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Geochemical Modeling

To link geochemistry and mineralogy within
environmental models



The Project

Based on a pilot study for the geochemical
survey of North America project (with R.
Garrett)

Environmental applications of geoscience
models (Environment Canada)



Geological Models

Geochemical and mineralogical properties of
soll parent materials reflect:

* Provenance — bedrock origins

e Process — physical actions of wind, water, ice

* Protocol — preparation and geochemical analysis
methods

e Past - sediment type, depositional environment,
stratigraphic associations, geological history



Bedrock Geology
Manitoba

e Sample Location

| Trans-Hudson Orogen Hudson

BEDROCK GEOLOGY
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Surficial Geology — The View
Manitoba
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Geochemical Transect Profiles
Trace Elements (Aqua Regia, <0.063mm)

Sediment Type
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Trace Metals

Preparation and Analytical Protocols
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Total vs Aqua Regia Diges
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Aqua Regia Vs ‘Total’

Correlation — Provenance Independent
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Aqua Regia Vs Total

oor Correlation — Provenance Dependent
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Geochemical Transect Profiles

<0.063mm - <0.002 mm Comparison
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Geochemical Transect Profile

rain Size and Mineral Residence Sites - Cd
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Provenance and Mineralogy

Agua Regia decomposition
>
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Geochemical Transect Profiles
Si0,, Al,0,, CaO wt%
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Geochemistry-Mineralogy

Carbonate Minerals
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Geochemical Transect Profiles
Si0,, Al,0,, CaO wt%

wt. % XRF, <0.063 mm
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Provenance and Mineralogy

Agua Regia decomposition
>
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Geochemical Transect Profile
Al,O, — Agua Regia, XRF
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Geochemical Transect Profile
K,O - Agua Regia, XRF

wt. %, <0.063 mm
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Geochemistry-Mineralogy
K-Al Minerals

e Aqua regia soluble; R? = 0.765
4 Not aqua regia soluble; R? = 0.892
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'race Metal Associations
Cu, Zn, Cr, Ni - Al (Aqua Regia)
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Geochemical Transect Profiles
Trace Elements (Aqua Regia, <0.063mm)
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Bedrock Geology
Manitoba

e Sample Location

| Trans-Hudson Orogen Hudson

BEDROCK GEOLOGY

SEDIMENTARY BASIN

Stperior m Cenozoic shale, sandstone

Province .
J Mesozoic shale, sandstone

PLATFORM
[ Paleozoic limestone, dolomite
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Western Nk Proterozoic granite, gneiss
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Geological Models
Pllovenance, Process, Protocol, Past




Mineral Modeling

Modan - computer modeling of overburden
mineralogy



~)

Modan - XRD Mineralogy
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Modan Phyllosilicate - XRD Chlorite
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Modan - XRD Amphibole

Amphibole
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Overburden Model

Lithophile Elements (XRF only)
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sosclence and Environmental
eochemistry
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Independent

Sediment properties and relations characteristic of a
geological process or depositional environment

Area-Specific

Bedrock, topgraphy, climate,
Geological process (erosional, transportational,
depositional),

Geological history and stratigraphy

Site-Specific

Sediment type and organization metres
Property contrasts
Stratigraphic association

Sample Properties

Texture, colour, lithology, mineralogy, gecchemistry, organic
matter

Depth, moisture, temperature
Primary structures (bedding)

Secondary structures
(e.g. soil horizonation and structure; cryoturbation; tree

throw)




Mineral Partitioning

<002 mm Vs <0.063 mm Al, K, Ti, Ca, Mg
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Scale Values

Regional Site
Organic Colloids {soil formation, vegetation)

Secondary Particulate (weathering, soil formation)
Particulate (physical processes: erosion, transport, deposition)
Parent Material (geclogical provenance, mineralogy)

Mor!gl Element
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Geochemical Transect Profiles

<0.063mm - <0.002 mm Comparison
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Trace Metals
Box and Whisker Plots
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Aqua Regia Vs Total

Correlation — Provenance-Dependent
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Trace Metals - Al
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Geochemical Transect Profiles
Si0,, Al,0,, CaO wt%
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Aqua Regia Vs Total

No Correlation — Analytical Uncertainty
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Geochemical Transect Profile

Mineral Resources - Au
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Grain Size Comparison
<002 mm Vs <0.063 mm
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