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+ METAL EARTH - OBJECTIVES - Data Analytics

- how to integrate all collected and legacy data (2D & 3D) to assist in understanding fertile vs. non-
fertile greenstone belts

- create 2D and 3D mineral prospectivity models (MPM) from the data for each transect using
machine learning languages

Complete:

Noranda — VMS (in review)
Chibougamau — Au published
Larder Lake — Au (in review)
Sturgeon Lake — Au published (x2)
Cobalt — Ag, Au

Swayze — published (x2)

Ongoing:
Superior — fault study

Rainy River
Wabigoon vs. Abitibi
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New geophysical and geological insights into how crustal architecture influences the gold and base metal endowment of Precambrian terranes

The Problem!
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It is well known that EW trending faults are related to orogenic Au in many
mining camps within the Superior geologic Province of Ontario and Quebec
(Colvine, 1988; Robert et al., 2005; Poulsen, 2017; Dubé and Mercier-
Langevin, 2020). For example, the major breaks; the Destor-Porcupine and
Cadillac-Larder lake fault systems have acted as conduits for the transfer of
Au-bearing hydrothermal fluids. Many authors (Poulson,2017; Dube et al,
2017) have observed in the field the relationship between orogenic Au and
guartz veins and the major breaks and associated splay faults in the Abitibi
region of the Superior Province.
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New geophysical and geological insights into how crustal architecture influences the gold and base metal endowment of Precambrian terranes

General geology of the Superior Province

o 75w

Kapuskasing

structure Gold Camps

1 Val d'Or
2 Malartic
3 Bousquet
4 Rouyn
5 Larder Lake
& Kirkland Lake
7 Duparquet

8 Harker-Holloway
9 Holtyre
10 Timmins
11 Chibougamau
12 Casa Berardi
{ 13 Detour Lake

L. 14 Hemio
Abitibi sub-area 15 Geraldton
16 Beardmore
17 Pickle Lake
[ Glastic sedimentary rock [ Granitoid ()00  Gold deposit (>150, 530, >3 t Au) 18 Red Lake

19 Rice Lake

- Volcanic rock I:l Gneiss — Major fault zone 20 Opapamiskan L.

VD = M
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( EXPLORATION MODEL ’
- Mesothermal Au

from GIS database

Production of Evidence maps
(Binary, multi-class, continuous)

Choice of modelling method

(Data or knowledge-driven)
(or a combination)

‘ Selection of evidence (data)

Assignment of weights for evidence maps
Data-driven - (W+, W-, C, regression coefficients)
Knowledge-driven - subjective

How well have we done?

....what is the uncertainty of this map? m

=
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Exploration (Deposit) Model

Umost important part of the modeling process

Ugoverns what evidence (predictor) maps will be used in the modeling
process

Umodels based on knowledge, experience and empirical evidence
UDynamic / volatile — “exceptions to the model”
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Table 2: Summary of mesothermal Au exploration
criteria (compiled from Colvine et al., 1988;
Colvine, 1983; Robert, 1990; Hodgson, 1993)

Lithology Comments

Lithology
Variable Ultramafic, mafic and felsic volcanic and sedimentary rocks (See Table 5)
Felsic intrusions (QFP- Quartz Apparent association with late tectonic, felsic, especially quartz-bearing
feldspar porphyry)) intrustions

Source of Au-bearing hydrothermal fluids, sink for Au, or heat engine
mobilizing Au-bearing fluids

Structure

High strain (deformation zones) Generally EW-trending (major “breaks”), 100’s km in length and several
m’s in width
Late tectonic event, transecting all lithologies
Mostly simple shear - oblique transcurrent movement although late vertical
movement also known
Conduits for Au-bearing fluids

Smaller-scale splay faults Generally oblique (low angle) to major deformation zones
Dilational zones of enhanced permeabili
Occur within and outside major deformation zones

Lithological contacts Conduits for Au-bearing fluids
Alteration
Carbonatization Dominant alteration style and widespread
nent of ankerite, calcite

pi
Distinct from lower grade seafloor diagenesis where calcite, epidote,
actinolite and zeolites are the major alteration minerals

Silicification Quartz flooding (quartz veining - variable orientations)

Potassic alteration Potassium metasomatism (Sericite and biotite growth)

Albitization Metasomatism (Alkali feldspar growth)

Chloritization Metasomatism (Chlorite growth) xp or‘t °
Iron sulphides Pyrite, pyrrhotite, arsenopyrite

Criterla

Geochemistry

Oxides and volatiles Enrichment of CO2, K20, S, H20, and Al203
Trace elments Enrichment of Au, As, Sb, W, Mo, Ag, Cu, Zn, Pb
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What about data preparation to create
predictor (evidence) maps!

U Geo-referencing!
U Data quantity and quality!

U The GIS in concert with statistical and geo-statistical
software is a very powerful tool for processing and
preparing geoscience data for GIS modeling
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...our analysis is primarily on

Compilation of faults over the Superior
Province 5

Legend

— Mapped faults

W Lakes

— Outline of the Superior
Province
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Lineaments interpreted from airborne Airborne magnetic data of the Superior
Magnetic data Province

Legend

— Mapped faulis

W Lakes

— Outline of the Superior
Province
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N-S, NW-SE, NE-SW
buffered faults /

EW trending faults
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Modeling (Integration) Methods

O Data-driven

use of a training dataset (mineral deposits) to drive the modeling
process — importance of each evidence map determined
statistically (i.e. — what is the spatial relationship between the
deposits and the evidence map?)

0 Knowledge — driven

no training data — importance of each evidence map determined
through exploration knowledge

0 Combined
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Random Forest Algorithm

Training bog;smtr;;i)nrgandom
Data

: 2/3 for classification
(mineral prospects)

113 for validation

+ v v v
Random Selection DT 1 DT 2 DT 3 DT n
of input variables i 1 specified by
(i.e. geochemical, decision tree geologist

T—J,sejo:;—T

geophysical,
geologic)
Combination of all Final maps
decision trees classification
jori and
(majority vote) probability (prospectivty)
maps
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Knowledge driven - Weighted Sum

MPM = (pred A* W) + (pred B* W) +........ (pred N * W)

where:
pred = predictor (evidence) map

W = importance weight (1-10)
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Mineral Prospectivity Maps - MPMs
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MPM using mapped
faults !

Legend

| ~ % *  new_mines_prj

A p ro bI em! 1~ ~srior_SubProvinces_v2 Legend
MPM — mapped faults *
<VALUE> new_mines_prj
[Jo-o.117647059 Sunerinr_SubProvinces_V2
[ 0.117647059 - 0.28627451 rf_MPM — mapped faults

N [ 0.28627451 - 0.384313726 N Value
[ 0.384313726 - 0.505882353 - High : 0.968
[ 0.505882353 - 0.650980392

A I 0650980392 - 0.776470588 A = lowio2s

I 0.776470588 - 0.88627451

0 75 150 300 450 600
Kilometers [Josss27451-1

0 75150 300 450 600
Kilometers

- -
= M .

ation Research Centre
e wrm anemnane == SChOOI OF Earth Sciences

Validation

Efficiency of classification curves

100

20

10

0 L L L L L L L I L
o 10 20 30 40 50 60 70 B0 90 100

——RF-Mine-mines ——RF_Mag_Mines ——Mine_Occurrence -——Mag_occurrences

165



New geophysical and geological insights into how crustal architecture influences the gold and base metal endowment of Precambrian terranes

Possible Solutions to Clustering Bias

- Randomly thin out faults in clustered zone

- Choose a sub-area of the Superior (Abitibi)
where mapping effort was (is) more intense

- Use a knowledge based algorithm and down-weight fault density

- Use interpretation of faults based on high resolution magnetics
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Additional Predictor Maps added to the MPMs
of the Abitibi sub-area
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e VD Magnetics —_—en Anomalies extracted
from the VD magnetic image
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MPM - faults -Random Forest MPM — faults - Weighted Sum
> o
1 n —

EW-NE fault intersections
' [EW-NW fault intersections 7
Fault density )

0
Riamaters

MPM = (pred A* W) + (pred B* W) +........ (pred N * W)

Correlation between these MPMs = 0.82!
S =
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Best Predictors- Abitibi sub-area

Predictor map RF RF RF Average

importance importance Importance score

sub area (no | sub area sub-area

gravity or (with gravity) | (fault data

magnetics) and gravity

and magnetic :> T
data) 3

NE-SW faults 1.3 1.22 1.24 1.25 I'Wmm
EW faults 0.9 0.89 0.95 0.91
NW-SE faults 0.88 0.94 1.0 0.94
Fault density 0.53 .76 ) 0.66
EW-NW fault intersection | 0.49 .58 91 .66
NNE-SSW faults 0.29 0.32 27 29 . .
EW NE fault intersection | 0.12 052 33 5 Best predictors in red
N-§ faults 0.0 0.06 .06 .04
Gravity-VD-Raw 047 42 0.44
Gravity- V QI anomaly (high 0.16 1 0.13
zones)
Mag VD raw .62 .62
Mag VD anomaly 4 4
(lineaments)
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Validation Statistics

Correlation
Faults (sub-area) | Faults + gravity | Fauolts + gravity + mag Weight sum- faunlts
“| Faults RF- -subarea 1.0 - 17
Faults + gravity RF 1.0 B2
Faults = gravity + mag R_F1 1.0 .18
Weigh Sum -faults 1.0

Classification Accuracy
MPM Overall Accuracy

oob

Out-of-bag-accuracy
9%

Faults (entire area) 83% 83%

Mag Lineaments (entire area) | 51% 52%
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True Positive Rate
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\" Vi
- Overlap between RF MPM and

weighted sum MPM

m High Au prospectivity based on an
OR operation between the two
MPMs (RF and weighted sum)

M Lakes

— Major breaks (faults)

015 30 &

Canada
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]
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Top 15% of areas of highest Au prospectivity

RF MPM based on faults, gravity and magnetics
and knowledge-based (weighted sum) algorithm

MPM — predicts the known Au mines
very well but also reveals areas of
high prospectivity where no mines are
found (B and C)
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.....and what about the 3D characteristics of some of these faults?

Quetico

TRY W W wm
Kiamatars

Greenstone belts and zones of high potential for Au exploration
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Larder Lake MPM — Orogenic Au — from Lui et al

L Ll Legend @ ‘ p- =
PT—— ] ‘ | £ { The area under curve (AUC)
mae Faults ol § ; is 0.96 indicating that about
RF_mean_prob o k 96% of all the deposits lie on
Valie s H . the top 15% of high probability
g o oe ‘ B areas for the classification
- b i ‘ i AUC =096 map
f o - -
O ey ! e — " The overall accuracy for the ten times|
M) of RF classification was 95.63%,
o whereas the F1-score was 95.62%.

/7}" VI T //‘/ 5 :// v

geochemical data using the PCA transformation (PC3 and PC8)
and lithology contacts show the highest classification power

gold mineralization associated with the LLCDZ and
the LNSZ are in general coeval and associated with
a similar structural and stratigraphic framework
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Larder Lake seismic profile with geology Swayze seismic profile with geology
and seismic interpretation and seismic interpretation

Interpreted faults

— Bottom of upper crust (?)

~ Horizontal reflectors — lithological variations
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SUMMARY AND CONCLUSIONS

We have produced two orogenic Au MPMs based on faults and magnetic lineaments for the entire Superior
Province but have identified a data clustering issue that biases the final MPM.

Solution- create a sub-area and/or create a knowledge-driven model over an area of less clustered
mapped faults (Abitibi-sub area) — these MPMs are more robust than the MPMs for the entire Superior

Province

NE-SW, NW-SE, EW -trending faults, magnetic vertical derivative and EW-NW trending fault

intersections have been confirmed statistically as strong predictors of orogenic Au mineralization

* Although we have focused on faults, addition of other predictor maps including, lithological and

geochemical data, would improve the perfomance of all 4 MPMs generated over the Abitibi sub-area —
we can see how the performance of the MPMs increased with the addition of gravity and magnetic data

Based on the newly collected seismic data we speculate that the Larder Lake greenstone belt is more fertile

than the Swayze greenstone belt due in part to more deeply penetrating faults which provide conduits for Au-

bearing fluids from the mantle. It also appears that the Swayze greenstone belt is more shallow than the

Larder Lake greenstone belt and may represent a difference in geography with respect to plate tectonic

activity.
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