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Introduction 
Water geochemistry can be applied to exploration for mineral, geothermal and petroleum 
resources and is extensively used for environmental monitoring. Building on the 
successful outcome of the Geoscience BC 2015-17 report and on the wealth of TREK 
geochemical, geological and geophysical data available for project area, this project aims 
to extend real-time hydrogeochemical-survey methodology from a detailed to a regional 
setting. Objectives of the project using the Palintest

®
 photometer 8000 and the Modern 

Water PDV6000ultra (PDV) voltammeter, an electrochemical method based on anodic 
stripping voltammetry (ASV) for field-based, portable water sample analysis are: 
 

 Provide a regional-scale hydrogeochemistry dataset to supplement the QUEST and 
TREK SE stream-sediment, lake-sediment and till geochemical surveys in the Marmot 
Lake NTS area (NTS 093B/13). 

 Investigate seasonal variability of water chemistry by repeating the sampling campaign 
in spring, summer and fall. 

 Investigate hydrogeochemical expression of known mineral occurrences in the area. 

 Produce accurate, precise and cost-effective analytical results for selected cations and 
anions that are relevant to the mineral-exploration community. 

 Investigate the capabilities of the PDV for rapid hydrogeochemical surveys 

Project photos showing typical configuration and set-up for the photometer (left), and the PDV 
(right). 
 
The photometer measures the absorbance and transmittance of metal-colour complexes at 
different wave lengths (e.g. 500 nm) to determine element concentration. The PDV6000ultra uses 
anodic stripping voltammetry (ASV) to measure the ionic concentration of metals such as As, Cu, 
Cd and Pb in water.  

Comparison of elements in water maps 
Below are some of the maps for the area showing the variations in water chemistry: 

Topographical maps 
a) Top row of topographical maps show the pH response to precipitation, with generally higher a number of stations with lower pH values during periods of higher precipitation. b) Second row 
shows elevated PDV As results in streams near the Fishpot mineral showing for August and October. No As response was detected in June due to either higher seasonal dilution, or issues ex-
perienced with the PDV analysis. c) Results for August and October for total Cu and SO4 show that they are elevated in streams draining the area around mineral showings, but also that levels 
are affected by precipitation and weathering. 

Gridded maps (1 through 11) 

August and October PDV As maps (1 & 2) display the same regional response. However, there are differences between total (photometer) Cu in August compared to October (5 and 6). Due to 
the turbidity issues experienced in the June analysis with some of the photometer reagents (resolved in August and October) an attempt was made to compare Cu and SO4 against elements 
(e.g. Al) unaffected by photometer analysis issues, but potentially reactive to natural weathering products in the water. Total June Cu was normalized against Al and SiO2 (3 and 4).The normal-
ized data were mapped regionally and although Al and Si are highly reactive to seasonal and daily variation, the normalized results have a strong correlation with the Fishpot and, to lesser de-
gree with the Bob showing. June turbidity (7) correlates strongly with SO4 (8) indicating the effect of turbidity on water chemistry, unless normalized against Al (9) and SiO2 (10).  August SO4 (11) 
October SO4 (12) compare to total Cu, showing a strong correlation with the Bob and to lesser degree Fishpot mineral showing. 
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Conclusions 
Results show a good correlation between field and laboratory 
analyses within acceptable levels of accuracy and precision. 
Elevated Cu and As were detected in water samples from 
streams draining the area surrounding two known mineral 
occurrences.   

Quality control 
Instrument reliability was measured in several different ways : 

Photometer 
1. Accuracy was monitored using manufacturer standard solutions. A standard solution was read 

before each day of testing.  Results show that the device has excellent accuracy, that is well 
within the ± 2.0 testing unit manufacture specification.  Results for standard yellow colour 
solution are shown below. 

2. Precision was measured using triplicate analyses of each sample.  Results were found to be an 
acceptable with all of the reagents having %RSD below 30%. 

3. Overall precision from field duplicate analysis expressed as %RSD varied due to high rates of 
turbidity. Analytes such as Cl

–
 and SO4 show higher sensitivity, but overall results are well 

within acceptable levels. 

PDV6000Ultra 
1. PDV precision is controlled via manufacturer standards and blank tests prior to each set of 

sample tests. Standards and blanks were run until results correlate within 5%. Figure below 
demonstrate Cd, Pb, and Cu standard calibration peaks ready for testing. 

2. Precision for PDV was measured at 9.00% for As in 6 tests, 9.94% for Cu in 15 tests, and Pb at 
3.82% in two tests. 

Laboratory comparison charts 
Field results were compared with laboratory ICPOES analyses. They show high degree of 
correlation for some analytes (see Ca and K below). There are some exceptions (Al, Fe & F

-
), 

where the correlation is weaker, but these tests still provide meaningful results.   
 

Seasonal variation 
One of the main objectives of the study was to investigate seasonal variation in this hydrologically 
complex area. This was done by repeated water sampling at base station location in June, August 
and October. 

 2016 had higher monthly precipitation means than previous years (below left). This was a cause 
for concern as the additional precipitation produces higher rates of dilution and weathering; which 
can affect water turbidity and complicate interpretation. 

 Field conditions and daily variation of water chemistry were monitored by establishing a 
hydrogeochemical base station where various measurements were taken and compared daily 
(below right). Base station monitoring aids understanding analyte responses to daily variations, 
while the stable SiO2 data assists in understanding weathering conditions and in data 
normalization. 

 Some analytes (e.g. Al, below left) exhibit strong seasonal and daily variations while others 
displayed fairly stable seasonal behaviour (Mg, below right); even with the higher and variable 
precipitation levels. 

Geology 
Figure 2 shows the project area geology. The youngest rocks exposed in the survey area are 
volcanic rocks of the Miocene to Holocene Anahim volcanic belt, the easternmost limit of which is 
represented by the Nazko volcanic cone that erupted approximately 7200 years ago. Older 
volcanic and sedimentary rocks are the Miocene to Pliocene Chilcotin Group basalts along the 
east side of the Nazko River. Underlying the Chilcotin sedimentary rocks are volcanic rocks of the 
Eocene Ootsa Lake Group, which are the most extensive in the study area, while sandstone and 
conglomerate of the Cretaceous Skeena Group are widespread in the northeastern part of the 
area Volcanic rocks of the Lower to Middle Jurassic Hazelton Group occur in the northeast corner 
of the study area. The area has an abundance of glacial deposits of various thicknesses, till being 
the dominant surficial material that overlies much of the bedrock. The most recent ice-flow 
direction in the area is generally from south-southwest to north-northeast. In addition to the Nazko 
industrial mineral deposit (larva rock), there are two sulphide mineral occurrences in the project 
area, the Fishpot , BC MINFILE 093B066, (Au, Ag, Cu, As, Ba, Sb) and the Bob, BC MINFILE 
093B 054 (Au, Ag, As, Sb, Hg). 

Location 
Figure 1 shows the project area in the Marmot Lake NTS map sheet (093B/13), located 
south of Nazko and approximately 75 km west of Quesnel via BC Highway 59. Elevations 
range from 850 to 1250 m above mean sea level and creeks, lakes and wetlands in the 
area drain into the north-flowing Nazko River and the northeast-flowing Baezaeko River. 
Drainage patterns are predominantly dendritic.  A hilly topography supports a 
predominantly lodgepole pine forest, which has been severely affected by the mountain 
pine beetle infestation; the resulting increase in logging activity has opened up road 
access to much of the area. 

Preliminary observations 
Preliminary observations from the program so far are as follows: 

 The rapid nature and low cost of this field methodology can allow for higher density surveys, 
thus 

 enabling increased sampling of first- and second-order streams, closer to the stream source 
or groundwater influx; and 

 offsetting lower concentrations in samples during times of higher precipitation (e.g., some 
follow-up was already possible during the short field-survey time for this project due to the 
rapid nature of the methodology). 

 Differences were observed between June,  August and October results. August samples show 
a general increase in TDS, conductivity and higher concentrations for some analytes compared 
to the June results. These observations will be incorporated into the seasonal variation 
analysis. 

 For a large survey, the PDV requires a controlled, logistically convenient operating environment 
because 

 each analyte suite requires a certain amount of preparation time. For large sample sets, any 
technical difficulties encountered during that time cause significant delays and analytical 
backlog. 

 lack of a Canadian distributor and technical support caused delays and supply difficulties, 
and is an issue to consider for surveys under a strict timetable. 

 unlike the photometer, a higher technical skill level and additional training time are required. 

 The PDV has the ability to detect concentrations at much lower levels than the photometer, and 
offers additional cation tests that the Palintest photometer does not include.  

Turbidity 
High levels of turbidity were observed in the August results. Turbidity is caused by increased erosion 
rates during periods of higher rainfall. Suspended particles (colloids) that are too fine to be removed 
by 0.45 micron filtration (below right) cause clouding of the water samples. Turbidity had to be taken 
into consideration with photometer testing as the higher turbidity samples may have created false 
positive results (below left); especially with higher sensitivity tests. This technical issue has been 
addressed and results analyzed with better understating of turbidity effects. 

 
 
Examples of the influence of 
turbidity on the June Cu and MoO4 
results are illustrated in the charts 
to the right. Both analytes display 
strong positive correlations with 
turbidity in the photometer results 
(left), but this effect is not 
reproduced in some of the 
corresponding laboratory turbidity 
analyses (right). 
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Figure 2 
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*Gridded maps box equal NTS 093B/13. 
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