..ccieviiinneiiinnieiinnennnes 9-23

BAHIA BASINS - CUMURUXATIBA, JEQUITINHONHA ALMADA,

CAMAMU AND OFFSHORE RECONCAV O .. .iuittittteeteeesecesesesessscasecassssscases 10-1
INTRODUCTION 1 tteeteeeeeeeeeeseeeseessesssesssssssesssassssssssssssssasssassons 10-1
GEOLOGIC HISTORY, STRATIGRAPHY AND STRUCTURE ...cevvvereiierennnnns 10-1

Cumuruxatiba and Jequitinhonha BasinS......ccceeeeeeeeeneeeeiennnns 10-1
N g1 T F= T 2 7 T [ T 10-4
CaMAMU BaASTN.ettieeeiereeeeeeeeeeeeseeeeessessesssesssesssssssassenssones 10-4
Offshore RECONCAVO BaSiN ceveeeeeeeeereneereneeseeeeessesossesosannnns 10-7
PETROLEUM GEOLOGY ttuvtuieeeeeeeereeereeeseesssesecassesssesssasssassassscnes 10-7
SOURCE ROCKS, MATURATION AND MIGRATION ..uuiiiieenniieeeeenneeeennnns 10-11

PERNAMBUCO-PARAIBA BASIN ...itiitiitiieeiereieeeeseeeceseseeeseessscsssssscnsnons 11-1
INTRODUCTION 1 tteeteeeeeeeeeeseeeseessesssesssssscssssassssssssssssssasssassons 11-1
GEOLOGIC HISTORY AND STRATIGRAPHY uuetietieeeiereeereeesesscesncanens 11-1
ST RUCTURE tettiettieeeeeeeereseeeseseesssesssesssessessssssssssssssasssasssasnes 11-6
PETROLEUM GEOLOGY, SOURCE ROCKS AND MATURATION ...ccevveennnnnns 11-8

PORTIGUAR BASIN . .itiittiitiietiieeeeeeeereeeseesscessssssssscesssassssssssssassssssons 12-1

GEOLOGIC HISTORY AND STRATIGRAPHY ..uuviiiiiiiinniiiiiiinnnieceninnnnnns 12-1



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

GEOLOGIC HISTORY AND STRATIGRAPHY ..vviiiiiiiiiiiiiiiiiiiinieiinnnnnnns
STRUCTURE «ettitiitiiitiiitiiitteietiieeiiatciaeeiaesisnecssccssccssscssncennces

SOURCE ROCKS, MATURATION AND MIGRATION .evvvveunnnnniiieeeeeeeneeanes
MUNAAU SUD-BASIN +vrreeerrreeeeeeesseececeesssecsecsssssccscssssssscannns
Piaui and Acarau SUD-BaSins ..ceeeeeeereeereeeseesecesecescssscasscasees

BARREIRINHAS BASIN ....ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiietiiieeecincecinnenes

SUMMARY - HYDROCARBON FAVORABILITY OF BRAZIL’S
OFFSHORE MARGINAL BASINS....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiietiiineteiineecnns

GEOLOGIC FAVORABILITY FACTORS +ettteiienneiecessenessccssnsssscsssnnnnces
Source Rocks: Sequences, Richness, Kerogen Types,
Maturity, VOIUMES c..iiiiiiiieeetiiiitieeeeiesseiennnnsnnssssssssscns
Reservoir Rocks: Sequences, Abundance, Reserves,
Quality, Distribution, Relationship to Source Rocks.................

12-7
12-15
12-22

13-1
13-1
13-1
13-9
13-14
13-21
13-21
13-23

14-1

14-1
14-1
14-6
14-9
14-10

15-1
15-1
15-1
15-8
15-11
15-12

16-1
16-1

16-1

16-3



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

Traps: Types, Distribution, Size, Reserves....ccceeeviiiiiiinnnnnnnss
Hydrocarbon Generation: Timing and Trap Formation..............
Migration of Hydrocarbons: Conduits .cceeeeeeiiiiiennnneeneenececanns
Size of Basins: Large Versus Small, Richness ....cccceeeeveiiiiiennnns

NON-GEOLOGICAL FAVORABILITY FACTORS .. uuuuutiieeiinnnnieccesnnnnccnnes
Degree of Exploration and Existing Production ........c.ccovvuuaenns
Proximity t0 Markets .iiiieeiiiiiiiiiinnnneeeeieiiecccccssssssnnnnnnnnns
Depth Of Water .uvviiiiiiiiiiiiiiiiiiiinnnneeeietietecccssssssnnsnnsnnns

SUMMARY OF HYDROCARBON FAVORABILITY FACTORS FOR

INDIVIDUAL BASINS . .uuetetttiiiiiieeiesiessnnsssssssssssssccssssssssssnssnsnnnes
CamPOS BaSiN..iiieiiiiieennnsaeaessstteeecessssssssnssnsssssnssssssssscsss
Espirito Santo Basin cicieeeeeeeieeeeieeeiiiscececenasessssssssccccnconns
SANtoS BaSin tiveeeeeniiieiiiiiieeieitttenceasscccccssssssccccassssssansans
Pelotas Basin vveeeeeeeerieiiiinneieeiiinneiecssssnnsrccssnnssscssennnnses
Sergipe-Alagoas Basin .cceeeeeeeeeiriiiieceiiessssesnnnsssssssssssseccces
Bahia Basing .ieceeiiiiniiiiiniiiiiniiiieiiiineiiiintioiintiiintcsennnens

Potiguar Basin .veeeeeeiiiiiiiiinnnnnnsesesssscecccenneeesssassssseescssnes
CEAra BaSiN  uiiieeeeeeieeeeeeeneeeeeeessseecccsnssecccsssssscccsssnsnnnes

7Y o1 | oo 13 0 =1 o] o T
o= 1 1= 1
Cruzeiro do SUL FOrmation..ceeeeeeeeeeeeeeennnseeeeeeecccecececncannnns
Rio do Moura FOrmation ...eeeeeeeeeneeeeeeeeeeeeeeeeeeeecasnssnnnnnnnnns
=30 7o ) o

16-6
16-7
16-8
16-9

16-10
16-10
16-10
16-11

16-14
16-14
16-14
16-16
16-16
16-17
16-17
16-18
16-18
16-19
16-19
16-19

17-1
17-1

17-1
17-1
17-1
17-1
17-7
17-7
17-7
17-7
17-7



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

@L< Vo= o 1
JaqUIrana GrOUP ceeeeeeeereeeseeeeeeencseccsssssscecssssssessssnsssccsssns
[2ETaaleT ol o] g 12T 1 o] o PR PN
1= 10T

REGIONAL GEOLOGY tuuuttiiinueeiineeiineecinneecinneeisneecssncccsnscccanncees

PETROLEUM GEOLOGY .uvtiiiiiinneieessennsrtessssssssscsssssssssosssnnsssscses
History of Exploration and Production.......c.cccieeeiiiiiiiinnnnnnnnss
SOUICE ROCKS uvveiiiiiinnneieeiinnnniiesisnnstecsssnnsscossensssscssnnas

PETROLEUM GEOLOGY .uvttiiiiinnneieessenssrtccsssssssossssssssscsssnnsssssses
History of Exploration and Production.......c.ccciiiiiiiiiiiiinnnnnnnnns
SOUICE ROCKS uvveiiiiiinnnnieeniennnitesssennssccssnssssossnnsssssssnnas

17-10
17-10
17-10
17-10

17-10

17-16
17-16
17-17
17-17
17-17

17-24
18-1
18-1

18-1
18-1
18-7
18-7
18-7
18-7
18-9
18-9
18-9
18-12
18-12
18-14

18-14

18-14
18-15
18-15



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

Reservoirs and SEal ROCKS vvvuveeieeeeereeeeeeeeeereeeseeeeeeneccsnnannns 18-15

Geothermal Gradient vveeeeeieeeeeeeereeeeeereeeseeeseesscesscesccsscases 18-22

TIPS teteeneeeeeeeaneeeeessanssecessnsssecsssssssccsssssssessssnsssessnnnses 18-22

EXPLORATION POTENTIAL vuueeueeeeeeeeereeeeeesseeseseseessscsssesssasccsssoses 18-22

Curua do SUl-CUPari Ar€a...cceeeeeereeeeeeenneeseeeececccececeensannnns 18-25

ADACAXIS-MaArTMAlIT AlCa.ee.eeeeeeeeeeeeseeesecesessscasssassssscasssassns 18-25

Lago Castanho-lgarape Cuia-Uatuma Area......cceevviiiiinnnnnnnnnss 18-27

N0t o T =d = o 0 o 1 0 18-27

SOUEN PlatformM ceeeeeeieriereieeeereeeseeeseesecesecescssscasssasscnssoses 18-27

Abacaxis-MamurU-TapPajOS..cceeeeeeeeeeeeeeeeeeeeeeeecesesssnnnnnnnnnas 18-28
ARARIPE BASIN . . .ttiitiittiitiieteieteeeeeereeesesssessssessssssssssesssassssssasssasnons 19-1
INTRODUCTION 1 ittteeteeeeeeseeesecesecsscasscessssscesssasssassssssssssasssassons 19-1
ST RATIGRAPHY ttiittietiieneereeeseeeseeescesscesesassssssssssassssssssssasssasses 19-1
] (<T0 740 ) [P 19-1
Carir  FOrMAation vueeeeeeeeeeeeeeeeeeeeseeeseesseessssscssscasssasscassoanes 19-1
MESOZOTC tteeriereeereeeseeeseesseesssassssssessssssssssssssasssassasssoses 19-1
Juazeiro do NOrte GrOUP ....eeeeeeeeeeeeeeeeeeeeeeennnnnanaacssscaceees 19-1
Barbalha FOrmation veeeeeeeeeeeeeeieeeeieereeeereeseseneeesscsessencannes 19-4
SanNtana FOrmation veueeeeeeeeeeeeeeeeeeeeeeereeeeeeseeessessssesscnssanes 19-4
[ (U o 1 4 1= 1 (o] o P 19-6
REGIONAL GEOLOGY tutttieteeeeeereeeresereceseesssessssssesssesssasssassessscses 19-6
PETROLEUM GEOLOGY ttuetuieteeeeeeeeeseeeseessesscassssssssssasssasscsssoses 19-6
SOUICE ROCKS teveiereeeeeeeeeseeeeeseeessesessnsesssssessssossescnsssonns 19-8
Reservoir, Seals and Traps ceceeeeeeeeeeeeeeeeeeeececeeeeesessnnnnnnnnnns 19-8
EXPLORATION POTENTIAL vuuetueeeeeeeeereeeseerseesecesessscesscasssasccsscases 19-8
BRAGANCA-VISEU, SAO LUIS AND ILHA-NOVA BASINS ......ccitiiiiereeeeeennnnnes 20-1
INTRODUCTION 1 etteeeeeeeeeeeeeeeeeseesseessesssasssessssssssssesssssssassssssons 20-1

STRATIGRAPHY 1iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiietiieecieeeiacciseccsacennces 20-1



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

=] (=0 74 ) o 20-1
M ESOZOTC vuerereeseeseeeeeasseesessesseescsessesssassascssssssssassassassas 20-4
B IC=1 0 1= Y N 20-7
REGIONAL GEOLOGY ttutetteeeeeeeerseeeessesassssessscesssssassssosssssassssasses 20-7
PETROLEUM GEOLOGY tettuieeeeeereeeeeseeeessecessscessscsassssosssssassssasses 20-16
History of Exploration and Production.....ccceeeeeeeeeeeeennennccnnnn. 20-16
o N 20-16
EXPLORATION POTENTIAL 1uveeuiereeeeeeeeeeseecersececsscscssssessscsasscsasnes 20-17
SOLIMOES BASIN .. ittiitteeeereeeesseeesssecessesesssssssssssssssasssssssssssssssasssses 21-1
INTRODUCTION 1 ttteeeteneeeeeeeessesessecessscsssscsassssassssssssssassssassssnss 21-1
STRATIGRAPHY tttiiitteeeeseeeeseeeessesessssessscsssssssssssassssassssasssscnns 21-1
Pre-Cambrian..ceeeeeeeeeereeeseeeseeseeesecesessscssscasssassssssasssasnns 21-1
PUIUS GIrOUP teveeeneneeeeeeeeeeceeeeeessassnsnssssssssssccccsasnns 21-1
=] (<0 740 ) [ 21-4
0] e (0174 Tt =1 o PSP 21-4
SilUr AN -DEVONIAN . teteteerereeereeeereneeseeeeessccossescssnnones 21-4
Devonian-CarbonNiferouUS cveeeeeeeeeeeeeeereeeseeeeeeseceseennnnns 21-9
Carboniferous-Permian cuueeeeeeeeeeeeeeeeeeeeeecesesesccsscannns 21-9
MESOZOTIC-CENOZOIC vuvrerereeeeeeeeeeeeeeresesessssesssssssasscsssanssanes 21-16
(et aCE0US. e vrteereeereeereeeeeesseesssessessssssssssssssanssannes 21-16
=] A= 1 o PP 21-20
REGIONAL GEOLOGY ttueetueeeeeneereeeeesseeessesessssessssssssssossssesssssasses 21-20
PETROLEUM GEOLOGY ttttuieteeeereeeeessecessccessscessscsassssosssssassssasses 21-22
History of Exploration and Production.....ccceeeeeeeeeeeeennnnnnnnnnnn. 21-22
RESEIVOIr ROCKS tevueeeeeeereeseeseeeessneessesessssesssssossssesssscannns 21-26
JUrUQ FOImMAation vuoeeeeeeieeeeeeeeeeeeeeeereseseesecesscssssasscassanssones 21-26
Carauari FOrMAation...eeeeeeeeeeeeeeeeseeeseesseessessessscasscasssnssases 21-26
SEAL ROCKS tetrietieeeeereeeseeeseesseeseseseesscessssssssssasssasssassones 21-26

SOUICE ROCKS tevtreereneeeeeeeeseeeesseeessscessnsesssssessssossssenssnonns 21-27



A

GUSTAVSON ASSOCIATES

GEOL

OGISTS + ENGINEERS - ECONOMISTS « APPRAISERS

EXPLORATION POTENTIAL tevurieieeeennieeereaneeeeecencsecessnnsscccsssnnnaes
Jandiatuba ProViNCe..cieeeieieeereeeeeeeeennnnsseeeeeeceeccececsansennnns
JUIUA PrOVINCE tiiienniieeteeneesectsssessecssssssscssssssssccssssssscasnes
TefE PrOVINCE iiiiiiiieiereeeeeeennennnseeseececcccsssssssssnsnsssssscnns

INTRODUCTION c1utttiiiitiiiiittiiiieeeiieeteiineteiineecsseecsnncecsnscccnnces
GENERAL GEOLOGY .uuttiiinuieiinneeiinneeiineeeiineeeiscecsnscscsnscecsnscennns
EXPLORATION POTENTIAL «uvviuiiiineiineiiineiieeiineeinecinnciinecinccinecnnns

PARANA BASIN .......

Devonia

e

Carboniferous-Early TriassiC cueeeeiieieeeeiesseieinnnnnsanssssssscccns
Itarare Group/Aquidauana Formation ......cceeeeeeiiiiiiiiinnnnnnnnnss

Guata G

FOUP «etuteneeeeeeensansansssessnsansansosssssnsansansossnsansanses

Passa DOIS GIrOUP .ceeeeeeeeeeseeaenseeccssssssceccccsssssssssssssssssssnnns

Triassic

JUIASSTIC-CrEtaACEOUS vveereeereeeseeeseesscasecesssssccsssasssassasssoases
SA0 BENtO GIrOUP vuveeeeieieieeeeeeeeeereneeansneccscssscccccssssssssnnnns
GO At EO0US .ttt eeeeereeereeeseeeeeesssesessssessssssssssesssssssassanssones

Tertiary

21
21
21
21

21
21
21
21
21

-27
-27
-27
-30

-30
-30
-34
-34
-38

22-1

22-1
22-1
22-1
23-1

23-1

23-1
23-1
23-5
23-5
23-5
23-5
23-10
23-10
23-10
23-18
23-18
23-22
23-24
23-24
23-24
23-27



A

GUSTAVSON ASSOCIATES

GEOLOGISTS -

REGIONAL GEOLOGY.....

PETROLEUM GEOLOGY ..
History of Explora
Reservoir Rocks ..
Itarare Group.....
Guata Group......
Seals ...ieeeenenns

Itarare Group.....

ENGINEERS - ECONOMISTS - APPRAISERS

L8 0 1 T

Rio BONitO FOrmMaAtioN..e.eeeeeeereeseeeeeeeseesesseasecscsesscsscascascns

Palermo Formatio

STRATIGRAPHY ...........

e

Rondonia Tectonic Trough ....ccceeeeeeeeeeiiiieieeeeieenenennnnnnnnens

Cacoal Formation

Pimenta Bueno FOrmation...ceeeeeeeeeieiereereeeeeeeenereeseeceescancnss
Fazenda da Casa Branca FOrmation...eeeeesecsecsccsccscsecsccsccscns

Abaru Formation.
Parecis Low.......

Parecis Formation
Tapirapua.........

Alto Xingu Depression ciceieeeeeiieeeeesesteessensssscssssssssscssensasses

Furnas Formation

23-27

23-31
23-33
23-34
23-34
23-37
23-37
23-37
23-39
23-39
23-39
23-45
23-45
23-45
23-45
23-47

23-47
24-1
24-1

24-1
24-1
24-8
24-9
24-9
24-9
24-9
24-10
24-10
24-12
24-12
24-12



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

PETROLEUM GEOLOGY .uvtiiiiiennncieessennsstcssssssssscsssssssssossssnsssscses
History of Exploration and Production........ccceeeeeiiiiiiinnnnnnnnss
SOUNCE ROCKS 1uvvviiiiiiinniiiiiiinnniiiiiinnneieesesnnssssssennssscssnnnns

TrAPS teeeeeeeeeeeeeeseeeceesasssssssssssssssssssssscsssssssssssssssssssssnns
EXPLORATION POTENTIAL tieiiuaetiessenneetessssnssscesssssassccsssnnnsscnnes

PARNAIBA BASIN.....utiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiietiiiteiittciineecinncecnncnes
INTRODUCTION .vtiteiiiteiieeiieeiiaeiiaeeiaeeinneeiaccisecssecsssccssscnnccnnns

STRATIGRAPHY .. iiiiiiiiiiiiiiiiiinnnnneeeeeeeteteecesessssssnnsnnnsssssssssscans
=Y g AV -1 (=10 4o ) [P
1Y 108 = 1
10T I o 4= L[
Tiangua FOrmation ..iiieeeeiiiieiiinnneneneeiteieccsssssssennnnnnnnnnss
Jaicos FOrmation..cceeeeeiiiiineneneeiiiieeesssssssesnnnnnnsnssssseccns

(0= 10]] g [o (=3 €] (o U] o IO
Carboniferous-Permian .....ccceeeeeiiiiiiiiiieieiennnnnncencaceeececens
1 R= T € o 11 o T
Piaui FOrmation cuueieeieeeiiierieneieecesennseccsssscsscesssscssccsssnnes
Pedra de FOgo FOrmation..cceieiiiieeeneeeeieiieiececssesennnnnnnnnnss
MotuCa FOrmMation cuueeeieeeeieeieeeneieecesanccsecssescsecessssscsccnnes

MosSqUito FOrmation c.ceeiveeeneneeeeiiiieeeessssesesnnnnsnnsnsssssscces
MEAITM GrOUP vevveeeeeeeeeeeeeeeereesesssssssssssssscccccccssssssssssnnnns
Pastos Bons FOrmation ....eeeeeieeeeeeeeeeneeeereanccecessnncsccessnnnes
(@o] e I W o] ¢ 10 F-1 4 (o] I PP

24-12
24-13

24-13

24-15
24-15
24-15
24-15
24-16
24-16

25-1
25-1

25-1
25-1
25-6
25-6
25-6
25-6
25-8
25-8
25-10
25-10
25-10
25-10
25-10
25-12
25-12
25-12
25-12
25-12
25-14
25-14



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

Areado FOrmMation cuuveeieeeeeeeeeeeeeeeereseseeescessecsssessssssanssanes
REGIONAL GEOLOGY 1uittieteeereeeseeseeesecesesssecasscassssssssssasssasssssssses

PETROLEUM GEOLOGY .utiiiietieineeesneseosessessnssossnssosenssosesssssnssons
History of Exploration and Production.......c.ccceiieeiiiiiiinnnnnnnnnns
SOUICE ROCKS tiiiiiiiiiinnnnnnnneesetieeeceessssssssnsnssssanssssssssscsss

Taquipe FOrmation .iiiieeiiiiiiiiiiinnnnneeeerteeecesosssssennnnnnnnnnss
MaSSACAra GIrOUP uveeeeeeeeeeeeeeeeesssssssnssssssssccscecsssssssssssnnnns

REGIONAL GEOLOGY . ituuutiiuieinitineeinnriineeineeiaeeiascinscesecsnccnscnnss

History of Exploration and Production.......c.ccceeeeeiiiiiiinnnnnnnnss
SOUICE ROCKS 1uvvviiiiiinnniieesinnnniieesennnicssssnnsssssssnssscssnnns
Reservoir and Seal ROCKS ...uvviiiiiienneiieiiienetieeisnnnssscssennnsees
15T 0
Brief Description of Selected Fields ....ceeviiiiiiiiiiiiiiiiinnnnnnnnns

EXPLORATION POTENTIAL 1uveeueereueeeeeeeereeeessecesssesasscsesssscassscanses
(o0 ] gLt V{0 TN 5 = 1] [ o P

25-16
25-16

25-24
25-24
25-27
25-31
25-31
25-31

25-31
26-1
26-1

26-1
26-1
26-5
26-6
26-8
26-8

26-10

26-24
26-24
26-24
26-26
26-26
26-26
26-27
26-30
26-30

26-35
26-35



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

TUCANO BASTN tevtietiieeiereeeeeeeeeeeseesssesesesscsssessssssssssasssasnns 26-38
Y] o = T 2 2 1S 1 [ 26-38
SAO FRANCISCO BASIN uutiiittiitiieeieeeeeeeeeeeeeseesssessssssssssssssassssssasssanes 27-1
INTRODUCTION TO THE BRAZILIAN PROTEROZOIC BASINS ...cvvveernnnnns. 27-1
STRATIGRAPHY AND REGIONAL GEOLOGY .uvtteeereneeeeeeeessecessnconsnccnss 27-4
PETROLEUM GEOLOGY ttuetueeteeeeeeeeeeseeeseesscosscasesssscsssasssasessssoses 27-4
History of Exploration and Production.....ccceeeeeeeeeeeeennnnncnnnn. 27-4
SOUICE ROCKS +ueeteereeereeeseseseesscesesessesscsssssssssssasssassssssoses 27-10
Reservoir and SEal ROCKS v.vveeereereeereeeseseseesecesecescssscasscasens 27-10
I 01 27-12
EXPLORATION POTENTIAL +uuetueeeeereeeseeeseesseesecasssssccsssasssasscsssoses 27-12
TACUTU BASIN ..t ittietiittieeeeereeeseeseeesesesssessesssesssassssssassssssssssasssasnne 28-1
INTRODUCTION 1 etteeteeeeeeseeesecesessscssscessssscesssassssssssssssssasssassons 28-1
ST RATIGRAPHY ttettietiietiereeereeeseeeseesssesesessssssssssassssssssssasssannes 28-1
MESOZOTC veererereeeeeeeeeeeeeeeesesessssesssassssssesssssssassssssanssones 28-1
Apoteri FOrmation . ..eeeeieiieeeeeeieeeeeeeaeneeccssssssccccnanns 28-1
Pirara FOrmation..eeeeeeeeeeieeeieeeeeeeeereeeseeencesecesecnncnns 28-5
ManNari FOrMatioN .ueeeeeeeeeeeeeeeeeseeeseerecesesesessscesscasnns 28-5
Tacutu FOrmation ceeeeeeieeeieeiereeereeeeeeeeeeceeceeceseenanens 28-10
TUCANO FOrMAtioN veeueeeieeeeeeeereeeeeeeeeeeceessecsecascenanons 28-10
[0 L0740 ) [ o 28-12
Boa Vista FOrmation..ceeeeeeeeeiieeeeeneeeeeneeeeeeseceseennnnns 28-12
REGIONAL GEOLOGY tutttieteeeeeereeeresereceseesssessssssesssesssasssassessscses 28-12
PETROLEUM GEOLOGY ttuetuieteeeeeeeeeeseceseesseesscasesssscsssasssassssssases 28-20
History of Exploration and Production.......ccceeeeeeeieeeninnnnnnnnnns 28-20
SOUICE ROCKS teveeeereneeeeeeeeseeeesseeessseessncesssssassssossescnssscnns 28-23
Reservoir and SEal ROCKS v.vvevereereiereereeeeeereceseeesessscesncasens 28-24
Traps @nd Plays ceeeeeeeeeeeeeeeeeenennseeeeeeececeeeeessssssnnssssscnns 28-24

EXPLORATION POTENTIAL uuvviiinteiiieiiiineiiinneiiineeeiineeeinncecinneens 28-24



A

GUSTAVSON ASSOCIATES

GEOLOGISTS « ENGINEERS - ECONOMISTS - APPRAISERS

SUMMARY OF EXPLORATION POTENTIAL AND RISK FOR
ONSHORE BASINS ... ciiiiiiiitiiiiiiiiiiiiiiittiiiettiineteissteeinscecinscecsnscennns

ACRE BASIN Leiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiteiietiiaeciaeeiaccisscennccnnces

AMAZONAS BASIN L .iiunniiiiiiinnetieeiissssttessssssssssssssssscsssssssssosssnnas
Curua do SUl-CUpari Ar€a...eeeeeeeiieeeceessssesensnsssssnssssssscscns
Abacaxis-Marimari Ar€a...ccieieeeeeessssesssssseeccssssssssnsnsnnsnnnes
Lago Castanho-lgarape Cuia-Utuma Area .....ccceeeviiiiiinnnnnnnnnss
NOrth Platform Area..cciiiiiiiiiiiiiinnneeeeeeeeeteeeeeeeeecsnnnnnnnnes
South Platform Area....cccceeeeeeiiiieieeiiieeieneinnnnncansassecsecces
Abacaxis-Mamuru-Tapajos Ar€a c.ceeeeeeeeerieeecccsessssensnsensnnns

ARARIPE

BASIN L eeeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicii e e eeeaas

BRAGANCA-VISEU BASIN..cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeiiaeecinneees
ILHA NOVA BASIN 1ouieiniiiiiiiiiiiiiiiiiiiieeiineeiaccisecisecinnccssccnccnnns
SAO LUIS BASIN .euuteiiteiineiiateineeietiiaeeiaesinecissccsaccssccssscssncennces

PARANA BASIN .. ettt ecsee e e a

PARECIS

BASIN .t ettt as

JATOBA BASIN «uveiiiiiiiiiiiiiiiiiiiiiieiieiieiiecieeieeeeeenneenanes
SAO FRANCISCO BASIN..euutiiiiiiiiiitiiittiieiietiieeiineeiaeciaseenncennces
SOLIMOES BASIN .uuetiteiiteiitteintiiietiietiineeineeisnccsaceiaccssncesncennces

29-1
29-1

29-1
29-1
29-1
29-2
29-2
29-2
29-2

29-3
29-3
29-3
29-3
29-3
29-4
29-4
29-4
29-5
29-5
29-5

29-5
29-5
29-6
29-6
29-6
29-6
29-7

29-7

30-1



