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Mixed Methods = Mixed Messages

• Legacy geochemical 
data is riddled with 
hidden method 
changes. 

• Your maps, models, 
and interpretations are 
meaningless if this not 
addressed. 

New Age Exploration Ltd., 2024
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The whole package matters

• Reported values are not 
universal truths.

• Different digestions target 
different chemical features – 
the same rock can yield 
different elemental values.

• Detection limits (finish) also 
imprint distinct data structure 
signatures.

• Sample prep and varying 
sample mass affect 
representativity, shifting 
element distributions and 
ratios.
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Current modus operandi 

Raw data
Missing 
analysis

Probability 
plots

Too much 
guesswork

Confusion + 
headaches
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Why this matters: data levelling

• Common after-the-fact strategy: force datasets 
to match by scaling or shifting values.

• Issues with typical approaches:
• Ignore lab drift, batch effects, and detection limits.

• Treat elements independently → breaks covariance.

• Mask real geological variability → creates false 
homogeneity.

• Statistical conditioning
• Recognizes we cannot change sampling or digestion, 

but we can treat data rigorously.

• To do this we require knowledge of the metadata of 
our datasets, even if it is not preserved... Main & Champion, 2019
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"If there is one thing the 
history of evolution has 
taught us is that life will not 
be contained, life breaks 
free, it expands to new 
territories and crashes 
through barriers, painfully, 
maybe even dangerously, 
but, uh... well, there it is.“         

–Dr. Ian Malcolm
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When a geochemist postulates the framework 
of an idea to mathematical geologist…

• Geochemist: 
• Mixing analytical methods 

confuses geology with process 
artifacts that leads to false trends, 
unstable conceptual or statistical 
models, and unreliable 
interpretations.

• Mathematical geologist: 
• Grouping data into method 

families does not guarantee that 
everything about the families in 
the data are the same, but they 
are sufficiently similar to use 
together. 

• This restores comparability, 
stabilizes ratios, strengthens QC, 
and improves downstream results.

Left (before): Mixed methods create offset distributions and will 
result in unstable interpretations. 
Right (after): Grouped into method families that while not 
identical are close enough to support robust statistical 
investigation.
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Goal: make mixed methods comparable

Inputs
• Legacy assays with mixed/unknown 

methods.

Outputs
• A method ‘family’, some degree of 

confidence.

Guardrails of use
• We are not guessing the lab code.

• We will not change or edit the initial dataset 
to ‘correct’ for anything.

• Note that both of the guardrails are possible 
if that is of interest.

Ultimately: are these values for the same 
element from the same database the same? If 
not, how can I reconstruct the metadata in 
order to progress my analysis? 
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The starting point based on data structure

Primary
• Suite coverage: which elements are 

appearing together and which are absent.

Secondary
• Detection limit: detection limit 

presence/absence? 

• Data precision: what is the specificity of the 
returned data?

Tertiary
• Recovery fingerprints: robust ratios?

• Correlation shapes: within batch structure?
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Workflow overview

• Step 1: Identify obvious splits.

• Step 2: Build feature vectors (e.g., 
element missingness, detection limits, 
precision).

• Step 3: Quantify distances and group 
candidates.

• Step 4: Assign families with confidence. 

• Step 5: Validate with QC plots and using 
legacy datasets with known analytical 
methods. 



Families v Sub-Families

Families have the same row-wise exact 
element suite. 

Sub-families are data-driven groups within 
a family, clustered on detection limits, step 
size, precision, and variance signatures.
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Outputs: families

• Families group 
rows with the 
same element 
suite. 

• Breaks datasets 
into constituent 
analytical parts. 

• Equivalent to a 
structured 
missing data 
analysis. 



15

Outputs: sub-families

• Families are a missing analysis grouped 
by element suite.

• Sub-families dig deeper and highlight 
variation in precision, detection limits, 
and step signatures.

• This enables geochemists, 
mathematical geologists, data 
scientists, etc. to:
• Spot batch effects or campaign changes 

hidden within a family.

• Separate out “noisy” or lower-quality subsets.

• Improve confidence in downstream statistics 
and models.

• Overall, the sub-family export 
deliverables a more accurate picture of 
your data improving downstream 
interpretations.
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Providing a stable foundation for analytics

• This code unlocks legacy datasets, expanding usable datasets 
rather than discarding them. 

• Families and sub-families provide clarity so that interpreters 
can trust what is comparable, ensuring that everything from 
simple interpretations to advanced analytics have more stable 
foundations. 

• We have made the code is open-source in the spirit of 
transparent and accessible science.
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Says the mathematical geologist to the 
geochemist…

• I have rewritten this eight 
times and it is a good 
first step.

• I want to try the Apple 
Embedding Atlas.

• I want to add a large 
language model.

Github: Embedding Atlas

https://apple.github.io/embedding-atlas/
https://apple.github.io/embedding-atlas/


Thank You!
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