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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.
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VACA MUERTA IN CONTEXT WITH OTHER SOURCE ROCKS
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VACA MUERTA MINERALOGY
IN CONTEXT WITH OTHER SOURCE ROCKS
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WORKFLOW

DATA ACQUISITION The XRF

recording is make
on Sample Storage
site

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




DATA ACQUISITION




TECHNOLOGY Developed for Mars Rover Curiosity

- AsA Jet Propulsion Laboratory
California Institute of Technology

Mars Rover Curiosity



DATA ACQUISITION and PROCESSING

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

.LV.L“JVA AWJ ® E V9 LVYRARG %89y Any

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 CALIBRATION: Hand Held XRF vs. ICP-MS results

CaO Correlation
K,0 Correlation
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Figqre 2. Correlation between Ca0 values measured by Niton XL3t Figure 3. Correlation between K20 values measured by Niton XL3t
Series analyzer and ICP-MS Series analyzer and ICP-MS

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




Molibdenum (bubbles)
vs TOCy S1+52

Bubble size is proportional to Molibdenum content
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Other MINERALOGICAL and GEOCHEMICAL RELATIONSHIPS

XRF DATA

CONVENTIONAL XRD MINERALOGY

XRD DATA

QUARTZ (%)

CALCITE (%)
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GEOCHEMISTRY
&
SEISMIC INTEGRATION




GEOCHEMISTRY, GEOSTATISTICS & SEISMIC

INORGANIC / ORGANIC GEOCHEMISTRY, GEOSTATISTICS,
and 1ts INTEGRATION with SEISMIC, allowed us to model different
properties in the interwell space:

« Anoxic facies probability
« TOC
» Sedimentary indicators

* Brittleness indicators



GEOCHEMISTRY & SEISMIC DATA INTEGRATION

Histograms of P impedance

Intervals with
lower
Molybdenum
and TOC

Intervals with
higher
Molybdenum
and TOC

10 12
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 )




Bayesian Cosimulation and anoxic facies propagation
using P impedance in the interwell space

3D Pimpedance 3D Cosimulated TOC

(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 )



VACA MUERTA TOC CHARACTERIZATION

UPPER VM LOWER VM
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LVM shows higher TOC than UVM
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High Resolution Non-Destructive Chemostratigraphy of
Vaca Muerta Fm: New Evidences of Black Shale

Sedimentology Features
Claudio Larriestra and Roberto Merino
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GEOSTATISTICAL ANALYSIS
VARIOGRAM ANALYSIS in VERTICAL DIRECTION
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GEOSTATISTICAL ANALYSIS

VARIOGRAM ANALYSIS: ERROR DETECTION
NUGGET EFFECT
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TRACE ELEMENTS
related to
ANOXIC EVENTS

TOC vs. MOLYBDENUM

y=0.0408x+ 2.8397
R*=0.8076




ROCK SOURCE POTENTIAL
and
TRACE ELEMENTS

Source Rock Quality and Molybdenum concentration

Good Source Rock Quality

Moderate Source Rock Quality
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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 Larriestra'!, Roberto Merino? and Veronica Larriestra®

TYPF Tecnologia S.A., Ensenada, Buenos Aires. Argentina
2 Rovella Energia S.A., Buenos Aires, Argentina
3 School of Defense, Ministry of Defense, Buenos Aires, Argentina
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Spatial correlation between Density log
and six buttons of Resistivity Image
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DIRECT spatial correlation between Calcium
concentration (XRF) and six buttons response of

Resistivity Image

Core recording each 10

cm.
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DENSITY IMAGE GENERATION by 2D Sequential Gaussian

Cosimulation
Density as hard data and Resistivity Image as softdata
_ _ e Average of
Density data Image data Processing N realizations N realizations
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TOC IMAGE GENERATION by 2D Sequential Gaussian Cosimulation
TOC from Pyrolysis as hard data and Density Image as softdata
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Potassium
30,000
Zirconium

1:87 d

GEOSTATISTICAL MODEL of CORE DATA
Density and TOC images derived from Sequential Gaussian

Cosimulation
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Geochemical
Validation

Propagation of Geostatistical model to Vaca Muerta Fm.:Density and TOC Image
Logs
Geochemical Validation
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Ghemestratigraphic Gharacterization of the Waca Muerta Fermation in the Newquén Basin, Argentina: Implications for Depositional Environment and Siratigraphic Distribution of Hydrocarbon Play Elements
Ryan D. Wilson', Rolert Lockiair’, Ezeguiel G. Pelegri®, Hernan M. Reiiensiein®, Christopnher 1. Lipinski', James Bishop', lvdn L. Noguera®, Manuel Fantin®, Glaudio M. Larriesira®

START 1 Enersy Technolegy Gempany, Ghesron, Boustou, T, United States; 2. VTEG. Buenos Rires, Argentina: 3. Latin Rmerica Business Vuit Ghevron, Houston. T United States.
HERE RyanWilson2Chevron.com

Continue to Panel 1

STUDY RREA STRATIGRAPHIC FRAMEWORK
RBSTRAGT _ 3 =

The Vare Musrta i ional resource play of
Late Jurassic (Tithonion) mm{y mmuu_;rm!uginm age. Depositional
sequences of mudstones with parichle contributions from carbonates cnd
elasties/moleaniclastios are found admived mwm:mwmn
Vertical and lateral distribution of
progradation of the systen, mlmgmmmimgmgruphmmm
hydiroearbon play element quality and distribution.

This study wtilizes x-ray fluorescence (XRF] or drill cuttings and rotary
sisioweill cores (RSWE for 3 vertical wells to enable highresplution
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significant agreement between the different instrument data (r2=0.973). on
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trends. Within the Lower Fass Muerta, 2 DEnrsequence-sets are recogrized
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parasequence stacking patterns.
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WELL 1-L CHEMOSTRATIGRAPHY
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Interval 6 [3050-3130 m MDj - High heterogeneity (GR-RT) e e
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PREDICCION de PERFILES tipo LITHOSCANNER
mediante Simulacion Secuencial Gaussiana de datos de FRX
(cutting) y el perfil de Gamma Ray como softdata

CGR - Si - Si_real_8 [Synthetic Si_md_ls [Syrlheﬁc] DWSI WAL K2
0.00 gAPl 150.00 50.000ppm200.50.000ppm200.50.000ppm200 l‘.]m 0.41
ElAdEmetc mran [Braeid)
65,655.81 152,063.TH

Silicio simulado:
Promedio de 30
Realizaciones
(azul)

Dato blando
(Gamma
Ray)

i 1

(Y

Silicio registrado
por perfil
espectroscopia de
neutrones (negro)

gL R L AT AN W P

A

SRR YL LAY e S

WL
i ‘I_" g
A N LA O D

Dato duro:
Silicio
(FRX cutting)

!
E
=
=4
L]
=
=
i
=

Iﬂ
=

IHEIIHIWIT_!'IIIIW[“ AT AN

L

niw

W 1 A

I N L S AN N SR N N —
A O o A AINDD L A o A AR



CONCLUSIONES

 La Quimioestratigrafia de cutting contribuye a
una mejor descripcion de los reservorios

 Puede ser integrada y modelada en 3D con la
sismica

 Los modelos quimioestratigraficos pueden ser
aplicados a la geonavegacion de pozos en
reservorios tipo shale

« Brinda informacion no disponible en perfiles
convencionales y permite reproducir perfiles
geoquimicos tipo Lithoscanner

 Permite preservar el cutting debido a su
caracter no destructivo

« Otras técnicas no destructivas pueden ser
aplicadas con esta metodologia






