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3 Using synthetic modeling to tailor Optimizing Inversion for the Archean Orogenic Gold

inversions for exploration in Archean
Orogenic Gold Environments

Purpose of study: to test the ability of inversion to recover expected
subsurface features in the Archean orogenic gold environment.

Process: explore variations in model results from unconstrained and

constrained inversions of synthetic data collected over a range of 3D 9 Gold setting 1 : “Fau Ited” contact model 9Go|d setting 2: Syenite dike model Nhfss Se°ti°”D Lot gl el 50 m syenite —— 9C0"CIUSi0nS

geologic models representative of specific gold deposit settings. : :
Are features typical of Archean orogenic
gold deposit environments imaged using
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inverting geophysical data within an Archean orogenic gold setting, and
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gives an indication of the results that can be expected from inversions  Suscoptoilty The next synthetic models resemble a geological setting similar to \ unconstrained inversion?
before and after basic geologic constraints are provided. . that of the case study deposit, the Hislop gold deposit, with a syenite
_ I”lw dike intruded along the contact between an ultramafic volcanic rock
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susceptibility contrast are located to depth.

553800 5563950 554250 554400 553800 553950 554250 554400

00167 The results from inversion of
000833 magnetic data generated

0 through forward modeling of
the two syenite dike models
(10 m and 60 m dikes) are
compared to determine how

well inversion can detect the
GGO'OQY A geological model of a “faulted” contact between two different units, an ultramafic volcanic rock, and a different sized vertical

mafic volcanic rock unit, is converted to a physical property model. This physical property model is intrusions.
referred to as the “true” model - the model which we hope to recover using inversion.

« A 10 m low susceptibility syenite located between
ultramafic and mafic volcanic units is not detected at this
Magnetic Magneic scale. A 60 m syenite is well-located near the surface of
"'Slféfiprfiig')ity | | | Susceptibilty the models, but poorly located at depth. The
S - S syenite/ultramafic rock contact is less well-located due to
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- Multi-lithic Volcanic Breccia
- Lamprophyre

[ intermediate Intrusive
Felsic Intrusive

- Syenite Intrusive

- Pillowed Mg-tholeiitic Basalt
- Massive Fe-tholeiitic Basalt

Geology and physical
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Synthetic modeling process Constrained inversions . s
» Setting alpha values in addition to bounds does not
: : e Inversion.resultiwithireference model Inversionsresultiwith.bounds improve on models where bounds alone are set
1. 3D geologic model is converted to a susceptibility model set to 0.02 SI units — set from 0 - 0.035 SI Units —
(default value is 0 Sl Units) (default bounds are from 0 to 1 Sl Units) Inversion result with reference model set to 0.02 S| Units Inversion result with bounds set to 0 - 0.035 Sl units Table 1. Model Differences

2. Susceptibility model is forward (default value is 0 Sl Units) (default bounds are from 0 to 1 Sl Units)

modeled to generate synthetic
magnetic data

(L1 norm measurement between true and recovered models)

Model name Faulted Syenite dike |Syenite dike |Syenite dike |
contact model model model
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0.02 1222.50 1228.70 1243.10
0.03 2 1213.70 1232.40
0.04

553800 553980 554100 554280 554400 553800 553950 §54100 554250 554400

Easting (m) Easting (m)

Bounds (SI Units)

| 0-0.025 0,50 |

. Inversion result after ¢z and oy Inversion result after bounds 0-0.03 < 873.28 909.79 932.56 1029.80
354400 increased relative to ax — set from 0 - 0.035 Sl Units _ _ _ _ : 0-0.035 875.16 893.62 906.04 799.9 |
(acz = ay = ax for default inversion). AND oz and oy increased relative to o x. Inversion result after a«z and ay increased relative to aix Inversion result after bounds set to 0 - 0.035 Sl Units 0-0.04 1142.20 983 G0Z. 60 |

(az = ay = ax for default inversion). AND «z and oy increased relative to ax. Alpha values (x,y,z)

1, 10, 10 1764.50 1747.80 1707.90
1, 100, 100 1772.80 1707.60 1644.30
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Closeness of the recovered model to the true model can be assessed by:
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2. Subtracting one model from the other and viewing results to determine
where the model is being most accurately estimated (see below) o Depth weightings (Li and Oldenburg, 1996), and

application of “blocky” inversions (Farquharson, and
Oldenburg, 1998), may be experimented with to alleviate
problems with incorrect estimation of susceptibility values
near surface, and smoothing across vertical contacts.

* (SI Units) (Sl Units)
0.05

e There is always some information available that can be
used to constrain inversion results. Addition of any
physical property information whatsoever will improve the

TS e Gl (i, B TEEE ] IOES e e 6 result (both numerically and geologically) to some degree.
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