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Introduction

The Exploration Challenge

Ice Flov_\f
* In BC, repeated glaciations have produced A sdlias elements T,
sediments that conceal prospective bedrock | |5  anomalies n £l in soil
: : L i *
* Geochemical anomalies within these S S . */
sediments are commonly displaced from g o gl %
their source Otk HH % €neiurer e @ R

* Precise exploration targets can be difficult
to determine from displaced anomalies

The Opportunity

* Gases (e.g. CO,, O,, He, Ra, Hg) can diffuse
through drift from faults and sulphides

e Gas anomalies are more proximal to the
source than those in sediments or soils

Conceptual drawing of geochemical anomalies in
soil, till and soil gas
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CO, and O, soil gas chemistry in mineral exploration

Previous research reveals increased soil  Soil gas CO, and O, anomalies detected above ~ 7

to 30 m of glacial sediments over the Crandon,
gals f?doz & .depl?.tedt_Oz over faults & Wisconsin, massive Zn-Cu-Pb sulphide bodies
suipniae mineralization (McCarthy, 1986)
Conceptual
soil-gas CO, 2.00
and O, patterns % 02 x 20
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S . 0 "s’ .
(&) T,
0.20f % CO,
0.01
0 50 m
0.03 L +++—rrrrrrrrrrrr—r—————— Sample Sites
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Limitations of soil-gas surveys in the past

* Need to collect, store and
transport soil gas sample to lab
for analysis

* Analysis can be expensive

* Systems for measuring CO, & O,
can be cumbersome

 Systems often not able to
capture data digitally for later
analysis
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A new option for CO, and O, measurement

* Made possible by newly
available, small and economic

sensors from CO,Inc®, Florida
that can measure CO, and O,

* Real-time measurements

* CO,Inc® Gaslab software can
display results in the field on a
laptop or tablet & store digital
data for later analysis

CO, and O, sensors mounted on wooden base
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Real-time soil-gas measurement system prototype

: ) e Pump §as

Sampling g
probe J;

3) Neoy ' Sorl gas inlet b) E

to sensors

* Case with CO, & O, sensors
linked to a laptop (a)

On/off
valves

_ile;:l:j |
* Hollow steel sample probe JEN
with open/close valve tip

driven into soil to sample soil

f Atmosphere

gaS (b) , _ ‘ N y . |nletto sensorsi
* Battery-powered pump to A RO B

I Soil gas measurement system

draw air and soil-gas through &S
e prototype

sensors to measure CO, and
0, (c)
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T3 Gaslab v2.1.1.0 - X
[=1-sensor Graph  Data Stream Tools  About
- C02
~Readings: 33 Real Time Gas Level Prrt Graph
- Value: 250
- Max: 4130 [—8— COZ —#— Temperaiure —#— Humidity —— Pressure
-~ Mean: 1313 9125 - 64 — 214 - 5000 : : ; : ;
- Min: 180 [ T
=]~ Pressure - 212 T E
g . 4 . 3
-- Readings: 32 9120 F 62 T
- Value: 910 T 290 1L 4000
- Max: 312 9115 + 60 1
- Mean: 910 — L : o 20 8 T
- Min- 909 T q DT e T O 2T
o Temparsire g MO+ B+ 1= 3000
’ r 3 206 Lo
- Readings: 32 ) g‘ L = o
N 2 9105 1% 56 L8 I
Value: 20.8 = = Y T v
e Max: " £ I 204 L o
Max: 21.1 b 5 [ 2 1O 2000
-- Mean: 20,61 @ o100 +x 54 + E T
- Min: 19.8 o I I+ 202 1
(=) Humidity 0005 L T I
-- Readings: 32 9095 T 52 + 200 1+ 1000
- Value: 56.2 I I T
- Max: 61.2 90890 + S0 - 98 1
- Mean: 55.61 T I
=M A9 oogs -+ 48 L 106 L1 0 : : : : . :
12:09:00 PM 12:10:00 PM 12:11:00 PM 12:12:00 PM 12:13:00 PM 12:14:00 PM
X Axis
Sensor Select Sensor Commands Auto-Logging Log Files:
. May-02-2019.csv ~
Port: w Read Read Read
e | |Posnr | | Tovee | 1o | | v Seoonds | | Mar 2o
Product : |CM-40301 w -
May-08-2019(1).cav
Series / = il Hous May-08-2019(3) csv
Model < May-11-2019.csv
: May-11-20159(1).cav
Name: |Sen50r'| | Addre55:|254 | ) May-30-2019.csv
Temperature Concentration May-30-2019(1) gsv
sensor COM3 [CO2 Pressure, Tem ®) Celsius @ PPM _ May-ﬂﬂ-Zﬂ'IB[Z}:csv
: June-09-2019 csv
O Farenhet O Percent 01 Hz June-09-2019(1).csv v
Connect c
« Configure Sensor Only Show/Log Selected Sensor

Selected Device: Auto on Port: COM3

Palmer.

Readout from CO,Inc® Gaslab software for CO, sensor

https://www.codmeter.com
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Display and capture of real-time measured CO, & O,

* Sensors are calibrated by pumping atmospheric CO, and O, for two minutes (A)

System is then switched to the soil probe input to measure soil gas CO,, O,, temperature and
pressure (B). The results are displayed on a CO,Inc® Gaslab graph

System switched back to atmosphere to assess potential drift in measurements (C)

Real-time soil gas measurements

21.5
211
5

Simplified, compiled
graph for CO,, O, and
temperature.

Temp. °C
O, ppm (x 10°)
CO, ppm (x 10°)

20.6
205
0

11:14 a.m. ' " 11:16 a.m. ' " 11:18 a.m.
Time
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Derivation of soil gas metric

A B C
4 %= eeee.e. .. Mean soil-gas
ACO, = Soil-Gas CO, - [ Amosphere (A) mean CO, + Amosphere (C) mean CO;_:| v co,
) co: Y SRR R
2% A\co,
A Q, = Soil -Gas O, [ Amosphere (A)mean O, + Amosphere (C)mean Ol] y %
) Mean air
2 co, =/Aco,& o,
Mean air
. 20.1%
Soil - Gas ACO, & 0, =ACO, +A O,
0,
20.4%

« ACO, & O, are determined from the measured soil-gas CO, and O, values (B) corrected from the
atmospheric CO, and O, values measured before (A) and after (C) the soil-gas peak (B).

* Measurement precision is estimated from repeat soil-gas and atmospheric CO, and O,
measurements (typically less than 15% relative standard deviation)
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System Testing

Victoria, BC
* functionality and reliability

Jordan River
* Soil-gas CO, and O, measured across the Leach

River Fault oA
. Mount Milligan
Mouse Mtn. - Shiko Lk. Copper-gold porphyry wse Mountain
occurrences |
* Soil-gas CO, and O, measured 2 W l Shiko
* Upper B-horizon soil samples analysed for pH, ., Quesnel - Lake
water leach elements. % " Williams Lake * Horsefly

Mount Milligan - Copper-gold porphyry

deposit (ongoing) S
* Soil-gas CO, and O,measured Jordan Riverx._ |
* Upper B-horizon samples analysed for pH s B85 4GB pVictora
e Survey challenged and postponed by snow e kM
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System testing — functionality and reliability

Diurnal variation Quality Control
e Gas concentrations vary throughout + Sampling precision (6 duplicate
the day ites) d fficient of
L : : sites) expressed as a coefficient o
 Results indicate the optimal time P o
between roughly 9 am and 4.45 pm. average variation
#5007 * CVy g (%), is 15.9% at a mean
ACO, & 0, of 1.702%
Soil gas CO,
§1500-
5 Optimum interval for soil gas
1000 - sampling and analysis
500 - Atmospheric air CO,
.\'—_.'/.‘.
° 9:00 I 13:20 l 16:45 l 19:40 ' 20:32 I 22:00 I
Time - hours
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System testing — Mouse Mountain and Shiko Lake

545300 m 545400 m 545500 m

E . .
é ; T g J‘J. § . Plagioclase Andsite By e
| === Fault (Inferred) @ E [[]  Pyroxene Andesite qmmb 0 © E
- FaultH=pped) P N < § . 3.0-3.2 % CO2 sta(l)”zt ." . §
Road © Fo "l ® 1.8-29% 02802 &
— Contour © "-,-.‘""? : ® 1.2-1.7% CO2&02
Mineralized Outcrop .. %G e ﬂ.:"’ © 1o-L1% COZRia?é
(] Intrusive rocks | . 0 — Contour |
'l Volcanic rocks (135", £ 5 om [ : 1
£ @ 4.0-50%C02802 |y 2 Shiko Lake soil ACO, & O, concentrations
% ® 3.0-3.9%C02802 72 N o ;
© 20-29%C02802 | ° S iaatilE 8 M Ouse Mountain
° 0.4-1.9 % CO2 & 02 * linear trends across transects suggest complex structures and
—_" ? | 5 pom Sl et i offset from location of mapped fault
S * association of soil gas with soil pH and water leach sulphur
9 6 .
*  Shiko Lake

Mouse Mountain soil ]
ACO, & O, and sulphur ]
concentrations

* Elevated ACO, & O, near mapped fault

* Sub-optimal test sites because precise locations for
structure and mineralization uncertain

0 10 22 5 62 72 8 8 93 98 103 113 123 161
South (1101) Metres North (1117)
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6107500 m 6107600 m  6107600m 6107700 m 6107800 m 6107900 m 6107900 m  6108000m 6108100m 610B200m 6108200 m

System testing - Mount Milligan

433000 m 433100 m 433100m  433200m  433300m  433400m

433400 m 433500 m 433600 m 433700m  433700m  433800m  433900m 434000 m 434000 m

e Results appear to reflect structure

. 0.50to 0.77 % CO2 & 02

....................
.....
...........................

() 0.22 to 0.49 % CO2 & 02
® 0.19to0 0.21 % CO2 & 02
© 0.16to 0.18 % CO2 & 02
- Exploration Roads

* Site selection and system
management complicated by
adverse weather

............. g wees Fault surface projection
: i 0 100 m

[ 6108000m  6108100m  6108200m 6108200 m

» Survey postponed until next year
due to weather

@ ° Encouraging results even in
challenging conditions

433000 m 433100 m 433100m  433200m  433300m 433400 m

Palmer.
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Current understanding and future work

Current results Moving forward
e Sensor system reliably measured * Continue testing:
CO, and O, * over targets with well-defined

structures

* Qver different surficial materials and
thicknesses

* CO, and O, anomalies are spatially
coincident with mapped and

inferred faults .
* Improve system portability by

* Soil-gas anomalies are associated combining sensors and pump into
with elevated water leach sulphur one unit

and pH :
* Develop longer probe to improve

* System set-up, sampling soil-gas & access to material beneath forest
data recording generally completed detritus

in 15 to 20 minutes at each site
* Include a methane (or other) gas

sensor in the system
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