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Exploring the influence of rock geochemistry on biofilm composition using metabarcoding
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Background

As the demand for critical minerals grows, the development of new exploration techniques will be
increasingly important. Lithium, a critical mineral in high demand for alternative energy
technologies™?, can be mined from pegmatites, texturally and geochemically complex igneous rocks’.

The ubiquity of microorganisms on Earth paired with their sensitivity to environmental gradients have
made microbial community surveys a potential tool in mineral exploration. Microbial community
sampling has already been a success in detecting buried kimberlite pipes through community
composition analyses and the presence of indicator species”.

Microbial communities can be surveyed and analyzed using a process called metabarcoding, in which
all of the DNA present in an environmental sample is isolated and a certain species-specific region of
the DNA is used to get a microbial census’. This census reports the identity and relative abundances of
all of the species present in a given sample.

In this project, rock samples were collected from different rock types in the Hayman Hill area of
southern New Brunswick, where lithium-bearing pegmatite dykes were recently discovered®, for
metabarcoding of the rock surface biofilm.

Subaerial rock biofilms can be encrusted onto the surface’ and require mechanical and chemical
methods of disruption. Most rock surface biofilm DNA extractions from subaerial bioflms involve a rock
pulverization step®”, which was a barrier in this project due to the high risk of contamination. A new
protocol was developed for exhaustive DNA extraction from surficial microbial communities without
pulverization.

Objectives

To investigate the effectiveness of a novel DNA extraction method from rock
surfaces

ii. To identify correlations between rock type, geochemistry and the biofilm
community composition on those rocks with a focus on lithium
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Abbreviations

SC - St. Croix terrane
MT - Miramichi terrane
FT - Fredericton trough
AT - Annidale terrane
MB - Mascarene basin
KB - Kingston basin
NR - New River terrane
BV - Brookville terrane
CD - Caledonia terrane
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Figure 1. (a) Paleogeographic reconstruction of the Appalachian-Caledonian orogen

modified after Hibbard et al. 2006 showing pegmatite locations in Ganderia®.
Abbreviations: BLL, Beothuk Lake Line; DHF, Dover-Hermitage Bay Fault; MFZ, Minas Fault
Zone. (b) Simplified lithotectonic terrne map of southern New Brunswick modified after
Fyffe et al. 2011 to show the location of the Hayman Hill pegmatite dikes®.

Results

Petrography

Biofilm Metabarcoding

organism (as indicated by the DNA found in the sa

species level, especially for understudied species.

100% _,
90% _|
80% _|

70% _|

Metabarcoding data is often visualized in bar plot format in which each differently coloured section of one bar represents a specific type of

the genus level (one step more broad than species) because metabarcoding cannot always reliably match the DNA in a sample down to the

100% _

mple) and its relative abundance in the sample. The following bar plots are sorted down to

|

Relative Frequency

60% _| I
>
Figure 5. Representative annotated thin sections of the four rock types sampled o lI
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Figure 7. Bivariate plots of trace elements (a) Li (b) Cs (c) Ta (d) Be (ppm) vs SiO,

(wt%) of the analyzed

samples

the difference was assessed using the Mann-Whitney U test which yielded a p-

Significance (a = 0.05) of the difference was assessed using the Mann-Whitnhey U

lithium concentration and Bray-Curtis dissimilarity between different samples and found no correlation (r = -0.086).

value of 5.4 x 10,

Methods

7
Field Methods -
In metabarcoding and similar microbial community analyses, a sterile sampling | //
technique is critical for accurate results. e *
RURPe s | egend

At each of the fifteen sample sites (Figure 2), three small (<2 cm diameter and
<0.5 cm thick) rock chip samples were collected (Figure 3), along with one field
blank to capture the background contamination. Rock chips were broken off
using a rock chisel sterilized with ethanol and wiped with a Kimwipe. Rock chips
were held in place with the chisel so they would not fall into the vegetation and
become contaminated. Rock chips were handled with clean gloves and were
photographed on a sterile surface next to a scale card for surface area and
visible biomass estimations. Once photographed, rock chips were placed in a
labeled tube and stored in a cooler full of dry ice to prevent DNA degradation.

Once sterile sampling was completed, rock samples were collected for
geochemical analysis.

Figure 3. Examples of rock chips collected for metabarcoding photographed for surface area and
visible biomass estimations.
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Geologic map of the sample area (Archibald 2025) with sample locations marked.

Lab Methods

The DNA extraction procedure was based on a low biomass extraction procedure™ with
modifications for high volume to submerge the rock chip and additional steps for biofilm
disruption. Known quantities of DNA from three bacterial species (internal standards)
were added to convert the final metabarcoding data from relative abundances to
absolute quantities of DNA.

Physical cell lysis
o Sonication
o 30 minutes
o Bead beating

- Combusted silica bead mixture using 0.1
mm, 0.5 mm and 2.3 mm diameter beads

o Shaken for 10 mintes on orbital shaker at
2000 rpm

o Vortex
o B seconds

Chemical and enzymatic cell lysis

o Sodium dodecyl sulfate (SDS), 10%
solution

o Lysozyme

o Proteinase K Figure 4. Rock samples for biofilm metabarcoding

(a) before and (b) after 30 minutes of sonication.

test which yielded a p-value of 7.6 x 10722,

Discussion and Further Work

e The novel DNA extraction procedure successfully catalogued diverse
microbial communities across the rock chip samples, demonstrated
by the taxa present matching expected environmental taxa and
significantly similar triplicate samples

Rock type exerted a significant control on community composition

Local environment at sample sites exerted a significant control on
community composition, more so than rock type

No correlation was found between lithium concentrations and
community compositions based on relative abundance
metabarcoding data

Further work will use absolute abundance metabarcoding data and
will provide more in depth insight into the effect of geochemistry on
community composition, looking at the entire suite of elements
quantified in geochemical analysis
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