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" The present Report on Exploration of Potassium selt
and Rock salt deposits, occurring in areas adjacent to the
Nationél Reserve Area, in Sergipe, was written by the technical
team of CPRHM's Direct&rship of Operations, under the crientation

of the Technical Director of Operations.

Valuable contributions from DNPM's Potassium Project

énd from Petrdbrés are acknowledged, permiting CPRM's . interpre
tation and integration of the data, obtained in its own laboratory

and field works.

 CPRM is grateful for its personnel's comments and
collaboration pertaining to this work. It submits to DNPIM, under
the Brazilian Code of Mining, this Report which embodies the
mining elements needed to the rational geoeconomic' interpretation
of the deposits. It aims to establish the parameters for the
greater understanding of the problem concerning tThe integrated

exploitationof the Sergipe evaporites.

JULY, 1972
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I - INTRODUCTION

CPRiL — Companhia de Pesquisa de iIecursos Ilinerals
'(Eineral Rhesources Development Company), raises to the
consideration of the Departamento Nacional da Produgzo liine-
ral - DNPil (National Department of lilneral Production), in
the accomplishment of the Brazilian Code of llining the

qualified Report on Fineral Zxploration referring to 29 a.reas

cranted to the exploration of potassium salt end rock salt, 1in

the region adjacent to the National Reserve Area, definedl by

Decree N. 61,157, of August 16, 1967.

Wiide comprehension of the technical, economical and
commercial problems, encircling regional economlc deposit of
eveporite salts is based on the aporaisel of every geological-
stratigrephic parameter and on mineral economics (a conjuncture
of national and world markets), fully authorizing tae definition
of the feasibility limits for economic mining, - a conclusion

of the present report.

Reguests for mineral exploration addressed to DINPII

were set mainly on the revaluation of data obtained from Proje-
to Potéssio - DNPLi' s (Potassium Project) ag well zs fromauriace
elements of the neighboring region, furnished by Petrobras,
| which, after dully compared, they enabled CPRIT to confidently
consider the continuity of the Sergipe evaporite béds béyond
the area of national reserve thus determining a magnitude for
the intesgrated reserve, 2 major step the nation's implantation
of an industry of potassic fertilizers to meet domestic¢ demand

and, perhaps, to interfere in the external market.

Beinz extremely important to arrive at a precise

definition as to the Sergipe evaporite beds extension and

Mad. DO2
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being equally relevant to know thelir possibilities 1n terms of
integrated reserves for they already were object of previous

bidding by the Federal Govermment through CPRI, it:ﬁathorﬁughly

necessary to determine and to avaluate the mineral reserve - a

task undertaken by CPRI - complementary to the work namely the
Potassium Project in the Hational Reserve Area, developed by

DNPId.

There are few remnant aspects to be defined. Those are

bound to be properly analysed during the deposit development
phasis. It is of common awareness that the volume of data
already disposed of for the presents aregs, allied to extra-

polation of intensive and extensive knowledge of the National
Reserve Area will ensure the same geological-stratigraphic con
dition, not ailcwing any ﬁther technical connotation besides
considering sufficient the number of exisfing elements - of
definition for the geoeconomic equation of the referred

deposits.,, in terms of mineral exploration..

In view of the‘above and from what will be further
exposed in the present report, CPIl Believes that the presented
date. — a vasis for the reserve evaluation - are 1in agreement
with the Brazilian Code of llining, as far as the | acqualntance

of the mineral deposits 18 intended.

Facing the mass of elements of DNPil's Potassium Project,
they reflect the accomplishment of Article 30, paragraph a  of

that C:'O de .,
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With the development works carried out by Petrobras in
the fields of Carmépolis, Siririzinho, Riachuelo and Santa Rosa
de Lima highly significant facts were revealed concerning the

geology of Sergipe Basin.

At first, surface works, and later, geophysic surveys
mainly of the seismographic reflexion type plus pioneer drilling
for o0il, made evident that the search for oil brought up valua
ble supplementary information concerning local occurreﬁce of a

new mineral riches: Potassiun.

In 1964/65, when Petrobras-drilled the areas of Carmo
polis and Santa Rosa de Lima, in the Ibura Member, Iaribeca
formation, several potassium salt (carnzllite, sylvinite and

rock salt) horizons were observed.

| Evaluation of achieved knowledge led the government to
constitute (Aug. 16, 1967, Decree N. 61,157) a National Reserve
Area in Sergipe, with 425 kmz, limited by parallels lOO 35 12"
and 10° 45' south latitude and meridians 36?55' and 370 15 15"

west longitude.

Such area comprises the o0il fields of Carmopolis, Diri
rizinho, and port of Riachuelo, as well as two distinct areas, __
with sylvinite deposits called: Santa Rosa de Lima = oiriri
and Taquari-Jurema-Vasscuras which are separated from each

other'by the 01l field of Siririzinho,

The National Department of Mineral Production  (DNPM)
was given exclusiveness of exploration in this area, _accofding

with paragraph N. 1, article 2 of Decree N. 61,157.

In the beginning of 1968, DNPM created the  Potassium

Project assembling a high level national team besides a renown

Wtard, N0 ’ ' ME 7530.0210.0342



foreign technical adviser, and building laboratory facilities

to support chemical research, in Aracaju.

For those activities, DNPil received substantial help in
the form of financing, from BNDE (Brazilian Development Bank),
and carried out work in & rhythm consistent with the national

~interest, excelling obstacles to fulfill the chroﬁogram previ

ously established for the approved Plan of Exploration.

On Ilay 19, 1970, Potassium Project's presented his
final report to the Director General of DNPM. It was basically

the result of detailed geologic mapping of the National Reserve

Area, geophysical prospecting and drilling program totalling
23,148 m at 25 location in the areas of Vassouras, Taquari, dJu

rema, Miranda, Santa Rosa de Lima and Siriri.

Decree N. 66,455 of April 15, 1970 granted the Mineral
Resources Development Company - CPRI - the results of the
exploration works accomplished, and their entering as part of

CPRM's capital subscribed by the Federal Government was assured.

These results, after being incorporated by CPRI, are

object of a public bidding, according to the conditions settled

by CPRM in view-of the decree which dealt with the Company's

constitution.

- —— L - sl—— - - - —

- Since 1970, CFYRHl maintains in Aracaju, Sergipe, and at
the Company's office in Rio de Janeiro, technical teams
condudting laboratory work to broaden previously known aspects
of the matter, seeking to dispel doubts emerged during the
processes of complementary exploration and bidding, including
a: circumstancial piece of work on the Potassium Harket Analysis

- National and International Conjunctures.

o, O NE 7530.0210.0347



Keeping a close approach to the matter, along with
new detailed studies of the National Reserve Area, besides
underground information given by Petrobrés, allowed the
government to consider the national interest there is in +the
incorpofation of bordering areas, in whiéh salt deposits have
been observed, to those of the Reserve Areza énd t0o guarantee
the success of giving to the country a large size industry of

potassium fertilizers.

Within the  present framework of the subject,contemn

plating the integration that has occurred, CPRIM has totalled 29

requests for exploration of potassium and rock salt, directed to

and dully authorized by DNPH now submitting for DNPM's consider

ation the competent Reports of Exploration.

o N _ : NE 7520,0210.0343
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III - GEOGRAPHICAL SETTING

III.I - Physiography

Soluble- salt deposits :ﬁ‘ the Sergipe Alagoas sedimentary
basin underlie an area composed of the following physiographic

units:

a) Coastal area;
b) Tidal flats;

c) Alagoas lake area, in which lake developments may be

controlled by faults;

d)- Central tableland, which occupies central Sergipe and
a major part offhlagoas and 1s formed by flatlying

rocks of the Tertiary Barreiras Formation.

e) Southwest highland areas, in which shales, sandstones

and limestones crop out, in central and western OSergi

pe .

Aracaju is the most important city, as far as this

report is concerned. Aracaju's main physiographic feature com

prises lowlands with ancient coastal lines showing that the
areas surrounding the city were covered by epicontinental sea
in recent geologic time. There are few saline-works near +the
city.

In-the group of 1nvestigated areas; which are the reason
for the present report, the land is moderately rolling, showing

dominant froms of low hills and plateaus, with average height

of approximately 100 -~ 150 m above sea level.

Wad, N5 ’ NE 7530.0210.0343
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ITT.I1I - Locationiand Agess Roufes

The continental bordexr of the Serzipe-Alagoas sedimenta
ry basin, with a2 medium width of 20 km, extends from Vazsa Bar
ris River (8% of Aracaju) to approximately 53 km nortneas?® ot
Maceid, in a global extension of 350 km. The eastern limits of
- the bzsin which are not yet defined, become united 1n the

interior of the platafomm.

_The rezion studied in the preseﬁt report (45,000 ha)
lies totally within the state of Sergipe, comprising three
groups of areas extending to the southwestérn, e astern and
western portions of the National Reserve Area shown 1n the

annex map.

The firsf ZrOUP containé 12 areas of 2,000 ha each,
named from A to L. It consists of =a 24;00& ha strip of land
north of the City of Aracaju, distant from it about 40 km,
completely laid in the districts of Japaratuba, Siriri and
Capela. |

The second grdup, made up of 13 areas of 1,300 na each,
described as areas 1 to 13 consists of a2 13,000 ha strip of

1and located some 30 km northeast of the city of Aracaju, e ast
of the Reserve Area, imbedded in the districts of, Japaratgbg;_ﬂ,

Carmdépolis and Santo Amaro das Brotas.

The third group composed of 4 areas of 2,000 ha ea.ch
named from i to P 1s lbcated 30 kxm northeast of Araceju, south
of the Reserve Area, in between rivers Pomonga and Siriri, laid
in the districts of Santo Amarc das Brotas, Rosdrio do Catete,

Generzl Haynard znd Pirambu.

Serzipe Alagoas Basin is served by a network of roads,

most of which are dirt or gravel. A federal paved road, BR 101,

M
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runs along the axis of the basin linking.the cities of Aracaju

and Maceié, both located in the coast.

The basin is also served by raioroad belonging to the

Rede Ferroviaria Federal S.A. (Federal Railway System) which

connects the towns of Cotinguiba and Carmépolis; both located

in the Reserve Area, and Aracaju.

kvess to the three groups of investigated areas may be

_madelthrough any of the following routes, from Aracaju:

— A to L areas may be reached after. 69 km on paved DBR-101 or
67 km by railway (RFFSA), which connects Aracaju and Proprié.

~ 1 to 13 areas may be approached after 54 km on paved BR-101,
and then on unpaved road, after 5 km, to the town of Japaratu

ba and from it, on unpaved road, after 2.5 km, to Pirambu.

— M to P areas may be reached after 28 km on paved BR-101  to

Maruim and 18 km of unpaved road to Planta.

Each of the routes being followed, every area of the
three groups may be vigited using gravel roads and {trails whilch

1ink the head houses of the various farms i1n the region.

IIT.JIXI - Climate, Vegetation and Hydrography -~ — -

The region is inserted within the climate conditions of

the Brazilian Northeast, with definite aspects of vegetation.

The basin, in the 1littoral region  has mean annual

temperature of approximately 2400; With a few exceptions, annu

e . 0
al variations around the average are few, rarely exceeding 5 C.

Dominant climate in the region, according to Kippen 1s

‘1€ T7530.0210.0312



of the type As', with a rainy season extending from april to

august and reaching meximum rainfall in the month of june.

Mean annual precipitation stays between 1,000 and
1,800 mm. Litoral  vegetation is predominantly of coconut
trees, presenting characteristics of mangrove swamps 1in the
flat areas, while in the highland areas scrub trees and
xerophile bushes grow. In-the hill sides of the valleys
remnant tropical forests predominate while the low=-lying areas

are occupied by green sugar cane plantation.

The hydrographlc system of the region is mainly rep
resented by the rivers Sergipe, Japaratuba and Poxin. The

drainage system bears west-ecast . direction with final course

toward thé Atlantic Ocean.

"VWith the exception of the Sergipe river which allows
ccntinuoﬁs navigation in its medium and lower courses,all other
rivers are restrictively permissive to small boats, Besides the
above mentioned rivers, several lakes and lagoohs represent
sources for water supply in the region, deserving t0 be

mentioned Tiririca, Grande Jaguaribe and Catu lakes.
III.IV - Port

Aracaju, capital of the State of Sergipe is located
some 40 km from the region where salt deposits lie, 1is has its
own port, easily attainable by federal paved road BR-101l and by
railroad of RFFSA (Federal Railway System).

Port of Aracaju, with seven warehouses to dock ships 1s
reached by a narrow channel whose depth in tide does not
exceed 3 m, allowing operation of just small 4,000 to
5,000 TDW boats. Poﬂffaoilities are being constructed (a

maritime terminal is under way) one mile ahead of the existing

NE 7520.0210.0714:
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dock warehouses, which will permit the operation of freighters
up to 30,000 TDW, giving chance to greater flowage facility for
the potassic fertilizer, and eventually, for the rock salt to

be produced in Sergipe.

The implantation of such maritime terminal will involvea

5 to 8 million dollar investment.

With possible alternatives for the sea outlet of the
mentioned production, ports of Maceid and Salvador can be
incorporated into a global economic study as their distance

from the Sergipe mining regionj£;280 and 360 km, respectively,

by rail and paved road.

Port of Maceio, which is nearer, occupies a jetty 420m,
long being connected to another: jetty about 120 m in length
and 20 m in width.

An internal railway has direct connection with RFF5A,.
Minimum depths along the jetty vary from 5.2 to 8.2 meters at
low syxygy tide. Presently +the operation of ships up to
10.000 TDW is possible for thai port presents idle operational

capacity.

The port of Salvador has an extension of 2,070m and that
already includes ore and coal docking facilities with depths
of 10 m, as well as dock facilities for flammables in identical
conditions. It also has a varied choice of cranes up to 30
tons as well as a steam floating hoist with the hauling capacity
of 120 tons being able to0 dredge up to 12 m depth.*

*Bragilian Navy - D.H.N.
Directorship of Hydrography and Naviga
tion. |
Roteiro - Brasil

D.H 1-8
1968
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Presently, operation in the port 'of oalvador 1s

possible for 30,000 TDW ships.

Before a deeper economic feasibility study can  be
achieved it is impossible to define which of the three port
alternatives applicable at medium or long term will best meet

the economic interest of the undertaking.

It should be remembered that such appreciation will
regard the compulsory implantation in the port of Maceid of an

adequate substructure to cope with rock salt production and

commercialization made by Euluz-Dupont group.

On the other hand, utiliéation of the Salvador port,
the most distant from Aracaju will allow the interlacing  of
the petrochemical pole of Aratu and the salt complex,which may
result in a more expressive component for the dynamics of the

problem.

At any rate, however, it is evident that the economic
feasibility of displacement of great masses of fértilizersfand
rock salt will have to0 necessarily éount on an efficient port
system, ensuring loading and transport according to a scale

economy level, which occurs in similar casesgs already solved in

other parts of the world.

“E TS30.03212.59245
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IV - GEOLOGY OF THE SERGIPE ALAGOAS BASIN
IV.I - Regional Geology and Stratigraphy
Regional geology was raised to reasonable level of
comprehension due to detailed geologic mapping, geophysical
surveys, drilling and underground geology, etc, realized by
Petrobris, especially after 1957, with special emphasis on

sediments of mesozic basins, important for oil.

The stratigraphic sequence of the basin comprises, besides
the Precambrian crystalline basement rocks, Paleozoic, lMesozoic

and Cenozoic sediments (See chronostratigraphic chart - Annex 3)
1 - Basement Complex

Lithostratigraphy of the Basement Compléx was defined by
geologic surveys developed in the horst which separates the

sedimentary portion of Sergipe/ﬂlagaas from the Basins o1

Recbnecavo, Tucano, Jatoba.

Geology of* the referred crystalline area 1S rather
compleXx, the greater lithologic units were dated Precambrian to

Paleozolc in age and are represented by:

1.1 - Gneiss of the Brazilian shield and Paulo Afonso migmatite;
1.2 ~ lietasediments of the iliaba and Véza—Barris ZTroups;

1.3 - Intrusives of the Pernambuco/Alagoas batholith;

l.4 - Bsténcia Formation;

L5 - Extrusive and hipoabyssal rocks.

1.1 -~ Gneisses are the oldest rocks in the area and their age

is attributed to the lower Precambrian. Petrographically,

NE 753002100343
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 those rocks are composed of & biotite gneiss with pink,

1.2 =

1.3 - Occurrences of i1ntrusive rocKks are located north

- répolis. Area of occurrence of this group is

in all of the
north of

dark or light grey edging. It 1is presént
horst being nore frequent south of Sergipe,

Alagoas and Pernambuco.

Paulo Afonso migmatites are mixed type gnelss—-granlite
rocks originated from-injections of acid rocks in gneiss,
They crop out in the region of Paulo Afonsc and close

to acld intrusive masses. -

lilzba group is represented by existing rocks between the
gneiss and llacambira reverse fault, located around a
circle~like window surrounding Itabaiéna tovn in Sergipe.
This group was divided into three formations named
according to the sequence of deposition: Itabaiana, Jacs
recica and.Jococa, representing the-dePosits at the

southern flank of the Sergipe geossyncline, active during

the liiddle Precambrian,

Vaza-Barris Group 1s represented by a gzroup of -highly
folded and foliated rocks, composed of phyllites,

metagraywackes, marbles intercalated with chlorite,

sericite;schist, metasandstones, metasiltites and some
metavolcenic rocks. It is divided into the foliowing
formations, ordered according fo their relative aoe:
Capitzo, Palestinz, Olhos d'édgua, Frei Paulo and Ribei-

roughly
located, between parallels which cut across iizceid, %o
the north and Aracaju, to the south. Their aze is

admittedly the same as that of the Lliaba group.

of Sao

NE T530.0210.0253
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Francisco river znd become part of the PernambucoAlagoas
batholith locally comprising rocks of an intermediate
group, predominantly acid. They crop out more extensively
- _than the gneiss, and their age is 500 to 600 million

Vears.

1.4 - Bstancia Formation -~ It consists of fine sandstone and
sandy, micaceous siltite, red to purple, greysn green,
with intercalation of ardose and thin beds ofmulti-compesed
conglomerate. Its age is uncertain, possibly Cambrian or
Silurien. It rests on a heterogenous unconformity, over
the zneiss and on a non-conformity over the rocks of the
Vaza Barris group. Lts area of occurrence extends south

of the Vaza Barris river.

1.5 - Basic rocks occur in small extensions in various points
of the batholith. Diabase occurs in Santa Luzia Sergiype.
Acid rocks are present in more restricted areas and they

are represented by sndesite, rhyolite and rhyodacite,

2 - Lower Szo Francisco Group

»

This group 1s represented by a pack of non-marine sediments

which crop out northeast of Serzipe and southezst of Alazoas,

appearing in Japaratuba-lirim river valley (Sergipe) up  to the
Coraripe Valley (Alagoas), limited in the base by rocks of the
Basement Complex and on top by the euxinic sediments of Muribeca

Formation.

I+ is divisible into two great units which are distinguished

by their lithostratigrephic characteristics.

NE {530.0210.0343



Mod, 002

D
£+
L 1}
Sy

CPRM
15.

These two units are: Lower - Igreja Nova Subgroup; Upper -

Coruripe Subgroup.

- 2.1 — Igreja Nova sSubgroup - This subgroup is best exposed 1n

the neighborhood of Igreja Nova (Alazoas) and it represents
a basal unit of the sedimentary column of the basin with
approximately 70 m of thickness, located stratigraphically
between the basement, in the lower part and the Coruripe
sub group 1in the uﬁper part. This subgroup 1s divided into
five Tormations named below, according to their order of

deposition.

2.1.1 - Batinga; 2.1.2 - Arscaré; 2.1.3 - Candeeiro; -

2.1.4 - Baneneliras; 2.l.5 - Serraria.

2.1.1 - It is characterized, both at surface and underground
by the occurrence of rhytmic siltites, parsconglomerates and
coarse sandstone. The lithofacies are gradational, the finer
material occuples the uppef part, the coarser predomiﬁates

in the inferior portion of the formation.

This formztion 1s subdivided into three members:

Ty

a) Atalaia; b) Hulunszu; c) Boacica.

2) Atalaia liember includes the coarse clastics section (immature
and coarse kazolinized sandstones, white in color) of Batinga
Formation which occur south of” Sergipe, lying over the

. bagement.

b) Iulungu lember — It is composed of pebbly conglomerate debris,
~boulders of igneous and metamorphic rocks, with varied fomm

and degrees of roundness, randomly immersed in a sand-siltic

NE 7530.0210,03.43
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matrix, with changing tones from green to lignt brown. They

accur more frequently south of Alagoas.

¢) Boacica liember - It is characterized by the  occurrence of
laminated siltites -~ either fine_ggd_fégular,_similar--to a.
-u-ﬁvarvite“or"with“Efbéé'é%fafification end frequeﬂt gradations
to sendstone and shale. They are best exposed in the Boacica

river valley (Alagoas).

5.1.2 - Arscaré Formation — It comprises all of the

sedimentary section overlying siltites of Batinga Formation and

underlying red shales of Bananeiras formaztion or sandstones of
candeeiro formation. Generally, presence of silex is diagnostic

for the reconaissance of the unit.

Usually, the most important outcrops in the left margin of

Szo Przncisco river are located between Arzcaré hill and Borges

Parm.

A% the surface, the basal part of the unit shows, most
of the times = predominance of brilliant black shale; 1in the
middle portion there is a zone of radiocactive peaks; and on the

upper part silex.occurrences are predominanty. Permian sge 18

sttributed to these sediments.

2.1.3 - Candeeiro Formation - The sediments of this unit
are not recognized at the surface. The urlt 1s coﬁstiﬁuted of
white, pink to grey and red 1n color, fine to medium grained
sendstone, with coarse intercalations, locally containing granules
and subangular pebbles of sileX. It occurs at the surface north
of Perucaba river up to the vicinities of'Sgo liiguel dos Campos,
Alagoas. This formaztion corresponds to a fraction of the- upper
paxrt of Lower Japoata formation. The formation is adnittedly Neo

Jurassic i1n age.

Mod, QD2 | NE 7530.0210,0313
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2.1.4 - Banzneirss Formation - It is constituted of siltic
and micromicaceous shale and red, brown to maroon, iight green,
svotted clay without fiésility. Locally, turboglyphs, other
basal marks and some possible contractlon fissuresvnﬁﬂeobserved,
The outcrops ot this unit arg_yiﬁibleainuthE”wéétéﬁﬁ"”bofdér of
‘the basin, 1in Hufiﬁééé;iéérgipe up to the south of Jungueiro,
Alezoas. Underground, occurrence 1s regional, the formation being
eroded only in the higher areas of the basin. The greater
fhickﬁesses are show in the vicinities of Carmdépolis (Sergive),

thining southwards.

The lower contact of the formation corresponds to 5

prominent erosional unconformity.

£

5.1.5 - Serraria Formation - This unit is composed o)
white feldspatic, kaolinic and sometimes conglomeratic sandstone,
crey to red in color, mediun to coarse grained, poorly to

recularly sorted (frequently with subangular rains).

The upper part of the formation presents sandstone with

bands of grains and pebbles and numerous occurrences of silicified

wood. Inclusions or even layers of carbonaceous matter . are

found in association with the sandstone of the formation.

Cross stratification may be considered a characteristic of
this unit. The oﬁtcfgps of the formation are distributed along
the western border of the basin, from.ﬁuribeca, Serzipe to Piauil
river. Underground occurrence is common, only being absent in

the rezional heights which suffered intense erosion at the end

of Lower Cretaceous.

Judzing from the position of stratigraphic relations, we

refer these sediments to Lower Cretaceous, Upper Jurassic in age.

Moc, 002 . NE 75330.0210,0343
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2.2 — Coruripe Subgroup - It is represented by a - sedimentary
packing composed of coarse clastics with some  benches of

intercalsted non-marine limestone.

The unit comprises all of t@eusgdimenté-loeated'betweéﬁ the

. _pase of Huribeca formation and the top of Serraria formation.

The subgroup was divided into siX formation, named in order

of sedimentztion as follows:

2.2.1 - Barra de 1tiuba;

2.2.2 — Penedo;

2.2.3 - Rio Pitangsa;
2.2.4 - Morro do Chaves;
2.2.5 - Coouelro Seco;

2.2.6 - Ponta Verde.

2.2.1 - Barra de Iti&baIFormation.— It is composed of a
monotonous sequeince of shales, with relatively thin intercalations
of sandstone, siltite and limestone.-ﬂt fhe surface, due to easy
slteration of shale, outcrops are rare unless when preserved Dby

intercalations with beds of sandstone, siltite or limestone.

The percentage of sbzle seems to be higher underground are

- needle-like. The shales and smooth, green to black in color
partly calciferous, and containing smell limstone nodules.
Sandstone of this unit is fine and well sorted, usually clean,

light colored, from grey to white. The limestone 1s very hard,

sometimes micro crystalline or made of ostracoidal cojuinas.

The formation is exposed along the Japaratuba and Japaratu-
ba Mirim river valleys. The thickness 1s variable. In . Sergipe,

the formation seems to be truncated by an Ho-Cretaceous -

unconformity.
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The unit has z relatively reduced thickness: not usually

beyond 500 m. In Alegoss, where a more continuous sedimentation

might have occurred, it reaches a thickness of 2200 m.

The zzé of Barra de Itidba Formztion is referred to = as

E
-

Lower Cretaceous.

2.2.2 - Penedo Formation - It is composed of thick bench
sequences of poorly sorted sandstone, with intercalation of shale
and siltite. The sandstone is white to grey and yellow in color.

Grains .of feldspar, altered to kzaolin give the sequences then 2.

white dotted cheracteristic.

The sandstone show, most of the time, cross stratification.
The laminafed =nd needle-shaped, partly micaceous shale nas
varied colors, from light green to dark grey. The siltite
usually zreyish and micaceous, occur irregularly distributed
thryughout the section. Locally, presenoé of impure arglllaceous
limestone is observed. This formation c¢rops out 'in discontinous
areas, from Japaratuba valley, 1in Sefgipé, to the Coruripe ‘river
valley, in Alzgzoss. Average thickness is around 800 m. Its  age

2

ig attributed to lower Cretaceous.

*

2.2+.3 = Rio Pitanga Moxrmation - It is characterized by the

occurrence of coarse clastics, predoninantly formed in talus and

2lluvial fens. It is usually formed by argillaceousfconglomerate

and multiconposed breccia, green to red in color and closed,
usually hard breccia. |
- W
The formation crovs out in discontinuous bef%hes in the
westeran border of the Sersipe/Alazoas Basin, from Propria to

wuribeca, 1n Sergipe.

Mod, D02 - NE 7530.0210.0%43 %
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Underground occurrences of this unit are recognized from

the areas of Itaporanza and Riachuelo up to Taguari, 1n Serglpe.

The thickness is just variable, and according to | the

—
-

u-greéfesﬁ bveds, around 800 m, observed -in the. external borders of .

the Lower Japaratuba, in Serglpe. - .---"', | L

In Alagoas no occurrence of this formation is known., Its

age 1is inferred as Lower Cretaceous.

'2,2.4 - Horro das Chaves Formztion - It is characterized by

the occurrence of limestore benches and reefs, beds of shale,

limestone and greatly chalky coduinoid marl lignht grey in color,

white to pink.

Beds of smooth ﬁicromicaceous shale, green to grey, partly
calciferous and siltic, intercaléted with fine to medium,
cenerally calciferous sandstone, grey and with occasional coarse
and conglomeratic horizons occur through the partly predominant

diaznostic lithology.

In Sergipe, outcrops are known in the vicinity of luribeca,
Viscueiro, in the Riacho dos Piloes, near Japoata and in the

liorro do Chaves, near Propria.

In Alegoas, in the Szo liigzuel river valley and in Pedreirs,
southeast of Porto Real de Colézio outcrops may be studied. ~“The
arez of Japaratinga to the north of Alagoas, to the area ofBaixa

Grande, 1n oDergipe.

There, the thickness does not exceed 200 m and 1%t reaches,
in Alzgoas, approximately, 1,500 m. Its age is believed to be

Lower Cretaceous.
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2.2.5 -~ Coquelro Seco TFormation - It 1s . composed of
monotonous z2ltermations of sandstones, shale and siltite. The

- sandstone is fine to medium grained, with coarse and conglomeratic

levels. = - c-oeeeo oo L

There are frequent siltic intercelations through these
‘sandstones. Tne shaie 18 genefally Lizht Dbrovm 1n color,
betuminous %o sub-betuminous, pértly siltic and partly laminated,
containing fine infercalations of brown  dolomitic limestone

cryptocrystalline to microcrystalline in fomm.

Due to strong facies changes observed throughout the unit,
different lithologic +types are evident, thus allowing the

individuaslism of four members:

a) Arambipe;
b) Pranceés;
¢) Roteio and;'

2) Arsmbipe Ilember ~ It is characterized by the predominaﬁce of

sand and subrounded, medium to coarse srained sandstone.

elative abondance of kaoline, in lenses or disseminated, gives

the member a whitish color, which is peculiar to 1t.

— = —— - e —— e ——

b) Francés liember - It is characterized by +the . abundance of
coarse greined sand norizons, quartz rragments and orange
feldspar intercalated with lenses and benches of brovm shale,

- foliated, sub betuninous to betuminous.

¢) Roteio Ilember -~ It is constituted of thick horizons of brown

shale, locally associated to lamminee of 1light brown limestone.

Mod. 002 ' NE 7530.0210.0143
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d) illeanguabe lember -~ It 1s charécterized by light browvm, sub
betuminous to betuninous shale; with frequent intercalations
of brown, cryptocrystalline limestone, laminated and generally

Hdolomitic, zrading to dolomite,.abundance of which serves <vo

distinguish this unit from all others.

Near the lower and upper limits there are beds of medium

to coarse sandstone, kaolinic to feldspatic and poorly sorted.

The- sediments of Cogqueiro Seco Formation are observed 1in

the zrez of Jegquiéd to Haceid, in Alagoas. Greater thickness

coincides with regions structurall§ downwarped of the Alagoas
graben. The outcrops of the unit are irequent but denounce
strong weathering attack which,. in general, left the sediments
poorly preserved or transformed into solil. The age of + the-
sediments 1s considered to be Lower Cretaceous.

2.2.6 - Ponta Verde Fformation - It i1s composed predominsntly

of gray to green needle-shaned shale.

Mine occasional sand-siltic intercalations occur through

the typical and predominant lithology. This formation hes not

been identified in outcrops up to this date, while 1% oCcCcurs
underzround, south orf the lowest structure of Alagoas, within
the 2rea comprised by Pilar, ilal. Deodoro, Lizaceid and Ferrzo
Velho. Average thickness varies Ifrom 200 m. Its age lsattriuted

to Liower Cretaceous.

3 - kuribeca Formation (Aptian)

The tera [luribeca weaes a designation given to sediments

Mod, 002 1 NE 7530.0210.9343
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cropping out near Lluribeca town in Sergipe. Later, WYOoNns

correlations induced to a mistzke which included the evaporites

i _and associated rocks, in the liuribeca Formation.The name iuribeca
later became well known due to the economic importance.of . tThis

formation as a2 main producer of hidrocarbonates.

A poor fauna of ostracods occur in this formation, namely

the non-marine Crythexidea. Some fossils nave been observed,
mainly represented by moulds of fish,-molliusks and rests of

carbonized olants. From these fossils, Aptian age is inferred to

the layers of this unit.

In the Sergipe sedimentesry basin, the Ihuribeca formation
is represented by the groups of sediments which occur on top
of the units composing the Lower Sao Francisco River group or

even the crystalline compleX.

It is = typical underground formation and it hzs been

deposited in an essentially evaporitic environnent.

The members which comprise this formztion have conformable
contacts, whereas unconformities have been observed in the upper

and lower limits of the formation.

Ve mey generally separate each period in which environmentel

———

conditions gave chance to deposition of evaporites-anhydrite and

T

¥

soluble salts - in Luribeca formation: llaceid member of Paripuei
ra evaporites the older, and Ibura/Oiteirinhos evaporites the
youngers

Occurrences of soluble sz2l1ts in the Ibura ilember, 1in the

Santa Rosa de Lima, Tagquari, Vassouras, Agullhada, Timbs, Ilha

das Flores and ilosqueiro domaines contain mineralogic 1dentity

Mog, (02 NE 7530.0210.0213



and, apparently, configurate one sole saliferous basin.

luribeca Tormation 1is composed of betuminous shale,
- laninated limestone, evaporites, sandstone and conglomerate.
Accordinz to mejor and minor frequency of the lithologic types,

this unit may be subdivided into five members, .as follows.

a) liaceid ilember - It is formed by intercalations of fine  to.

coarse grained, light grey to brown, calciferous and
feldspatic sandstone with intercalations of brovn dolomitic
sandstone. Along the base of the menber a good key stratun

including laminated limestone occurs with shale, belng

informally denominated, liundadl limestone.
. ‘ y, .
A layer of rock salt occursthrough the liaceid member, -being

called Paripuelirz evaporites.

b} Tabuleirc dos iartins ilember - It is characterrzed by = the
predominance of partly betuminous and partly siltic brovm
shale with intercalstions of darik brown Limestone. Occasionszsl

develonnents of sendstone and siltites are registered.

c) Cermdpolis liember - It is a unit essentially made up of

L

usuzlly coarse 1o very coarse grained clastics composea of
conzlomeratic sandstone to multicomposed conglomerates, with
an arzillaceous cazlciferous nmatrix and with intercalations of

usually hard, calciferous shszle, grey to dark brovm in color.

d) Iburz Llember - It is characterized by contailning  the ZoNne
of soluble szlts which extends troughout the basin. Over this
zone the sediments are classified according to 1ntimate and

continuous intercalations ol grey to brown snale and

linestone, permeated by cryptocrysﬁailineanhydrite layers,
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bluish grey in color, and associated wlth micaceous,
calciferous siltite,grey %o dark grey, and some fine to
occasionally medium grained, calciferous sandstones, showing
apparéntly very weak porosity. - Lotélly a hard dolomitic
limestone is presgsent, grey to derk grey,'light 1vVOoTy and

brown in color, grading into dolomite.

Below the saliferous zone, some limestone and dolimite occur

associated with anhydrite, with varying thickness of 150
to 690 m.
The anhydrite horizons of this member are formed by

nodular anhydrite, cemented with calco-argillaceous material,
conferring to the group a brecia-like character which 18

to common all c¢lastics of the'Ibura member,

e) Oiteirinhos ilember - In this member fine | clastics
predominave, represented by grey to brown shale, wilth
interlaminstions of light brown limestone and local

intercalztions of sandstone and siltite. It deserves to e

mentioned that the key stratum named Two Peak Anhydrite,
composed of radioactive shale, was identified in this
member.

As Ihuribeca Formation is the most important, as far™ ~ s

this Report is concermed, we present further comments about its

stratigraphic setting.

Muribeca Formation extends throughout great portion of
the Sergipe/Alagoas Basin. In Sergipe, only the sediments which
compose the upper part of the formation are present, theopposite

being true in Alazozs.

Carmépoiis and Ibura member are the only present members

NE 7530.0210,0343
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in Alagzoas and in Sergipe. However, in Alagoas, Ibura member
occurs at swall deptns, having beén slmost completely removed by
erosion. Olteirinhos member, on the other hand, appears only in
Sérgipe, The thickness of the unit is approximately variable,
the thicxest beds being ovserved in Alagoas. Average thickness

of about 199 m is corimon.

The lower contact is unconformable in Serzipe and northn

of Alzgozs, and the sediments overlie .older strata of the Coruri

pe subgroup.

In the region of Ilaceid, Alagoas, lluribeca Formation
seems to be conformably overlying the green shale of Ponta Verde

Pormetion,.

The upper contact of this.unit includes a local unconformity
in Sergipe, where the unit 1s covered by marine shale of KHiachue

lo Formetion and clearly unconformable in Alagoas, where  the

sediments of this unit tend to crop out and the exposed part is

marked with & clestics cover.of the Barreires Formation.

4 - Serzive Group: it is composed of the following —

formetions.

4.1 - Riachuelo Formation (Upper Albian/Lower Albian).

It represents zn intimzate lithologic assoclation formed
by cerbonate rocks, shale, si1ltite and sandstone overlying
non-marine layers of the Lurivecz Formation and underlying

the .carbonate rocks of the Cotinsguibz Formation.

mliachuelo formation extends from the south flank of the

Penedo horst end from the highlands of ~ Iluribecs/Japoata

NE T530.0210.0313
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southwards to Vaza Barris River in Sergipe.

It also occurs in the Pontal de Coruripe. graben in

Alagoas.

The exposed section of this unit 1s distributed in sergi
pe, in a strip of land approximately 20 km 1n width,
between the ares of Itaporenga up to the Poxim river

valley, north of Pacatuba.

-

This formation presents a2 uniform thickness, range of

which is arouxd 500 n.

Thickness of its members are,. however, . variable and

irregular. Four members may be distinguished in this unit:

a) Angico lMember - It is characterized by medium to coarse
clastics, overlying marine sediments of Huribeca Foxrmation
and below the carbonate rocks of Cotinguiba Formation. It
presehts fine to conglomeratic sandstone intercelated with
siltite, shale and limestone. Sandstone and siltites ma.y
present cogquinoidal beds and they have snells similar to

Turitella, distributed 1n iine regular layers.

b) Teguari lember - This member is composed of marine shale,
intercalated with limestone which occurs overlying - uribeca —
Formaetion and underlying clastics of Angico member and

limestone of liarulm member.

The limestone is white to grey, homogeneous, cryptocrystalline
Land partly marled, presenting, locally, =2lgae horizons. The
shale is zrey, partly banded, calciferous, micaceous and
fissil., Anhydritic inclusions may occur locally. At the

surface, these sediments show yellow color.
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¢) iaruim liemper -~ It is composed of ocolitic and pisolitic,
coquinoidal and algal limestone reefs, detritic limestone

with sandstone horizons, siltite or shale,

Qolitic and pisclitic limestone predominate in this unit. AL .
the surface, algal reefs are observed for they are resistant

to erosion.

d) Aguilhada liember - It features a thick section of dolomite
underlying the oolitic and pisolitic limestone of Maruim
member. This member is essentially made up of - saccanarolidal
dolomite, ivory to light brovm with intercalations of <Tfine
to conzlomeratic sandstone, green, grey or red shale and,

occasionally, other non dolomitized limestone.

4,2 - Cotinguiba Formation - Turonian-sSantonlian

This formation is noticed by the predominance of limestone

with local occurrence oi clastics.

It overlies the Riachuelo formetions recovered by Piagabu

cu sedinents.

According to several lithologic variations observed,

two members may be deliined:

2.) Arsczju liember - Formed by intercalations of shale and
limestone, locdted in the basal portion of . Cotingzuiba
Formztion.

b) Japuczri liember - Framed with massive and stratified limestone.

4,3 - Piagabucu Formation

Defined by a group of layers formed by grey to green, clastlc

NE 7530.0210.0349
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to pyritic, medium to cozrse grained shale, limestone and
dolomite which overlie the limestone section of ~the

Cotinguiba Formation.
Two members may be separated i1n this unit.
a) Calumbi Ilember - Composed of shale and green to greyargillite

b) Marituba llember -~ Formed by coarse clastics and usually

pyritic limestone 2na dolomite.

5 — Barreires Formation (Tertiary)

It is 2 continentsl Tormation made up of coarse pebbled
and quartzose sand, usually frasmented, cemented by argillaceous
material of varied color intercalated with yellow,reddish to red,

plastic and non cslciferous clay.

This 1s a2 surficial Tormation extending over great part of
the basin. Its lower contact i1s always unconformeble with several

uwnderlying rormations.

6 - Quaternary

The quatermszry deposits of contlnental and coastal
origin are informally embodied under thne denomination oI bezach

and a2alluvizl sediments.

IV.II - Structural Geology

The main structural characters of the Sergipe-Alzagoas -

ME T530.6210.0313
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sedimentary basin mzy be identified in the Gravimetric liaD

"Bouguer" (Annex N.4).
These structural aspects may be summarized as Tollows:

Sercipe - Esténcila vlatforna, liosqueiro lowland (graben) Sergipe.
Regional highlands, Siririzinho highlands and Divina Pastors, Ja

paratuba end Sao FPrancisco lowlands.

Alagoas - Penedo highlands (horst), Palmeira Alta highlands  and

Alegozas lowlsnd (graben).

The Bouguer ilap show two maln systems of faults with
rouzhly orbogonal axis and general directions LW-lZ and IR
which were. checked and dully tested by the works  done oy
Petrobris. These systenms are very important for the definition
of the structural geologic configuration of the basin and they

are characterized by gravity faults of regional and local orders.

Tvidences of older fzults (conglomerate associated with
fzult scerps, unconformity and absence or increase of sections)
observed in the Paleozoic and ilesozoic of the Basin, 3o back

to the beginning of deposition of Pitanga Formstion (Vealden).

Avparently this type of tectonics was active up to tne upper
Tertiary mainly in the northezstern and western borders of the
bzsin. The mzin faults occur bpetween Sznto Amaro and Alzgosas
(pre-Ibura-Carmdpolis) vhen the regional configuration of the
sfrusture was defined. The tectonic activities of Paleozolc to

Jurassic are ya2t little known.

In Luribeca Formation the units most attained by faults
were Haceid and Tabuleiro dos iartins members. Carmdpolis, Ibura
and Oiteirinhos members were reached only faults in the- border

of the basin snd rare fzults that cross transversely (Ex. Betune
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river fault, NE of Sergipe).

Generally, three main periods of faults my be distinguished
in- the Sergipe Alagoas Basin: ;/ Middle pre.-Alagoas (pre-luribeca)
- 2/ Middle Alagoas - Albian (Muribeca -Riachuelo) and 3/ Upper

Cretaceous - Tertiary (Cotinguiba—Piagabugu).

The sediments of NMuribeca Formation in the  Sergipe Basin
proper are not cut by faults with great thrust. The faults of the

west-northwest borders (Iporanga. and Betume rivers) are exceptions.

In the Pre-Muribeca faults, on the other hand, significant

reactivity is absent not reaching, therefore, the top of

Carmopolis member.

The Pre-~Muribeca unconformity is made up of one of the most
important structural characters of the Sergipe Basin, not being

-identified@ however in the Alagoas Basin.

One important contribution to present stratigraphic-
structural framing of the basin, mainly the formation of a

saliferous sequence may be attributed to halite-kinetic energy.

In the chapter which is specific to the geology of the

deposit, considerations are given in more detail about its

structural geology. | .

IV.III - Geologic History

The Lower Cretaceous of the Sergipe-Alagoas basin in
Pre-Aptian epoch, after the deposition of sediments aged  Poxim,
was characterized by tectonic movement. The Brazillian = coastal
basins, including their submarine extensions, along the adjacent

coast, were also affected by tectonic upheaval.

' ] | <,
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In Sergipe, one of the predominant lines of fractures
corresponds roughly to the line of coast whereas the other 1s

located in a general NW-SE direction.

The Estancia Platform and the Sergipe highlands or Aracaju
highlands, as some geologist of RPNE - Petrobras prefer to callg

it}were organized into positlive areas.

At the end of the Pre-Aptian diastrophic area, the Aracaju
highland was rapidly invaded by the Aptian sea, formerly with

coarse-clastic deposition filling its paleovalleys.

The fine clastics of Muribeca Formation déposited over the
platform, in an Aptian - marine transgression process, S1NCronous
to the unit equivalent to the overlying shale ol the Carmopolis

Field, directly over the metamorphic rocks.

In the other parts of the basin, the sedimentatlon starts
again, over an unconformity surface, with short hiatus, which
lasted until the end of the Muribeca primeval Apfian - time
(definition of surface). The denudation of %he Estancia Piatform,
another pos;tive area located in the extreme southern limit,
continued up to the beginning of the Turonian. Between these two

positive Pre-~Aptian areas, the Mosquelro pit developed.

In the Estancia Plétform, the Turonian sea initially
deposited conglomerates and sandstones, changing the lithofacies

rapiddy into the Sapucari limestone which underlies them.

In the Mosqueiro pit however, the process of deposition
carried on, due to the continuity of subsidence of fine clastic
sediments (sandstone and shale) through the marine IHaestrichtian
and Paleocene, forming a notable event in the geologic history of

the basin. In the frontal area - the submarine platiorm - seismic

NE 7530.0210.02 12
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surveys indicate considerable thickness of Tertiary marine

sediments, very rich in hidrocarbonates, as those of the gulf of

N[BXiCO ®

In the Estancia Platform, along the Itaporanga fault which,

according to geophysics, corresponds more exactly to a fault zone,

similar to a folding joint, o0il rich reefs would have : been
developed during the invasion of the Turonian Ses. In this
platform, Turonian sedimenﬁs overlie tpe'remmaﬁt Vaza Barris
group, whose lithologic representatives overlie the coarse

red sandstones of Estancia formation, in a regular unconformity,

at least in the largest part of the area.

In the north, separation of the Sergipe Basin, eith marine
deposition post Poxim -~ Sao Miguel of the Lower Cretaceous from

the Alagoas Basin was imposed by the Penedo highland.

It is possible that, in the tectonic pit of Japaratuba, the
subsidence has been progressive up to the Aptian, and sedimentation

was probably continuous.

Sao Francisco lowland extends between the Paracatuba horst

and the Penedo‘highland.

It is convenient to call attention to the fact that the
pre-Aptién tectonism was marked throught the basin, by  traction ~

efforts resulting in normal faults.

There is a structural trend centered in the Sergipe
highland, being marked by these faults, that extend up to Carmopo

lis toward Nuribeca town, near the crystalline contact.

Another trend is pefceived west of Quicama, Riachuelo anc

Divina Pastora, marking with the other trends already referred
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to, the geologically favorable areas concerning other o1l feelds.

The Evaporitic Basin of Sergipe formed into an
epicontinental sea, 1is represented in the map of location

(Annex 1) and in the Paleogeographic map (Annex 2 ) which show
the probable contours of the Aptian saliferous basin. There is
an internal basin which extends from Japaratuba to Santa Kosa de

Lima. This basin is linked with another which occupies extensive

areas parallel to the cost. ]

The internal basin is possibly joined to the coastal basin

at least by one narrow ané shallow channel. How the connection of
this larger, coastal basin with the ocean was macde, 1S unknown.

The existence of the channel may be confirmed by the presence of

halite.,

The narrow and shallow dimensions*of the channel are
indicated by the presence of potassium and magnessiunm salts in
1the drili holes of ITATIG and IBASA in Cotinguiba, as well as 1In
the AU—I; PU-1I wells and several wells of the continental platform

of Sergipe, made by Petrobras.

The sea water, entering the coastal basin 'in surface

currents, headed toward the beach where evaporation occurred.

Close to the border of the basin, already dense brine fell
in a vertical current, reaching for the zone of equal density.
Afterwards, it moved toward the deeper region. If no | obstagle
appeared, the concentrated brine would return to the sea, being
dilluted .in it. In this circulation regime, thick packing of
limestone/dolomite and anhydfite couldé have formed, and the
reduction of the vertical section of the channel gave conditions

to crystallization of halite in the basin.

Mod, Q02 _ Mg 7530 0210.0313



The progressive reduction -of the channel cection or the
crust's rearrangemeht 1mpeached dense brine to return tc the ses,
in a submarine current ané even paralysed 1it. From this point on
if therevﬁm;equiliﬁrium between the inflow and the evavoration,
the brine was concentrating, reaching, the limit of deposition

of thick packs of halite.

The brine existent in the internal basin was already
substantially concentrated and almost absent in limestone and

anhydrite content was deposited near the coastal basin channel.

Basal halite, in the Taquari/Vassouras grdnted brome
contents of 0.0055% the same fact occurring fer crystallized

halite found in the sea water. It is possible that deposittion
0of basal halite be previous both to the confinement of . the

coastal basin, and to the chanmmel formation.

As 1t 1s shﬁwn 1s the bromine log of halites, a
crystallization regime of pre-concentrated brines was predominant,
followed by an alternated crystallization regime which ﬁas a
function of the periodic enrichment of the brine, caused by

halite solution and by acess of new brine. The complete evaporite

depositional cycle is composed of a sequence, limestone — gypsite
halite, maghesium and potassium salts - halite - gypsite -
limestone resultant from the evaporation of more and more
concentrated brine by evaporation up to the middle of the cycle,
following the precipitation of an inverse seguence, ﬁith the
concentragtion of brine decreasing until 1t reaches the initial

level.

In summary, the following main events related to the

depositvion ¢of evaporites may1be pointed out:
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a) Submergénce of Santa Hosa de Lima - Japaratuba basin and
deposition of basal layers, after deposition of Carmépolis

member.

b) Individualization of"Séﬁta Fosa de ILima and Taquari Vassouras
by the relative uprising of Siririzinho highland and brine

flow toward Santa Rosa de Lima to Tagquari-Vassouras.
¢) Control of'depositioh by depth of channel.
d) Crystallization in normal conditions of evaporation.

e) Subﬁergence of evaporites at Ibura time and folding of

strata, with progressive transgression; and

f) Absence of geothermal and regressivé metamorphism. Presence

of metamorphism by secondary, external, down-upward solutions.

Mpg, 002 NE TR20.0210.03143
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V — GEOLOGY OF THE DIPOSITS

A gfeat mass of data oblained by DNPH's Project
Potassium and by Petrobras in the National Reserve Area and
vicinity, allowed +the definition of thé geologic parameiers
which interested the formations composing the Sedimentary Basin
of Sergipe, and particularly+Muribeca Formation which contains

the evaporiie deposits of the region.

In the National Reserve Area basides hundreds of 01l

wells-opened in Carmopolis and Siririzinho,40 holes distributed
throughout the area were drilled: 15 of Petrobras and 25 of
the Potassium Project. The latter were specifically realized

for the study of soluble salt deposits in Sergipe.

In the reguesied areas, 25 holes were drilled, being 3
for the Potassium and the remainder for Petrobras. Of the
latter,12 holes revealed presence of soluble salts, which did

not happen with the others.

The following chart shows that in the requested areas,

besides the holes made for the Potassium Project (PKC-2, PKC-3,

PKC-25), nine holes bearing soluble salt were drilled,totalling
12 positive wells and negative wells, excluding wells JMRI and

MR2 which have not been drilled duvue to technicel difficulties.

Yie may observe in the studies made that, besides the
above referred wells, elements of neighboring wells were used

sérving for example CPRF-1-SE, PU-3, RCst-1l, the CP wells (of

Carmépolis) and others,

The positive wells of the Potassium Project .and of
Petrobras were cored, The cores were sampled and analysed,

composite logs were made, 1in scale 13200, with curves of gamma

agu. OO ' NE TSI20.2C215.0347



and Neutron rays. Lithologic column, description of drilling
coresand samples as well as a schematic column of the struc

ture totalling 26 composite logs were completad (Annex 15).

o - a——-._ ... It should be stated that PKC-3 and PKC-2 wells  were
made by Potassium Project and fhe-ﬁd-liSEmﬁ;lirwés drilled = by
Petrobras, all of them positive, out of the National Reserve
Area and located within the explored areca, The composite logs
named above and the eléctro radicactive logs have been enclosed

in this report, in scale 1:1000, tTaken in the wells mentioned

previously, including the logs located in the neighborhood
(Annex 16).

The type of logs taken in the drilli-hole are: J -
Induction, Laterolog, Sonic/Caliper, Gamma/Neutron, Density

(Gamma/Gamma) with caliper; Density/gamme caliper and Dipmeter
varying from well to well, depending on the conditions of mud
at the time in which they were realized and depypending on the

objective of the hole,

From the economic point of view, liuribeca Formdation is
congidered the most important unit of the Sergipe Alagoas

Sedimentary Basin.

Carmépolis and Ibura, two of the members comprising Mu
ribeca Formation, existing 1n dSerglpe, contalin great reserves
of ore. The Cafmépelis member has been notable as a reservoir
of hidrocarbonates and the Ibura Ilember as a container of

thick saliferous beds, the principal object of this Report.

As it was briefly mentioned in chapter IV of the
present work, Muribeca Formation is lithologically organised
into an interlamination of grey and light brovn shales ° which

give a varvitic aspeci to 1t.
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Iist of Wells in the IExplored Area 39,
e ————— e
l i { Depth IThlcknmﬁ {Thickness of} Depth {
referred to | . |
{ WELLS i ¥D %Nurlbeca S soluble i Marine = | of :'
| l | base |  salts Isediments l Tmbasement |
| ;| PKC-2 1063, 1063 i 138 - I .
| | AG-2 1333 1333 228 [ - | FD-l. Carmopolis
AG-3 11355, 1355 4 - ' |
l i:{ AG-4 11317i 1317 } 262 { — % " .
I ”“I JD-1A1548) 1520 27 28 | FD-F. Bananeiras
©1  PL-1 1580 1424 | 115 | 156 i | | |
| el PU-1 i1430I 1356 184 T4 | FD-F. Rio Pitanga |
} } LM-1 11480} 1285 } 161 } 185 | " |
PKC~25| 704| 704 0 - FD-M. Carmdpolis
| | EM-~1 | 540} 465 | O | 75 | FD-F. Penedo |
j | SEM~1 | 797] 690 ! 0 | 107 | " | |
| m| VV-1 '2696| 1345 | 0 | 1351 | FD-F. Bananeiras |
| = | MR~3 |1277] N.A. | - ] - | FD=M. Angico |
|+ |BGst-1 |2445| 1423 | 0O | 1010 | 2433 m |
er ] JT-1 |1820] 1337 | 0 48 3 | FD-F. Serraria ]
.ingSJstml 11984 ! 875 | 0 1068 , 1943 m |
| 5| BD-1A11543} 1502 : 0 ] 41 | FD-F.Barra Itiuba |
.| | CPU-1 |1612] 1574 | 0 | 38 | " |
| = | PU-2+]1452] 1309 | o | 121 | 1430 m |
| | AN-1 |1178]| 1159 l 0o | -0 | 1159 m |
| | AsS-1 [1255] 1212 | o0 | 0 | 1212 m |
M - Ie HIb er
F. — formation
FD — final depth (reached unit signalled)
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By observations made 1in similar situations, we may
conclude that this lithology is typical of an evaporitic  envi
ronment (epicqntinenﬁal seaj, suffering however of other - envi
ronmental influences during its deposition, ensuring 1ts
‘division in 5 members named as follows: Maceié, Tabuleiro dos

Martins, Cermdpolis, Ibura and Oiteirinhos.

Some evaporitic intercalations, represented by halite

- e -.’ . - a
horizons, occur in the liaceio member, the only existing in Ala

goas.

Tabuleiro dos Martins member, recognized in the basin

is composed of dark grey to black and light brown sﬁale inter
laminated with light brown dolomitic limestone typical of Muri

beca Formation.

These members were posslibly eroded, or not deposited
in the Sérgipe Basin, the remmant being the Carmépolis, Ibura

and Oiteirinhos nmembers.

The Carmopolis member is composed of sandstone . and
conglomerates, deposited in the scarp-faults (pre-~luribeca)
and pzleoreliefs, partially coincident with the structural

lowlands. This.member is the oil reservoir of the Carmopolis,

Siririzinho and Riachuelo oil fields.

ITbura and QOiteirinhos members,which form the evaporitilic
'section itself, are described according with detailed zoning

made by CPRM's Geologist J. C. Fonseca (Annex 5).

Such study tends to detail the stratigraphy of the
evaporitic section, this in turn favors future and present iden
tifications and sitratigraphic correlations of the members, and

helps appropriate evaluation of the salt zone reserves.

The existent data were used for the zoning, 1including

Lo, M : NE T230.0210.0340



the composite logs of 26 wells (Annex 15) their chemical

anglysis, elekro-radioative logs and cores.

After the Stratigraﬁhic zoning was ready, a chart wes
drawn to show the sampling intervals and the respective results
of anslysis (Annex 14~1), in which average amounis 10T the main
zone of sylvinite and carnaliite with their corresponding

thickness were arranged.

A stratigraphic séction, illustrated with gamma ray -

—

loz was also prepared, in-which the evaporite zones were

identified, considering the elements available (Annex 6).

The soluble salt sections belonging to Ibura and Oitel
rinhos members are composed of layers and zones of halite,
sylvinite, carnallite, tachyhydrite and sone shale. Sylvinite
is disposed in layers made up of a mechanical miXture of sylvite
and halite. This section occurs in the sub-basins of Santa no-
se. de Lima and Taguari Vassouras and 1t includes parts of the
Carmépolis znd Siririzinho oil fields and, that of Asgullhada 1n
the considered area, with thickness varying from several tens
to hundreds of meters. It reaches a maximum of 466 meters at

the PXC-1-5% well, located next to Teguari farm, and consldered

a center of deposition for thne Tequari-Vassouras sub-basin.

Besides these two sub-basins, other deeper basins occurn
namnely Piranhaé/Timbé, Iiha des Flores and Qui;ama/Socorrq/Ara—
caju,.all of them cdntaining intercalstions of salt zones, be-
sides that of liosaueiro/Continental Shelfi, with a thick section

of soluble salts, located a2t depths of over 2,500 m,

It should be mentioned, however, that these sub-basins
remcined inter connected at least during +the period of deposi-

tion of the soluble salts.

taog, (02 NE 7530.0210.03143
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The evaporitic section vias divided into 10 cycles
accordinz to a numerical order, fTrom the base upward, Thege
cycles were then subdivided 1nto zones desizgnated by initials
which stand for two predominant and/or principal components,
followed by the number of the correspondent cycle.

Athough the cycles generslly include shale and/or

srgillaceous halite with limestone lzamminse, sometimes 25S50CL—
ated with anhydrite at the base, they do not represent deposi-
tional cycles, if we consider that the bromilne anaylisis made 1n
the halite of several saline zones indicate only successive
concentration of brine giving origin to several salts contalned

in cycles, from 1 to 6.

In reality, we might regard the salt cycle as only one

biz cycle, in which the stages above referred would be divided.

On the other cycles such as 1,9 and 10 may be subdl-
vided into subcycles in view of the intercalation of shale

limestone with rock-salt or anhydrite,

Gycle N. 1, representing the basal section oT | evano
rites, contains a sejuence of shale with limestone lLamminae,
sreding to limestone and anhydrite wnlch makes up the . 1
stretigrapnic mars called iil, the strstizgraphic basis of the

soluble salts. Successive intercalations of rock s=2lt and shale

follow them. The apper part of the shale marks 2, 3 2and 4

present lzmminae and fine layers of limestone, having thelr own
charecteristics and beinz identified in the gamma log. In the
upper pert of this cycle & carnallite section is observed, whose

top and base consist of a fine layer of sylvinite, possibly of

secondary origin, from camszllite. Cycle N, 2 beging with shale
mark 5, bearing high redioactivity detected in the gamna log,
also presenting fine interczlations of limestone in the upper

NE T330.0210.0313
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'part. Subsequently a rock salt zone is observed along with the

mégmmg
2/

first thick zone of cammallite C-2 also desisnsted thick  zone
of lower carmallite, represented by poorly stratified dark-red
carmallite strata, roughly crystallized, with intercalations of

laminated rock salt. Usually this carmallite zone features an

average conuvent oxf potassium, higher than that of the otner
thick zone of carmnallite C3-2, of the szline section. The
carmallite zone is divided into two subzones C2-1 andgd C2-2,
being the first richer in potassium and identifiable in the

gemma log. Locally, as 1t happens northeast of Silririzinho

field, 2t the base of this camallite zZone, a fine zone of

sylvinite 5Z-1 occurs with = thick one (82—2) named Lowvier
sylvinite zone, with rough crystallizations possibly secondary,

irom carmallite.

Cycle N. 3 begins with a section of shale and halite,

namely FH-3 zone, with fine lamminae of limestone.

A section of rock salt follows locally containing g
zone ol carnallite C3-1, recoznized in wells PKC-8 and CP-17.
fock salt of this section is generslly presented with rough

crystallization and sith cemallite disseminations sometimes

wilith red spots, vossidbly resultant from camszallite leaching
from zone C3-1l. BSubsequently we observe a second thick zone
of .camallite C3-2 2lso designated thick zone of upper

caxrnallite, composed of intercalations of red carmallite,

roughly crystallized and laminated rock salt.

Close to the base we find =2 layer of rock szlt also
designated mark 6A, being frequent the occurrence of 2
tachyhydrite sub zone T3 associazted with camallite and halite,

nezr the top.

Cycle N. 4 begins with a section composed of halite and

Mod, Q02 NE 7530002100233



tiod, ODZ

CFR
44.

‘layers of clay, with fine lamminese of limestone and sonme

anhydrite. A fine zone of cérnailite then occurs with halite
intercelations, and in the uvper part of fhé cyclé the first
thick zone of impure tachyhydrite T4, orange in color, with
rough crystallization and intercalations of carmallite and

nalite associsted to lenses of clay.

Cycle N. 5 is represented by a lower section of hzalite
with intercalation of shale, also including a thick layer of
shale, marik L3, characterized in the neutron log by a pezk of
hlgher absorpfion, partially associated to tachyhydrite and
carnallite. Halite and shale present fine local lamminae of

limestone and anhydrite..

In the upper part of the cycle a section of tachyhydrite
]

1s found, whose occurrence is limited to the area of Vassourss.

Cycle N. 6 has, at the base, a section of shale, mark
19, rock salt With fine intercalstions of cammallite and clay,
besides fine local lamminze of anhydrite. Following, there is
& sectioh composed of carmallite, intercalated with rock salt
and at- the vase, a rich carnallite zone, mark Lil0, also desig
nated Hich Carnallite. The upper part of the cycle is repres
sented by the second and thickest section of tachyhydrite T6,
reaching 100 m thickness in the PXC-1-3% well. This tachyhydrite
1s clean, clear, translucent, roughly crystallized, presentinzg
a layer of carnallite, mark [ill, at the middle of the section
and 1lntercalations of carnallite 2t the base, called sub zZone

TC-6.

Cycle N. 7 is represented by mein zones of sylvinite,
intercslated with rock salt zones. Sylvinite zone S7-1, at the
base of the cycle, overlies C7 carnzllite/halite zone, lying =%

the base of the cycle. Carnzllite is presented partly linmpid

NE 73100210033
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and translucid, a kind of occurrence observed only in that zone.
Sylvinite S7~1 is possibly secondary and 1t is originated from
leached carnallite, at least at its lower part. This sylvinite

extends in the Taquari/Vassouras area, with considerable

thickness, reaching a maximum of 9 meters, S7-2 and ST=3
sylvinite zones are considered to be a sole composite in the
area of Taguari/Vassouras. S7-3 Sylvinite extends along the

santa Rosa de Lima sub-basin with approximately 6 m thickness.
The sylvinite zones, above referred, in their main areas of
occurrence present high K,0 contents, above 20%. Cycle N. 7, in

1ts upper part ends with a thinner rock salt zone,characterized

by abundant lamminae of halite, finely crystallized, in the Ta

[

quari/Vassouras sub-basin.

Cycle N. 8 begins with a rich salt section confaining,
at the at base of Santa Rosa de Lima sub~basin, a thick layer
of anhydrite. This section, mark M12, is characterized by the

- presence of clay being, identified in the radiocactive log. It
extends withim the Santa Rosa de Lima and Taquari/Vassouras sub

basin,

The cycle ends with a section of clear, sandy rock

salt layer which in the Santa Rosa delLima area presents a

thick layer of anhydrite with several twisted lamminse. In this
rock salt section a fine, S8 sylvinite zone was observed only
at the PKC-18 drill hole.

Cycles 9 and 10 are more extensive in all of the sedi
mentary basin. In cycle anydrite predominates, generally
showing beds with enterolithic folding. Anhydrite of cycle 9
presents displacivelj g£rovn podules according to the existing

calciferous and clayey matrix.

Intercalations of shale and limestone are also present.

NE 7530.021C.0343
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Mark'MIB 1s detected in the gamma log, with intercalations of
anhydrite and shale, and Hark M16 by 1less impure, thick

anhydrite, with intercalation of laminaied shale.

The upper part of the cycle is represented by a rock
salt section occurring only in PKC-6 and CPX-5 drill - holes in
the Taquari-Vassouras sub-basin and at the sub-basin located to

the southeast, out of the area being object of this Report.

In cycle 10, intercalations of shale and 1light browm
laminated limestone @redominaﬁe. Two sections with anhydrite

and limestone occur, being revealed by the electro-radiocactive

- logs and by the cores.

The top and base of the section of Mark M17 contain
anhydrite.- It is also designated Two Peak Anhydrite zone. The
section of Hark IMl& is called limestone of the top of Oiteiri
nhos member and it presents, at the base, in the Santa Rosa de
Lima sub basin an intercalation of anhydrite to end the evapo
ritic cycle of the top of Muribeca Eormabion. The upper part
of this formetion locally presents erosion indicated by the

absence of this limestone and of the Two Peak Anhydrite.

Cycles N. 3 and N. 4, comprising thick zones of lower

carnallite (C3-2 and of lower tachyhydrite T4, have not ~been

identified in the Santa Rosa de Lima sub-basin.

| The deposition of these cycles must have been con-—
trolled by a barrier resultant from less subsidence of the Siri
rizinho structural highlands or by the strudtural lowlands of
Divina Pastora and of Treme, of the above referred sub~area, in
which the drilled holes PKC-23 penetrated into part of the

saline section.

The greatest thickness angd, consequently, the largest

reserves of the main zones of sylvinite and carnallite are

- NE TSID 02100317
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structural lowlands where it presents the largest thicknesses

equal to those of packs of marine sediments.

The normal tendency of a soluble salt section confined
and plastic, under the pressure of burial is to flow in the
vertical direction, forming a dome or even a diapir folding
aspect which does not occur in the Santa Rosa de Lima and Taqua
ri Vassouras sub-basins. In the Aguilhada sub-basin, C2 and
C3 carnallite zonés present anomalous thickness, totalling over
100 meters at the'Ag—2 and Ag-4 drill holes (see Annexes 7, 8,
11 and 13). |

The salt base at the Ag-l, Ag-2, AG3 and AG4 drill
holes is approximately horizontal and located at 1200 m level,
whereas the salt top in the same drill holes is at around -

1119 ~ 918 - 1164 - 973 m respectively.

Vle verify, therefore, a strutural difference at the
salt tops, in the area of thickening (Ag-2, AG-4) of about 146
to 246 meters, a situation which describes a domic aspect proba

bly formed by the flow of the carnallite zones northward.

Negative drill hole PU-2 also located in the Aguilhada

sub-basin seems to present a fold with reverse fault with

repevition of a 270 meter section, comprising parts of Riachue
lo and HMuribeca formations, which is a unique circumstance ob

served 1n the studied area.

Shale marks M2, M3, W4, 15 of the salt basal seciion
are present in the several sub-basins, also being observed
beyond the limit of the soluble salts occurrence, similar *to
the drill-holes of the Castanhal area, RO-61 of Riachuelo, FC-1
and CPF-1 of Aguilhada (See annex 7). Probably, during the
transgressions which originated the cycles, some barriers,

presentcly transformed into areas with no soluble salts, were

ME 7550 0210.00
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generallyin the Taguari/Vassouras sub-basin located at lower
depths. In this sub-basin, a sub-erosion strip of land occurs
in the upper part of the salts, possibly associated to erosion

of the top of lMuribeca Formation.

This strip of land, disposed along north/northeast
direction extends from VA-2 drill hole to PKC-=2 and PKC=3 drill

‘holes located in the requested areas (see isopach maps, annexes

11, 12, 13).

In this strip of land, the tep of the salts is repre

sented by saline stratigraphic zones gradationally inferior in

the down dip direction.

Sub-erosion limits the areas of occurrence of the main
sylvinites. They are located in the upper part of the salts.
Thus, these sylvinites are probably absent in the explored areas
to the north, the same being true with the thick zone of
carnallite C3-2 occuring in part of the explored areas (see

stratigraphic section of Annex 9).

Another geologic aspect occuring in a central aree, of
the Taquari/Vassouras sub basin, concerning TQ-1, PK-6 and

PK~7 drill holy 1s also economically important.

In this area, the two economically important  thick
zones of eernellite ar2 leached, remaining only a halite zZorne
roughly crystallized, with carnallite disseminations. In the
CPX-2 drill hole located nezr the 1limit of the referred area.,
only the lower C2 zone is leached (See Annex 13).

From the study made, no section or zone repetitions
- were observed. In general, there is a compatibility between

the dips of the section and its structral position,

The saline section dips in the direction of the

NE THI0.0210.0343
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slso 1nundated. Initially, clastics were deposited - throughout
the area and, artervards, szlt precipitated in the shallow

sites, presently saline sub-basins.

The structural deformations, strong dips and Tolds
observed in certain saline zones of the sub-basins seem to have
been the result of dissolution phenonens which developed along

with deposition,

Thus in the carnallite zones, layers intercalated with
lzminated halite are not deformed in the upper pzrt but present

folding and dissolution in the lower part, a fact which 1S

more frequent toward the contact with the underlying carmallite

layer.

Probably, these small structures as well as the larger
are releted with dissolution and recrystallization of under
lying more soluble Salts and consequently, z collspse of

overlylngz less soluble salts.

The rock salt zone overlying liark 12, at tue salt top
18 thick in the bSsnte Rosz2 de Lima sub-basin, were several
lamminge of anhydrite occur, showing folds tnroughout the area,

while the salt zone (ceiling of the sylvinite zone) over the

same llark has normal stratification and, gentle dips.

r— — - e —

In the Taquari/Vassouras sub~basin both rock szlt zones
are thinner, the lower veing well stratified and horizontal. The
upper zone 1s poorly stratified. These deformations of the
upper zone are also possibly collapsable structures associatedto

precocious dissolution.

Uycle 9 anhydrites are nodule-like,showing enterolithic
folds in fine layers. TPossibly these structures are also :9'
lated with deposition and are resultant from displacive growth
of anaydrite crystals in buried, though not yet lithified

layers.,

Mog, 002
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VI - ORIGIN OF THZT SSRGIPZ BVAPORITZES

Saliferous sequences originated from preciﬁitatian of
weter and subseguently covered by riore recent 1impermeable
sediments are knovn throughout the world., Deposition of salts
occur 1n sn area of marine vasin, partially separated from the
mzln source of water by paysical barriers., In an arid clinate,
wnere evaporation exceeds precipitation, there is a continous
inflow of sa2lt water into the restricted basin. Due to water

density differences developed within the basin, some outflow

of bottom water may be established but the restrictien of the
outilow by & physical barrier, such as a sill, results in the

1

development of a high salt content in the basin.

In 2 lzrze besin, the salt concentration is greater in
areas Iar from the entrsnce of salt water. The deposition of
evaporites begins 1n those areass with the precipitation or

" anhydrite (Ca 804). If the concentration of the solution  con-

tinues to increzse, the enhydrite precipitation zone graduzlly

willl move back hezading toward the point of primary inflow and
halite (He Cl) will precipitate in areas where znhydrite nad
formerly cdeposited. L the ejuilibriun vetween the intern=1l

and eXtemal rlows as vell as the salinity gradient inside the
besin have become relatvively constant, anhydrite will continue
to be devosited in a ceriain arez, while halite will have been

continuonsly deposited in another area.

Those salts not precipitated will return.to the sez on
g convlnulng basls. Storms whlch may occur in arid climates do
not seriously aifect the equilibrium of the basin. They  would
wash nud in-the salt deposition arezs resulting = " common
occurrence of clay stringers associated with szlt. Given the

ri.znht conditions, thick sections of pure hzlite are deposited.

vod. 002 NE 7330.0210,2313
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If thesalinity of the basin is-further increased, the
zones of anhydrite and halite deposition will move closer to
the point of water entrance and in the areas of highest salinity,
farther from the point of inflow, the more soluble vpotassium and
magnesium salts will, precipitate, instead of returning to the

sea, in solution. This horigzontal migration of zones of deposi

-tion may certainly reverse if other conditions reduce the overxr

all salinity of the basin,

In this manner, almost any seguence of evaporites may
take place 1n a given site. Vertical sequence, therefore, 18
not necessarily correlated directly with the order of increasing
solubility of various salts, which is greater frbm anhydrite to

haltite, or +to magnesium and potassium salts.

In the Sergipe basin, mainly due to lack of the carbon

ate gsequence, anhydrite or gipsite which generally precede the

deposition of halite, 1t cannot be fully organised according to

a classic model of an evaporite deposit formation as that of

the type eﬁplained above.,

Prof. N. C. Wardlaw of the University of Calgary, Cana
da, consulted by the Potassium project and analysing the
genefal conditiaﬁs for the evaporite formation and detailling
specific peculiarities of the local problem, arrived at- the

following conclusions.

The Sergipe evaporites are conspicuously similar in
age, mineralogy and structure to those of the coastal regions of

Congo and Gabon in Africa.

The tachyhydrite (Ca 012.Mg012.12H20), a rare’ mineral
1n other knovm evaporitic deposits, occurs in uwnits of ° over
100 m thickness in the Cretaceous evaporitic sequences of Ser-
glpe. At an advanced stage of evaporation, the brines must

have been abnormally enriched in Ca Cl, and depleted in SO

2 4°
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Brines with these characteristics exist in the Red Sea and Dead

oea today suggesting an interesting similarity.

The ReadSea is up to 2000 m deep and is flanked by
complementary uplifed blocks with relief of up to 3000 m above
sea level. This situation provides a significant head tending
to drive formation waters in to the Gulf_Somelof these waters
“are thought to be fich in Ca 012 and providing = mechanism
that would change the composition of the marine brines.

‘The structural setting may be an important clue of the

abundance of in Sergipe, and to its rarity in other major

evaporite deposits of the world, many of which formed in ex
tensive intracontinental basins which were téctanically stable

and where the surrounding ralief was relatively slight.

In this situation, the influence of formation waters
in changing the composition of marine brines might be signifi
cantly less than in deeper bhasins in the vicinity of higher

relief.

If South America separated from Africa and if the
tezinnings of this sgparation were dated as Jurassic, the Lower

5Cretaceous evaporites of the Coastzal strips of easterm  Brazil

and of West Africa could have formed in a structural setting
of which the Red Sea provides a present day model. However in
the absence of further structural information it is uncertain
whether the Cretaceous sequences of the coastal regions of
west Africa and Brazil have been aiffected by faults on the

scale of those bounding the Red Sesa.

A different process of calcium enrichment has been sug

gested for the brines of the Dead Sea where SO, appears 10 be

4
reduced perhaps by bacteria, leaving an excess of calcium in

solution. Such a process could account for the missing Ca 504

NE 7530.0210.0330
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and also on the Caﬁlz enrichment in the Sergipe evaporites.

Bromine i1n hzlite and bromine and rubidium in
carmallite of the Sergipe déposits indicate that they crys
tallized from marine brines. ©Some halite and carnallite con
tains nore bromine than is typical for a marine deposit, and
indicates 2 process oi bromnine enrichment. Bromiline 1s 21S0
concentrated in relation to chlorine, 'in the Dead Sea, in a
rare aspect wanich 1s a point oi physico chemical ~ similarity

with the Serzipe deposits.

Sylvite 1s abnormally low in bromine content and  high

in rubidiwn conteat when compared with primary sylvite, and 15

thought to have been derived from carmallite, by lezaching.

A very regular upward increase of bromine and a
constancy of strocium through the upper tachyhydrite zone may
only have been achieved where crystallizatlion was uninterrupted
by sudden influxes of msrine waters and where the crystals were

not subject to later solution or diagenetic alteration.

LY thnis stage of deposition, the basin may have been
completely closed to marine influxes and 100 m of tachyhydrite

could have crystallized from little more than 200 m of

tachyhydrite saturated brine.

Tachyaydrite could not have veen preserved if it had

been exposea to the atvmosphere during or after deposition.

Althougn the theory oi the origin of the sSergipe
evaporives may be further explained by other settings similar
to those already mentioned, any vpositive conclusion will only
be accepted without further reserves after detailed Lknowledge
of the geolozic structure concerning the saliferous basin and
1ts extension-areas, nainly in the continental plataiorm 18
acquired.allowing the definition of events which have  fundamen

tally influenced the geolozgilc parecmeters which gave conditions

Mod, DD ME 703002100313
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to the physico-chemical formation of the deposits.

Presently Petrobras, DNPH, CPRM, with the collaboration
of the Breazilian Nevy through the Navigation and Hidrography
Directorship, and CNPq (Brazilian Research Courcil) are  inter
ested 1n a global study of a project named "Reconaissance of
the Brazilian Continental Hargin" which, among many valuable
alds will provide a better knowledge of the geologic aspects
still obscure, thought these ho not interfere with. the economic

feasibility of the exploitation of the deposit.

we 753702100347
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VII -~ RESIERVIS
The location in map, of 211 of the positive and ness,
tive holes drilled in the Sergipe dedimentary basin, with
rezard to the presence of saliferous horizons gave rmay to the

placement of =2 limit lLine of selt occurrences.

Anelysing this mep, we observe the occurrence of a sub
pazsin, inter connected by chamnels in the past, shown by stran
gulation of several areas of occurrence oi soluble salts, an

indication that the potassium and rock salt deposits, object of

the present Feport represent a natural extension oi the National
Reserve Ares deposits and, zZre in essence, "lato sensu”, one

whole economic deposit oI evaporites lyinz in tnat sedimentary

besin.

dlements of definition for the Potazssium Project Report
allied to a gzreat mass of data provided by Petrobras for the
basin, including the drilling of 23 holes within the 2© re
guested areas mzde possible, with an zdunitted margin of confi
dence to calculzite Tthe reserves, bearinz in mind the S2ine
pnylosophic line adopted Ifor the Zotzssium Project.

Besides the elements directly obtasined, there was 2.,

need to complement informzvion throushn the utilization of 2.reas

nfluence of severzal holes located outside the polizonal

3
-

or 1
aress ol exploration and those helped to infer the limits ot
deposition and lateral enclosure of the devosits, indisvensable

to the cezlculation of reserves.

Interpreétation of 211 of the direct a2nd indirect ele
ments of information permitted the msxe up of isopach meps
related below, resultant from the global accordance of the narama

o

ters exvosed in chapters LIV and V:
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Annex 11 - Isopach maps of the soluble salt sections and
structural contour of the base of the section with

a contour interval of approximately 100 m,

Ainnex lz2 - Isopach maps of the rock salt section comprising the
composite of the lower zones and the composite of

the upper zones, with a contour interval of 20 m.

Annex 13 ~ Isopach map ¢of the Carnallite C2 and C3-2 zones with

a contour iﬁterval of 20 m.

The observation of annexes 11, 12 and 13 shows in a

general way, that the isopachs with zero wvalue, of the studied

layers praciically coincide with the limit line of salt ocC

currence (for calculation purposes). Ixception is made when

such i1sopachs were determined by drilling.

In the areas north of Siriri, rock salt occurs both in
the lower cycles of saluble salts called lower zones, and in

the upper cycles described as upper zones,

>

- 0=2 and (3~2 Carnallite zones =2s well as the lower rock
salt 3 zone occur in the group of areas north of PX(C-2 and
PKC~3 drill holes, Carnallite C2 and C3-2 with fine layers of

rock saliv occur in the group of areas 6 to 13,

In the group of areas M,N.0.P. carnallite C-2 and C3-2

zones occur with a thick layer of rock salt, revealed through

the drill hole LM-1-8E, showing anomalous saline section. The
rock salt section of this drill hole presents an infercalatign
of fine layers of carnallite and sylvinite containing carnallite
at the base, which makes difficult to correlate them with the

nearest drill hole PU-1-8E showing a normal saline sequence.

Despite the thickness of the rock salt section
1ntercalated betwezen the two Carnallite C2 and C3-2 zones, 1t
has not been included into the reserve czlculations. This

ad, D2
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happened due to the verification realized in the cores of the

Potassium Froject's holes, where, 1in similar circumstances, tne
rock salt 1s recrystallized'with carnallite disseminaﬁioné,
originated from leaching of C3-1 carnallite zone (See zoning,
Annex 5), thus making it an ore with little economic signifi

cance to be developed.

It is worth to mention that in area D, despite the
occurrences of the lower sylvinite 52-2 zone, in PKC-2 hole
and of the lower tachyhydrite T4 zone, correlatable with the

zone in PKC-3 hole, they were not included into the reserve

calculations.

The other carnallite and rock salt zones, of . the
evaporitic sequence, occuring in the studied areas being  thin
and or intercalated with other salts, have not been considered

for confidence purposes in the present reserve calculations.

In the group of areas north of the National Reserve
Area, total reserveshave been calculaved, considering those

contained within the zero meter 1isopach limits.

Within the group of areas named from 1 to 13, and from

M to P, respectively, the saline deposits show anomalous forms,

similar to dome-like features in the .Aguilhada area, with zero
isopach and generally not well defined, possibly located close

to the limit 1ine of salt occurrences.

In the two latter groups of azreas contained within the
20 m isopach limits, partial reserves were calculated consider
ing the great thickness of the local geomeiry fhough admittedly

carnallite does not exist out of the limits of this isopach.

From the experience and interpretation of data écquired
from the drill holes, cores and gamma density logs 1in the HNa
tional Reserve Area, 1t was admitied, in the present situation

a 2.1 average fixed density for the rock salt and average

vE TT35.0210 N3yt
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variable densities for carnallite zones, taking into consider
ation the density logs and the carnallite content or the amount
of contained K2O, because carnallite zones contain halite beds,

causing variations in their density.

In the Potassium Project the KZO contents were de-
termined by the analysis of the cored carnallite zone and/or
~through values obtained from gamma logs in API units, corrected

for the mud density and hole diameter at the time of logging.

The indirect calculations of contents using radiocactive

logs was done with the use of an empiric chart constructed by

Schlumberger which provides corrections in values obtained
directly from the logs in API wits for linearity, welght of
drilling mud, noted in the top heading of the logs and the hole

diameter, obtained from the caliper log.

With the corrected value, in API units, and using in
a2 chart the corresponding factor of transformation, the percent

age of contained KEO 18 obtained.

Comparing the obtained contents from the cores and
from the gamma logs in the sylvinite zones, it was observed

that they are approximately equal, with differences of aAppProxi

mately 5%. In the carnallite zone, greater differences were
observed reaching, sometimes 25%. In this case, the céntent
calculated in the gamma log is higher than the obtained by the
core analysis dué to the loss of great part of carnallite, by
deligquescence, during the sampling procedure. This fact does
not occur ﬁith halite, for it is less soluble. Trying to mend
such difficulty before cutting the sample for chemical purposes
the cores are scoured to eliminate the excess hzalite, at the
periphery of the cutting area. This cleaning operation is not
always complete, due to deeper cavities originated from dissolu

tion of carnallite crystals.

ME TE3T.0210.0747
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From what is above exposed, we conclude that at the
carnallite zones the contents obtained from the gamma logs are
more real than those determined by the chemical analysis,though
in a non cored hole the contents of the insoluble residues are

urknovn and only determined by chemical analysis.

The reserves were calculated referring to saliferous

zones.,

The careful exam of isopach maps allowed the appraisal
of the interesting ereas and their respective average

thicknesses for the blockage of the corresponding reserves which

follow,.
VII.I - Potassium Salt Reserves
- Carnzalliite -
Areas A to L C2 Zone _ C3=2 Zone
. 6 2 | ' |
Areas in 10 m 29.50 6,50
Average Thickness in m 27.85 35.00
Volume in 106 m3 823.50 227.00
Density L.77 1.380
Hegerves 1in 106 ton (metric) 1456.50 408.00
Percentage of Contained K20 10.00 9.00
Equivalente in contained
K2O in-loston (metric) 145,60 36,70

iSub--Total: Reserves of Carnallite (=2 and C3-2 zones

1864 .50 x 106 ton

6

Equivalent in contained X,0 - 182.30 x 10~ tons

;—““%w
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Areas 11 to P C2 Zone-
Areas in 106 m2 4.50
Average thickness in m 35.00
Volume in 106 m3 157.00
Density 1.87
Reserves in 1O6ton (metric) 294.00
Percentage of Contained K20_ 7.00
squivalent 1in contained

K20 in 106t0n.(metric) 20.60

sub~Total: Reserves of Carnallite C-2 and C3-2

485.00 X 106 ton

O - 32.04 X 10

Fguivalent in contained K

treas 1 to 13

2
N

Urie

6 2

Arezs in 10 12.50
Average thickness in m 58.40
Volume in 106 m> 855.00
Density 1.83
Reserves in 106t0n (metric) 1.563.00
Percentage of Contained K2O 8.00
Equivalent in contained

K20 in 106t0n (metric) 125.04

i

Z0nes

1.

D
> e
PRM

3.30
30.00
99-00

1.93
191.00

6.00

11.40

C3-2

2430
72.35
820.00
1.83
628,00
8.00

130.24

20

60.

C3=2 Zone

_ o - . l

ne

Wﬂﬁ‘ﬂmm

oub-Total: Reserves of Carnallite C-2 and C3-2

3,191.00 % 10° ton

&

Bauivalent in contained X.0 255.10 X 10

2

mmﬁmm
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Ton

ME TI32C2LN 0347



Ao
CPRM
61.

Total Reserves of Carncllite c.eveeeeesss 5,540.50 X 10° ton

quivalent in contained KZO ciessssesus e 469,62 X 106 ton

b

VII.II - Rock Salt Reserves

Areas A to L . Lower Zones | Upper zones
Area in 106 m2. 26.30 7.00
Average thickness in m 45,00 80,00
Volume in 106 m3 1,032.30 560.00
Density 2«10 ‘ 2.10
Reserves in losten (metric) 2,168,00 1,176.00

Sub total Reserves of the Lower and Upper Zones

3,344.00 X 10%ton

Areas 1 to P ' Lower Zones Upner Zones
Area in lO6 m° o 8. 30 | | 12.50
Average thickness in m 29.64 33.20
Volume in 106 m3 246,00 415.00
Density B | 2,10 2,10
Reserves in 106t0n (metric) 516.00 871.00

Sub total of Reserves in the Lower and Upper Zones
6

1,387.00 X 10

ton

Wi T OAMIA AT
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Areas 1 to 13 Lower Zones
. 6 2 .
Areas in 10 m 11.00
Average thickness in m 15.45
Volume in 106 rn3 170,00
Density 2,10
Reserves 1n 106 ton (metric) 358,00

| . - 6

Sub total of Reserves in the Lower Zones ... 353.00 X 10 +ton

W

W

Total Rock Salt ReSErve veeececscsscseesess 5,088,860 X 106 ton

l ,
R e e N

VIT.IIT - Table of Reservesg:; lleasured - Indicated -

. L
itniteryred

To meet article 26 of the Brazilian HMining Code'Rule,

specification of obtained reserves must be complete.

The reserves thus quantified confirm the potentiality
of the Sedimentary Basin, enabling, on the other hand to
consider the type and origin of the deposits with a degree of
precision compatible with the exploration methods adopted GO

evaluate the measured and indicated reserves..

For greater confidence, trying to covereventual £geo
logic risks, only 40% of the total calculated was considered as
meassured ressrve while the remzinder may be characterized as
indicated reserve. Inferred reserves were also calculated, all
the results computed in tables, per requested area, according

to what 1s explained in tables 1, 2, 3, 4 and 5.

fnad, (N2 vE TRANCRIND3L
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TADLE 1

NATURAL RESQURCES DEVELOFPMENT COMPANY

C A R N

DIRECTORGHIP OF OPERATIOND

POTASISIUM

SALT

c2 ZONE

RESERVESDS

AL L I T E

W
Reserves .

Area
Area
Area
Ares
Area

Area

TOTAL OF

)

L

B R <> B

Referance

DPM B0B8.584/72
DNPM 808.585/72
mpM 808,586/172
DNPM 808.587/72
DNPM 808,588/72
INPYM 808.589/72

-8 d b

&9 k&

LI N

L N

02 ZGIIE & b h b 22 vad

ATEB D - DIIPM 808.587/72I-ill

TOTAL C2 + C3~2 ZOHES sasenee

Obgservotiong:

1.

2o

Area

106

Wea+Ind

6.0
3.5
1.0
8.0
7.0

4.0

2
m

Inf

2915 - -

36.0

Avertige Yolune
Thickneasn 106 m3 |
(m)

Meo+Ind |Int |bea+Ind {Inf| Nea
30.0 _— 180":’ l -
2?-0 — 94-5 -
1510 - 15-0‘ -
30.0 -— I 210,00 148,8

an 823.5 378.0
C3-2 ZONE
35.0 -~ 227.0
- - 1050.5 541.2

6

107 t

Ind

318.0

26.5

229.2

223.2

107845

163.2| 244.8

1323.3

167.0

114.6

408,0

1864.5

Density of 1.77 was considered for €2 zone and 1,80 for C3-2 zone

For the calculation of inferred reserves, average thicknegs of 5 m

was considered for confidence purposes

The percentagesof KEU contained were calculated, based on eletric

Ave.
Cﬂnt-

K.,0 %

10
10
10

10

and radioactive (gamma and caliper) logs and weight of the drillirng mud

KEO Contained
10E t

31.8
16,7

2.6
38.2
3T.2
19,1

36.7

182.3



NATURAL RESQURCES DEVELCYMENT COMPANY
DIRECTORSHITY OF CPERATICNS

POTASSIUM SALT RESERVES

¢ AR N A L L I T E

Cc2 ZONE
TABIE 2
Aren Average Yolume Reserves Ave,
6 2 Thicknesos 5 3 3
10° m (o) 10° m 10° + Cont. KED Contaireg
Referance L
K. 0 % 106 t
Mea+Ind! Inf {Mea+Ind|Inf|lNea+lInd| Inf Mea | Ind Inf |Total 2
[ |
DINPM 810.995/72 «» 40.0| - 74.81 74,8 6 4.48
Area N - IEIPM 810.996/72 .. 8.0 15.015.0 ,TO.OI 40.0| 52.4| 78.6 T4.8i205,8 T 14,40
Area O -~ IRPM 810.997/72 <. 29| 8.5 35.0]%.0 B7.0| 42.5| 65.2} 97.8 79.5|242.5 T | 16,97
I ]

Arﬁﬂ P - MM 810-998/72 an - EIO' - 5!0 - 4'310 - - Tq-lBF ?4#8 ﬁ 4-48
TOTAL OF C2 ZONE cssenscsenns 4.51325 — - 157.01162,51117.61176. 4} 303.9|597.9 - 40,33
C3-2 ZONE
Area M ~ DNPM 810-995/72 Ty at 8.0 - 5.0 — 40,0 — - TT2| TTae?2 5 3;86
Area N - DNPM 810.996/72 .o L | 1.3]12,0 30,0|5.0 39.07 60,0] 30.0 45.0! 115.8|190.8 6 11.48
Area O - INFM 810.99'?/'72 . 2.0(10.0 30,0]5.0 60.,0| 50.0| 46.4]| 69.6 Q96.61212,5 & 12.75
Area P - I8PM 810,997/72 .. | - 6.0 - 5.0 - 30,0 — - 579 57.9 5 2+ 90
TOTAL OF C3~2 ZONE svewsves 3.3[36.0 - - 59,0|180,0| 76.4|114.6| 347.4|538.4} - 30.99
TOTAL OF C2 AND C3=2 ZCHES 68.5 - - 256.0({342.5|194.,0}1291.0| 651.3 ;!.136.3. - Tl. 32

””

OBSERVATIONS: Same as for table 1, considering density 1.87 for C2 zone and 1l.93 for C3-2 =zone

TN L o B




NATURAL RESCURCES DEVELCOPLEHT COLPANY
DIRSCTORSHIP OF OFERATTONS

CARMNALLITE

RESERVES

65 ,

. s By - el

= W

Ta LT o g Tip T e i T A Ny e RIS A S o,

AR -

L]
L Y

02 ZONE
Tnble_i
Area_ Average Volune RESERVES AVe.le 0 Contained
106 2 Thickness 106 m,3 106 ¢ 2
Reference - (i) Cont,
- e - . T .0 o 10° ¢
liea+Ind! Inf len+Ind|Infiilea+Ind| Inf Liea ind Inf ' Total | 2
Area 6 -~ DNPM 508.858/72 ... - 3.0 - 5.0 - 15.0! - - 27.41 27.4 6 1.64
Area’ 7 - DRFN 808.859/72 ... - 7.0 - 5.0 - 35.0| - - 64.01 64.0 6 3.84
AI'EE. B D‘HPIHI 808.850/?2 - » — 8-0 — 510 — 40-0 - — TB#E 7312 6 4‘39
Area 9 - DNPM 808.861/72 ... 2.0 4.5 40.015,0 8o.0| 22.5] 58.4| 87.6| 41.2| 1B7.2 8 14,97
Area 10 - DNPM 808.862/72 ... 3.51 4.0 70.0/5.0) 245.0] 20.0]179.2|268.8| 36.6| 484.6 8 318.76
Area 1l DNFII B08.863/72 ... 3.0] 3.0 85.015.0 255.0f 15.0|186.41279.6| 27.4} 493.4 8 39.47
Area 12 DHPM‘BGS.564/72.... 2.5 4.0 80.015.0 200.01 20.01146,241219,6 36.6] 402.6 8 312.20
Area 13 - DUPM 808.865/72 ... 1.51 4.0 50.0(|5.0 75.0| 20.01 54.8) 82.2] 36.€] 173.6 8 132,88
TOTAL OF C2 ZONE veesvssonosns 12.5(37.5 - - 855.01187.5}625.2(937.8(343.0}1906.0}f -~ 149.15
C3-2 Z0ONE
pv— —— — - — 4 —— - Y S
Area 6 - DHFL 808.858/72 ... - 3.0 - 5.0 - 15.0{ - - 2T.4] 27.4 & 1.64
Arez 7 - DNPM E80B.859/72 ... - 8.0 - 5.0 - 40.01 - - T3.2 73.2 6 4.39
AI‘EEL 8 DIIPI-‘I 8081850/72 - ew — B-U — 51{) - 40-0 - - 73-2 ?342 6 dt39
Area 9 - DIFLi 808.861/72 ... 2,01 5.0 50.0 5.0 100.0! 23.0| 73.21109.8] 45.7| 228.7 8 1.8.30
Area 10 - DHIFHM 808.862/72 ... 2.0l 4.0l 100.0(5.0| 400.0| 20,0}292.81439.2] 36.6 768.6 8 61.4E
Area 11 - DUPM 808.863/72 ... 4.0 3.0 go,0(s.0] 320.0| 15.0{234.0(352.0 27.4! 61Z2.4 8 49,00
Area 12 - DNE 808.864/72 ..» 2.3 4.0 30.0!5,0 70.01 20.01 51.2] 76.8|] 36.6] 164.6 8 13.16
Area 13 - DNPM 808.865/72 ... - 6.0 - 5,0 - 0.0 - - 54.9] 54.9 & 3,29
— - - e ——— + rnim - -
TOTAL OF C3-2 ZONE.ieeasecans 12.2141.0 - - 890.0|205.0(|651.2{076.2}375.6(2003.0¢ =~ 155.65
TOTAL OF C2 AND Cl=-2 ZOHE3... 24.2178.5 - - | 1745.01392,51127641914.6/718.G; 3209.0 ~ i 304.8C
GBS: Some an for Table 1. Considered denulty of 1.U3.
. e mm mme e = e



NATURAL BESCURCOES DPEVELOEIEANT COLPARY 60,
DIRECTCRSUIE OF OPERATIONS
ROCEK SALT RESURVES
(Upper and lower Zonea)
Table Jd
Aren Average Volune AESZRVES
Reference 106 EE Thj?i?eﬂ” 106 m 3 106 t sone
_41Eh+1nﬂ Inf [Wea+Ind|InfllleasrInd| Int Men { . Ind Inf Total
Aren A - DNFAM S08.584/72 veeevunave ¢8| = 22.6| - 124.3] - 104.41 16,6} - ~61.0( 1
Area B - DNEM 808.585/72:i0scsanrsns 2.5} - 12,0} - 10,01 =~ 25.21 37.8) - £3.0| 1
Area C - DNEM B80B.S86/72 wienienvess - - - - - - - - - -
Area D - DNEM 808.587/72 veevranans 7.3 = 30.0( - 219,0| = 184.0] 276.0] = £60.,0| I
Area E - DNPL 808.58B/72 veveveanns 6.0 - 16.5| - 99.0] - 83.2]1 124.8] - c08.0
Aren P - DNFM 808.589/72 wevevavane - - - - - - - - - -
Area G - DHPil 808.590/72 veuiversns 7.0} - 80.0} - 560.0| - &70.4f 705.6| - 1176.0| I
7.0 - 80.0} - 560.0| - £70.4| 705.6{ - 1.76.0( S
Area H - DNFU B08.591/72 ceecvaarsa - 3,0 - 5.0 - 15.0 - - 31.51 31.9| I
Aresa I ~ DNPN BO8.592/72 tevvnriens - 2.0 - 5.0 - 20,0 - - 21.0] 21.0| I
Area J - DNFA 80B.850/72 vevnvacnes - 1.0 - 5.0 - 5.0 - - 5.2 5.2f 1
Area K - DNFI BOB.851/72 veeeerinns - 2.0 - 5.0 - 10.0 - - 21.0| =2r.0| I
Area I — DNPU BOB.852/72 ceveveinee - 2.0 - 5.0 - 10.0 - - 21.01 21.0) I
SUBLOLAY weeseovvassaronnsarassases 35.31 10.0 - - 1592.3T-50.0 1337.6(2006.4| 99.7|3243.7
Area 1T — DNFEHL B1l0.994/72 sevasesnns 1.3| 6.0 20.0(5.0 25:0 30.01 21.6 32.41 63,0 117.01 I
3.2 18.8 20.C15.C £C.0F 52.00 SC.41 T75.8) 105.C) 23%.0¢ £
Area N - DNEM 810.995/72 seeussvcrne- 3.0| 10.0] 20.0[5.0] 60.0| 50.0] 50.4] 75.6| 105.0| 231.0} I
: 4.0| 10.0 20.015.0 80.0] 50.0{ 67.2| 100,.,8} 105.C| 273.0} S
Area O — DNFII 81L0,996/72 eevecnenes 4.0 8.0 40,0!5.0| 160.0{ 40.0| 134.4) 201.6} 82.0| 218.0| I
%.5| 10.0 50.0|5.0f 27%.0] 50.0} 230.8] 346.2| 105.0| 682.0} S
Area P - DNFL 810.357/72 ceeevaacca - £.01 - I5.01 - 30.0f - - 63.0! 63.0| I
SUDLOLRBL eessesonossoncsesansaanacs 20,8] 60.0 - - 661.0;300.0 554,8| 832.2! 628.0]2015.0
Area O1 - DIPN 808.853/72 vivesssse - 0.5 - 540 - 2.5 - - 5.2 5.2] 1
Area 02 — DIl 808.854/72 veeevonss - 0.5 - 5.0 - 2.5 - - 5. 5.21 I
Area 03 = DFPM 808.855/72 vevereens _ 0.5] - [5.0] - 2.5] - - 5.2  5.2] I
Area 04 - DiPl 808.856/T2 veveveees - 1.0 - (5.0f - 5.0l - - 10.5| 10.5| I
Area 05 - DEPH B0B.857/72 vevverves - 2.0 - 5.0 - 10.0 - - 21,01 21.0| I
Area 06 - DIiFiI 808.858/72 vevvvenes - 2.0 - 5.0 - 10.0 - - 21.C| 21.0| 1
Area O7 = DNEFIN B0O8.859/72 vevensens - 3.0 - 5.0 - 15.0 - - 31.51 31.5| I
Arca OB - DIPLI BOE,.B6O/T2 sunnnanss - 3.0 - 5.0 - 15.0 - - 31.8F 31.5) I
‘Area 09 — DHPH 808.861/72 eevenress - 3.0l - Is.0] - 15.0] - - 31.5{ 31.5] 1
Arca 10 - DNPM 808.862/72 wevensess | - s.0l - ls.ol - | z0.0] - - | 42.0] a2.0| 1
Area 11 - DIiPH 8B0B.B63/72 seeesnces 3.0 4.0 10.01(5.0 30.0| 20.0 - 63.0f 42.0| 105.0| I
Area 12 = DEDM 808.864/72 veesncnss 4.0 5.0 15.0(5.0| 60.0| 25.0| - | 126.0y sS2.5§ 178.5§ 1
Area 1Y - DiPli B0B.865/72 vivevsvns 4,0 9.0 20.0(5.0 80.0f 25.C| 67.2| 100.8] 52.5§ 220.5%] 1
SHDLOLAL i esasrvessasbssstnnnstsns ' 11.0! 13.5 - | - 170.0 ;6?.5 67,2 EEU.E 251,61 7086 -
TOTAL REGERVE «oovcevensnnnnennnens | 67.1|103.5 - - | 2423,3|517.5|1999.6] 3128, 411079, 2|6167.2
NG Some as for fTuble 1, Denosity conocidered 241,
1 = Lower L0nc
S = lipper Zone
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NATURAL RESCUNRCES DEVELOPMENT CCMPANY
DIRECTORSHIP OF OPERATIONS

TOTAL RESERVES OF THE REGICH

ADJACENT TO THE NATICNAL RESERVE AREA

POTASSIUM SALTS ~ CARNALLITE RESERVES

6.

_W

ROCK SALT RESERVES

10° t 10° 4
REFPERENCE
MEASURED{ IN K0 | INDICATED | IN K,0 |INFERRED IN K,O [MEASURED |INDICATED | INPERRED
VU SV U AU SR R S UUUUN S—
Area A - DNPM 808B.584/72 - - 318,0 31,80 - - 104, 4 156, 6 -
Ares B - INPM 808.585/72 - - 167.0 16.70 - - | 25,2 37.8 -
Area C - DNPM 808,586/72 - - 26.5 2. 60 - - - - | -
Aresa D - DNPM 808,587/72 316.0 26.95 474.0 4500 - - 184.0 276.0 -
Area E - DNPM 808.588/72 148.8 14,88 223, 2 22,132 - - B3.2i 124.8 -
Area ¥ -~ IITPM B08.589/72 T6.4 7.60 114.6 11.46 - - - - -
Area G - DNPM 808.5%0/72 - - - - - - 940,8| 1.411.2 -
Area H - DNPM 808.591/72 - - — I - - - - - 1.5
Area I -~ DNPM 808.592/72 - - - - - | - - | - 21.0
Area J - DNPM B08.850/72 - - - - | - - = - 5e2
Area X - INPM 808.851/72 - - - - - - - - 21,0
Area L ~.DNPM 808.852/72 - - - - - - - - 21,0
SUBTOTAL ceves 541.2 52.43| 1.323.3 129.88 - - 1.337.6| 2.006.4 99.7
Area M -~ INPM 810.994/72 - | - - - 152,0 8.34 . 72.0 108.0| 168.0
Area ¥ - INPM 810,995/72 82.4 5447 123,6 8. 20 190. 6 12,18 117.6 176, 4 210, 0
Area O - DNPM 810,996/72 111,56 Te34 167.4 11,03 176.0 11,35 365.2 547.8 187.0
Area P - INPM 810,997/72 - [ | - - 132.7 § 7.38 - - 63.0
SUBTOTAUL veaes 194.0 12,81 291,0 ¢t 19,23 651.3 39.25 554, 8 832,2 628.0
Area 01 - INPK 808,853/72] = - 4 - - - - - - 542
Area 02 - DUPM 808.854/72 - - - - - - - - 52
Area 03 — INPM 808.855/72 - - - - | - - - - 5e2
Area 04 - DNPI 808.856/72 - - - _ - - - | - - ' 10.5
Area 05 - INPM 808,857/72] - - - - - - - - | 21,0
Area 06 - INPM 808.858/72 - - - - 54,8 3.28 - - 21.0
Arca 07 - INPM 808.859/72| - b~ - - 137.2 8.23 - I - l 31.5
Area 0B - INP¥ 808.860/72] - - ~ - 146.4 B.78 | = = - 31,5
Area 0O — DNPM 808.861/72] 131.6! 10.53 197. 4 15,78 869 6495 - - 31.5
Area 10 - IDNPM 808.862/72 472.0 3775 708.0 56465 73.2 5.86 - - 42.0
Area 11 - DNPM 808.863/72 420, 4 33.63 630,6 * 50.41 54,8 4.38 - 63.0 42.0
Area 12 - INPM 808.864/72 197.6 15,80 296.4 | 23.71 7342 5,86 - 126.,0 5245
Arez 13 - INPM §08,865/72 54.3 4.38 82,2 6.57 91.5 6.22 67.2 100, 8 52,5
SUBT OTFAD eesas | 1.276.4] 102.09| 1.914.6 289,8]  351.6
JOTAL RESERVES v | 2.010.6| 167.33| 3.526.9 1.959.5 1.079.
S————

PTO0TALS:

CARMALLITE RESERVE: 6.909.8 x 10°

Equivalent in contained KEG:

ROCK UALT REGERVE:

a1

o T

tonsg

858.43 x 106 tons

6.167.3 x 106 tong
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VIII - ANALYSIS AND DRESSING TESTS

The systematics for chemical analysis of the core samples
was bacsed on the utilization of the PERKIN-ELNMER 303 Spectro-
photometer of atomic absorption, besides a turbidimeter,
potenciometer and egquipament for dosage in humid media installed
in a specialized laboratory in Aracéju, aiming at the following
elements: Na, K, Mg, Co, Ci, 804, HQO,_and 1R ‘and also Special
dosages for Br.

The contents observed were ionically balanced, In the

development works the humidity of carnallite and of tachyhydrite
samples will have to be determined because it is unknown the
temperature limit between the evapofation of humiditﬁ and that
of the formation water and particularly, that of the begining of

samples alteration.

Ag 1n the

-
o
o

In view of the little frequency of carbo

-y

potassic intervals the 002 dosage was omitted. This type of

procedure 1s common in similar studies.

To confirm the analysis results, among other procedures,

comparative studies of the contents obtained through chemical
analysis were carried out to match the results obtained from the
analysis of the data from electro-~radiocactive gamma and, caliper

logs plus mud density.

Schlumberger has also carried out similar studies abroad

using cinergetic log system. The results were confirmed with
great approximation, indicating that, for the purpose of
exploration and/or development of such type of deposit, this

SE THI0.C2I0 07N
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method is fully satisfactory.

The method of content'determination_for the areas of
exploration, was adopted by CPRM for the new areas, in view of
1ts previous knowledge. It was based on the referred tecnique of
the gamma-rgy radicactive logs whose values are dully corrected
in function of the diameter of the holes observed in the callivper

log and the mud density at the logging time.

Puring the works of the Potassium Project, the Battelle

Memorial Institute became in charge of the semi quantitative

spectrographic analysis for the minor elements in a compound
sample of cores of the saliferous séquence. The results obtained
were interesting in some cases, however they were not wholly
confirmed by more selected sampling aﬁd by specific dcsages,
realized in 25 samples sent by CPEM to the United States Geological

curvey laboratory, according to the enclosed bulletins of partial

analysis.

Some specific analysis frequently aiming at the solution
of genetic problems were realized in cores, by N. C, lardlaw,

Professor of Geology, University of Calgary, Alberta, Canada.

The Columﬁus, Ohio laboratories of the Battelle Memorizl
Institute, (USA), based on their experiments trying to determine
the technical feasibility to separate and recover the primary

constituents of solution-mined tachyhydrite concluded that:

(1) Separation of the MgCl, and Gaﬂl2 constituents  of
tachyhydrite by a process involving evaporation and

crystallization is technically feasible.

(2) The ligCl, hydrate product of the  experiments was

Mod. 002 ‘ NE 7530,0210,0313 T
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enriched in magnesium to the extent that the Mg to Ca

ratio was increased from 1.2 in the tachyhydrite ore

heacd sample to over 14 in a magnesium-rich product
formed by sucessive recrystallization. Further
enrichment in g is believed possible rith fewer:

recrystallizations if operations are conducted on a’

larger scale.

(3) ¥ass spectrographic analysis of the magnesium—-rich
product formed reveal that %here are no contaminants
present which shouléd preclude the use of the rartially
dehycrated product for further processing to magnesium

metal.

(4) The calcium chloride produced is probably of sufficient

purity for use in highway consitruction.

(5) The NaCl constituent of the tachyhydrite ceposit has

a tendency not to dissolve in solutions approaching

saturation with resnect to tachyvhvdrite.

If dissolution of Fall Qoes occur a major partion
can be crystallized from solution prior to

cristallization of the calcium ané magnesium chlorides.

(6) “hen crystallization of the gCl product is

2 .
conducted at temperaitures as low as 35 C, the product
1s enriched with the KC1l constituent of the

tachyhydrite deposit.

When crystallization temveratures as high as 75 C are
used, the K to Ilg ratio in the crystals formegd 1S

reduced appreciably,
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The results of a preliminary assessment of the
processing economics for a vossible process to recover

MegCl,..1.25 H. O, Cal 2 H,O, ¥g0, anéd bromine from the solution-

2 2 2" 2
. mined tachyhydrite have led to the economic feasibility of

recovery.

The same Institute suggests that an experimental study be
made for separation and purification of the above referred
products in large scale, starting in a pilot plant, taking into
consideration the possibility of using“sun evaporation. Attention

should be drawn to technical and economical aspects of solution

‘mining as well as to the study of the market, and to the choice
of different types of electrolytic. cells, which might be used in

the prOCESSing.

Hazen Hesearch was also in charge of studying remresentative

samples of-the carnallite deposit, arriving at the following

conclusion.

The'preliminary studies show that separation of salts
from a brine, produced by solution mining of a tachyhjdrite-
carnallite cdeposit 1s technically feasible. However there is a

need for additional work to determine all the possible ways for

better recovery and purity of the products.

Hazen recommends that further laboratory studies  be

carried out, covering the following objectivés.

1. Study of carnallite/tachyhydrite rate and the best

procedure for the optinum decomposition of the obiained mixture.

2. dtudy of the cdeveloped crystallization process from

the standpoint of crystalline size of the so0lid produced . in

Mod, QD2 | IF TH30 021060713



CPRM

order to improve the solid-ligquid separations.

3. bvaluate further recovery of megnesium values from the

calcium chloride brine.

4. Study of water washing of the crystalline solids
produced in or&er to 1mprove the purity of the magnesiumchloride

streams.

2. Study of the bischofite recrystallization step to find
if the final bischofite will meet electrolytic cell feed

specification for magnesium metal production.

Once the above work is completed, a preliminary economical
evaluation should be made to establish if the process Justifies

pilot plant testing.

The obtained rock salt, of high purity, may besuccessfully
utilized as a raw material for the industry of caustic soda, and:'
‘polymerized vynils. It should be stated that in the case of
caustic soda production (solvay process) and soda ash, the needs
for a high content CaSO2 limestone may be met locally by the
Mafuim member of the Riachuelo Formation, in outcroﬁs which cccur

in the requested areas.

Considering that the new areas, object of the present -
report are integrated into the overall form of the same evayporitic
basin, the results and recommendations for them are similar to

those referred for the Nationzal Reserve‘ﬂrea.

In the long run, according to what is shown in the economic
feasib1lity study, votassium whose technology of production 1s

widely known, may ¢efine the mining condition of the deposit

SNE THAD0210.03:3
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although it is true that the array of other associated elements,
mainly rock salt, may greatly influence the success of the

undertaking.

Considering the results obtained in the new areas and

according to the integration planned for mining, in - NMining
Grouvs, including the deposit of the National Reserve Area, 1t

will be possible to determine the operational limits to enable
the integration of those new areas 1nto the scale economics of
the utilization of the Sergipe saliferous sequence. ¥e do not

lose sight of the need there is for a great enough reserve that

may authorize the strong forecasted investment, nor underestimate
the dynamic requirement of a mining industry to be able to count
on a reasonable amount of mining wealth for its long lasting

industrial needs and safety.

Meod, 002 ' ' NE 7320.0210.0345



IX - BCONOKIC FEASIBILITY STUDY

As previously seen, the exploration arezs, object of the
present report, contain mainly cemmallite, sylvinite and . rock

selt deposits.

Mining these deposits will ensure the exploitation of
potassic and megnesium salts, as fundemental oroducts =nd rock

salt and others as by-products of co-nroducts.

Comparing the different sltemsztives, by using the

technological advences 2lready established within the vresent
outlook of the Brazilisn liining Sector and correlsting the
possibilites of the Sergipe evaporites, we conclude that the
potassic fertilizer conjuncture will lsstly define, the
eesibility of mining the saliferous deposits, if we already
accept the Izct that the rock salt processing may decisively

peramount the resolution of the problem.

The feasibility of this affirmstive is reinforced when
we notice that a2 domestic source of potassic fertilizer, 2side

eny economlic industrizl settinz is a2 stronz suvport to the free

end fair expansion of our zgricultursl econonty, beinzg s basic

implement to our 8oCi»l economic progress sznd becoming an

imperztive subject of our national security.

The analysis of the product placemer in face of the
intemsational market reveals that this Fertilizer presents
chzracteristics of super production which may persist up to

1975, st lezst,

£ 7520.0210.03 13
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The parly organized growth of the world production of
potassium caused a vilification of its prices, leading into

a cdumping stage in 1969, never attained by this fertilizer before

ag shown in the market curve.

For a more precise idea, we may observe that in the
50 - 60 decade, international price decreased from 72 dollars/
ton of potassium (K) to 47 dollars/ton reflecting, at constant

1968 prices, a global decline of 34% in that period.

In the 1960 - 7C interval, during at least 2/3 of the

. period, price kept relatively stable, even with some tendencies

of going up.

From 1966 on (beginning of great production in Canadian
mines) price suffered an abrupt decrease, from 47  dollars/ton

(1966) to about 23 dollars/ton, meaning a 5(% reduction in four

years.,

In 1970 = 71 price suffered slight increaéei however the
forescast up to 1975 considers the maintenance of the present
status, unless new agreements between great procucers, or
entrances of new market suppliers and/or episodic discovery of

a new and excepticnal deposit, may change 1it.

In 1970 = 71 two events happened: great expansion of
Israelli production and entrance of Congo-Brazaville in the

world market of potassium, as we11 as greater procduction of the

tast Luropean countries.

| —

/orld production 1s presently estimated in 18 million
tons of contained K20, being excepted that up to the year

20CC there is a possibility of, at least, duplicating it. More

MEOTTIO2I0.031%
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optimistic hypotheses consider it possible that up to the year
20CC the production be five times that of the present.

The following table explains, in numbers, the evolution

'Lof the world production, pre countries, in the veriod 196C/69.

It 1s possible to notice that the present potassium in the
worldSsuperproduction is largely cdue to the great expansion

realizecd in the 64 - 69 period by Canada and USSR.

WORLD PROZUCTION OF COMMERCIAL POTASSIUM

(1,CCC short tons of X,.0 equivalent

2
COCUNTRTIZES 1960 " 19¢&7 1968 l§69 Oscillation
— | | 10 ~ G{%
1) Horth America l
——— n
Cznada - 2,383 | 2,918 | 3,146 | + 32%
USA 2,303 | 3,209 12,722 | 2,804 | - 15%
2) Lurope
France _ 1,58C 2,136 2,C47 2,134 Stable
Fast Germany 1,666 2,432 1 2,527 2,535 Stable I
West Germany 1,878 2,712 2,823 | 2,853 Stable
- Italy | 26 276 298 3¢9 -
Spain 265 629 679 617 -
USSE - 1,084 | 3,161 | 3,439 3,505 + 10,8%
3) Acia
Israel 83 331 403 | 4C8 —

.,
- ——

T CT A L 9,075 117,353 117,856 -

-

ME TE3C 0210,0040
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Alongside of'Canaﬁa's upsurge and USSk's expansion of
procuction, USA was showing a slight decline in procuction -

between 1966 - 68 (-18%); VWest and East Germany and France keep
thelr position in the world scene, being one of the world's six

ma jor producers.,

Israel, despite losing its market to Iast turope after
the war with Egypt in 1967, intends to increase the capacity of
procuction to reach 1.2 million tong in 1971 - 72, to gain other

areas of compensation in the international market.

The world market, from 1971 on, counted with the

participation of Australia, Congo Brazaville, (1.5 million tons/
year of KCl) and the United Kingdom, with installed capacity of

a 1.5 million tons/year of X(1.

Yie observe, from the analysis of this conjuncture - that,
with relative safety the upsurge of a new industry of fertilizers
in any part of the world in the present termé_will onty be
possible if supported by a V1ig0T0us éaptive market  that. with

allow procduction in a economic scale.

Undoubtedly, such market conditions exist in Brazil,

resting the final‘equation upon the problems of depenﬁenoe-on

competitive costs of the variables production/transport to
place the product at the Agriculture's hands. It is necessary to
ponder that the question also involves aspects of security nature

related with the economic development of the country.

Coneidering that Brazil is a net consumer of potassic
fertilizers, its apparent consumption is identified with the

import flow of this ore.

Figures 1 and 2, enclosed, respectively show an image of

ME T3 0IT0N.0T4%
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the Brazilian import of potassium chloride, annual growths of

industrial potassic fertilizer imports and its unit price CIF -
Brazil, ensuring a view on the behavior of those several 1tems

1in the conduction of our industrial progress.

From the analysis of all the mentioned documents, providing
a conjunctural diagnosis of the potassium consumption in Brazil
1t is evident that Brazil's gfowing demand will continue to move
up and i1t will further raise in the coming years, in view of
the nation's expansion. Direct and indirect Government measures

to stimulate agriculture such as the creation of the programmes

Proterra, Prodoeste, National Irrigation Plan, Policy of the Least
Prices in Agriculture, Expansion of Agriculfural Borders, IExport
Walls, etc are apt to keep the growth of the primary sector of

economy at least in compatible levels with the national progress.

Intensive and extensive use of potassium as fertilizer
accompanies the evolution of this sector since there is no
substitute for it in its imvortant macronutrient function beside

rhosphate.

The following chart shows in a global outlook how incipient

the Brazilian fertilizer consumption is, a logic conseguence for

the absence of potassium and phosphate sources of production and

for the low technoiogical level of our agriculture.

Mod, 0Q & T530 0310,03543
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Cultivated Areas (1,0C0 ha)

CULTURE

Cotton

Potato
Coffee

;
iRice
| Sugar Cane
|

Beans

Tabacco
Manioc

Corn

Jeat and Soybean

(1) Estimate referring to 1968.

‘NORTHEAST (1)

MARUREL M ANURE i IﬁAI‘-.TURE-—_F
__£E££__+EEEfE__ sEza |TOTAL | o TOTAL
- 48 | 636 |r.oi2 | -
l - 17 25C  [1,C1C 191
B = 8 88 _ l
) l - 1,000 {2,000 _
146 365 | 3¢C | 756 _ |
- 372 28 | 285 o7
) l 14 , h - 115

SOUTH (3)

(2) Study by Associag§0 Nacional para Difusao de Adubos (AMDA)
T. 13/7C refers to 1969.

(3)

e o d

tstimate referring to 1968.

—— - —mama - e T

SOUKCE: Perspectivas da Industria Qe Fertilizantes no Brasil -

Paulo Vieira Belotti - 1970,

It is also known that the North, Northeast and

Viest

Central Eegions, object of concenirated development efforts of

the Federal Government to not even have sz significant avnrarent

NE 733002100313
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consumption of fertilizers.

The source of the prévious chart, gives the data below,
based on projections made by technicans of the Tennessee

- Valley Authority - TVA for the years of 1975 and 198¢.

Brazil - tstimate of Fertilizer Consumption

In 1,CCC tons (Metric)

Year . P,0, K0 TOTAL
1975 515 | 646 371 1,532

1880 | 9472 931 514 2,387

SOURCE: Perspectiva de Fertilizantes no Brasil -

Paulo Belotti -~ 197C

It is worth to repeat the szame nrodecticn for potassium
according to the same indexes, considering however that in
1970 1imports nave already reached the equivalent of 3C0, 0CC

tons of containqd K O.

2
Year 1870 3CC,0CC tons K20
Year 1975 42C,CC0C tons K20
Year 198C 59C,CCC tons K20

Figure 3, enclosed, makes possible to focus such -
projection on Brazil, considering estimates of growth from 1C

to 15% a year, respectively.

NME To30.7210.0%143
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Even considering that the 1297C imporis - have suffered

an increase beyonc that expvected, due to processes of stock

and to stimulus of the price cdecline, which permitted greater
utilization of the procduct i1n past years, the fact serves to

bring up the problems of restrained demand.

One reason that could be exposed against the utilization
of the Brazilian potassium would be the advantage of import at

low prices at the. present date,

Nevertheless considering the expected pressure relief in

the international market at medium term, we would not incorporate

to our i1ndusirial constellation a permanent and highly signifi

cant source of domestic production of potassium.

ouch placement becomes stronger in terms of National

- Security 1f we consider the array of other recoverable products
such &s bromine, magnesium and rock salt, derived from the same
deposits, Jjoined by the same mining methods ané all of them
possible generators of new industries. A capbtive market modestly
Torecasted to omount to €CC,0CCC t of Kzﬁ/year of 1,CCC,CLE  +ton

of KC1/year, in 198C allows the immecdiate creation of a large—

size industry.

Only two of the eight largest producing canadian industries
are authorized to commercialize the eguivalent of- over
40CG, CCC tons of contained K2C/year and four of them .are author
1zed to produce only 25C to 3CG,CCC tons of contained Kzo/year,
reflecting the complexity of the potassium conjuncture,activity .

directed by the government of that country.

Mad, 002 ME 7530.0210.0343
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Based on the present conditions of international productims
and on the possibility of return freight,it is possible  to
forecast the placement of potaésium from Sergipe, grade standard of
60% of K,C (muriate) CIF-Santos at approximately US$ 4C.CC/ton
(metric). Just to reinforce the possibilities of development of
the Brazilian market of potassium, it is convenient to point out
that our consumption 1s 12 times smaller than that of USA and, in

1969/7C despite the relative stability of the market, the cons-

umption of the Western  Europe increased 6%.

According to obtained data the implantation of a national

industry suggests an economic production optimum at around the
equivalent of 5CC,0CC ton/year of contained KEO which uncder the

lights of avaliable statistics is acceptable for the ~ Brazilian

situation.

Emphasis given to the market problem reflects CPRM worries
in the indystrializatibn of the deposit knowing its commercial

possibilities are both important to qualification and

quantification of available reserves.

The compound mining of the deposits considered in this

neport and those of the National Reserve Area must be fully

T'-

planned for one sole mining unit, thus shaping one Mining Group,

as defined in article 53 of the Brazilian Code of Hining.

The plans for mining, accordingly, will allow a rational

utilization of the deposits preventing competitive groups to carry

out predatory mining, which would make unfeasible the group of
deposits producing incalculable losses to the national interest
1n the name of a fractionary rentability at short term, within

the dispute of the same market.

Mod, 004 SNE THRI0 210,0243
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while walting for DNPIl's approval of the preaént report,
CPRM will proceed with the basic studies which will ensure - to
define the method or methdds_of mining to match the importance of

the problem, in the Sergipe saliferous province.

Under the light of the available information, two mining
methods have been suggested for the area: underground conventional
mining and mining by solution. "~ Each method admits multiple
alternatives: nature of minerals, depth, siructural arrangement,
thickness of layers, mechanic behavior of the ore and of its wall

rocks, termic gradient, bhesides the hidrodynamic characiteristics

of the saliferous sequence.

By the_method‘of underground mining, through the system
of rooms and1pilars, according with the prevailing conditions of
the evaporites in the Hationél Heserve Area,_it becomes necessary
to firstly consider the development stage of the deposit with
the opening of at least one shaft. It consists of one excavation
with approximately seven meter diameter up to a thousand meter
ceep. This shaft would permit the aceés tﬁ layers of interesf_ to
mining giving conditons to develop galleries where from the ore

would be mined with the help of mechanic equipment. The shaft

would also give conditions to the movement of personnel, equipment
and maferial permitting on the other hahd the accecss to "~ the
instalhtion of the light and power flxtures and probably refrigra
tlon, besides vertical transportatlon of the dismounted ore from

the working front to the surface,

In the shaft excavation the hydrodynamic conditon of the
horizons to be crossed may require artificial freezing and-further

stoppage and coating.

The size of the rooms and pillars may be influenced by

the nature of the layers immediately overlying, mainly related to

Moz, 002 NE 330 62100743



Mod, Q02

the mechanic behavior of the rocks and of the undergroung water

system,

International experiehce in mining such tjpes of deyposits
by the room and pillar method reveals that shallower layers,
around 50C m may be mined with a recovery of approximately 5C to
6C%. At 1,C0C m depth however the potassic salts are apt to be

fluid, and under such conditons recovery is probably 25 to 35% and

as low as 2C%.

The establishment of a plant with 3CC,CC0 tons/year of
K2O capacity of production will requiré an investment of around

8C million dollars.

Adding to this amount about 15 million dollars for the
shaft, reconaissance galleries, additional explorationr ang
cevelopment, considering the cost of purchasing the results of the
research, the total capital to be invested up to the beginning
of full operation of the mine-surface-marine terminal-complex will

amount to 110 million éeollars.

The method of mining by solution consists of drilling
tube shaped holes with rotary drills up to the minable zone.
Through these tube=like holes two lines of tubes with compatible

diameters are driven to the horizon of economic interest.

—— - —— - m

In the ring~type space between the tubes and the coating,

o1l circulates.

One of the tubes is used for injection of fresh water
and the other for the brine mining resultant from the salt
solution. |

The third tube would be to control and to measure the

depth of the hole.

ME T530.0210,0213
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The brine obtained by this process leaves an incipient

cavity at the bottom. Fresh water trend is to dissolve the soluble
salts 1n a vertical direction, originating a cyinder—-type cavity

of narrow cliameter and great vertical dimension.

IT the exploitation of the existent salts in the horizon
tal dimension is needed, a controlled solution is utilized, by
means of o¢0il level or of a fluid less dense than water. This fluié
floats in the upper part of the cavity involving its celling,

thus avoiding and controlling salt solution at this place.

This way, the cavity must grow in its latterzl direction.

This cavity must be kept full of brine at all times, with the

objective of protecting the ceiling.

In view of the slow disintegration of salts the production

of brines with operational concentration réquires that the
circulation (injection/extraction) rate be permanently under
control.

The great difficulty of the system is to set the

critical diameter of the cavity on which the economics znd safely

of the process depend.

Vertical control of the cavity dimension is made by

manipulation of the tubes and it 1s taken from the level of the

exlsting light fluid.

Normally, the overational life of each hole varies from
9 (nine) to 18 (eighteen) months and the production hole/year must

reach theoretically about 10C,GCC ton of KC1.

The brine being brought to the surface through one of
the tubes is purified and evaporated. This way we may - obtain

salt in a more concentrated form.

Mad, D02 ME 783000210492 403
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Lepending on the nature of the brine and on the enc

products desired, the solutions may undergo complex and varied

physico—~chemical treatments including electrolysis and foundry

for metallic material.

The method of mining by solution, besides ensuring an
industrial take off, in a shorter-term, wilith milder initial mining
investments, introduces a very important component into the
operational system—-flexibility - a desirable parameter,considering
the variable nature of profilable évapofitee, the successive

intercalations in the same vertical, their strucutral behavior

and the lateral extension of the deposits.

In Sergipe, the brine will be concentrated also by sun
evaporation depending on the workability of this process and
on the results of experimental studies to be conducted during the

development of the deposits.

At first, by the method of mining by solution, potassium

and magnesium minerals and rock szli will be exploited. Several
- technological processes are employed the world over, depending

on the mineral to be dissolved, on the required treatment and on

¢

the end products desired.

The choice of a certain method will previously depend
on pilot tests and on the.Epecific definition of the economics.
New technologies have been developed and patented. Many of them
have not yet uncergone cdefinite test for large scale economic

utilization.

A method recently discovered and of ideal applicability in
Sergipe seems to be the dissolution of carnallite with simulta-
neous explcitation of potassium, magnesium and other associated

salts, patented by American technician Kenneth J. Kutz.

Mod, 002 ME T530.02:0.07:3
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The method essentially consists of introducing water

through the open hole into the carnallite layer to promote leaching

of IﬁgCl2 from carnallite thus forming a cavity inside the laver.

Leachiﬁg of Mgﬂlz leaves KU1, less soluble, as a pulp at
the bottom of the hole. KC1l in suspension is then removed through
-the columm of tubes in the hole, from Mgﬁlg saturated brine
solution. Separation of solid (XC1l) and liguid (mgﬁlz) stages 1is

done by decantation and/or centrifugation.

In case this technology proves to be useful, a new door

for the exploitation of extensive carnallite reserves is open,

reducing considerably the size of pre-operational and production

1nvestment, besides great savings in time.

From the above éxpdsed, we may define the amount - of
investment for the overation of the mine - surface - marineterminal
complex, for a level of procduction eguivalent to 50G,0C00 tons of
contained K2C, knowing the presently estimated price of import

P
U

CIF Santos to be around 40 dollars/ton of KC1,

ne transpert Min e

- Santos being 7 dollars/ton.

Also knowing that the cost of exploitation run of mine

including depreciation of equipment and premium of investment

depending upon the adopted mining plan to be set at a value of 14

to 18 dollars/ton of KC1l, there will be a possibility of 15 to 19

cdollars savings.

Such amount will be directed to éompeﬁsaté for the costs
of dressing (according to the choice of the mining method it will
vary from 4 to 1 dollar/ton of KC1), paying off the capital and
industrial profit not being included the possibility of recovery
and commercialization of by-products and/or co-products such as

rock salt, with negligible mining costs. These considerations

Mcd, 002 NE 753002100333
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allow to infer a confisuration of economic feasibility to the

undertaking even in competitive terms with the present prices 1n

the international market.

The indexes resulting from the investigation of the
enterprise evaluation, in view of the expected levels of
production are those normally found for a larse size in&ustry,.

especlally a mining adventure large enouzgh to call the attention .

and interest of competent and capable groups.

‘e may summarize that in terms of a captive market,
‘ There 1s economic feasibility to the exploitation and
comnercialization of soluble salts in Sergipe, resting the

dependent technical feasibility to be determined upon the working

up of an integrated mining plan.

vWe thus believe to have demonstrated the economic
feasibllity of mining and of the undertaking, by any'of | the

mining methods suzgested and mainly considering the significance

»

of the exceptionally advantageous guarantee of a domestic market

1n continous expansion.

Rio de Janeiro,

Francisco lioacyr de Vasconcellos
llining and Civil Engineer, CREA 526 D, 22 Regizo

Technical Director of Operations

~ 0 4
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VOLUME I - APPENDIX

INFORIFATION ON HINOR ELEMENTS IN THE SERGIPE EVAPORITES

The accomplishment of +the Potassium Project includzd
contracts made with the Columbus-0Ohio Laboratories of the Battells
* Memorial Institute and Hazen Research Inc. of Golden, Colorado to

carry out a study of tachyhydrite's recovery and economic explol

tation in the Sergipe evaporitic sequence.

The Battelle's program had in wview the feasibility &anc
costs of obtention of magnesium chloride and by-products, | from

'tachyhydrite.

A composite sample was prepared, at the Potasslum Proj

‘ect's headguarters in Aracaju, Sergipe, from continuous Semples

of the upper part of Upper Tachyhydrite zone (T6) in wells PXC-1,
PKC-6, PKC-~7, PKC-10. The eomposite_s“m;le, affer mixing and
quartering, was subdivided into three fractions of approximaiely

15 kg each, which were carefully packed. One sample was sent 30

Battelle and the other to Hazen.,

Battelle presented a report in which it included two
tables with results of minor elements analyses. Hazen =also pres

ented a report, without minor elements analyses.

The Battelle's referred tables (Annex No..l) contain
the results of mass spectrographic anélyses made for 68 minor
elements in the head sample and in samples of recrystallized prod
ucts. In both tables the contents are in p.p.m. (parts per mil

lion = g/ton).

The results of the head sample analyses show some

-II‘I“'[-!. GO?F . :.‘1"" f; -3 - nn W - -L_"'"
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elements or noble metals of high commercial valﬁe, with  the

follawing contents:

Gold "3.0 ppn Platinum .3 ppn Germanium }60.0 ppm
Pzlladium 7.0 ppm Lanthanum 6.0 ppm
Silver 1.0 ppm Rhodium 2.0 ppm Cesium 6.0 ppm
| Ruthenium 5.0 ppm . 2
Europium 2.0 ppm Ilridiunm .2 ppm
Gadolinium 6.0 ppm Osmium .2 ppm

These values, according to the method of analysis‘ may

be considerably higher or lower than the actual values.

Although some values are relatively high, the Battelle
Institute mentions inh page No. 12 of its report that: "The other
minor elements do not apvear to he present in sufficient quantity

to consider recovering them". Exception is made for bromine.

| There were no other analyses to compared with those
results. In Robert Hite's report {Cbservations Pertaining to the
Potassium Project) a table with the results of spectrographic 2

nalyses made in 3 isolated samples of Carnallite and Tachyhydrite
by the USGS in Denver, Colorado, is'found. |

Only twelve common elements were detected, without

interest to the present.. case.

Norman Wardlaw's revort (Unusual Marine Evaporites...)
based on local samples (non-continuous) of salt sections in well
PKC=10 containsanalyées of bromine, rubidium and stroncium in
almost the entire column. The last study aimed at genetic purpose

did nit
and it included however analyses of other minor elements.

In November 1971, three local (non continuous) samples
of tachyhydrite were analysed by the USGS in Denver; Colorado by

the semi-gquantitative spectrographic, absorption, atomic and fire

NE 7510.0210.03%3
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assay svectrographic methods. Twenty five composite samples of
carnallite and tacliyhydrite were recently (June 1972) prepared in
Aracaju, Sergipe. The were representative of the usually thick
zones of some wells in the Potassium Project (PKC-1, PKC-6,PXKC-7,
PKC-8, PXC-9, PXC-10, PKC-11l and PXC-18) distributed in the former

area of the National Reserve (see table, annex No. 6).

Composite samples numbered 1 and 2 of PKC-~1, 1 of

PKC=-6:; 1 of PKC-7 and 1 of PKC-10 deliberately include all the

intervals which the composite samples analysed by Battelle come

from.

The twenty five samples were sent to the USGS in Denver

'Colorado and were analysed by semi-quantitatiﬁé spectrographic,

fire assay... spectrographic, atomic absorption (AA), fire assay.

e« AA methods. The analyses results are enclosed,

Initially, in June 1972, the samples were analyéed by
the semi-quantitative spectrographic method. The results (annex
no 14-5 of the Report) were generally negative, although this
method is not sufficiently sensitive . for the determination of gold
(10 ppm lower 1limit) and of other elements. Besides the common

elements, some others were observed, asfollows:

Lanthanum 50 ppm in sample No 2 of PKC-8 (éhale/Tachyhydrite)
Ytterbium 20 ppm in the same sample |

Scandium 10 ppm in .the same sample

Lithium 500 ppm in sample No 1 of PKC-11l (Tachyhydrite)

In some samples gadolinium was also detected with 10
to 15 ppm; indium with 10 to 30 ppm. Stroncium occurs with 300
to 5000 ppm in various samples and rubidium with 300 ppm in sample

No 2 of PKC-8,.

Cerium was not analysed and cesium was not detected

NE 7530.0210.0343
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- (a high lower limit of 500 ppm) as well as germanium (Lower limit

not registered).

In July 1972 the samples were analysed by the fire
2SS8Y e e speétrographic method (Annex No 3). The following ele
ments of the platinum group were detected, within the limits of
determination shown between brackets: platinum (.005 ppm); +«s..
palladium (.002 ppm); rhodium (.002 ppm), ruthenium (.100 ppm),

iridium (.050 ppm). Osmium was nof analysed.

At the end of July, beginning of August 1972, - the

samples were'analysed for gold, by the atomic absorption (AA). and

fire assay ... AA methods.

The results were generally positive (Annexes No 4 and
5) .

The table in annex No 6 contains besides the interval
of depth and thickness of samples, the respective desigﬁation of
the saliiﬁe zone (zoning of evaporites) given by J. C. Fonseca,
(April/1972) and the analyses results. We may compare, irom this

table, the methods of analyses and their resultant contents.

. | Using the atomic absorption method in not roasted  sam-
ples, gold was not detected above the limit of .02 ppm. This fact

suggests the absence of gold, in soluble form, from salts.

Using the same method but with roasted samples, varla

ble values were detected, between .22 and 3.2Q ppm (g/ton) indi
cating the presence of native gold or gold compounds (sulphides,
tellurets etc.) with a particle form. Possibly these  particles
are capsuled or associated with substancies such as carbon and

its compounds which make difficult or impair their enclosures by

bromidic acid (H Br).

Previous roasting of the sample eliminates those

Mad, 002 : ME 7530.0210.0343]
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‘substances enabling the aggregate to split.

The results of the fire assay ... AA, show less
constant values, ranging between L (.05) and 2.50 ppm reaching
the isolated value of 14 ppm in sample No 4 (C3-2 carnallite zone,

60 m thick) of well PKC-8,

In this method, the sample is melted with the help of &
melting solvent, previous to the sollubilization in acid. The

samples are dried at the temperature of 9500 before being weighed.

Comparing the results of the itwo methods, we observe
that there is no equity of values, whereas on the contrary we
find differencés - as such: 14.00 - .62; L (.05) - 2.70;L (.05)-
2.00. The occurrence of gold in the form of particles dissemi

nated in the sample would explain statistically those variations.

During the uptake of small samples for analysis, {rom
the head sample, a greater particle in one of the small samples

would give way to different results.

These results seem to indicate, in fact, the presence
of gold in several carnallite and tachyhydrite salline zones in
the evaporitic sub-basins of Taquari-Vassouras and Santa Rosa de

Lima, in the State of Sergirpe.

It is necessary to determine the actual values, form
of occurrence, association and vertical distribution, through a
detailed and extensive program of sampling and specific analyses

for gold and othér valuable minor elements.

Carnallite and especially tachyhydrifte are very deli
gquescent. - Special care and techniques should be taken in the
laboratory during manipulation and analysis of the samples. Some
recomendations were presented byIA.P. Harranzino (Advisor for

Geochemical Laboratories, USGS) through Memo N@ 89/72, dated

tHE 7530,0210.0243
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August 17, 72 (Annex Mo 7).

i

In the sampling technique adopted 'in Aracaju, Serginpe
the samples of deliquescent salts such as carnallite and
tachyhydrite are triturated under the sun, a condition under which

the salts dry and remain dried, with the recrystallization of the

brine pellicle around the grains and crystals.

In cloudy or rainy days a simple stove made up of

‘lamps on screens with different positions and temperaturs is used.

The sample is dried at the temperature of 40° to 60° C
to avoid loss of the crystallization water of the salts. - ooon
after the sample is prepared, it is placed in bottles, mouths of

which are polished and paraffined.

It 1is easy to evaluate the economic importance of the
presence of gold in the evaporitic basin, provided that the system
atic investigations to be developed conduct To average resulis,

concordant with those obtained in the samples considered above.

Rio de Janeiro, August, 1972

NE 7530.0210.0343
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TADLE 2. MASS 3PECTROGRAPHIC ANALYSIS OF MINOR ELEMENTS TN
COMPOSITE -HEAD SAMPLE -OF TACHYWYDRITE ORE(2)

i

- L
Il e e LN i

Parts Per Parts Per L " Parts ?er
" Million By Million By - ' Million By
Element Weignt Element - Weignt Element Weight
Li ) Rb 10 | cd 6
, Be o 0.05 x Sr 600 | Tb 1
' B 30 Yy 0.5 Dy 3
. F i Nb 2 Ho 1
Al 100 Mo 10 Ex 3
si 700 < Ru 5 Tm 1
P | 2 - x Rh 2 ' Yb 1
3000  x Pd 7 Lu 1
Sc 2 . Ag 1 HE 1
Ti | 15 Cd 6 “Ta 3
v 10 - In. 6 W 0.3
Cr 5 ' Sn 6 Re’ 0.6
Mn 100 Sb 4 * 0s 0.2
Fe 500  Te 2  x Ir 0.2
Co s I © 0.6 ex PE 0.3
. . Ni 10 _. x Cs 6 " x Au .3
"l' Cu - 15 B Ba 4 Hg 0.4
Zn . 15 " " x'La 6 L . 0.2
% Ga 6 Ce 1 Pb - 4
X Ce 60 . Pr 1 Bi 1
As 100 Nd 1 Th 0.4
Se - 10 Sm 1 U 0.1
"x Br ?.C'O*j . x Bu 2

— —— — - -

(@) IMaximum values dctocted.
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TABLE 4. MASS SPECTROCRAPHIC ANALYSES OF 'SAMPLES FROM EXPERIMENT 7
IN PARTS PER MILLION ‘BY WEIGHT(H b) |

.-r . ——— . .
- —— ——

| _ Sample Desinnation(c) ﬁ§amp£§-ng§jenation__
Element A B c. D  Element A B C D

-

Li - 1 © 0.01 0.006  0.03 Y 0.5 0.3 0.3 WND

Be 0.05 0.02 0.02 w2, ND 0.3 0.3 ND

B 30 1 0.1 0.3 Nb 2 0.5 0.5 ND

| 1 1 1. ND © Mo 10 1 1 ND

Al 100 4 1 2 xRu 5 5 5  ND

st 700 10 1 . ND . xRh - 2. 2 2 D

P 2 0.5 0.2 -~ ND x Pd 7 & 4  ND

S 300 -3 1 T2 . Ag 1 4 4 ND

K. - high  high  high - 300 . cd- 6 6 6 ND

Ca Chiga 3000 200 high In 6 2 2 wp

Na . high— - -hfgh  “hTgh 600  Sn 6 6 6  ND

Sc 2 2 0.7 . ND sb | 4 4 4 ND

i 15 20 20 40 Te. 2 6.6 0.6 .ND

v 10 3 1 . 3 0.6 0.2 0.2 . ND

er 5 15 5 ND x Cs 6 0.6 0.6 ND
® 100 20 10 50 Ba 4. 1 2 3

Fe 500 20 6 ND x La 6 2 0.3 - ND

‘ Co | 5 15 5 ' MD Ce 1 1 1 ND

_ N 10 25 5 . N Pr 11 1 WD

| Cu 15 15 15 N N 1 2 1 ND

Zn 15 3 3 ND Sm 1 1 1 ND

x Ca "6 0.6 0.6 ND % Eu 2 1 1

« Ge 60 60 60 " ND Gd 6 3 3 ND

Rt L TR
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TABLE 4. Continued

il . ___

Sample Designﬁtimn(c) _Sample Designation
Elemﬁnt A B C D Element A B C D
N As 100 40 4 100 Tb 1 1 1 ND
Se 10 20 20 ND Dy 3 1 1  ND
X Br 2000 500 300 300 Ho | 1 0.3 0.3 ND
| Rb 10 100 100 2 Tm 1 0.3. 0.3 ND
® x St 600 100 15 1000 Lu 1 1 1 ND
Ex 3 1 1 ND Ta 3 1 1 ND
Yb 1 0.3 - 0.3 ND Re ' 0.6 1 1 ND
HE 1 S | B | ND X Ir 0.2 1 1 ND
W 0.3 - 0.3 0.3 ND xAu 3 X 1 ND
x0s 0.2 0.2 0.2 ND T 0.2 3 .3  ND
x Pt 0.3 i - 1 - ND. Bi 1 1 1 ND
Hg 0.4 0.4 0.4 ND U 0.1 0.1 0.1 ND
Pb 4 4 4 2
Th . 0.4 0.1 0.1 ND
. (a) ﬁeagi sample analyéis repeated from Tablé 2 for comparison purposecs.

(b) Maximum values detected.
(c) = head sample of tachyhydrite ore
= singly racrystallized product (not showa in Table 3)

= doubly recrystallized product (shown in Table 3)

O O b -

= crystals formed by crystalliziﬁg mother liquor from 35 C
crvstallization at 75 C. | |

(d) D = not detarmined:
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Table 1 presents the measured results of the chemical analyses for
major elements as well as a calculated head analyses based on the compositions
of the individual core samples provided by the DNPM. The first and second
determination agree with each other within about 4 percent for most campnneﬁts
and these are within reasonable agreement with the calculated head analysis.

A material balance made on the ionic species shown in the second
column of Table 1 indicated that the composite sample had the following
approximate molecular composition: NaCl - 5 percent, KCl - 1.5 percent, MgClZ -
36 percent, CaCl2 - 21.3 percent, Na2504 - 0.2 percent, and H,0 - 35.8 percent.*
* Table 2 presents the analysis for the minor elements in the compasits_;~I
sample. It should be noted that about 2000 parts per million (ppm) bromine is

present. This 1s comparable to the bromine content of the contained solids in |

brines which are known to have been worked for their bromine values. For
example: the Michigan brines contained 500 to 3000 ﬁarts per million (ppm),
Searles Lake, California, contains about 850 ppm, and the Dead Sea (the
Tichniest known source) contains about 5600 ppm of brﬂmine.(IS}

[ The other minor elements do not appear'to be present in sufficient:]
q

vantity to consider recovering them.

L}

Mineralogical Characterization

The mineralogical character of the composite sample was determined
microscopically. It was estimated that the sample contained 82 to 87 percent
tachyhydrite (CaClz-2H5012-12H20)J 8 to 12 percent carnallite (KCI'HgClz-6H20),
3 to 5 percent sylvite (KCl), and 2 to 4 percent halite (NaCl).

The calculated mineral composition clesely agrees with the micro-

scopic analysis. A molecular balance based on the results of the chemical
analyscs was made. It was estimated from this balance that the composite sample
contained about 89 percent tachyhydrite, 5 percent carnallite, 1 percent sylvite,

and 5 percent halite,

F T " .

* H,0 determined by difference in all cases.
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United States Department of the Interior

GEOLOGICAL SURVEY

No. 89/72 August 17, 1972

MEMORANDLU M

i el kel e i MY Sy el

TO ¢ Director of Operations
C. P. R. .

e

S. A. Stanin, Chief of P&rty?]ﬂ%
U. S. Geological Survey

FROM : . A. P. Marranzi 6%7 5{¢%?7 ST ‘
Advigor for Geochiemic ratofl -

Analyses of Samples from the Area
of Aracajue

THRU

SUBJECT

Persuant to conversations with LAMIN and the geologist
the following is suggested:

l. Collect new éamples from some or near~by locations.
2. Seal the sample in a new-plastic bag-.upon collection.
. 3. Weigh the entire sample with_in 6 hours of collection.
4. Split sample using precautions to keep as dry as possible.
5. Send 1/2 split to mineral identification.,
6. Send 1/2 split to chemical laboratory.
7. Hand prepare split for chemical analysis ifor golde.

8. As soon as sample, has been prepared - weigh 10 aliguots.
Dry 5 at 1002 C and analyze for gold. Deep freeze 5 for

further study.
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9. Remaining sample should be split half to be frozen
and half to be dried at 1002 C and placed in a dessicator.

10. Review all 5 results from all samples and determine course
of action.

Previous work indicates that anomalous gold is present and
. verification in needed.

¥
o
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