Data-driven, early-exploration predictive indicators for porphyry-style mineralization in Yukon using deconstructed *weights of evidence modeling
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Definitions | [ T I I I T { { | I ] [ ] [ | ! ! | \ Positive contrast lithological units
Categorical feature/evidential theme: a spatial theme (i.e., data layer) used Categorical feature/evidential theme Contrast Probability of deposit occurrence Area Categorical feature/evidential theme Contrast Probability of deposit occurrence Area Lithology Ne of porphyry records’ Contrast

as evidence for the occurrence of training points. Each categorical feature Deco n stru Cted We i g hts Of eVi d e n ce m a p fo r Terranes (all Yukon) 1 - Deco N stru cted We i g hts Of GVi d e N ce m a p fo r Contact/fault intersections (point data; positive contrast lithological units only) -T unit (250K} Actual Weighted value

occupies a defined area.
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Training points: the set of spatial point objects whose locations are to be R strongly predictive (Stikinia, Wrangeliia) 2.0 < contrast < 3.0 9.7-11.2 (average = 10.4) 9148 km? (2.9% of total) . . . g= m Significantly predictive (within 1000 m buffer) 1.0 < contrast 2.0 108 1483 km” (5.8% of total)
terranes and bedrock geology predictivity R linear and point data predictivity

redicted. In mineral exploration, these are the sites of known mineral P - o
geposits or occurrencesp- points are either present or absent. m Significantly predictive (Yukon-Tanana) 1.0 < contrast < 2.0 4.7 59 133 km? (18.6% of total) Faults (line data; positive contrast lithological units only)
Weight: a measure of a categorical feature class as a predictor of training 1/} weakiy prediciive (Alexander) 0 < contrast < 0.5 12 12 589 km? (4.0% of total) Positive contrast lithological units = /] Weakiy predictive (within 1000 m buffer) 0 < contrast < 0.5 24 4564 km?” (17.7% of total)
points. Each class is described by a pair of weights labeled W+ and W-.
Positive weights (W+) indicate that more points occur on the class than due Bedrock geology (litholological units containing one or more porphyry occurrence, scale = 1:250,000, see table for unit designations) 122°W Contacts (line data, positive contrast lithological units only) 122°W
: ; e ; )
:ﬁac: 33‘;‘?0'\'&%?2: weights indicate that fewer points occur on the class - Very strongly predictive contrast = 3.0 20.5-15 731.3 (average = 31.6) 2066 km? (1.3% of total) - Significantly predictive (within 200 m buffer) 1.0 < contrast < 2.0 6.7 3132 km” (12.2% of total)
2
Contrast: given by W+ minus W-, the contrast measures the strength of the \ - Strongly predictive 2.0 < contrast < 3.0 7.5-16.7 (average = 9.5) 782 km? (0.5% of total) \ I:l Moderately predictive (within 400 m buffer) 0.5 < contrast < 1.0 26 2603 km” (10.1% of total)
relationship between the training points (mineral occurrences) and the data o - 5 o - - 2206 km? (8.6% of total)
layer. A large contrast indicates a strong statistical association between the I:I Significantly predictive 1.0 < contrast< 2.0 2.8-6.9 (average = 4.5) 3773 km* (2.3% of total) I:l Weakly predictive (within 600 m buffer) 0 < contrast< 0.5 1.1
- 64° R | _g4°
two. 64°N— |:| Moderately predictive 0.5 < contrast < 1.0 1.7-2.6 (average = 2.4) 11 987 km? (7.3% of total) | 64°N  g4oN 64°N
Probability of deposit occurrence: the posterior probability of a deposit ,
occurring versus the prior probability of a deposit occurring. A measure >1 I:I Weakly predictive 0 <contrast < 0.5 1.1-1.6 (average = 1.3) 7143 km* (4.3% of total)
denotes an increase in mineral potential. |:| - B LKgP 4 1.95
Not predictive contrast < 0 0.1-0.9 (average = 0.4) 138 950 km* (84.4% of total)
Prior probability: the probability that a unit cell contains a mineral LKqC 1 1 1.80
occurrence before considering any spatial evidence. mKgM 2 1.5 1.68
Posterior probability: the probability that a unit cell contains a mineral mKqW 7 7 1.66
occurrence after consideration of the spatial evidence. = LKgR 1 2 1.55
Unit cell: a small unit of area used for defining the probability of occurrence o Other features mKyT 1 1 1.23
of mineral deposits. °
o TQS 1 1 1.09
® b ¢ 76 + 3 Ma age dates (U-Pb/Re-Os) — ElgB 1 X 106
Wei ) o ) potential for Casino-style targets | PRC1 3 17 1.04
eights of Evidence (WofE) — simplified mathematical treatment and ‘ ] /
. . . . . CPS2 1 1 0.99
explanation ° Contiguous Jurassic plutonic/volcanic Eek 5 5 0.98
1. !'(I’lOYVn mineral occurrences_o_f the type being sought (porphyry deposits ) a rock contacts — potential locations for .
in this case) are used as training data. A A . N N mKgW 23 20.5 0.97
2. Categorical features (CF, also called evidential themes) — for example porphyry mineralization in JuraSSIC'aged rocks LKgM 1 0.5 0.84
bedrock geology, faults, etc. — are then examined with a view to
quantifying the spatial relationship (in probabilistic terms) between the 14200 14200 mKN 1 1 0.67
CF and the training data. PfR 1 1 0.66
3. Bayes theorem’ is used to determine the conditional probability of the CPH1 1 1 0.65
occurrence of a deposit given:
a. The presence of the CF. Pas 4 4 0.56
b. The absence of the CF. e : uTrP 4 2.5 0.48
4. The Bayes formulas are converted to odds-based formulas (the odds | ) ) ) p ANVE Y% mKgM 3 2 0.44
formulation is: probability/(1-probability)). |90 > L . DA Y |_6)0
5. Natural logs (LN) are taken on both sides of the two equations (i.e., the 62°N 62N~ ) S ® O v RN P R NI 62°N MW 1 1 0.32
Bayes equations computing the conditional probability of the occurrence o S o ) ARAR A = 3 . ElgL 3 2.5 0.25
of a deposit given the presence and absence of the CF, respectively) S § TR T< /I d D 2N uTrP? 1 1 0.24
and the resulting solutions give the “weights of evidence” for a deposit in i v y e D~ | = )c ;
terms of (1) the presence (positive) of the CF (W+) and (2) the absence $ Rlver \ -~ . ; | e A Y > CPD 1 0.5 0.16
(negative) of the CF (W-). W+ minus W- give the “Contrast”. ¢ b - S AR X mKgTR 1 1 0.15
6. The Contrast value indicates how predictive the CF is for the mineral X S =N A B /3 SN PDS3 1 0.5 0.11
deposit being sought. \\\ 2 ' A (AT ) X ‘ 2 5 -
7. The process is repeated for all CFs used to generate the predictive AR X y N\ o Refer to https://ygsftp.gov.yk.ca/YGSIDS/compilations/
indicators map. O\ \\i\ R N & i NN 2\ BedrockGeology/OF2016-1_legend.pdf for lithology
8. The last step involves determining the Posterior Probability of a mineral . \\ ) \ ) 2 . bWl inti
. ) - X o~ U i \ | names and descriptions.
occurrence for each CF given the Prior Probability. OO \\\\ \ N e R 2 3
9. The Prior Probability is simply the total number deposits divided by the NN N W = S N ) Tk ) MINFILE records.
number of cells (or blocks). Cell size in this map is 1 m? (the “shape RN = 7 ¥ D / e ’
area” unit size in ArcGIS) — any cell size can be used with the B A n | 7 N ( A B
assumption that not more than one deposit falls within a cell. The Prior \\ O\UX \ | ) T o Ity
Probab_ility remains the same regardles_s of which CF is being exa_mined. ; LA ! ¢ ) (% Exploration indicator hierarchy
10. The Prior Probability is converted to Prior Odds and then logged (i.e., A D! 4 L q
LN(Prior Odds)), to align the figures with the W+ and W- outputs. H— —' (using indicator scores’)
11. The LN(Posterior Odds) for the CF is calculated by summing the A L ] e . Subclass Predictivity Score
LN(Prior Odds) + positive WofE for single class CFs, or the \ NIRPROS y—
LN(Prior Odds) + positive WofE (Class 1) + negative WofE (Class 2, ~7 \‘Ih\!hlte\hvor, Yukon-Tanana terrane Significant 3.41
3...) etc., for multiclass CFs. 5 Ba V.- Bedrock geology - Very strong 2.53
12. The LN(Posterior Odds) is converted to Posterior Probability by taking ) Q'Y R : Wrangellia/Stikinia terrane  |Strong 1.18
e o el he vt of N W) e (e secrockgeobopy || |oderste | L10
: Wa TS . Contacts Significant 0.81
N \ \ = . \
The map assesses three metrics for each CF: R L . % 2\ Bedrock geolo Significant 0.66!
1. The Contrast (or predictiveness) of the CF; 60°N— N ° k —60°N  50°N N -« g AR L 5 ‘ ~60°N C fg | .gy E S.g i 0.62
2. The Posterior versus Prior Probability of the CF, which provides a { o ‘\\\ 0 R : 8, 3K = Wats 0 ontact-fault intersections ignificant :
measure of how prospective the CF is; and \ Y ) I VNN | TR Fep N & Geophysics - aeromag (rtf) Significant 0.47,
3. Thg Stptitial exten}t1 of theI art(?a occupiefd bfy IIeach class of each CF to {\ Ay - - [ g ; % SO & B 1-element anom. basin Moderate 0.42
I rwnen n I r W-up. \ ~ —
assistihe userwhen seiecting areas jor Iofow-up ——— 160 240 0 40 80 160 240 Bedrock geology [ ] [weak 0.37,
! Amathematical formula for determining conditional probability, which is the I <ilometres kil t Geophysics - gravity Significant 0.35
likelihood of an outcome occurring, based on a previous outcome occurring. \ \ | I I <Ilometlres Bedrock geology B [stron 0.29
’ 14d°W ’ 138'°W , 136'°W ’ 134°W 132°wW l 13(;°W 126‘°W ‘ 12‘{°W ’ 14d°W ’ 138,°W ' 13(:°W ' 134°W 132°wW l 136°W ! 12§°W ‘ 12é°W \ 12‘\¥°W Contacts Moderate 026
Factors used for porphyry occurrences ‘ ‘ Geophysics - gravity Moderate 0.25
MINFILE Factor 142/°W | 149°W | 138'°W | 136'°W | 13‘}°W | 132°W | 13OIOW | 128|°W | 126‘°W | 124\°W . 122\°W 142/°W | 149°W | 138‘°W | 136'°W | 134°W | 132°W | 13OIOW | 128|°W | 126‘°W | 124\°W . 122\°W Geophysics - gravity Weak 0.22
Prod /oast orod 4 1 T T I T ] | [ T T T T T T I I | T Alexander terrane Weak 0.19
roducer/past producer ) ) .

- . . Categorical feature/evidential theme Contrast Probability of deposit occurrence Area . Explanation: anomalous stream sediment values have been calculated for the primary elements Ag, Au, Cu, Mo, Sn and W. The method Faults Weak 0.14
Deposit 2 N Deco n Stru cted wel g hts Of evi d ence ma p fo r ) » _ . ) ) ) ~ . o 4 N An oma I ous Strea m sed ime nt catc h me nts involves calculating the expected stream sediment assay values at each drainage sample collection point, and comparing the expected - Geophysics - aeromag (rtf)  |Moderate 0.13
Anomaly/drilled prospect/prospect 1 . . .. Bouguer gravity (for positive contrast lithological units, 13 contour intervals (interval 1 = lowest value, interval 13 = highest value)) values with the actual values obtained. Each sample collection point is tied to a specific watershed basin, and each watershed basin is Contacts Weak 0.10
Showing 0.5 g raVIty an d aerom ag d ata p red ICtIVIty - Significantly predictive (interval 6) 1.0 < contrast < 2.0 29 3114 km” (12:1% of total) based on Wate rs hed geO I Ogy an d examined separately. Onc?e the expected values are known, anomalous values are taken asrthose exceeding the 97th percentile. 3-element anom. basin Significant 0.0
Staked — o work recorded/Unknown 02 [ ] Moderately predictive (interval 7) 0.5 < contrast < 1.0 17 3758 km? (14.6% of total) . . . gx The process (simplified) is noted below: \ \ 2-element anom. basin Moderate 0.06

Positive contrast lithological units ~ |:| e 0 < contrast < 0.5 12 4563 km? (17.7% of total) wel g htS Of eVIde nce p red ICtIVIty 1. Separate tables (ArcMap) for each element of interest are prepared — each table contains the sample ID and assay value fields. 4-element anom. basin Significant 0.04
. The watershed basin and bedrock geology layers are intersected, wi e output layer constrained to lithological units displaying Folds Not predictive N/A
Weakly predictive (interval 4) =0 : e 2. The watershed basin and bedrock geology | intersected, with the output | trained to lithological units displayi
iti ] . ) - . . . . . - . . 122°W iy . . . positive contrast values (with respect to porphyry mineralization in this instance). ' 122°W I~
@ Positive contrast porphyry occurrences Aeromgnetlc data (residual total field, positive contrast lithological units only, 13 contour intervals (interval 1 = lowest value, interval 13 = highest value)) Pos|t|ve Contrast ||tholog|ca| un|ts 3. The spatial extent of each watershed basin, and each lithological unit within each watershed basin, is calculated. :old/'fault contacts . Not predictive | N/A
@  Other porphyry occurrences m Significantly predictive (interval 11) 1.0 < contrast < 2.0 4.7 2490 km? (10.1% of total) 4. The expected “grade” of each lithological unit in each drainage basin is calculated using the drainage sample values. Indicator scores are a function of the probability of a
\ ictive (i 0.5 < contrast < 1.0 1.9 1682 km? (6.8% of total N\ 5. The expected average “grade” for each lithological unit within the area of interest as a whole is calculated. deposit occurring and the area occupied by the subclass
/'] Moderately predictive (interval 12) -9 < contrast < 1. . m” (6.8% of total) 6. The expected contribution of each lithological unit in each basin to the drainage sample assay values is calculated. of the categorical feature concerned.
7. The expected sample values for each watershed basin (for the elements of interest) are calculated. ! .
Data sources 64°N] -64°N 40N 8. The expected sample values are compared to the actual assay values obtained for each watershed basin. L g4oN The sco.re provides a measure of the favour.ablllt.y
Mackie, R.A., Arne, D.C. and Brown, O., 2015. Enhanced 9. Anomalous watershed basins at the >97th percentile are identified and separated out. (attractiveness) of the subclass for exploration - i.e.,
interpretation of regional geochemical stream sediment data from where the focus should occur initially, immediately
Yukon: catchment basin analysis and weighted sums modeling. thereafter, following on from that, and so on.
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This map was built in ArcGIS Pro and exported to a PDF (Portable
Yu kon Document Format) file.
A digital copy of the map may be downloaded free of charge from
the Yukon Geological Survey website:
, https://data.geology.gov.yk.ca
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