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Camaqua Mining District .y

Main Deposits

e Camaqua Mines (Cu-Au): ~30 Mt @ 1.05% Cu

- Minerals: chalcopyrite, bornite, chalcosite

- History: 1865-1996

e Santa Maria Deposit (Pb-Zn-Cu-Ag): ~33 Mt @
1.44% Pb, 1.06% Zn

- Minerals: galena, sphalerite, chalcopyrite, bornite,
chalcosite, Beteknetite

- Discovered in 1978
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Camaqua Mining District
Tectonic enviroment, stratigraphy and mineralization

Main geotectonic units of the
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A) Geologic map of the Bom Jardim Window
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(BJW). C) BJW section (mod. after Bicca et al.,

after Teixeira et al., 2025a). 2013). 2
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i Age constraints for the mineralization
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Paragenesis and textural aspects of the mineralizat
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Geophysical Signature in the Camaqua District
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Isopope Signature and Mineralization Temperature
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Geological section (SW—NE) across
N20E trending Pb-Zb-Cu (Ag-Au) Santa
Maria Deposit. Araujo et al., 2021
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Geological Setting: Hosted in the transtensional Santa Barbara Basin (late Brasiliano C le),
with mineralization dated to 565-543 Ma.
Two Hydrothermal Systems:
Cu (Au): Associated with the N60°W trending Cemitério Fault; formed at 250-300 °C;
chloritic alteration halos.
Pb-Zn (Ag): Formed at 200-250 °C, later cut by lower-temperature Pb—Cu (Ag, Au,
Bi) mineralization along N20°E treding faults. At Santa Maria, early Pb—Zn transitions to
later Cu, with sericitic to chloritic alteration.
Mineralization Style: Structurally controlled, epithermal system.
Metal Sources (Pb isotopes):
Pb-Zn (Ag): Paleoproterozoic crustal source.
Cu (Au): Mixed crustal + mantle contributions. Fluids likely from Ediacaran hypabyssal to
plutonic intrusions.
Exploration Implications: Geophysical data suggest fault-controlled system linked to a deep
plutonic source, revealing new targets under the sub horizontal layers of the Guaritas Grou - ’
units NGA

vl

Camaqu;'?\ Mining District Highlights
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Ti Bojoru Deposit

*Mining Rights: Rio Grande
Mineracdo S.A. (RGM).
eProduction: annual production
potential of 323,000 tons of HM
concentra-tes: 275,000 tons of
ilmenite, 38,000 tons of zircon, and
10,000 tons of rutile.

eEconomic Use: The ilmenite is .
used for producing titanium dioxide Reserves: 531.2 million tons of ore reserves and ca. 17

(\(TiO_{2}\)) pigments for million tons of heavy minerals (ilmenite, rutile, and zircon;

industries such as paints, plastics, COMERGS, 2018).
and ceramics.

eLocation: The deposits are found

from the frontal dunes to the

transgressive dune fields that

anchor to the shore of the Lagoa

dos Patos.

Key Characteristics of Bojuru limenite Deposits:

Geological Setting: The heavy minerals are concentrated within
eolian (wind-blown) dune deposits of "Barrier System IV," which is
the youngest barrier system in the Rio Grande do Sul Coastal Plain,
dating from 8 ka to present.

11



Geology and mineral deposits

‘min

=l ? A stw \é\ir' = . £ H XUl SIMPOSIO BRASILEIRO
N /7 Simplified geological map of o
Rio Grande do Sul Coastal 0- B2l 0/cy(5) ettt by s s b
1.0ka| — sands to the backshore dunes (see figure 3)
Plain (Wust et al., 2024) § @ smommerorarg oo v
~ 6&;3 @ x:::::;f: level (+2 m) at end of post- glacial marine|
Block diagram of al
the region with O R
12 o
. _ _ titanium deposits 2
SUEUFEIE iectlon’ in the SGo José do |
along the Sao José Norte—Bojuru N N syl 1) st el
‘‘‘‘‘‘‘‘ do Norte - Bojuru region (Wust et
region with Barrier
8 al., 2024).
I d IV (Rosa et
Ve al., 20
W Schematic Composite Section B - Medium Coastal Plain SE
ales E'Q
i
B 0O s~ waa 00 BN Al depste ot Bairise s ||
TLagoon

Marine deposits of Barrier 3



Heavy Mineral (HM) of the Bojuru Region
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HM assemblage
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1 2 4 Minerals Bujuru North Average
ooonnaasmg oo
Ilmenite 59.3 57.9 58.6
Zircon 8.5 8.3 8.4
Epidote 7.5 8.5 8
Tourmaline 5.6 7 6.3
Magnetite 5.6 5 5.3
Staurolite 5.1 5 5
Rutile 2.5 2.5 2.5
' Kyanite 2.1 2.1 2.1
Rizzi et al., 2022 LZucoxene 2 2.2 2.1
Garnet 0.7 0.6 0.7
Perovskite 0.4 0.6 0.5
Chromite 0.4 0.2 0.3
Others 0.3 0.1 0.2
Source:Munaro, 1991

Aspects of sediments from barriers |, Il,
[Il, and IV. (A) Marine sediments from
barrier I; (B) aeolian sediments from

barrier IV (Carassai et al., 2018) NGAY,
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Chemistry of Ti-minerals of Bojuru deposits
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Provenance of HM
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and IV (Chemale et
al., 2021)
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Enrichement factors for HM Bojuru deposits

1. Marine deposits are richer in heavy minerals compared to the eolian sediments (Barrier I,11,
I, and V).

2. In the Bojuru region the HM deposits are in the eolian sediment of the Barrier IV

3. Two keypoints one is that the eolian sediments are mainly product of the erosion from the
Barrrier lll: (a) So this area are juxtaposed northern to S3o Gongalo channel (set up during
the Barrier lll), (b) Since the marine sediments are mostly carried out by the north driving
litoral drift, the first factor of the enchrichment of HM in the Bojuru region is direct
connected to the energy diminishing due to action of Sao Goncalo Channnel interaction
with the lateral current.

4. The second process is thus connected to action of eolian wind that transport much more
transluced minerals than opaque ones (heavier)

18



Sime Xmin

sssssssssssssss

gy

Potential of Natural Hydrogen in Southern Brazil

Why geological H, is a solution for energetic transition?

H, Production Cost (USD)

Radiolysis of water Organic maturation Redox reaction between

Fe?* and water
H2

7 Th’ ; _/\F_ |

H20

a,By

Target of current natural
H, exploration

H +*OH Hy+0-

4
Excitation / \A onization g 2Fe0 + 2H20 =Fep03 + H)
Hp0* HpO" + e g
S
/ \ 0 VH 0* g Coal/ Shaly coal Fe2* —rich rock Green Blue

__________________________________________________________________________________________________________

Primordial H2 Volcanic degassing Mechanoradicals

o i Why is a solution?
- H2S + 2H0 = 503 + 3H> ( It is a solution because

§
B Vi it could be cheaper!!!
E E: Crust E
i 5 (Si7) + HyO—SiOH + H:
| H-+ H—H,

___________________________________________________________________________________________________________
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Natural H, in Southern Brazil - Ultramafic rocks S

6|(Mg1‘5Pje_0[]_5)Si04] + 7H,0 = 3[Mg3Si;O5(OH), |

olivine serpentine

+ FB304 + H2

magnetite  hydrogen

Xl SIMPGSIO BRASILEIRO
DE EXPLORAGAO MINERAL

Possible
Reservoirs

Bom Jardim |
Group

Marica
Group

Mg, (FeqSiOs +1.37H:0 — 0.5M
Otivine(Foy |

2,51:05(OH),
Serpentine

H: continous generation by # 0'3h/:rgu£iSH)z
serpentinization process +0.067Fe;04 +0.067H
Magnetite

Conglomerates r iSandstones -Volcanic Rocks -MudslonesISiIstones -Ortho/Paragneiss

Schematic model for possible H2 sources in the Camaqua Basin
region. The sources are related to core and mantle sources H2
and by serpentinization process. Suture zones and crustal-scale
faults could act as paths for continuous H2 migration. Volcanic
and thin-grained rocks of the Camaqua Basin could act as a seal

for the H2 Geological System.
Serrat et al. (2024)



Natural H, in Southern Brazil — Organic rocks

ORGANIC HYDROGEN MODEL

CSimae
Stagas in Coal belt of Southern Brazil
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H: Leakage

Parana Basin

Conceptual model for

H, leakage produced from
the Parana Basin or subsur-
face and suggestion of H,
reservoir(Serrat al. ,em prep.)
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Natural H, in Southern Brazil — Radyolises
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target areas are those portions
of the basement hidden
beneath the Parana Basin
sedimentary rocks and linked
to faulting to produce H2
through the radiolysis process
(Serrat et al., 2024).
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Final remarks on the H2 potential in Southern Braz ..
Sime ;xmin

Hydrogen Detection: H, gas linked to natural gas was detected in four legacy wells in the Parana Basin (Rio
Grande do Sul & Santa Catarina states), with concentrations ranging from 0.14% to 8.79%. Source rocks
include coals of the Rio Bonito Formation.

Potential from Irati Formation: Bituminous shales of the Irati Formation are prospective for H, generation,
as they were intruded by mafic sills and dykes during the Parana LIP event, reaching overmaturation
temperatures capable of generating H,.

Reservoir and Seal Analogy (Mali analogy): The Parana lavas and fine-grained sediments of the Parana Basin
may act as effective seals and reservoirs, similar to the natural H, accumulation in Mali, Africa.
Mafic—Ultramafic Rocks: H, may also be produced from mafic to ultramafic rocks, such as Neoproteozoic
ophiolites cover by Ediacaran Camaqua and Paleozoic Parana basins.

Granitic Rocks and Faulting: Granitic rocks associated with fault systems offer high potential for H,
generation via radiolysis.

Orange H, Potential: Injection of CO, into subsurface coal beds could generate H, (Orange H,), representing
an additional anthropogenic-geologic hybrid pathway.

Key Challenges for Future Research: Identification of fairy circles (surface expression);lsotopic signature
characterization (e.g., He isotopes);Microbiological studies; Understanding the Hydrogen System as a
complete analogy to the Petroleum System (source, reservoir, seal, gas migration, trapping, etc.) ¢
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