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Soft Inorganic Geochemistry  



Concept 

Soft inorganic geochemistry is defined as the spatial 

modeling of geochemical data which prioritizes the 

amount of data, their spatial relationship and their 

relationship with other data types (geological and 

geophysical data) over the individual chemical 

analysis accuracy.  

Soft Inorganic Geochemistry  



STRATIGRAPHY 

Marine – Marl? / Mudstone – Organic rich 



VACA MUERTA IN CONTEXT WITH OTHER SOURCE ROCKS 



VACA MUERTA MINERALOGY  

IN CONTEXT WITH OTHER SOURCE ROCKS 

Silica-rich 

carbonate 

mudstone 



WORKFLOW 
DATA ACQUISITION 

• Non Destructive XRF analysis of ALL cutting samples 

• Destructive analysis ICP-MS, XRD and TOC (3% to 5% of samples) 

DATA CALIBRATION 

WIRELINE – GEOCHEMICAL LOGS CORRELATION 

GEOCHEMISTRY & SEISMIC INTEGRATION 

3D MODELS FOR TOC, ANOXIC FACIES & CHEMICAL ELEMENTS 

BRITTLENESS & SEDIMENTARY INDICATORS 

The XRF 

recording is make 

on Sample Storage 

site 



DATA ACQUISITION 



TECHNOLOGY Developed for Mars Rover Curiosity 

XRD 

XRF 

Mars Rover Curiosity 



METHODOLOGY: XRF ANALYSIS OVER CUTTINGS (58 wells, +4300 samples) 

Majority : Fe, Mn, Ca, K, S 

Minority : Zr, Sr, Rb, Ti, Ba 

Trace: Mo, U, Th, Pb, Se, As, Hg, Zn, W, Cu, Ni, 

Co, Cr, V, Sc, Cs, Te, Sb, Sn, Cd, Ag, Pd  

DATA ACQUISITION and PROCESSING  



DATA CALIBRATION: Hand Held XRF vs. ICP-MS results 

Other Calibration References  

US Geological Survey Standards 

 
AGV-2   Guano Valley Andesite 2 (andesite)  USGS 

SCo-1   Cody Shale 1 (shale)   USGS 

SRM 001d Argillaceous Limestone  National Institute of 

      Standards and Technology 



Good Source Rock Quality 

Poor Source Rock Quality 

Molibdenum (bubbles) 

Bubble size is proportional to Molibdenum content 

Best correlation corresponds to Mo



GEOSTATISTCAL DATA  INTEGRACION 
TRACE ELEMENTS (nondestructive analysis) ,MINERALOGY and TOC 

Quartz percentage estimation 

Qz (%) = a + b * Zr (ppm) 

CUARZO(%) = a + b * Zr (ppm) 



CONVENTIONAL XRD MINERALOGY
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Other MINERALOGICAL and GEOCHEMICAL RELATIONSHIPS  



Vaca Muerta Fm. 

Geochemical and Mineralogical Sweet Spots 

High Quartz  
(Clastic) 

highest TOC 

High Calcite 
(Limestone) 

Lower TOC 



GEOCHEMISTRY  

&  

SEISMIC INTEGRATION 



INORGANIC / ORGANIC GEOCHEMISTRY, GEOSTATISTICS, 

and its INTEGRATION with SEISMIC, allowed us to model different 

properties in the interwell space: 

 

• Anoxic facies probability 

• TOC 

• Sedimentary indicators 

• Brittleness indicators 

GEOCHEMISTRY, GEOSTATISTICS & SEISMIC 



GEOCHEMISTRY & SEISMIC DATA INTEGRATION  

(From  Nawratil, A., Gomez, H. y Larriestra, C., 2012, Key Tools for Black Shale Evaluation: Geostatistics and Inorganic Geochemistry Applied to 

Vaca Muerta Formation, Neuquén Basin, Argentina, AAPG ICE, September 15th – 19th 2012, Singapore ) 



Bayesian Cosimulation and anoxic facies propagation 

using P impedance in the interwell space 

3D  P impedance 

(From  Nawratil, A., Gomez, H. y Larriestra, C., 2012, Key Tools for Black Shale Evaluation: Geostatistics and Inorganic Geochemistry Applied to 

Vaca Muerta Formation, Neuquén Basin, Argentina, AAPG ICE, September 15th – 19th 2012, Singapore ) 

3D  Cosimulated TOC 



VACA MUERTA TOC CHARACTERIZATION 

AV. Mo CONTENT 

AV. TOC 

AV. V CONTENT 

UPPER VM LOWER VM 

AV. Mo CONTENT AV. V CONTENT 

LVM shows higher TOC than UVM 

1.1% 3.4% 



High Resolution Non-Destructive Chemostratigraphy of 

Vaca Muerta Fm: New Evidences of Black Shale 

Sedimentology Features 
Claudio Larriestra and Roberto Merino 

Larriestra Geotecnologías s.a.  

Rovella Energía s.a. 



GEOSTATISTICAL ANALYSIS 

VARIOGRAM ANALYSIS in VERTICAL DIRECTION 



GEOSTATISTICAL ANALYSIS 

VARIOGRAM ANALYSIS: ERROR DETECTION 

NUGGET EFFECT 

NUGGET EFFECT 

ANOMALOUS POINT ORIGINAL LOG 

EXPONENTIAL  

VARIOGRAM 



TRACE ELEMENTS 

related to 

ANOXIC EVENTS 



ROCK SOURCE POTENTIAL 

and 

TRACE ELEMENTS 



Vaca Muerta Core: Geochemical logging 

Anoxic – Dysoxic intervals 

Indicate low resistivity, low density, high TOC, high Molybdenum and high pyrite 



Geochemical logging: Core and cutting: Net pay Thickness Evaluation 

Net pay  thickness from 

Passey et al. (1990) model 

Net Pay thickness from 

Molibdenum-TOC model  

Gamma Ray / Density logs 

model is a good 

approximation 



Unravelling Paradigms in Vaca Muerta Formation, Neuquén 

Basin, Argentina:  

The Construction of Geochemical Wellbore Images by 

Geostatistical Integration of Geochemistry and 

Conventional Log Data with Wellbore Resistivity Images 

Claudio Larriestra1, Roberto Merino2 and Veronica Larriestra3 

  
1 YPF Tecnología S.A., Ensenada, Buenos Aires. Argentina 
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Vaca Muerta Fm. Core Geochemical  logging  

Anoxic – Dysoxic  intervals 

Indicate low resistivity, low density, high TOC, high Molybdenum and high 

pyrite 

TOC 
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Spatial correlation between Density log 

and six buttons of Resistivity Image 



DIRECT spatial correlation between Calcium 

concentration (XRF) and six buttons response of 

Resistivity Image 

Core recording each 10 

cm. 



INVERSE spatial correlation between Molybdenum, Sulfur and Iron 

concentrations (XRF) 

 and several buttons response of Resistivity Image 



DENSITY IMAGE GENERATION by 2D Sequential Gaussian 

Cosimulation  

Density as hard data and Resistivity Image as softdata 

Density data       Image data                   Processing                  N realizations   
Average of 

N realizations 

Image Variogram 

Analysis 

Cosimulation with 

type II Markov 

model 



TOC IMAGE GENERATION by 2D Sequential Gaussian Cosimulation  

TOC from Pyrolysis as hard data and Density Image as softdata 

TOC data       Density Image        Processing  of  N realizations   
TOC Image  

Average of N realizations 

Image Variogram 

Analysis 

Cosimulation with 

type II Markov 

model 



WELL BORE 

RESISTIVITY

IMAGE

DENSITY

IMAGE
TOC IMAGE

0            %         15 

GEOSTATISTICAL MODEL of CORE DATA 

Density and TOC images derived  from Sequential Gaussian 

Cosimulation 

Pyrite 

curve 
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GEOSTATISTICAL MODELING extended to VACA MUERTA and QUEBRADA del SAPO Fms.
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Propagation of Geostatistical model to Vaca Muerta Fm.:Density and TOC Image 

Logs 

Geochemical Validation 
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INORGANIC 

GEOCHEMISTRY  

&  

GEOSTEERING 







PREDICCION de PERFILES tipo LITHOSCANNER 

mediante  Simulación Secuencial Gaussiana de datos de FRX 

(cutting) y el perfil de Gamma Ray como softdata 

Dato blando 

(Gamma 

Ray) 

Dato duro: 

Silicio 

(FRX cutting) 

Realizaciones 

Silicio simulado: 

Promedio de 30 

Realizaciones 

(azul) 

Silicio registrado 

por perfil 

espectroscopía de 

neutrones (negro) 



CONCLUSIONES 

 
• La Quimioestratigrafia de cutting contribuye a 

una mejor descripción de los reservorios 

• Puede ser integrada y modelada en 3D con la 

sísmica 

• Los modelos quimioestratigráficos pueden ser 

aplicados a la geonavegación de pozos en 

reservorios tipo shale 

• Brinda información no disponible en perfiles 

convencionales y permite reproducir perfiles 

geoquimicos tipo Lithoscanner 

• Permite preservar el cutting debido a su 

carácter no destructivo 

• Otras técnicas no destructivas pueden ser 

aplicadas con esta metodología 
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