


Hydrothermal dissolution and silicification, followed by the precipitation of hydrothermal quartz, fluorite, barite, celestite, dawsonite, goyasite, 

cryolite, dickite, macrocrystalline calcite, and bitumen, further altered the reservoir. Finally, bitumen underwent pyritization. Understanding 

these diagenetic processes was crucial for predicting the distribution and heterogeneity of carbonate reservoirs, ultimately contributing to more 

effective resource management in the Pre-salt fields. This study provided valuable insights into the diagenetic history of the Pre-salt carbonate 

reservoirs, offering a valuable framework to guide exploration strategies, reservoir modeling, development strategies, and hydrocarbon 

recovery, not only in the Santos Basin but also in similar reservoirs worldwide. 
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Modified from Teixeira et al. (2023) and Guerrero et al. (2024)

Búzios Field Location



• Pre-salt carbonate reservoirs of the Santos Basin, Brazil

• Strongly affected by complex diagenetic processes

• Diagenesis controls reservoir quality and heterogeneity

• Objective: Reconstruct diagenetic evolution, its impact on 

porosity, and its application in diagenetic process modeling

Introduction & Objectives



• Petrography and 

Cathodoluminescence (CL)

• QEMSCAN mineral mapping

• U-Pb dating of carbonate 

phases

• Fluid inclusion analysis

• Integrated multi-technique 

approach

Methods & Data



















Types of silica diagenesis observed
in the Barra Velha Formation:

▪ A-D: Silica cement (yellow
arrows) composed of micro and
macro-crystalline quartz filling
pore space in grainstone.

▪ E-H: Spherulitestone with
microcrystalline quartz (orange
arrow).

▪ I-L: Spherulitestone with
cryptocrystalline quartz (green
arrow) and rhombohedral
dolomite (blue arrow).

Gomes et al. (2024)

Silica Types in the BVE Fm.



Silicification: variable patterns of intense and heterogeneous replacement of 
the Mg-clays, calcite spherulites and shrubs.

→ Mesodiagenetic and Hydrothermal fluids

De Ros, 2021 De Ros, 2021



Dolomite: saddle dolomite filling dissolution pores.

→ Mesodiagenetic and/or Hydrothermal.

Lima & De Ros, 2019 De Ros, 2021





Silicification: occur at different stages of 
diagenetic evolution (synsedimentary, 
eodiagenetic and burial diagenetic 
processes).

Hydrothermal Fluids acting on 
dolomitization and silicification: 
common origin, only marginally evolved 
compared to the original composition.

Hydrothermal Fluids: saturated in silica, 
marginally saturated in dolomite, and 
critically unsaturated in calcite.

Selective Substitution of pre-existing 
carbonate with significant porosity 
creation (CO2-rich fluids).

Lima & De Ros (2019)



Modified from Fernandez-Ibanez et al. (2022)

Conceptual Model



Modified from Lima & De Ros (2019)

CO2- and silica-rich hydrothermal 
fluids that promote significant 

fracturing and dissolution 
processes in highly silicified 

deposits, resulting in the 
development of secondary 

porosity, including moldic, vuggy, 
intercrystalline, and fracture types

Hydrothermal Silicification

CEMENTATION

DISSOLUTION



Hypogenic Karst

CEMENTATION

DISSOLUTION

CEMENTATION

DISSOLUTION



Hydrothermal Silicification

Modified from Teixeira et al. (2023)

CEMENTATION

DISSOLUTION



3D Silica Model

Lima et al. (2024)

Well Data Conceptual Model Seismic Data 3D Geocellular Silica Model

WELL B WELL A

hypogenic karst



Silica Geobody Geometry
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Silicified geobodies occur at the edges of the field, associated with 
deep faults featuring significant displacements, where there is 

percolation of hydrothermal fluids rich in silica and CO2

Host Rock

Karst

Lima et al. (2024)



3D Silica Model

3D Porosity

Model

3D Facies

Model

Depositional

Facies Model

Silica

WELL A

WELL A

WELL A

NW SE

The model precisely reproduced the 
relationship between mound 

features and the distribution of 
silica, karst, and high porosity





Hydrothermal Influence:
• Hydrothermal dolomitization and silicification
• Saddle dolomite cement in primary and secondary

porosity
• Hydrothermal quartz + accessory minerals (fluorite, 

barite, celestite, dawsonite, cryolite, dickite, 
bitumen)

• Strong control on secondary porosity development



Mapas_QEMSCAN/5193,35m.TIF


Hydrothermal Mineral Paragenesis: 
Saddle Dolomite, Calcite, Quartz, Barite, 
Celestine, Fluorite, Cryolite, Dickite, 
Dawsonite, Goyazite, other Sulfides and 
Bitumen replacing pre-existing 
constituents and filling fractures and 
dissolution porosity.



Geological and geochemical framework, 
mineral paragenesis and FIs analyses: 

hydrothermal fluids chemically 
(compositionally) comparable to 

Mississippi Valley Type (MVT) and 
similar deposits.

Lima et al., 2020 (Wilkinson, 2001)

Davies & 

Smith, 2006

PRE-SALT

Salinities between 18-21% NaCl eq.



• CC3D+: forward modeling module for lacustrine carbonates (*)

• CC3D+ II: uncertainty quantification of spatial parameters for deposition and early diagenesis (*)

• Organic matter degradation occurs throughout the schematic profile, with variable intensity

• Organic matter drives the earliest diagenetic phases

• Water mixing controls the sequence of events depending on the diagenetic profile position

Diagenetic
stages Diagenetic intensity

Burial time

Organic matter degradation

Early cementation and
replacement

Mechanical compaction

Cementation and replacement 
from mixed waters

Phreatic
Zone

Vadose
Zone

Conceptual Model

dissolution

karst
features

water
table

> saline    
> alkaline

fault

meteoric
fluid

hydrothermal
fluid pore fluid

hyperconcentrated
fluid mechanical

compaction spherulites

shrubs % dolomite

% silica

(*) Developed by the Universities of Bristol and YorkProf Fiona Whitaker and Prof Jon Hill

Diagenetic Characterization & Modeling



• Reactive Transport Model (RTM) Application of reactive transport modeling to characterize 
diagenetic processes and products related to hydrothermal fluid 
input (Tupi and Mero fields)

Results: 9k years of simulation

Quartz results: 9k years of simulation

Tracer - 5k years Tracer - 9k years

Diagenetic Characterization & Modeling



• Eodiagenetic Numerical Simulation in CARDIO (Dionisos)

Distribution of Diagenetic Processes and Products in the Itapu Field

Diagenetic risk in the Itapu field
Forward Model

Diagenetic 
Reactivity

Hydrological Zones Chemical Tracers

Calcite rim Microcrystalline quartz Matrix dissolution pores

Diagenetic Characterization & Modeling



• Complex paragenetic evolution in Pre-salt carbonates

• Diagenesis reshaped both reservoir texture and porosity

• Multiple porosity types preserved and/or enhanced by diagenesis

• Hydrothermal events crucial for secondary porosity distribution

• Better understanding of porosity distribution

• Critical input for reservoir modeling and simulation

Key Results



Thank you all for 
your attention!!!
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